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General Abstract 

Mycoplasma species belong to the class Mollicutes, and are well known for inflicting 

respiratory diseases in animals including goats. Respiratory mycoplasmosis particularly caprine 

pleuropneumonia or contagious caprine pleuropneumonia (CCPP) is well known to inflict 

significant economic losses to goat production in many parts of the world including Balochistan, 

Pakistan. Mycoplasma diseases especially respiratory problems are characterized with fever, 

nasal discharge, cough, dyspnoea, pleuropneumonia with higher rates of morbidity and mortality. 

Caprine pleuropneumonia and associated respiratory problems caused by members of the 

Mycoplasma mycoides cluster members particularly with Mycoplasma mycoides subspecies 

mycoides large colony (MmmLC), Mycoplasma mycoides subspecies capri (Mmc), and 

Mycoplasma capricolum subspecies capripneumoniae (Mccp) have been known since long in 

Balochistan, Pakistan. The studies on the prevalence, isolation, identification, sero-molecular 

diagnosis, and immuno-prophylactic control for the frequently reported mycoplasma diseases are 

not well carried out and addressed.  

  

The clinico-bacteriological investigation for the isolation and characterization of 

Mycoplasma species from the nasal swabs of the randomly selected goats from fifteen districts of 

Balochistan has been found with varying proportions of clinical symptoms among goats with 

highest (27.2%) for nasal discharge and least (7.2%) for diarrhea. Overall 3.7% prevalence of 

Mycoplasma species by nasal swab cultures was observed in goats. Highest isolation (78.1%) 

was observed for single Mycoplasma species than the concurrent isolation (21.9%) of MmmLC 

with other Mycoplasma species. The highest rate of isolation was observed for Mmc (16%), 

followed by Mcc (15.9%), Mycoplasma arginini  (13.7%) and concurrent infection of MmmLC 

with M.arginini organisms (12.2 %). Surprisingly Mycoplasma putrefacience (Mp) as 9.2 percent 

was isolated from the nasal swabs of goats. Statistically highest prevalence of mycoplasma 

species in goats by the nasal swab culture was observed in Loralai district followed by Pishin, 

and Quetta as compared to Nasirabad district.  

  

 The gross-pathologic and bacteriological study for the lungs collected from goats 

slaughtered at locally organized butcher shops in districts of Balochistan has shown 11% 

prevalence of pneumonic lesion among goats. Statistically significant difference in        
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prevalence of pneumonic lesions among goats between the districts was observed. Of the 

pneumonic lesions, highest frequency was noticed for broncho-pneumonia (31.9%) followed by 

fibrinous-pneumonia (23.5%), while the lowest frequency was noted for congested lungs (7.0%). 

Overall mycoplasmas were isolated from 4.7% of the lung samples from goats. The highest rate 

of isolation was 43.6% for MmmLC, 18.5% for Mmc, and 10.9% for Mcc, while lowest 

prevalence of 1.9% was observed for M. arginini. Statistically significant difference for the 

isolation of mycoplasma species between the districts was found.  

 

The clinico-pathologic and bacteriological study for the pleuropneumonia suspected 

goats (n=210) from fifteen districts of Balochistan has shown highest frequency of clinical 

symptoms for nasal discharge (82.4%) followed by cough (47.6%), anorexia (26.7%), pyrexia 

(20.5%), dyspnoea (19%) and swollen fore-limb joints (15.2%). The pneumonic lesions were 

present as 87.1% and statistically non-significant difference was observed in the occurrence of 

pneumonic lesions between the districts. Highest frequency of gross lesions was observed for 

pneumonia (87.1%), followed by lung adhesions (27.1%), and hydrothorax (8.6%). Pneumonic 

lesions further showed highest frequency for lobar pneumonia (29.5%), followed by fibrinous 

pneumonia (27.9%), and broncho-pneumonia (20.2%). Mycoplasma were positive in 31% of the 

samples (n=1890) from different body sites of the pleuropneumonia suspected goats. Overall, 

34.23% mycoplasma isolates were recovered and characterized. The highest isolation was 

observed for MmmLC (43.74%), followed by Mcc (13.45%), Mmc (11.59%), and Mycoplasma 

arginini (7.11%). Of the pleuropneumonia suspected goats, the highest isolation of mycoplasmas 

was observed from the lung tissues (27.1%), followed by nose (25.3%), while, the lowest 

isolation was observed from intestine (1.7%). Significant difference in the isolation of 

mycoplasmas from different body sites of the goats was observed. The odds ratio value analysis 

showed higher isolation of mycoplasmas from the lung tissues followed by nose, trachea, liver, 

spleen, and fore- limbs joint fluid than the intestine samples.  

 

Polymerase chain reaction (PCR), restriction fragment length polymorphism (RFLP), and 

denaturing gradient gel electrophoresis (DGGE) were used for the identification of Mycoplasma 

species isolated from goats in Balochistan. Of the mycoplasma isolates (n=1120) previously 

characterized by the classical biochemical and growth inhibition tests, highest number (78%) 
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was identified by the Mycoplasma mycoides cluster PCR, followed by Mycoplasma mycoides 

sub-cluster PCR (63.3%), and  Mp PCR (6.3%), while none of the isolate was identified as Mccp 

by the Mccp-specific PCR. Among the mycoplasma isolates highest percentage was observed for 

MmmLC (44.8%), followed by Mmc (18.5%), and Mcc (14.7%), while the lowest was found for 

Acholeplasma (2.5%), followed by Mp (6.3%), and Mycoplasma arginini (13.1%). The 

Mycoplasma mycoides sub-cluster PCR results for MmmLC/Mmc were also validated by specific 

RFLP. Of the 20 mycoplasma isolates, 8 (44.4%) were specifically identified as MmmLC, 10 

(55.5%) for MmmLC with unknown type of microorganism profile, while two of the 

mycoplasma isolates could not be analyzed by DGGE at Veterinary Laboratories Agencies 

(VLA), Weybridge, United Kingdom.  

 

Whole genomic DNA was extracted directly from 5760 nasal swabs (randomly selected 

field goats), 4522 lung tissues (goats slaughtered in butcher shops) and 210 lung tissues 

(pleuropneumonia suspected goats) from the goats from fifteen districts of Balochistan to 

highlight the prevalence of Mycoplasma species in goats using PCR reactions. The PCR results 

for the nasal swabs samples showed highest prevalence for Mycoplasma mycoides cluster 

(6.6%), followed by Mycoplasma mycoides sub-cluster (5.6%), and Mcc (1%), whereas the 

lowest prevalence was noted for Mp (0.7%). The PCR results for the lung tissue samples (goats 

slaughtered in butcher shops) has shown highest prevalence for Mycoplasma mycoides cluster 

(11.7%), followed by  Mycoplasma mycoides sub-cluster (10.2%), and  Mcc (1.6%), while the 

lowest prevalence was observed for Mp (0.8%). The lung samples (pleuropneumonia suspected 

goats) showed highest prevalence for Mycoplasma mycoides cluster (76.7%), followed by 

Mycoplasma mycoides sub-cluster (56.2%), and Mcc (19%), while the lowest prevalence for Mp 

(5.2%) was observed. Statistically highly significant difference was observed for the prevalence 

of Mycoplasma species in all the samples by PCRs. The PCR results for the Mycoplasma 

mycoides cluster and Mccp organisms were validated by specific RFLP for MmmLC/Mmc and 

Mccp organisms. Only 1.4% prevalence of Mccp was observed in lung tissue samples from 

pleuropneumonia suspected goats by the Mccp- specific PCR. 

 

Latex agglutination test (LAT) and indirect haemaggluitination (IHA) assay were 

standardized and used to highlight the sero-prevalence of MmmLC infection in goats in Quetta, 
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Pishin and Loralai districts of Balochistan. Of the 50 serum samples from the healthy goats 

(negative for Mycoplasma mycoides cluster and Mp by PCRs and mycoplasma culture), 90% and 

74% specificity was observed by LAT and IHA (titer <1:64 considered negative titer) 

respectively with  statistically significant difference. Further, of the 59 serum samples from the 

pleuropneumonia suspected goats (positive for MmmLC by the PCRs and mycoplasma culture), 

92% and 70% sensitivity was calculated by LAT and IHA (the cut-off value for the antibody titer 

≥1:64 taken as positive) respectively with statistically significant difference. IHA and LAT has 

shown 18.5%, 14.3%, 13.5% and 21.9%, 18% 16.1% sero-prevalence  to MmmLC in goats from 

Quetta, Pishin and Loralai districts in Balochistan respectively. Statistically non-significant 

difference by IHA, and LAT was observed in the sero-prevalence among the three districts. 

Statistically significant difference in the overall sero-prevalence to MmmLC by IHA (15.5%) and 

LAT (18.7%) was observed in three districts in Balochistan. 

 

  Mycoplasma species such as MmmLC, Mmc, Mcc, Mp, Mycoplasma arginini (Marg) 

isolated from the pleuropneumonia suspected goats from districts of Balochistan and Mmc (PG-

3, vaccinal strain) were used by intra-nasal spray and intra-tracheal routes to reproduce 

experimental mycoplasma disease in goats. Only goats in groups A and B infected with MmmLC 

by nasal spray and intra-tracheal routes has shown moderate to severe respiratory disease 

characterized with pyrexia (up to 41.5
o
C), nasal discharge, cough, swollen and painful fore-limb 

joints and lameness with 100% mortality before the end of experiment. Gross-pathology revealed 

lung congestion, fibrinous pleuropneumonia, lung adhesions, and hydrothorax in the necropsied 

goats. A low grade respiratory disease characterized with slight nasal discharge and slight 

lameness was seen in few goats infected with Mmc, Mcc, and Mp field isolates with no mortality. 

The Mmc (PG-3, vaccinal strain) was also found ineffective in causing a clinical respiratory 

disease in the experimental goats. Of the total samples (n=420) from different body sites of the 

experimentally infected goats (n=42) with Mycoplasma species from 14 groups (A-N), 16.2 % 

mycoplasma isolates were re-isolated. Of these 79.4% (MmmLC), 4.4% (for each of Mmc and 

Mp), 5.9% for each of Mcc and M.arginini) were identified by the classical biochemical, growth 

inhibition tests and Mycoplasma mycoides cluster, Mycoplasma mycoides sub-cluster, and Mp 

specific PCR tests. Sero-conversion against MmmLC was seen only in goats from group A by 

LAT and IHA. 
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Different concentrations of formalin and saponin inactivated MmmLC vaccines 

containing 2, 1, 0.5, 0.25, 0.125, 0.06 and 0.03 mg/ml protein and adjuvated with saponin 

(1mg/ml) or aluminum hydroxide gel (5mg/ml) were prepared, used and evaluated for efficacy in 

17 groups of goats (5 goats/group). Saponin and formalin were found suitably mycoplasmacidal 

in 0.5 mg/ml and 0.125% concentrations at 37
o
C within 12 hours post-exposure respectively. 

Saponin is found with comparatively higher efficacy than aluminum hydroxide gel adjuvated 

MmmLC vaccines. Comparatively higher mean antibody titers up to (log2) of 9.5 for saponated 

vaccines as compared to (log2) of 6.2 for aluminum hydroxide gel based vaccine and (log2) of 4.2 

for Mmc vaccine (CASVAB) were observed on 42 days post-vaccinations. The challenge and 

protection experiment also showed complete protection in mortality, clinical mycoplasma 

disease, and gross-pathological lesion only in goats for group nos. 1, 2, 3, and 4 inoculated with 

saponated MmmLC vaccine with 2, 1, 0.5 and 0.25 mg/ml protein for 3 weeks post-challenge 

period. There was a prompt and sharp increase in (log2) mean antibody titers for the MmmLC 

saponated vaccines as compared to the aluminum hydroxide gel based vaccines up to 3 weeks 

post-challenge. The antibody titers in saponated MmmLC vaccinated goats were seen with little 

decline but nonetheless were suitably maintained as compared to aluminum hydroxide gel based 

vaccines.  

 

 Overall the studies carried out in this thesis have shown alarming status of MmmLC as 

compared to other isolated Mycoplasma species among goats. The vaccine prepared so far 

against MmmLC is found safe, immunogenic and protective in experimental goats but further 

needs trials in the field goats. Although Mccp the sole causative agent of CCPP was not isolated 

from the goats in Balochistan but its molecular detection by Mycoplasma mycoides cluster PCR 

and confirmation by Mccp-specific PCR-RFLP from the pleuropneumonia suspected goats from 

areas closer to Afghanistan is highly alarming and needs  attempts to isolate the fastidious 

bacterium for further molecular epidemiological studies and preparation of an effective vaccine 

against CCPP, an OIE listed highly contagious and infectious disease of goats. It is anticipated 

that the research out comes presented in this thesis would greatly benefit the researchers, 

veterinarians and all those directly or indirectly involved in controlling the mycoplasma inflicted 

diseases.  
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CHAPTER 1 

1.1. GENERAL INTRODUCTION 

 Livestock being an agriculture sub-sector plays a vital role in the economy of Pakistan. 

Livestock sector contributed approximately 11.4 percent to the national Gross Domestic Product 

(GDP) during 2009 -2010. The major products of livestock are milk and meat. The total goat‟s 

milk and mutton (goats and sheep) production for the year 2009-2010 has been 739,000 and 

603,000 tons respectively. Among the livestock population for different animal species, goats are 

ranked with the highest estimated population of 59.9 millions heads for the year 2009-2010 

(GOP, 2010).  

 

 Balochistan is the largest province of Pakistan (47 % of the total area of Pakistan) and has 

borders with Iran and Afghanistan on the western side (Khan, 2006). Of the 54 million heads of 

goats, approximately 12 million are reported in this part of the world (Anonymous, 2006). Goats 

are important mainly for the production of meat, milk, skins and fiber including hair, mohair and 

pashmina (Devendra and Burns, 1983). Among the various disease threats to the goat population, 

pneumonia associated with arthritis, keratoconjunctivitis and mastitis; caprine pleuropneumonia 

(locally known as Buzmerg and Buzmar) are especially important as high degree of morbidity 

(74%) and mortality (47%) rates have been recorded in these animals in Balochistan (Tariq, 

1980).The direct and indirect losses to the goat population due to these diseases would be huge 

but could not be reported. Besides the use of saponin adjuvated and non-adjuvated Mmc (PG3-

strain) vaccine against caprine pleuropneumonia, complaints on the outbreaks of respiratory 

diseases mimicking CCPP or caprine pleuropneumonia are reported from many parts of Pakistan 

including Balochistan. Few reports are documented on the isolation and identification of 

Mycoplasma species such as Mmc, and M.arginini and unidentified Mycoplasma species from 

goats (Tariq, 1980; Awan, 1985; Awan, 1990; Hayat, 1990) and use of classical serological tests 

in assaying antibodies against Mmc (Awan, 1990; Hayat et al., 1991; Zahoor, 1990; Ahmed, 

2005; Rahman et al., 2006). None of the research work has been reported on the preparation of 

an effective vaccine (bacterin) against caprine pleuropneumonia or contagious caprine 

pleuropneumonia (CCPP) using mycoplasma field isolates except the non-pathogenic Mycoplasma 

mycoides subspecies capri (Mmc) (PG3) vaccinal strain in Pakistan (Rehman, 2005). 
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 Recently, the molecular detection of Mycoplasma capricolum subspecies 

capripneumoniae (Mccp) the cause of CCPP by polymerase chain reaction (PCR) and restriction 

fragmentlength polymorphism (RFLP) has been reported in Pishin district in Balochistan (Awan 

et al., 2009b), but so far its isolation has not been successful. Further isolation and identification 

(by the conventional and molecular tests) of Mycoplasma capricolum subspecies capricolum 

(Mcc) and Mycoplasma putrefacience from goats has been made (Awan et al., 2009a). The 

diagnosis and control of mycoplasma inflicted caprine diseases in Balochistan are hampered 

mainly due to the lack of well equipped mycoplasma laboratory, little experience in dealing with 

mycoplasmas particularly fastidious Mycoplasma species, limited and inconclusive 

microbiological research studies on the status of prevalent Mycoplasma species among goats, 

limited and improper feed back from the extension veterinarian in terms of description of caprine 

respiratory diseases, improper collection and transport of  samples from the mycoplasma 

affected and dead goats to the diagnostic laboratory, non-compliance with the good animal 

husbandry practices and non-availability of an effective mycoplasma vaccine using indigenous 

field isolates. 

Mycoplasmas are self-replicating prokaryotic cells, belong to Class Mollicutes of 

bacteria, and are distinct from rest of the bacterial types for having absolutely no cell wall and 

minute cell size. The genome size among the Mollicutes varies from less than 600 to over 2200 

kbp with 580kbp for Mycoplasma genitalium. Mycoplasmas are prevalent in nature as parasites 

of humans, mammals, reptiles, fish, arthropods, and plants (Razin et al., 1998). Mycoplasmas are 

pleomorphic in shape, the single coccoid cell has a diameter of about 0.3 nm (Razin, 1983). 

Mycoplasmas can be recovered from the respiratory organs, joints, mammary glands, eyes, and 

urogenital tract of the affected animals (Simeka et al., 1992). Many Mycoplasma species are 

documented as important veterinary pathogens inflicting mainly from respiratory diseases to arthritis, 

mastitis, and conjunctivitis (Nicholas, 2002b; McAuliffe et al., 2005; Sharif and Muhammad, 2009).  

 Of the many clusters pertaining to Mollicutes, Mycoplasma mycoides cluster is well 

known for containing causative agents of contagious caprine pleuropneumonia (CCPP) 

(MacOwan and Minette, 1976; Hernandez et al., 2006; OIE, 2008), contagious bovine 

pleuropneumonia (CBPP)  (Provost et al., 1987) and many other related diseases caused by other 

pathogenic Mycoplasma species of the same cluster in goats  with                                            
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reports from many African, Asia, Middle East and eastern European countries  (Nicholas, 

2002a). Mycolasma species can cause severe and contagious diseases in goats with significant 

economic impact (Ozdemir et al., 2005). Mycoplasma mycoides cluster has been known to have 

six species and subspecies such as Mycoplasma mycoides subspecies mycoides small-colony 

(MmmSC), Mycoplasma mycoides subspecies mycoides large-colony (MmmLC), Mycoplasma 

mycoides subspecies capri (Mmc), Mycoplasma capricolum subspecies capripneumoniae 

(Mccp), Mycoplasma capricolum subspecies capricolum (Mcc), and Mycoplasma subspecies 

bovine group 7 (BG7) (Weisberg et al., 1989). More than 200 Mycoplasma species have been 

described in variety of mammals, birds, reptiles, fish, and insects (Simecka et al., 1992; Frey, 

2002). Recently five members are reported to be the part of mycoides cluster as two of the 

subspecies (MmmLC and Mmc) have been merged into a single subspecies designated as 

Mycoplasma mycoides subspecies capri (Mmc) (Manso-Silva´n et al., 2009). 

  

Goat production in most of the countries is hampered due to high morbidity and mortality 

caused by the mycoplasma diseases. The direct and indirect damages inflicted by these diseases 

(Bergonier et al., 1997) especially caprine respiratory problems (Thiaucourt and Bolske, 1996) 

are the serious concerns over the past many decades. Contagious caprine pleuropneumonia has 

been considered very destructive and clinical disease has been reported from 40 countries, while 

isolation has only been reported from 13 countries (Nicholas, 2002a). The CCPP is an acute, 

highly contagious respiratory disease, caused by Mccp (MacOwan and Minette, 1976; 

MacOwan, 1984; Hernandez et al., 2006) and  regarded as MAKePS disease syndrome, meaning 

mastitis, arthritis, keratitis, pneumonia, and septicaemia (Thiaucourt and Bolski, 1996). Clinically 

CCPP in goats is characterized with pyrexia (41
o
C- 42

o
C), mucopurulent nasal discharge, rapid and 

painful respiration, violent coughing, unwilling to walk with limbs abducted and extended neck 

followed generally by lameness and death in  the terminal phase of  the disease (Nicholas, 

2002b). Besides the CCPP caused by Mccp, the other members of the mycoides cluster have also 

been found pathogenic and can cause severe disease parallel to CCPP (Ozdemir et al., 2005). 

Fever, conjunctivitis, and arthritis in mycoplasma inflicted diseases have also been reported by 

various workers (Rosendal, 1983; DaMassa et al., 1986; Nayak and Bhowmik, 1988). Among the many 

mycoplasmas, MmmLC affects the goat‟s population over a wide range of countries and is suspected, 

whenever pleuropneumonia, pneumonia and contagious agalactia are reported (Nascimento et al.,     
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1986; Singh et al., 2004). Similarly Mcc has been reported in goats (DaMassa et al., 1992) with 

outbreaks of polyarthritis and pneumonia (Bergonier et al., 1997). Mycoplasma putrefacience 

(Mp) is a contributing pathogen for the contagious agalactia (CA) (OIE, 2008), but has been 

isolated from respiratory tract of goats (Radwan et al., 1985) and goats with complaints of 

polyarthritis (Rodriguez et al., 1994). Mycoplasma arginini is considered as non-pathogenic 

(Jones, 1985) and is usually recovered from the goats (Jones et al., 1983). The pathogenic role of 

Mycoplasma ovipneumoniae (Thiaucourt et al., 1994) and Mycoplasma agalactiae (Cottew, 

1979) in the respiratory diseases are not well established besides their isolation from the 

respiratory tract of the goats. Banerjee et al. (1979) have reported the isolation of Acholeplasma 

from the goats and sheep having pneumonic lesions but their significance in pathogenicity is not 

well established. 

 

The typical pathology in CCPP inflicted disease is different from the MmmLC and Mmc 

based respiratory disease (Hutcheon, 1889). It has been reported that the pathological lesions are 

solely restricted to the lungs and pleura and characterized with fibrinous-pleuropneumonia, 

adhesion of lungs with the inner chest wall, unilateral hepatisation of lungs and hydrothorax  

(Nicholas, 2002b; Gelagay et al., 2007).  The gross-pathological findings in respiratory diseases 

caused by MmmLC in goats are observed with congested lungs  (Thigpen et al., 1981), 

bronchopneumonia and fibrinopurulent pleuropneumonia (Rodríguez et al., 1996). The 

mycoplasma diseases caused by Mcc have also been observed with varying pathological lesions 

such as rubbery lungs with red patches of consolidation (Cordy et al., 1955; DaMassa et al., 

1983b). The concurrent infection of MmmLC and Mmc in caprine disease has been observed 

with necropsy findings of fibrino-purulent pleuropneumonia and bronchopneumonia (Rodriguez 

et al., 1996). The concurrent isolation of Mycoplasma putrefacience with other Mycoplasma 

species is reported in goats with the post-mortem lesions of pleuropneumonia (Radwan et al., 

1985). 

 

Isolation and identification of the Mycoplasma species are still the gold standard 

(Nicholas, 2002) and are in use in countries besides the availability of molecular diagnostics 

tools (Woubit et al., 2004; McAuliffe et al., 2005). Isolation of mycoplasmas requires a well 

equipped laboratory with expertise for these very fastidious organisms (Nicholas et al., 2003). 

file:\\sites\entrez
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Similarly it is further suggested that the selection and treatment of samples, specific CCPP 

culturing media, its storage and quality control, and above all the culturing technique are very 

critical (OIE, 2008). The isolation of Mccp, the sole cause of CCPP, is very important for the 

confirmation of its prevalence in an area (Thiaucourt et al., 1996). Mycoplasma isolation 

particularly Mccp is generally confounded  by the overgrowth of fast grower and less significant 

Mycoplasma and Acholeplasma  species, bacterial contaminants, inhibitors used in the media and 

improper physical and chemical factors required for the growth of Mccp (Nicholas and Baker, 

1998; OIE, 2008). The use of conventional biochemical and growth inhibition tests (Poveda and 

Nicholas, 1998) is in practice in the preliminary identification and characterization of 

Mycoplasma species in many countries across the world (Nicholas, 2002). Unlike acholeplasmas, 

mycoplasmas are sensitive to digitonin therefore, this test is mandatory for the preliminary 

identification of Mycoplasma. Among the biochemical tests, glucose fermentation, arginine 

decarboxylation, tetrazolium reduction, liquefaction of inspissated serum medium, digestion of 

casein medium, phosphatase activity, and film and spot are commonly used in the 

characterizatuion of Mycoplasma species (Poveda and Nicholas, 1998). Various media are 

available which greatly support the growth of most strains of Mccp. Initially viande foie goat 

(VFG) medium to culture Mccp from different samples has been described (MacOwan and 

Minette, 1976). Further modified Hayflick medium, and modified Newings tryptose broth for the 

isolation of Mccp (Kibor and Waiyaki, 1986) have been reported. Similarly Eaton‟s medium 

(Nicholas and Baker, 1998), modified CCPP medium (OIE, 2008) and medium containing 

pyruvate (Bolske et al., 1996) have also been reported. Later a commercial medium 

(Mycoplasma Experience, Reigate, UK) for the isolation of Mccp (Bolske et al., 1995) and a 

diagnostic medium for the identification of Mccp have been described (Bashiruddin et al., 1998). 

 

The broad application of various serological tests is very useful in the sero-diagnosis of 

Mollicutes. The serological tests used in mycoplasmology are based either on the detection of 

antigens or antibodies. Mycoplasma mycoides cluster shows cross-reactivity and shares 

serological, antigenic and genomic characteristics with each other which are causing taxonomic 

and diagnostic problems. Efforts to minimize the cross-reactivity are well documented in the 

diagnosis of mycoplasmas (Cottew et al., 1987; Petterson et al., 1996; Rodriguez et al., 1996; 

Muthomi and Rurangirwa et al., 1983). Among the serological tests  most commonly used tests 
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are growth inhibition test (GIT) (Poveda and Nicholas, 1998), indirect or passive 

haemagglutination assay (IHA/PHA) (Cho et al., 1976; Armstrong, et al., 1983; Muthomi and 

Rurangirwa et al., 1983), enzyme linked immunosorbent assay (ELISA) (Thiaucourt et al., 1994; 

Bölske et al., 1995; Assuncao et al., 2004; Sharew et al., 2005), fluorescent antibody test (FAT) 

(Poveda and Nicholas, 1998), complement fixation test (Provost et al., 1987; OIE, 2008; 

Mekuria and Asmare, 2010), and latex agglutination test (LAT) (Rurangirwa et al., 1987; March 

et al., 2000; March et al., 2003). Complement fixation test (CFT) is used in the detection of 

Mccp and reported more specific but less sensitive than the IHA (Macowan and Minette, 1976). 

The base line titer of ≥ 1:40 for Mccp and Mmc (Jones, and Wood, 1988), and ≥ 1:164 for bovine 

mycoplasma (Cho et al., 1976) during IHA have been used successfully. Clinico-pathalogical 

and serological diagnostic approach of caprine pleuropneumonia are definitive if coupled with 

the isolation of Mycoplasma species (OIE, 2008).  

 

The rapid diagnosis of CCPP or other mycoplasma based infectious disease is of great 

value to begin an immediate treatment of the sick goats (Rurangirwa et al., 1981), the 

vaccination of goats at risk (Rurangirwa et al., 1987b), and the screening of goats for purchase. 

Besides the use of serological tests such as CFT, IHA, and ELISA in the diagnosis of CCPP, 

none is found simple and easily performed in the field. Latex agglutination tests have been 

reported for the detection of both antigen and antibody and found more sensitive and less 

demanding than CFT (Rurangirwa et al., 1987; Nicholas et al., 2000a; Houshaymi et al., 2002), 

and also easier to perform than the competitive ELISA (Thiaucourt et al., 1994). For the 

detection of a specifically produced capsular polysaccharide (CPS) antigen by the Mccp, latex 

agglutination test (LAT) was developed (Rurangirwa et al., 1987; March et al., 2000; 

Houshaymi et al., 2000; Houshaymi et al., 2002) and extensively used in the diagnosis of CCPP. 

Like wise, for the detection of antibodies against Mmc, slide agglutination test based on colored 

and latex antigen is reported in goats (Srivastava et al., 1991). 

 

To overcome the discrepancies while using conventional diagnostic tests, various 

molecular tools have been developed and are in practice for the diagnosis of mycoplasma 

infections throughout the world. Among those, the polymerase chain reaction (PCR) for Mccp 

(Woubit et al., 2004), the Mycoplasma “mycoides cluster” and Mycoplasma “mycoides sub 

cluster” coupled with restriction fragment length polymorphisms (PCR-RFLP) (Bashiruddin et 

file:\\sites\entrez
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al., 1994) is well known. The molecular biological tools such as PCR has revolutionised the 

rapid detection and identification of mycoplasmas in hours rather than in weeks (Nicholas et al., 

2003). The first PCR for the Mccp was reported by Bascunana et al (1994). Various PCR tests 

with specific sets of primers are widely used to detect the Mycoplasma cluster members (Taylor 

et al., 1992), sub-cluster members especially MmmSC (Bashiruddin et al., 1994; Persson et al., 

1999). The specific PCR for the identification of Mccp, based on arcD gene was developed and 

widely practiced across the world (Woubit et al., 2004). The PCR for the specific detection of 

Mycoplasma putrefacience, a non-Mycoplasma mycoides cluster organisms has also been 

documented (Shankster et al., 2002). The use of restriction fragment length polymorphism 

(RFLP) to validate the PCR results has been described using specific restriction endonuclease. 

(Hotzel et al., 1990). Most widely RFLP currently in use are reported for the 

Mycoplasma“mycoides sub cluster (Bashiruddin et al., 1994), Mccp (Bascunana et al., 1994; 

Woubit et al., 2004). Besides all the merits of PCR, the detection of more than one or many 

Mycoplasma species present in the clinical samples is a limitation of PCR. Denaturing gradient 

gel electrophoresis (DGGE) is therefore reported to simultaneously identify and differentiate the 

Mycoplasma species from different samples including direct clinical samples. This technique is 

mainly based on the amplification of V3 region of 16S ribosomal DNA (rDNA) and the 

subsequent denaturation of PCR product during electrophoresis through the polyacrylamide gel 

(McAuliffe et al., 2003, McAuliffe et al., 2005). 

 

  Experimental mycoplasmosis particularly due to Mccp, one of the members of 

Mycoplasma mycoides cluster, has been well known (MacOwan and Minette, 1977a; Rurangirwa 

et al., 1981a; Harbi et al., 1983; Perreau et al., 1984). The reproduction of CCPP using the Mccp 

by different routes has been reported with clinical manifestations, gross pathology and sero-

conversion in the experimental goats (March et al., 2002; Wesonga et al., 2004). Furthermore 

MmmLC is one of the most widespread pathogens in countries in which small ruminants are 

raised (DaMassa et al., 1992; Nicholas, 2002) with report of mortality up to 90% in outbreaks 

(Rodriguez et al., 1995) and has been used to reproduce an experimental disease in kids (Nayak 

and Bhowmik, 1991; Rodríguez et al., 1998) and goats (Rosendal, 1983; Di Provvido et al., 

2009; Angelo et al., 2010). Experimental caprine mycoplasmosis with other Mycoplasma species 

and subspecies such as Mmc (Ojo, 1976; Gutierrez et al., 1999), Mcc (DaMassa et al., 1983a; 

file:\\sites\entrez
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Rodríguez et al., 1998; Angelo et al., 2010),  and Mycoplasma agalactiae (Rodríguez et al., 

2000) has also been reported. Further Mycoplasma putrefaciens could not produce an 

experimental respiratory disease in kids through intra-nasal, intra-peritoneal, intra-muscular, and 

oral routes, except mastitis via the intra-mammary inoculation (DaMassa et al., 1984c). 

 
In countries where vaccines against mycoplasma diseases are not practiced, the use of 

antibiotics such as macrolide, tetracycline, and fluoroquinolones groups are found commonly 

effective and promising in reducing the severity of the clinical disease if used quite earlier 

(Onovarian, 1974; Harbi and Baker, 1984). Besides the use of various antibiotics against CCPP, 

danofloxacin is reported to be highly effective in the treatment of this devastating disease of 

goats (Ozdemir et al., 2006). The uncontrolled use of antimicrobials against mycoplasma 

diseases is reported to lead to the potential development of antimicrobial resistance (Al-Momani 

et al., 2006). Further the use of antibiotics can rarely eliminate the mycoplasma organisms and 

the treated animals may become potential carriers (Provost et al., 1987; Nicholas, 2002).  

 

Eradication of mycoplasma inflicted diseases can be best attained by slaughtering the 

affected and contact animals but it is not always feasible particularly in developing countries. 

Antibiotic therapy is still in practice in many countries against mycoplasmosis but is not cost 

effective. Immuno-prophylaxis using vaccines can present the likelihood of cheaper and more 

effective control measure against mycoplasmas (Nicholas 2002). The pioneer research work on 

vaccine against CCPP caused by Mccp ( formerly known as Mycoplasma F-38 biotype ) goes to 

Hutcheon when he used lung extracts of CCPP affected goats to immunize the other susceptible 

healthy goats ((McMartin et al., 1980). Further research on vaccine production against 

mycoplasma diseases especially CCPP have been well documented (MacOwan and Minnette, 

1978; Rurangirwa et al., 1984). Various chemical inactivants to inactivate the mycoplasma 

species in inactivated vaccines or bacterins (de la Fe et al., 2004; Loria, 2005) as well as 

adjuvants to elicit good immune response have been reported (Rurangirwa et al., 1981; 

Rurangirwa et al., 1984; Gray et al., 1986; Loria, 2005). Among the adjuvants, saponin has been 

found very promising in vaccines against CCPP (Nicholas et al., 2002; Rurangirwa et al., 1987c; 

Mulira et al., 1988; Litamoi et al., 1989; Njoroge et al., 1996; OIE, 2008). The CCPP vaccine 

based on Mccp organisms (0.15mg protein/dose) when used with booster dose has been found 
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immunogenic and protective against the experimental CCPP in goats, while the duration of 

immunity with a single injection had lasted up to 12 months (Rurangirwa et al., 1991). 

Furthermore, a dual vaccine containing MmmLC and Mycoplasma agalactiae inactivated with 

formaldehyde and adjuvated with saponin is reported effective in containing pneumonia, 

mastitis, abortion and polyarthritis in goats (de la Fe et al., 2007). The efficacy of killed 

adjuvated, live attenuated and gamma irradiated vaccines using Mmc in goats has been reported 

with variable results (Srivastava et al., 1991). Besides all the research studies focused on the 

preparation of vaccine against MmmLC induced respiratory diseases, still there is a pressing need 

for the preparation of an effective vaccine using MmmLC field isolate particularly in the 

developing countries including Pakistan.  

 

The Mycoplasma subspecies MmmLC and Mmc have been considered as a single 

subspecies designated as Mycoplasma mycoides subspecies capri (Mmc) (Manso-Silva‟n et al., 

2009), but in the present thesis both the subspecies have been regarded separately as the research 

studies have been started since 2006, furthermore the difference in colony size, marked 

serological difference in the growth inhibition test (GIT), degree of pathogenecity in the 

experimental goats and more importantly variation in immuno-prophylactic potential during 

challenge and protection study have strengthened this consideration. 
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1.2. REVIEW OF LITERATURE 

 

1.2.1. Caprine Pneumonia  

 

Pneumonia is one of the most common respiratory problems in small ruminants 

throughout the world. Besides the predisposing factors of poor husbandry practices and severe 

stressful conditions, the role of bacteria, viruses, and parasites are very significant in causing 

pneumonia of various types (Browning, 2007). 

 

1.2.1.1. Bacterial pneumonia 

There is a wide range of bacterial genra and species (spp) likely to cause bacterial 

pneumonia in goats. Of these Mycoplasma spp, Manhemia haemolytica, Pasteurella multocida, 

Haemophilus spp, Chlamydia spp, and Salmonella spp are commonly responsible with either 

primary or secondary pneumonia of different types in these animals (Kopcha, 2005). 

1.2.2. Mollicutes  

All the mycoplasmas belong to Class Mollicutes (mollis, soft; cutis, skin, in Latin) of 

bacteria, and are distinct from the rest of the bacterial types for having absolutely no cell wall 

and minute size. The genome size among the Mollicutes varies from less than 600 to over 2200 

kbp with 580kbp for Mycoplasma genitalium (Razin et al., 1998). 

1.2.3. Mycoplasmas 

The trivial terms mycoplasmas or Mollicutes have been used interchangeably to 

designate any species included in the Mollicutes class of bacteria. The Mycoplasma and 

Ureaplasma genra belong to the Mycoplasmataceae family. Additionally the trivial names 

spiroplasmas, ureaplasmas, acholeplasmas, entomoplasmas, mesoplasmas, asteroplasmas, and 

anaeroplasmas are regularly used for the members of corresponding genera. Mycoplasmas are 

prevalent in nature as parasites of humans, mammals, reptiles, fish, arthropods, and plants 

(Razin, et al., 1998). These bacteria are extracellular parasites with a affinity for mucous 

membranes (Razin, 1992), therefore these organisms                                                                  
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can be recovered from the respiratory organs, joints, mammary glands, eyes, and urogenital tract 

(Simeka et al., 1992). These organisms are the smallest known self replicating free living 

prokaryotic cell. Mycoplasma genus is currently reported to have 107 species and subspecies, 

and therefor regarded as the largest genus in the class Mollicutes. These are also widely 

distributed in nature (Tully, 1996).  

1.2.4. Mycoplasmosis 

Mycoplasmosis (Mycoplasmoses: pleural) is the term which describes any disease caused 

by Mycoplasma species (Blood et al., 2007) such as contagious bovine pleuropneumonia 

(CBPP), contagious caprine pleuropneumonia (CCPP), contagious agalactia (CA) and many 

others. Of the known mycoplasmas, genera such as Mycoplasma, Acholeplasma and Ureaplasma 

are notable as pathogenic in nature (Johansson, and Pettersson, 2002). Mycoplasma diseases with 

serious economic impact are CCPP and CA of goats (MacOwan and Minette, 1976): and CBPP 

(Provost et al., 1987). 

Mycoplasma disases are serious threats to goat production due to high morbidity and 

mortality rates. Most of the countries of the world known for goat production are facing damages 

due to the direct losses like substantial decrease in meat, milk, hair and skins by the mycoplasma 

diseases. Other perspective of the mycoplasmoses is indirect losses which result into emaciated 

animal, reduced fertility, delayed marketing, and condemnation of carcasses (Bergonier et al., 

1997).  

Overall respiratory diseases of small ruminants including goats are contagious, with high 

mortality rate and frequently reported among adult goats and kids. The mycoplasma diseases are 

generally transmitted through the respiratory route (aerosol droplets), whereas the ingestion of 

Mycoplasma infected milk in the kids is also contributory to these diseases (Thiaucourt and 

Bolske, 1996). 

General clinical manifestations are marked with nasal secretions, cough, anorexia and 

lethargy (Martin, 1996). Numbers of Mycoplasma species have been related with respiratory 

disease in goats (Matthews, 1999). Mostly respiratory Mycoplasma species have predilection for 

lungs which results in pneumonia and pleuropneumonia in goats. Of these Mycoplasma mycoides 
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subspecies capri (Mmc), Mycoplasma mycoides subspecies mycoides Large Colony (MmmLC), 

Mycoplasma capricolum subspecies capripneumoniae (Mccp), Mycoplasma putrefaciens (Mp) 

are commonly considered in these affections (Thiaucourt and Bolske, 1996). Many of the 

research studies have reported great hemology in phenotypic and genotypic characteristics in 

between MmmLC and Mmc; therefore recently they are converged into a single subspecies 

designated as Mycoplasma mycoides subspecies capri (Mmc) (Manso-Silva´n et al., 2009).     

1.2.5. Characteristics of mycoplasmas 

Mycoplasmas are the prokaryotic cells and are first described more than 100 years ago. 

These are widely distributed in nature and inhabitting animals, plants, insects as well as humans 

(Rottem and Naot, 1998).  Mycoplasma belongs to class Mollicutes and is characterized as the 

smallest self replicating bacteria (Razin et al., 1998) with no cell wall and is instead surrounded 

by a plasma or cell membrane. As the mycoplasmas are pleomorphic in shape, the single coccoid 

cell has a diameter of about 0.3 nm (Razin, 1983). Fraser et al., (1995) reported Mycoplasma 

genitalium with minimum size of genome (580 kb).  

Mycoplasmas usually show strict host specificities and tissue tropism because of the 

limited biosynthetic potentials (Rottem and Yogev, 2000). The antigenic diversity is a consistent 

phenomenon among mycoplasmas and observed in a variety of protein profiles. The surface 

protein provides a potential necessary for action as an extracellular pathogen, difficulties in 

serodiagnosis and most importantly evasion from immune system (Razin and Freundt, 1984). 

Usually Mycoplasma organisms are limited to single host species, but some of them are observed 

with wide host range such as Mycoplasma arginini which has been isolated from goats, sheep 

and pigs (Kazama et al., 1994). 

The Mycoplasma lacks cell wall; because it lacks genes for cell wall synthesis (Razin et 

al., 1998) and has inclination for pear shaped cells as these are only bounded by a plastic plasma 

membrane. Other wise, many members in the class Mollicutes show range of morphological 

entities such as flask shaped cells, pear shaped cells, filmanentous cells of various lengths, and 

helical filments. Many of these cell wall deficient bacteria are reported to have cytoskeleton 

which allows them to maintain such shapes (Razin, et al., 1998). The spherical, pear shaped, 
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filamentous and branched Mycoplasma cells are usually 0.3-0.8 um in diameter. They have 

length from few micrometers to almost 150 um.  Mycoplasmas are genetically incapable to 

synthesize peptidoglycan and its precursors. Therefore, these are resistant to penicillin and its 

analogues but susceptible to alcohols, detergents, osmotic lysis and the action of specific 

antibody and complement (Holt et al., 1993). Mycoplasma is usually non- motile, but few of the 

species with flask shaped morphology exhibit gliding movement such as Mycoplasma 

pneumoniae. The mechanism of this kind of motility is still unknown (Kirchoff, 1992).  

Flask shaped morphology of Mycoplasma is due to a head like protrusion (membrane 

protrusion at one end) at one side of some of the Mycoplasma species.  Gliding motion enables 

the Mycoplasma to translocate easily on solid surfaces which is always in the direction of head 

like protrusion (Miyata and Petersen, 2004).  

All the Mycoplasma species have preference for filamentous growth and morphology is 

usually dependent on age of culture (Bredth et al., 1973). Filaments generally turn into chains of 

cocci which later on transform into individual coccoid cells with a diameter of 300 nm (Razin, 

1983). The other factors which can also transform the morphology of Mycoplasma are specific 

growth rate, pH, osmotic pressure and type of nutrients provided in the growth medium 

(Henderson and Miles, 1990).  

The colonies with the diameter of 10-600 um usually grow within two to seven days at 

37
o
C. These can be best seen as flat, transparent and fried egg with the help of stereomicroscope 

or dissecting microscope (35 x magnifications) (Freundt, 1974). Contrary to the small colonies 

producing mycoplasma, Mycoplasma mycoides subspecies mycoides, Mycoplasma agalactiae 

and Mycoplasma bovis usually produce rather big colonies with a diameter up to 2mm (Razin 

and Freundt, 1984). Few of the Mycoplasma species are also known to produce diagnostic film 

and spots (opaque deposits around the older mycoplasma colonies or faint layer on the surface of 

broth culture) on the mycoplasma medium (OIE, 2008). All the mycoplasmas produce fried egg 

colonies except Mycoplasma ovipneumoniae which yields centerless colonies (Jones and 

Gilmour, 1983). 

Most of the Mycoplasma species are found as facultative anaerobe in nature whereas; few are 

reported as obligate anaerobes. Majority of the mycoplasmas can not grow without sterol (cholesterol) 
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and fatty acids. Though many of the Mycoplasma species are fastidious in terms of bacteriological culture 

media, but still are able to grow on artificial media without the requirement of cell culture system. 

Contrary to this, there are reports of few Mycoplasma organisms which may be isolated easily with cell 

culture system than the artificial bacteriological culture media (Tully and Razin, 1977). 

Like other bacteria, the reproduction or cellular division in mycoplasmas is through the binary 

fission. The typical binary fission in bacteria usually involves full synchronization between cytoplasmic 

division and genome replication. Conversely, the cytoplasmic division may be slow than the genomic 

replication in mycoplasmas resulting in the development of multinucleated filaments (Razin et al., 1998). 

Generally Mycoplasma species are extracellular parasites and have tropism for mucous surfaces 

of the body of the host organism, but there are reports suggesting them as intracellular parasites (Razin, 

1992a). Many of the Mycoplasma species are found as pathogenic to animals, humans, insects, and plants 

(Razin and Barile, 1985).  

 

Biochemically mycoplasmas are limited in terms of metabolic activities, therefore; mostly few of 

these tests are used to characterize most of the Mycoplasma species. Glucose fermentation and arginine 

decarboxylation are two of the distinguishing parameters for most of the Mycoplasma species. Many of 

these organisms are found positive to either of these two tests, while some of them are reported positive 

for both of the glucose fermentation and arginine decarboxylation tests. Conversely, some of the species 

are biochemically negative for both of these tests (Tully and Razin, 1977).   

 

Mycoplasma organisms do not have genes for the expression of enzymes involved in the de novo 

biosynthesis of purines (Adenine and Guanine) and in the tricarboxylic acid (TCA) cycle. Furthermore, 

mycoplasmas also lack cytochromes, therefore; the generation of Adenosine Triphosphate (ATP) is 

certainly based mainly on substrate level phosphorylation. Many of these organisms, therefore; acquire 

ATP via glycolysis; those lacking this pathway such as Mycoplasma hominis get energy through the 

arginine decarboxylation or by the hydrolysis of urea like Ureaplasma (Fraser et al., 1995). Mycoplasmas 

lack many genes including those responsible for the production of all 20 amino acids and the majority of 

all other biosynthetic genes (Razin et al., 1998).  
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Table 1.1.  Properties distinguishing Mollicutes from other Eubacteria 
 

 
        

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                 (Modified from Razin et al., 1998) 
 

             1 Three rRNA operons in Mesoplasma lactucae  
            2 Nucleotides  

 

     
 

 

 

 

 

 

 

 

Characteristics 

 

Mollicutes Other Eubacteria 

 

Cell wall 

 

Absent  Present  

 

Plasma membrane 

 

Cholesterol present in most species  Cholesterol absent  

 

Genome size 

 

 

580–2,220 kb  

 

1,050–.10,000 kb  

 

GC content of genome 

 

23–40 mol%  25–75 mol%  

 

No. of rRNA operons 

 

1 or 21  1–10  

 

 

5S rRNA length 

 

 

104–113 nt2  

 

114 nt  

 

No. of tRNA genes 

 

 

30 (Mycoplasma capricolum)  

33 (Mycoplasma pneumoniae)  

84 (Bacillus subtilis) 

86 (E. coli)  

UGA codon usage 

 
Tryptophan codon in Mycoplasma, Ureaplasma, 

Spiroplasma, Mesoplasma  
Stop codon  

 

RNA polymerase 

 

 

Rifampin resistant  

 

Rifampin sensitive  
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Table 1.2.  Major characteristics and taxonomy of the class Mollicutes 
 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

              (Modified from Razin, 1992) 
 

                The taxonomic status of the uncultured phytoplasmas is not defined (ND) as yet; two Candidatus Phytoplasma species 

                (Zreik et   al., 1995; Davis et al., 1997) 

 

Classification 

Current no. 

of 

recognized 

species 

Genome 

size (kb)  

Mol% 

G1C of 

genome  

Cholesterol 

requirement 

Distinctive 

properties 
Habitat 

Order I: Mycoplasmatales  
      

Family I: 

Mycoplasmataceae  

      

Genus I: Mycoplasma  102 580–1350 23–40 Yes Optimum growth 

at 37°C  

Humans, animals  

Genus II: Ureaplasma  6 760–1170 27–30 Yes Urea hydrolysis  Humans, animals  

Order II: 

Entomoplasmatales  

      

 

Family I:  

      

Entomoplasmataceae        

Genus I: Entomoplasma  5 790–1140 27–29 Yes Optimum growth 

at 30°C  

Insects, plants  

Genus II: Mesoplasma  12 870–1100 27–30 No Optimum growth 

at 30°C;  

Insects, plants  

     0.04% Tween 80  

Required in 

 

     serum-free  

medium 

 

Family II:        

Spiroplasmataceae        

Genus I: Spiroplasma  33 780–2220 24–31 Yes Helical motile 

filaments;  

Insects, plants  

     optimum growth 

at 30–37°C 

 

Order III Acholeplasmatales  

      

 

Family I:  

      

Acholeplasmataceae        

Genus: Acholeplasma  13 1,500–1650 26–36 No Optimum growth 

at  

Animals, some  

     30–37°C  plants, insects  

Order IV: 

Anaeroplasmatales  

      

Family: 

Anaeroplasmataceae  

      

Genus I: Anaeroplasma  4 1500–1600 29–34 Yes Oxygen-sensitive  Bovine/ovine 

rumen  

     anaerobes   

Genus II: Asteroleplasma  1 1500 40 No Oxygen-sensitive  
Bovine/ovine 

rumen  

     anaerobes   

Undefined taxonomic status  
      

Phytoplasma  NDb 640–1185 23–29 Not known Uncultured 

in vitro  

Insects, plants  
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1.2.6. Molecular biology of Mycoplasmas 

 

 1.2.6.1. Genome 

 

The application of advanced molecular biology tools such as pulse field gel 

electrophoresis (PFGEF) (Neimark et al., 1990) has revealed comparatively better data on 

mycoplasma genome structure than the classical renaturation kinetics methods. Overall, the 

Mycoplasma genome size ranges from less than 600 kbp to over 2200 kbp. Unlike mycoplasmas, 

the genome size in typical bacterium E.coli is approximately 3600 kbp (Poumarat et al., 1999).  

Of the mycoplasmas, the Mycoplasma species such as Mycoplasma genetalium and MmmLC 

have genome size of 580 kbp and 1380 kbp respectively. On the other hand, the Spiroplasma 

species known for helical shaped cells are found with genome size of 780 kbp for Spiroplasma 

platyhelix and 2200 kbp for Spiroplasma ixodetis (Carle et al., 1995; Bove, 1997). The 

sequencing of Mycoplasma genome of many species such as Mycoplasma genetalium (Fraser et 

al, 1995), Mycoplasma penetrans (Sasaki et al., 2002, MmmSC (Westberg et al., 2004), M. 

gallisepticum (Papazisi et al., 2003) and Mycoplasma pneumoniae (Himmelreich et al., 1996) 

are reported. Genomic analysis also suggested the low or limited anabolic potential of 

mycoplasma, whereas; genes responsible for metabolic transport and catabolism encode many 

proteins (Bork et al., 1995). 

 

It is also known that Mollicutes are evolved by the degenerative evolution along with significant 

losses of genomic sequences. Considering this perspective Acholeplasma and Spiroplasma species are 

considered phylogenetically early mollicutes with larger genomic sizes. Contrary to this, Mycoplasma and 

Ureaplasma species with smaller genomic sizes are phylogenetically regarded as more recently evolved 

Mollicutes (Woese, 1987).  The genome size of Mycoplasma pneumoniae is 816 kbp, whereas 

Ureaplasma urealyticum carries 752 kbp (Fraser et al., 1995). 

 

There is genomic size variation not only within the same genus of Mycoplasma but, also 

even among strains of the same species (Huang et al., 1995). Besides this variability in 

Mycoplasma genome, the relative conservation of genome size in mollicutes species (Razin, et 

al., 1998) is remarkable in nature. 
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Unlike other bacteria, most of the Mycoplasma genome is significantly low in guanine 

(G) and cytosine (C) contents (24 to 33 mol %). It is also documented that the G+C distribution 

along the genome of Mycoplasma is uneven. The good example is of Mycoplasma genitalium 

genome which has an average G+C content of 32 mol%, whereas G+C content of rRNA genes is 

44 mol% and its tRNA genes is 52 mol % (Fraser et al, 1995).  Most of the Mycoplasma species 

carry G+C contents less than 30 mol %, whereas Mycoplasma pneumoniae is having G+C value 

from 39-40 mol % (Razin and Freundt, 1984). It is also reported that the type of base methylated, 

the methylation sequence specificity and the extent of methylation have been recommended as 

markers in mycoplasmas taxonomy (Razin, 1992).  The codon UGA is a stop codon in most 

organisms (Tanaka et al., 1989) but, it encodes tryptophan in many of the mycoplasmas such as 

Mycoplasma, Spiroplasma, Mesoplasma, and Ureaplasma (Dybvig, 1990) a characteristic also 

observed in mitochondria (Osawa et al., 1992). It is reported that Mcc has a circular genome and 

its size is 1155.5 kbp. Further its GC contents (25%) are comparatively low comparaed to other 

organisms (Elmiro et al., 1999). 

 

1.2.6.2. Extrachromosomal elements 

 

The presence of extrachromosomal elements among the members of Mollicutes is 

variable. The potential of phages and plasmids among the members of class Mollicutes as a 

cloning and shuttle vectors has been the main focus. Plasmids have been reported in 

mycoplasmas and recently been detected in Mycoplasma mycoides subspecies mycoides (King 

and Dybvig, 1994) and in phytoplasmas (Kirkpatrick and Smart, 1995). Very few viruses 

(phages) are known to infect Mycoplasma species, whereas acholeplasmas and spiroplasmas are 

frequently infected by a variety of phages (Zou et al., 1995). The genome of the infecting phages 

range from 4 to 40kbp, are either circular or linear and single or double stranded type (Dybvig 

and Voelker, 1996). Mycoplasma arthritidis is known to have lysogenic phage MAV1, which 

carries a virulence enhancing factor and proved experimentally as arthritogenic in nature 

(Voelker et al., 1995).  

 

In a research study thirty three strains of 15 distinct species of Mycoplasma, Spiroplasma 

and Acholeplasma species are evaluated for the presence of plasmids by the                                                  

http://www.scielo.br/pdf/rm/v30n1/0006.pdf/
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agarose gel electrophoresis. Plasmids with molecular weights of 70, 10, and 9 megadaltons have 

been detected respectively (Haraswa and Barile, 1983). Unlike many Mycoplasma species, Mcc 

have plasmid with size of 1.1kbp-1.8kbp and is mostly found in herds with a history of antibiotic 

treatment (Elmiro et al., 1999). 

 

1.2.6.3. Phylogeny and DNA homology 

Phylogeny is defined as the classification of the organism based on sequencing of 16S 

rDNA molecule which gives the evolutionary history of the organisms. Further phylogenetic 

relationship is also reported on the basis of 23S rDNA molecule, elongation factor (EF-Tu, EF-

G), and beta subunit of F1 F0-type ATPase (Razin, 2000).  

The phylogenetic studies of Mycoplasma by analyzing the 16S rRNA gene disclosed that 

these are descended from Gram positive bacteria through degenerative evolution with the loss of 

many biosynthetic capabilities (Weisburg et al., 1989). Mycoplasmas are therefore, considered 

as the best example of the concept of minimal cell (Mushegian and Koonin, 1996). Phylogenetic 

studies divided the mollicutes into five main groups, which are, spiroplasma, pneumoniae, 

hominis, asteroplasma, and aneroplasma.  

In a DNA homology study 80% genetic relatedness in between F-38 biotype and Mcc 

organisms is revealed, whereas 40% was noticed with the Mycoplasma mycoides species 

(Christiansen  and Erno , 1982). Similarly, a consistent relatedness of 70% is observed in 

between Mccp and Mcc in DNA-DNA hybridization studies, whereas relatedness up to 90% is 

found for the strains within each group of Mccp and Mcc organisms. This finding greatly 

supports the proposal that F-38 group is a subspecies of Mycoplasma capricolum (Bonnet et al., 

1993). In a research study, the theoretical amplified rDNA restriction analysis (ARDRA) profiles 

are initially calculated and compared. Subsequently, the performed ARDRA test further certifies 

the previous results and showed that restriction digestion of the amplified rDNA is sufficient to 

differentiate the all tested 27 Mycoplasma species and subspecies (Stakenborg et al., 2005). 

Of the many members of Mycoplasma mycoides cluster organisms, Mccp is the sole 

cause of CCPP. In a study, intraspecific variations are reported in the two rRNA  

http://www.scielo.br/pdf/rm/v30n1/0006.pdf/
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_AbstractPlus&term=%22Christiansen+C%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_AbstractPlus&term=%22Erno+H%22%5BAuthor%5D
file:\\sites\entrez
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operons of this Mycoplasma species. These reported polymorphisms within the Mccp strain may 

be considered as epidemiological markers for CCPP in smaller geographical regions (Heldtander 

et al., 2001). In a study a small stable RNA of Mcc is reported to have resemblance with the 

eukaryotic U6 small nuclear RNA. It is concluded that both of these RNA types are derived from 

a common ancestral RNA that has existed prior to the divergence of eukaryotic and prokaryotic 

organisms (Ushida and Muto, 1993). 

 

Mycoplasma agalactiae, one of the causes of contagious agalactia (CA) is known to be 

homogeneous and exhibit no strain differentiation. A new technique known as variable number 

tandem repeat (VNTR) is used for the analysis of sequenced genome of Mycoplasma agalactiae 

type strain (PG2). The results are also compared with the PFGE and RAPD analysis. VNTR 

showed unexpected diversity within Mycoplasma agalactiae and nine (9) different VNTR types 

of this Mycoplasma have been reported (McAuliffe et al., 2008). 

 

The Mycoplasma species of human and animal origin are molecularly characterized by 

the amplified-fragment length polymorphism (AFLP) which is a whole-genome fingerprinting 

method based on selective amplification of restriction fragments. This method is reported to 

differentiate the tested strains to a species and intra- species level (Kokotovic et al., 1999). 

Mycoplasma capricolum subspecies capripneumoniae (Mccp) is considered to have variations 

among its different prevailing strains. This genomic variation is confirmed by the AFLP 

fingerprints of 38 strains derived from different countries in Africa and the Middle East consisted 

of over 100 bands in the size range of 40–500 bp (Kokotovic et al., 2000). 

 

1.2.6.4. Ultra structure of mycoplasmas 

 

Members of class Mollicutes do not have a cell wall and also lack intra-cytoplasmic 

membranes but have only one type of membrane which is known as plasma membrane which is 

8.5 to 10 nm in width (Razin, 1978). The easy isolation and alterations in mycoplasma plasma 

membrane made mycoplasma as a significant tool in membrane research (Razin, 1993). Besides 

the incapability to synthesize peptidoglycan, mycoplasmas have many things in common with the Gram 

positive bacteria. Mycoplasmas have a genome, cytoplasm and ribosomes like other prokaryotic cells.  

file:\\sites\entrez
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Proteins constitute over two-thirds of the mycoplasma membrane mass, with the rest being 

membrane lipids (Tully and Razin, 1977).  

 

The presence of lipoproteins in the plasma membrane of mycoplasma is in abundance as 

compared to other members of eubacteria. These are also among the most dominant antigens in 

Mollicutes (Razin, et al., 1998). Many Mycoplasma species are also well known for having 

characteristic capsule (Carson et al., 1992).  

 

Mycoplasma species needs an external source of cholesterol for growth; therefore these 

are natural fatty acid auxotroph. The incorporated fatty acid is used for the phospholipids 

synthesis, rather than as a substrate for energy production (Clejan et al., 1978). It is also 

documented that efficiency of fatty acid incorporation in Mycoplasma species is dependent on 

the concentration of glycerol, glucose, external pH, and temperature (Dahl, 1988). 

 

The significance of magnesium and calcium in the stabilization of lipid bilayer of the 

plasma membrane and its binding to the peripheral membrane proteins is also reported. Most of 

the Mycoplasma lipids such as glycolipids, phospholipids and neutral lipids are present in the 

plasma membrane. Moreover 20 % of the total plasma membrane lipids are cholesterol or related 

sterols in mycoplasma organisms (Kahane et al., 1973). 

 

1.2.7. Pathogenicity and virulence of mycoplasmas  

 

There are only a few characterized virulence factors of mycoplasmas such as carbohydrate 

capsule (Tajima et al., 1982), production of hydrogen peroxide ( Miles et al., 1991), T- cell 

mitogens ( Tu et al., 2005), and the ability to scavenge arginine from the host cells (Saasaki et 

al., 1984). 

Members of Mollicutes inflict various types of mycoplasmoses in number of animals, human, 

plants and insects hosts. Besides the host specificity exhibited by many mycoplasmas, there is also a great 

tropism for different tissues and organs of these hosts. Mycoplasmas are reported to show high degree of 

tissue and host specificity and tropisms such as the Mycoplasma arthritidis to the synovial membranes of 

mice and  
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other rodents (Simecka et al., 1992), and Mmm especially the small colony (SC) type for the 

pleura and lungs of bovine (Buttery and Plackett, 1960). 

 

The clinical picture of mycoplasmosis in animals and humans is reported to be due to the 

host inflammatory and immune responses rather than the direct toxic effects by the mycoplasmal 

cell components (Razin et al., 1998). Many of the members of Mollicutes are commensals 

(Hackett and Clark, 1989) and generally mycoplasmosis follow a chronic course of disease, 

whereas infections with pathogenic mycoplasmas are rarely fulminant. It is further advocated 

that Mollicutes are close to the opinion of “ideal parasites,” usually living in agreement with 

their hosts (Razin et al., 1998).  

 

The role of mycoplasmas in various diseases of unknown causes is also reported 

(Baseman and Tully, 1997) such as various arthritides, Crohn‟s disease, and chronic fatigue 

syndrome. In addition to these, and the role of members of Mollicutes as a co-factors in the 

pathogenesis of AIDS, the Gulf War Syndrome is also documented (Blanchard, 1997). The 

association of Mycoplasma pneumoniae in human rheumatoid arthritis (Rameriz et al., 2005) and 

Mycoplasma fermentans in rheumatoid and non-rheumatoid arthritis (Johnson et al., 2000) has 

been described.  

 

In one of the studies, Mycoplasma capricolum species are reported to have factors in the 

relatively stable membrane which can be a potent and non-lipopolysaccharide activator of 

macrophage and produce tumor necrosis factor (TNF) alpha, which has therapeutic value in the 

treatment of cancer (Caplan, et al., 1994). 

 

Mycoplasmas are found pathogenic for most of the host reported and pathogenicity is 

generally multifactorial in nature (Tryon and Baseman, 1992). Mycoplasmas cause various 

diseases in almost all major species of animals including humans. Little is known for their 

pathogenicity and virulent factors and mechanisms of persistence in the host (McAuliffe, et al., 

2006). Following are the factors associated with the pathogenecity of mollicutes. 

 

 

http://www.springerlink.com/content/t745g283577373u2/
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1.2.7.1. Mycoplasmas: Adhesion to the host cells 

 

Mycoplasmas are regarded as surface parasites and for colonization and subsequent 

infection adhesion to the host tissues is essential. They usually adhere quite tenaciously to the 

epithelium of uro-genital and respiratory systems of the host. Mutation in the adhesion capacity 

results in the loss of infectivity and vice versa (Razin et al., 1998). Of the many adhesins PI, 

MgPa and P30 are usually known for mycoplasmas especially Mycoplasma genetalium and 

Mycoplasma pneumoniae (Baseman et al., 1996; Krause, 1996). The process of cytadhesion of 

adhesins seems to be multifactorial and there is also interplay of accessory membrane proteins. 

The attachment organelle components forming part of the mycoplasmas cytoskeleton is 

designated as Triton shell (Baseman et al., 1996). Sialo-glycoconjugates and sulfated glycolipids 

are the receptors on host cell membranes responsible for the attachment of mycoplasma cells 

(Razin and Jacobs, 1992; Zheng et al., 1995). 

 

Among the mycoplasmas of humans, Mycoplasma pneumoniae is reported to bind to the 

cilia of respiratory epithelial cells with the aid of specific protein adhessins (Stevens and Krause, 

1991). Similarly Mccp is reported to produce an acute inflammatory response after attachment to 

the acinar epithelial cells of the host respiratory tissues (Darzi et al., 1998). As the mycoplasmas 

are known for pleomorphic morphology, plasticity and small size, they are reported to evade 

phagocytosis as they get into the cell crypts, and between the cilia (Erb and Bredt, 1979). 

 

Most of the mycoplasma infections are extracellular but Mycoplasma genitalium in 

monkey kidney cells (Jensen et al., 1994) have been reported. Once mycoplasma is 

phagocytosed, they are reported to withstand the internal environment and can be disseminate 

throughout the host systems (Marshal et al., 1995).   

 

Biofilm is defined as sessile bacteria attached to a substratum, or each other, often bounded by by 

an extarcellular polysaccharide material (Donlan & Costerton, 2002). Bacteria are considered to persist in 

the host by the synthesis of an adherent biofilm. Further these adherent biofilm bactera are resistant to 

phagocytes, antibodies, and antibiotics and due to the release of phagocytic enzymes, biofilm can 

indirectly cause damage to the host cells and tissues. Recently it is reported that there is significant 
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difference in the capability of many mycoplasmas to form biofilm. Among the investigated, 

Mycoplasma putrefaciens, Mycoplasma agalactiae, Mycoplasma bovis, Mycoplasma 

capricolum, Mycoplasma ovipneumoniae, Mmc, MmmLC are found with a biofilm forming 

potential, whereas MmmSc showed failure in this respect (McAuliffe, et al., 2006).  

 

1.2.7.2. Mycoplasmas: Damage to the host cell membranes 

 

Unlike many of the prokaryotic cells, mycoplasmas have not been linked with the 

production of potent toxins. Hydrogen peroxide and superoxide radicals as a mild toxic by 

products of mycoplasma metabolism have been implicated in oxidative damage to the host cell 

membranes (Razin, 1991). It is also reported that in the preferential loss of K+ channels in 

tissues such as ciliated bronchial epithelium (Izutsu et al., 1996) the resulting depolarization of 

the cell membrane could lead to bronchial ciliostasis (DeBey and Ross, 1994).  

 

It is reported that Mcc can stimulate macrophage and produce oxygen radicals, TNF-

alpha, interleukin-6 (IL), and nitric oxide. The combination of all of these factors leads to the 

production of a very strong oxidant known as per-oxynitrite (Avron and Gallily, 1995). The 

tissue damage by the Mycoplasma capricolum species is reported to be due to the accumulation 

of toxic oxidant and hydrolytic enzyme being produced (Darzi, et al., 1998). 

 

1.2.7.3. Mycoplasmas: Presence of capsule  

 

The capsule is commonly regarded to enhance pathogenecity by facilitating bacteria to 

attach irreversibly to negatively charged surfaces (Robb, 1984). Moreover resistance against 

phagocytosis and toxic effects are also reported to promote pathogenecity of bacterial cells 

(Marshall et al., 1995).  

 

Bacterial capsule commonly contains high molecular weight (approximately 10kDa) 

polysaccharaides (Whitfield, 1988). The polysaccharide containing capsules exhibit anti-

phagocytic potential which is linked as an inhibitor for the activation of complement alternate 

pathway (Kasper, 1986).  

http://www.jleukbio.org/cgi/content/abstract/57/2/264/Ann
http://www.springerlink.com/content/h56304p445t6upkg/
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Besides the adhessive and antiphagocytic functions of capsule, it may also exert direct 

toxic effect on the cells of the host. The experimental inoculation of galactan of Mycoplasma 

mycoides subspecies mycoides SC (MmmSC) by intravenous route in calves has resulted into 

capillary thrombosis and pulmonary oedema (Buttery et al., 1976). The galactan based capsule 

of Mmm has been found responsible in the enhancement of fibrin deposition around chronic lung 

lesions in cattle (Buttery et al., 1980). The galactan produced by the MmmSc is also reported to 

increase the persistence of mycoplasma in the blood of the host and also inflicts polyarthritis in 

calves (Lloyd et al., 1971).  Mycoplasma hyopneumoniae  is described to adhere to the 

epithelium of swine respiratory system and erythrocytes with the help of capsular material 

respectively (Tajima and Yagihashi, 1982).  

 

Mycoplasma mycoides subspecies mycoides large colony (MmmLC) and MmmSC are 

reported to produce reduced volume of galactan capsule (Smith and Sherman, 1994). The 

galactan capsule is 10% of the dry weight of the cell, and contains 10% glucose and 90% 

galactose (Buttery and Plackett, 1960). Unlike galactan capsule, Mmc capsule contains mainly 

the higher proportion of glucose than the galactose (Schiefer et al., 1974). Further the Mccp the 

sole cause of CCPP also produces capsule and contains glucose, galactose, mannose, fructose, 

galactosamine and glucosamine almost in equal amounts (Rurangirwa et al., 1987a).  

 

The spiroplasmas, acholeplasmas, asteroplasmasor anaeroplasmas do not have capsule, 

while like most of the Mycoplasma, Ureaplasma are reported having capsule (Robertson and 

Smook, 1976).  

 

1.2.7.4. Mycoplasmas: Clastogenic and oncogenic properties  

 

It has been suggested that during the mycoplasma infection there is a transient contact of 

the two plasma membranes leading to the direct injection of mycoplasma cytoplasmic contents 

(especially the hydrolytic enzymes) into the host cell cytoplasm. The strong nucleases of the 

mycoplasmas combined with superoxide radicals are accountable for the clastogenic effects 

(Stewart et al., 1994). 
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There are many reports claiming the possible role of mycoplasmas in oncogenesis (Wang 

et al., 1993; Tsai et al., 1995). Recently the role of mycoplasmas in the induction of apoptosis is 

also proposed. Besides the study reporting the apoptotic function of mycoplasma hyorhinis, it is 

suggested that mycoplasma infection by itself does not inflict apoptosis, but once the cells have 

undergone apoptosis, the infecting mycoplasmas may be responsible for the cleavage of the host 

cell DNA into multimers of 200 bp (Paddenberg et al., 1996). 

 

1.2.7.5. Mycoplasmas: Production of toxin 

 

Mycoplasma neurolyticum and Mycoplasma gallisepticum are documented with the 

neurotropic toxins. Unlike, the cell walled, bacteria, mycoplasmas especially the pathogenic 

species are seldom reported producing toxins affecting the host cells directly and specifically. 

Conversely, hydrogen peroxide and ammonia produced by many of the mycoplasmas are 

accounted for having direct effects on the host cells (Tully, 1983). 

 

1.2.7.6. Mycoplasmas: Extracellular enzymes 

 

Number of extracellular enzymes with different activities is reported for the Mollicutes. Of the 

many enzymes reported for the mycoplasmas, proteases are linked in most of the arthritic conditions 

inflicted by the mycoplasmas. The enzymes commonly found in Mollicutes are, nucleases, lipases, 

phospholipases, collagenases, aminopeptidases, glycosidases and proteases (Cole et al., 1985). 

 

1.2.7.7. Mycoplasmas: Oxidative damage 

 

The evidence for the pathogenicity of mycoplasmas is attributed initially to the haemolytic 

activity by the Mycoplasma pneumoniae. Hydrogen peroxide being a low molecular weight, non protein, 

easily diffusible chemical compound is later accounted for this hemolytic potential (Somerson et 

al., 1965). 

 

The mycoplasmas with the production of hydrogen peroxide and superoxide may inflict 

oxidative damage to plasma membrane lipids. It is further described that oxygen radicals may 

directly inhibit the activity of catalase; results in the production of                                   
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hydrogen peroxide which thereby exerts oxidative damage (Almagor et al., 1984). Mycoplasma 

mycoides subspecies mycoides is reported for the production of hydroxyl (OH
-
) and superoxide 

radicals (Marshall and Miles, 1989). 

 

Members of class Mollicutes do not have cytochromes and quinones and no other 

additional electron transfer components as well. The oxygen is considerd reduced due to single 

electron shift and O2
- 
and OH

+
 as reactive intermediates are produced which terminally convert 

into H2O2. Contrary to this it is also reported that water is the main outcome in most of the 

Mycoplasma species (Miles et al., 1991). The role of co-enzymes such as NAD and NADH is 

found critical in the final production of hydrogen peroxide (Pollack et al., 1997). 

 

The cytopathic and ciliostatic effects exhibited by the Mycoplasma mycoides subspecies 

capri in the primary cell culture (tracheal organ culture) is due to the production of hydrogen 

peroxide (Cherry and Taylor-Robinson, 1970). Most of the fermentative Mycoplasma species 

such as: Mccp, M.mycoides, Mp, M.bovigenitalium, and M. bovine serogroup 7, oxidize the 

glucose with the production of hydrogen peroxide (Miles et al., 1991).  

 

The fermentative species of Mycoplasma such as Mycoplasma capricolum subspecies 

capripneumoniae (Mccp), Mycoplasma putrefaciens (Mp), Mycoplasma bovine serogroup 7 and 

many others are documented with the production of hydrogen peroxide during the oxidation of 

glucose, glycerol and other (Miles et al., 1991) 

 

1.2.8. Metabolism in mycoplasmas 

 

Diverse energy yielding processes usually exist among the mycoplasmas which are based 

on the requirement of large amounts of substrates with low production of adenosine triphosphate 

(ATP) generally 1-4 mols of ATP per mole of the substrate in the medium. The production of 

ATP in mycoplasmas is reported to be on account of the glycolysis, arginine decarboxylation, or 

the oxidation of organic acids to acetate and CO2. Miles (1992) has reviewed the arginine and 

urea hydrolysis, oxidation of organic acids and fermentation of sugars in mycoplasmas.  

 



28 

 

Razin et al., (1998) described that the metabolic products are produced in large quantities 

in order to provide energy required for the survival and growth of mycoplasmas. The toxic 

products are yielded by these smallest prokaryotic bacteria such as reactive oxygen radicals 

during the oxidation of glycerol, sugars and organic acids; organic acids during carbohydrate 

fermentation, and ammonia by the arginine hydrolyzers and ureaplasma species. The enhanced 

pathogenecity of mycoplasmas is also attributed to the reduction in the consumption of nutrients 

to the host cells due to the metabolism of mycoplasmas. 

 

Aerobic species of Mycoplasma are found with partial oxidation potential and acetate 

and carbon dioxide are produced from pyruvate whereas, anaerobically lactate is the end 

product of glucose metabolism. In fermentative mycoplasmas the pattern of substrate 

utilisation is species specific because number of sugars and carbohydrates are used (Abu-

Groun et al., 1994). Glucose is metabolized by the Embden-Meyerhof pathway in the 

mycyplasmas (Cocks et al., 1985). Arginine appears to be the sole source of energy in many 

mycoplasmas (De Santis et al., 1989), and arginine hydrolising mycoplasmas metabolise 

arginine through the arginine dihydrolase pathway (Pollack, 1979). 

 

Few of the mycoplasma such as Mycoplasma bovigenitalium, M. bovis and 

Mycoplasma agalactiae are reported as non metabolizers of sugars and arginine. Contrary to 

this, these are capable of oxidising the organic acids (pyruvate, lactate) to acetate and carbon 

dioxide (Taylor et al., 1994).  

 

Moreover for Ureaplasma neither glycolysis nor arginine dihydrolase-ATP or acetate 

kinase-ATP-generating pathways are detected (Razin et al., 1998). Ureaplasma are also very 

unique among the Mollicutes for having a very potent urease enzyme. Interestingly, these are 

also dependent on urea for their growth as compared to other prokaryotic organisms. Like 

eubacterial organisms, Mollicutes carry F-type, ATPase with characteristic b subunit (atpF) 

which is not known for eubacteria (Razin, et al., 1978). 
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1.2.9. Mycoplasmas of animal origin 

 

Most of the animal species are commonly infected by the Mycoplasma species. Of the 

domestic animals, cattle are known to have a serious and economically important contagious 

bovine pleuropneumonia (CBPP) disease, caused by Mycoplasma mycoides subspecies 

mycoides small colony (MmmSC). Historically the mycoplasma causing CBPP is initially 

known as Pleuropneumonia like organisms (PPLO) (OIE, 2008). Number of mycoplasma 

diseases is documented for porcine, equines, murine and avian.  

 

Sheep and goats are also well known to have number of mycoplasma diseases. Of these 

atypical pneumonia and agalactia caused by Mycoplasma ovipneumoniae and Mycoplasma 

agalactiae in sheep are very common. Goats on the other hand have very important 

mycoplasmal diseases targeting mainly the lungs, pleura, eyes, and joints. Pneumonia, 

pleuropneumonia, pleuritis, hydrothorax, keratoconjunctivitis, mastitis, and arthritis are the 

most commonly noted pathological manifestations. To date, contagious caprine 

pleuropneumonia (CCPP) caused by Mycoplasma capricolum subspecies capripneumoniae 

(Mccp) is still the most important disease in goats in many parts of the world including 

Pakistan. Mycoplasma species and subspecies inflicting major and minor diseases are depicted 

in table 1.3. Though mycoplasmas are generally considered species specific, but there are 

reports of mycoplasma isolation besides their preferential or specific host (Srivastava et al., 

2000). 

 

Of the Mollicutes, many species of Mycoplasma are implicated in the pathogenesis of 

pneumonic syndromes in small ruminants. The common species include MmmLC, Mmc, Mcc, 

Mycoplasma ovipneumoniae, Mycoplasma agalactiae, and Mycoplasma arginini. The classical 

CCPP caused by the Mycoplasma F-38 biotype is entirely different from the pneumonia and 

pleuropneumonia caused by other Mycoplasma species.  
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Table 1.3. Mycoplasma associated animal diseases 

      

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                        (Modified from Timoney et al., 2000 

 

 

 

  

 

Disease 

 

 

Host 

 

Pathogen 

 

Other diseases 

 

Septicaemia 

 

Goat, sheep  

 

M.mycoides ssp. mycoides LC  

 

M.capricolum 

 

polyarthritis, pneumonia,  

mastitis, conjunctivitis 

arthritis, mastitis   

Polyserositis, polyarthritis  Swine  M.hyorhinis  Pneumonia 

Tenosinovitis, arthritis  Poultry, turkey   M.synoviae  Airsacculitis 

Arthritis Cattle 

Swine 

Rat 

M.bovis 

M.hyosinoviae 

M.arthriditis 

Mastitis, pneumonia 

 

 

Sinusitis Poultry, turkey M.gallisepticum Arthritis 

Airsacculitis Turkey M.meleagridis Tarsal osteoporosis 

Pneumonia Cattle 

 

 

Sheep, goat  

Swine 

Dog 

Mice 

Rat 

M.dispar 

M.bovis 

Ureaplasma diversum 

M.ovipneumoniae 

M.hypneumoniae 

M.cynos 

M.pulmonis 

M.pulmonis 

 

Mastitis, arthritis 

Genital infections 

 

 

 

 

Salpingitis, endometritis 

Pleuropneumonia Cattle 

Goat 

M.mycoides ssp. mycoides SC  

M.capripneumonie, 

M.mycoides ssp. capri 

Arthritis in calves 

Pleuritis Horse M.felis  

Vulvovaginitis Cattle U.diversum Infertility, abortion, pneumonia 

Vesiculitis Cattle 

Sheep  

M.bovigenitalium 

M.serogroup 11 

 

Reduction of spermatozoa 

motility, mastitis 

Mastitis Cattle 

 

 

 

 

 

Sheep, goat 

 

Goat 

M.bovis 

M.bovigenitalium 

 

M.californicum 

M.canadense 

M.alkalescens 

M.agalactiae  

M.mycoides ssp. mycoides LC  

M.capricolum 

M.putrefaciens 

Pneumonia, arthritis 

Reduction of spermatozoa 

motility, vesiculitis 

 

 

 

Septicaemia, arthritis 

Septicaemia, arthritis 

Arthritis 

Conjunctivitis Cattle 

Sheep, goat 

cat 

mouse 

 

M.bovoculi 

M.conjunctivae, M.agalactiae  

M.felis 

M.neurolyticum 

 

 

 

“Rolling disease” 
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1.2.10. Mycoplasma mycoides cluster organisms  

 

The “Mycoplasma mycoides” cluster is a group of mycoplasmas that are notable 

pathogens of goats, sheep and cattle (Cottew et al., 1987). These organisms have also been 

documented to create the most well-known taxonomic problems within the genus Mycoplasma 

(DaMassa et al., 1992). There have been six closely related Mycoplasma species in this 

economically important group of organisms.  

 

All of these mycoplasmas are classified into two subgroup type, on account of their 

genetic relatedness. The mycoides subcluster comprises of Mycoplasma mycoides subspecies 

mycoides small-colony (MmmSC), Mycoplasma mycoides subspecies mycoides large-colony 

(MmmLC), and Mycoplasma mycoides subspecies capri (Mmc). The other important subgroup is 

capricoulm, which has Mycoplasma capricolum subspecies capripneumoniae (Mccp), 

Mycoplasma capricolum subspecies capricolum (Mcc), and Mycoplasma subspecies bovine 

group 7 (BG7) (Weisberg et al., 1989).  

 

It is also reported that the members of the mycoides cluster also share common 

serological, antigenic and genomic characteristics with each other and this causes taxonomic and 

diagnostic problems (Cottew et al., 1987). It is further documented that the cluster members are 

greatly associated with each other on the bases of genotypic and phenotypic characteristics and 

are apparently hard to be clearly differentiated from each other (Petterson et al., 1996). In 

contrast, there is also a host and strain related variation among the members of the mycoides 

group.  

 

All the members of the mycoides cluster have the potential to cause diseases of respiratory, 

genitourinary, arthritic and mammary organs. Of the six members, the notable in terms of inflicting 

economically important, highly virulent and fatal diseases are the contagious caprine pleuropneumonia 

(CCPP) and  contagious bovine pleuropneumonia (CBPP), caused by the M. capricolum subspecies 

capripneumoniae and  M. mycoides subsp. mycoides small-colony respectively (Melissa et al., 

2005). It is reported that the other members of this group besides their pathogenic nature, generally cause 

chronic diseases. Many of the mycoplasma based infections are resulted into asymptomic carrier state of 

these affected animals (Frey, 2002). The animals harboring                                                                        



32 

 

the Mycoplasma species from the previous disease state can be a threat for the newely entered 

naive animals into the herd (Soroka et al., 2001).  

 

When the Mmc and MmmLC are compared through the DNA hybridization studies it is 

reported that both of the tested subspecies are closely related and form a distinct group under the 

Mycoplasma mycoides cluster organisms (Taylor et al., 1992). In a molecular based study, 

sequencing of PCR-amplified lppA genes of MmmLC  (type strain Y-goat)
 
and the Mmc (type 

strain PG3) allowed the rapid identification of both of the mycoplasma strains but could not 

differentiated between the two closely associated Mycoplasma subspecies. Further research again 

advocated that a close relationship exist between the two strains when polyclonal antibodies are 

produced by expressing the lppA in strain of Escherichia
 
coli. Serologically the antiserum against 

the lppA reacted with 62-kDa protein in all MmmLC and Mmc type strains but not with the rest 

of the members of Mycoplasma mycoides cluster group (Monnerat et al., 1999).  

 

More than 99.9 % similarity on the basis of 16S rRNA gene sequencing between 

MmmLC and Mmc also suggests that both of these organisms are identical and very closely 

related mycoplasma species (Petterson et al., 1996). On account of this new proposal, if MmmLC 

and Mmc are considered one species, then the Mycoplasma mycoides cluster group would be 

consisting of only five species or subspecies of mycoplasmas. It is also documented in literature 

that Mmc and MmmLC may be united into one taxon on the basis of similarities in DNA 

sequence and protein analyses. More recently, on the basis of cluster analysis of rpoB gene, it is 

reported that Mmc and MmmLC can not be differentiated from each other. A single name of 

“Mycoplasma mycoides subspecies capri” is proposed as a common name for Mmc and MmmLC 

organisms (ICSPSTM, 2001). 

 

Very recently, a proposal for the amended taxonomy of this cluster is initiated. It is well known 

that Mmc and MmmLC are closely related and can only be differentiated by the serological methods. It 

is therefore, proposed that they should be combined into a single subspecies and addressed as 

Mycoplasma mycoides subspecies capri. Moreover, Mycoplasma bovine group 7 (MBG7) besides 

having phylogenetic relationship with Mycoplasma capricolum subspecies capricolum (Mcc) is 

considered as a separate species and assigned with a new designation of Mycoplasma leachii species nov. 
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Therefore, on account of the proposed amendments, the Mycoplasma mycoides cluster is 

composed of five taxa containing three sub-clusters of M. mycoides subspecies, the M. 

capricolum subspecies and the novel species M. leachii (Manso-Silva´n et al., 2009). 

 

1.2.11. Mycoplasmas: Role in animal diseases  

 

1.2.11.1. Mycoplasma capricolum subspecies capripneumoniae (Mccp) 

 

Contagious caprine pleuropneumonia (CCPP) is an OIE listed disease, the classical acute 

form is caused by Mycoplasma capricolum subspecies capripneumoniae (Mccp), originally 

known as the F38 biotype and presently is one of the members of Mycoplasma mycoides cluster 

organisms. Initially the unspeciated mycoplasma species “F38 group” is now classified into two 

subspecies Mcc and Mccp, of which the later is presently known as the cause of CCPP (Leach et 

al., 1993). 

 

Algeria was the first country, where first description of the CCPP was made in 1873 (Nicholas, 

2002b) under the local name of "bou frida" because, in the majority of diseased goats, only one lung was 

affected (McMartin et al., 1980). Later in 1881 the shipment of Angora goats to Cape Colony of South 

Africa was accounted for the introduction of CCPP (Hutcheon, 1889). 

 

As the Mccp is very fastidious in nature therefore, isolation reports are only reported from 13 

countries. On the other hand unavailability of the proper facilities for the isolation of Mccp is also the 

critical factor. Extremely high morbidity (100%) and mortality of up to 80% may be seen in naive herds. 

Import or introduction of a clinically healthy carrier animal into the naive population of goats is usually 

the cause of this devastating disease (Nicholas, 2002a). The mycoplasma organisms are transmitted 

through the droplets during coughing. The introduction of infected goat into the herd is sufficient for a 

new outbreak. The CCPP is a contagious disease and only short periods of contact are enough for the 

establishment of a disease (Thiaucourt and Bolski, 1996).   

 

The Mccp was first time isolated and reported to cause CCPP in Kenya (MacMartin et al., 

1980; MacOwan and Minette, 1977). Moreover, the isolation of Mccp has been described in 

many countries of the world. Ozdemir et al., (2005) described the  
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Table 1.4. Mycoplasma species causing diseases in small ruminants 
 

 

 

 

 

 

 

 

 

 

 

 

 

(Modified from Nicholas, 2002b) 

G: Goats;  S: Sheep; Plp: Pleuropneumonia; P: Pneumonia; M: Mastitis; A: Arthritis; C: Conjunctivitis; KC: Keratoconjunctivitis; CCPP: 

Contagious caprine pleuropneumonia 

 

  

 

Mycoplasma species 
 

Animal Host Primary site of isolation  Disease Pathogenicity 

M. c. capripneumoniae G (S) Lungs CCPP High 

M. m. mycoides LC G (S) Resp. tract (udder, joints) Plp, M, A, C Moderate 

M. m. capri G (S) Respiratory tract (joints) Plp, A, C Moderate 

M. c. capricolum G and S Joints/Respiratory tract (udder) Plp, M, A High 

M. ovipneumoniae S and G Respiratory tract Pneumonia Low 

M. conjunctivae S and G Eyes KC Moderate 

M. agalactiae S and G Udder (joints, eyes) M, A, KC, P High 

M. putrefaciens G (S) Udder (joints) M, A Moderate 

M. arginini Ubiquitous Respiratory tract None Low/non pathogenic 
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losses of up to 25% of kid‟s population in mainland Europe in 2004 when outbreaks were 

confirmed in Thrace, Turkey. Acharya (1992) described the CCPP as a severe disease of goats in 

many Asian and African countries harbouring more than 500 million heads of goats. 

 

The CCPP is reported as contagious, infectious, and which fulfils the classical Koch 

postulates. Though the exact distribution of CCPP is not known but, the Official declarations of 

any Mccp isolation to Office International des Epizooties (OIE) would be able to do so 

(Thiauourt and Bölske, 1996). The nature of CCPP is very destructive and poses serious threats 

and losses to the goat population and clinical disease is reported from 40 countries in Asia and 

Africa (Nicholas, 2002a) including Turkey (Thiaucourt and Bolske, 1996). The concurrent 

isolation of Mccp and MmmSC from an outbreak in eastern Tanzania is first time reported. The 

morbidity and mortality rates were 5%-90% and 14%-50%, respectively. The disease affected all 

age groups and both sexes of goats with main clinical manifestations of fever, mucopurulent 

nasal discharge, and respiratory distress (Kusiluka et al., 2000).  

 

There are reports of CCPP outbreaks in which sheep are also found affected besides goats 

in mixed herds. Moreover the Mccp, the causal agent, is also recovered from the affected sheep 

(Kusiluka et al., 2000). The role of sheep as a reservoir is explored as the antibodies against 

Mccp are detected in clinically healthy (Litamoi et al., 1990) and affected sheep (Kibor and 

Waiyaki, 1986). The wild ruminants (including wild goats, Ibex and other species) especially 

kept at wildlife conservation areas are also prone to CCPP with significant morbidity and 

mortality (Arif et al., 2005). 

 

Contagious caprine pleuropneumonia can affect goats of all ages and both the sexes are 

susceptible to the infection (Thiaucourt and Bolski, 1996). The acute form of CCPP may be noticed more 

in unexposed goat population in newly affected areas. The incubation generally varies from 2-28 days. 

The clinical signs of fever (41oC to 42oC), rapid and painful respiration, spells of violent coughing, 

mucopurulent nasal discharge, reluctant to walk with limbs abducted and neck extended are 

characteristic. In most of the terminal phase of CCPP, the animals are found unable to move followed by 

death (Nicholas, 2002). The CCPP is described as a disease syndrome under a title                                                                                   

of    

file:\\sites\entrez
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_AbstractPlus&term=%22Kusiluka+LJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_AbstractPlus&term=%22Kusiluka+LJ%22%5BAuthor%5D


36 

 

 MAKePS syndrome which means mastitis, arthritis, keratitis, pneumonia and septicaemia 

(Thiaucourt and Bolski, 1996). 

 

The respiratory diseases including CCPP common in goat populations make the diagnosis 

difficult, especially where it‟s endemic in nature. Therefore, to get proper diagnosis of CCPP it 

must be distinguished from other closely related clinico-pathological diseases such as contagious 

agalactia, pasteurellosis, peste des petits ruminants (PPR), and diseases with clinical 

manifestation of  keratitis,  arthritis,  pneumonia, mastitis, and septicaemia (Thiaucourt and 

Bolske, 1996). 

 

CCPP is also reported from Ethiopia, the affected goats were observed with clinical 

manifestations of weakness, reluctant to move, nasal discharge, coughing, abduction of elbow, 

and laboured breathing. The animals were also serologically positive by the CFT. The causative 

agent of CCPP is also isolated from the lung and pleural fluid samples (Gelagay et al., 2007).  

   

1.2.11.2. Mycoplasma mycoides subspecies mycoides large colony (MmmLC) 

 

The MmmLC affects the goat‟s population over a wide range of countries and is always 

suspected, when pleuropneumonia, pneumonia and contagious agalactia are reported. The MmmLC types, 

most of which are from goats, are pathogenic for sheep and goats but apparently not for cattle (Cottew, 

1979). Besides contagious agalactia, MmmLC is also reported to be the major cause of septicemia, 

pneumonia, pleuropneumonia, arthritis and mastits in the goats. It occasionally inflicts abortion and is 

also been recovered from the inflamed joints of vertically infected kids. Though the Psoroptes cuniculi 

and Raillietia caprae, the ear mites in the diseased and clinically normal goats, harbour high numbers of 

MmmLC and can not be overlooked in the pathogenesis of this disease (DaMassa, 1990). 

 

MmmLC is the most widely reported Mycoplasma species from many parts of United 

States, as well as various Europian, African and Asian countries. MmmLC is the dominant 

disease inflicting Mycoplasma species affecting particularly milk goats worldwide. This 

Mycoplasma is also reported as an important and widespread goat pathogen in many countries 

including United States (DaMassa et al., 1992). 
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Of the many mycoplasma caused small ruminants diseases, contagious agalactia, a list B 

disease (OIE, 2008), is a syndrome which mainly affects the mammary glands, eyes and joints of 

sheep and goats. The main causal agents for this disease are M. mycoides subspecies mycoides 

large colony, M. agalactiae, M. capricolum subspecies capricolum and less commonly M. 

putrefaciens in goats (Bergonier et al., 1997). In many parts of the world, particularly the milk 

goats are reported to be commonly affected with arthritis and mastitis caused by MmmLC 

(Ruhnke et al., 1983, Rapoport and Bar-Moshe, 1984, Banga and Gupta, 1988). 

 

The aerosol transmission, direct contact, milkers hands, contaminated milking machines 

are the significant routes for the pathogenesis of MmmLC based disease. The Nutritional, 

climatic and husbandary change are reported as major contributing factors in disease outbreaks 

in the adult animals (Thiaucourt and Bolske, 1996). The introduction of asymptomatic carrier 

goats into healthy flock is very important and use of infected milk and clostrum by the kids may 

result into disease outbreaks (Butler et al., 1998). The external ear canal has been demonstrated 

to be the prime site for the recovery of mycoplasmas from goats, regardless of any prior history 

of infection (DaMassa, 1990) 

 

The clinical signs of fever, conjunctivitis, arthritis in mycoplasma inflicted diseases are 

reported (Kasali and Ojo, 1981, Rosendal, 1983, DaMassa et al., 1986, Ojo, 1987, Nayak and 

Bhowmik, 1988). Mastitis, pneumonia and arthritis are the manifestations in the goats affected 

with MmmLC and Mmc organisms during a disease (Kumar et al., 1994; Singh et al., 2004). In 

the severe and very acute cases the goats die without showing any clinical sign and symptom 

which is attributed due the production of galactan based capsule by the MmmLC (Smith and 

Sherman, 1994).  

 

Number of routes is reported to be involved in the rapid MmmLC transmission to young kids 

including oral route (DaMassa et al., 1986). It is reported that the mastitic does routinely shed MmmLC 

organisms in their mammary secretions in large numbers. The MmmLC strain with low virulence may not 

be able to infect the goats through the oral route (Bolske et al., 1989).  

 

There are reports for the occasional recovery of MmmLC from the cattle (Kapoor et al., 1989). 

When the cow aged 15 months was fed with MmmLC contaminated milk,                                           
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the animals showed polyarthritis. The organism was isolated from the clinical samples and also 

was positive by the PCR test (Johnstone and King, 2003). 

 

 In a study, MmmLC is isolated from a goat died with pneumonia. The animal was 

clinically observed with fever, inappetence, nasal discharge, coughing, dyspnea, listlessness and 

lamness. Prior to the antibacterial treatment animal died within 4 weeks. Pneumonia and 

septicemia were considered as the cause of death (Thigpen et al., 1981). The isolation of 

MmmLC from wild goat kids died of septicemic disease in a Swiss zoo is also reported (Perrin et 

al., 1994). In a microbiological study, Indian strain of MmmLC is isolated from a goat with 

arthritis (Singh et al., 2004). 

 

The diagnosis of MmmLC inflicted diseases can be suspected whenever there is sudden death, 

involvement of central nervous system with kid dying within one to three days, kids with febrile 

condition, anorexia, pneumonia, swollen joints, and lameness. Recovery of MmmLC from the 

joints fluid and milk from the acute and chronically affected animals is suggestive for the 

pathogenic nature of these organisms.  

 

1.2.11.3. Mycoplasma mycoides subspecies capri (Mmc) 

 

Of the many members of Mycoplasma mycoides cluster organisms; Mmc is associated and 

believed to be the cause of contagious caprine pleuropneumonia (CCPP) in many countries of the world 

(Jonas and Barber, 1969; DaMassa et al., 1992). The isolation of Mmc is reported in Nigeria by 

Longley (1951) and from there it is initially linked with CCPP. The Turkish strain (PG3) is 

named as the type strain for Mmc after examinaning various strains from different geographical 

regions of the world (Edward and Freundt, 1956). Conversely, it is documented by many workers 

that Mycoplasma mycoides subspecies capri (Mmc) is either unusual or rare in goats population and 

considered exotic to the United States (DaMassa, et al., 1992).  

As the Mmc isolates are not directly compared with the type strain PG3 there are reports on the 

erroneous identification of MmmLC and Mcc as the Mmc (Cottew, 1979). Many of the workers re-

characterized the Mmc isolates recovered from the goats and sheep from different countries and 

confirmed as MmmLC (Tully et al., 1974). Similarly the Mmc strain designated as Vom strain initially is 

reidentified as MmmLC (Cottew,  
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1974). Moreover mycoplasma field isolates initially identified as Mmc   are later reidentified as 

Mcc (Tully et al., 1974). Though, Mmc, MmmLC, and MmmSC are closely related but the type 

strain PG3 of Mmc is found distinct on the basis of serological tests. Moreover, it is also revealed 

on the basis of gel electrophoresis, that Mmc is closely related to MmmLC than the MmmSC 

organism (Rodwell and Rodwell, 1978).  

 

The reports on the natural and experimental cases of Mmc pathogenicity are very little. 

As the Mmc is not the cause of CCPP, there are reports on the isolation of Mmc, indicating that 

this organism is not the cause of this disease (Jones and Wood, 1988). The clinical findings of 

Mmc inflicted disease in the adult goats is manifested by the nasal discharge, coughing, dyspnoe 

and depression (Kumar et al., 1994). Contrary to this, mycplasmosis caused by the Mmc, the kids 

showed pyrexia, acute pain, swollen joints, lameness, lack of appetite, dyspnoea and succumb to 

death with few days (Rodriguez et al., 1998).  

 

There are reports on the observation of pneumonia, arthritis, and keratoconjunctivitis in 

goats affected with Mmc and M. mycoides subsp mycoides organisms in Brazil (Nascimento et 

al., 1986). Contrary to the report, that Mmc did not produce mastitis and arthritis in Nigerian 

goats (Ojo and Ikede, 1976); Mmc is recovered from the natural cases of mastits in goats 

(Perreau et al., 1972). In another study in a natural outbreak, of the 700 goats 150 died. 

Mycoplasmas were isolated from ten of the 29 necropsied animals. Besides the recovery of 

MmmLC, Mmc is also isolated from 5 of the goats showing pleuropneumonia and concurrent 

infection with both of these mycoplasmas (Rodríguez et al., 1996). 

 

For the establishment of Mmc pathogenicity due to the immunosuppressing role of 

Trypanosoma species in calves, a research study was undertaken. The research findings 

confirmed the pervasiveness of Mmc, one of the members of Mycoplasma mycoides cluster 

organisms in the animals (Ajuwape et al., 2006). 

 

A microbiological investigation is carried out to reveal the cause of pleuropneumonia in 

goats. Of the many mycoplasma species, Mmc (7.4%) is recovered in younger animals (Orós et 

al., 1997). No isolation of Mmc and Mcc is reported from                                                             
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the South American camelids including llamas, alpacas and vicunas but the antibodies against 

these organisms were present in these animal (Nicholas, 1998). 

 

Initially to determine the pathogenicity of Mmc, the chicken embryo tracheal rings 

primary cell culture is used. The study shows that liberation of peroxide is a critical factor in the 

pathogenesis of infection in the cells of primary culture. The researcher anticipated that this 

effect may exist in the natural host as well (Cherry and Robinson, 1970). 

 

1.2.11.4. Mycoplasma capricolum subspecies capricolum (Mcc) 

 

Mycoplasma capricolum subspecies capricolum (Mcc), firstly proposed as a new species 

by Tully et al., (1974), is reported to inflict high morbidity and mortality in goats, and was 

initially known as virulent form of “PPLO” originated from goat kids in California, United States 

(Cordy et al., 1955). Severe arthritis affecting nearly all diarthrodial joints was the primary 

clinical finding. Swanepoel et al. (1977) was the first who proposed the pathogenicity of Mcc in 

goats and sheep in contagious agalactia syndrome (CAS).  Bergonier et al., (1997) described the 

Mcc, MmmLC and Mycoplasm agalactiae as the causal agents of contagious agalactia syndrome 

in goats, which mainly affect the mammary glands, eyes and joints.  

 

Mycoplasma capricolum is known primarily as a goat pathogen, but is reported in sheep 

and cows disease as well (DaMassa et al., 1992). The parenteral (DaMassa et al., 1983b; Cordy, 

1984) and oral routes (DaMassa et al., 1984c) inoculations with this mycoplasma are manifested 

by peracute and acute diseases.   

 

Mycoplasma capricolum subspecies capricolum is known to cause a septicemic disease with the 

involvement of severe joints localization. The disease is clinically noticed with fever of short duration 

particularly in kids, and painful arthritis terminating into lameness within 3 days of post exposure (Cordy 

et al., 1955).    

  

Mycoplasma capricolum is also recovered in an outbreak of polyarthritis and pneumonia in goats 

(Bölske et al., 1988). Goats are reported to be generally affected than the sheep with clinical 

manifestations of pyrexia, septicemia, mastitis, and severe                                                                    
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arthritis followed rapidly by death (Bolske et al., 1987; Bergonier et al., 1997). In a disease 

investigation, Mcc produced a septicemic condition leading to fever, fibrinopurulent arthritic 

condition, interstitial pneumonia, mastitis and vascular thrombosis in many organs of goats along 

with high morbidity and mortality (DaMassa et al., 1987a).  

 

Several outbreaks of contagious agalactia in various flocks of goats on Canary Island, 

Spain are reported for the very first time. Arthritis and pneumonia are the clinical manifestations 

in the kids, whereas, lactating does are found with clinical and subclinical mastitis. Bacterial 

isolation revealed, Mcc as the major cause of these agalactic outbreaks with the concurrent 

recovery of MmmLC in only two flocks (De la Fe C et al., 2007). No isolation of Mmc and Mcc 

are reported from the the South American camelids including llamas, alpacas and vicunas but the 

antibodies against these organisms are noticed in these animal (Nicholas, 1998). 

  

Individual PCR is reported for Mcc (Bashiruddin et al., 1994). Further, an outbreak of 

Mycoplasma capricolum subspecies capricolum, infection in Vaal rhebok (Pelea capreolus) is 

reported. This study documented the pervasivness of mycoplasmas in mycoides cluster and 

disease producing ability for other animal taxa when they come in contact (Melissa et al., 2005).  

 

1.2.11.5. Mycoplasma mycoides subspecies mycoides small colony (MmmSC) 

 

Contagious bovine pleuropneumonia (CBPP) is an OIE listed disease which is caused by 

the Mycoplasma mycoides subspecies mycoides small colony (MmmSC), one of the members of 

Mycoplasma mycoides cluster organisms. This disease is reported to be mainly affecting the 

domestic cattle and is accompanied by the pleurisy and fibrinous interstitial pneumonia. The 

distribution of CBPP has been known in many countries since the 16
th

 century (OIE, 2008). 

 

The CBPP is famous to occur in Europe since the 16
th

 century, and due to the 

international trade of cattle, it got world wide distribution during the second half of 19
th

 

centuary. This economically important disease is reported to be eradicated from most part of the 

world except the Africa, where it still persists, whereas its prevalence in Asia is               
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uncertain (Bashiruddin et al., 1994; OIE, 2008). The casual agent, MmmSC affects only the 

ruminants in natural conditions, but bovine biotype is isolated from buffaloes in Italy (Santini et 

al., 1992).  

 

Clinical case of CBPP is characterized by the pyrexia, lack of appetite, nasal discharges, 

cough and dyspnoea. The mortality rate may be up to 50% in the experimentally induced CBPP. 

The disease is known to be transmitted by the direct contact of infected animal with the 

unexposed animal (OIE, 2008). 

 

MmmSc is regarded as the most pathogenic among the Mycoplasma species. This 

potential is reported to be due to the presence and coordinated action of the specific antigenic 

and functional cell surface structural design. The multiple virulent characteristics facilitate the 

organism to further multiply and harm the host cell (Pilo et al., 2007). 

 

Of the many media used to grow MmmSC, suitable medium is still required to isolate this 

organism (Provost et al., 1987). As there are somewhat similar growth characteristics of MmmSc and 

MmmLC, the 5% sheep blood agar medium is reported to differentiate both of the organisms.  The 

MmmSc colonies are not observed at 2 days of incubation with 0.1 mm diameter as compared to MmmLC 

which grows earlier with greater diameter (Thigpen et al., 1983). 

 

Of the four strains of MmmSc isolated from the outbreaks of CBPP in Africa, the M375 

(Botswanan strain) is reported to have major phenotypic differences from the other field isolates 

and vaccinal strains of MmmSc (March et al., 2000).The recent molecular techniques also 

reported differences in the MmmSC biotype which is previously considered homogeneous (OIE, 

2008). The genomic differences in between the type strain (PG1) and field strains are reported, 

which may be helpful while preparing new diagnostic tests and recombinant biological to contain 

CBPP (Bischof et al., 2006).  

 

1.2.11.6. Mycoplasma putrefaciens (Mp) 

 

Of the many causal agents of contagious agalactia (CA), a disease recognized by the World 

Organization for Animal Health, Mycoplasma putrefacience (Mp) is also a                                



43 

 

contributing pathogen (OIE, 2008). Mycoplasma putrefaciens is most likely isolated from joints 

of sick goats in California, United States in 1956 and named as strain “KS” (Adler et al., 1956). 

This mycoplasma type is named because of strong odour of putrefaction produced particularly in 

liquid culture medium (Tully et al., 1974). 

 

Previous studies have also shown that Mp is recognized as a causative agent of mastitis 

and agalactia in goats (Adler et al., 1980) and few of the organisms (up to 10
2 

CFU/ml) are 

sufficient to produce the reported diseases in goats (Brooks et al., 1981). 

 

Mycoplasma putrefacien strain is reported to cause severe arthritis particulary involving 

carpal, hock and stifle joints of kids and, culturing the fluid from these joints also showed the 

presence of Mp organisms (DaMassa, et al., 1992). 

 

Besides the assumption that Mp can only produce mastitis leading to agalactia, in an 

outbreak in goats in California (USA), the Mp organisms caused severe mastitis and arthritis. 

Large numbers of Mp organisms are also isolated from the affected joints, and even from the 

lungs, uterus, kidneys, and brain tissues. The poor hygiene in the milking parlor and feeding of 

raw clostrum are found to be the cause of this outbreak (DaMassa et al., 1987b). 

 

A preliminary investigation reported the isolation (343 isolates) and identification of 

Mycoplasma putrefacience and other mycoplasma species (211 biochemically characterized; 116 

serologically identified) from the respiratoy tract of goats with clinical symptoms in Saudi 

Arabia (Radwan et al., 1985). 

 

Mycoplasma putrefaciens is also reported to inflict caprine arthritis and mastitis and is 

comparatively similar to the disease caused by the Mmc, Mcc and Mycoplasma agalactiae. 

Further, Mp is the significant finding in an outbreak in Spain (Rodriguez et al., 1994). The 

isolation of Mp is reported from milking goats in western France, with and without the clinical 

manifestations (Mercier et al., 2001). The organism is also found linked with outbreaks of 

agalactia, terminating into sevee arthritis in goats, without any fever and abortion in USA 

(Bergonier et al., 1997). 
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The Mp is also reported from kids with clinical sign of polyarthritis in Spain (Rodriguez 

et al., 1994), from milking goats in Western Europe (Mercier et al., 2001). As there has been 

confusion in the etiological agents of contagious agalactia (CA), it is recommended that the 

mycoplasma species isolated in any CA cases should be reported (Nicholas, 2002a). 

  

During a microbiological based disease investigation, besides the MmmLc, Mmc, 

Mycoplasma arginini isolation, Mp ((22.2%; 6/27) is recovered from the slaughtered goats with a 

history of pleuropneumonia (Orós et al., 1997). The isolation of different Mycoplasma species 

(32 isolates) including Mp (18 isolates) is recently reported from the milk and nasal swab of 

goats and sheep in Jordan (Al-Momani et al., 2006). 

 

The Mp organisms are also recovered from the clinical and bulk milk samples of goats in 

France and Jordan where it was reported endemic. The study evaluated the antimicrobial 

susceptibility of these isolated mycoplasma species (Antunes et al., 2007). 

 

1.2.11.7. Mycoplasma agalactiae  

 

Initially Mycoplasma agalactiae was considered to be the sole cause of “contagious 

agalactia of goats and sheep” but later other Mycoplasma species such as MmmLC, Mmc, 

Mycoplasma putrefaciens, and Mcc were reported to produce mastitis prior to agalactia in these 

animal species (DaMassa et al., 1992, Sarris, 1996; Nicholas, 1996). 

 

Contagious agalactia is a disease of goats and sheep, which has been known for nearly 

200 years, and is generally characterized by mastitis, keratoconjunctivitis and arthritis. It is 

widely distributed in USA, western Asian, and Europian countries (Bergonier et al., 1997). The 

principal casual agent of contagious agalactia is Mycoplasma agalactiae, while MmmLC, Mcc, 

Mmc, M. putrfaciens are also reported to inflict the disease (Gil et al., 2003). Mycoplasma 

agalactiae has been reported from the United States (DaMassa, 1983b) and many other parts of 

the world but primarily is described in the Mediterranean countries (Cottew, 1979; Jones, 1987). 
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A preliminary investigation has demonstrated the isolation of Mycoplasma agalactiae 

subspecies agalactiae and other Mycoplasma species from the goats with the clinical signs of 

pleuropneumonia in Saudia Arabia (Radwan et al., 1985). The clinical diseases of contagious 

agalactia may be unnoticed, mild, acute, or chronic in nature. In addition, the significant 

economic importance of contagious agalactia (due to Mycoplasma agalactiae) is due to high 

morbidity rate (Cottew, 1985). 

 

Generally, the clinical signs of fever, malaise, mastitis which later turn into low milk 

production and ultimately agalactia are seen in contagious agalactia. Severe kerato-

conjunctivitis, with arthritis involving one or several joints is also observed. The isolation of 

Mycoplasma agalactiae consistently from the milk and transiently from the blood is also been 

known (DaMassa et al., 1984c). 

 

Contagious agalactia (Mycoplasma agalactiae and other Mycoplasma species), generally 

occurs when carrier animal is introduced into the flock, whereas milking, suckling and contact 

are the ways of transmission occur within the flock (Bergonier and Poumarat, 1996; Bergonier et 

al., 1997). Mycoplasma agalactiae does not normally cause lesions in the lungs but its isolation 

from outbreaks of caprine pleuritis has been reported (Cottew, 1979).    

 

1.2.11.8. Mycoplasma ovipneumoniae  

   

Mycoplasma ovipneumoniae is commonly recovered from the nose, trachea and lung of 

sheep with clinical manifestation of pneumonia. It was first time isolated in New Zealand in 

1974 (Alley et al., 1999). It is also recommended that Mycoplasma ovipneumoniae is actually a 

commensal of sheep (Brogden et al., 1988). 

 

Studies have recommended that the concurrent infection of Mycoplasma ovipneumoniae 

and Pasteurella hemolytica biotype A, plays a key role in a disease known as atypical 

pneumonia. This is a chronic disease and mainly targets lambs up to one year of age (Jones and 

Gilmour, 1983). 
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The considerable economic losses because of unthriftness are critical (Jones et al., 1982) 

otherwise mortality due to Mycoplasma ovipneumoniae rarely exceeds 10% (Jones et al., 1986). 

The natural disease inflicted by the Mycoplasma ovipneumoniae is reported by various 

researchers. Naive animals are reported to show a severe clinical disease (Black et al., 1988). 

Isolation of Mycoplasma ovipneumoniae from Spanish and Angora goats is also described by 

Livingston and Gauer (1979). The isolation of Mycoplasma ovipneumoniae from the infected 

goats is variable (Goltz et al., 1986). Though Mycoplasma ovipneumoniae is not the primary 

pathogen of goats (Thiaucourt et al., 1994), it can still infect goats and lead to a disease.  

 

Most of the Mycoplasma species are identified because of their characteristic fried egg 

colony pattern. Mycoplasma ovipneumoniae do not have a typical fried egg appearance as there 

is no central papilla in the bacterial colony (DaMassa et al., 1992).  

 

1.2.11.9. Mycoplasma arginini 

 

Of the many Mycoplasma species, Mycoplasma arginini is regarded as non- pathogenic 

(Jones, 1985) which prevails in goats and sheep and is isolated from various sites (Jones et al., 

1983). The recovery of Mycoplasma arginini is reported from the mouth, esophagus and lungs of 

the pneumonic sheep (Cottew, 1979). The organism is also isolated from sheep suffering from 

keratoconjunctivitis (Leach, 1970). 

 

There are reports on the isolation and identification of Mycoplasma arginini along with 

the MmmLC and Mmc from the ear canal and mout swabs of goats (Ribeiro et al., 1997). In 

addition to the isolation of M. putrifaciens, M. mycoides subspecies mycoides, M. conjunctivae, 

M. ovipneumonia,, M. agalactiae subspecies agalactiae, from the caprine cases of 

pleuropneumonia, the Mycoplasma arginini  is also recovered in Saudi Arabia (Radwan et al., 

1985). Similarly, in a microbiological investigation, besides the isolation of MmmLC, Mmc, Mp 

cultures, Mycoplasma arginini (3.70%) is also reported in goats having the history of 

pleuropneumonia (Orós et al., 1997).  
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1.2.11.10. Acholeplasmas  

 

Acholeplasma species are isolated from the small ruminants including goats and sheep. 

Besides the isolation of Mycoplasma species, the Acholeplasmas are also recovered from goats 

and sheep with the pneumonic lesions in India (Banerjee et al., 1979). The reports on the 

pathogenicity of these species are very rare. 

 

The first report on isolation of Acholeplasma axanthum is reported from vulvar scabs of 

ewes in United Kingdom (Jones et al., 1983). The Acholeplasma granularum is another species 

which is recovered from sheep and goats. The researchers did not highlight the importance of 

this isolation from these animals (Cottew, 1983). Acholeplasma laidlawii is another species 

which is not specific to goats and sheep and is considered ubiquitous in nature (Damassa et al., 

1992). Acholeplasma oculi is isolated from the clinical cases of conjunctivitis or 

keratoconjunctivitis from sheep (Arbuckle, and Bonson, 1979), goats (Al-Aubaidi, 1975), cows, 

calves, horses, and camels (Rae et al., 1987), and  pigs (Cottew, 1979). 

 

1.2.12. Mycoplasmas: Growth requirements   

 

The study of Mollicutes is frequently referred to as “Mycoplasmology,” and those who work with 

mollicutes as “Mycoplasmologists”. As mycoplasma organism is the smallest in size and barely has genes 

to continue its struggle for multiplication and survival. Razin et al., (1998) described that the main 

obstacle in the research and diagnosis of Mycoplasmas is the difficulty to grow it in vitro. Keeping in 

view this concept, it is likely that only minority of the mycoplasma organisms could be grown in vitro. 

Moreover, none of the phytoplasmas, which affect the plants and insects, are so far cultivated in vitro 

(Kirkpatrick and Smart, 1995). Metabolic behaviors serve as important phenotypic markers in the 

taxonomic studies of mycoplasmas. Besides the availability of best media, most of the mycoplasmas still 

grow poorly and slowly (Razin, 1994). There could be existence of many Mycoplasma species in nature 

but they are not recovered besides the huge efforts for the last many years (Razin et al., 1998). 

 

The metabolic studies on mycoplasmas are reviewed in a form of a metabolic map 

summarizing and linking the information of 130 enzymatic activities (Pollack et al.,                                           
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1997). It is documented that there is considerable shortage of genes responsible in the 

biosynthetic pathways. The  mycoplasmas  such as Mycoplasma genitalium is reported, not 

having the genes involved in the amino acids synthesis, therefore, this organism is totally 

dependent on the exogenous supply of amino acids   (Fraser et al., 1995; Himmelreich et al., 

1996). 

 

Variety of media formulations are used and are in practice in culturing these smallest 

known self replicating prokaryotes in nature. They have the potentials to carry on biosynthesis of 

essential macromolecules for their growth besides, their small genome. Complex media, actually 

non-defined, are used for mycoplasmas which are usually based on beef heart infusion, peptone, 

yeast extract, and serum with various supplements. Mostly complex media of various 

compositions are used to overcome the mycoplasma deficiencies (Razin, 1991).  

 

Serum is also an essential part of a minimal defined medium which has a significant 

effect on mycoplasma growth. It provides non-toxic form of fatty acids and cholesterol required 

for the synthesis of plasma membrane of the mycoplasma (Razin et al., 1998). There have been 

attempts with partial success, to substitute the serum from the mycoplasma medium, by using 

albumin, cholesterol, and fatty acids solubilized in Tween 80 (Razin, 1978). Furtehr the use of 

ergosterol or stigmasterol in the mycoplasma media is reported as the substitute for the 

cholesterol (Lelong et al., 1988). Overall mycoplasmas require amino acids, lipid and nucleic 

acid precursors, fatty acids and vitamins (Rodwell and Mitchell, 1979). 

 

Lipid requirement particularly of cholesterol is a key taxonomic standard which 

differentiates the sterol requiring Mycoplasma species from the non sterol requiring 

Acholeplasma species (Razin et al., 1998).  Serum from different animal sources (Horse, 

Donkey, cattle, sheep, goats and, porcine) having different nutritional and lipid concentrations is 

used at the rate of 10-20% in the preparation of mycoplasma medium (Rodwell, 1983). Serum 

also supplies sugars, urea, and inorganic ions whereas presence of serum proteins decreases the 

toxic effects of fatty acids (Miles, 1992b). The serum is generally decomplemented by 

incubating at 56
0
C for 30 minutes. It is likely that complement factor present in serum may cause 

lysis of mycoplasmas (Razin 1978). 
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Mycoplasmas need numerous nutritional factors therefore, the provision of complex 

growth media is essential. Conversely, it is observed that some of the mycoplasma do not grow 

in the nutritionally rich medium and it is not due to the reason that a specific nutrient is absent 

rather is because of the presence of a toxic factor. It is therefore explained that non-cultivable 

strains are not actually fastidious but are rather more susceptible to inhibitors present in the 

complex mycoplasma media (Gardella and Del Guidice, 1995).   

 

For the synthesis of nucleotides, the need of precursors is poorly investigated. Although, 

the pathways for the de novo synthesis of purines and pyrimidines are reported to be absent, but 

there are information available for the inter- conversion of a number of nucleotides (Neal et al., 

1983).  Besides the many organic compounds added into the mycoplasma media, the addition of 

DNA stimulates the growth of many Mycoplasma species and is also used in the primary 

isolation of Mycoplasma bovigenitalium (Freundt, 1983). 

 

In general mycoplasmas are quite variable in the atmospheric requirements. Based on the 

need of oxygen which play a significant role in the growth of mycoplasmas, these bacteria 

therefore, may be aerobic, microaerophillic, and anaerobic in nature. It is reported that gentle 

aeration is beneficial for the growth as it increase the oxidation rate leading to enhanced yield of 

ATP particularly in the catabolism of carbohydrates (Miles and Agbanyim, 1998). Too much 

aeration prolongs the lag phase and results into cell death probably due to the high production of 

H2O2 (Miles et al., 1991). Most of these organisms are usually facultative anaerobe in nature, 

which prefer for low redox, enhanced CO2 atmosphere (up to 5 %) particularly during the 

primary isolation (Razin et al., 1998). Further, the Anaeroplasma and Asteroleplasma, being the 

ruminal organisms are obligatory anaerobe. Contrary to this, Mycoplasma hyorhinis is an aerobic 

species (Gardella and Del Guidice, 1995).  

 

The presence of glucose, arginine, urea, and pyruvate is considered to cater the energy 

requirements of many mycoplasmas. As a reducing agent, L cysteine hydrochloride is also incorporated 

into the media used for the growth of anaerobic and micro-aerophillic Mycoplasma species (Miles, 1992). 

Besides as the source of carbon for the synthesis of other sugars and polysaccharides, glucose is 

considered as a chief source                                                                                                                 
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of energy in the fermentative mycoplasmas (Razin and Freundt, 1984). The use of other sugars 

such as fructose, mannose, and glucosamine is reported for the growth of Mycoplasma mycoides 

species, but a lower growth rate is observed as compared to glucose (Miles et al., 1986). 

Similarly, Miles et al., (1988) also reported that pyruvate may be substituted for glucose in the 

energy production of non fermentative mycoplasmas.  

 

Both the complex and defined mycoplasma media essentially need inorganic salts (Razin 

et al., 1998). The amino acids, dipeptides, and polypeptides are provided by the peptones, which 

is further dependent on the source of protein (Miles, 1992). Some of the Mycoplasma mycoides 

species get specific amino acids from peptides and by the degradation of bovine serum albumin 

(Rodwell, 1983). 

 

The yeast extract and beef heart infusion, the components of mycoplasma complex media 

generally supply various nutrients such as vitamins, nucleotides, and minral salts.  Freshly 

prepared yeast extract from the bakers yeast is better than the commercially available yeast 

extract powdered (thermo-labile components are destroyed during the processing). It is also 

illustrated, that the use of organic factors such as NADH, DNA and many others enhance the 

growth of different mycoplasmas (anaerobic and microaerophilic) by reducing the oxidation 

reduction potential of the mycoplasma growth medium (Miles, 1992). 

 

The Mollicutes lack cell walls therefore, are more prone to cell damage than the other 

prokaryotic organisms having a cell wall. Variety of buffers (Sodium or Potassium phosphate 

buffers and N-2-hydroxyethylpiperazine- N-2-ethanesulfonic acid (HEPES) are used in the 

preparation of mycoplasma media as the pH range for the growth of these bacteria is narrow 

(Miles, 1992). Mycoplasmas are fragile due to absence of cell wall, their survival in a hypotonic 

medium is comparatively difficult than the walled bacteria. The hypotonic mycoplasma growth 

medium needs extra NaCl to make it rather isotonic. The osmotic pressure of 7-14 atmospheres 

is generally appropriate for the growth of these organisms. A suitable pH on the other hand, is 

also very critical for the growth of mycoplasmas. Mostly, the pH from 7.6 to 7.8 is considered 

best for the growth of mycoplasmas. Moreover pH less than 6.5 and more than 8 is regarded 

harmful for the growth of many of the Mollicutes (Rodwell and Mitchell, 1979). Conversely, the 
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ureaplasmas, the cause of diseases of urogenital tract grow best at pH 6.0 to 6.5 (Razin et al., 

1977). 

 

Like cell walled prokaryotic cells, Mycoplasmas also need inorganic salts, such as Mg2+, 

K+, and PO3- which are the critical components of the chemically defined and semi-defined 

mycoplasma growth media ( Rodwell, 1983). 

 

Mycoplasmas show growth on different temperatures, such as anaeroplasmas can grow 

up to the temperature of 47
0
C. Most of mycoplasma isolated from mammals and birds showed 

37
0
C as a suitable temperature for their growth (Gardella and Del Giudice, 1983), whereas 

spiroplasmas, another type of mycoplasmas, have lower temperature (25
0
C) requirement 

(Whitcomb 1983).  

 

Among the mycoplasmas, some prefer anaerobic conditions whereas; others have priority 

for microaerophilic environmental conditions. It seems that oxygen has a significant impact on 

the growth of mycoplasma organisms. Aeration of the mycoplasma culture media has an 

additional effect on its growth. Therefore, increased aeration declines the viability of 

mycoplasma culture and gentle aeration enhances its growth and viability due to higher rate of 

oxidation (Miles and Agbanyim, 1998). 

1.2.13. Mycoplasmas: Diagnostic approaches  

 

Lots of expertise is needed to successfully culture and isolate these unique prokaryotic 

organisms. Unlike other prokaryotic cells, members of Mollicutes have no cell wall that‟s why 

require sterol (cholesterol) for their growth, and produce typical fried egg type micro-colonies 

with few exceptions. The characteristic growth pattern in broth culture of many mycoplasmas 

is also very helpful in the presumptive identification of these organisms.  

 

1.2.13.1. Post-mortem lesions (Gross-Pathology) 

The characteristic pathology in the diseased goats is described (Hutcheon, 1889) which clearly 

differentiate Mccp inflicted CCPP than the disease caused by the Mmc and MmmLC. Nicholas (2002b) 

has described that the pathological lesions are exclusively                                                                  
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limited in the lungs and pleurae and generally consist of pleuropneumonia, adhesions, unilateral 

hepatisation and presence of pleural fluid which may solidify and form a fibrinous covering on 

the lung.  Further, the characteristics of Classical CCPP are reported as, the disease, easily 

transmisable to susceptible goats, and characteristic histopathology of interstitial intralobular 

edema of the lung than the thickening of the interlobular septa which is seen in MmmLC and 

Mmc infections (Nicholas, 2002b). 

 

The concurrent isolation of Mccp and MmmSC from an outbreak in eastern Tanzania is 

first time reported. Necropsy findings were mainly serofibrinous pleuropneumonia and presence 

of pleural fluid in the thoracic cavity (Kusiluka et al., 2000).  

 

CCPP is also reported from another part of Ethiopia. At necropsy, marbled lungs, 

fibrinous pleuropneumonia, yellow coloured pleural fluid with inflammation of the mediastinal 

lymph node are noticed in the goats. The causative agent of CCPP is also confirmed from the 

lung and pleural fluid samples (Gelagay et al., 2007).  

   

The necropsy findings of fibrinous pneumonia, pericarditis and septicemia in 

Mycoplasmal diseases have been reported (Kasali and Ojo, 1981, Rosendal, 1983, DaMassa et 

al., 1986, Ojo, 1987, Nayak and Bhowmik, 1988).  

 

In a study, MmmLC is isolated from a goat died with pneumonia. Pneumonia and septicemia are 

considered as the cause of death which is also supported by the presence of edematous and congested 

lungs at necropsy (Thigpen et al., 1981). The postmortem lesions of pneumonia, peritonitis and enteritis 

are observed in wild goat kids died of septicemic disease in a Swiss zoo (Perrin et al., 1994). In another 

study in a natural outbreak, of the 700 goats 150 died. Microbiologically it was a concurrent infection of 

MmmLC and Mmc organisms. Necropsy findings showed bronchopneumonia and fibrinopurulent 

pleuropneumonia (Rodríguez et al., 1996). 

 

Mycoplasma capricolum subspecies capricolum is known to cause a septicemic disease with the 

involvement of severe joints localization. Besides the common necropsy findings of a septicemic disease, 

fibrinous pericarditis, and peritonitis with fibrin deposition on liver and in the scrotal cavity were 

observed (Cordy et al., 1955). In a  

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_AbstractPlus&term=%22Kusiluka+LJ%22%5BAuthor%5D
file:\\sites\entrez
file:\\sites\entrez
file:\\sites\entrez


53 

 

disease investigation, Mcc produced a septicemic condition leading to death of the infected 

goats.The postmortem examination revealed lungs with rubbery consistency and red patches of 

consolidation (DaMassa et al., 1983b). An outbreak of Mycoplasma capricolum subspecies 

capricolum, infection in Vaal rhebok (Pelea capreolus) is reported.The necropsy findings of 

tracheitis, pleuropneumonia, and regional cellulites are also observed (Melissa et al., 2005).  

 

A preliminary investigation reported the isolation and identification of Mycoplasma 

putrefacience and other mycoplasma species in Saudi Arabia. Post mortem lesions of 

pleuropneumonia are reported in the affected animals (Radwan et al., 1985). 

 

Mycoplasma agalactiae does not normally cause lesions in the lungs but its isolation 

from outbreaks of caprine pleuritis is also reported (Cottew, 1979).  

 

Similarly, in a microbiological investigation, besides the isolation of MmmLC, Mmc, and 

Mp, Mycoplasma arginini (3.70%) is also reported from goats with the history of 

pleuropneumonia (Orós et al., 1997).  

 

1.2.13.2. Isolation of mycoplasmas 

 

Besides the development and use of PCR based diagnosis of Mycoplasma diseases, the 

culture and identification of mycoplasmas is still the gold standard. Further more in most of the 

European countries, the declaration of an outbreak of mycoplasma disease (CBPP) is 

dependent on the isolation of the causative agent of the specific disease (Nicholas et al., 2003). 

 

Of the various methods and protocols used for the isolation of mycoplasmas, the 

selection of samples, treatment of samples, mycoplasma media, medium production, storage, 

and quality control, and cultivation procedure (OIE, 2008) are very critical and needs stringent 

compliance. Similarly a method on mycoplasma culturing is also described by Nicholas and 

Baker (1998) which is widely followed by most of the mycoplasma diagnostic laboratories. 
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For the isolation of Mollicutes, collection of clinical samples from different areas of 

animal body is very crucial. The sample of choice varies with the type of mycoplasma and 

respective disease. Commonly, samples from milk, affected part of lung and lymph nodes 

(especiall mediastinal lymph node), pleural fluid, nasal mucosa, joint fluid, and ear are 

preferred for culturing the mycoplasmas.  

 

The immediate transport of the samples from the animals to the laboratory is also very 

critical as these organisms die rapidly. Transport bacteriological media are essentially required 

for the likely isolation of the mycoplasmas. The provision of cold chain in addition is also very 

helpful if the samples are transported. 

 

Mycoplasma isolation is generally impeded by the overgrowth of fast growing and less 

important Mycoplasma and Acholeplasma species, bacterial contaminants and toxic effects of 

antibacterials and inhibitors used in the preparation of mycoplasma media. Further, provision 

of suitable temperature, humidity, and CO2 tension (up to 5%) are also very basic requirements 

to successfully isolate these fastidious organisms (Nicholas and Baker, 1998; OIE, 2008).  

 

1.2.13.2.1. Culture media for the growth of Mycoplasma 

 

The final and definitive diagnosis of mycoplasmas needs isolation or culturing the causal 

agent from the morbid samples of lungs and /or pleural fluid collected during post-mortem 

examination. Isolation of most of the Mycoplasma species is generally successful as variety of 

growth media is reported. The problem is actually faced for culturing the Mccp (formerly known 

as Mycoplasma F-38 biotype) as the organism is extremely fastidious in nature.  

 

Initially, MacOwan and Minette (1976) described Viande foie goat (VFG) medium to culture 

Mccp from different samples. Meanwhile, Modified Hayflick medium, and Modified Newings tryptose 

broth for the isolation of Mccp (Kibor and Waiyaki, 1986) are reported with great success. Similarly, 

mycoplasma medium consisting of agar plates (Gourlays medium) (Gourlay, 1964) has bee used for the 

maintanence of Mccp culture in Kenya. Later, WJ medium as an alternative suitable medium is also 

introduced (Jones and Wood, 1988) to culture Mccp in-vitro.  
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Various media are available which greatly support the growth of most starins of Mccp. Of 

these, H25P, Eaton‟s medium (Nicholas and Baker, 1998) and FP medium supplemented with 

0.2% of pyruvate (Bolske et al., 1996) are well known. Among the media documented for the 

isolation of mycoplasmas, one of the commercial medium (Mycoplasma Experience, Reigate, 

UK) for the isolation of Mccp is reported and found extremely valuable (Bolske et al., 1995). 

Additionally, a diagnostic medim for the Mccp is also developed by the same company, which 

yields coloured colonies in semi-solid medium (Bashiruddin et al., 1998). 

 

The supplementation of mycoplasma medium with 0.2 % (up to 0.8%) of sodium pyruvate 

is found great for isolation and antigen preparation of Mccp (Miles and Wadher, 1990; Mohan 

and Obwolo, 1990). As the mycoplasma growth media mostly contain bacterial and fungal 

inhibitor, Nisin, another selective inhibitor is used in the mycoplasma growth medium (Abu-

Amero et al., 1996). Examples of other suitable media for the isolation of Mccp are: CCPP 

medium and modified CCPP medium (Thiaucourt et al., 1992, Bolske et al., 1996; Thiacourt 

and Bolske, 1996). Furthermore another new medium, PRM, is also introduced with comparable 

success in the isolation of Mccp, the causative agent of CCPP (Nicholas et al., 2000).  

 

As the isolation of Mccp is very important for the confirmation of its prevalence 

(Thiaucourt et al., 1996) in an area; the selection and treatment of samples, specific CCPP 

culturing media,  its storage and quality control, and above all the culturing technique are very 

critical (OIE, 2008).  

 

1.2.13.3. Biochemical identification of Mycoplasma 

 

Besides the molecular diagnostic tools, the use of classical biochemical tests (Freundt et 

al., 1979) are reported optional or essential by the subcommittee on the Taxonomy of Mollicutes 

of the International Committee on Systemic Bacteriology (International Committee, 1995), and 

also widely practiced in many mycoplasma diagnostic laboratories throughout the world. 

Purification of the mycoplasma isolate / culture prior to run the biochemical test is very 

important.  Unlike acholeplasmas, mycoplasmas are sensitive to digitonin; therefore, this test is 

mandatory. Of the many                                                                                                        
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biochemical tests, glucose fermentation, arginine decarboxylation, tetrazolium reduction, 

liquefaction of inspissated serum medium, digestion of casein medium, phosphatase activity, and 

film and spot are usually employed in the identification of Mycoplasma species (Poveda and 

Nicholas, 1998). 

 

The use of biochemical tests (Houshaymi et al., 2000), and serological tests especially 

Growth inhibition (GI) test (Dighero et al., 1970) are generally used in the presumptive 

identification of  Mycoplasma species including Mccp. Briefly, the most commonly employed 

tests are glucose breakdown, arginine hydrolysis, serum digestion (Freundt, 1983), reduction of 

tetrazolium chloride (aerobically and anaerobically), phosphatase activity (Bradbury, 1983), 

„film and spots‟ formation, and digitonin sensitivity (Freundt et al., 1973). A CCPP diagnostic 

medium is commercially available which specifically gives red color colonies of Mccp 

organisms (Ozdemir et al., 2005).  

 

For the identification of Mccp, a wide range of laboratory tests including the biochemical, 

growth inhibition, fluorescent antibody, serological tests,  and molecular biological tools such as 

PCR and western blotting have been described (Nicholas, 2002a). 

The use of biochemical and serological tests in the diagnosis of MmmLC based diseases 

is very common but so far not very confirmatory and specific if not coupled with the PCR based 

molecular tools. The suitable clinical samples commonly include the eye swabs, nasal swabs, 

milk, and fluid from the affected joints. The affected lung tissues and the pleural fluid are the 

samples of choice from the dead animals. MmmLC is not very fastidious mycoplasma; therefore 

it can be easily recovered from the samples collected from the live and dead goats. Most of the 

mycoplasma media types may be used to isolate this organism within few days. The classical 

biochemical tests though not confirmatory but still gives the presumptive identification of 

MmmLC.   

The diagnosis of caprine mycoplasmosis due to Mmc is usually carried out on the basis of 

postmortem lesions, isolation and classical biochemical and serological identification. There are close 

similarities in between Mmc and MmmLC strains (Rodwell and Rodwell, 1978) and recent findings 

suggest the proposal for the convergence of two subspecies into one subspecies of Mycoplasma mycoides 

subspecies                                                                                                                                                   
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capri (Manso-Silvan et al., 2009). On the other hand, the use of molecular biological tools 

specially the PCR- RFLP (Bashiruddin et al., 1994) and DGGE (McAuliffe et al., 2003; 

McAuliffe et al., 2005) have paved the ways for the rapid and confirmed diagnosis of these 

mycoplasma species.  

   

In one study non utilization of glucose, arginine, urea and use of organic acids for their 

energy requirement are reported for Mycoplasma agalactiae (Khan et al., 2005). Non-

fermentation of glucose and arginine is also described by some workers as well (Edisio et al., 

2006).  

 

The identification is generally based on the classical biochemical test as used for other 

Mycoplasma species (Poveda, 1998). Moreover a rapid and highly convenient biochemical test 

based on C8-esterase activity of Mycoplasma agalactiae is also reported (Khan et al., 2001).  

 

1.2.13.4. Serological identification of Mycoplasma 

 

The wide application of various serological tests is also very helpful in the sero-diagnosis 

of Mollicutes. These tests are based either on the detection of antigens or antibodies against 

mycoplasma. Besides the report that “Mycoplasma mycoides cluster” shows cross-reactivity 

(Rodriguez et al., 1996) and also the mycoplasma organisms are reported to share common 

antigens, efforts to minimize the cross-reactivity are documented in the diagnosis of 

mycoplasmas.  

 

In one study, 30 Mycoplasma strains, isolated from the goats are characterized by the 

biochemical and serological tests (Ojo and Ikede, 1976). The use of growth inhibition test (GIT) 

(Rodríguez et al., 1997; Poveda and Nicholas, 1998), agar precipitation test (Kenny, 1983), slide 

agglutination tests (Turner and Etheridge, 1963), indirect haemagglutination assay (IHA) (Cho et al., 

1976; Armstrong, et al., 1983; Jones and Wood, 1988), enzyme linked immunosorbent assay (ELISA) 

(Thiaucourt et al., 1994; Rodriguez et al., 1996; Ball and Finlay, 1998; Bölske et al., 1995; March et al., 

2002; Sharew et al., 2005), fluorescent antibody test (FAT) (Poveda and Nicholas, 1998), complement 

fixation test (Eshetu et al., 2007; Mekuria et al., 2008; Hadush et al., 2008; OIE, 2008; Mekuria 

and Asmare, 2010;), and Latex agglutination test (LAT)                                                                  
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(Morton, 1966; Rurangirwa et al., 1987a; March et al., 2000; March et al., 2003) are generally 

recommended to identify the mycoplasma species.  

 

Beside the conventional biochemical (Freundt et al., 1979) the use of serological tests 

such as rapid field slide agglutuination test (SAT) (Turner and  Etheridge, 1963), complement 

fixation test (Provost et al., 1987); sandwich ELISAs (Rodriguez et al., 1996); competitive 

enzyme-linked immunosorbent assay (C-ELISA) (Le Goff and  Thiaucourt, 1998; Amanfu et al., 

1998); Indirect ELISA (Abdo et al., 2000; Bruderer et al., 2002),  latex agglutination test (Ayling 

et al., 1999; March et al., 2003) are widely practiced in the diagnosis of Mycoplasma species. 

 

Of the many commonly used serological tests, the direct and indirect immuno fluorescent 

tests are considered very successful for most of the mycoplasma species (Rosendal and Black, 

1972). For the detection of a specifically produced polysaccharide antigen by the Mccp, latex 

agglutination test (LAT) is developed and used (Rurangirwa et al., 1987a; March et al., 2000; 

Houshaymi et al., 2002) which is now extensively used in the diagnosis of CCPP. The LAT is 

reported to be more sensitive than the CFT (Houshaymi et al., 2002) and also easier to perform 

than the competitive ELISA (Thiaucourt et al., 1994). 

 

The use of gel precipitation test based on immuno-precipitation reaction in between 

monoclonal antibody (MAB) (WM-25) against an antigenic polysaccharide produced by the 

Mccp is reported for the diagnosis of CCPP especially when the samples for the isolation 

purpose get deteriorated (Rurangirwa et al., 1987c). 

 

The complement fixation test (CFT) is used in the detection of Mccp infection but found 

more specific and less sensitive than the IHA (Macowan and Minette, 1976). The complement 

fixation test (CFT) in detecting the sero-conversion of animals against the Mccp and the indirect 

haemagglutination (IHA) test is further reported in assaying the antibodies against Mycoplasma, 

7-9 days after the appearance of clinical signs (Muthomi and Rurangirwa, 1983).  A competitive 

enzyme linked immunosorbent assay (cELISA) is developed and reported very sensitive and 

specific (Thiaucourt et al., 1994). 
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Mycoplasma F38 biotype is isolated from the CCPP cases in Oman. Antibodies with the 

titre of 1:40 or more as positive against F38 biotype (2.6%) and Mmc (29% serum samples) are 

detected by the IHA. Besides the presence of CCPP, the study indicates the wide spread infection 

with Mmc in goats (Jones, and Wood, 1988).  

 

An indirect ELISA (iELISA) is reported for the seroprevalence of MmmLC and 

Mycoplasma agalactiae in goats in Canary Island. Of the 3890 serum samples from the 204 

flocks, high prevalence of 67 and 55 per cent are observed for MmmLC and Mycoplasma 

agalactiae organisms (Assunção et al., 2004). In a microbiological study, Indian strain of 

MmmLC is isolated from a goat with arthritis. The organism is initially identified by the 

biochemical and serological (Growth inhibition test) tests. The use of PCR as a rapid diagnostic 

test and pathogenicity test in mice and goats are also reported (Singh et al., 2004). 

 

In addition to introduction and use of various kinds of PCR (Bashiruddin et al., 1994), the 

employment of growth inhibition (GI), metabolic inhibition and Fluorescent antibody tests are 

still used for the diagnosis of mycoplasma species (Poveda and Nicholas, 1998). Mycoplasma 

mycoides subspecies capri is also isolated from the ear canal (73.7%) of goats. The direct 

immunofluorescence (IF) and growth inhibition (GI) tests are employed to identified the Mmc 

isolates (Singh et al., 2004). 

 

For the detection of antibodies against Mmc, slide agglutination test based on coloured 

and latex antigen is reported in goats in India. Of the many formulation of Mmc vaccine given to 

these goats, the antibodies  are detected  from 7 to 90, 7 to 53 and 5 to 97 days post inoculation 

of live attenuated vaccines, killed vaccine and virulent strain of M. capri respectively. The 

results overall showed stronger agglutination reaction in sera of goats with live attenuated 

vaccine than the goats administered with killed adjuvated vaccine (Srivastava et al., 1991). 

The serological detection of antibodies by the agar gel diffusion, CFT, and FA tests 

against Mmc in vaccinated horses for a period of 22 weeks is reported. The serological (agar gel 

diffusion and FA tests) results showed that a whole culture of Mmc inoculation is better than the 

Mmc injected cells, as antibodies were detected sooner than the agar gel diffusion test (Stalheim 

et al., 1978). 
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To further confirm the results of biochemical tests, the serological tests such as disk 

growth inhibition test (DGIT) (Freundt et al., 1979), and fluorescent antibody (FA) test are 

recommended. The MmmSc is isolated from the outbreaks in cattle in Tanzania. Few of the 

animals were found with the clinical signs and apparent post-mortem lesions. The serum samples 

from the animals of the same herd were also positive for antibodies against MmmSC by the CFT 

and ELISA (Bölske et al., 1995).  

 

The serological identification of Mycoplasma species such as Mycoplasma agalactiae 

and others is commonly done with Mycoplasma specific antisera in the GIT, FIT (Poveda and 

Nicholas, 1998) or the indirect fluorescent antibody (IFA) test (Bradbury, 1995). 

  

 The use of a standard CFT for the Mycoplasma agalactiae and othe mycoplasma species 

involved in contagious agalactia is also reported. The workers have also reported the use of 

sonicated or tween-20 treated Mycoplasma agalactiae antigens in an ELISA system for the 

detection of specific antibodies (Bergonier et al., 1997). Further, the high seroprevalence of 

Mycoplasma agalactiae (55%) and MmmLC (67%) through an indirect ELISA test is reported in 

goats in Canary Islands (Assuncao et al., 2004).  

 

1.2.13.5. Identification of Mycoplasma: use of molecular biological techniques  

 

The diagnosis of mycoplasma disease is very time consuming if it only relies on the 

classical isolation and subsequent biochemical and serological identification methods. 

Mycoplasma species specific protein profiles are being reported by the polyacrylamide gel 

electrophoresis (PAGE) (Razin and Rottem, 1967; Costas et al., 1987), Western blot 

(Rurangirwa, et al., 1997). 

The PCR test is described as the tool which has revolutionised the detection and 

identification of mycoplasmas in hours rather than in weeks (Nicholas et al., 2003). The standard 

PCR test as a molecular tool greatly facilitates the early and rapid diagnosis of mycoplasma 

infections (Grand et al., 2004). Various PCR tests with specific sets of primers to detect the 

mycoplasma cluster members, sub-cluster members and specifically                                           
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any of the mycoplasma species are available (Bashiruddin et al., 1994; Persson et al., 1999; 

Shankster et al., 2002; Woubit et al., 2004).  

 

Besides the use of conventional diagnostic approaches, the application of molecular 

biological tools especially various PCR alone and coupled with restriction fragment length 

polymorphism (RFLP) are widely used in countries where CCPP is a problem. Bascunana et al., 

(1994) described the first PCR-RFLP test for the diagnosis of Mccp, which is based on the 

specific amplification of 16S rRNA gene of the Mycoplasma mycoides cluster organisms. Later, 

Woubit et al., (2004) reported another PCR which specifically amplify a 316 bp long DNA 

fragment of arcD gene from the Mccp organism. Taylor et al., (1992) developed a gene probe for 

the differentiation of Mccp from other mycoplasma species. Very recently the molecular 

detection of Mccp by the PCR- RFLP as the cause of CCPP in goats is reported in Balochistan, 

Pakistan (Awan et al., 2009b). 

 

Additionally to further validate the results of the PCR test, RFLP using specific 

restriction endonuclease is reported for Mycoplasma bovis and Mycoplasma bovigenitalium 

(Hotzel et al., 1990) and is widely used in the diagnostic mycoplasmology (Bashiruddin et al., 

1994).  

 

The use of real time PCR test is also reported in the detection of Mycoplasma mycoides 

cluster members (Fitzmaurice et al., 2008). Moreover, amplified fragment length polymorphism 

analysis (AFLP) is also described to highlight the genetic diversity in the Mycoplasma 

hyopneumoniae (Kokotovic et al., 2002). Reports are also documented on the use of DNA 

probes in the identification of mycoplasmas of veterinary and human species (Dedieu et al., 

1995).  

Keeping in view all the limitations of the PCR and PAGE, a single generic molecular test such as 

denaturing gradient gel electrophoresis (DGGE) technique based on specific set of primers and running 

the PCR product through the denaturing gel is wonderfully made the diagnosis of Mycoplasma (32 

Mycoplasma species of veterinary significance) easy and specific even in the mixed mycoplasma 

infections in the same animal within 2-3 days (McAuliffe et al., 2003). The DGGE is further reported to 

be able to differentiate 67 Mycoplasma species of human and veterinary origin and represents a 
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significant improvement on current tests
 
as diagnosis of Mycoplasma infection can be made 

directly from
 
clinical samples in less than 24 h (McAuliffe et al., 2005).  

 

The sequencing of the 16S rRNA genes for the phylogenetic evaluation of the 

mycoplasmas by the direct solid-phase DNA sequencing of the goat Mycoplasma species is 

reported (Heldtander et al., 1998). 

 

As the PCR is very sensitive, highly specific, rapid and easy to perform, therefore 

primers specific for Mycoplasma cluster (Taylor et al., 1992) and specifically for MmmSc 

(Persson et al., 1999) are reported. Specific PCR test (Dedieu et al., 1995; Bashiruddin et al., 

1994; Miserez et al., 1997) is very useful in the diagnosis of CBPP. Moreover, two other PCR 

tests based on laser induced fluorescence assay and restriction endonuclease assay for the 

detection of MmmSc in the pleural fluid and lung tissues samples are reported to be robust and 

rapid (Persson et al., 1999). Further, the use of real-time PCR assay for the identification of 

MmmSc is more beneficial than the classical PCR tests (Gorton et al., 2005).  

 

There are reports on the use of a multiplex PCR, which can simultaneously, detect 

mycoplasma species such as M. agalactiae, Mmc and Mcc (Greco et al., 2001). Besides the other 

diagnostic tests, the PCR and DGGE have also confirmed the presence of Mcc in two of the 

deceased rhebok (Nicolas et al., 2005).  

 

Recently in a high death toll out break, caprine respiratory mycoplasmosis is being 

reported in Mexico. Besides the resembleness of clinical and pathological findings of disease 

with CCPP, Mmc is identified as the cause of disease on the basis of PCR test (Hernandez et al., 

2006).  

MmmLC organisms are known to cause severe outbreaks of mycoplasmosis in goats in 

France. A study is designed to differentiate the MmmLC isolated from the asymptomatic carrier 

and diseased goats through the pulsed field gel electrophoresis (PFGE). Overall results show 

variability in the profiles of MmmLC involved in diseased and carrier animals. Furthermore, 

several distinct isolates of MmmLC are harbored by the healthy animals whereas only few strains 

of MmmLC are accountable for the clinical manifestation (Tardy et al., 2007). 
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Unlike the use of conventional isolation and identification methods (Peyraud et al., 

2003), the use of PCR test for the identification of Mp (Shankster et al, 2002) is found better and 

successful. Moreover, another PCR test is also reported for the diagnosis of Mp (Peyraud et al., 

2003). 

 

Mycoplasma agalactiae is isolated and identified by the PCR and immunoperoxidase 

tests in the outbreaks of contagious agalactia for the very first time in Brazil. The adult goats 

showed clinical signs of mastitis, agalactia, and polyarthritis whereas the kids are found with 

conjunctivitis and polyarthritis (Edisio et al., 2006). There are reports on the use of a multiplex 

PCR, which can simultaneously, detect mycoplasma species such as M. agalactiae, Mmc and 

Mcc (Greco et al., 2001). 

   

The use of immunoblotting test is reported for Mycoplasma agalactiae (Tola et al., 1997; 

Nicholas, 1998). The immunoblot results showed strong bands of 80 and 55 kDa with antibodies 

to Mycoplasma agalactiae whereas, sera samples from the healthy animals showed no bands or 

very faint bands of different sizes (Nicholas, 1998).   

 

Though classical biochemical and serological tests are used for the preliminary 

identification of Mycoplasma ovipneumoniae, but this is very time consuming, laborious and 

confusing. The diagnosis of Mycoplasma ovipneumoniae from nasal cavity and lungs samples of 

sheep with respiratory disease is made by the PCR. Conversely, no mycoplasma isolation and 

PCR detection is observed from the clinical samples of goats (McAuliffe et al., 2003). More 

recently, the DGGE is reported to simultaneously detect and differentiate the mycoplasmas 

including Mycoplasma ovipneumoniae (McAuliffe et al., 2005). The high level of strain 

variation among the Mycoplasma ovipneumonia isolates by the use of random amplified 

polymorphic (RAPD) and PFGE is documented in United Kingdom (Parham et al., 2006). 

 So far more than 100 mycoplasmas are sequenced and information is available on 

GenBank (US database) for comparative studies. A sheep isolate which was serologically 

negative to all the ruminant mycoplasmas was declared Mycoplasma fermentans, a human 

Mycoplasma species; after it was sequenced (Nicholas et al., 1998).  
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1.2.14. Experimental disease caused by the Mycoplasma species 

 

1.2.14.1. Mycoplasma capricolum subspecies capripneumoniae (Mccp) 

 

An experimental CCPP disease was induced in goats (n=10) by inoculating 20 ml of 

inoculum (5ml ground infected lung and 15 ml Mccp activated culture) intratracheally, and these 

goats were mixed in group of other goats (15) for contact transmission. All the goats showed the 

disease signs with variation. The goats showed the clinical signs of low grade fever with constant 

coughing. All the goats withstood the acute stage of the clinical disease. The post-mortem 

examinations of goats on different time intervals revealed acute and chronic fibrinous 

pleuropneumonia with sequester formations. Recovery of mycoplasma as well as PCR test was 

negative for all the investigated goats. Only 6 goats had serum antibody titres against M. 

capripneumoniae in ELISA. The study overall showed, mild clinical course of CCPP, with the 

presence of lesions for longer time in the animals survived from the acute disese (Wesonga et al., 

2004). 

 

Goats are endobronchially infected with Mccp and monitored for 8 weeks post infection. 

Clinically animals showed fever 2-7 days post-infection, which reached to a maximum of 41.5
0
C 

in one animal. Interestingly, Mccp was not detected either by culturing or by the PCR in any of 

the experimental goats. The humoral immune response by the ELISA against CPS was found 

poor whereas, diagnosis based on CPS antigen in CPS antibody latex agglutination tests (LAT) 

was successful. Overall, CPS antibody latex agglutination test was found positive for the 

diagnosis of CCPP from 14- 53 days post infection (March et al., 2002). 

1.2.14.2. Mycoplasma mycoides subspecies mycoides large colony (MmmLC) 

The clinical mycoplasmosis and fatal septicemic phase (73%) is reported in an experimental 

study with the inoculation of MmmLC organisms (106 CFU/ml) to goats (n=51). The disease is found 

contagious as non-inoculated kids (57%) also produced mycoplasmosis and later found dead. The animals 

(95%) showed pyrexia (42.30C) with swollen joints within 5 days of post oral inoculation in the kids. 

The MmmLc organisms are also recovered from the blood (10
8 

CFU/ml) and urine (10
6
 CFU/ml) 

of kids within 24 hours of oral ingestion. Post-mortem examination revealed consolidated lungs, 
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adhesions between lungs and the thoracic wall, presence of pleural fluid and fibrinoprulent 

polyarthritis. The kidneys, spleen and liver are found congested and generalized peritonitis is 

also observed in 4 of the 37 kids (DaMassa et al., 1986).  

 

The reproduction of experimental disease by the MmmLC in kids is reported very severe 

and due to septicemia often terminated into death of the affected kids. The typical symptoms of 

fever, arthritis, acute pain and dyspnoea are observed during the experimental disease in these 

animals (Nayak and Bhowmik, 1991).  

 

The route of inoculation is very important and in addition to endobronchial route when 

inoculated intravenously they produced pulmonary edema, interstitial pneumonia and pleurisy 

(Kasali and Ojo, 1981). It has also been known that in one study MmmLC and Mmc produced 

remarkably similar gross and histological lung lesions (Ojo and Ikede, 1976).  

 

In another study in Canada on endobronchial inoculation with the MmmLC, all the six 

goats died due to septicemia within 7 days. The post mortem findings revealed pulmonary 

edema, cellulites in the neck region, fibrin covering the lung, serosanguinous fluid in the thoracic 

cavity and the presence of excess turbid synovial fluid in the hock and carpal joints (Rosendal, 

1983). In another study goat, sheep and calves are inoculated with MmmLC intravenously. Only 

the goats and sheep were found with significant lesions such as cellulites at the inoculation site, 

pleural hemorrhage, pneumonia, enteritis, and polyarthritis. Contrary to the disease in sheep and 

goats, calves showed less susceptibility to MmmLC infection (Rosendal, 1981). 

  

 In one of the experimental study, up to 10
6
 CFU of MmmLC produced fatal infections in 

51 week old kids. The possible role for the transmission of MmmLC organisms among the kids is 

successfully established by recovering these Mycoplasma species from the trachea, lung, urine 

and tonsils of the in-contact and inoculated kids. (DaMassa et al., 1986). 

 In another experimental research investigation, the simultaneous inoculation of MmmLC 

and Mmc (previously isolated from pleuropneumonia out break in goats), produced an acute 

septicemic, clinico- pathological disease with lethal outcome. At                                              
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necropsy the lungs were found with acute bronchopneumonia and interstitial pneumonia 

(Gutierrez et al., 1999). 

 

1.2.14.3. Mycoplasma mycoides subspecies capri (Mmc) 

 

In a study kids are experimentally infected with the Mmc and other Mycoplasma species. 

All the kids besides the production of subcutaneous swelling at the seat of inoculation are found 

with fatal septicemia 1-5 days post inoculation. The results showed mycoplasmaemia by 

parentral route and septicemia is considered the cause of death in the inoculated kids (Rodríguez 

et al., 1998).   

 

Like MmmLC, in an experimental study Mmc is reported to produce comparable kind of 

pleuropneumonia, inoculated through the endobronchial route. Clinically the animals showed 

high pyrexia with anorexia. Gross pathological lesions are seen in pericardium, pleura with 

varying degrees of hepatisation in the affected lobes of lungs (Ojo and Ikede, 1976). In an 

experimental study when Mmc culture is inoculated via teat canal route, caprine agalactic 

syndrome, the atrophy of glandular parenchyma and terminal replacement with the fibrous 

tissues are observed (Misri et al., 1988).  

 

The experimentally produced mycoplasmosis in goat kids (n=5) with (field strains from 

the previous outbreak of pleuropneumonia) Mmc and MmmLC in Canary Islands described the 

clinical and haematological observations. Overall, the disease produced is due to the acute 

septicaemia and is supported by the acute interstitial and broncho pneumonias. Hematologically, 

a severe diffuse microthrombosis showed the central role of disseminated intravascular 

coagulation (DIC) in the mycoplasma induced disease (Gutierrez et al., 1999). 

 

1.2.14.4. Mycoplasma capricolum subspecies capricolum (Mcc) 

 

Polyarthritis with life threatening septicemia is seen during a disease investigation, when 

kids are fed infected milk from the Mcc mastitic goats. Further, it is also reported that the 

sporadic arthritis is less serious clinical sign in Mcc induced disease (Perreau and Breard, 1979). 
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In a research study a lethal experimental disease is produced with the ingestion of milk 

having 10
5
 CFU/ml of Mcc. Mycoplasmemia was found within 24 hours of post ingestion of 

Mcc, and the organism at the rate of 1x 10
6 

CFU/ml are found present in the blood samples of all 

the affected kids (DaMassa et al., 1983a). Mycoplasma capricolum subspecies is also able to 

cause experimental mastitis leading to agalactia and death when inoculated into the teat canal of 

goats (DaMassa et al., 1984c). Moreover fibrinous adhesions between lobes of lung, cellulites at 

the site of artificial inoculation are also reported in a disease caused by Mycoplasma species 

(DaMassa et al., 1992). 

 

The parenteral administration of Mcc produced mycoplasmaemia in kids in an 

experimental disease reproduction trial. All the routes used are found sufficient to produce a fatal 

septicemia from 1-5 days of mycoplasma inoculation (Rodríguez et al., 1998). 

 

1.2.14.5. Mycoplasma putrefaciens (Mp) 

 

Administration of Mycoplasma putrefaciens strain through the intranasal, intraperitoneal, 

intramuscular, and oral routes into kids could not produced fever, any abnormal clinical 

manifestation, and even not being isolated from the blood (DaMassa et al., 1984c). Additionally, 

mastitis is also reported, which is caused by the intramammary inoculation of Mp organisms into 

the lactating goats, whereas, intra-muscular, intra-nasal and oral routes could not initiated the 

infection in these animals (DaMassa et al., 1984). 

1.2.14.6. Mycoplasma agalactiae  

The experimental inoculation of Mycoplasma agalactiae by the intra-nasal and intra-

tracheal routes is reported in 3 months old goats. Besides the recovery of the inoculated 

mycoplasma, presence of moderate interstitial pneumonia, no gross consolidation of the lung 

tissues are observed (Rodríguez et al., 2000). 

1.2.14.7. Mycoplasma ovipneumoniae  

 

In an experimental study, first time, Mycoplasma ovipneumonia inoculated 

endobronchially, is reported pathogenic for goats by producing pneumonia and pleurisy      
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(Goltz et al., 1986). Production of experimental disease is not successful in both the kids and 

lambs, besides the regular isolation of Mycoplasma ovipneumoniae from the trachea, lung and 

lymph nodes of few of the experimental animals (Mohan  et al., 1992). 

 

1.2.14.8. Mycoplasma mycoides subspecies mycoides small colony (MmmSC) 

 

In one study cows are initially inoculated with MmmSc organisms and mixed with other 

cows and goats to see the contact transmission. None of the animals showed clinical picture and 

acute lesions of CBPP except in one cow. The goats are reported non-susceptible to MmmSc 

infection (Belli et al., 1989). 

 

1.2.14.9. Mycoplasma arginini 

 

In an experimental septicemia caused by the MmmLC or Mcc, the Mycoplasma arginini 

is isolated from the joints of the dying goats (DaMassa et al., 1992). 

 

1.2.14.10. Acholeplasma  

 

The experimental production of clinical mastitis (90% milk loss) is reported in lactating 

goats, when Acholeplasma laidlawii is introduced into the teat canal (Singh et al., 1990). 

   

1.2.15. Mycoplasma diseases and use of vaccines  

 

The term vaccine (Latin: “vacca,” means cow) was first time introduced by Edward 

Jenner to report the inoculation of humans with the cow pox virus in order to give protection 

against the human small pox viral disease. This actually illustrated the existence of close 

relationship between human and animal infections (Meeusen et al., 2007). 

The immunoprophylactic measure against CCPP looked possible when a century ago; 

Hutcheon showed the protection by subcutaneously inoculating goats with the lungs extract of 

CCPP affected animals (McMartin et al., 1980). Later, study also showed the protection of goats 

by the use of an attenuated broth culture of Mycoplasma F-38 strain                                      

file:\\sites\entrez
file:\\sites\entrez


69 

 

vaccine. This was the first experimental live high passaged Mccp based vaccine, which is used 

intratracheally and protected goats against the experimental challenge with Mccp organisms 

(MacOwan and Minette, 1978).  

 

Researchers further focused on the CCPP vaccine preparation and reported solid 

immunity of even one year against CCPP (Rurangirwa et al., 1984). The use of saponin 

treatment of the lyophilized CCPP vaccine just prior to use also found successful in containing 

the disease (Rurangirwa et al., 1987b). It is recommended that kids more than 10 weeks of age 

might not be vaccinated against CCPP to avoid neutralization by the maternal antibodies (OIE, 

2008).   

 

Mycoplasma F-38 strain is demonstrated as the cause of this disease in Kenya (MacOwan 

and Minnete 1976) and Sudan (Harbi et al 1981). The vaccine against CCPP is produced by the 

Kenya Agricultural Research Institute (KARI) and the Small Ruminant Collaborative Research 

Support Program (SR-CRSP) in 1980‟s. The vaccine produced is available in liquid form since 

1987 and later as a freeze-dried form as well. Vaccine batch (up to 60 liters of vaccine per batch) 

generally takes 45 days to be produced. The whole mycoplasma based stock vaccine is 

inactivated or killed by the saponin prior to use in the field (Njoroge et al., 1996). 

 

Besides the classical production of vaccine against CCPP, studies are carried out to 

identify a capsular polysaccharide antigen as the immunodominant and protective antigen in 

Mccp rather than any other protein as an antigen. Preliminary research reported the successful 

expression of these antigens in bacteria as recombinant proteins for the potential use in vaccine 

and serological tests. Moreover, a CPS antibody based latex agglutination test is also 

standardized to detect antigen in CCPP infected goats. The test is reported efficacious in an early 

detection of infected animals and start of early treatment which colud reduce huge losses of these 

animals and income (March and Jones, 1997).  

Different adjuvants such as incomplete Freund's adjuvant (IFA), saponin, aluminium 

hydroxide gel and phosphate buffered saline (PBS) are evaluated in a study for an immune 

response against sonicated F-38 Mycoplasma antigen. The results for the immune status after 

four months post-immunization indicated that goats injected with                                        
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antigen formulations with PBS (2/8 goats), aluminium hydroxide (6/10 goats), IFA (7/8 goats), 

and saponin (10/10 goats) withstood the challenge with the virulent Mycoplasma F-38 strain. 

Saponin and IFA are found comparable in efficacy and superior to aluminium hrdroxide. The 

saponin is recommended to be used as an adjuvant in vaccine against F-38 Mycoplasma strain 

than the IFA which is not considered suitable in food animals (Mulira et al., 1988). 

 

Saponin adjuvated Mycoplasma F-38 starin vaccine is prepared and its efficacy in the 

field goats is studied. Of the 10,000 goats vaccinated, 400 are serlological monitored with CFT 

and slide agglutination test for a period of 6 month post-vaccination. The slide agglutination test 

is reported more sensitive than the CFT in the detection of antibodies against F-38 strain 

(Litamoi et al., 1989). 

 

Sonicated Mycoplasma F-38 strain vaccine adjuvated with IFA, emulsified in aluminium 

hydroxide and phosphate buffered saline is used to immunize 3 groups of (15 goats/group). Five 

goats in each group are challenged by in-contact method with CCPP infected goats, 3 months 

post vaccination. All the goats vaccinated with IFA, and two from each of the group vaccinated 

with other adjuvants are found protected.  Similarly after 6 months post-immunization the 

remaining 10 goats from each group are challenged with CCPP infected goats. All the goats in 

IFA vaccinated group and two from each of the other groups are protected. The results overall 

showed that Mycoplasma F-38 sonicated, IFA adjuvated vaccine can be used effectively in 

controlling CCPP in goats (Rurangirwa et al., 1984). 

 

A single dose (0.15mg) of freez-dried, killed Mycoplasma F-38 strain adjuvated with 

saponin is used to vaccinate 50 goats in the field. These vaccinated goats along with 50 

unimmunized goats are challenged with experimentally infected CCPP goats two months post-

vaccination. Besids the death of vaccinates (12 goats) and control (14 goats) goats due to 

salmonella infection 2 weeks post challenge, the remaining 38 goats (of which 2 were showing 

high tfever) are found protected from the CCPP infection. Of the remaining 36 control goats, 30 

contracted the disease at 39 days post challenge and 27 of them are found dead. In summary, 100 

and 95 per cent protections in mortality and clinical disease of CCPP are reported. (Rurangirwa 

et al., 1991) 
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In a research investigation, it is also reported that goats vaccinated with two doses each of 

0.15 mg antigen (4 weeks apart) of F-38 Mycoplasma vaccine, are protectd against the 

experimentally induced CCPP. Furthermore the duration of immunity by the single dose was at 

least 12 months and vaccine is found effective when stored at 4 and 22
O
C (Rurangirwa et al., 

1987b). 

 

The standard method for the preaparation of CCPP vaccine with in-process and batch 

control is described.  Of the many inactivants and adjuvants, saponin is preferred and used both 

as an inactivant and adjuvant. The Mycoplasma capricolum subspecies capripneumoniae based 

vaccine is reported to give solid immunity for 14 months against CCPP with a recommendation 

of a booster dose after a year (OIE, 2008). 

Contagious agalactia syndrome in goats is caused by Mycoplasma agalactiae, 

Mycoplasma mycoides subspecies mycoides LC, Mycoplasma capricolum subspecies capricolum 

and Mycoplasma putrefaciens organisms. The five inactivants such as formaline, phenol, 

saponin, binary ethileneimine (BEI), and heat treatment are evaluated in the vaccine production 

against this disease. The results showed that formalin (0.1%, 37
o
C during 16 hours), phenol 

(0.5%, 24 hours) as well as BEI at 0.1 M concentration over 24 hours are found effective against 

all the species tested. The use of purified saponin is not satisfying whereas heat treatment at 60
o
C 

is sufficient to kill each mycoplasma tested. To further check the damage to the mycoplasma 

immunogenic proteins, Western immunoblotting showed that phenol, BEI, and to lesser extent 

formaline inactivated all the Mycoplasma species without causing significant damage to surface 

proteins than the heat treatment. Recent studies also showed a good immune response with the 

use of inactivants if combined with suitable adjuvant (de la Fe et al., 2004). 

The use of formaldehyde and phenol as inactivants and aluminium hydroxid plus purified 

saponin as adjuvants are studied in vaccines prepared by the Mycoplasma agalactiae (vaccine 

A), and MmmLC (Vaccine B) organisms in lactating goats. Over all 120 goats randomly assigned 

into three groups (one group as control) of 40 each, are monitored serologically by the ELISA. 

Two groups received two injections of vaccine A or B respectively. Results of antibody titers 

indicated significant differences between vaccines A and B and the control group over six month 

period (de la Fe et al., 2007).  

file:\\sites\entrez
file:\\sites\entrez
file:\\sites\entrez


72 

 

 

Many vaccines such as killed and heterologous vaccines are reported to control CBPP 

caused by MmmSC, but none of them were found satisfactory and promising. Presently vaccines 

against CBPP are generally based on the MmmSc attenuated strains (OIE, 2008). Though vaccine 

against CBPP are reported to cause adverse reactions and even CBPP, but still the use of vaccine 

against CBPP especially with a live attenuated strain T1/44 is practiced (Mbulu et al., 2004).  

Efferts to develop alternative vaccines are unsuccessful, as they frequently result in the 

aggravation of CBPP (Nicholas et al., 2004). 

 

1.2.16. Mycoplasma diseases and use of antibiotics  

 

Mycoplasmas are known to cause variety of diseases in animals and humans, and efforts 

to limit these affections are still continued. Many of the researchers have so far worked on 

immunoprophylactic measures against mycoplasmoses but still there are gaps and room for the 

preparation of an efficacious vaccine against mycoplasmoses. To overcome the mycoplasma 

inflicted disease in the animals, the use of antibacterials has always been the choice and priority 

in many parts of the world including Balochistan, Pakistan. Number of antibacterials is reported 

in the treatment of mycoplasma diseases but the use of tetracycline, macrolide, aminoglycosides, 

quinolones and fluroquinolones classes of antibacterials alone or in combinations is widely 

practiced in areas where the mycoplasmas are threats to the animal population including goats. 

Of the many antibacterials, tetracyclines, fluroquinolones, and the macrolide family are 

commonly effective clinically if used earlier in the course of disease (Onovarian, 1974; El 

Hassan et al., 1984). Antibacterial therapy tends to reduce the clinical signs of the disease but 

complete elimination of the mycoplasmas is rarely obtained, and treated animals are always 

regarded as potential carriers (Nocholas, 2002a) of these organisms.  

To select the antibacterial of choice against the specific mycoplasma disease, the disk 

diffusion test is generally used but the role of using minimum inhibitory concentration (MIC) 

(Ayling et al., 2000; Loria et al., 2003), and minimum bactericidal concentration (MBC) or 

mycoplasmacidal (MMC) effect are very significant in order to have a true profile of 

antibacterial drug. Besides the classical MICs and MBC assays, the use of microtitration plates 

with fresh dilution of antibacterials (prepared plates from                                                   
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different manufacturers) are also reported (Ayling et al., 2005). The MIC are determined by a 

micro-broth dilution method (Roberts, 1992), based on standard guidelines (Hannan, 2000). 

 

Different antibiotics susceptibility profiles by the minimum inhibitory concentrations 

(MICs) against Mycoplasma putrefaciens are determined. Of the many classes tested, 

fluroquinolones, tetracyclines, lincosamide lincomycin, and the macrolides are reported as valid 

choices when selecting treatment against Mycoplasma putrefaciens infections (Antunes et al., 

2007).  

  

Mycoplasma mycoides subspecies mycoides large colony (MmmLC) is known to cause 

various types of diseases in goats and other animals. As the studies on the preparation of 

effective vaccine are lacking, there is a stressing need to contain and reduce the severity of the 

mycoplasmoses by other ways.  In a study, broth microdilution technique is used to determine 

the in-vitro activities of enrofloxacin, florfenicol, oxytetracycline, and spiramycin against 

MmmLC isolates. The results showed that the resistance of MmmLC against enrofloxacin, 

florfenicol, oxytetracycline and spiramycin is negligible. In summary, the MIC results of four 

classes of antibacterials indicated their potential use and effectiveness in MmmLC based 

infections (Kidanemariam et al., 2005).  

 

There are reports against the antibacterial susceptibility testing against MmmSc; the cause 

of CBPP, a well known mycoplasma inflicted respiratory disease in cattle. In vitro MICs are 

determined against MmmSc isolates. Oxytetracycline and tilmicosin are reported effective, 

whereas; tylosin is found ineffective against the MmmSc isolates (Ayling et al., 2005).   

 

The contagious caprine pleuropneumonia is a devastating disease of goats in many parts 

of the world. Besides the reports on the availability of effective vaccine against this disease, still 

treatment with wide range of antibacterilas is widely practiced. In a microbiological study, the 

efficacy of the oxytertacycline and streptomycin with penicillin are evaluated in goats. The 

results showed that the antibiotic therapy hardly resulted in complete bacterial clearance that 

could be an important factor in the epidemiology of CCPP (Zekarias et al., 2001). 
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In one of the study, effectiveness of different antibiotics against MmmLC, Mcc, and Mp 

isolates from goats and sheep are highlighted in Jorden. Over all, MICs against enrofloxacin, 

Oxytetracycline, chloramphenicol, florfenicol, erythromycin, and tylosin are dterermined during 

in- vitro antibacterial susceptibility testing.The MICs profiles showed some differences among 

Mycoplasma species. Over all Mcc were found more susceptible to macrolide such as 

erythromycin and tylosin, while all the three Mycoplasma species tested were found less 

susceptible to florfenicol and Chloramphenicol. Likewise, no noteworthy difference is noticed 

between milk and nasal swab isolates, between isolates of differenent parts of Jordon, or between 

goat and sheep isolates (Al-Momani et al., 2006). 

 

Further, the indiscriminate use of antibacterals and especially the fluroquinolones to the 

sick goats and sheep may be resulting into resistance against these substances and also one of the 

reasons in failure to isolate the fastidious Mycoplasma species such as Mccp from the diseased 

animals.   

 

1.2.17. Caprine Mycoplasma research in Balochistan, Pakistan 

 

There are approximately 54 million heads of goats in Pakistan, of these; 12 million is 

inhabtating in Balochistan (Anonymous, 2006). Like the other species of animals, goats are also 

prone to many infectious and contagious diseases and extremely cold winters and poor 

husbandry practices are the significant predisposing factors in the disease causation and 

aggrevation. Pneumonia, pleuropneumonia, arthritis, mastitis, keratoconjunctivitis, abortion etc 

are frequently reported in goats from various parts of Balochistan (Tariq, 1980). Besides the use 

of a ready to use liquid bacterin, adjuvated with saponin from the Mycoplasma mycoides 

subspecies capri (PG-3 strain), there are still reports on the suspected cases of CCPP and caprine 

pneumonia. High degree of morbidity (up to 74%) and mortality (up to 47%) is also reported in 

one of the area in Balochistan (Tariq, 1980).  

Besides the provision of a diagnostic facility such as ELISA for different viral diseases, generally 

the diagnostic facilities for most of the bacterial and viral diseases of animals in Balochistan are not 

sufficient. The diagnosis of most of the animal diseases including mycoplasmoses is generally made on 

the clinical manifestations, postmortem                                                                                                         
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lesions, and conventional microbiological and few of the serological tests. Moreover, as the 

province is very huge and provision of insufficient funds, the infrequent mobility of extension 

veterinarian and improper collection and transport of clinical samples to the district and 

divisional diagnostic laboratories are the significant constraints in the diagnosis of most of the 

diseases.  

 

The credit of a pioneer, USA funded research work (1978) on the epizootology of 

mycoplasmas in Balochistan goes to Dr. Munir Ahmed Tariq, a veterinarian of Livestock 

Department Government of Balochistan, Pakistan. The investigations reported the isolation of 

Mmc (after 16 days of incubation at 37
0
C) for the very first time from the goats in out breaks of 

CCPP in Balochistan. All the Mycoplasma isolates were identified on the basis of conventional 

biochemical tests as no other diagnostic tools were available at that time in Balochistan. 

Furthermore besides the production of an experimental mycoplasma disease by the intranasal and 

in contact routes in goats (Tariq, 1980), unfortunately so called CCPP vaccine could not be 

prepared as the mycoplasma isolates were lost during the process of preservation and storage.  

 

Keeping in view the consistent reports of pleuropneumonia or CCPP in goats in Pakistan, 

vaccine based on Mmc (PG-3 strain) has been locally prepared to control this disease. The 

Veterinary Research Institute (VRI), Lahore has been preparing a lyophilized, formalized 

mycoplasma bacterin without any adjuvant. The other mycoplasma vaccine product is formalized 

and saponin adjuvated and has been prepared at the Center for Advanced Studies in Vaccinology 

and Biotechnology (CASVAB), University of Balochistan, Quetta since 1992. Besides the use of 

these mycoplasma vaccines, there are still reports on the out breaks of caprine pneumonia, 

pleuropneumonia or CCPP, with relatively high degree of morbidity and mortality in goats in 

Balochistan and other provinces of Pakistan. Little work and disease investigation studies have 

so far been undertaken on caprine pleuropneumonia in terms of the clinical disease, bacteriology 

and serology in Balochistan (Tariq, 1980; Awan et al., 2004). 

 

Clinico-pathalogical and serological diagnostic approach of caprine pleuropneumonia are 

definitive if coupled with the isolation of Mycoplasma species. The confirmatory diagnosis of 

CCPP is mainly based on bacteriological investigation                                                               
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focusing mainly the isolation and identification of the causative organism from the lung tissues, 

pleural fluid and /or other samples taken at postmortem (OIE, 2008). 

 

Little research pursuits are reported on bacteriological (Awan, 1985; Awan, 1990; Hayat, 

1990) and serological aspects of mycoplasmas by using IHA, Agar gel precipitation test (AGPT) 

(Awan, 1990; Hayat, 1990), IHA and single radial hemolysis test (Zahur et al., 1994). Mostly, 

these studies reported the isolation of Mmc, Mycoplasma arginini, Acholeplasma, and untypable 

Mycoplasma species from the nasal swab and lung samples of goats. Further; an extensive study 

is also reported on the immunoprophylaxis and serodiagnosis of CCPP in Faisalabad, by using 

the vaccinal strain of Mmc (PG-3 strain) in all of the study experiments (Rahman, 2001). In the 

forthcoming years the use of different adjuvants in the preparation of mycoplasma vaccine and 

use of CFT test is described (Ahmed, 2005). Another significant research on the use of serum in 

mycoplasma growth medium from different animals‟ species is carried out in Quetta. Over all 

the equine (donkey) serum is found better than the sera from cattle, sheep, goat, and egg yolk. 

The study evaluated the growth of mycoplasma by the viable counts, optical density, and protein 

quantification parameters (Khuram and Awan, unpublished data). 

 

The areas of the molecular characterization of Mycoplasma species and disease diagnosis 

are still unexplored. No research work is probably reported on the epidemiology and 

microbiology of Mycoplasma capricolum subspecies capripneumoniae (Mccp) in Pakistan. At 

present killed vaccines (Bacterin) with and without adjuvants based on Mycoplasma mycoides 

subspecies capri (PG-3 Strain), against CCPP is available and enforced in all the four provinces 

of Pakistan with variable results.   

 

There is still misunderstanding on the cause of CCPP among the veterinarians and 

research workers in Pakistan. Besides the studies reporting Mccp as the sole cause of CCPP 

(OIE, 2008), majority of the people still consider Mmc as the causative agent of CCPP. Though, 

the role of Mmc is important in causing caprine pneumonia, pleuropneumonia, hydrothorax, 

arthritis, and mastitis, but classical CCPP is not reported due to this Mycoplasma species. As 

there are close phenotypic, biochemical, antigenic and genetic relationship among the members 

of Mycoplasma mycoides cluster members,                                                                                  
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especially those causing diseases in small ruminants, and the lack of molecular diagnostic 

facilities for mycoplasma generally arises such doubts, misunderstanding and confusion in the 

proper identification of Mycoplasma species being involved in the specific disease. 

  

Variety of supplemented media composition for the isolation of different Mycoplasma 

species as well as long incubation time (Mccp) and CO2 is required. There are very few 

laboratories in Pakistan which can process the samples for mycoplasma isolations and 

identification by the biochemical, serological and molecular biological based (PCR, PCR-RFLP) 

tests. Of these, probably the Center for Advanced Studies in Vaccinology and Biotechnology 

(CASVAB), University of Balochistan, Quetta, Pakistan is most promising and its facilities are 

further augmented by the technical cooperation and guidance from the Mycoplasma group, 

Veterinary Laboratories Agencies (VLA), Weybridge, United Kingdom. 

  

Recentlly, for the very first time the isolation and identification (biochemical, and growth 

inhibition tests) of Mycoplasma capricolum subspecies capricolum (Mcc) and Mp from the nasal 

swabs and lungs of goats with respiratory problems in Pishin district of Balochistan is being 

reported. Moreover these mycoplasma isolates are further identified and confirmed by the 

Mycoplasma mycoides cluster, sub-cluster and Mp specific PCR tests (Awan et al., 2009a). In 

addition to this, though Mccp the cause of CCPP is not isolated from goats in Balochistan, but its 

molecular detection in the lung and pleural fluid of the pleuropneumonia suspected goats is 

reported for the first time in one of the areas in Balochistan which is close to the Afghanistan 

border (Awan et al., 2009b). 

  

1.2.17.1. Study area: Balochistan, Pakistan 

 

Pakistan is located in the western part of South Asia. Its estimated population is 

167,762,040 with a total land area of 778,720 sq. km. (Anon, 2005). Pakistan is landlocked from 

three sides. It is bordered by India, China, Afghanistan and Iran to the east, north, north-west, 

and south west respectively. On the other hand the Arabian Sea, which is a part of the Indian 

Ocean, is present to its southern side. Pakistan has three major geographic areas: Indus River 

plain, the northern highlands, and the Balochistan 
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Fig. 1.1. Map of Pakistan  
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Fig. 1.2. Map of Balochistan  
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plateau. Pakistan is divided into four provinces namely Punjab, Sindh, Balochistan, and NWFP 

(North West Frontier Province).  

 

Balochistan is the largest province with an area of 347190 square kilometers (47 per cent 

of the total area of Pakistan) and population of about 6.6 million (4.96 per cent of the total 

population of Pakistan). It is located at the eastern edge of the Iranian plateau and in the border 

region between Southwest, Central, and South Asia.  Balochistan has common borders with Iran 

and Afghanistan on the western side (Khan, 2006).  

 

Balochistan is generally divided into high and low land areas. Highland Balochistan is 

generally the areas above 1,000 m altitude with many flat valley bottoms surrounded by sloping 

rangelands that merge into mountains. Lowland Balochistan includes areas with an altitude 

ranging from sea level up to 1,000 m. These include vast plains of Sibi and Kacchi as well as 

sandy deserts of Chagai-Kharan and Makran coastal sand dunes.   

 

Climatically, Balochistan has hyper-arid to semiarid climate with an annual precipitation 

varying from 50-400 mm dominated by winter precipitation. Physically the area consists of wide 

plateau of rough terrain divided into basins by mountains. Summers are hot in lowland and mild 

in highland areas with extremes of low and high temperatures. Winters are markedly cold with a 

minimum temperatures close to zero, and absolute minimum temperatures may fall to -15
o
C in 

highland areas of the province (Kidd et al, 1988).  

 

1.2.17.2. Goats in Balochistan, Pakistan 

 

Pakistan is gifted with diverse livestock genetic resources. In fact, it is postulated that one 

of the centers of animal domestication lies in this part of the world. Of the many domestic 

animals, Pakistan has almost 54 million goats. The people prefer goats as an initial investment in 

agriculture as capital costs and fodder requirements are small. Livestock population trends show 

that the goat population in Pakistan has increased 650% in the last 45 years (Naqvi, 2003).  
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Goats are important mainly for the production of meat, milk, skins and fiber including 

hair, mohair and pashmina (Devendra and Burns, 1983). There are almost 12 million goats in 

Balochistan (Anon, 2006). Goat production in Balochistan is hampered by the prevalence of 

many infectious and non-infectious diseases. Of the major infectious diseases caprine respiratory 

problems such as pneumonia and pleuropneumonia caused by the Mycoplasma species are very 

important due to the high morbidity and mortality rates. Moreover, the very cold winters in many 

areas of Balochistan and poor husbandry practices are also the predisposing factors for many of 

the respiratory diseases in this part of the world (Tariq, 1980).  

 

Goat production is almost evenly distributed among all regions of the country. The vast 

majority of small ruminant flock owners are small-scale farmers. Mixed flocks of sheep and 

goats are common, although separate flocks of either species can also be seen (Naqvi, 2003). 

Livestock production systems in highland Balochistan are nomadic (30%), transhumant (60%) 

and household (10%) (ICARDA, 1989). Nomadic pastoralists are widespread in the province 

with the movement of livestock between highlands and lowlands of Balochistan and Sindh. The 

transhumant agro-pastoralists are the largest group migrating between traditional summer and 

winter areas and cultivating grain crops for feeding humans as well as livestock. Sedentary agro-

pastoralists on the other hand remain in the same area using rangelands in the surrounding areas 

for livestock grazing where animals return back in the evening after grazing (Van and Shabbir, 

1992). Natural forces like hot summer, chilling winter, lack of forage, and water shortage are the 

major reasons which impose the animal owners to migrate or adopt various plans to guarantee 

their survival. Their seasonal movements are the conventional strategies to obtain feed, water 

and avoidance from the extreme weather conditions. The nomads migrate from uplands to 

lowlands in winter and vice versa in summer season. Their migration is via the predetermined routes 

where they have contact with the local communities who offer them grazing facilities and animal feed and 

in return nomads sell their animals and their products and provide them farm labor as well. The 

transhumant migrates in each winter to lowlands and goes back to their homes in summer (Hyder et al., 

2002). The migration during the dry and rainy seasons has a significant impact on the susceptibility of 

goats towards the prevalence of infectious diseases particularly respiratory diseases such as pneumonia or 

pleuropneumonia. The Pushtoon nomads and transhumants generally follow the north-south 

migratory routes, whereas the Brahvi transhumants are stuck with  
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Table 1.5. Balochistan: the administrative divisions, districts and goat population 
 

 

S. no. 

 

Name of Divisions 

 

S. no. 

 

Name of districts 

 

Goat   population  (thousands) 

1 Quetta 1 Quetta 120,384 

  2 Pishin 504,510 

  3 Chaghi 299,363 

  4 Qilla-Abdullah 115,405 

  5 Nushki / 

2 Kalat 1 Khuzdar 1,036,004 

  2 Kalat 807,608 

  3 Lasbela 794,296 

  4 Kharan 635,731 

  5 Washak/Awaran 344,318 

  6 Mastung 334,906 

3 Sibi 1 Sibi 208,133 

  2 Dera Bugti 775,361 

  3 Kohlu 813,575 

  4 Ziarat 138,440 

  5 Harnai / 

4 Makran 1 Kech 455,391 

  2 Gawadar 88,901 

  3 Panjgur 139,383 

5 Naseerabad 1 Dera Murad Jamali / 

  2 Naseerabad 213,294 

  3 Jafferabad 283,922 

  4 Jhal Magsi 298,687 

  5 Kachhi/ Bolan 766,109 

6 Zhob 1 Loralai 331,737 

  2 Zhob 875,922 

  3 Qilla Saifullah 783,624 

  4 Barkhan 155,581 

  5 Musakhel 464,126 

  6 Sherani / 

6 Total      30  11,784,711 

Modified from Livestock Census (2006), Government of Pakistan 

 



83 

 

 

 

east-west migratory routes. Loralai district ranges are generally focal point for the autumn 

movements of animals moving south and south-east from the Afghan border (Toba Kakari range) 

and the northern Zhob ranges (Musa Khel areas). To the west animals move southwards from 

Muslim Bagh and Killa Saifullah through the Shangloona to the east, in Zhob animals come 

directly to Musa Khel and move down through Lakabund and Murgha Kibzai. It is estimated that 

more than 60 per cent of the Zhob flocks move south in autumn, either to the southern part of the 

district or into neighboring Loralai. The Brahvi nomads and transhumants follow west-east 

migratory routes. Their winter areas are essentially located in Sibi and Kachi plains: the main 

sites are Bibi Nani, Gorgtang, Sunni, Gandawa, Khost and Bhag. Summer quarters for most 

groups are spread in Nushki and Kalat areas. Other groups spend summer in areas, such as Dasht 

(in Mastung district), Panjpai and Spin Karez (near Quetta), and winter around Sibi. From Kalat 

about 50% of the total sheep and goat population move eastwards into the Kacchi plains in 

winter (Kakar and Bajwa, 2004). 

 

The country has an impressive collection of 25 indigenous breeds of goats (Akhtar, 1990). Four 

goat breeds are specifically known for hair and meat production: Khurasani, Lehri, Pahari, Kajli, and two 

for milk production: Kamori and Barbari. Some exotic goat breeds are also introduced in the country 

including Angora and Teddy goats (Rubina and  Sarwat, 2006). The dominated Khurasani breed of goat is 

locally known as Kakari or Kochi by the nomadic peoples in Balochistan.   

 

The Center for Advanced Studies in Vaccinology & Biotechnology (CASVAB), University of 

Balochistan, Quetta with the help of Livestock and Dairy Development Department (LDDD), 

Government of Balochistan is also providing various vaccines for major diseases of livestock. Of the 

many vaccines produced the efficacy of present caprine pleuropneumonia vaccine is still dubious. Besides 

the vaccination against CCPP in the thickly goat populated areas of Balochistan, outbreaks of caprine 

pneumonia and suspected contagious caprine pleuropneumonia (CCPP) are still reported. These abrupt 

outbreaks of caprine respiratory diseases including pleuropneumonia (CCPP) may be the indication of 

partial vaccine failure due to the prevalence of heterologous species or subspecies of Mycoplasma in 

goats in Balochistan. Furthermore, extensive epidemiological and microbiological studies are rarely 

carried out in this part of the world as well.  

mailto:rubinaflora@yahoo.com
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1.3. AIMS AND OBJECTIVES 

Keeping in view the current status of limited research on caprine Mycoplasma species 

particularly those involved in pneumonia and pleuropneumonia (CCPP) in goats in Balochistan, 

the number of research studies were planned and presented in this thesis. The ultimate goal of all 

of the research endeavours were the production of an effective vaccine against the 

pleuropneumonia in goats caused by prevalent members of Mycoplasma species in Balochisatn.  

 

Following were the the objectives which were aimed to:   

 

 1 To accomplish a clinico-bacteriological study for the isolation and characterization of Mycoplasma 

species from the nasal swabs of goats in Balochistan.  

 

 2 To perform a gross-pathological and bacteriological study for the isolation and characterization of 

Mycoplasma species from the lungs of the goats slaughtered at locally organized butcher shops in 

Balochistan. 

 

 3       To carry out a clinico-pathological and bacteriological study on pleuropneumonia suspected goats in 

Balochistan.  

 

4 To use the polymerase chain reaction (PCR), restriction fragment length polymorphism (RFLP), 

and denaturing gradient gel electrophoresis (DGGE) in the identification of Mycoplasma species 

isolated from goats in Balochistan. 

 

5 To highlight the molecular prevalence of Mycoplasma species by Polymerase chain reaction 

(PCR) directly from the nasal swab and lung tissue samples of goats in Balochistan. 

 

6 To standardize and use the latex agglutination test (LAT) for the seroprevalence of Mycoplasma 

mycoides subspecies mycoides large colony (MmmLC) in goats in Balochistan and its comparison 

with indirect haemagglutination assay (IHA). 

 

7     To establish an experimental disease in goats with Mycoplasma species isolated from 

pleuropneumonia suspected goats in Balochistan.  

 

8 To prepare, use and evaluate an experimental caprine pleuropneumonia vaccine against 

Mycoplasma mycoides subspecies mycoides large colony (MmmLC) disease in goats in 

Balochistan.  
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CHAPTER 2 
 

 

“Clinico-Bacteriological Study for the Isolation and Characterization of 

Mycoplasma species from the Nasal Swabs of Goats in Balochistan” 
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ABSTRACT 

 

Goats have a particular socio-economic impact and provide milk, meat, skin, mohair, and pelts. 

Of the 53.8 million goats in Pakistan, 11.8 million are present in Balochistan. Mycoplasma 

species belong to the class Mollicutes, and are well known for inflicting respiratory diseases of 

variable intensities in the animals including goats. Little research work has so far been reported 

on mycoplasmosis in goats in Balochistan, Pakistan. The study on the clinical picture and 

isolation and characterization of mycoplasmas from the nasal swabs of randomly selected goats 

(n=5760) from 390 flocks from the fifteen districts of Balochistan was carried out during 2006-

2008. Varying proportions of clinical symptoms (both on animal and flock level) such as nasal 

discharge (27.2%) followed by cough, ocular discharge, and dyspnoea were noticed while 

diarrhea (7.2%), swollen fore-limb joints, and anorexia were the least observed symptoms. 

Overall 3.7 percent (n=215) prevalence of mycoplasmas in goats by the nasal swab cultures was 

obtained. Of the 262 mycoplasmas isolates 253 (96.6%), and 9 (3.4%) were identified as 

Mycoplasma and Acholeplasma respectively. Of the 215 positive goats for mycoplasmas, 78.1 

percent (n=168) showed different single Mycoplasma species being isolated, whereas 21.9 

percent (n=47) showed concurrent infection of Mycoplasma mycoides subspecies mycoides large 

colony (MmmLC) with other Mycoplasma species. All the mycoplasma isolates were 

characterized by the classical biochemical and growth inhibition test (GIT). The highest rate of 

isolation was observed for Mycoplasma mycoides subspecies capri (Mmc) as 16 percent (n=42), 

followed by 15.9 percent (n=41) for Mycoplasma capricolum subspecies capricolum (Mcc), 13.7 

percent (n=36) for Mycoplasma arginini (M.argin) and 12.2 percent (n=32) for concurrent 

infection of MmmLC with M.argin organisms. In contrast, the lowest prevalence of 3.1 percent 

(n=8) was observed for concurrent infection of MmmLC with Mcc followed by 3.4 percent (n=9) 

for Acholeplasma species. The isolation of Mycoplasma putrefaciens as 9.2 percent (n=24) from 

the nasal swabs of goats was also unexpected and alarming.  The highest prevalence of 

mycoplasmas in goats by the nasal swab culture was noticed in Loralai district (7%) followed by 

Pishin (6%), and Quetta (4.9%), while the lowest was observed in Nasirabad (1.3%) district. 

Significant difference in the prevalence of  
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mycoplasmas in goats between the districts was observed (X
2
=38.51, df=14, p=0.0004). The 

univariate logistic regression analysis for the odds ratio value (p-value<0.05) also indicated that 

the prevalence of Mycoplasma species in Quetta was 1.78 (95% CI=1.1-2.9), Pishin 2.18, Zhob 

1.78, Loralai 2.59, and Khuzdar 1.68 times greater than the Nasirabad district (baseline district). 

The clinical picture representing respiratory disease and the isolation and characterization of the 

Mycoplasma species particularly Mmc, Mcc, Mp and MmmLC from the nasal swabs of the goats 

from the studied districts is critical and alarming. The pathogenic role of the isolated 

Mycoplasma species further needs to be explored in order to prepare a vaccine to effectively 

control the prevalent caprine respiratory disease in Balochistan.  
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2.1. INTRODUCTION 
 

Mycoplasmas are the prokaryotic cells having no cell wall and were first described more 

than 100 years ago. These are widely distributed in nature and inhabitting animals, plants, insects 

as well as humans (Razin, 1992).  Mycoplasma belongs to a class Mollicutes and is known as the 

smallest self replicating bacteria (Razin et al., 1998). In small ruminants, they are familiar for 

respiratory disease, arthritis, eye lesions, genital disease and mastitis (Nicholas, 2002b; Sharif 

and Muhammad, 2009). Among the Mycoplasma clusters, Mycoplasma mycoides cluster is well 

known as most of its members are the important pathogens for small ruminants. Initially this 

cluster include six species and subspecies but recently five species are enlisted because MmmLC 

and Mmc are merged into one type and designated as Mmc (Manso-Silva´n et al., 2009). Some of 

these Mycolasma species can cause severe and contagious diseases in goats with significant 

economic losses (Cottew et al., 1987; Ozdemir et al., 2005). Of the many mycoplasma diseases, 

contagious caprine pleuropneumonia (CCPP) caused by Mycoplasma capricolum subspecies 

capripneumoniae (Mccp) is a severe, acute, highly contagious respiratory condition (Hernandez 

et al., 2006) and is also documented as an extremely fatal disease (Kopcha, 2005) which occurs 

in Eastern Europe, the Middle East, African and Asian countries (Nicholas, 2002b). 

 

Number of molecular tools have been developed and are in practice for the diagnosis of 

mycoplasma infections throughout the world. The polymerase chain reaction (PCR) for 

Mycoplasma capricolum subspecies capripneumoniae (Mccp) (Woubit et al., 2004), the 

Mycoplasma “mycoides cluster” and Mycoplasma “mycoides sub cluster” coupled with 

restriction fragment length polymorphisms (PCR-RFLP) (Bashiruddin et al., 1994) and the 

recently introduced PCR and denaturing gradient gel electrophoresis (DGGE) method for the 

identification of Mycoplasma species even in the mixed infections (McAuliffe et al., 2005) are 

well known. Besides all the merits of the molecular diagnostic facilities for mycoplasmosis, the 

provision of state of the art equipments and expertise are mandatory, therefore generally the 

diagnostician depend mostly only on the clinical symptoms, gross pathological lesions in the 

affected goats and the classical serological tools such as complement fixation test (Hadush et al., 

2009)  
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in many of the underdeveloped countries including Pakistan in order to start an early treatment 

and control measures. Moreover, the isolation and identification of the mycoplasma organisms is 

still the gold standard but requires extra ordinary expertise as the mycoplasmas are fastidious in 

nature particulary Mccp the cause of CCPP in goats. 

 

 The majority of the goats in Pakistan are produced on small farms which are distributed 

almost evenly across the country. The production systems are nomadic, transhumant and 

sedentary (ICARDA, 1989; Ishaque, 1993). Balochistan is the largest province of Pakistan (47 % 

of the total area of Pakistan) and has borders with Iran and Afghanistan on the western side 

(Khan, 2006). Balochistan is divided into high and low land areas. Highland Balochistan is 

generally the areas above 1,000 m altitude with many flat valley bottoms surrounded by sloping 

rangelands that merge into mountains. Lowland Balochistan includes areas with an altitude 

ranging from sea level up to 1,000 m. Climatically, Balochistan has hyper-arid to semiarid 

climate with an annual precipitation varying from 50-400 mm dominated by winter precipitation. 

Physically the area consists of wide plateau of rough terrain divided into basins by mountains. 

Summers are hot in lowland and mild in highland areas with extremes of low and high 

temperatures. Winters are markedly cold with minimum temperatures may fall to -15
o
C in 

highland areas of the province (Kidd et al, 1988). There are six (6) administrative divisions 

comprising of thirty (30) districts in Balochistan. 

  

 Of the 53.8 million goats in Pakistan, 11.8 million are present in Balochistan (Anon, 

2006). Among the many indigeneous breeds of goats such as Khurasani, Lehri, Pahari, Kajli, 

Kamori and Barbari. The dominated Khurasani breed of goat, locally known as Kakari or Kochi 

by the nomadic peoples in Balochistan, is the main animal kept by the goat farmers. Of the many 

diseases, the goat population is prone to many respiratory diseases and cold winter and poor 

husbandry practices are the important predisposing factors. Of the many respiratory diseases of 

goats, the one caused by the Mycoplasma species is generally characterized only with 

pleuropneumonia or pneumonia along with arthritis, mastitis, keratoconjunctivitis and abortion in 

various parts of Balochistan (Tariq, 1980). Similarly, seroprevelance studies have also 

highlighted the immune status of goats against Mycoplasma mycoides subspecies capri (PG-3 

strain) in  
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goats in Pakistan (Rahman et al., 2006; Awan, 1990; Ahmed, 2005; Hayat et al., 1991). The 

reports on the isolation and identification of mycoplasmas are very little in Balochistan, Pakistan 

(Tariq, 1980; Awan, 1990).  

 

The present study was therefore designed to observe the clinical picture of any prevailing 

disease in the randomly selected field goats as well as isolation and characterization of the 

mycoplasma isolates from the nasal swabs by the classical biochemical and growth inhibition 

tests. This extensive study is reported for the very first time in Balochistan, Pakistan.  

 

 

2.2. MATERIALS AND METHODS 
 

2.2.1. Study area 

 

Balochistan is the largest province of Pakistan (47% of the total area of Pakistan) and has 

six administrative divisions with thirty districts. In the present study, fifteen districts (n=15) were 

selected based on the high goat population, complaints of respiratory diseases, and extremes of 

hot and cold temperatures.  

 

2.2.2. Study animals, sample size, and sampling procedure 

 

As for as the present study is concerned, the age, sex, and breed of the goats were not 

considered during the clinical examination, and collection of nasal swab culture from the 

randomly selected goats from the fifteen districts of Balochistan.   

 

Representative numbers of goats/ flock were randomly selected for the clinical 

examination in 2006 to 2008 (Table 2.1). Twenty six (26) goat flocks from each of the selected 

districts and fifteen (15) goats / flock were randomly selected for the clinical examination and 

collection of nasal swab. In this way overall, from the 390 flocks of goats comprising of 58564 

goats, 5760 goats were randomly selected, as same methodology is suggested by other workers 

as well (Thrusfiled, 2005).  
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2.2.3. Clinical picture, isolation and characterization of mycoplasmas from the nasal swabs 

of goats  

 

2.2.3.1. Clinical picture 

 

All the selected goats were examined for the clinical symptoms such as nasal discharge, 

ocular discharge, coughing, difficult breathing (dyspnoea), anorexia, swollen joints (fore-limbs), 

diarrhea, and brief disease history of the flocks especially pneumonia. 

 

2.2.3.2. Collection and processing of samples  

 

For the isolation of Mycoplasma species, nasal swab cultures (n=5760) were collected 

from the randomly selected goats during the clinical examination, irrespective of the age, sex, 

and breed consideration. All the nasal swabs were cultured directly into the modified CCPP 

broth medium prior to transport to the laboratory.  

 

 All the nasal swabs (n=5760) from the randomly selected goats were processed for the 

isolation of mycoplasmas organisms by following the procedure described by Nicholas and 

Baker (1998). Briefly, pre-wet sterile cotton swabs (CooPan, Italy) were inserted fairly deep 

into the nasal passage of the goat, and rubbed gently against the walls to get the secretions. The 

swab was placed into the modified CCPP broth medium (5 ml) and the wooden handle stick was 

broken.  

 

2.2.3.3. Bacteriological culture medium for the isolation of mycoplasmas  

 

Variety of media are recommended and used to culture the Mycoplasma species. Of the 

many, modified CCPP broth and agar media (OIE, 2008) were used in the present study as it was 

found economical.  
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2.2.3.3.1. Modified CCPP broth medium 

 

 The medium composition is same as described in OIE manual (2008) except the addition 

of calf thymus DNA (Sigma) and pre-filtration of serum part through the Seitz EKS grade sheet 

(Gallenkamp, Germany) to further promote and improve the quality of the medium was made.  

Briefly, 17.5 g of  PPLO broth (Difco) (without crystal violet) was re-hydrated in 650ml of 

double glass distilled water, pH adjusted to 7.8 with 1N NaOH, and autoclaved at 121
0
C for 20 

minutes in autoclave. Once autoclaved then it is kept at room temperature until cooled down 

properly. 

 

 The rest of all other medium ingredients such as 250 ml (25%) heat inactivated (at 56
0
C 

for 30 minutes) and Seitz filtered donkey serum, 100 ml fresh yeast extract (Astra-Turkey),  4 ml 

(50%) glucose (Merck, Germany), 8 ml (25%) sodium pyruvate (Merck, Germany), 4 ml (5%) 

thallium acetate (Merck, Germany), 250 mg ampicillin (Beecham, UK), 1 ml (20mg) calf thymus 

DNA (Sigma, USA), 4 ml (0.5%)     phenol red  (Merck, Germany) were mixed in a beaker on 

plate shaker with magnetic bar and once homogenized, pH adjusted to 7.8 with 1N NaOH 

solution, then passed through 0.2 um (average pore diameter) membrane filter assembly.  

 

 Finally added the membrane filtered part into the autoclaved basic medium portion 

within the Biosafety level-1 cabinet. The complete medium is kept at 37
o
C for at least 72 hours 

for sterility assurance prior to storage at 4
o
C (preferred to use within 2 weeks). 

 

2.2.3.3.2. Modified CCPP agar medium 

 

  The composition of modified CCPP agar medium is same as described earlier for the 

modified broth medium except, 12 g (1.2%) of bacteriological Agar agar (Oxoid, UK) was added 

into 650ml of Bacto PPLO broth (without crystal violet). 

 

 Once the basic agar medium is autoclaved, it is then kept in water bath at 45
o
C until its 

temperature is lowered down to the adjusted water bath temperature. 
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Finally aseptically mixed the membrane filtered part to the autoclaved agar medium, and 

poured into medium sized pre-sterilized Petri dishes. All the agar medium plates once solidified 

were kept at 37
o
C for 72 hours prior to storage in a refrigerator. 

  

 2.2.3.4. Bacteriological procedure for the isolation of Mycoplasma species 

 

All of the cultured tubes and plates were incubated at 37
0
C in a humidified CO2 (5%) 

incubator (Memmert, Germany). The broth cultures were observed daily for any color change or 

presence of cloudiness indicating growth of Mycoplasma. The solid agar medium plates were 

also examined every two days for the presence of “fried egg” micro-colonies of Mycoplasma 

species using the stereomicroscope (10x-35x).  

 

For broth to broth subculture, 10% volume of the previous culture was added into the 

fresh tube of mycoplasma medium. Moreover, for broth to agar subculture, a single drop of the 

previous culture is streaked on the mycoplasma agar medium.  For plate to broth subculture 

transfer a well separated mycoplasma like fried egg colony into a test tube containing fresh 

mycoplasma broth with the help of sterilized narrow ended scalpel blade.  

 

Transferred several drops of liquid from the broth culture tube showing color change 

(from pink to yellow) through 0.45um syringe filter (Sartorius, Germany). All the cultured tubes, 

not showing any color change, were kept up to maximum of 14 days in the incubator with a blind 

passage after 7 days of incubation. 

 

Cultured plates were examined daily for the presence of fried egg or center less colonies 

for a period of at least 7 days with the help of stereo-microscope (10x-35x magnification- 

Olympus). 

 

Once the fried egg colonies are seen, they were purified and cloned three times (triple 

cloned) by filtration of broth culture through a membrane filter of 0.45um (Nicholas and Baker 

(1998). Briefly a single colony of each morpho-type was transferred  
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into a fresh mycoplasma broth. This is incubated for sufficient time, unless cloudiness is 

observed. Streaked a single drop of this activated mycoplasma culture on to a new  mycoplasma 

agar medium which is further incubated until fried egg colonies are appeared. This whole 

procedure of transfer from broth to agar media was repeated for two more time unless 

mycoplasma isolate is purified (OIE, 2008). 

 

All the purified and triple cloned mycoplasma suspected cultures were both preserved in 

cryovials (1.5ml) and freeze dried in a Lyophilizer (Labconco- USA) and finally kept at -80
o
C 

for further identification studies.  

 

2.2.3.5. Preliminary identification of the mycoplasma isolates 

 

 All the mycoplasma isolates were subjected to digitonin sensitivity test and growth on 

serum non-enriched CCPP growth medium to initially designate them as members of 

Mycoplasma or Acholeplasma organisms. 

 

2.2.3.5.1. Digitonin  sensitivity test 

 

 The standard method for digitonin sensitivity was used as described by Poveda (1998). 

Digitonin (1.5% -ACROS Organics, Belgium)) as 150 mg was added into 10 ml of ethanol 

(Merck) , the mixture was heated at 56
o
C for at least 30 minutes to make a uniform solution of 

digitonin. Pre-sterilized filter paper disk (5-6mm) were soaked (25ul/disk) with this solution. All 

the disks were dried by keeping at 37
o
C for 4-6 hours, and stored at 4

o
C for further use.   

     

  Three ten fold dilutions (10
-1

 to 10
-3

) for each of the test mycoplasma culture were 

made with a standard mycoplasma broth in test tubes. Petri dish containing standard mycoplasma 

agar medium was dried at 37
o
C for at least 30 minutes before using in the test. Flooded the plate 

with 0.5ml of the diluted culture of the mycoplasma isolate and removed the excess fluid with 

the help of a sterilized pipette. Placed a sterilized paper disk (containing 25ul of the ethanolic 

solution of digitonin) in the center  
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of the inoculated area on the agar medium. All the plates were incubated at 37
o
C in CO2 

incubator with suitable humidity for 2-4 day.  

 

 Observed the plates for the presence of any inhibition zone, and measured under the 

stereomicroscope. The sterol dependent (sensitive) mycoplasmas show 5-20mm of zones of 

inhibition. 

 

 2.2.3.5.2. Growth of mycoplasma isolates in serum non-enriched modified CCPP media 

 

 The medium without serum was prepared in the same way as described earlier under 

preliminary identification of mycoplasma isolates, but excluding the donkey serum. 

 

 The activated mycoplasma culture was sub-cultured in CCPP modified broth (without 

serum) and later streaked on the respective agar (without serum) for the presence of mycoplasma 

colonies. 

 

2.2.3.6. Biochemical characterization of Mycoplasma species 

 

 The Subcommittee on the Taxonomy of Mollicutes recommended standard methods for 

the identification and classification of Mollicutes (SCTM, 1995). For the biochemical 

identification of the isolates, the classical biochemical tests, digitonin sensitivity test and growth 

on media without serum as well as without antibacterials were carried out for each of the isolate 

by following the standard method (Poveda, 1998).    

 

 All the test mycoplasma isolates were activated in liquid standard mycoplasma medium 

without any bacterial inhibitors. It was prepared by mixing 336 ml of autoclaved PPLO (Difco) 

broth (2.1%) with already filtered portions of 4 ml (0.2%) DNA (Sigma) solution, 40ml (10%) of 

donkey serum (heat inactivated at 56
o
C for 30 minutes), and 20 ml (0.5%) yeast extract (Oxoid) 

solution. The standard medium was dispensed as 5 ml into the test tubes. The tubes were stored 

at 4
o
C after sterility assurance. 
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2.2.3.6.1. Glucose fermentation test 

 

  The standard procedure as described by Poveda (1998) was followed. The test medium 

with and without glucose was prepared. For the glucose test medium, 292ml (2.1%) of PPLO 

broth (Difco), 4ml (0.2%) DNA (Sigma) solution, 40ml  of donkey serum ( heat inactivated), 20 

ml (10 %) yeast extract ( Oxide) solution, 40ml (10%) of glucose solution and 4 ml (0.5%) 

phenol red solution were all mixed. Adjusted the pH of the complete medium to 7.6 with 1N-

NaOH and finally sterilized by membrane filtration (0.2um).  

 

  For the test medium without glucose all the medium components were same except 

glucose which was excluded from the medium and volume of PPLO broth (Difco) was increased 

to 332 ml (2.1%). Each of the media (5 ml) was dispensed aseptically into test tubes. Prior to 

storage at 4
o
C the entire media bottle were kept at 37

o
C for at least 48 hours to get sterility 

assurance. 

     

  Inoculated the duplicate tubes of glucose and without glucose test medium with the 

activated culture of mycoplasma test isolate. Poured 0.5 ml of sterile liquid paraffin as an overlay 

into one tube in each set of medium. Un-inoculated control for each of the medium type was also 

included. Incubated all the test tubes at 37
o
C for 14 days until color change was observed. A net 

decrease of 0.5 units or more in pH from the pH difference of glucose and without glucose media 

was interpreted positive for glucose fermentation.   

 

2.2.3.6.2. Arginine hydrolysis test 

 

 The standard procedure as described by Poveda (1998) was followed. The test medium 

with and without arginine was prepared. For the arginine test medium, 292ml (2.1%) of PPLO 

broth (Difco), 4ml (0.2%) DNA (Sigma) solution, 40ml of donkey serum ( heat inactivated), 20 

ml (10 %) yeast extract ( Oxoid) solution, 40ml (10%) of arginine solution, and 4 ml (0.5%) 

phenol red solution were all mixed. Adjusted the pH  
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of the complete medium to 7.0 with 1N-HCl and finally sterilized by membrane filtration 

(0.2um).  

 

  For the test medium without arginine all the medium components were same except 

arginine which was excluded from the medium and volume of PPLO broth (Difco) was increased 

to 332 ml (2.1%). Each of the media (5 ml) was dispensed aseptically into bijou glass bottles. 

Prior to storage at 4
o
C the entire media bottle were kept at 37

o
C for at least 72 hours to get 

sterility assurance. 

     

  Inoculated the duplicate tubes of arginine and without arginine test medium with the 

activated culture of mycoplasma test isolate. Poured 0.5 ml of sterile liquid paraffin as an overlay 

into one tube in each set of medium. Un-inoculated control for each of the medium type was also 

included. Incubated all the test tubes at 37
o
C for 14 days until color change was observed. A net 

decrease of 0.5 units or more in pH from the pH difference of arginine and without arginine 

media was interpreted positive for arginine hydrolysis.   

 

2.2.3.6.3. Phosphatase production test 

 

 The standard procedure as described by Poveda (1998) was followed with little 

modification. Instead of using phosphatase agar medium in Petri dishes, phosphatase broth 

medium (Freundt et al., 1979) in test tubes was used.  

    

  The phosphatase test broth medium was prepared by mixing 292 ml (2.1 %) of 

autoclaved PPLO broth medium (Difco), and filtered (0.2 um membrane) sterile portions of 4ml 

(0.2%) DNA (Sigma) solution, 80ml of donkey serum, and 20 ml (10 %) yeast extract (Oxoid) 

solution (both heat inactivated at 56
o
C for 60 minutes), 4 ml (1%) of phenolphthalein 

diphosphate sodium salt solution (pH already adjusted to 7.6). The complete phosphatase 

medium was aseptically dispensed (5ml/test tube). The medium tubes were kept at 4
o
C after the 

sterility assurance. 
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  The required number of tubes of phosphatase medium was sub-cultured with already 

activated mycoplasma isolate.  Incubated the tubes at 37
o
C until sufficient growth was observed.  

 

           Added 5% of 1N NaOH into each of the sub-cultured and un-inoculated phosphatase 

medium tube. Appearance of red or pink color immediately in the cultured tube was regarded a 

positive test reaction. No red /pink color was produced in the un-inoculated medium tube 

excluded the chances of false positive reaction. 

 

2.2.3.6.4. Tetrazolium reduction test 

     

  The standard method as described by Poveda (1998) was used with little modification. 

Instead of using tetrazolium agar medium, broth medium was used as it was found convenient. 

  

  The tetrazolium test medium was prepared by mixing 292 ml (2.1%) of autoclaved 

PPLO broth (Difco), with already filtered portions (0.2 membrane filter) of 4ml (0.2%) DNA 

(Sigma) solution, 80ml of donkey serum ( heat inactivated at 56
o
C for 30 minutes), 20 ml (10 %) 

yeast extract ( Oxoide) solution, 4 ml (2%) of  2, 3, 5- triphenyl-tetrazolium chloride solution. 

Adjusted the pH of the complete medium to 7.6 with 1N-NaOH. Dispensed as 5 ml into test 

tubes. Incubated for 48 hours at 37
o
C for sterility assurance prior to storage at 4

o
C.  

 

  Inoculated the duplicate tubes of tetrazolium test medium with the activated culture of 

mycoplasma test isolate. Poured 0.5 ml of sterile liquid paraffin as an overlay into one test tube 

of tetrazolium cultured medium. Un-inoculated control was also included. Incubated all the test 

tubes at 37
o
C for at least 2 to 3 days. Formation of pink or brick red color is interpreted as 

positive reaction. The formation of brick red color in the liquid paraffin overlaid broth medium is 

regarded as anaerobic reduction of tetrazolium. 
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2.2.3.6.5. Casein hydrolysis test  

 

 A method described by Poveda (1998) was followed with little modification. Instead of 

using an overlay of skimmed milk, it was incorporated into the complete medium. 

 

  The standard solid medium containing casein was prepared by mixing 246 ml (3.5 %) of 

autoclaved PPLO agar medium (Difco) with 50 ml of 32 % (final concentration of 4 %) 

autoclaved (at 115
o
C for 10 minutes) skimmed milk and already filtered (0.2 um membrane) 

sterile portions of 4ml (0.2%) DNA (Sigma) solution, 80ml of donkey serum (heat inactivated at 

56
o
C for 30 minutes), and 20 ml (10 %) yeast extract (Oxoid) solution. The complete standard 

agar medium was aseptically dispensed (20 ml/plate) into medium sized Petri dishes. The Petri 

dishes were kept at 4
o
C after the sterility assurance. 

     

 The required number of Petri dishes containing standard agar medium were dried at 37
o
C 

for at least 30 minutes before use. A drop of already activated test mycoplasma isolate was 

placed and allowed to run downward on to the agar medium. Incubated the sub-cultured Petri 

dishes at 37
o
C with 5% CO2 and humid environment for up to 7 days. 

 

  The clearing (digestion) of the medium on the line of run is regarded positive in casein 

digestion test. 

 

 

2.2.3.6.6. Liquifaction of inspissated serum medium 

 

 A method described by Poveda (1998) was followed with little modification. Instead of 

dispensing medium into screw cap tubes, glass Petri dishes were poured. 

 

  The standard solid medium was prepared by mixing 40 ml (2.1 %) of autoclaved PPLO 

broth medium (Difco) with already filtered (0.2 um membrane) sterile portions of  150 ml (75%) 

of donkey serum, and 10 ml (10 %) yeast extract (Oxoid) solution. The 



100 

 

complete liquid medium was aseptically dispensed into the Petri dishes. The Petri dishes 

were kept at 85
o
C above the water bath for 90 minutes until coagulated and solidified.  

 

The required inspissated Petri dish were sub-cultured /seeded with the already activated 

culture of test mycoplasma isolates, and incubated at 37
o
C with 5% Co2 for 7 days. Channels 

with gelatinous fluid or depression in the medium along the line of growth was considered 

positive test. 

 

2.2.3.6.7. Film and spot production test 

 

 A method described by Poveda (1998) was followed with little modification. Egg yolk 

suspension was also incorporated into the standard solid mycoplasma medium.  

 

 The standard solid medium containing egg yolk was prepared by mixing 256 ml (3.5 %) 

of autoclaved PPLO agar medium (Difco) with 40 ml of egg yolk suspension in equal volume of 

sterilized distilled water (1:1) and already filtered (0.2 um membrane) sterile portions of 4ml 

(0.2%) DNA (Sigma) solution, 80ml of donkey serum (heat inactivated at 56
o
C for 30 minutes), 

and 20 ml (10 %) yeast extract (Oxoide) solution. The complete standard agar medium was 

aseptically dispensed (20 ml/plate) into medium sized Petri dishes. The Petri dishes were kept at 

4
o
C after the sterility assurance. 

 

 The egg yolk medium Petri dishes were inoculated with the activated culture of test 

mycoplasma isolate. All the sub-cultured plates were incubated at 37
o
C with 5% CO2.  In humid 

environment for 7 days. The presence of wrinkled, pearly film close to the area of heavy growth, 

and tiny black spots beneath and around the colonies under the stereo-microscope would be the 

positive test. 
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2.2.3.7. Serological characterization of Mycoplasma species 

 

2.2.3.7.1. Growth inhibition test (GIT) 

 

 Zone of inhibition of more than 2 mm is considered significant proof that the test 

organism relates to the species represented by the inhibitory antiserum. Usually the antisera are 

polyclonal and are raised in rabbits (lapinized). The growth inhibition test (GIT) described by 

Poveda and Nicholas (1998), was used for the serological identification of Mycoplasma species. 

 

The triple cloned test mycoplasma was activated in standard PPLO broth medium for a 

period of  24 hours (h)  to 48-h depending on the type of mycoplasma. The cultures 10
-1

 and 10
-3

 

were dropped onto the tilted, dried standard PPLO agar medium plates in a way that cultures run 

down-ward. The excess volume of the culture was removed from the plate. A whole was 

punched in the middle of the run drop culture with the help of already heated and cool down, 6-

mm cork borer. The well was carefully filled with 50ul-60ul of undiluted polyclonal antiserum 

raised in rabbits against the Mycoplasma species using a pipette. The plates were incubated at 

37
o
C in 5% CO2 in a humid environment for a period of up to7 days.  

 

 The plates were observed after every 24 hours for a zone of inhibition with naked eye. 

Measured the zone from the lawn of mycoplasma growth to the disk in mm. The inhibition zone 

of more than 2 mm was considered positive against the known mycoplasma antiserum. The 

measurement was also confirmed by using the stereo microscope. 

 

 All the polyclonal antisera raised in rabbits (freeze-dried) were kindly provided by the 

Veterinary Laboratories Agencies (VLA), Weybridge United Kingdom. 
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2.2.3.8. Preservation of the biochemically and serologically characterized mycoplasmas 

isolates 

 

 All the identified mycoplasma isolates were freeze-dried by the lyophilizer (Labconco, 

USA) and later used for the molecular characterization of Mycoplasma species by the PCR and 

PCR-RFLP tests. 

 

2.2.4. Data analysis 

 

  Proportions, Chi-square test and odds ratio was used to analyze the data. Chi-square test 

was used to test the difference (p-value of < 0.05 was considered significant) in the prevalence of 

mycoplasma organisms in goats between the fifteen districts in Balochistan. The Graph pad 

prism software was used to calculate the X
2
 value. Moreover, to further see the magnitude of the 

difference in prevalence, univariate logistic regression analysis was carried out to calculate the 

Odds Ratio (OR) value (95% confidence interval (CI) with lower and upper values). The R- 

project software, version 2.10.2009-12-10, ISBN 3-900051-08-9 and Microsoft Excel, 2003 were 

used to calculate the OR value. 

 

 

2.3. RESULTS 

 

Goats were found with different respiratory symptoms and mycoplasmas were isolated 

from the nasal swab cultures of these goats from fifteen districts of Balochistan. Two types of 

Mollicutes namely Acholeplasmas and Mycoplasmas with different species as single and 

concurrent infections were isolated from the nasal swab samples of the studied goats.  
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2.3.1. Clinical picture, isolation and characterization of mycoplasmas from the nasal swabs 

of goats  

 

2.3.1.1. Clinical picture 

 

The results of the randomly selected flock (390 flocks) and animal (5760 goats) wise 

clinical picture from 58564 goats from 15 districts of Balochistan are shown in table 2.2 and 2.3 

respectively. Many of the goats examined under flock and animal wise perspective had 

respiratory symptoms in all the districts. Of the many respiratory symptoms observed in 390 

flocks of goats, the highest percentage was of the nasal discharge (27.2%) followed by cough 

(15.1%), ocular discharge (10.8%), and dyspnoea (10%), while diarrhea (7.2%), swollen fore-

limb joints (8.2%), and anorexia (9%) were the least positive among the clinical symptoms. The 

kid‟s death (18.7%) due to respiratory diseases especially pneumonia was also an alarming 

finding obtained from the goat farmers in the study districts.  The animal wise clinical picture 

was closely related to the one as seen in flock wise clinical picture. However, 20.2 percent of 

nasal discharge (Fig 2.1), cough (13.6%), ocular discharge (9.2%), and dyspnoea (7%) were the 

highest among the goats as compared to swollen fore limbs joint (4.8%), diarrhea (4.9%), and 

anorexia (6.1%).  

 

2.3.1.2. Bacteriological procedure for the isolation of Mycoplasma species 

 

All of the mycoplasmas isolates were found as fast grower and grew within 1- 4 days in 

liquid and agar media kept at 37
o
C with 5% CO2 tension. The colony size varied from medium to 

large without any particular odor except for the group number 4 and 8. Three different turbidity 

types such as thin, moderate and thick were observed for the mycoplasmas isolates in liquid 

medium. Majority of the isolates changed the pink color of the original liquid medium into 

yellow (acidic shift), whereas yellowish orange, pinkish orange, and pinkish red colors were 

considered due to the alkaline shift.  

  

 All the Mycoplasma isolates were identified to the species level by their characteristic 

fried egg micro-colonies on PPLO agar medium (Fig. 2.2), sensitivity to  
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Table 2.1. Total number of goats per 26 flocks /district and number of goats used for clinical 

symptoms and collection of nasal swab cultures  

 
* All the goat were randomly selected, and statistically representative numbers were used (95% confidence level with 5% absolute precision and 

50% prevalence of mycoplasma based disease was expected)  

 

 

 

 

 

Serial 

no. 

 

 

 

Districts 

 

No. of  goats / 26 flocks/district 

 

       No. of  goats selected* 

       for clinical picture and 

       collection of nasal swabs 

 

1 

 
Quetta 3884 384 

2 

 

Pishin 3970 384 

3 

 

Zhob 4182 384 

4 

 
Loralai 4218 384 

5 

 
Qilla Saifullah 3862 384 

6 

 

Khuzdar 3926 384 

7 

 

Kalat 3805 384 

8 

 
Mastung 3820 384 

9 

 

Nushki 3821 384 

10 

 

Kharan 3895 384 

11 

 
Ziarat 3784 384 

12 

 

Jaffarabad 3932 384 

13 

 

Harnai 3836 384 

14 

 
Nasirabad 3815 384 

15 

 
Sibi 3814 384 

      

Total 

 

 
58564 

 

5760 
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Table 2.2. Flock-wise clinical symptoms observed in goats in districts of Balochistan 

 
 

26 flocks/ 

district 

examined 

 

Ocular 

discharge 

 

 

 

Nasal 
discharge 

 

Cough 

 

Dyspnoea 

 

Swollen 

fore-

limbs 

joints 

 

Annorexia 

 

Diarrhea 

 

History of 

kids death 

due to 

pneumonia* 

Quetta 

 

     3** 

 

7 

 

4 

 

2 

 

2 

 

2 

 

2 

 

7 

 

Pishin 4 

 

9 

 

5 

 

3 

 

3 

 

3 

 

2 

 

8 

 

Zhob 3 

 

8 

 

5 

 

3 

 

2 

 

2 

 

3 

 

5 

 

Loralai 4 

 

9 

 

5 

 

3 

 

2 

 

4 

 

2 

 

6 

 

Qila 

Saifullah  

4 

 

8 

 

4 

 

3 

 

2 

 

2 

 

2 

 

4 

 

Khuzdar 3 

 

9 

 

4 

 

3 

 

2 

 

2 

 

2 

 

4 

 

Kalat 2 8 

 

3 

 

2 

 

2 

 

2 

 

2 

 

2 

 

Mastung 2 7 

 

4 

 

2 

 

2 

 

2 

 

2 

 

4 

 

Nushki 3 

 

6 

 

3 

 

2 

 

2 

 

2 

 

2 

 

6 

 

Kharan 2 

 

7 

 

3 

 

2 

 

3 

 

2 

 

2 5 

 

Ziarat 2 

 

6 

 

4 

 

2 

 

1 

 

2 

 

2 4 

 

Jaffarabad 2 

 

6 

 

3 

 

3 

 

2 

 

2 

 

1 

 

3 

 

Harnai 2 

 

5 

 

3 

 

2 

 

2 

 

2 

 

1 

 

4 

 

Nasirabad 2 

 

4 

 

3 

 

3 

 

2 

 

3 

 

1 

 

5 

 

Sibi 4 

 

7 

 

6 

 

4 

 

3 

 

3 

 

2 

 

6 

 

 

Flocks 

positive/ 

390 flocks 

 

(%) 

 

 

42 

 

 

 

(10.8) 

 

106 

 

 

 

(27.2) 

 

59 

 

 

 

(15.1) 

 

39 

 

 

 

(10.0) 

 

32 

 

 

 

(8.2) 

 

35 

 

 

 

(9.0) 

 

28 

 

 

 

(7.2) 

 

73 

 

 

 

(18.7) 

 
* Informed by the flock owners during the study 

** Number of flocks positive for the symptom 
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Table 2.3. Animal-wise clinical symptoms observed in goats in districts of Balochistan 

 

 

 
Districts 

 

 

 

No. of 

goats 

examined 

 

 

Ocular 

discharge 

 

 

Nasal 

discharge 

 

Cough 

 

Dyspnoea 

 

Swollen 

fore-

limbs 

joints 

 

Annorexia 

 

Diarrhea 

 

Quetta 

 

 

384 

 

41  

 

 

103 

 

 

56 

 

 

22 

 

 

14 

 

 

26 

 

 

12 

 

Pishin 

 

384 47 

 

112 

 

66 

 

27 

 

17 

 

29 

 

16 

 

Zhob 

 

384 42 

 

98 

 

67 

 

32 

 

15 

 

21 

 

11 

 

Loralai 

 

384 53 

 

117 

 

69 

 

34 

 

18 

 

38 

 

23 

 

Qila 

Saifullah 

384 48 

 

108 

 

53 

 

29 

 

16 

 

25 

 

21 

 

Khuzdar 

 

384 37 

 

93 

 

57 

 

31 

 

21 

 

27 

 

19 

 

Kalat 

 

384 29 

 

74 

 

42 

 

26 

 

23 

 

19 

 

24 

 

Mastung 

 

384 27 

 

69 

 

49 

 

24 

 

24 

 

22 

 

26 

 

Nushki 

 

384 31 

 

67 

 

41 

 

28 

 

21 

 

17 

 

27 

 

Kharan 

 

384 24 

 

48 

 

42 

 

25 

 

19 

 

15 

 

22 

 

Ziarat 

 

384 27 

 

54 

 

48 

 

26 

 

14 

 

18 

 

17 

 

Jaffarabad 

 

384 22 

 

47 

 

40 

 

22 

 

12 

 

16 

 

14 

 

Harnai 

 

384 26 

 

35 

 

31 

 

24 

 

15 

 

17 

 

13 

 

Nasirabad 384 24 

 

42 

 

44 

 

27 

 

18 

 

24 

 

11 

 

Sibi 

 

384 54 

 

97 

 

78 

 

26 

 

31 

 

38 

 

26 

 

 
Total 

 

(%) 

 

5760 

 

 

532 

 

(9.2) 

 

 

1164 

 

(20.2) 

 

 

783 

 

(13.6) 

 

 

403 

 

(7.0) 

 

 

278 

 

(4.8) 

 

 

352 

 

(6.1) 

 

 

282 

 

(4.9) 
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digitonin, no growth on serum non-enriched PPLO broth and agar medium and the biochemical 

characteristics. The Acholeplasma species on the other hand, though formed fried egg colonies 

but the central papilla/ nipple was observed comparatively bigger than the one seen in 

Mycoplasma species (Fig 2.3). The Acholeplasmas were also found resistant to digitonin and 

also grew in serum non-enriched PPLO broth and agar media. The biochemically identified 

Mycoplasma species were further confirmed by the GIT. 

  

2.3.1.3. Preliminary identification of the mycoplasma isolates 

 

2.3.1.3.1. Digitonin sensitivity test and growth of mycoplasmas isolates in serum non-

enriched modified CCPP media 

 

All the isolates which were sensitive to digitonin (more than 2 mm inhibition zone was 

considered sensitive) and did not grow in serum non- enriched medium were designated as 

Mycoplasma species (Fig 2.4), while the digitonin resistant (less than 2 mm inhibition zone was 

considered resistant) and grown in serum non-enriched medium isolates were designated as 

Acholeplasma species. In total, of the 262 isolates, 253 (96.6%), and 9 (3.4%) were preliminary 

identified as Mycoplasma and Acholeplasma respectively (Table 2.9).  

 

2.3.1.4.  Biochemical characterization of Mycoplasma species 

 

  All the preliminary identified Mycoplasma and Acholeplasma isolates were further 

speciated by the classical biochemical tests. The results are shown in table 2.5 and 2.6.      

  

 A net decrease of 0.5 units or more in pH from the pH difference of glucose and without 

glucose media was interpreted positive for glucose fermentation test (Fig. 2.5).  A net decrease of 

0.5 units or more in pH from the pH difference of arginine and without arginine media was 

interpreted positive for arginine hydrolysis (Fig. 2.6). Appearance of red or pink color 

immediately in the cultured tube was regarded as positive for the  
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phosphatase production test. No red/pink color was produced in the un-inoculated medium tube 

which excluded the chances of false positive reaction. Formation of pink or brick red color in the 

tubes without liquid paraffin was considered positive for aerobic reduction of tetrazolium, while 

the formation of brick red color in the liquid paraffin overlaid broth medium was regarded as 

anaerobic reduction of tetrazolium (Fig. 2.7). The clearing (digestion) of the agar medium on the 

line of run is regarded positive in casein digestion test (Fig. 2.8). Channels with gelatinous fluid 

or depression in the medium along the line of growth was considered positive test for liquifaction 

of inspissated serum (Fig. 2.9). The presence of wrinkled, pearly film close to the area of heavy 

growth, and tiny black spots beneath and around the colonies under the stereo-microscope was 

considered positive film and spot production test. 

 

2.3.1.5. Serological characterization of Mycoplasma species 

 

2.3.1.5.1.  Growth inhibition test (GIT) 

 

 The inhibition zone of more than 2 mm was considered positive against the known 

mycoplasma antiserum (Fig. 2.10). 

 

2.3.1.6. Isolation and characterization of mycoplasmas from the nasal swab samples  

 

Of the 215 goats positive for mycoplasmas, 262 numbers of isolates were recovered and 

classified into 11 different groups of mycoplasmas. The results for the characterization of 

Mycoplasma species by the classical biochemical tests and serological test (GIT) are shown in 

table 2.6. Further, the results for the isolation of Mycoplasma species from the nasal swabs of 

goats from fifteen districts are shown in table 2.6. 

 

 Of the eleven groups, 6 were the one in which different Mycoplasma as single species 

were found, whereas 5 groups were noticed with concurrent type containing two different types 

of Mycoplasma being involved. The general bacteriological characteristics of the isolated 

mycoplasmas are shown in table 2.4.  
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Among the total Mycoplasma species isolated, the highest rate of isolation (prevalence) 

of 16 percent (n=42) was observed for Mmc, followed by 15.9 percent (n=41) for Mcc, and 13.7 

percent (n=36) for M arginini and 12.2 percent (n=32) for concurrent infection of MmmLC with 

M arginini organisms. In contrast, the lowest prevalence of 3.1 percent (8) was observed for 

concurrent infection of MmmLC with Mcc followed by 3.4 percent (n=9) for Acholeplasma 

species (Table 2.6). The fried egg colonies of the isolated Mycoplasma species such as Mmc 

(Fig. 2.11), MmmLC (Fig. 2.12), Mcc (Fig. 2.13), Mp (Fig. 2.14), and Marg (Fig. 2.15) are 

shown.  

 

Of the 5760 nasal swab cultures from the goats of fifteen districts in Balochistan, 215 

samples were positive for the mycoplasmas organisms with an overall prevalence of 3.7 percent. 

Among the 215 goats positive for mycoplasmas, 168 (78.1%) were having single Mycoplasma 

species being isolated. In contrast, 47 (21.9%) were having mixed Mycoplasma species being 

recovered. The highest prevalence of mycoplasmas in nasal swab culture from goats in Loralai 

was 7.0 percent (n=27) followed by Pishin 6 percent (n=23), and Quetta 4.9 percent, (n=19), 

while the lowest prevalence of 1.3 percent (n=5) in Nasirabad followed by 1.8 percent (n=7) in 

Harnai and 2.1 percent (n=8) in Jafarabad was noticed (Table 2.8). Statistically by using Chi 

square (X
2
) test, significant difference in the prevalence of mycoplasmas in nasal swab culture 

among the fifteen districts in Balochistan (X
2 

=38.51, df =14, p=0.0004) was observed (Table 

2.8). 

  

Furthermore the univariate logistic regression model (R-project software) was used for 

the analysis to quantify the extent of difference in the prevalence of mycoplasmas in nasal swab 

cultures among the districts in Balochistan. Only significant Odds Ratio (OR) results after 

forward selection are shown in table 2.8. Significant difference (p-value<0.05) in the prevalence 

of mycoplasmas in nasal swab cultures from goats among the districts was observed. The 

prevalence in Quetta was 1.78 (95% CI=1.1-2.9), Pishin, 2.18 ((95% CI=1.4-3.5), Zhob 1.78 

(95% CI=1.1-2.9), Loralai 2.59 (95% CI=1.7-4.0), and Khuzdar 1.68 (95% CI=1.0-2.8) times 

greater than the Nasirabad district (baseline district). However, non-significant difference (p-

value >0.05) was found in between Nasiarbad and the remaining districts.  
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Of the 384 number of nasal swabs of goats from each of the district, the highest number 

of mycoplasmas isolates was seen as 33 (8.6%) in the Loralai district, followed by Pishin 27 

(7.0%), Zhob 23 (6.0%), and 22 (5.7%) for each in Khuzdar and Sibi districts. In contrast, the 

lowest frequency was observed as 6 isolates (1.6%) in Nasirabad followed by 9 (2.3%) in Harnai 

district (Table 2.9).  

 

Of the total mycoplasma isolates (n=262) from the nasal swab of the goats (n=5760) the 

highest frequency of mycoplasmas isolations was seen in Loralai as 33 (12.6%), followed by 

Pishin 27 (10.3%), Zhob 23 (8.8%), Quetta 22 (8.4%), Khuzdar 22 (8.4%), and Sibi 22 (8.4%) 

districts, while the lowest frequency was observed in Nasirabad as 6 (2.3%), Harnai 9 (3.4%), 

and Jafarabad 10 (3.8%) districts (Table 2.9). 
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Table 2.4. General bacteriological characteristics of mycoplasmas isolated from nasal swab of 

goats from districts of Balochistan 

 
  MmmLC: Mycoplasma mycoides subspecies mycoides Large Colony      Mmc: Mycoplasma mycoides subspecies capri  

                    Mcc: Mycoplasma capricolum subspecies capricolum                             Mp: Mycoplasma putrefacience 

                    Marg: Mycoplasma arginini                                                                      S-Single                       L-large                           N-Normal 
                                a Presence of one or many types of mycoplasmas                                     Mo-Moderate               Y-Yellow                      Sen-Sensitive 
                                b Sensitive means the inhibition zone is more than 2mm                          A- Absent                    YO-Yellowish orange   Res-Resistant 
                                c Resistant means the inhibition zone is less than 2mm                             Put-Putrefying             M-Medium                    P-Present 
                               d Growth of mycoplasma is present                                                           LM-Large & medium   AP-Absent present                                                                                  

                    e Growth of mycoplasma is absent                                                            PO-Pinkish orange   

                     Group no. for which Mycoplasma species were identifie                        LY-Light yellowish 

 

Group
*
 

 

1
*
 2 3 4 5 6 7 8 9 10 11 

 

Culture type a 

 

S S S S S S Mix Mix Mix Mix Mix 

 

Colony size 

 

L M M M M M LM LM LM LM LM 

 

Growth 

(Days) 

2-3 2-4 3 1-2 2-3 1-2 2-4 1-3 2-3 1-3 2-3 

 

Odor 

 

N N N Put N N N Put N N N 

 

Growth in liquid 

medium 

(turbidity) 

 

Mo Mo Thin Thick Thin Mo Mo Thick Mo Mo Mo 

 

Change of color 

in liquid medium 

 

Y Y YO Y  PR Y Y Y PO Y LY 

 

Digitonin  

 

Sen Sen Sen Sen Sen Res Sen Sen Sen 
Senb / 

Resc 
Sen 

 

Growth  without 

serum 

Ad A A A A Pe A A A AP A 

 

Identification by  

the biochemical 

tests and GIT 

 M
m

m
L

C
 

 

M
m

c
 

  

M
cc

 

   
M

p
 

M
. 
a
rg

 

A
ch

o
le

p
la

sm
a 

   

M
m

m
L

C
 &

 

M
m

c
 

 M
m

m
L

C
 &

 M
p

 

     

M
m

m
L

C
 &

 

M
a

rg
 

M
m

m
L

C
 &

 

A
ch

o
le

p
la

sm
a 

M
m

m
L

C
 &

 

M
cc

 

 

Nasal swabs 

from goats 

positive for 

Mycoplasmas    

(n= 215)    

16 42 41 24 36 9 11 10 16 6 4 

 

% 

 

7.4 19.5 19.1 11.2 16.7 4.2 5.1 4.7 7.4 2.8 1.9 

 

Number of 

Mycoplasmas 

isolates from 

goats (n= 262) 

 

16 42 41 24 36 9 22 20 32 12 8 

 

% 

 

6.1 16.0 15.6 9.2 13.7 3.4 8.4 7.6 12.2 4.6 3.1 
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Table: 2.5. Biochemical & serological identification (GIT) of Mycoplasma species isolated from 

nasal swab cultures of goats from various districts of Balochistan 
 

 

NT: Not tested, as these were already identified as Acholeplasma by the digitonin sensitivity test, and the objective of this study was not 

speciation of this genus       

(GIT) Positive: complete inhibition         

(GIT) Negative: no inhibition             

GIT* no. of isolates tested/ total isolates 

 

 

 

Mycoplasma spps. 

(no. of isolates tested / 

total ) 

 

MmmLC 

(63/63) 

Mmc 

(53/53) 

Mcc 

(45/45) 

Mp 

(34/34) 

Marg 

(52/52) 

Acholeplasma 

(15/15) 

 

Digitonin   

 

sensitive sensitive sensitive sensitive sensitive resistant 

 

Serum non-enriched medium 

 

no growth no growth no growth no growth no growth growth + 

 

Glucose fermentation 

 

positive positive positive positive negative NT 

 

Arginine hydrolysis 

 

negative negative positive negative positive NT 

 

Phosphatase production negative negative positive positive negative NT 

 

Tetrazolium reduction        

 aerobic 

                                                                                                                        

anaerobic  

 

 

positive  

 

positive 

 

 

 positive  

 

positive 

 

 

 positive  

 

positive 

 

 

weakly +  

 

positive 

 

 

negative  

 

positive 

 

 

NT  

 

NT 

 

Liquifaction of inspissated 

serum  

 

positive positive positive negative negative NT 

 

Casein hydrolysis 

 

positive positive positive negative negative NT 

 

Film and spot production 

 

negative negative negative positive negative NT 

 

Growth inhibition test (GIT)*  

anti-serum against 

          

                                            

MmmLC 

 

 

(16/63) 

 

 

positive 

 

(14/53) 

 

 

negative 

 

(12/45) 

 

 

negative 

 

(9/34) 

 

 

negative 

 

(13/52) 

 

 

negative 

 

(0/15) 

 

 

negative 

 

                                               

Mmc  

negative positive negative negative negative negative 

 

                                 Mcc 
negative negative positive negative negative negative 

 

                                                  

Mp 

negative negative negative positive negative negative 

                                                                                          

Marg   
negative negative negative negative positive negative 

 

              Acholeplasma 
NT NT NT NT NT NT 
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Table: 2.6. Mycoplasma species isolated from nasal swab cultures of goats from districts of 

Balochistan 

 
                           *   384 goats/districts  
                                  ** Total 262 mycoplasma isolates were recovered from 5760 goats from 15 districts  

 

 

 

District
*
 

 

 

No. of 

Mycoplas

mas 

isolates
**

 

(%) 

M
m

m
 L

C
 

M
m

c 

M
cc

 

M
p
 

M
.a

rg
in

in
i 

A
ch

o
le

p
la

s

m
a
 

M
m

m
L

C
 &

 

M
m

c
 

M
m

m
L

C
 &

 M
p

 

 

 M
m

m
L

C
 &

 

M
a
rg

 

M
m

m
L

C
 &

 

A
ch

o
le

p
la

sm
 

M
m

m
L

C
 &

 

M
cc

 

Quetta 

 

22 (8.4) 1 1 5 3 4 2 2 2 2 0 0 

Pishin 

 

  27 (10.3) 1 2 6 4 6 0 4 0 2 2 0 

Zhob 

 

23 (8.8) 0 4 4 2 4 1 0 0 0 4 4 

Loralai 

 

  33 (12.6) 2 5 8 3 3 0 4 4 4 0 0 

Qila 

Saifullah 

 

18 (6.9) 2 4 4 1 2 1 2 0 2 0 0 

Khuzdar 

 

22 (8.4) 1 4 3 2 4 0 0 0 4 4 0 

Kalat 

 

14 (5.3) 2 5 0 1 1 1 0 4 0 0 0 

Mastung 

 

12 (4.6) 1 2 3 2 3 1 0 0 0 0 0 

Nushki 

 

13 (5.0) 0 2 0 1 2 0 0 2 2 2 2 

Kharan 

 

17 (6.5) 2 3 2 0 2 0 4 0 4 0 0 

Ziarat 

 

14 (5.3) 1 3 2 0 2 0 0 4 2 0 0 

Jaffarabad 

 

10 (3.8) 1 2 1 2 0 0 0 0 4 0 0 

Harnai 9 (3.4) 1 2 0 0 1 1 2 0 0 0 2 

Nasirabad 

 

6 (2.3) 0 1 1 0 2 0 0 0 2 0 0 

Sibi 

 

22 (8.4) 1 2 2 3 0 2 4 4 4 0 0 

 

Total 

(%) 

 

 

262 (4.6) 16 

(6.1) 

42 

(16) 

41 

(15.6) 

24 

(9.2 ) 

36 

(13.7) 

9 

(3.4) 

22 

(8.4) 

20 

(7.6) 

32 

(12.2) 

12 

(4.6) 

8 

(3.1) 
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Table 2.7. Prevalence of mycoplasmas organisms in goats by the nasal swab culture of goats in 

Balochistan 

 

District
*
 

 

No. of  goats 

positive for 

Mycoplasma 

isolations 

(%) 

 

Single 

Mycoplasma 

species involved 

% 
 

 

Concurrent 

Mycoplasma 

species involved 

% 

 

 

No of Mycoplasmas 

isolates
**

 

(%) 
 

 

Quetta 

 

19 (4.9) 16 (84.2) 3 (15.8) 22 (8.4) 

 

Pishin 
23 (6.0) 19 (82.6) 4 (17.4)  27 (10.3) 

 

Zhob 
19 (4.9) 15 (78.9) 4 (21.1) 23 (8.8) 

 

Loralai 
27 (7.0) 21 (77.8) 6 (22.2)  33 (12.6) 

 

Qila Saifullah 
16 (4.2) 14 (87.5) 2 (12.5) 18 (6.9) 

 

Khuzdar 
18 (4.7) 14 (77.8) 4 (22.2) 22 (8.4) 

 

Kalat 
12 (3.1) 10 (83.3) 2 (16.7) 14 (5.3) 

 

Mastung 
12 (3.1) 12 (100) 0 (0.0) 12 (4.6) 

 

Nushki 
9 (2.3) 5 (55.6) 4 (44.4) 13 (5.0) 

 

Kharan 
13 (3.4) 9 (69.2) 4 (30.8) 17 (6.5) 

 

Ziarat 
11 (2.9) 8 (72.7) 3 (27.3) 14 (5.3) 

 

Jaffarabad 
8 (2.1) 6 (75) 2 (25.0) 10 (3.8) 

 

Harnai 
7 (1.8) 5 (71.4) 2 (28.6) 9 (3.4) 

 

Nasirabad 
5 (1.3) 4  (80) 1 (20.0) 6 (2.3) 

 

Sibi 
16 (4.2) 10 (62.5) 6 (37.5) 22 (8.4) 

 

 

Total 

 

 

215 (3.7) 

 

168 (78.1) 

 

47 (21.9) 

 

262 (4.55) 

 
                                           *   384 goats/ district, and total 5760 goats/15 districts 
                                          ** Of the total 262 mycoplasma isolates  
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Table 2.8. Prevalence of mycoplasmas in goats by the nasal swabs culture in districts of                       

Balochistan 
 

 

     

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                      a 384 goats/ district 
                                    * X2=38.51, DF=14, p=0.0004*** (significant difference in the prevalence of Mycoplasmas among the districts) 
                                   ** Univariate logistic regression model is used for the odds ratio value.  Only significant results after forward selection are shown. 
                                    b Nasirabad as being lowest in frequency was taken as base line for this analysis.  

 

 

 

 

 

 

Districts
a
 

 

 

 

Nasal swabs  

positive for  the 

isolation of 

Mycoplasmas* 

 

 

 

 

 

Prevalence  

 

% 

 

 

 

P-value** 

 

 

Odds 

ratio** 

 

 

95% CI 

lower-upper 

limit** 

 

Quetta 

 

 

19   4.9 

 

= 0.02328 

 

 

1.78 

 

1.1 - 2.9 

Pishin 

 

23  6.0 = 0.00095 

 

2.18 

 

1.4 -3 .5 

Zhob 

 

19  4.9 = 0.02328 

 

1.78 

 

1.1 - 2.9 

Loralai 

 

27  7.0 = 0.00002 

 

2.59 

 

1.7 - 4.0 

Qilla Saifullah 

 

16   4.2 > 0.05 - - 

Khuzdar 

 

18  4.7 = 0.04537 

 

1.68 

 

1.0 - 2.8 

Kalat 

 

12  3.1 > 0.05 - - 

Mastung 

 

12  3.1 > 0.05 - - 

Nushki 

 

9  2.3 > 0.05 - - 

Kharan 

 

13   

 

3.4 > 0.05 - - 

Ziarat 

 

11  2.9 > 0.05 - - 

Jaffarabad 

 

8  2.1 > 0.05 - - 

Harnai 7  1.8 > 0.05 - - 

Nasirabad
b
 

 

5  1.3 > 0.05 - - 

Sibi 

 

16  4.2 > 0.05 - - 

 

Total 

 

215  

 

 

 

3.7 
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Table 2.9.  Recovery of mycoplasmas isolates from goats by the nasal swabs culture from 

districts of Balochistan 

 

 
 

 

 

* 384 goat/ district 
a No. of mycoplasma isolates from 384 goats/ district 
b Percentage out of the 262 total mycoplasma isolates 
c Percentage of digitonin sensitive from the no. of mycoplasma isolates/ district 
d Percentage of digitonin resistant from the no. of mycoplasma isolates/ district 

 

 

 

Districts
* 

 

No. of 

Mycoplasmas 

Isolates 

 

(%) 

 

 

 

 

Rate (Frequency) of 

Mycoplasmas isolation 

(%) 

 

Digitonin 

sensitive 

Isolates 

 

(%) 

 

 

 

 

Digitonin 

resistant 

Isolates 

 

(%) 

 

 

 

 

Quetta 

 

 

22a (5.7) 

 

8.4b 

 

20 (90.9)c 

 

2 (9.1)d 

Pishin 

 

 27 (7.0) 10.3 27 (100) 0 (0) 

Zhob 

 

23 (6.0) 8.8 22 (95.7) 1 (4.3) 

Loralai 

 

 33 (8.6) 12.6 33 (13.6) 0 (0.0) 

Qilla Saifullah 

 

18 (4.7) 6.9 17 (94.4) 1 (5.6) 

Khuzdar 

 

22 (5.7)  8.4 22 (100) 0 (0.0) 

Kalat 

 

14  (3.6) 5.3 13 (92.9) 1 (7.7) 

Mastung 

 

12  (3.1) 4.6 11 (91.7) 1 (8.3) 

Nushki 

 

13  (3.4) 5.0 13 (100) 0 (0) 

Kharan 

 

17 (4.4) 6.5 17 (100) 0 (0) 

Ziarat 

 

14 (3.6) 5.3 14 (100) 0 (0.0) 

Jaffarabad 

 

10 (2.6) 3.8 10 (100) 0 (0) 

Harnai 9 (2.3) 3.4 8 (88.9) 1 (11.1) 

Nasirabad 

 

6 (1.6) 2.3 6 (100) 0 (0.0) 

Sibi 

 

22 (5.7) 8.4 20 (90.9) 2 (9.1) 

 

Total 

 

(%) 

 

262 

 

(4.5)  

  

253 

 

(96.6) 

 

9 

 

(3.4) 
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Fig. 2.1 Goat with nasal discharge during the clinical examination  
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Fig. 2.2   Fried egg colonies of Mycoplasma species on modified CCPP agar medium isolated 

from the nasal swab of goat (35x) 
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Fig. 2.3   Colonies of Acholeplasma on modified CCPP agar medium isolated from the nasal 

swab of goat (20x) 

 

 

 
 

 

Fig. 2.4  Digitonin sensitivity observed in Mycoplasma species isolated from the nasal swab of 

goat (The Mycoplasma species is also tetrazolium positive shown by red color colonies) 
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Fig.2.5 Glucose fermentation test (glucose aerobic +ve culture tube, glucose control un-

innoculated tube, and glucose anaerobic +ve culture tube) 
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Fig. 2.6 Arginine hydrolysis test (arginine -ive culture tube, arginine control un-innoculated tube, 

and arginine +ive culture tube) 

 

 
 

Fig. 2.7  Tetrazolium reduction test (tetrazolium aerobic +ve culture tube, tetrazolium control un-

innoculated tube, and tetrazolium anaerobic +ve culture tube) 

 

 

 
 

 

Fig.2.8 Casein hydrolysis test (clearing of areas in casein containing agar medium due to the 

proteolytic enzymes produced by the sub-cultured Mycoplasma species 
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Fig. 2.9 Liquifaction of inspissated serum (softening and gelatinous turning of the serum 

containing agar medium due to the proteolytic enzymes produced by the sub-cultured 

Mycoplasma species) 

 

 

 
 

 

Fig. 2.10   Growth inhibition test (GIT) for mycoplasma isolate by using antiserum against Mmc, 

MmmLC and Mccp (the middle mycoplasma culture lane is only positive for Mmc 

(capri) antiserum by producing > 2mm zone of inhibition)  
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Fig. 2.11   Fried egg colonies of Mycoplasma mycoides subspecies capri (Mmc) on modified 

CCPP agar medium isolated from the nasal swab of goat (35x) 

 

 

 
 

Fig. 2.12    Fried egg colonies of Mycoplasma mycoides subspecies mycoides Large   Colony ( 

MmmLC) on modified CCPP agar medium isolated from the nasal swab of goat (35x) 
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Fig. 2.13   Fried egg colonies of Mycoplasma capricolum subspecies capricolum (Mcc) on 

modified CCPP agar medium isolated from the nasal swab of goat (35x) 

 

 

 
 

 

Fig. 2.14    Fried egg colonies of Mycoplasma putrefacience (Mp) on modified CCPP agar  

medium isolated from the nasal swab of goat (35x) 
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Fig. 2.15    Fried egg colonies of Mycoplasma arginini (Marg) on modified CCPP agar medium 

isolated from the nasal swab of goat (35x) 
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2.4. DISCUSSION 

 

  In most of the districts of Balochistan, the population of the goats is fairly dense and the 

complaint of the respiratory diseases is a consistent issue.  Reports on the caprine respiratory 

diseases especially due to Mycoplasma species are documented (Tariq, 1980, Awan, 1990). The 

losses due to mycoplasma based respiratory diseases are not well documented in Balochistan. 

However, it is the general perception that the direct and indirect losses by these organisms are 

huge on account of high mortality and morbidity rates in the susceptible goats in Balochistan. 

Besides the availability of a vaccine (bacterin) based on the Mmc (PG3 starin) vaccinal strain, the 

choice of antibacterails is still the top priority for the farmers.  In the present study the clinical 

picture as well as isolation and identification of mycoplasmas from the nasal swabs of the goats 

were made. This extensive study was probably required not only in Balochistan but also in 

Pakistan. 

 

In the present study, the clinical picture observed in the goats, in general indicates that 

the caprine respiratory diseases are common and endemic among the studied districts in 

Balochistan (Table 2.2 and 2.3). In the present study the typical clinical symptoms documented 

for CCPP could not been seen in the randomly selected goats. Conversely, the fairly high 

percentage of general respiratory symptoms such as nasal discharge, followed by cough, ocular 

discharge and dyspnoea (difficult breathing) in the  

goats were observed both on flock and animal level almost with the closer frequencies. Further 

the observation of swollen fore limbs joint (8.2%) in the goats and  kids death (18.7%) as a past 

history of the flocks also strengthen that chronic respiratory disease due to Mycoplasma species 

other than Mccp may be  prevailing in the goats of this province.  

 

One of the reasons for not observing the typical clinical manifestation of a respiratory 

disease in the present study could be the weather which was not that harsh (cold) in most of the 

districts when animals were clinically observed. Other reasons could be the indiscriminate use of 

antibacterial to circumvent the acute respiratory diseases, transformation of acute/ subacute 

disease into chronic form, Mccp the cause of  
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an infectious and highly contagious CCPP disease is not prevalent in goats from the studied 

districts of Balochistan. Similarly, it has been reported that the occurrence of caprine 

mycoplasmosis is not only greater at certain times of the year (autumn and winter), but also its 

severity is dependent on season (Simos, 1987). Number of researchers have reported and 

described the clinical symptoms noticed in the caprine respiratory disease caused by various 

Mycoplasma species. Similarly, there are reports on the observation of pneumonia, arthritis, and 

keratoconjunctivitis in goats affected with Mmc and M. mycoides subsp mycoides organisms in 

Brazil (Nascimento et al., 1986). Moreover, in one study it is also described that all the members 

of the mycoides cluster have the potential to cause diseases of respiratory, genitourinary, arthritic 

and mammary organs (Melissa et al., 2005). The clinical finding in Mmc inflicted disease in the 

adult goats is manifested by the nasal discharge, coughing, dyspnoe and depression (Kumar et 

al., 1994). Similarly, in mycplasmosis caused by the Mmc, the kids have been observed with 

pyrexia, acute pain, swollen joints, lameness, lack of appetite, dyspnoea and succumb to death 

within few days (Rodriguez et al., 1998).  

 

In the present study besides the respiratory symptoms, the swollen for limb joints of the 

goats (Table 2.2 and 2.3) might be due to infection with Mcc organisms. Similarly, Mycoplasma 

capricolum subspecies capricolum is reported as a potential pathogenic agent which has been 

recovered from the goats with the symptoms of pneumonia and polyarthritis (Bölske et al., 

1988). Goats are also reported to be found with the clinical manifestations of pyrexia, 

septicemia, mastitis, and severe arthritis followed rapidly by death (Bergonier et al., 1997).  

 

Besides the possible role of Mcc in the respiratory symptoms and swollen fore limb joints 

in the present study, the involvement of Mycoplasma putrefaciens may not be ignored. 

Mycoplasma putrefaciens though not the member of Mycoplasma mycoides cluster organism, is 

also reported as one of the causative agents of CA syndrome (OIE, 2008). Besides mastitis, it is 

also found to inflict septicaemia in kids and arthritis in adults (Peyraud et al., 2003) and 

polyarthritis in kids in Spain (Rodriguez et al., 1994). It is also described that Mp can be isolated 

from animals with and without clinical signs (Mercier et al., 2001), suggesting that a carrier 

status could occur 
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In the present investigation some of the respiratory symptoms such as nasal and ocular 

discharge could be due to the infection with Acholeplasma species, but isolation and 

identification along with the experimental studies for the production of the respiratory disease 

with Acholeplasma can justify this assumption. The Acholeplasmas are regarded as the part of 

normal floral of the upper respiratory tract of the small ruminants and isolated in most of the 

cases. In one study these have been recovered from goats and sheep with the pneumonic lesions 

in India (Banerjee et al., 1979). Similarly, Acholeplasma oculi is isolated from the clinical cases 

of conjunctivitis or kerato-conjunctivitis from goats (Al-Aubaidi, 1975). 

 

Overall the clinical picture observed in the randomly selected goats in the fifteen districts 

of Balochistan is suggestive for the prevalence of chronic respiratory diseases, as clinical 

manifestation generally observed in an acute or sub acute respiratory diseases could not been 

seen in the studied goats. Based on the observed symptoms in the goats, respiratory 

mycoplasmoses especially due to MmmLC, Mmc, Mcc, Mp or infection with any other 

microorganism can be anticipated but together with post mortem examination and isolation and 

identification of the Mycoplasma species from the goats could unravel this dilemma further.  

 

In the present study, all the mycoplasma isolates were preliminary identified by the 

digitonin sensitivity and growth on serum non-enriched CCPP growth medium. Similarly, 

digitonin sensitivity test was used to identify the mycoplasma isolates recovered from the nasal 

swabs and milk samples of goats (Al-Momani et al, 2006). In the present study all the 

mycoplasma isolates were characterized into different species by a number of classical 

biochemical tests and GIT. Though there are little recent reports on the use of these many 

biochemical tests but still in one study, besides the use of molecular biological tools (PCR), the 

digitonin sensitivity test and GIT were used for the preliminary identification and confirmation 

of Mccp isolates from goats (Houshaymi et al., 2002). Like wise Al-Momani et al. (2006) used 

only glucose fermentation and GIT besides the molecular tools to speciate the MmmLC, Mcc and 

Mp organisms. Similarly, the biochemical tests such as digitonin sensitivity, glucose 

fermentation, tetrazolium reduction and arginine hydrolysis; and GIT have been used to identify 

the MmmLC, Mcc,  
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Mmc, and Mccp organisms isolated from goats (Eshetu et al., 2007). Very recently Mccp 

isolates, the sole cause of CCPP were identified by the digitonin sensitivity, glucose 

fermentation, tetrazolium reduction, arginine hydrolysis, phosphatase activity and GIT (Mekuria 

et al., 2008).  

 

The overall prevalence of 3.7 percent of mycoplasmas infection in the goats by the nasal 

swab culture in the present study is not ignorable, keeping in view the coexistence of respiratory 

symptoms and past history of kid‟s death among these goats. Further statistically representative 

numbers of goats (Thrusfiled, 2005) were sampled (Nasal swabs) with the perspective that 50 

percent expected prevalence (95% CI and 5% absolute precision) of mycoplasma disease is 

prevailing in goats in Balochistan. Keeping in view this idea even one isolation of mycoplasma 

from the nasal swab culture would be sufficient to predict that prevalence of mycoplasma 

infection is equal to 50 percent in the studied goats among the districts. Besides the 3.7 percent 

prevalence, it is likely that prevalence of mycoplasmas in the nasal swabs of goats from different 

districts is actually equal to 50 percent. The prevalence of 3.9 percent for Mycoplasma species 

such as MmmLC, Mcc, and Mp organisms from the nasal swabs of goats is reported (Al. Momani 

et al., 2006).  

 

The nasal swab cultures from the goats have shown the prevalence of Mycoplasmas and 

Acholeplasmas organisms in the present study. Overall 262 isolates were recovered from the 

nasal swab cultures of goats. The highest isolation rate of Mycoplasma species (96.6%) as 

compared to Acholeplasma (3.4%) from the nasal swab cultures supports their role either as 

normal resident micro flora or as a primary pathogens or opportunistic / secondary pathogens in 

a respiratory disease of goats in Balochistan. The highest isolation of single mycoplasma species 

(78.1%) as compared to the mixed Mycoplasma species (21.9%) from the nasal swab cultures 

further demands to explore their pathogenic role in caprine respiratory diseases  particularly due 

to the Mycoplasma species. Undoubtedly, previous studies have demonstrated that Mycoplasma 

infections in goats are widespread within Pakistan, particularly in Balochistan (Tariq, 1980). The 

“Mycoplasma mycoides” cluster, classified into mycoides  
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and capricoulm subclusters (Weisberg et al., 1989) is a group of mycoplasmas that are notable 

pathogens for goats, sheep and cattle (Cottew et al., 1987). 

 

In the present thesis we have considered Mmc and MmmLC as separate subspecies and 

followed the old nomenclature for the Mycoplasma mycoides cluster comprising of six members. 

Conversely, due to the close similarity in between Mmc and MmmLC, a single name of 

“Mycoplasma mycoides subspecies capri” has been proposed as a common name for Mmc and 

MmmLC organisms (Vilei et al., 2006). Very recently, after reviewing all the data available for 

the Mycoplasma mycoids cluster organisms. It is therefore, proposed that Mmc and MmmLC 

should be combined into a single subspecies and addressed as Mycoplasma mycoides subspecies 

capri. (Manso-Silva´n et al., 2009).  

 

The comparatively higher isolation of Mmc, Mcc, M.arginini, M. putrefaciense as 

compared to MmmLC in the present study, stresses to further explore the pathogenecity potential 

of these mycoplasma isolates. Though the Acholeplasma species were isolated but their role as a 

pathogen is still doubtful. The isolation of Mccp could not be seen from the nasal swabs of the 

goats. Among the many reasons, the fastidiousness of this bacterium, requirement for a 

specialized bacteriological culture medium and culturing expertise, suppression of Mccp growth 

by the other fast growing Mycoplasma species, and above all non-prevalence of Mccp in the 

studied goats could be the factors responsible for failure in isolation. Similarly, Mycoplasma 

ovipneumoniae which form center less colonies could not be recovered from the nasal swab 

cultures of the studied goats. It looks that this type of Mycoplasma species is not prevalent 

among the goats in districts of Balochistan. The results are in agreement with the reports which 

stated that the isolation of Mycoplasma ovipneumoniae from the infected goats is variable (Goltz 

et al., 1986). Similarly it is also reported that though Mycoplasma ovipneumoniae is not the 

primary pathogen of goats, it can still infect goats and lead to a disease (Thiaucourt et al., 1994).  

 

Among the total Mycoplasma species isolated, the highest rate of isolation of 16 percent 

(n=42) was observed for Mmc, followed by 15.9 percent (n=41) for Mcc, and 13.7 percent 

(n=36) for M argini and 12.2 percent (n=32) for mixed infection with  
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MmmLC and Margini organisms. In contrast, the lowest prevalence of 3.1 percent (8) was 

observed for mixed infection with MmmLC and Mcc followed by 3.4 percent (n=9) for 

Acholeplasma species. Al-Momani et al. (2006) reported the higher isolation rates of Mcc and 

Mp as compared to MmmLC from the nasal swab cultures of goats which are in close agreement 

with the isolation rates reported in the present study.  

 

Eleven different groups of mycoplasmas particularly Mycoplasma species, as single and 

mixed infection were observed in the nasal swab cultures of the goats (Table 2.6). The highest 

prevalence of Mycoplasma species as a single infection with Mmc (16 %) and Mcc (15.6%); and 

mixed infection with MmmLC and M. arginini (12.2%) are alarming and indicate their possible 

role in the caprine respiratory diseases in Balochistan.. In one study it is reported that all the 

members of the mycoides cluster have the potential to cause diseases of respiratory, 

genitourinary, arthritic and mammary organs (Melissa et al., 2005). It is also documented that 

besides the pathogenic Mccp and MmmSC, the other members of this group are also pathogenic 

in nature, and generally cause chronic diseases. It is also reported that many of the Mycoplasma 

based infections are resulted into asymptomic carrier state of the affected animals (Frey, 2002). 

In contrast, the reports on the natural cases of Mmc pathogencity are very little. As the Mmc is 

not the cause of CCPP, there are reports on the isolation of Mmc, indicating that this organism is 

not the cause of this disease (Jones and Wood, 1988). In the present study M arginini was also 

recovered. 

 

In the present study five of the isolated groups indicated concurrent mycoplasma 

infections. Majority of these groups look to be containing MmmLC (large colony) with other 

Mycoplasma species such as Mmc, Mcc, M arginini and Mp (Table 2.6). Similarly, there are 

reports on the observation of pneumonia, arthritis, and keratoconjunctivitis in goats affected with 

Mmc and M. mycoides subsp mycoides organisms in Brazil (Nascimento et al., 1986). In another 

study, besides the recovery of MmmLC, Mmc was also isolated from 5 of the goats showing 

pleuropneumonia and concurrent infection with both of these mycoplasmas (Rodríguez et al., 

1996). Similarly, the literature also describes Mycoplasma arginini as the type which is regarded 

non- pathogenic (Rodríguez et al., 1996) and prevails in goats and sheep and has been isolated 

from  
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various sites (Jones et al., 1983). In a microbiological investigation, besides the isolation of 

MmmLC, Mmc, Mp cultures, Mycoplasma arginini (3.70%) is also reported in goats having the 

history of pleuropneumonia (Orós et al., 1997).  

 

The role of Mcc in goats‟ respiratory and arthritic diseases is well known. Mycoplasma 

capricolum subspecies capricolum (Mcc) firstly proposed as a new species by Tully et al. (1974) 

and is reported to inflict high morbidity and mortality in goats. It was initially known as virulent 

form of “PPLO” originated from goat kids in California, United States (Cordy et al., 1955). 

Mycoplasma capricolum is also recovered in an outbreak of polyarthritis and pneumonia in goats 

(Bölske et al., 1988). Goats are reported to be generally affected than the sheep with clinical 

manifestations of pyrexia, septicemia, mastitis, and severe arthritis followed rapidly by death 

(Bölske et al., 1988; Bergonier et al., 1997). Similarly in the present study the prevalence of Mcc 

(15.6%) in single and mixed infection with MmmLC (3.1%) is not ignorable and needs further 

research to ascertain their pathogenic role or being normal resident flora in the upper respiratory 

tract of the goats. There are reports that Mcc and MmmLC were concurrently isolated from the 

cases of contagious agalactia in Spain (De la Fe C et al., 2007). 

 

Interestingly, in the present investigation, the isolation and identification of Mycoplasma 

putrefaciens having a diagnostic putrefying odor in the liquid culture medium (Tully et al., 1974) 

is very significant as this is reported for the very first time not only in Balochistan but also in 

Pakistan. Its prevalence in the goats by the nasal swab culture may not be ignorable and its 

pathogenic role should be investigated in this part of the world. Mycoplasma putrefaciens is also 

one of the causative agents of CA syndrome (OIE, 2008). Besides mastitis, it is also reported to 

inflict septicaemia in kids, arthritis in adults (Peyraud et al., 2003) and polyarthritis in kids 

(Rodriguez et al., 1994). It is also reported that Mp can be isolated from animals with or without 

clinical signs (Mercier et al., 2001). Similarly, the isolation of Mp as 42 percent (n=5) from the 

nasal swab cultures of the goats are also reported in Jordan (Al. Momani et al., 2006). 

 

Though the prevalence of Acholeplasmas from the nasal swab cultures of goats as single 

infection (3.4%), and in concurrent infection with MmmLC (4.6%) is apparently  
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low in the present study, but further investigation on its pathogenic role in the respiratory 

diseases is required. Similarly, there are reports on the isolation of Acholeplasma species from 

the small ruminants including goats and sheep. Further, besides the isolation of Mycoplasma 

species, the Acholeplasmas have also been recovered from goats and sheep with the pneumonic 

lesions in India (Banerjee et al., 1979). The reports on the pathogenicity of these species are very 

rare. Acholeplasma laidlawii is another species which is not specific to goats and sheep and is 

considered ubiquitous in nature (Damassa et al., 1992). 

 

The present study reports the highest prevalence of mycoplasmas organisms in the nasal 

swab cultures of goats in Loralai (7%), followed by Pishin, and Quetta districts (Statistically 

significant difference in the prevalence, p=0.0004) (Table 2.8). The Odds ratio (OR) value 

calculated from the univariate logistic regression analysis has further highlighted the magnitude 

of difference in the prevalence of Mycoplasma species in nasal swabs of goats among the 

districts. The prevalence of mycoplasmas in goats from the nasal swabs culture in Loralai (2.59 

times greater, 95% CI=1.7-4.0), Pishin, Quetta, Zhob, and Khuzdar districts is significantly (p-

value<0.05) greater than the baseline district Nasirabad and rest of the other studied districts. In 

the present study the highest prevalence of mycoplasmas in the nasal swab of the goats could be 

due to the chronic or sub acute form of caprine respiratory diseases due to MmmLC, Mmc, Mcc 

and other related members of mycoides cluster prevailing comparatively higher in these districts. 

Moreover, the climatic condition particularly in the districts with the higher prevalence of 

mycoplasma is very harsh (cold) as temperature generally reached up to -10
o
C in the winter 

season which could further precipitate the respiratory disease in goats as these are kept in closed 

captivity. Moreover the consistent migration of Afghan refugees along with their animals 

especially goats could be a reason to spread the Mycoplasma species to the susceptible goats in 

various districts of Balochistan. As in the present study goats from fifteen districts in Balochistan 

were sampled and probably no parallel studies have so far been documented in the literature with 

the closest results. Recently in a cross-sectional study, seroprevalence of CCPP in goats from 

three districts in Ethiopia is described by the CFT test. Overall 32.68 percent sero-prevalence in 

goats was reported and statistically significant difference among the three districts was reported 

(Hadush et 
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 al., 2009). Conversely no difference in the prevalence of Mycoplasma species such as MmmLC, 

Mcc and Mp was observed in goats between four districts in Jordan (Al. Momani et al., 2006). In 

a study in Ethiopia, non significant difference (Chi square test) in the seroprevalence of CCPP by 

the CFT among four districts is reported (Eshetu et al., 2007). Likewise in another serological 

survey for CCPP in Ethiopia, non-significant difference in sero-prevalence in between two 

districts whereas significant difference among the pheasants association of the districts were 

observed by using the Complement fixation test (Mekuria et al., 2008). This non significant 

difference in the prevalence could be due to the reason of including only limited number of 

districts, as compared to the fifteen districts included in the present study. Further the present 

study is based on the isolation and identification of Mycoplasma species rather than using any 

serological test for the prevalence. 

 

In the present study the clinical picture as well as collection of nasal swab samples was 

made from the field goats irrespective of age, sex and breed. It is likely that the isolated 

mycoplasma species could have significant role in the caprine respiratory disease but  their  

pathogenic  role  in  causing mastitis especially in the dairy goat breeds (Damassa et al., 1992; 

Bergonier et al., 1997; Mercier et al., 2001; Gil et al., 2003; Singh et al., 2004) could not be 

overlooked and needs to be investigated in the future research endeavors. 
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2.5. CONCLUSIONS 

 

 The dominating clinical symptoms such as nasal discharge  followed by  cough, ocular 

discharge as well as swollen fore limb joints and past history of kid‟s death due to respiratory 

disease indicate that the role of microorganisms particularly Mycoplasma species is probably 

inevitable in the prevalent respiratory diseases.  

 

 The prevalence of different Mycoplasma species in goats with the respiratory symptoms 

is quite alarming and significant. The presence of the Mycoplasma species such as Mmc, Mcc, 

Mp, M. arginini and MmmLC as single infections and as concurrent infection of MmmLC with 

other Mycoplasma species also needs to be explored particularly to highlight their pathogenic 

role in the respiratory disease of goats in Balochistan.  

 

 The statistically highest prevalence of Mycoplasma species among the goats in Loralai 

followed by Pishin, and Quetta districts is serious as these areas have maximum population of 

the existing goats in Balochistan which have a likely threat from respiratory diseases due to the 

prevalent Mycoplasma species particularly MmmLC, Mmc, Mcc and Mp. 

  

The use of the classical biochemical as well as growth inhibition tests are laborious to 

perform but are found satisfactory and valid and can be used for the characterization of 

Mycoplasma species. 

 

The present study also addresses the higher prevalence and rate of mycoplasmas in goats 

in the districts which are known for having harsh weather (cold). The role of cold weather as a 

predisposing factor looks also very critical in the pathogenesis of respiratory diseases caused by 

Mycoplasma species in Balochistan.  

 

The indiscriminate use of the broad-spectrum antibiotics to contain the diseases 

particularly the respiratory one, could be one of the factors in districts with low prevalence of 

mycoplasmas by the nasal swab cultures.  
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CHAPTER 3 

 

 

Gross-Pathological and Bacteriological Study for the Isolation and 

Characterization of Mycoplasma species from the Lungs of Goats in 

Balochistan 
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ABSTRACT 
 

 

Respiratory diseases characterized by pleuropneumonia and other gross pathological lesions 

generally inflict heavy economic losses to the goat production in the world including 

Balochistan, Pakistan. Little gross-pathological and bacteriological research investigations have 

been carried out on the caprine lungs in Balochistan. The present study describes the gross-

pathological lesions and isolation and characterization of Mycoplasma species from the lung 

samples (n= 4522) of the randomly selected goats slaughtered in butchers shops in fifteen 

districts of Balochistan during 2006 to 2008. The mycoplasma isolates were characterized with 

the classical biochemical and growth inhibition tests. Overall 11 percent (n=498 lungs) 

prevalence of pneumonic lesions in goats among the districts was found. Significant difference 

(X
2 

=212.1, df =14, p<0.0001) in the prevalence of pneumonic lesions in goats between the 

districts was observed. The odds ratio (OR) value was also found significant (p-value<0.05) for 

the prevalence of pneumonic lesions in goats in Quetta, Pishin, Zhob, Loralai, Khuzdar and Sibi 

districts than the Jafarabad (baseline-line district). Among the pneumonic lesions, the highest 

frequency of 159 (31.9%) was observed for broncho-pneumonia followed by 117 (23.5%) for 

fibrinous-pneumonia, while the lowest frequency of 35 (7.0%) was noticed for congestion in 

lungs. The prevalence of Mycoplasma species in the lungs of the goats (n=4522) was observed as 

4.2 percent (n=188), while 4.7 percent (n=211) was isolated from the lung samples of goats 

(n=4525). In total five different Mycoplasma species were isolated from the nasal swabs of the 

goats and were characterized. The highest rate of isolation was observed for Mycoplasma 

mycoides subspecies mycoides large colony (MmmLC) as 43.6 percent (n=92) followed by, 

Mycoplasma mycoides subspecies capri (Mmc) 18.5 percent (n=39), and Mycoplasma 

capricolum subspecies capricolum (Mcc) 10.9 percent (n=23), in contrast, the lowest prevalence 

of 1.9 percent (n=4) was observed each for M. arginini (Marg). Significant difference in the 

prevalence of mycoplasma organisms in the lungs of goats between the districts was noticed (X
2 

=121.8, df =14, p=0.0001). The odds ratio value for the prevalence of mycoplasma among the 

districts was also found significant (p-value<0.05) for Quetta, Pishin, Zhob, Loralai, and Sibi 

than the Jafarabad district (baseline district). The statistical analysis of the pneumonic lesions 

with or without the isolation of Mycoplasma species showed significant difference between the 

AC (A=gross pathological lesions+, mycoplasma culture+, C= gross pathological lesions+, mycoplasma 
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culture
-
) (X

2
=223.1, df=1, p-value<0.05), BC (B=gross pathological lesions

-
, mycoplasma 

culture
+
, C= gross pathological lesions

+
, mycoplasma culture

-
) (X

2
=199, df=1, p-value<0.05) and 

ABC (A=gross pathological lesions
+
, mycoplasma culture

+
, B=gross pathological lesions

-
, 

mycoplasma culture
+
, C= gross pathological lesions

+
, mycoplasma culture

-
) (X

2
=351.5, df=2, p-

value<0.05) groups, while non-significant difference (X
2
=1.065, df=1, p-value>0.05) between 

AB groups was found. The overall observation of varying degree of gross pathological lesions as 

well as the isolation and characterization of Mycoplasma species from the lungs of goats from 

districts in Balochistan seems to be alarming. The pathogenic role of the isolated Mycoplasma 

species needs to be explored by the reproduction of an experimental disease in the naive goats in 

order to prepare an effective vaccine against caprine pleuropneumonia in Balochistan.  
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3.1. INTRODUCTION 
  

  

Mycoplasma species are the members of the class Mollicutes and are well known smallest 

self-replicating prokaryotic cell (Razin et al., 1998). Among the many diseases caused by these 

bacteria, the respiratory diseases are significantly important for the goat production in the world 

(Nicholas, 2002). Among the Mycoplasma species, the members of the Mycoplasma mycoides 

cluster are well known to cause diseases in ruminants. Recently this cluster is reported to include 

five rather than six members as both the MmmLC and Mmc are considered as single species 

based on their closest genetic homology and designated as Mycoplasma mycoides subspecies 

capri (Mmc) (Manso-Silva´n et al., 2009). 

  

Among the caprine respiratory diseases, contagious caprine pleuropneumonia (CCPP), 

caused by Mycoplasma capricolum subspecies capripneumoniae (Mccp) is a disease of major 

economic significance (Cottew et al., 1987; Ozdemir et al., 2005), which causes direct and 

indirect losses to goat production (FAO, 2005). The disease was first described in late 19th 

century by Hutcheon (1889), and was reported as an infectious and highly contagious disease of 

goats (Hernandez et al., 2006). Prior to the isolation and identification of the Mycoplasma F-38 

biotype (MacOwan, 1976), and proof of its pathogenesis in CCPP (MacOwan and Minette, 

1976), Mycoplasma mycoides subspecies capri (Mmc) was considered as the causative agent of 

CCPP in goats (Edward, 1953). Later Mycoplasma F-38 biotype was designated as Mccp (Leach 

et al., 1993) and was found the only among the Mycoplasma species which fulfills the Koch‟s 

postulates for CCPP (MacOwan, 1984).  

 

 

Besides the Mccp the other members of mycoplasma, cluster and non- cluster species, are 

also reported to inflict diseases in goats, of those the respiratory problems are critical in nature. 

The MmmLC affects the goat‟s population over a wide range of countries and suspected, 

whenever pleuropneumonia, pneumonia and contagious agalactia are reported. MmmLC is the 

most widely reported Mycoplasma species from many parts of United States, as well as various 

Europian, African and Asian countries (Smith and Sherman, 1994). There are reports on the 

observation of pneumonia, arthritis,  
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and keratoconjunctivitis in goats affected with Mmc and M. mycoides subspecies mycoides 

organisms in Brazil (Nascimento et al., 1986). Mycoplasma capricolum subspecies capricolum is 

also recovered from an outbreak of polyarthritis and pneumonia in goats (Bölske et al., 1988). 

Goats have been reported with clinical manifestations of pyrexia, septicemia, mastitis, and severe 

arthritis followed rapidly by death (Bergonier et al., 1997). Mycoplasma putrefaciens (Mp) is a 

contributing pathogen for the contagious agalactia (CA) (OIE, 2008). Besides its role in CA, a 

preliminary investigation has also reported the isolation and identification of Mycoplasma 

putrefaciens and other Mycoplasma species from the respiratory tract of goats with clinical 

symptoms in Saudi Arabia (Radwan et al., 1985). Mycoplasma ovipneumoniae is not the member 

of Mycoides cluster and also is not the primary pathogen of goats, but it can still infect goats and 

lead to a disease (Thiaucourt et al., 1994). The isolation of Mycoplasma ovipneumoniae from the 

infected goats is found variable (Goltz et al., 1986). Of the many Mycoplasma species, 

Mycoplasma arginini is the type which is regarded non-pathogenic (Jones, 1985) but besides the 

isolation of MmmLC, Mmc, Mp cultures, Mycoplasma arginini is also reported in goats having 

the history of pleuropneumonia (Orós et al., 1997). The principal casual agent of contagious 

agalactia is Mycoplasma agalactiae (Gil et al., 2003) which does not normally cause lesions in 

the lungs but its isolation from outbreaks of caprine pleuritis has also been reported (Cottew, 

1979). Besides the isolation of Mycoplasma species, the Acholeplasmas are also recovered from 

goats with the pneumonic lesions in India (Banerjee et al., 1979).  

 

Varying degree of gross-pathological lesions is generally observed at necropsy of the 

goats affected with Mycoplasma species. The marbled lungs, fibrinous pleuropneumonia, yellow 

colored pleural fluid with inflammation of the mediastinal lymph node are reported in the goats 

affected with CCPP (Gelagay et al., 2007). Another important member of the Mycoplasma 

mycoides cluster, the MmmLC is also isolated from the goats with edematous and congested 

lungs at necropsy (Thigpen et al., 1981). Similarly, necropsy findings of broncho-pneumonia and 

fibrino-purulent pleuro-pneumonia have also been observed in a concurrent infection of MmmLC 

and Mmc based respiratory disease in goats (Rodríguez et al., 1996). Interestingly the isolation of 

Mycoplasma putrefaciens with other Mycoplasma species is reported in goats with the post-

mortem lesions of pleuro-pneumonia in Saudia Arabia (Radwan et al., 1985). Like wise 

Mycoplasma capricolum subspecies capricolum (Mcc) is reported with septicemic          
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condition of goats and postmortem findings of lungs with rubbery consistency and red patches of 

consolidation (DaMassa et al., 1983b). 

 

The isolation and characterization of Mycoplasma species by the conventional 

biochemical tests and growth inhibition test are still practiced in countries besides the availability 

of state of the art equipments for the molecular diagnosis of mycoplasma diseases (Bashiruddin 

et al., 1994; Woubit et al., 2004; McAuliffe et al., 2005). In one study, the clinical symptoms 

supported by gross pathological lesions in the affected goats and the complement fixation test 

were used to highlight the status of CCPP (Hadush et al., 2009).  

 

  Of the 53.8 million goats in Pakistan, 11.8 million are present in Balochistan (Anon, 

2006) and the nomadic, transhumant and sedentary types of production systems are commonly in 

practice in this part of the world (Ishaque, 1993). The huge population of goats is facing a 

constant threat from the diseases, and among those the caprine respiratory diseases are of 

paramount importance due to high morbidity and mortality rates. The caprine pneumonia and 

pleuropneumonia are the frequently reported manifestation in the respiratory disease inflicted by 

the Mycoplasma species in Balochistan. The study on the isolation and identification of 

Mycoplasma species from the goats affected with respiratory disease is reported in Balochistan 

(Tariq, 1980). Similarly, serological and isolation studies on Mmc have been made in Quetta 

(Awan, 1990) and Faisalabad (Hayat et al., 1992). Later research on the serological tests, 

vaccines, and adjuvants has also been carried out on Mycoplasma mycoides subspecies capri 

(PG3- vaccinal strain) (Ahmed, 2005; Rahman et al 2006). Besides all the reported studies on 

caprine mycoplasma in Pakistan, extensive studies are very limited. 

 

 The aim of the present study was to highlight the prevalence of gross pathological lesions 

as well as the isolation and characterization of Mycoplasma species from the lungs of goats 

slaughtered in the butcher shops of most of the districts in Balochistan. This study is perhaps 

made and reported for the very first time in Balochistan, Pakistan.  
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3.2. MATERIALS AND METHODS 
  

 

3.2.1. Study area 

 

 

In the present investigation, of the thirty districts of Balochistan only fifteen districts 

were selected for the collection of lungs from the locally slaughtered goats because of higher 

density of goat population, complaints of respiratory diseases, extremes of temperature, low and 

high land terrain, poor husbandry practice, and influx of goats into few districts from the 

Afghanistan border. 

  

3.2.2. Study animals, sample size, and sampling procedure 

 

In the present study, the age, sex, and breed of the goats were not considered during the 

collection of lungs from the slaughtered goats in Balochistan. Mostly the male animals of Kakari 

breed from 9 months to 2 years were usually brought for the slaughter.  

 

As there are few organized government based abattoirs in Balochistan, therefore all the 

lung samples were collected from the goats slaughtered at butcher shops except Quetta. A well 

established government abattoir exists in Quetta district; therefore lungs for this district were 

collected from the goats slaughtered in abattoir. Statistically representative number of lung 

samples were collected as same methodology is suggested by other workers as well (Thrusfield, 

2005).  

 

Of the 24000 goats slaughtered per day in the 15 studied districts, 4522 goats were 

randomly selected and lung samples were collected. All the lung samples were transported in an 

ice cooler to the laboratory. Prior to process for the mycoplasmas isolation, all the lungs were 

examined for the gross- pathological lesions.   
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3.2.3. Gross-pathological lesions, isolation and characterization of mycoplasmas from the 

lung samples of the slaughtered goats  

 

3.2.3.1. Gross-pathology of the lungs  

 

All the lungs (n=4522) from the slaughtered goats were examined for the gross-

pathological lesions. These included unilaterally/bilaterally affected lungs, pneumonic lesions; 

such as lobar pneumonia, lobular pneumonia, broncho pneumonia, fibrinous pneumonia; 

congestion in lungs and hepatization. 

 

3.2.3.2. Processing of lung samples for the isolation of mycoplasmas  

 

All the lung samples (n=4522) from the randomly selected slaughtered goats, were 

processed for the isolation of mycoplasmas by following the procedure as described by Nicholas 

and Baker (1998). Briefly, part of the affected lung was selected and was cut from the whole 

lung with the sterile scissors and washed with the sterile normal saline. The exterior of selected 

area of the lung was sterilized with hot spatula. .The small portion of lung tissue was aseptically 

cut and removed (from the interface between consolidated and unconsolidated area) with the 

help of a sterilized scalpel blade and forceps into a pre-sterilized Petri dish. The portion of lung 

was chopped into small pieces with the help of a sterilized scissors. The lung tissue suspension 

was transferred (up to 1 gram of tissue) into the test tube already containing CCPP modified 

broth medium (10 ml). Ten fold dilutions (10
-1

 to 10
-4

) of the lung tissue sample were made.   

3.2.3.3. Bacteriological culture media and procedure for the isolation and identification of 

Mycoplasma species 

Modified CCPP broth and agar media (OIE, 2008) were used in the present study as these 

were found economical (section 2.2.3.3.1 and 2.2.3.3.2). The standard bacteriological procedure 

was followed for the isolation of Mycoplasma species from the lung samples of goats (section 

2.2.3.4). All the mycoplasma isolates were subjected to digitonin sensitivity test (section 

2.2.3.5.1) by following the method as described by Poveda (1998), and growth on serum non-

enriched CCPP growth medium (section 2.2.3.5.2) to preliminary identify them as Mycoplasma 

or Acholeplasma organisms. 
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3.2.3.4. Biochemical characterization of Mycoplasma species 

 

 For the biochemical characterization of the mycoplasma isolates, the classical 

biochemical tests such as glucose fermentation, arginine hydrolysis, phosphatase production, 

tetrazolium reduction, casein hydrolysis, liquifaction of inspissated serum medium, and film and 

spot production were carried out for each of the isolate by following the standard method 

(Poveda, 1998). The biochemical characterization scheme for the Mycoplasma species was 

followed as described by Nicholas (2002b). For details see section 2.2.3.6.     

     

3.2.3.5. Serological identification of Mycoplasma species 

 

3.2.3.5.1. Growth inhibition test (GIT) 

  

 The growth inhibition test (GIT) as described by Poveda and Nicholas (1998), was used 

for the serological identification of Mycoplasma species. For details see section 2.2.3.7.1.  

 

3.2.3.6. Preservation of the biochemically and serologically identified mycoplasmas isolates 

 

 See section 2.2.3.8. 

 

3.2.4. Data analysis 

 

Proportions, chi-square test and odds ratio were used to analyze the data. Chi-square test 

was used to test the difference (p-value of < 0.05 was considered significant) in the prevalence of 

pneumonic lesions as well as mycoplasma isolates in goats between the fifteen districts in 

Balochistan. The Graph pad prism5 software was used to calculate the X
2
 value. Moreover, to 

further see the magnitude of the difference in prevalence, univariate logistic regression analysis 

was carried out to calculate the Odds Ratio (OR) value (95% confidence interval (CI) with lower 

and upper values). The R- project software, version 2.10.2009-12-10, ISBN 3-900051-08-9 and 

Microsoft Excel, 2003  
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were used to calculate the OR value. The combined results for the gross-pathology (pneumonic 

lesions) and isolation and identification of the mycoplasma species from the lungs of the goats 

were tabulated and statistically compared by the chi-square test. 

 

3.3. RESULTS 

 

Lungs were found with different gross-pathological lesions and Mycoplasma species 

were isolated as well from the lung samples of the slaughtered goats from fifteen districts of 

Balochistan. Only Mycoplasma species as a single and concurrent infection with other 

Mycoplasma species were isolated, while none of the Acholeplasma was recovered from the lung 

samples of the investigated goats. 

  

3.3.1. Gross-pathological lesions, isolation and characterization of mycoplasmas from the 

lung samples of the slaughtered goats  

 

3.3.1.1. Gross pathology of lungs   

 

The results for the gross pathology of lungs are shown in table 3.1. Of the 4522 lung 

samples collected from the goats slaughtered in various districts of Balochistan, 498 samples 

were positive for the pneumonic lesions with an overall prevalence of 11.0 percent. The highest 

prevalence of pneumonic lesions in goats was observed as 31.4 percent (n=110) in Quetta district 

followed by 14.9 percent (n=48) in Sibi, 14.1 percent (n=46) in Zhob, and 14 percent (n=45) in 

Pishin districts. In contrast, the lowest prevalence of 4.5 percent (n=13) in Jafarabad followed by 

5.1 percent (n=14) in Mastung and 5.8 percent (n=16) in Ziarat districts was noticed. Statistically 

by using chi square (X
2
) test, significant difference in the prevalence of pneumonic lesions in the 

lung samples of goats among the fifteen districts in Balochistan (X
2 

=212.1, df =14, p< 0.0001) 

was observed (Table3.2).  

Furthermore the univariate logistic regression model (R-project software) was used for 

the analysis to quantify the extent of difference in the prevalence of pneumonic lesions in lung 

samples of goats slaughtered in various districts of Balochistan. Only significant Odds Ratio 

(OR) results after forward selection are shown in table 3.2.                                             
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Significant difference (p-value <0.05) in the prevalence of pneumonic lesions in the lung 

samples of goats was observed. The prevalence of pneumonic lesions in lungs in goats from 

Quetta was 6.23 (95% CI=4.7-8.2), Pishin 2.21 (95% CI=1.6 -3.1), Zhob 2.23 (95% CI=1.6-3.2), 

Loralai 1.82 (95% CI=1.3-2.6) Khuzdar 1.73 (95% CI=1.2-2.5) and Sibi 2.38 (95% CI=1.7-3.4) 

times greater than the Jafarabad (baseline) district. However, non-significant difference (p-value 

>0.05) in the prevalence of pneumonic lesions in the lung samples of slaughtered goats was 

found between Qilla Saifullah and rest of the other districts.  

 

The gross-pathological lesions including unilaterally affected lung with lobar-pneumonia 

(Fig.3.1), broncho-pneumonia (Fig.3.2), lobular-pneumonia (Fig.3.3), fibrino-pleuropneumonia 

(Fig.3.4), and congested lungs were observed in the lungs collected from the goats slaughtered in 

districts of Balochistan. Of the 498 (11.0%) lung samples positive for pneumonic lesions, the 

highest percentage of 51.6 percent (n=257) was observed for unilaterally affected lung as 

compared to 48.4 percent (n=241) for bilaterally affected lung. Different gross-pathological 

pneumonic lesions were observed for the lungs (n=498) collected from the slaughtered goats in 

various districts of Balochistan (Table 3.1). The highest frequency of 159 (31.9%) was observed 

for broncho-pneumonia followed by 117 (23.5%) for fibrinous-pneumonia and 111 (22.3%) for 

lobar pneumonia, conversely the lowest frequency of 35 (7.0%) for congestion in lungs and 76 

(15.3%) for lobular pneumonia were noticed.  
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Table 3.1.  Prevalence of pneumonic lesions in the goats
  

 
          * None of the lung from the goats was found with the gross pathological lesion of hepatization 

         ** Number and %   
               a  Of the lung samples collected from the district  
               b Of the total 498 lungs positive for pneumonic lesion 
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Quetta         (350) 

 

110(31.4)a 52 a 58 a 21 a 15 a 43 a 25 a 6 a 

Pishin          (322) 

 

45 (14.0) 26 19 12 4 13 14 2 

Zhob           (327) 

 

46 (14.1) 22 24 11 10 13 9 3 

Loralai        (322) 

 

38 (11.8) 23 15 8 5 13 9 3 

Qilla Saifullah 

                     (277) 

25 (9.0) 14 11 5 4 9 6 1 

Khuzdar     (310) 

 

35 (11.3) 19 16 7 6 10 8 4 

Kalat           (277) 

 

23 (8.3) 10 13 5 4 5 7 2 

Mastung      (277) 

 

14 (5.1) 6 8 3 2 3 5 1 

Nushki         (277) 

 

18 (6.5) 10 8 4 3 6 3 2 

Kharan        (296) 

 

27 (9.1) 16 11 7 4 8 5 3 

Ziarat          (277) 

 

16 (5.8) 6 10 2 2 5 6 1 

Jaffarabad  (291)  

                      

13 (4.5) 7 6 3 2 4 3 1 

Harnai         (291) 

 

18 (6.2) 11 7 5 3 6 2 2 

Nasirabad    306)       

 

22 (7.2) 9 13 6 4 6 5 1 

Sibi              (322) 

 

48 (14.9) 26 22 12 8 15 10 3 

 

Total         (4522) 

(%) 

 

498 

(11.0) 

 

257
b
 

(51.6) 

241
 b

 

(48.4) 

111
 b

 

(22.3) 

76
 b

 

(15.3) 

159
 b

 

(31.9) 

117
 b

 

(23.5) 

 

35
 b

 

(7.0) 
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    Table 3.2.  Statistical analysis of the pneumonic lungs from the goats  

 
 

 

 

Districts 

 

No. of lung 

samples 

examined  from 

goats 

 

Pneumonic 

lesion  positive 

lung samples
b
 

(%) 

 

 

P-value* 

 

Odds ratio* 

 

95% CI 

lower-upper 

limit* 

 

Quetta 

 

 

350 

 

110 (31.4)a 

 

< 0.001 

 

 

6.23 

 

4.7 - 8.2 

Pishin 322 45 (14.0) < 0.001 

 

2.21 

 

1.6 - 3.1 

Zhob 

 

327 46 (14.1) < 0.001 

 

 

2.23 

 

1.6 - 3.2 

Loralai 

 

322 38 (11.8) < 0.001 

  

1.82 

 

1.3 - 2.6 

Qila Saifullah 

 

277 25 (9.0) - - - 

Khuzdar 

 

310 35 (11.3) < 0.001 

 

1.73 1.2 - 2.5 

Kalat 

 

277 23 (8.3) - - - 

Mastung 

 

277 14 (5.1) - - - 

Nushki 

 

277 18 (6.5) - - - 

Kharan 

 

296 27 (9.1) - - - 

Ziarat 

 

277 16 (5.8) - - - 

Jaffarabad
c 

 

291 13 (4.5) - - - 

Harnai 

 

291 18 (6.2) - - - 

Nasirabad 

 

306 22 (7.2) - - - 

Sibi 

 

322 48 (14.9) < 0.001 

 
2.38 

 

1.7-3.4 

 

Total 

 

4522 498    

 
                a   Of the lung samples collected from  the district  

    b X2 =212.1, Df=14, p<0.0001 (significant difference in the prevalence of  pneumonic lesions in goats among the             

districts) 

 * Univariate logistic regression model is used for the analysis. Only significant results after forward selection are 

shown. 
   c Jafarabad as being lowest in frequency of pneumonic lesions was taken as base line for this analysis.  
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Fig. 3.1. Unilaterally lung affected (with lobar pneumonia) in the goat slaughtered at locally 

organized butcher shop in Balochistan 

 

 

 

Fig. 3.2. Broncho-pneumonia observed in the goat slaughtered at locally organized butcher shop 

in Balochistan  
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Fig. 3.3. Lobular pneumonia (arrowed) in the goat slaughtered at locally organized   

butcher shop in Balochistan  

 

 

 

 
 

 Fig.3.4. Fibrino-pleuropneumonia in the goat slaughtered at locally organized   butcher 

shop in Balochistan  
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3.3.1.2. Isolation of Mycoplasma species 

 

The mycoplasma isolates were initially divided into nine groups based on the 

bacteriological characteristics (Table 3.3). All of the mycoplasmas isolates were found as fast 

growers and growth was obtained within 1- 4 day in liquid and agar media at 37
o
C with 5 % CO2 

tension. The colony size varied from medium to large without any particular odor except for the 

group number 3 and 8. Three different turbidity types such as thin, moderate and thick were 

observed for the mycoplasmas isolates in liquid medium. Majority of the isolates changed the 

pink color of the original liquid medium into yellow (acidic shift), whereas yellowish orange, 

pinkish orange, and pinkish red colors were considered due to the alkaline shift.  

 

All the Mycoplasma isolates were characterized by their typical fried egg micro-colonies 

on PPLO agar medium (Fig. 2.2), sensitivity to digitonin, no growth on serum non-enriched 

PPLO broth and agar medium and the biochemical tests. The biochemically identified 

Mycoplasma species were further confirmed by the GIT. 

 

3.3.1.3. Preliminary identification of the mycoplasma isolates 

 

In total, 211 (100%) isolates which were sensitive to digitonin (inhibition zone of more 

than 2 mm was considered sensitive) and did not grow in serum non- enriched medium were 

designated as Mycoplasma species (Fig 2.4).  

 

3.3.1.4. Biochemical characterization of Mycoplasma species 

 

  All the preliminary identified Mycoplasma isolates were further characterized to the 

species level by the classical biochemical tests. The results are shown in tables.3.4. 3.5 and 

figures 2.5, 2.6, 2.7, 2.8, and 2.9. 
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3.3.1.5. Serological identification of Mycoplasma species 

 

3.3.1.5.1. Growth inhibition test (GIT) 

 

 The inhibition zone of more than 2 mm was considered positive against the known 

mycoplasma antiserum (Fig. 2.10). The results are shown in table 3.4. 

 

3.3.1.6. Isolation and characterization of Mycoplasma species from the lung samples  

 

Of the 188 goats positive for mycoplasmas, 211 numbers of isolates were recovered from 

the lungs and were classified into nine different groups of mycoplasmas. Of the nine groups, 5 

were the one in which different Mycoplasma as single species were found, whereas 4 groups 

were noticed with concurrent type containing two different types of Mycoplasma being involved. 

The general bacteriological characteristics of the isolated mycoplasmas are shown in table 3.3.  

 

The results for the identification of Mycoplasma species by the classical biochemical tests 

and serological test (GIT) are shown in table 3.4. Further, the results for the isolation of 

Mycoplasma species from the lungs of goats from fifteen districts are shown in table 3.5. 

 

Among the total Mycoplasma species isolated (n=211), the highest rate of isolation 

(prevalence) of 43.6 percent (n=92) was observed for MmmLC, followed by 18.5 percent (n=39) 

for Mmc, and 10.9 percent (n=23) for Mcc, and 8.5 percent (n=18) for concurrent infection of 

MmmLC with M arginini organisms. In contrast, the lowest prevalence of 1.9 percent (n=4) was 

observed for each of M. arginini and concurrent infection of MmmLC with Mp followed by 3.3 

percent (n=7) for Mp (Table 3.5). The fried egg colonies of the isolated Mycoplasma species 

such as Mmc (Fig. 2.11), MmmLC (Fig. 2.12), Mcc (Fig. 2.13), Mp (Fig. 2.14), and Marg (Fig. 

2.15) are shown.  

Of the 4522 lung samples of the slaughtered goats in districts of Balochistan, 188 samples were 

positive for the mycoplasma organisms with an overall prevalence of 4.2 percent. Among the 188 lung 

samples positive for mycoplasmas, 165 (87.8%) had single Mycoplasma species being isolated. Contrary 

to this 23 (12.2%) had concurrent                                                                                                 
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Mycoplasma species being recovered (Table 3.6). The highest prevalence of mycoplasma in lung 

samples from goats was observed as 14.3 percent (n= 50) in Quetta district followed by 6.2 

percent (n=20) in Pishin, 5.5 percent (n=18) in Zhob, 5.3 percent (n=17) in Sibi, and 4.3 percent 

(n=14) in Loralai districts while the lowest prevalence of 1.0 percent (n=3) in Jafarabad followed 

by 1.8 percent (n=5) in Mastung and Ziarat districts were recorded. Statistically by using chi 

square (X
2
) test, significant difference in the prevalence of mycoplasmas in the lung samples of 

goats slaughtered in fifteen districts of Balochistan (X
2 

=121.8, df =14, p=0.0001) was observed 

(Table 3.6).  

 

Using univariate logistic regression, significant difference (p-value <0.05) in the 

prevalence of mycoplasmas in the lung samples cultures from goats among districts was 

observed. The prevalence in Quetta was 6.79 (95% CI=4.6-10.0), Pishin, 2.70 (95% CI=1.6-4.5), 

Zhob 2.37 (95% CI=1.4-4.0), Loralai 1.85 (95% CI=1.0-3.3), and Sibi 2.27 (95% CI=1.3-3.9) 

times greater than the Jafarabad district (baseline district). However, non-significant difference 

(p-value >0.05) in the prevalence of mycoplasmas in the lung samples was found between 

Jaffarabad and the remaining districts in Balochistan. Only significant Odds Ratio (OR) results 

after forward selection are shown in table 3.7. 

 

 Overall from the 4522 lung samples cultures, 211 (4.7%) were found positive for the 

isolation of mycoplasmas organisms. None of the Acholeplasma species was isolated from the 

lung samples of goats slaughtered in fifteen districts of Balochistan (Table 3.6). 

 

 The results for the highest number of mycoplasma isolates as well as rate of isolations 

from lung samples of goats from the studied districts are shown in table 3.8. Of the total 

mycoplasmas isolates (n=211) from the lung samples of goats (n=4522) slaughtered in fifteen 

districts of Balochistan, the highest frequency of Mycoplasma isolation was observed in Quetta 

as 53 (25.1%), followed by Pishin 22 (10.4 %), Zhob 21 (10.0%), and Sibi 20 (9.5%). In 

contrast, the lowest frequency of isolation was seen in Jafarabad 3 (1.4%), followed by 5 (2.4%) 

in Mastung, and 6 (2.8%) in Ziarat districts (Table 3.8).  
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3.3.1.7 Gross-pathology and isolation of Mycoplasma species from the lungs of goats  

The results for the combination of gross-pathological findings (pneumonic lesions) and 

isolation and identification of mycoplasma species from the goats as Lesions
+
Culture

+
 (group A), 

Lesion
-
Culture

+
 (group B), and Lesions

+
Culture

- 
(group C) are shown in table 3.9 and 3.10. The 

highest percentage of 9.1 (n=411) was observed for group C, followed by 2.2 percent (n=101) 

for group B, while the lowest was noted for group A as 1.9 percent (n=87). Statistically 

significant difference (X
2
=351.5, df=2, p-value<0.05) was found between the three (ABC) 

groups. When group A (n=87) was compared with group B (n=101), statistically non-significant 

difference (X
2
=1.065, df=1, p-value>0.05) with an odds ratio of 0.8587 (95% CI =0.6427-1.147) 

was noticed between the two (AB) groups. Similarly group A (n=87) was compared with group 

C (n=411), statistically significant difference (X
2
=223.1, df=1, p-value<0.05) with an odds ratio 

of 0.1962 (95% CI = 0.1551 to 0.2482) was found between the two (AC) groups. Finally, when 

group B (n=101) was compared with the group C (n=411), statistically significant difference 

(X
2
=199, df=1, p-value<0.05) with an odds ratio of 0.2285 (95% CI = 0.1830-0.2853) was 

observed between the two (BC) groups. 
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Table 3.3.  General bacteriological characteristics of Mycoplasma species isolated from the lung 

samples of goats  

 
 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
MmmLC: Mycoplasma mycoides subspecies mycoides Large Colony        Mmc:Mycoplasma mycoides subspecies capri  

                       Mcc: Mycoplasma capricolum subspecies capricolum                                Mp:   Mycoplasma putrefacience  

                       Marg: Mycoplasma arginini                                                                         S-Single             L-large                         N-Normal 
                                     a Presence of one or many types of mycoplasmas                                        Mod-Moderate   Y-Yellow                    Sen-Sensitive 

 b Sensitive means the inhibition zone is more than 2mm                             A- Absent          YO-Yellowish orange  Res-Resistant 
                                     c Growth of mycoplasma is absent                                                               Put-Putrefying    M-Medium                  PO-Pinkish orange                        

* Group no. for which Mycoplasma species were identified                 LM-Large & medium                                                                                              

 

Group
*
 

 

1
*
 2 3 4 5 6 7 8 9 

 

Culture typea 

 

S S S S S Mix Mix Mix Mix 

 

Colony size 

 

L M M M M LM LM LM M 

 

Growth 

(Days) 

2-3 3 1-2 2-3 2-4 2-4 2-3 1-3 2-4 

 

Odor 

 

N N Put N N N N Put N 

 

Growth in liquid 

medium 

(turbidity) 

 

Mod Thin Thick Thin Mod Mod Mod Thick Mod 

 

Change of color   

in liquid medium  

 

Y YO Y PR Y Y PO Y PO 

 

Digitonin  

 

Senb Sen Sen Sen Sen Sens Sen Sen Sens 

 

Growth  without 

serum 

Ac A A A A A A A A 

 

Identification by 

the biochemical 

tests and GIT 

 M
m

m
L

C
 

M
cc

 

M
p

 

M
a

rg
 

M
m

c 

M
m

m
L

C
 &

 

M
m

c 

M
m

m
L

C
 &

 

M
a

rg
 

 

M
m

m
L

C
 &

 

M
p

 

 

M
m

c 
&

 M
a

rg
 

 

Lungs from goats 

positive for 

Mycoplasmas 

(n=188)    

92 23 7 4 39 6 9 2 6 

 

% 

 

48.9 12.2 3.7 2.1 20.7 3.2 4.8 1.1 3.2 

 

Number of 

Mycoplasmas 

isolates from  

lungs of goats 

(n=211) 

 

92 23 7 4 39 12 18 4 12 

 

% 

 

43.6 10.9 3.3 1.9 18.5 5.7 8.5 1.9 5.7 
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Table 3.4.  Biochemical & serological characterization (GIT) of Mycoplasma species isolated 

from lung cultures of goats  
 

 

            (GIT) a Positive: complete inhibition         

            (GIT) b Negative: no inhibition             

            (GIT)* No. of isolates tested/ total isolates, only 25% of the isolates for each species was sero-typed. 

 

 

 

 

Mycoplasma spps. 
(no. of isolates tested / total ) 

 

MmmLC 

(109/109) 

Mmc 

(51/51) 

Mcc 

(23/23) 

Mp 

(9/9) 

Marg 

(19/19) 

 

Digitonin   

 

sensitive sensitive sensitive sensitive sensitive 

 

Serum non-enriched medium 

 

no growth no growth no growth no growth no growth 

 

Glucose fermentation 

 

positive positive positive positive negative 

 

Arginine hydrolysis 

 

negative negative positive negative positive 

 

Phosphatase production 

 
negative negative positive positive negative 

 

Tetrazolium reduction          

                                              aerobic 

                                                                                                                            

anaerobic  

 

 

positive  

 

positive 

 

 

positive  

 

positive 

 

 

positive  

 

positive 

 

 

weakly +  

 

positive 

 

 

negative  

 

positive 

 

Liquifaction of inspissated serum  

 

positive positive positive negative negative 

 

Casein hydrolysis 

 

positive positive positive negative negative 

 

Film and spot production 

 

negative negative negative positive negative 

 

Growth inhibition test (GIT)*  anti-

serum against 

          

                                       MmmLC 

 

 

(28/109) 

 

 

positivea 

 

(13/51) 

 

 

negativeb 

 

(6/23) 

 

 

negative 

 

(3/9) 

 

 

negative 

 

(5/19) 

 

 

negative 

 

                                        Mmc 

 

negative positive negative negative negative 

 

                                        Mcc 

 

negative negative positive negative negative 

 

                                                

Mp 

 

negative negative negative positive negative 

                                                              

Marg 

 

 

negative negative negative negative positive 
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Table 3.5.  Mycoplasma species isolated from lung cultures of goats  

 
               a No. and percentage of  mycoplasma isolates from  the lung samples of goats  from the district  

 

 

  

 

   

 

 

 

Districts 

 

 

No. of 

lung 

samples 

cultured 

from 

goats 

 

No. of 

Mycoplas

mas 

isolates 

(%) 

M
m

m
 L

C
 

M
cc

 

M
p
 

M
.a

rg
 

M
m

c 

M
m

m
L

C
 &

 M
m

c
 

  
M

m
m

L
C

  
&

 

  
M

a
rg

 

 M
m

m
L

C
  
&

 M
p
 

M
m

c
 &

  
M

a
rg

  

 

Quetta 

 

350  53 (15.1)a 23 6 2 2 14 2 2 0 2 

Pishin 

 

322 22 (6.8) 11 2 0 1 4 0 2 0 2 

Zhob 

 

327 21 (6.4) 7 4 0 0 4 0 2 2 2 

Loralai 

 

322 15 (4.7) 8 2 0 0 3 2 0 0 0 

Qila 

Saifullah 

 

277 9 (3.2) 4 1 1 0 1 0 2 0 0 

Khuzdar 

 

310 12 (3.9) 6 1 0 0 1 0 2 0 2 

Kalat 

 

277 8 (2.9) 3 1 0 1 1 2 0 0 0 

Mastung 

 

277 5 (1.8) 3 0 0 0 2 0 0 0 0 

ushki 

 

277 7 (2.5) 3 1 0 0 1 0 0 2 0 

Kharan 

 

296 12 (4.0) 5 1 1 0 1 2 2 0 0 

Ziarat 

 

277 6 (2.2) 2 1 0 0 1 0 2 0 0 

Jaffarabad 

 

291 3 (1.0) 2 1 0 0 0 0 0 0 0 

Harnai 291 8 (2.8) 3 0 1 0 2 0 2 0 0 

Nasirabad 

 

306 10 (3.3) 4 1 0 0 1 2 0 0 2 

Sibi 

 

322 20 (6.2) 8 1 2 0 3 2 2 0 2 

 

Total 

  (%) 

 

4522 
211 

 (4.7) 

92 

(43.6) 

23 

(10.9) 

 

7 

(3.3) 

 

 

4 

(1.9) 

 

 

39 

(18.5) 

 

 

12 

(5.7) 

 

 

18 

(8.5) 

 

 

4 

(1.9) 

 

 

12 

(5.7) 
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Table 3.6.  Prevalence and rate of mycoplasmas isolates from the lungs of goats  

   
   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   *X2 =121.80, Df=14, p=0.0001 (significant difference in the prevalence of mycoplasmas between the districts) 
                        a No. and percentage of lung positive for mycoplasma isolation from the  goats/district  

    b No. and percentage of  mycoplasma isolates from  the lung samples of goats/district  

              

 

 

 

District 

 

 

No. of 

lung 

samples 

cultured 

from 

goats 

 

 

No. of  lungs 

positive for 

Mycoplasma 

isolations* 

(%) 

 

 

Single 

Mycoplasma 

species 

involved 

% 

 

Concurrent 

Mycoplasma 

species 

involved 

(%) 

No of 

Mycoplasmas 

isolates
 

 (%) 
 

 

Quetta 

 

350 

 

50 (14.3)a 

 

47 (94) 3 (6) 53 (15.1)b 

 

Pishin 322 20 (6.2) 18 (90) 2 (10) 22 (6.8) 

 

Zhob 327 18 (5.5) 15 (83.3) 3 (16.7) 21 (6.4) 

 

Loralai 322 14 (4.3) 13 (92.9) 1 (7.1) 15 (4.7) 

 

Qila Saifullah 277 8 (2.9) 7 (87.5) 1 (12.5) 9 (3.2) 

 

Khuzdar 310 10 (3.2) 8 (80) 2 (20) 12 (3.9) 

 

Kalat 277 7 (2.5) 6 (85.7) 1 (14.3) 8 (2.9) 

 

Mastung 277 5  (1.8) 5 (100) 0 (0) 5 (1.8) 

 

Nushki 277 6 (2.2) 5 (83.3) 1 (16.7) 7 (2.5) 

 

Kharan 296 10 (3.4) 8 (80) 2 (20) 12 (4.0) 

 

Ziarat 277 5 (1.8) 4 (80) 1 (20) 6 (2.2) 

 

Jaffarabad 291 3 (1.0) 3 (100) 0 (0) 3 (1.0) 

 

Harnai 291 7 (2.4) 6 (85.7) 1 (14.3) 8 (2.8) 

 

Nasirabad 306 8 (2.6) 6 (75) 2 (25) 10 (3.3) 

 

Sibi 

 

322 17 (5.3) 14 (82.4) 3 (17.6) 20 (6.2) 

 

 

Total 

 

4522 188 (4.2) 165 (87.8) 23 (12.2) 211 (4.7) 
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Table 3.7.  Prevalence of Mycoplasmas in the goats by the lung samples culture 

  * No of goats from which the lungs were collected 

** No. of goats slaughtered by the butchers/district/day as informed by the veterinarians and butchers of the districts 
+  Lungs were collected  from the goats slaughtered  at abattoir in Quetta district  
a 

Univariate logistic regression model is used for the analysis. Only significant results after forward selection are 

shown. 
b Jaffarabad as being lowest in frequency was taken as base line for this analysis. 
cX2 =121.80, Df=14, p=0.0001 (significant difference in the prevalence of mycoplasmas between the districts) 

 

 

 

 

 

District 

 

 

 

No. of lung 

samples 

collected / no. 

of goats 

slaughtered per 

day 

 

Lung samples 

positive for the 

isolation of  

mycoplasmas c 

 

 

Prevalence 

of 
mycoplasma 

 

(%) 

 

 

P-value
a
 

 

Odds 

ratio
a
 

 

95% CI 

lower-

upper 

limit
a
 

 

Quetta
+  

 

 

   350*/4000** 

 

50 

 

14.3 

 

< 0.001 

 

 

6.79 

 

 

4.6 - 10.0 

Pishin 

 

322 / 2000 20 6.2    < 0.001 

 

2.70 

 

1.6 - 4.5 

Zhob 

 

327 / 2200 18 5.5 < 0.05 

 

2.37 

 

1.4 - 4.0 

Loralai 

 

322 / 2000 14 4.3 < 0.05 

 

1.85 

 

1.0 - 3.3 

Qilla Saifullah 

 

277 / 1000 8 2.9 > 0.05 - - 

Khuzdar 

 

310 / 1600 10 3.2 > 0.05 - - 

Kalat 

 

277 / 1000 7 2.5 > 0.05 - - 

Mastung 

 

277 / 1000 5 1.8 > 0.05 - - 

Nushki 

 

277 / 1000 6 2.2 > 0.05 - - 

Kharan 

 

296 / 1300 10 3.4 > 0.05 - - 

Ziarat 

 

277 / 1000 5 1.8 > 0.05 - - 

Jaffarabad
b
 

 

291 / 1200 3 1.0 > 0.05 - - 

Harnai 

 

291 / 1200 7 2.4 > 0.05 - - 

Nasirabad 

 

306 / 1500 8 2.6 > 0.05 - - 

Sibi 

 

322 / 2000 17 5.3 < 0.05 

 

2.27 

 

1.3 - 3.9 

 

Total 

 

 

4522 / 24000 

 

188 

 

 

4.2  
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Table 3.8.  Recovery of mycoplasmas isolates from goats by the lung samples culture  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

* No. of goats slaughtered by the butchers/district/day as informed by the veterinarians and butchers of the districts 
 ** No of goats from which the lungs were collected 
a No. and percentage of  mycoplasma isolates from  the lung samples of goats  from the district  

           b Percentage out of the 211 total mycoplasma isolates 

 

 
 

 

 

 

Districts 

 

 

 

No. of goats 

slaughtered 

per day 

 

 

No. of  lung 

samples 

cultured 

 

No. of 

Mycoplasm

as isolates 

(%) 

 

 

Rate (Frequency) 

of Mycoplasmas 

isolation 

 

(%) 

 

 

Quetta  

 

 

4000* 

 

350** 

 

53 (15.1)a 

 

25.1b 

Pishin 

 

2000 322 22 (6.8) 10.4 

Zhob 

 

2200 327 21 (6.4) 10.0 

Loralai 

 

2000 322 15 (4.7) 7.1 

Qilla Saifullah 

 

1000 277 9 (3.2) 4.3 

Khuzdar 

 

1600 310 12 (3.9) 5.7 

Kalat 

 

1000 277 8 (2.9) 3.8 

Mastung 

 

1000 277 5 (1.8) 2.4 

Nushki 

 

1000 277 7 (2.5) 3.3 

Kharan 

 

1300 296 12 (4.0) 5.7 

Ziarat 

 

1000 277 6 (2.2) 2.8 

Jaffarabad 

 

1200 291 3 (1.0) 1.4 

Harnai 

 

1200 291 8 (2.8) 3.8 

Nasirabad 

 

1500 306 10 (3.3) 4.7 

Sibi 

 

2000 322 20 (6.2) 9.5 

 

Total 

 

 

24000 

 

4522 

 

211 (4.7) 
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Table 3.9 Gross-pathology (pneumonic lesions) and isolation of Mycoplasma species from the 

lungs of goats  
 

 

Districts 

 

No of  

lungs 

exami

-ned 

 

Lungs 

positive 

for 

pneumon

-ic 

lesions/ 

district 

 

 

 

No. of 

lungs 

positive 

for 

pneumon

ic lesions 

/group 

 

Groups 

(Pneumo

nic 

lesions 

and 

isolation 

of 

mycoplas

ma) 

 

 

 

No. of 

Lungs 

positive 

for 

mycoplas

-ma 

isolation 
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m
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C
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cc
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m
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L
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m
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M
m

m
L

C
 &

 M
p

 

 

M
m

c
 &

 M
a
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in
in

i 

 

Quetta 350 110 29 (A) L+C+ 29 22 2 0 0 3 1 1 0 0 

   0 (B) L-C+ 21 1 4 2 2 11 0 0 0 1 

   81 (C) L+C- 0 0 0 0 0 0 0 0 0 0 

Pishin 322 45 9 (A) L+C+ 9 8 0 0 0 0 0 1 0 0 

   0 (B) L-C+ 11 3 2 0 1 4 0 0 0 1 

   36 (C) L+C- 0 0 0 0 0 0 0 0 0 0 

Zhob 327 46 7 (A) L+C+ 7 5 1 0 0 0 0 1 0 0 

   0 (B) L-C+ 11 2 3 0 0 4 0 0 1 1 

   39 (C) L+C- 0 0 0 0 0 0 0 0 0 0 

Loralai 322 38 6 (A) L+C+ 6 5 0 0 0 0 1 0 0 0 

   0 (B) L-C+ 8 3 2 0 0 3 0 0 0 0 

   32 (C) L+C- 0 0 0 0 0 0 0 0 0 0 

Qila Saifullah 277 25 3 (A) L+C+ 3 2 0 0 0 0 0 1 0 0 

   0 (B) L-C+ 5 2 1 1 0 1 0 0 0 0 

   22 (C) L+C- 0 0 0 0 0 0 0 0 0 0 

Khuzdar 310 35 4 (A) L+C+ 4 3 1 0 0 0 0 0 0 0 

   0 (B) L-C+ 6 3 0 0 0 1 0 1 0 1 

   31 (C) L+C- 0 0 0 0 0 0 0 0 0 0 

Kalat 277 23 3 (A) L+C+ 3 2 0 0 0 0 1 0 0 0 

   0 (B) L-C+ 4 1 1 0 1 1 0 0 0 0 

   20 (C) L+C- 0 0 0 0 0 0 0 0 0 0 

Mastung 277 14 2 (A) L+C+ 2 2 0 0 0 0 0 0 0 0 

   0 (B) L-C+ 3 1 0 0 0 2 0 0 0 0 

   12 (C) L+C- 0 0 0 0 0 0 0 0 0 0 

Nushki 277 18 3 (A) L+C+ 3 2 0 0 0 0 0 0 1 0 

   0 (B) L-C+ 3 1 1 0 0 1 0 0 0 0 

    15 (C) L+C- 0 0 0 0 0 0 0 0 0 0 

Kharan 296 27 4 (A) L+C+ 4 3 1 0 0 0 0 0 0 0 

   0 (B) L-C+ 6 2 0 1 0 1 1 1 0 0 

   23 (C) L+C- 0 0 0 0 0 0 0 0 0 0 

Ziarat  277 16 2 (A) L+C+ 2 2 0 0 0 0 0 0 0 0 

   0 (B) L-C+ 3 0 1 0 0 1 0 1 0 0 

   14 (C) L+C- 0 0 0 0 0 0 0 0 0 0 

Jaffarabad 291 13 2 (A) L+C+ 2 1 1 0 0 0 0 0 0 0 

   0 (B) L-C+ 1 1 0 0 0 0 0 0 0 0 

   11 (C) L+C- 0 0 0 0 0 0 0 0 0 0 

Harnai 291 18 2 (A) L+C+ 2 1 0 0 0 0 0 1 0 0 

   0 (B) L-C+ 5 2 0 1 0 2 0 0 0 0 

   16 (C) L+C- 0 0 0 0 0 0 0 0 0 0 

Nasirabad 306 22 3 (A) L+C+ 3 2 0 0 0 0 1 0 0 0 

   0 (B) L-C+ 5 2 1 0 0 1 0 0 0 1 

   19 (C) L+C- 0 0 0 0 0 0 0 0 0 0 

Sibi 322 48 8 (A) L+C+ 8 5 1 0 0 0 1 1 0 0 

   0 (B) L-C+ 9 3 0 2 0 3 0 0 0 1 

   40 (C) L+C- 0 0 0 0 0 0 0 0 0 0 

Total 

 

4522 

 

 

498 

 

 

498  188 92 23 7 4 39 6 9 2 6 

L: Gross-pathological lesions of pneumonia  

C: Isolation of Mycoplasma species from the lung samples of goat 
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      Table 3.10 Analysis of gross-pathology and isolation of Mycoplasma species from   the 

lungs of goats  

 
 

Districts 

No. of 

Lungs 

 examined 

Lesions
 +

 

culture
 +

 

(%) 

Lesions
 - 

Culture
 +

  

(%) 

Lesions 
+
 

Culture
 - 

 

(%) 

  Group A
*/a/b

 Group B
*/a/c

 Group C
*/b/c

 

 

Quetta  

 

350 

 

29 (8.3)d 

  

 

21 (6.0)d 

 

 

81 (23.1)d 

 

Pishin 

 

322 9 (2.8) 

 

11 (3.4) 

 

36 (11.2) 

 

Zhob 

 

327 7 (2.1) 

 

11  (3.4) 

 

39 (11.9) 

 

Loralai 

 

322 6 (1.9) 

 

8 (2.5) 

 

32 (9.9) 

 

Qilla Saifullah 

 

277 3 (1.1) 

 

5 (1.8) 

 

22 (7.9) 

 

Khuzdar 

 

310 4 (1.3) 

 

6 (1.9) 

 

31 (10.0) 

 

Kalat 

 

277 3 (1.1) 

 

4 (1.4) 

 

20 (7.2) 

 

Mastung 

 

277 2 (0.7) 

 

3 (1.1) 

 

12 (4.3) 

 

Nushki 

 

277 3 (1.1) 

 

3 (1.1) 15 (5.4) 

 

Kharan 

 

296 4 (1.4) 

 

6  (2.0) 23 (7.8) 

 

Ziarat 

 

277 2  0.7) 

 

3 (1.1) 14 (5.1) 

 

Jaffarabad 

 

291 2  (0.7) 

 

1 (0.3) 11 (3.8) 

 

Harnai 

 

291 2  (0.7) 

 

5 (1.7) 

 

16 (5.5) 

 

Nasirabad 

 

306 3 (1.0) 

 

5 (1.6) 

 

19 (6.2) 

 

Sibi 

 

322 8 (2.5) 

 

9 (2.8) 

 

40 (12.4) 

 

Total  

% 
4522 87 (1.9) 101 (2.2) 411 (9.1) 

 

         Lesions: Gross-pathological lesions of pneumonia  

Culture: Isolation of Mycoplasma species from the lung samples of goat 
            * X2=351.5, DF=2, p<0.05 (significant difference between A, B and C groups) 
            a X2=1.065, DF=1, p>0.05 (non-significant difference between A and B groups), odds ratio of 0.8587 (95% CI =0.6427-1.147) 
           b X2=223.1, DF=1, p< 0.05 (significant  difference between A and C groups ), odds ratio of 0.1962 (95% CI = 0.1551 to 0.2482) 
           c X2=199,    DF=1, p< 0.05 (significant difference between B and C groups) odds ratio of 0.2285 (95% CI = 0.1830-0.2853) 
           d No. and percentage of lung samples  
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3.4. DISCUSSION 

  

 Of the 54 million goats in Pakistan, approximately 12 million goats are present in 

Balochistan. Due to the poor husbandry practices, exposure of these animals to the number of 

infectious and non-infectious biological threats, limited vaccination of the goats against the 

diseases, unavailability of vaccines based on local or regional pathogenic isolates, the diseases 

particularly respiratory problems are always reported by the farmers.  The studies highlighting 

the prevalence of respiratory diseases especially caused by the Mycoplasma species by the gross-

pathological and isolation and characterization are very little (Tariq, 1980; Awan, 1990).  

  

 In the present study the lung samples from the slaughtered goats from fifteen districts of 

Balochistan were collected, screened for gross pathological lesions and cultured for the isolation 

and characterization of the Mycoplasma species. This extensive study was perhaps required not 

only in Balochistan but also in Pakistan. 

  

Generally the characteristic pathology in the CCPP affected goats is very helpful in the 

presumptive diagnosis which also clearly differentiate Mccp inflicted CCPP than the disease 

caused by the Mmc and MmmLC (Hutcheon, 1889).  The CCPP is described as a disease 

syndrome under a title of MAKePS syndrome which means mastitis, arthritis, keratitis, 

pneumonia and septicaemia (Thiaucourt and Bolski, 1996).  

 

In the present study though the varying types of pneumonic lesions were observed, but 

the typical pathology as reported (Mekuria et al., 2008) for the CCPP disease in goats could not 

be seen in the lungs. Overall in the present study the lungs (n=4522) collected from the goats 

showed 11 percent of the prevalence of pneumonic lesions. From the results it is apparent that 

the prevalence of pneumonic lesions due to respiratory diseases in all the fifteen districts is not 

uniform and homogeneous (Table 3.1). The goats from the Quetta, Sibi, Zhob and Pishin districts 

showed higher percentage of pneumonic lesions and seemed to be affected more with the 

respiratory diseases than the goats from the other districts in Balochistan  (X
2 

=212.1, df =14,  

p<0.0001). These results are further augmented by the Odds ratio value (univariate             
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logistic regression analysis), which has indicated  that  the prevalence of pneumonic lesions in 

goats from Quetta, Pishin, Zhob, Loralai  Khuzdar and Sibi districts are significant  (p value 

<0.05) and many  times greater than the Jafarabad and rest of all the remaining districts. 

However, non-significant difference (p-value >0.05) in the prevalence of pneumonic lesions in 

the slaughtered goats was found among the Jafarabad and other districts (Table 3.2). The higher 

prevalence of pneumonic lesions in the goats in the present study besides the predisposing 

factors of poor husbandry practices, severe stressful conditions, little vaccination against 

bacterial and viral diseases, discriminate use of broad spectrum antibiotics and anthemintics; 

could be due to the bacteria, viruses, and parasites as these have been reported in causing 

pneumonia of various types (Browning, 2007). Among the bacteria, the role of Mycoplasma spp, 

Manhemia haemolytica, Pasteurella multocida, Haemophilus spp, Chlamydia species, and 

Salmonella species is found critical in pneumonia of different types in the goats (Kopcha, 2005). 

Similarly viruses commonly associated with pneumonia are adeno-virus, respiratory syncytial 

virus and parainfluenza-type 3 (PI-3). The main target of the viral pneumonia is usually the kids. 

The chronic, progressive viral pneumonia caused by the lentiviruses (Retroviridae) commonly 

known as slow-virus infections usually hit the adult goats (Kopcha, 2005). Furthermore; viruses 

such as peste des petits ruminants (PPR) and capripox are reported as important factors that 

predispose lung tissue to invasion by mycoplasma organisms (Lefervre et al., 1987). The gross-

pathological findings of pneumonia and pleuropneumonia, in mycoplasmal diseases have been 

reported by various workers (Kasali and Ojo, 1981; Rosendal, 1983; DaMassa et al., 1986; Ojo, 

1987; Nayak and Bhowmik, 1988; Nicholas, 2002b). Further, in a study, MmmLC is isolated 

from a goat died with pneumonia with the presence of edematous and congested lungs at 

necropsy (Thigpen et al., 1981). In contrast the low prevalence of pneumonic lesions in goats 

from many of the districts could be due to the reason of less harsh weather, better husbandry 

practice by the goat farmers, frequent use of broad spectrum antibiotics and anthelmintics 

therapy, extensive use of vaccines against bacterial and viral respiratory diseases.   

 

 In the present study, apparently high percentage (51.6%) of unilaterally affected lung 

(n=257) was noticed (Table 3.1) among the slaughtered goats, which may be due to the 

respiratory diseases caused by Mycoplasma species. Similarly, there are many reports in which 

mycoplasma organisms have been reported to cause unilaterally affected lung                  

file:\\sites\entrez
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(Ozdemir et al., 2005) in a respiratory disease particulary “bou frida” a local name given to 

CCPP in Algeria meaning involvement of only one lung (McMartin et al., 1980). In the present 

study this observation looked significant in relation to CCPP, but isolation and characterization 

of Mccp from the lungs would be important in order to correlate with the observed gross 

pathological finding. 

 

 The higher frequency of broncho-pneumonia (31.9%), followed by fibrinous pneumonia 

(23.5%) and lobar pneumonia (22.3%) as compared to the congestion in lungs (7.0%) and 

lobular pneumonia (15.3%) are useful indicators for the prevalence of respiratory diseases in the 

present investigation. Of the many pneumonic lesions observed, the fibrinous pneumonia is the 

lesion which is usually observed in chronic respiratory diseases generally caused by Mycoplasma 

species. Likewise, the necropsy finding of fibrinous pleuropneumonia was noticed in CCPP 

affected goats besides the other typical pathological lesions (Ozdemir et al., 2005; Gelagay et al., 

2007). Similarly, the necropsy findings of fibrinous pneumonia in mycoplasmal diseases have 

been reported by various workers (Kasali and Ojo, 1981; Rosendal, 1983; DaMassa et al., 1986; 

Ojo, 1987; Nayak and Bhowmik, 1988). In another study in a natural outbreak, of the 700 goats 

150 died, microbiologically concurrent infection of MmmLC and Mmc organisms was 

confirmed. Necropsy findings showed broncho-pneumonia and fibrinopurulent pleuropneumonia 

(Rodríguez et al., 1996). Besides the role of MmmLC and Mmc, Mcc has been reported to inflict 

almost similar gross-pathological lesions. In an investigation, the postmortem examination 

revealed lungs with rubbery consistency and red patches of consolidation in Mcc affected goats 

(DaMassa et al., 1983b). The other less commonly reported mycoplasmas are also documented 

in the lung pathology. The post-mortem lesions of pleuropneumonia have also been observed in 

the Mycoplasma putrefaciens affected animals in Saudi Arabia. (Radwan et al., 1985). Though 

Mycoplasma arginini is not considered pathogenic but in a microbiological investigation, besides 

the isolation of MmmLC, Mmc, Mp cultures, Mycoplasma arginini (3.70%) has also been 

reported in goats having the history of pleuropneumonia (Orós et al., 1997).  

 

 In the present gross-pathological investigation, it was found evident that irrespective of 

any type of pneumonic lesions observed in the lungs besides the other microbiological etiologies, 

these may be due to the Mycoplasma species. The gross                                                       
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pathology observed for the lungs may be diagnostic for the mycoplasma infection, but for 

confirmation isolation and characterization based on biochemical, serological and molecular 

tools are suggested.  

 

 Besides the use of Polymerase chain reaction (PCR) based diagnosis of mycoplasma 

diseases, the isolation and identification of the causative mycoplasma is still the gold standard 

(Nicholas et al., 2003). In the present study, so far the isolation of Mccp the causative agent of 

CCPP, from the cultured lung samples was not observed. Fastidiousness of this bacterium 

(Woubit et al., 2004), requirement for an improved media formulation (Nicholas, 2002a) and 

culturing expertise (Houshaymi et al., 2002), suppression of Mccp growth by the other fast 

growing Mycoplasma species (Woubit et al., 2004), and non-prevalence of Mccp in the studied 

districts could be the reasons. The present study is in agreement with the report which has 

described that the Mccp is very fastidious in nature therefore; its isolation is only reported from 

13 countries (Nicholas, 2002a). 

   

In the present study, all the mycoplasma isolates were preliminary identified by the 

digitonin sensitivity and growth on serum non-enriched CCPP growth medium and further 

characterized into different species by a number of classical biochemical tests and GIT.  

Similarly digitonin sensitivity test is also reported to identify the mycoplasma isolates recovered 

from the nasal swabs and milk samples of goats (Al-Momani et al., 2006). Besides the use of 

PCR, the digitonin sensitivity test and GIT are used for the preliminary identification and 

confirmation of Mccp isolates from goats (Houshaymi et al., 2002). In addition glucose 

fermentation and GIT have been reported besides the molecular tools to speciate the MmmLC, 

Mcc and Mp organisms (Al-Momani et al., 2006). Further digitonin sensitivity, glucose 

fermentation, tetrazolium reduction and arginine hydrolysis; and GIT are used to characterize 

MmmLC, Mcc, Mmc, and Mccp organisms isolated from the goats (Eshetu et al., 2007). Recently 

Mccp isolates are identified by the digitonin sensitivity, glucose fermentation, tetrazolium 

reduction, arginine hydrolysis, phosphatase activity and GIT (Mekuria et al., 2008).  

The 4.2 percent (n=188) prevalence of mycoplasmas from the lung samples (n= 4522) of 

randomly selected goats is very critical. As the sampling was done by randomly selecting the 

representative number of samples (lungs from the slaughtered goats) with                                             
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the assumption that prevalence of mycoplasma disease was equal to 50 percent (95%CI and 5% 

absolute precision). In the present study the calculated prevalence of 4.2 percent for the 

mycoplasmas from the lungs is indicating that mycoplasma based respiratory disease might be 

equal or more than 50 percent among the slaughtered goats in Balochistan. Of the nine groups 

(n=9) of the isolated mycoplasma organisms from the lung samples of the investigated goats, 

87.8 percent (n=165) of the mycoplasma were found as single infecting microorganism in the 

present study, which might have a possible role in the pathogenesis of the respiratory diseases in 

goats. Based on the bacteriological characteristics, all the nine groups comprising of 211 isolates 

were identified as Mycoplasma species, whereas none of the Acholeplasma species were isolated 

and identified from the lung samples. All the Mycoplasma species were identified as MmmLC, 

Mmc, Mcc, M. arginini, and Mp. Most of the isolated species in the present study belong to the 

Mycoplasma mycoides cluster; therefore they might be the cause of respiratory diseases in goats 

in Balochistan. Similarly, the “Mycoplasma mycoides” cluster members are reported as notable 

pathogens for goats, sheep and cattle (Cottew et al., 1987). Like wise it has been reported that 

caprine mycoplasma infections are widespread in Balochistan (Tariq, 1980).  

  

In the present study the highest isolation of MmmLC (43.6%), followed by 18.5 percent 

isolation of Mmc, and also the concurrent isolation of MmmLC with Mmc (5.7%) from the lung 

samples were observed. Researchers have described that MmmLC is the most widely reported 

Mycoplasma species and have been prevalent in many parts of United States, as well as various 

Europian, African and Asian countries (DaMassa et al., 1992). Similarly, MmmLC is reported as 

the dominant disease inflicting Mycoplasma species affecting goats worldwide. Moreover, the 

present results are in close agreement with the results of a natural outbreak in which 

mycoplasmas were isolated from ten of the 29 necropsied animals. Besides the recovery of 

MmmLC, Mmc was also isolated from 5 of the goats showing pleuropneumonia in concurrent 

infection with both of these mycoplasmas (Rodríguez et al., 1996). Like wise a microbiological 

investigation was carried out to reveal the cause of pleuropneumonia in goats, of the many 

Mycoplasma species, Mmc (7.4%) was recovered from the younger goats (Orós et al., 1997). 

 

 In the present study statistically highest prevalence of mycoplasmas (X
2 

=121.8, df =14, 

p=0.0001) in the lung samples of the goats was observed as 14.3 percent (n=50)                          
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in Quetta, followed by Pishin, Zhob, Sibi, and Loralai districts whereas, the lowest prevalence of 

1 percent (n=3) was noticed in Jafarabad district (Table 3.6). Further the odds ratio showed that 

the prevalence in Quetta, Pishin, Zhob, Loralai, and Sibi districts was many times greater (p-

value>0.05) than the Jafarabad district (Table 3.7). The highest frequency of mycoplasmas 

isolates (Table 3.8) was also observed for the reported districts in the present study. This could 

be due to the reason that the chronic or sub acute form of caprine respiratory diseases due to 

MmmLC, Mmc, Mcc and many other members of mycoides cluster is prevailing comparatively 

higher than the districts with low prevalence. The caprine respiratory disease with high morbidity 

and mortality is less likely reported in goats in these districts, as informed by the extension 

veterinarians and the goat farmers. Further the gross pathological lesions observed in the caprine 

lungs in the present study were also consistent with the lesions generally found in chronic or sub 

acute respiratory disease. The climatic condition particularly in the first four districts is mainly 

very harsh as temperature generally reaches up to -10
o
C in the winter season which might further 

precipitate the respiratory disease due to immuno-suppression in the closely confined goats. The 

consistent migration of goats with the clinical symptoms of respiratory diseases from the 

adjoining borders of Afghanistan to the closer districts of Balochistan is very important in the 

spread of the respiratory and other disease caused by Mycoplasma species and other 

microorganisms. Similarly, the transportation of the goats over long distances within Balochistan 

could be immunosuppressive for the animals and predispose the goats towards the outbreaks of 

mycoplasmosis. In the present study, goats from the fifteen districts in Balochistan were sampled 

and probably no parallel studies have so far been found in the literature. Certainly, past studies 

have reported that Mycoplasma diseases in goats are prevalent within Pakistan, particularly in 

Balochistan (Tariq, 1980; Hayat, 1990; Awan, 1990; Rehman et al., 2006). Researchers have 

also reported significant difference in the sero-prevalence of CCPP in goats by peasant 

associations from two of the districts in Ethiopia (Mekuria et al., 2008). The seroprevalence of 

CCPP in goats from three districts in Ethiopia has been reported by the CFT test in a cross-

sectional study. Statistically significant difference among the three districts with 32.68 percent 

seroprevalence was reported (Hadush et al., 2009). 

 

The comparatively higher isolation of MmmLC, Mmc, and Mcc, as compared to the other 

Mycoplasma species in the present investigation, is alarming. The                                   



169 

 

establishment of their pathogenic potential in the susceptible goats is very important in order to 

prepare an effective vaccine against the caprine respiratory diseases in Balochistan. There are 

reports on the isolation of Mycoplasma ovipneumoniae from the lung samples of goats but in the 

present study this bacterium was not recovered from the cultured lungs of goats.  This is 

suggestive that this kind of Mycoplasma species is not present among the goats in the studied 

districts of Balochistan. The results are in agreement with the reports which described that the 

isolation of Mycoplasma ovipneumoniae from the infected goats is variable (Goltz et al., 1986). 

Similarly the isolation of M. arginini and Mp is interesting in the present study, and particularly 

the recovery of Mp should not be ignored. Generally the non-pathogenic role of M. arginini has 

been well reported (Jones, 1985), but the Mp on the other hand has been documented pathogenic 

for goats and sheep (OIE, 2008). In addition to mastitis, Mp also inflicts septicaemia in kids and 

arthritis in adults (Peyraud et al., 2003). Moreover, Mp can be isolated from animals with or 

without clinical signs (Mercier et al., 2001).   

 

 Of the total lungs (n=4522) examined for the pneumonic lesions and isolation and 

identification of Mycoplasma species, group C, Lesions
+ 

Culture
-
 (L

+
C

-
) has shown highest 

(9.1%) prevalence of pneumonic lesions (n=411) without the isolation of any Mycoplasma 

species. Statistically significant difference was found between AC (p-value<0.05) and BC (p-

value<0.05). The occurrence of group C (L
+
C

-
) is 5.1 and 4.4 times greater than the groups A 

and B respectively (table 3.10). This might be due to the reason that Mycoplasma species after 

causing the disease were inactivated due to the frequent use of broad-spectrum antibiotics by the 

goat farmers to reduce the morbidity and mortality of the respiratory disease. Similarly, the role 

of bacteria (non-mycoplasmas) such as Pasteurella, Haemophilus, Chlamydia, and Salmonella 

species (Kopcha, 2005), viruses such as adeno-virus, respiratory syncytial virus, parainfluenza-

type 3 (PI-3), lentiviruses (Kopcha, 2005); peste des petits ruminants (PPR) and capripox viruses 

(Lefervre et al., 1987), and the nematode parasites such as Muellerius capillaries, Dictyocaulus 

filaria, and Protostrongylus rufescens (Radostits, et al., 2000) have been reported in pneumonic 

lesions. 

 Of the three groups, group A has shown lowest number (n=87) of pneumonic lesions (prevalence 

of 1.9 %) but with the isolation of Mycoplasma species. Statistically significant difference (p-value<0.05) 

was found between AC groups while non-                                                                                            
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significant difference (p-value>0.05) was noted in between AB groups. Interesteringly majority 

of the isolated Mycoplasma species was MmmLC and the observed gross-pathology in the 

present study could be by the respiratory disease produced by this species. The results of the 

present study are in close agreement with the study in which MmmLC has been isolated from a 

goat died with pneumonia (Thigpen et al., 1981). Among the clinical manifestations, pneumonia 

was critical in the goats affected with MmmLC and Mmc organisms during a disease (Singh et 

al., 2004). Mycoplasma mycoides subspecies mycoides Large Colony is the most widely reported 

Mycoplasma species from many parts of United States, as well as various Europian, African and 

Asian countries (Damassa et al., 1992). 

 

 The group B showed 101 lungs (prevalence of 2.2%) from which Mycoplasma species 

were isolated, but gross-pathological lesions were not observed. Statistically significant 

difference (p-value<0.05) was found between BC groups while non-significant difference (p-

value>0.05) was noted in between AB groups. The isolated Mycoplasma species were mostly 

non-MmmLC organisms, and were probably not able to cause respiratory diseases in the goats. 

Like wise, findings for the isolation of Mycoplasma species from the goats without having 

pneumonic lesions have been documented.  Of the many Mycoplasma species, Mycoplasma 

arginini is the type which is regarded as non-pathogenic (Jones, 1985) and prevails in goats and 

sheep and is also isolated from various sites (Jones et al., 1983). 

    

 

3.5. CONCLUSIONS 

 

 The varying degree of pneumonic lesions particularly broncho- pneumonia, fibrinous- 

pneumonia and lobar- pneumonia; along with the unilaterally affected lungs in the slaughtered 

goats is probably suggesting the key role of Mycoplasma species in the caprine respiratory 

disease in Balochistan. 

 

 The highest prevalence of pneumonic lesions in goats from Quetta district followed by 

Sibi, Zhob, and Pishin districts is suggesting that possible role of Mycoplasma species in the 

pathology and disease should be addressed.  
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 The isolation and characterization of the prevalent Mycoplasma species such as MmmLC, 

Mmc, Mcc, and Mp from the lungs of the slaughtered goats both as a single and concurrent 

infection is critical and perhaps have a key role in the pathogenesis of the respiratory disease in 

the goats in Balochistan.  

 

The highest prevalence of Mycoplasma species and the isolation frequency of 

Mycoplasma species in goats from Quetta, followed by Pishin, Zhob, Sibi, and Loralai districts 

are alarming as these districts have greater population of goats, and are known for having 

extreme cold weather than the other studied districts. The role of cold weather as a predisposing 

factor appears also very significant in the respiratory diseases caused by the Mycoplasma species 

in Balochistan.  

 

 The caprine respiratory disease possibly with the highest prevalaing Mycoplasma species 

such as MmmLC is anticipated if suitable immuno-prophylactic measure is not adopted in goats 

in Balochistan.  

 

 

 The classical biochemical and the growth inhibition tests are found very helpful and valid 

in the characterization of the prevalent Mycoplasma species isolated from the lung samples of 

goats in Balochistan. 

 

 

The arbitrary use of the broad-spectrum antibiotics particularly to limit the respiratory 

diseases might be one of the reasons in districts with low prevalence of mycoplasmas.  

 

 

 The highest isolation of MmmLC organisms from the lungs of the goats with the presence 

of pneumonic lesions is very critical and probably indicating its pathogenicity.  
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CHAPTER 4 
 

 

Clinico-Pathological and Bacteriological Study on Pleuropneumonia 

suspected Goats in Balochistan 
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ABSTRACT 
 

 

  

 

Of the total goat population in Pakistan, significant numbers are present in Balochistan, but little 

studies have so far been made and reported on the role of caprine mycoplasmas in causing 

respiratory diseases characterized mainly by pleuropneumonia. The present study describes the 

clinico-pathological, isolation and characterization of Mycoplasma species from the different 

body sites of the pleuropneumonia suspected goats (n=210) from fifteen districts of Balochistan 

during 2006-2008. Among the clinical symptoms, nasal discharge was observed highest (82.4%) 

followed by cough (47.6%), anorexia (26.7%), temperature (20.5%), dyspnoea (19%), diarrhoea 

(8.1%) and swollen fore-limb joints (15.2%). Non- significant difference in the occurrence of 

pneumonic lesions between the districts was observed (X
2 

=19.37, df =14, p=0.1512; Odds ratio 

p-value>0.05). Overall highest gross-pathological lesions were noticed for pneumonic lesion 

(87.1%), followed by lung adhesions (27.1%), and hydrothorax (8.6%), while the lowest was 

observed for fibrinous pericarditis (2.9%). Of the total samples (n=1890) from different body 

sites of the pleuropneumonia suspected goats, 31% were positive for the mycoplasmas 

organisms. Among the mycoplasmas positive samples, 89.59% had single Mycoplasma species involved, 

while 10.41% had concurrent Mycoplasma species. Overall, 34.23% (n=647) mycoplasma isolates 

comprising of six Mycoplasma species were recovered and characterized with biochemical and growth 

inhibition tests. The highest isolation of 43.74% was observed for Mycoplasma mycoides 

subspecies mycoides large colony (MmmLC), followed by 13.45% for Mycoplasma capricolum 

subspecies capricolum (Mcc), and 11.59% for Mycoplasma mycoides subspecies capri (Mmc), 

and 7.11% for Mycoplasma arginini (Marg) and 4.95% for the concurrent infection of MmmLC 

with M. arginini organisms. In contrast, the lowest isolation of 2.01% was observed for 

Acholeplasma followed by 2.16% for concurrent isolation of MmmLC with Mycoplasma 

putrefaciens (Mp) organisms. Significant difference in the mycoplasmas positive samples from 

goats between the districts was observed (X
2
=38.42, df =14, p=0.0004; Odds ratio p-value<0.05). 

The odds ratio indicated that the mycoplasmas positive samples from the goats in Quetta was 

1.75 (95% CI=1.2-2.6), Loralai 1.62, and Khuzdar 1.68 times greater than the Pishin district. Of 

the pleuropneumonia suspected goats (n=210), the highest isolation of mycoplasmas was observed from 

the lung tissues (27.1%), followed by nose (25.3%), and trachea (22.9%),                                              
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while, the lowest was observed from intestine (1.7%). Significant difference in the isolation of 

mycoplasmas from different body sites of the goats was observed (X
2 

=572.9, df =7, p=0.0001). 

The odds ratio value has also showed significant difference (p-value<0.05) in the isolation of 

mycoplasmas from the different body site of goats. The isolation of mycoplasmas from the  lung 

tissues was 43.65 (95% CI=26.6-71.7), nose 33.42 , trachea 24.69, liver 3.71, spleen 3.60, and 

fore limbs joint fluid 2.33  times greater than the intestine samples. Overall the clinical picture, 

gross pathological lesions, and the isolation and characterization of the Mycoplasma species 

from the different body sites of the pleuropneumonia suspected goats, suggest that members of 

the class Mollicutes have considerably critical role in the current respiratory problem in the 

investigated goats in Balochistan. The need to further explore the pathogenic potential of the 

isolated Mycoplasma species in the goats is required. 
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4.1. INTRODUCTION 

 
 

 Mycoplasma are small wall-less (Nicholas, 2002a) self-replicating bacteria (McAuliffe et 

al., 2003) and belongs to the class Mollicutes. Mycoplasmas are prevalent in nature as parasites 

of humans, mammals, reptiles, fish, arthropods, and plants (Razin, et al., 1998). These bacteria 

are extracellular parasites with affinity for mucous membranes (Razin, 1992), therefore these 

organisms can be recovered from the respiratory organs, joints, mammary glands, eyes, and 

urogenital tract (Simeka et al., 1992).  

 

 Contagious caprine pleuropneumonia (CCPP) caused by Mycoplasma capricolum 

subspecies capripneumoniae (Mccp) is an acute, highly contagious respiratory disease 

(Hernandez et al., 2006) which occurs in Eastern Europe, the Middle East, African and Asian 

countries. The nature of CCPP is very destructive and poses serious threats and losses to the goat 

population and clinical disease is reported from 40 countries in Asia and Africa (Nicholas, 

2002b). The CCPP is described as a disease syndrome under a title of    MAKePS syndrome 

which means mastitis, arthritis, keratitis, pneumonia and septicaemia (Thiaucourt and Bolski, 

1996).The clinical signs of fever (41
o
C to 42

o
C), rapid and painful respiration, spells of violent 

coughing, mucopurulent nasal discharge, reluctant to walk with limbs abducted and neck 

extended are the characteristic one in the CCPP. In most of the terminal phase of CCPP, the 

animals are found unable to move follows by the death (Nicholas, 2002b).  

 

Mycoplasma organisms are known for causing the respiratory problems, genital disease, 

arthritis, and eye lesions in small ruminants including goats (Nicholas, 2002a; Sharif and 

Muhammad, 2009). Mycoplasma disases are reported to be the serious threats to goat production 

due to high morbidity and mortality rates. Most of the countries of the world known for goat 

production are facing damages due to the direct losses like substantial decrease in meat, milk, 

hair and skins by the mycoplasma diseases. Other perspective of the mycoplasmosis is indirect 

losses which result into emaciated animal, reduced fertility, delayed marketing, and 

condemnation of carcasses (Bergonier et al., 1997).  
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Generally mycoplasmosis is characterized with the clinical symptoms of nasal secretions, 

cough, anorexia and lethargy (Martin, 1996). Further, fever, conjunctivitis, arthritis in 

mycoplasma inflicted diseases has also been reported by various workers (Rosendal, 1983; 

DaMassa et al., 1986; Nayak and Bhowmik, 1988). Mostly mycoplasma species causing 

respiratory diseases have predilection for lungs and pleura which results in pneumonia and 

pleuropneumonia in goats. Of these Mycoplasma mycoides subspecies capri (Mmc), Mycoplasma 

mycoides subspecies mycoides Large Colony (MmmLC), Mycoplasma capricolum subspecies 

capripneumoniae (Mccp), Mycoplasma putrefaciens (Mp) are normally considered in the 

respiratory problems (Thiaucourt and Bolske, 1996).  

 

 

Many species of Mycoplasma are implicated in the pathogenesis of pneumonic 

syndromes in goats and sheep. The common species include MmmLC, Mmc, Mcc, Mycoplasma 

ovipneumoniae, Mycoplasma agalactiae, and Mycoplasma arginini. Some of these Mycolasma 

species can cause severe and contagious diseases in goats with significant economic losses 

(Ozdemir et al., 2005). Mycoplasma mycoides cluster is very important as most of the members 

are found as significant pathogens for the goats. Initially this cluster included six species and 

subspecies but recently five species have been  documented as MmmLC and Mmc have been 

included under one type titled as Mycoplasma mycoides subspecies capri (Mmc) (Manso-Silva´n 

et al., 2009).  

 

The MmmLC affects the goat‟s population over a wide range of countries and is 

suspected, whenever pleuropneumonia, pneumonia and contagious agalactia are reported 

(Cottew, 1979). The Nutritional, climatic and husbandary changes are reported as major 

contributing factors in MmmLC oriented disease outbreaks (Thiaucourt and Bolske, 1996).  

 

Of the many members of Mycoplasma mycoides cluster organisms; Mmc has been 

incorrectly associated and believed to be the cause of contagious caprine pleuropneumonia 

(CCPP). The reports on the natural and experimental cases of Mmc pathogenicity are very little 

(Jones and Wood, 1988). Similarly, Mycoplasma capricolum subspecies capricolum (Mcc) was 

primarily known as a goat pathogen (DaMassa et al., 1992), and was recovered in an outbreak of 

polyarthritis and pneumonia in goats (Bölske et al., 1988; Bergonier                                            

file:\\sites\entrez
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et al., 1997). The isolation of Mcc with/or without MmmLC has been reported from kids showing 

arthritis and pneumonia, (De la Fe C et al., 2007). The other non Mycoplasma mycoides cluster 

organisms such as Mycoplasma putrefaciens (Mp) (Radwan et al., 1985; Orós et al., 1997; Al-

Momani et al., 2006; OIE, 2008) has been reported in goats with respiratory symptoms. 

Mycoplasma ovipneumoniae is not the primary pathogen of goats but it can still infect goats and 

lead to a disease (Thiaucourt et al., 1994). Mycoplasma arginini is regarded as non- pathogenic 

(Jones, 1985), and is reported to prevail in goats and sheep and has been isolated from various 

body sites of these animals (Jones et al., 1983). The role of Acholeplasma in the respiratory 

diseases of the goats has not been well established but besides the isolation of Mycoplasma 

species it has been isolated from goats and sheep with the pneumonic lesions in India (Banerjee 

et al., 1979). 

 

The characteristic pathology in the Mccp inflicted CCPP disease is different than the 

Mmc and MmmLC based pleuropneumonia (Hutcheon, 1889). Further it has been described that 

the pathological lesions are exclusively limited in the lung and pleura and generally consist of 

pleuropneumonia, adhesions, unilateral hepatisation and presence of pleural fluid which may 

solidify and form a fibrinous covering on the lung Nicholas (2002b). The necropsy findings of 

marbled lungs, fibrinous pleuropneumonia, and yellow colored pleural fluid with inflammation 

of the mediastinal lymph node with the isolation of Mccp from the lungs and pleural fluid have 

been reported from cases of CCPP (Gelagay et al., 2007).  The pathology in MmmLC based 

respiratory diseases is observed with the presence of edematous and congested lungs at necropsy 

(Thigpen et al., 1981). Necropsy findings of bronchopneumonia and fibrinopurulent 

pleuropneumonia have been observed in concurrent infection of MmmLC and Mmc organisms in 

goats (Rodríguez et al., 1996). Mycoplasma capricolum subspecies capricolum is known for 

septicemic disease and necropsy findings of fibrinous pericarditis, and peritonitis with fibrin 

deposition on liver and in the scrotal cavity have been reported (Cordy et al., 1955). In a Mcc 

based disease investigation in goats, the postmortem examination has revealed lungs with 

rubbery consistency and red patches of consolidation (DaMassa et al., 1983b).  

 

In addition to the development and use of molecular based diagnosis tools such as PCR 

(Bashiruddin et al., 1994; Shankster et al., 2002; Woubit et al., 2004) in                              
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Mycoplasma diseases, the culture and identification of mycoplasmas are still the gold standards 

(Nicholas et al., 2003). Besides all the merits of the molecular diagnostic facilities for 

mycoplasmosis, the provision of state of the art equipments and expertise are mandatory, 

therefore generally the diagnostician depend mostly only on the clinical symptoms, gross 

pathological lesions in the affected goats and the classical serological tools such as complement 

fixation test (Hadush et al., 2009) in many of the underdeveloped countries including Pakistan in 

order to start an early treatment and control measures. Mycoplasma isolation particularly Mccp is 

generally impeded by the overgrowth of fast growing and less important Mycoplasma and 

Acholeplasma species, bacterial contaminants and toxic effects of antibacterials and inhibitors 

used in the preparation of mycoplasma media (Nicholas and Baker, 1998; OIE, 2008). As the 

isolation of Mccp is very important for the confirmation of its prevalence (Thiaucourt et al., 

1996) in an area, the selection and treatment of samples, specific CCPP culturing media,  its 

storage and quality control, and above all the culturing technique are very critical (OIE, 2008).  

 

The classical biochemical and growth inhibition tests (Poveda and Nicholas, 1998) for 

the identification of the Mycoplasma species including Mccp (Nicholas, 2002b) are still widely 

used in many countries across the world. Clinico-pathalogical and serological diagnostic 

approach for caprine pleuropneumonia are definitive if coupled with the isolation of Mycoplasma 

species (OIE, 2008). 

 

Goats are important mainly for the production of meat, milk, skins and fiber including 

hair, mohair and pashmina (Devendra and Burns, 1983). Of the 54 million heads of goats in 

Pakistan, 12 million are reported in Balochistan (Anonymous, 2006). Like the other species of 

animals, goats are also prone to many infectious and contagious diseases and extremely cold 

winters and poor husbandry practices are the significant predisposing factors in the pathogenesis 

of disease. There is a consistent migration of small ruminants including goats from Afghanistan 

to the adjoining areas of Balochistan,  and animal movement  is generally not well contained 

because of the huge border (1600 killometers) and also due to the common tribal customs and 

traditions between the two countries. This usually exposes the goat population of Balochistan to 

various infectious and contagious diseases including respiratory diseases caused by the Mycoplasma 

species.  Pneumonia, pleuropneumonia and/or arthritis, mastitis, keratoconjunctivitis,                           
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abortion etc are frequently reported manifestation in goats from various parts of Balochistan. The 

morbidity and mortality rates of 74 and 47 percent have been reported in pleuropneumonia 

affected goats in Balochistan (Tariq, 1978). Besides the use of a locally prepared killed 

mycoplasma vaccine (Mmc-PG3 strain), there are still reports on the out breaks of caprine 

pneumonia, pleuropneumonia or CCPP, with relatively high degree of morbidity and mortality 

among goats in Balochistan, Pakistan. Little research work on the mycoplasma inflicted diseases 

particularly pleuropneumonia by the clinical, gross-pathological and isolation and 

characterization of mycoplasma isolates have so far been carried out in Balochistan. (Tariq, 

1978; Awan, 1990, and Ahmed, 2005). 

 

 The diagnosis of caprine respiratory and other diseases caused by mycoplasma species in 

Balochistan, is hindered mainly due to the lack of current know how on caprine 

mycoplasmology, non-availability of  a well equipped mycoplasma diagnostic laboratory,  

reduced mobility of extension veterinarian, improper collection and transport of clinical samples 

from the mycoplasma suspected cases to the divisional diagnostic laboratories in Balochistan.  

 

Keeping in view all the afore-mentioned facts regarding the status of caprine respiratory 

diseases inflicted by the mycoplasmas in Balochista, the present study was designed with to 

highlight the status of Mycoplasma species in the pleuropneumonia suspected goats. In this 

study, the investigations to observe the clinical symptoms, gross-pathological lesions, and to 

isolate the Mycoplasma species from different body sites of the pleuropneumonia suspected 

goats have been carried out. This study is probably undertaken and reported for the very first 

time in Balochistan, Pakistan.  

 

4.2. MATERIALS AND METHODS 
 

 

4.2.1. Study area 

 

In the present study, of the thirty districts of Balochistan, only fifteen districts were 

selected because of the high density of goat population, complaints of respiratory diseases 

mimicking caprine pleuropneumonia, extremes of temperature, low and high                           
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land terrain, poor husbandry practice, and influx of goats into districts from the Afghanistan 

border. 

  

4.2.2. Study animals, sample size, and sampling procedure 

 

For the clinico-pathological examinations and collection of samples for the isolation and 

characterization of Mycoplasma species, goats clinically suspected for pleuropneumonia were 

selected and purchased from fifteen districts of Balochistan during 2006 and 2008. The 

dominated Khurasani breed of goat which is locally known as Kakari or Kochi by the nomadic 

people in Balochistan was mainly the study animal. The age, sex, and breed of the goats were not 

considered in the present study. 

 

Due to financial limitations/constraints only small number of animals could be purchased. 

Twelve (n=12) goats suspected for pleuropneumonia from each of the districts (n=15) were used 

for the investigations. In this way, from the 390 flocks of goats (n=58564), 180 goats were 

selected and purchased. Furthermore, in response to the consistent reports on the outbreaks of 

caprine pleuro-pneumonia from Pishin district in 2008, forty (40) goat flocks with the total 

population of 2010 animals were visited. The goats were examined for the presence of 

respiratory signs and symptoms. Thirty (30) sick goats with varying degrees of respiratory 

symptoms were selected and purchased. In total, 210 goats were transported to the animal facility 

at CASVAB University of Balochistan, Quetta for the accomplishment of this study. 

 

4.2.3. Clinical picture in the pleuropneumonia suspected goats 

Overall 210 goats suspected for pleuro-pneumonia were examined for the clinical 

symptoms such as nasal discharge, ocular discharge, coughing, difficult breathing (dyspnoea), 

anorexia, swollen joints (fore-limbs), diarrhea, and pyrexia.  

4.2.4. Postmortem examination of the pleuro-pneumonia suspected goats for the gross 

pathological lesions  

 

 The goats (n=210) were sacrified and the post-mortem examination was carried out. All 

the visceral organs and body parts of the goats were examined for gross                       



181 

 

pathological lesions such as lung unilaterally/bilaterally affected with pneumonia, lobar 

pneumonia, lobular pneumonia, bronchopneumonia, fibrinous pleuropneumonia, congestion in 

the lungs, hydrothorax, lung adhesions, hepatization of lungs, hemorrhagic trachietis, fibrinous 

pericarditis, swollen mediastinal lymph node, abnormal synovial fluid in the forelimb joint, and 

any other significant lesion. The lung tissue and swab samples from different body sites of the 

goats were collected and cultured directly into the CCPP modified broth medium for the isolation 

of Mycoplasma species. 

 

4.2.5. Isolation and identification of mycoplasmas from the pleuropneumonia suspected 

goats  

 

The lungs, pleural fluid, and swabs from nose, eyes, trachea, liver, spleen, kidneys, 

intestines, fore-limb joints from each of the scarified goat were collected. The nasal swabs 

(section 2.2.3.2) and lung samples (section 3.2.3.2) were processed for the isolation of 

Mycoplasma species by following the procedure as described by Nicholas and Baker (1998). 

Briefly nasal swabs were directly cultured into CCPP modified broth medium, while the portion 

from the area of consolidation from the lung was chopped aseptically and cultured (by making 

dilutions up to 10
-4

) into CCPP modified broth medium. All the other swab and pleural fluid 

samples were processed, in the same way as described for nasal swabs cultures.  

 

4.2.5.1. Bacteriological culture media and procedure for the isolation and identification of 

Mycoplasma species 

 

Modified CCPP broth and agar media (OIE, 2008) were used in the present study as these 

were found economical (see section 2.2.3.3.1 and 2.2.3.3.2). The standard bacteriological 

procedure was followed for the isolation of Mycoplasma species from the lung and other samples 

collected from the sacrified pleuro-pneumonia suspected goats (see section 2.2.3.4). All the 

mycoplasma isolates were subjected to digitonin sensitivity test (section 2.2.3.5.1) by following 

the method as described by Poveda (1998), and growth on serum non-enriched CCPP growth 

medium (section 2.2.3.5.2) to preliminary identify them as Mycoplasma or Acholeplasma 

organisms. 
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4.2.5.2. Biochemical characterization of Mycoplasma species 

 

 The classical biochemical tests such as glucose fermentation, arginine hydrolysis, 

phosphatase production, tetrazolium reduction, casein hydrolysis, liquifaction of inspissated 

serum medium, and film and spot production were carried out for each of the isolate by 

following the standard method (Poveda, 1998). The biochemical characterization scheme for the 

Mycoplasma species was followed as described by Nicholas (2002). For details see section 

2.2.3.6.     

     

4.2.5.3. Serological identification and storage of Mycoplasma species 

 

 The growth inhibition test (GIT) as described by Poveda and Nicholas (1998), was used 

for the serological identification of Mycoplasma species. For details see section 2.2.3.7.1. All the 

identified mycoplasma isolates were freeze-dried by the lyophilizer (Labconco, USA) and later 

used for the molecular identification of Mycoplasma species. 

 

 Data analysis 

 

Proportions, chi-square test and odds ratio were used to analyze the data. Chi-square test 

was used to see the difference (p-value of < 0.05 was considered significant) in the district wise 

prevalence of pneumonic lesions, district wise prevalence of mycoplasma positive samples, and 

source of sample wise prevalence of mycoplasma isolates from the goats. The Graphpad Prism 5 

software was used to calculate the X
2
 value. Moreover, to further see the magnitude of the 

difference in prevalence, univariate logistic regression analysis was carried out to calculate the 

Odds Ratio (OR) value (95% confidence interval (CI) with lower and upper values). The R- 

project software, version 2.10.2009-12-10, ISBN 3-900051-08-9 and Microsoft Excel, 2003 were 

used to calculate the OR value. The combined results for the gross-pathology (pneumonic 

lesions) and isolation and identification of the mycoplasma species from the lungs of the goats 

were tabulated and statistically compared using the chi-square test. 
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4.3. RESULTS 

 

4.3.1. Clinico-pathologic and bacteriological study for the pleuropneumonia suspected 

goats  

 

Number of the investigated goats was positive for varying degree of respiratory 

symptoms, gross pathological lesions associated with pleuro-pneumonia and mycoplasma 

isolates. In this section, the general bacteriological characteristics of the isolates, identification of 

these organisms by the digitonin sensitivity test and growth on serum enriched and non-enriched 

PPLO medium; and characterization by the classical biochemical and serological (GIT) tests are 

shown. Two types of Mollicutes namely Mycoplasmas and Acholeplasmas as a single and 

concurrent infection with other Mycoplasma species were isolated.  

 

4.3.1.1. Clinical picture of the pleuro-pneumonia suspected goats  

 

The results for the clinical picture of the 210 selected goats with varying symptoms of 

respiratory disease from 390 flocks comprising of 58564 goats from fifteen districts of 

Balochistan are shown in table 4.1. Of the many respiratory symptoms observed, the nasal 

discharge as 82.4% (n=173) was the highest followed by cough 47.6 % (n=100), anorexia 26.7% 

(n=56), temperature 20.5% (n=43), dyspnoea 19% (n=40), and swollen fore limb joint 15.2% (n= 

32). In contrast, diarrhea as 8.1% (n=17) was the least observed symptom followed by ocular 

discharge as 13.8% (n=29).   

  

4.3.1.2. Gross pathology in the pleuropneumonia suspected goats  

 

Of the 210 lung samples from the pleuropneumonia suspected sacrified goats, 183 lung samples 

were found positive for the pneumonic lesions with an overall prevalence of 87.1%. The highest 

prevalence of 100% (n= 12) pneumonic lesion was observed in goats from Quetta, Loralai, and Sibi 

districts; and 91.7% (n= 11) from Zhob, Kalat, Kharan and Jaafarabad districts, while, the lowest was 

66.7% (n= 8) in Nasirabad followed by 75 % (n= 9) for Ziarat and Harnai districts. Statistically by using 

chi square (X
2
) test,  non- significant difference in the prevalence of pneumonic lesions in the lung 
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samples of pleuropneumonia suspected goats between the fifteen districts in Balochistan (X
2 

= 

14.49, df =14, p=0.4137 (> 0.05) was observed (Table 4.2).  

 

The univariate logistic regression model (R-project software) was also used to reconfirm 

that there was no difference in the prevalence of pneumonic lesions in the lung samples of 

pleuro-pneumonia suspected goats from districts of Balochistan.  As  p-values in all the districts 

were found >0.05 and 95 % lower CI was also less than 1.0, therefore non-significant difference 

was assumed between all the districts in terms of the prevalence of pneumonic lesions. 

   

Of the 183 lungs with pneumonic lesions from pleuro-pneumonia suspected goats) 

n=210), different types of pneumonic lesions were observed (Table 4.2). The highest frequency 

of 54 (29.5%) was observed for lobar-pneumonia in unilaterally affected lung (Fig.3.1, 4.1), 

followed by 51 (27.9%) for fibrinous-pneumonia (Fig.4.2, 4.3), and 37 (20.2%) for broncho-

pneumonia (Fig.3.2), while the lowest frequency of 23 (12.6%) was noticed for lobular 

pneumonia (Fig.3.3) and congested lungs (Fig.3.5). 

 

Further, of the 210 pleuro-pneumonia suspected goats, the highest frequency of gross 

pathological lesion of 183 (87.1%) was noticed for pneumonic lesion, followed by lung 

adhesions 57 (27.1%) (Fig. 4.5), and hydrothorax 18 (8.6%) (Fig. 4.6), while the lowest 

frequency was observed for fibrinous pericarditis 6 (2.9%) followed by 8 (3.8%) for 

haemorrhagic tracheitis (Table 4.2).The hepatized fibrinous pleuropneumonic lung  

(Fig. 4.3, 4.4) was also observed from the pleuropneumonia suspected goats particularly from the 

Pishin district. Further one of the goats from Zhob district was also found with slight fibrin 

deposition on pneumonic lungs and hydrothorax (Fig. 4.7). 
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Table 4.1. Clinical picture in pleuro-pneumonia suspected goats 
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Quetta 

 

12 4* 2* 11* 7* 4* 3* 5* 1* 

Pishin 

 

42 3 3 29 22 5 7 6 3 

Zhob 

 

12 3 2 11 8 4 3 5 0 

Loralai 

 

12 4 1 10 9 5 2 6 1 

Qila Saifulla 

 

12 2 2 10 6 3 1 2 0 

Khuzdar 

 

12 4 3 11 6 2 2 4 2 

Kalat 

 

12 2 2 10 5 2 2 4 1 

Mastung 

 

12 2 1 10 5 1 1 3 0 

Nushki 

 

12 3 1 9 4 2 2 2 1 

Kharan 

 

12 2 2 11 4 3 2 4 2 

Ziarat 

 

12 3 2 9 5 2 1 3 1 

Jaffarabad 

 

12 2 2 10 4 1 1 2 1 

Harnai 

 

12 2 1 11 3 2 1 2 1 

Nasirabad 

 

12 3 2 10 4 1 1 3 2 

Sibi 

 

12 4 3 11 8 3 3 5 1 

 
Total 

 

(%) 

 

 

210 
43 

 

 

(20.5) 

29 

 

 

(13.8) 

173 

 

 

(82.4) 

100 

 

 

(47.6) 

40 

 

 

(19) 

32 

 

 

(15.2) 

56 

 

 

(26.7) 

17 

 

 

(8.1) 

 
*
 No. of goats with the observed symptom 
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Table 4.2 Gross pathology in the pleuro-pneumonia suspected goats  

a  No. and percentage of lungs of goats positive for pneumonic lesions  from the  pleuropneumonia suspected goats from the district  
b  No. of goats with lungs positive for pneumonic lesion                                                                                     
c  No. of goats positive for the type of pneumonic lesion/183 pneumonic lesions  
d No. of goats positive for the gross-pathological lesion/210 goats 
e Nasirabad as being lowest in frequency of lungs positive for pneumonic lesions was taken as base line for this analysis. 

*X2 =14.49, Df=14, p=0.4137 (>0.05) Non- significant difference in lung samples positive for pneumonic lesions between various districts  
+Univariate logistic regression model is used for the analysis. As  p-value in all the districts was >0.05 and 95% lower CI was also less than 1.0, 

therefore non-significant difference was found among the districts in terms of pneumonic lesions positive lung samples. 
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Quetta          12 12 a  (100) 3 b 2 b   3 b 3 b 1 b 2  b 3 b 1 b 1 b 

Pishin            

 

42 37 (88.1) 18 1 11 6 1 3 16 2 1 

Zhob             

 

12 11 (91.7) 2 1 3 4 1 1 3 1 0 

Loralai        

 

12 12 (100) 3 2 2 3 2 2 3 1 0 

Qilla Saifulla 

                      

12 10 (83.3) 2 1 2 3 2 1 3 0 1 

Khuzdar        

 

12 10 (83.3) 4 1 2 2 1 2 2 0 0 

Kalat            

 

12 11 (91.7) 3 2 1 4 1 1 4 1 0 

Mastung        

 

12 10 (83.3) 2 1 2 3 2 0 3 0 0 

Nushki         

 

12 10 (83.3) 3 2 1 2 2 1 2 0 1 

Kharan          

 

12 11 (91.7) 2 2 1 4 2 1 4 0 0 

Ziarat           12 9 (75) 2 1 2 3 1 1 3 1 0 

Jaffarabad     

                      

12 11 (91.7) 3 1 3 3 1 0 3 0 0 

Harnai           

 

12 9 (75) 2 1 1 4 1 1 3 0 1 

Nasirabad
e
         

 

12 8 (66.7) 2 1 1 3 1 0 2 0 0 

Sibi               

 

12 12 (100) 3 2 2 4 1 2 3 1 1 

 

Total 
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               Fig.4.1. Unilaterally
1
 affected lung (pneumonic lesion) from the                 

pleuropneumonia suspected goat from Sibi district in Balochistan 

 

 

 
 

           Fig. 4.2. Unilaterally affected lung with fibrinous pleuropneumonia
1
 from the 

pleuropneumonia suspected goat from Qilla Saifulla district in Balochistan 

       (normal lung
2
) 

 

 

1 

2 

1 
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    Fig. 4.3. Hepatized
1
 lung with fibrino-pleuropneumonia

2
 from the pleuropneumonia 

suspected goat from Pishin district in Balochistan 

 

 

 
 

 

            Fig. 4.4. Hepatized
1
 lung (cut portion) from the pleuropneumonia suspected goat 

from Pishin district in Balochistan 

 

 

 

2 

1 

1 
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                Fig. 4.5. Adhession
1
 of the fibrino-pleuropneumonic

2
 lung with the inner chest wall 

from the pleuropneumonia suspected goat from Pishin district in Balochistan 

 

 

 

 

               Fig. 4.6. Hydrothorax
1
 (dark straw colored fluid in the chest cavity) and   fibrino-

pleuropneumonic
2
 lung from the pleuropneumonia suspected goat from Pishin 

district in Balochistan 

 

 

 

1 

2 

2 

1 
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   Fig. 4.7. Hydrothorax
1
 (straw colored fluid in the chest cavity) and fibrino-  

pleuropneumonic
2
 lung from the pleuropneumonia suspected goat from Zhob district 

of Balochistan 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2 
2 

1 
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4.3.1.3. Isolation and characterization of mycoplasmas from the pleuropneumonia 

suspected goats  

 

Different types of mycoplasmas were isolated from the samples collected from various 

sites of the pleuropneumonia suspected goats. All the Mycoplasma isolates were characterized by 

their typical fried egg micro-colonies on PPLO agar medium (Fig. 2.3). The isolated 

mycoplasmas were categorized into eleven different groups. Of the eleven groups, 6 were the 

one in which Mycoplasma was found as single species, whereas 5 groups were observed with 

concurrent Mycoplasma species. The general bacteriological characteristics of the isolated 

mycoplasmas are shown in Table 4.3. All the mycoplasma isolates were found as fast growers 

and grew within 1- 4 days in liquid and agar media. The colony size of the mycoplasma isolates 

varied from medium to large without any particular odor except for groups 4 and 8. Three 

different turbidity types such as thin, moderate and thick were observed for the mycoplasmas 

isolates in the liquid medium. Majority of the isolates changed the pink color of the original 

liquid medium into yellow color (acidic shift), whereas yellowish orange, pinkish orange, and 

pinkish red colors were considered due to the alkaline shift. All the isolates which were sensitive 

to digitonin (Fig 2.5), and did not grow in serum non-enriched medium were designated as 

Mycoplasma species, while the digitonin resistant and the isolates grown in serum non-enriched 

medium were considered as Acholeplasma species.  

 

The results for the identification of Mycoplasma species by the classical biochemical tests 

(Figures 2.6, 2.7, 2.8, 2.9, 2.10) and Growth inhibition test (Fig. 2.11) are shown in table 4.4. The results 

for the isolation and characterization of mycoplasmas organisms from different sites of the 

pleuropneumonia suspected goats are shown in table 4.5. 

 

Among the Mycoplasma species isolated (n=647) from the 586 mycoplasma positive samples 

from different sites of the pleuropneumonia suspected goats, the highest rate of isolation (prevalence) of 

43.74% (n=283) was observed for MmmLC, followed by 13.45% (n=87) for Mcc, and 11.59% (n= 75) for 

Mmc, and 7.11% (n= 46) for M. arginini and 4.95% (n=32) for the concurrent infection of MmmLC with 

M arginini organisms. In contrast, the lowest prevalence of 2.01% (n=13) was observed for Acholeplasma 

followed by 2.16% (n= 14) for concurrent isolation of MmmLC with Mp  
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Table  4.3. General bacteriological characteristics of mycoplasmas isolated from samples from 

different body sites of pleuro-pneumonia suspected goats  

 
                    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
                  MmmLC: Mycoplasma mycoides subspecies mycoides Large Colony        Mmc:Mycoplasma mycoides subspecies capri  

                       Mcc: Mycoplasma capricolum subspecies capricolum                                Mp:   Mycoplasma putrefacience  

                       Marg: Mycoplasma arginini                                                                         S-Single             L-large                         N-Normal 
                                     a Presence of one or many types of mycoplasmas                                        Mod-Moderate  Y-Yellow                      Sen-Sensitive 

 b Sensitive means the inhibition zone is more than 2mm                             A- Absent          YO-Yellowish orange  Res-Resistant 
                                     c Growth of mycoplasma is absent                                                               Put-Putrefying    M-Medium                  PO-Pinkish orange                        

* Group no. For which Mycoplasma species were identified                LM-Large & medium                             PR-Pinkish red 

                                                                               LY-Light yellowish     
 

 

Group* 

 

1 2 3 4 5 6 7 8 9 10 11 

 

Culture typea 

 

S S S S S S Mix Mix Mix Mix Mix 

 

Colony size 

 

L M M M M M LM LM LM LM M 

 

Growth 

(Days) 

2-3 2-4 3 1-2 2-3 1-2 2-4 1-3 2-3 2-3 2-4 

 

Odor 

 

N N N Put N N N Put N N N 

 

Growth in liquid 

medium 

(turbidity) 

 

Mod Mod Thin Thick Thin Mod Mod Thick Mod Mod Mod 

 

Change of color   

in liquid medium  

 

 

Y Y YO Y PR Y Y Y PO LY PO 

 

Digitonin  

 

Senb Sen Sen Sen Sen Resis Sen Sens Sen Sen  Sen 

 

Growth without 

serum 

Ac A A A A P A A A A  A 

 

Identification by 

the biochemical 

tests and GIT 
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Samples  from 

goats positive for 

Mycoplasmas  

(n= 586)    

283 75 87 21 46 13 14 7 16 10 14 

 

% 

 

48.29 12.80 14.85 3.58 7.85 2.22 2.39 1.19 2.73 1.71 2.39 

 

Number of 

Mycoplasmas 

isolates from  

samples of goats  

(n= 647) 

 

283 75 87 21 46 13 28 14 32 20 28 

 

% 

 

43.74 11.59 13.45 3.25 7.11 2.01 4.33 2.16 4.95 3.09 4.33 
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Table: 4.4. Biochemical & serological characterization (GIT) of mycoplasmas isolated from 

samples from different body sites of pleuro-pneumonia suspected goats 

 

 

  NT: Not tested, as these were already identified as Acholeplasma by the digitonin sensitivity test, and the objective of this study was not 

speciation of this genus         

 (GIT) a Positive: complete inhibition, and inhibition zone was >2mm        

 (GIT) b Negative: no inhibition             

 GIT* No. of isolates tested/ total isolates, only 25% of the isolates for each species was sero-typed due to the limited quantity of  antiserum 

against the Mycoplasma species  
 

 

Mycoplasma species 
 

(No. of isolates tested / total) 
 

MmmLC 

 

330/330) 

Mmc 

 

(103/103) 

Mcc 

 

(97/97) 

Mp 

 

(28/28) 

Marg 

 

76/76) 

Acholeplasma 

 

(13/13) 

 

Digitonin   

 

sensitive sensitive sensitive sensitive sensitive resistant 

 

Serum non-enriched medium 

 

no growth no growth no growth no growth no growth growth + 

 

Glucose fermentation 

 

positive positive positive positive negative NT 

 

Arginine hydrolysis 

 

negative negative positive negative positive NT 

 

Phosphatase production 

 
negative negative positive positive negative NT 

 

Tetrazolium reduction                

Aerobic 

                                                                                                                                

Anaerobic  

 

 

positive  

 

positive 

 

 

positive  

 

positive 

 

 

positive  

 

positive 

 

 

positive  

 

positive 

 

 

negative  

 

positive 

 

 

NT  

 

NT 

 

Liquifaction of inspissated serum  

 

positive positive positive negative negative NT 

 

Casein hydrolysis 

 

positive positive positive negative negative NT 

 

Film and spot production 

 

negative negative negative positive negative NT 

 

Growth inhibition test (GIT)*  anti-

serum against 

                                 MmmLC              

 

 

(83/330) 
 

Positivea 

 

(26/103) 
 

negativeb 

 

(25/97) 
 

negative 

 

(7/28) 
 

negative 

 

(19/76) 
 

negative 

 

(0/13) 
 

negative 

 

                                 Mmc 

 

negative positive negative negative negative negative 

 

                                Mcc 

 

negative negative positive negative negative negative 

 

                                Mp 
negative negative negative positive negative negative 

 

                                                                        

Marginini 

negative negative negative negative positive negative 

 

                             Acholeplasma 

 

NT NT NT NT NT NT 
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Table: 4.5. Mycoplasmas isolated from samples from different body sites of pleuropneumonia 

suspected goats 

 

 

  

 

 

 

 

 

Districts 

 

 

 

No. of 

sampls 

/No. of 

goats 

 

No. of 

Mycopl

-asmas 

isolated 

(%) 

M
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m

m
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 &

 

M
a
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i 

M
m

m
L

C
 &

 M
cc

 

M
m

c
 &

 M
a
rg

 

 

Quetta 

 

108 /12 50 28  5 4 0 3 0 4 0 2 2 2 

Pishin 

 

   378 /42 81  21 10 32 9 3 0 2 0 0 2 2 

Zhob 

 

108 /12 40 23 3 4 0 2 0 0 2 4 0 2 

Loralai 

 

108 /12 48  26 5 0 0 5 2 2 2 2 0 4 

Qila 

Saifulla 

 

108 /12 37 20 8 0 0 5 0 0 0 2 0 2 

Khuzdar 

 

108 /12 49  26 2 9 0 2 0 4 2 2 2 0 

Kalat 

 

108 /12 42 18 3 3 3 5 2 0 2 2 0 4 

Mastung 

 

108 /12 40  13 6 4 0 4 3 4 0 2 4 0 

Nushki 

 

108 /12 32 13 3 9 0 3 0 0 0 2 0 2 

Kharan 

 

 108 /12 36  17 5 0 2 2 0 2 2 2 2 2 

Ziarat 

 

108 /12 37 12 10 4 0 3 2 2 0 2 2 0 

Jaffarabad 

 

108 /12 40  15 6 5 2 2 0 2 0 4 2 2 

Harnai 108 /12 35 10 7 8 3 3 0 0 2 0 0 2 

Nasirabad 

 

108 /12 33  18 0 3 2 2 0 4 0 2 0 2 

Sibi 

 

108 /12 47 23 2 2 0 2 4 2 2 4 4 2 

Total 

 

% 

 

  

1890 

 

 

210 

 

647 

 

 

34.23 

 

 

283 

 

 

43.74 

 

75 

 

 

11.59 

 

87  

 

 

13.45 

 

 

21  

 

 

3.25 

 

 

46  

 

 

7.11 

 

 

13  

 

 

2.01 

 

 

28  

 

 

4.33 

 

 

14  

 

 

2.16 

 

 

32  

 

 

4.95 

 

 

20  

 

 

3.09 

 

 

28  

 

 

4.33 
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organisms (Table 4.3 and 4.5). The fried egg colonies of the isolated Mycoplasma species such 

as Mmc (Fig. 2.12), MmmLC (Fig. 2.13), Mcc (Fig. 2.14), Mp (Fig. 2.15), and Marg (Fig. 2.16) 

are shown.  

  

Of the total 1890 samples from various sites of the pleuropneumonia suspected goats, 586 

samples were positive for the mycoplasmas organisms with an overall prevalence of 31.0 

percent. Among the 586 total samples positive for mycoplasmas, 525 (89.59%) had single 

Mycoplasma species being isolated. Contrary to this 61 (10.41%) had mixed Mycoplasma 

species being recovered (Table 4.6). 

 

The highest isolation of mycoplasmas in samples from different sites of the 

pleuropneumonia suspected goats was observed in Quetta as 41.7% (n=45) followed by Khuzdar 

40.7% (n=44), Loralai 39.8% (n=43) and Sibi 37% (n=40). Conversely, the lowest prevalence of 

20.6% (n=78) was observed in Pishin followed by Nasirabad 26.9 % (n=29), and Nushki 27.8% 

(n=30). Statistically by using chi square (X
2
) test, significant difference in the isolation of 

mycoplasmas in samples from pleuropneumonia suspected goats between the fifteen districts in 

Balochistan (X
2 
=38.42, df =14, p=0.0004) was observed (Table 4.6). 

 

The univariate logistic regression model (R-project software) was used for the analysis to 

quantify the extent of difference (magnitude) in the isolation of mycoplasmas in samples from 

pleuropneumonia suspected goats. Significant difference (p-value<0.05) in the isolation of 

mycoplasmas in samples from the goats between the districts was observed. The isolation of 

mycoplamsas in Quetta was 1.75 (95% CI=1.2-2.6), Loralai 1.62 (95% CI=1.1-2.4), and 

Khuzdar 1.68 (95% CI=1.1-2.5) times greater than the Pishin district. However, non-significant 

difference (p-value >0.05) in the isolation of mycoplasmas in samples from the pleuropneumonia 

suspected goats was found between Pishin and the remaining districts. Only significant odds 

ratio (OR) results after forward selection are shown in table 4.7. 

 

 The highest number of mycoplasmas isolates in the samples from various sites of the 

pleuropneumonia suspected goats from fifteen districts of Balochistan was seen as 50 (46.3%) in 

Quetta district, followed by Khuzdar 49 (45.4%), Loralai 48 (44.4%), and                                  
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Sibi 47 (43.5%). In contrast, the lowest number was observed as 81 (21.4%) in Pishin followed 

by 32 (29.6%) in Nushki district (Table 4.6). 

 

Of the 647 mycoplasmas isolates from the samples from different sites of the 

pleuropneumonia suspected goats, the highest frequency of isolation was observed in Pishin as 

81 (12.5%), followed by Quetta 50 (7.7%), Khuzdar 49 (7.6%), Loralai 48 (7.4 %), and Sibi 47 

(7.3%). Unlikely the lowest frequency of isolation was seen in Nushki 32 (4.9%) followed by 

Nasirabad 33 (5.1%), and 35 (5.4%) in Harnai districts (Table 4.6).  

 

Among the various tissue and swab samples (n=1890) cultured from the 

pleuropneumonia suspected goats (n=210), 586 samples were found positive for mycoplasmas 

isolation. Among these, the highest isolation of mycoplasmas organisms was obtained from lung 

tissues as 27.1% (n=159), followed by nose 25.3% (n= 148), and trachea 22.9% (n=134). 

Conversely, the lowest prevalence was observed in intestine as 1.7% (n=10) followed by pleural 

fluid 3.1% (n=18), and fore limb joint fluid 5.1% (n=30). Eye was the only site from which none 

of the mycoplasma organisms was recovered. Statistically by using chi square (X
2
) test, 

significant difference in the isolation of mycoplasmas in samples from different sites of the 

pleuropneumonia suspected goats was observed (X
2 
= 572.9, df =7, p=0.0001) (Table 4.8). 

   

The univariate logistic regression model (R-project software) was used for the analysis to 

quantify the extent of difference in mycoplasmas positive samples from different sites of the 

pleuropneumonia suspected goats. Significant difference in the isolation of mycoplasmas in 

samples from the goats was observed. The isolation in lung tissues was 43.65 (95% CI=26.6-

71.7), nose 33.42 (95% CI=20.6-54.3), trachea 24.69 (95% CI=15.3.-39.7), liver 3.71 (95% 

CI=2.2.-6.2), spleen 3.60 (95% CI=2.2-6.0), and fore-limbs joint fluid 2.33 (95% CI=1.4- 4.0) 

times greater than the intestinal samples. However, non-significant difference (p-value >0.05) in 

the prevalence of mycoplasmas between intestine and pleural fluid was noticed. Only significant 

odds ratio (OR) results after forward selection are shown in table 4.9. 
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Table: 4.6. Mycoplasmas isolates recovered from samples from different body sites of pleuro-

pneumonia suspected goats  

 

District 

 

No. of 

samples 

from goats 

cultured 

 

No. of  

samples 

positive for 

Mycoplasma 

isolations* 

(%) 

 

Single 

Mycoplasma 

species 

involved 

% 
 

Concurrent 

Mycoplasma 

species 

involved 

% 

Total 

Mycoplasma 

isolates 

(%) 
 

Rate of 

mycoplasm-

as isolation 

(%) 

 

Quetta 

 

108 45 (41.7) a 40 (88.9) 5 (11.1) 50 (46.3) b 7.7 e 

 

Pishin 
378 78 (20.6) 75 (96.2) 3 (3.8) 81 (21.4) 

 

12.5 

 

Zhob 
108 36 (33.3) 32 (88.9) 4 (11.1) 40 (37.0) 

6.2 

 

Loralai 
108 43 (39.8) 38 (88.4) 5 (11.6) 48 (44.4) 

7.4 

 

Qila Saifullah 
108 35 (32.4) 33 (94.3) 2 (5.7) 37 (34.3) 

5.7 

 

Khuzdar 
108 44 (40.7) 39 (88.6) 5 (11.4) 49 (45.4) 

7.6 

 

Kalat 
108 38 (35.2) 34 (89.5) 4 (10.5) 42 (38.9) 

6.5 

 

Mastung 
108 35 (32.4) 30 (85.7) 5 (14.3) 40 (37.0) 

6.2 

 

Nushki 
108 30 (27.8) 28 (93.3) 2 (6.7) 32 (29.6) 

4.9 

 

Kharan 
108 31 (28.7) 26 (83.9) 5 (16.1) 36 (33.3) 

5.6 

 

Ziarat 
108 34 (31.5) 31 (91.2) 3 (8.8) 37 (34.3) 

5.7 

 

Jaffarabad 
108 35 (32.4) 30 (85.7) 5 (14.3) 40 (37.0) 

6.2 

 

Harnai 
108 33 (30.6) 31 (93.9) 2 (6.1) 35 (32.4) 

5.4 

 

Nasirabad 
108 29 (26.9) 25 (86.2) 4 (13.8) 33 (30.6) 

5.1 

 

Sibi 
108 40 (37.0) 33 (82.5) 7 (17.5) 47 (43.5) 

7.3 
 

Total (%) 

 
1890 586 (31)

f
 525 (89.59) 

c
 61 (10.41) 

c
 647 (34.23) 

d
 

 

*X2 =38.42, Df=14, p=0.0004 (significant difference in Mycoplasma positive samples from goats between the districts) 
a No. and percentage of samples  positive for mycoplasma isolation from the samples of goats/district  
b No. and percentage of  mycoplasma isolates including single and concurrent mycoplasmas/no of samples   positive for 

mycoplasmas  
c No and percentage from 586 samples positive for mycoplasmas  
d No. and percentage of mycoplasma isolates from 586 samples positive for mycoplasma including single and concurrent 

mycoplasmas  
e Percentage out of the 647 total mycoplasma isolates 
f No and percentage of mycoplasma positive samples from 1890 total no. of samples from different body  sites of the 210 goats 
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      Table 4.7. Statistical analysis for the mycoplasmas positive samples from different body sites 

of pleuro-pneumonia suspected goats  

 

       a Univariate logistic regression model is used for the analysis. Only significant results after forward selection are   shown. 

     b Pishin as being lowest in frequency of mycoplasmas positive samples was taken as base line for logistic  analysis.  

 

 

 

 

 

 

 

Districts 

 

No. of 

samples 

/goats 

 

No. of 

Mycoplasma

s positive 

samples 

(%) 

 

 

P-value
a
 

 

Odds ratio
a
 

 

95% CI 

lower-upper 

limit 
a
 

 

 

 

Quetta 

 

 

108 / 12 

 

45 (41.7) 

 

< 0.05 

 

 

1.75 

 

 

1.2 - 2.6 

Pishin
b 378 / 42 

 

 

78 (20.6) 

 

 

> 0.05 - - 

Zhob 

 

108 / 12 36 (33.3) > 0.05 - - 

Loralai 108 / 12 43 (39.8) < 0.05 

 

1.62 

 

1.1 – 2.4 

Qila Saifullah 

 

108 / 12 35 (32.4) > 0.05 - - 

Khuzdar 108 / 12 44 (40.7) < 0.05 

 

1.68 

 

1.1 – 2.5 

Kalat 

 

108 / 12 38 (35.2) > 0.05 - - 

Mastung 

 

108 / 12 35 (32.4) > 0.05 - - 

Nushki 

 

108 / 12 30 (27.8) > 0.05 - - 

Kharan 

 

108 / 12 31 (28.7) > 0.05 - - 

Ziarat 

 

108 / 12 34 (31.5) > 0.05 - - 

Jaffarabad 

 

108 / 12 35 (32.4) > 0.05 - - 

Harnai 

 

108 / 12 33 (30.6) > 0.05 - - 

Nasirabad 

 

108 / 12 29 (26.9) > 0.05 - - 

Sibi 

 

108 / 12 40 (37.0) > 0.05 - - 

 

Total 

 

1890 / 210 

 

586 (31) 
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Table 4.8. Mycoplasmas positive samples from different body sites of the pleuro- pneumonia 

suspected goats  

 
 

 

 

Districts 

 

 

 

 

No. of 

samples 

/No of 

goats 

 

Mycoplas

-mas 

positive  

samples 

 

(%) L
u

n
g

 d
 

N
o

se
 d

 

T
ra

ch
ea

 d
 

E
y

e 
*
 

L
iv

er
 d

 

S
p

le
en

 d
 

In
te

st
in

e
 d

 

P
le

u
ra

l 
fl

u
id

 d
 

 

J
o

in
t 

fl
u

id
 d

 

 

Quetta 

 

108 / 12 45 (41.7) 11a 11a 11a 0 3a 3a 2a 2a 2a 

Pishin 

 

378 / 

42c 

78 (20.6) 

 

26 

 

 

25 11 

 

 

0 

 

 

5 4 

 

 

1 3 

 

 

3 

 

  

Zhob 108 / 12 36 (33.3) 10 9 9 0 3 3 0 1 1 

 

Loralai 108 / 12 43 (39.8) 12 11 11 0 2 2 1 2 2 

Qila 

Saifulla 
108 / 12 35 (32.4) 9 8 8 0 3 3 1 1 2 

 

Khuzdar 108 / 12 44 (40.7) 9 9 9 0 5 5 1 2 4 

 

Kalat 108 / 12 38 (35.2) 10 10 10 0 2 2 0 1 3 

 

Mastung 108 / 12 35 (32.4) 10 9 9 0 2 2 1 0 2 

 

Nushki 108 / 12 30 (27.8) 8 7 7 0 2 2 1 1 2 

 

Kharan 108 / 12 31 (28.7) 9 8 8 0 2 2 0 1 1 

 

Ziarat 108 / 12 34 (31.5) 8 8 8 0 4 4 0 1 1 

 

Jaffarabad 108 / 12 35 (32.4) 10 9 9 0 2 2 1 0 2 

 

Harnai 108 / 12 33 (30.6) 8 8 8 0 3 3 0 1 2 

 

Nasirabad 108 / 12 29 (26.9) 8 7 7 0 3 3 0 0 1 

 

Sibi 108 / 12 40 (37.0) 11 9 9 0 3 3 1 2 2 

 

Total 

 
  (%) 

 

 

  1890/ 

210 

 

 

 

586 
 

(31) 

159 
b
 

 
(27.1) 

148
 b

 

 
(25.3) 

134
 b

 

 
(22.9) 

0
 b

 

 
(0) 

44
 b

 

 
(7.5) 

43
 b

 

 
(7.3) 

10
 b

 

 
(1.7) 

18
 b

 

 
(3.1) 

30
 b

 

 
(5.1) 

a  Of the 45 mycoplasma positive samples  
b Of the 586 mycoplasma positive samples 
c More no. of the goats were selected due to the complaints of higher frequency of respiratory diseases in this district  

dX2 =572.9, DF=7, p-value < 0.0001*** (significant difference between the sample sites for mycoplasma positive samples) 
* None of the eye sample was positive for mycoplasma isolation 
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Table 4.9. Statistical analysis of mycoplasmas positive samples from different body sites of 

pleuropneumonia suspected goats  

 

 
 

 

 

Samples 

 

No. of samples 

 

Mycoplasmas 

positive  

samples 

 

 (%) 

 

 

 

P-value* 

 

Odds ratio* 

 

95% CI 

lower-upper 

limit* 

   Lung 

 

 

 

 

 

210 159 (75.7) 

 

< 0.001 

 

43.65 

 

26.6-71.7 

   Nose 

 

 

210 

 

 

148 (70.5) 

 

< 0.001 

 

33.42 

 

20.6- 54.3 

   Trachea 

 

210 134 (63.8) 

 

< 0.001 

 

24.69 

 

15.3-39.7 

   Eye 

 

210 0 (0) - - - 

   Liver 210 44 (21.0) 

 

< 0.001 

 

3.71 

 

2.2- 6.2 

   Spleen 

 

210 43 (20.5) 

 

< 0.001 

 

3.60 

 

2.2- 6.0 

   Intestine
**

 

 

210 10 (4.8) 

 

> 0.05 - - 

   Pleural fluid 

 

210 18 (8.6) 

 

> 0.05 - - 

   Fluid from       

fore limb 

joint 

210 30 (14.3) 

 

< 0.05 

 

2.33 

 

1.4- 4.0 

 

   Total 

 

1890  

 

586 (31) 

 

   

 

* Univariate logistic regression model is used for the analysis. Only significant results after forward selection are shown. 
** Intestine being lowest in frequency of mycoplasmas positive samples was taken as base line for logistic analysis.  
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4.4. DISCUSSION 

 

In the present study, though the pleuropneumonia suspected goats were found with 

respiratory symptoms of variable nature (Table 4.1), but still the typical clinical picture described 

for the acute or sub-acute CCPP could not be observed, except in Pishin district from where few 

of the goats (with no fever) were found with sub-acute to chronic clinical manifestation as 

reported for the CCPP. Contagious caprine pleuropneumonia is reported to be generally 

characterized with fever (41
o
C to 42

o
C), rapid and painful respiration, spells of violent coughing, 

mucopurulent nasal discharge, reluctant to walk with limbs abducted and neck extended. In most 

of the terminal phase of CCPP, the animals have been found unable to move followed by the 

death (Nicholas, 2002b; Maré 2004). The respiratory diseases including CCPP common in goat 

populations make the diagnosis difficult, especially where these are endemic in nature. 

Therefore, to get the proper diagnosis of CCPP it must be distinguished from the other closely 

related clinico-pathological diseases such as contagious agalactia, pasteurellosis, peste des petits 

ruminants (PPR), and diseases with clinical manifestation of  keratitis,  arthritis,  pneumonia, 

mastitis, and septicaemia. The CCPP is described as a disease syndrome under a title of 

MAKePS syndrome, which means mastitis, arthritis, keratitis, pneumonia and septicaemia 

(Thiaucourt and Bolski, 1996). 

. 

  In the present study, the clinical picture of the pleuropneumonia suspected goats  

indicates that most of the animals got infected earlier with the pathogens and have almost passed 

the acute and sub-acute phase of the disease (table 2.16). The frequency of symptoms apparently 

looks closer in the goats collected from the fifteen districts indicating the involvement of a 

common Mycoplasma species. Among the many diseases of goats the respiratory problems are 

especially on top as they commonly inflict high morbidity and mortality in the affected animals. 

In the present study, of the many respiratory symptoms, the highest percentage of nasal discharge, 

followed by cough, anorexia, pyrexia, and dyspnoea in the goats were observed in the pleuropneumonia 

suspected goats. Moreover, the clinical picture of swollen fore-limb joints (12.9%) is also very important 

since there are Mycoplasma species which generally affect the joint tissues besides the other target tissues 

(lungs, pleura, and mammary tissues) and lead to lameness and prostrations of the goats. This is supported 

by the findings of many workers in which they have observed pneumonia, arthritis, and kerato-

conjunctivitis in                                                                                                                                   
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goats affected with Mmc and M. mycoides subsp mycoides organisms in Brazil (Nascimento et 

al., 1986). It is also reported that all the members of the Mycoplasma mycoides cluster have the 

potential to cause diseases of respiratory, genitourinary, arthritic and mammary organs (Melissa 

et al., 2005). The clinical finding in Mmc inflicted disease in the adult goats is manifested by the 

nasal discharge, coughing, dyspnoe and depression (Kumar et al., 1994), while the kids show 

pyrexia, acute pain, swollen joints, lameness, lack of appetite, dyspnoea and died within few 

days (Rodriguez et al., 1998). Mycoplasma capricolum is another potential pathogenic agent 

which has also been isolated from the goats affected with polyarthritis and pneumonia (Bölske et 

al., 1988).  

 

The role of mycoplasmas such as Mycoplasma putrefaciens and Acholeplasmas in 

causing the clinical symptoms observed in the present study can not be ignored. Mycoplasma 

putrefaciens is commonly involved in CA syndrome (OIE, 2008) but it is also reported to cause 

septicaemia in kids and arthritis in adults (Peyraud et al., 2003). Similarly polyarthritis in kids 

has also been reported (Rodriguez et al., 1994). The Acholeplasmas though not generally 

documented in the respiratory tract diseases, but in one study have been recovered from goats 

and sheep with the pneumonic lesions in India (Banerjee et al., 1979).  

 

 The clinical picture observed in the pleuropneumonia suspected goats in Balochistan is 

suggestive of a sub-acute or chronic respiratory disease. The cause of the respiratory symptoms 

in these goats might be single or multifactorial, but the role or involvement of mycoplasmas may 

not be underestimated. The clinical picture alone in the investigated goats may not be sufficient 

to ascertain the cause of the observed respiratory disease. Gross pathological investigation and 

isolation and identification of the causative agent are required for the definitive diagnosis of the 

prevailing disease in the investigated goats.   

 

Generally the characteristic pathology in the CCPP affected goats is very helpful in the 

presumptive diagnosis, and also clearly differentiate Mccp inflicted CCPP than the diseases 

caused by the Mmc and MmmLC organisms (Hutcheon, 1889).   
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In the present study most of the lungs had the pneumonic lesions and goats with typical 

gross-pathological lesions as reported for CCPP were observed. The reports on the gross- 

pathological findings of pneumonia / pleuropneumonia in mycoplasmal diseases have been 

reported by various workers (Kasali and Ojo, 1981; Thigpen et al., 1981; Rosendal, 1983; 

DaMassa et al., 1986; Ojo, 1987, Nayak and Bhowmik, 1988; Nicholas, 2002).  

 

Based on the findings of this study, the higher frequency of fibrinous-pneumonia (27.9%) 

indicates that the prevailing respiratory disease in goats has turned into a sub-acute or chronic 

form of the disease (Table 4.2). Among the many pneumonic lesions fibrinous pneumonia is the 

lesion which is frequently observed in most of the chronic respiratory diseases generally caused 

by Mycoplasma species. Likewise, the necropsy finding of fibrinous pleuropneumonia, is 

reported in CCPP affected goats besides the other typical pathological lesions (Gelagay et al., 

2007). Similarly, the necropsy findings of fibrinous pneumonia in mycoplasmal diseases have 

been reported by various workers (Kasali and Ojo, 1981; Rosendal, 1983; DaMassa et al., 1986; 

Ojo, 1987; Nayak and Bhowmik, 1988). In a natural outbreak due to MmmLC and Mmc 

organisms, necropsy findings of bronchopneumonia and fibrinopurulent pleuropneumonia are 

reported (Rodríguez et al., 1996).  In a postmortem investigation the lungs with rubbery 

consistency and red patches of consolidation in Mcc affected goats have been seen (DaMassa et 

al., 1983b). Moreover, lesions of pleuro-pneumonia in Mycoplasma putrefacience affected 

animals in Saudi Arabia (Radwan et al., 1985) are also reported. 

 

The 21.4 percent of lung adhesions with the inner chest wall followed by the presence of 

pleural fluid in the thoracic cavity (hydrothorax) is also alarming, probably indicating the 

infection with Mccp, MmmLC, and Mmc like organisms especially in the Pishin and Zhob 

district. Of the all goats showing hydrothorax, the one from the Zhob district was different in 

terms of sub-acute infection. This could be due to sub-acute infection with Mccp but isolation 

and identification of the bacterium is essential to establish the cause of hydrothorax in 

pleuropneumonia suspected goats. This is in agreement with the results observed in CCPP cases 

(Kusiluka et al., 2000; Ozdemir et al., 2005).  
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 In the present study gross-pathological investigation based on the highest percentage 

(87.1%) of different pneumonic lesions as well as the lung adhesions and hydrothorax in the 

pleuro-pneumonia suspected goats, the pathogenic role of mycoplasma organisms especially the 

Mccp, MmmLC, Mmc and Mcc is inevitable. The isolation and identification of the Mycoplasma 

species is important to further confirm the presumptive diagnosis based on the present gross 

pathological findings.  

 

Besides the use of molecular based diagnosis of Mycoplasma diseases, the isolation and 

identification of the causative mycoplasma is widely practiced and is still the gold standard 

(Nicholas et al., 2003). Contagious caprine pleuropneumonia (CCPP) is an OIE listed disease, 

the classical acute form is caused by Mycoplasma capricolum subspecies capripneumoniae 

(Mccp), which is one of the members of Mycoplasma mycoides cluster organisms (Leach et al., 

1993). The Mccp was first time isolated and reported to cause CCPP in Kenya (MacMartin et al., 

1980; MacOwan and Minette, 1977). In the present study, so far the isolation of Mccp the 

causative agent of CCPP, from the cultured lung samples seems to be doubtful as the 

characteristic bacteriological characteristics of Mccp organism were not observed among the 

isolated mycoplasmas. May be the fastidiousness of Mccp organism makes its isolation difficult, 

therefore, isolation reports have only been reported from 13 countries (Nicholas, 2002a).  

 

In the present study, all the  mycoplasma isolates (n=647) were preliminary identified by the 

digitonin sensitivity and growth on serum non-enriched CCPP growth medium and further characterized 

into different species by a number of classical biochemical tests and GIT (Table 4.3, 4.4). Similarly 

digitonin sensitivity test has been reported for the identification of the mycoplasma organisms 

(Houshaymi et al., 2002; Al-Momani et al., 2006). The use of biochemical test and GIT have been 

reported besides the molecular tools to speciate the MmmLC, Mcc and Mp organisms (Al-Momani et al., 

2006). The use of digitonin sensitivity, glucose fermentation, tetrazolium reduction and arginine 

hydrolysis; and GIT has also been used to characterize caprine based MmmLC, Mcc, Mmc, and Mccp 

organisms (Eshetu et al., 2007; Mekuria et al., 2008).  

 

Of the 1890 samples cultured from different body sites of the pleuropneumonia suspected 

goats, 586 (31%) samples were found positive for mycoplasma which look significant and 

indicate the prevalence of mycoplasma disease in goats in this part of the                              
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world (Table 4.6).  Of the eleven groups of the isolated mycoplasma organisms from the lung 

samples of the investigated goats, 89.59% (n=525) of the mycoplasma were found as single 

infecting microorganism which might have likely role in the pathogenesis of pleuropneumonia 

observed in the goats. The bacteriological characteristics for all the eleven groups of the isolates 

(n= 647) are consistent with the mycoplasma species except group number 6 (designated as 

Acholeplasma species) (Table 4.3). The concurrent isolation of MmmLC with other Mycoplasma 

species such as Mmc, Mcc, Mp, and M.arginini is found very significant in the present research. 

These results are in agreement with the research in which mycoplasmas are isolated from ten of the 29 

necropsied animals. Besides the recovery of MmmLC, Mmc has also been isolated from 5 of the 

goats showing pleuropneumonia in concurrent infection with both of these mycoplasmas 

(Rodríguez et al., 1996). 

 

In the present study, highest isolation from different body sites of the pleuropneumonia suspectes 

goats was observed for MmmLC (43.74%), followed by Mcc (13.46%), Mmc (11.59%), while lowest was 

noted for Acholeplasma (2.01%) followed by Mp (3.25%), and M. arginini (7.11%) organisms. It is 

reported that MmmLC is the dominant disease inflicting Mycoplasma species affecting goats worldwide 

and has also most widely been reported Mycoplasma species from many parts of United States, as well as 

various Europian, African and Asian countries (DaMassa et al., 1992). Like wise, a microbiological 

investigation was carried out to reveal the cause of pleuropneumonia in goats. Of the many 

Mycoplasma species, Mmc (7.4%) has been recovered in the younger animals (Orós et al., 1997). 

Similarly, Mycoplasma capricolum subspecies capricolum has been reported to cause a 

septicemic disease in goats with the involvement of severe joints localization. The disease has 

been clinically observed with fever of short duration particularly in kids, and painful arthritis 

terminating into lameness within 3 days of post exposure (Cordy et al., 1955). Researchers have 

described Mycoplasma arginini as the type which is regarded non- pathogenic (Jones, 1985) but 

prevails in goats and sheep and has been isolated from various sites (Jones et al., 1983b). In the 

present study no isolation of Mycoplasma ovipneumoniae is seen from any of the 

pleuropneumonia suspected goat. It has been reported that the isolation of Mycoplasma 

ovipneumoniae from the infected goats is variable (Goltz et al., 1986). Like wise, it is further 

documented that Mycoplasma ovipneumoniae is not the primary pathogen of goats, but can still 

infect goats and lead to a disease (Thiaucourt et al., 1994).  
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The district wise highest number of mycoplasma positive samples from the different body 

sites of the goats were observed in Quetta, Khuzdar, and Loralai districts, whereas, the lowest 

isolation was noticed in Pishin district (Table 4.6). Significant statistical difference (X
2 

=38.42, 

df=14, p=0.0004) was noticed for this difference as well. The odds ratio values by the univariate 

logistic regression analysis also showed significant difference (p-value<0.05), and the isolation 

in Quetta, Loralai, and Khuzdar districts is many times greater than the Pishin district. However, 

non-significant difference (p-value >0.05) in the isolation of mycoplasmas from the samples 

from different body sites of the goats from Pishin and other districts was observed (Table 

4.7).These districts have high number of goat population in general, and sub acute or chronic 

form of the caprine respiratory diseases due to Mccp, MmmLC, Mmc, Mcc and any other 

members of mycoides cluster is prevailing comparatively higher in Quetta, Loralai and Khuzdar 

districts than the districts with low prevalence. Further dense population of the goats might 

predispose the animals to respiratory diseases due to overcrowding. Further, some other factors 

such as rainy seasons, cold temperature, malnutrition, and transportation stress, any pre-existing 

bacterial and viral disease (Lefervre et al., 1987) might predispose the goats to the mycoplasma 

infections. The movement of the goats with the respiratory infections from neighboring borders 

to the adjoining districts of Balochistan might predispose the goats to the respiratory diseases 

such as pleuropneumonia caused by MmmLC, Mmc, Mcc and Mccp. Moreover, the highest 

frequency of 81 mycoplasma isolates from the 647 total mycoplasma isolates in Pishin district is 

quite alarming, as influx of goats with the respiratory problems from the Maroof part of the 

Afghanistan border to an area in Toba Kakari of Pishin district of Balochistan could be one of 

the factors. Though Mccp could not be isolated from the goats suspected for pleuropneumonia 

but the typical clinical symptoms, characteristic postmortem lesions of chronic nature (in few of 

the goats) procured from Pishin district probably indicate CCPP, but for some reasons the 

causative bacterium (Mccp) could not be isolated from the investigated goats. The present 

investigation is in agreement with the reasons described for failure of Mccp isolation due to the 

overgrowth of fast growing and less important Mycoplasma and Acholeplasma species, bacterial 

contaminants, toxic effects of antibacterials and inhibitors used in the preparation of mycoplasma 

media (Nicholas and Baker, 1998; OIE, 2008). The selection and treatment of samples, specific 

CCPP culturing media, its storage and quality control, and above all the culturing                 
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technique are very critical (OIE, 2008). It is reported that the isolation of Mccp is very important 

for the confirmation of its prevalence in an area (Thiaucourt et al., 1996). 

 

The present study focuses the pleuropneumonia suspected goats, which have been 

procured from the fifteen districts in Balochistan, and probably no such comparable study has so 

far been documented in Balochistan and even Pakistan. Conversely, in a serological survey for 

CCPP in Ethiopia, non-significant difference in sero-prevalence in goats between two districts, 

whereas significant difference between the peasants association of the districts have been 

observed by using the Complement fixation test (Mekuria et al., 2008). Very recently in a sero-

prevalence of CCPP in goats in three districts in Ethiopia reported statistically significant 

difference in sero-prevalence between the three districts (Hadush et al., 2009). In contrast the 

low prevalence of pneumonic lesions in goats from many of the districts could be due to the 

reason of less harsh weather, better husbandry practices, frequent use of broad spectrum 

antibiotics and anthelmintics, and extensive use of vaccines against bacterial and viral respiratory 

diseases.   

 

In the present study, highest isolation of mycoplasmas from different body sites of the 

pleuropneumonia suspected goats is not homogeneous (Table 4.8). Statistically significant 

difference between the body sites in terms of mycoplasma isolation was observed (X
2 

=572.9, df 

= 7, p-value< 0.0001). The lung followed by the nose and trachea are the sites from where the 

highest isolation was observed. Further the results are augmented by the odds ratio values (Table 

4.9) which have indicated that recovery of mycoplasma organisms from lung, nose, trachea, 

liver, spleen, and fluid from the fore-limb joints is significantly higher than the eye, intestine and 

the pleural fluid of the pleuropneumonia suspected goats. Therefore, samples from these sites 

could be preferred for the isolation of Mycoplasma species especially from the goats suspected 

for a respiratory disease. The lung, nose and trachea seem to be the targets of priority for the 

mycoplasma organisms as the respiratory mucous membrane has specific receptors for these 

organisms. This is supported by the highest rate of gross pathological lesions observed in the 

lung samples of the pleuropneumonia suspected goats in the present study as well (Table 4.2). In contrast, 

in the present study, the samples from the eye and intestine (stool sample) have been found less desirable 

for the recovery of the Mycoplasma species. Researchers have described the mycoplasmas as extracellular 
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parasites with an affinity for mucous membranes (Razin, 1992 Razin et al., 1998), therefore they 

can be recovered from the respiratory organs, joints, mammary glands, eyes, and urogenital tract 

(Simeka et al., 1992). Mycoplasmas generally show strict host specificity and tissue tropism 

because of the limited biosynthetic potentials (Rottem and Yogev, 2000). Most of the research on 

adhesion to host cells has suggested a conserved family of mycoplasmal cell adhesins which are 

used in colonization of broadly divergent hosts. Sialo-glycoconjugates and sulfated glycolipids 

are the receptors on host cell membranes responsible for the attachment of mycoplasma cells 

(Razin and Jacobs, 1992; Zheng et al., 1995). Further human strains of mycoplasmas have been 

reported to bind to the cilia of respiratory epithelial cells with the aid of specific protein adhesins 

(Stevens and Krause, 1991). Similarly Mccp is reported to produce an acute inflammatory 

response after attachment to the acinar epithelial cells of the host respiratory tissues (Darzi et al., 

1998). Many members of the Mycoplasma mycoides cluster have been reported to have capsular 

material which facilitates attachment (adhesive in nature) of mycoplasma to the host cells or 

tissues (Rurangirwa et al., 1987a; Marshall, 1992; Smith and Sherman, 1994).   

 

 

4.5. CONCLUSIONS 

  

 The clinical picture of the respiratory disease in the pleuropneumonia suspected goats 

with the highest percentage of nasal discharge followed by cough, anorexia, pyrexia, dyspnoea 

(difficult breathing) and the swollen fore- limbs joints is significant and besides the role of other 

microbial etiologies, the prevalence of Mycoplasma species may be there. The cause of the 

respiratory symptoms in the investigated goats may be single or multifactorial, but the role of 

mycoplasmas particularly Mccp, MmmLC, Mmc, Mcc, may not be ignored. 

 

  The pneumonic lesions, with the high frequency of fibrinous-pneumonia followed by 

lobar pneumonia, broncho pneumonia and few of the unilaterally hepatized lungs are critical and 

are suggestive for the prevalence of a sub-acute or chronic respiratory disease due to 

Mycoplasma species such as MmmLC, Mmc, Mcc. The presence of Mccp based 

pleuropneumonia may not be ignored as well. 
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Among the bacterial causes of the respiratory diseases, the pathogenic role of 

mycoplasmal organisms is most likely inevitable in the pleuropneumonia suspected goats. The 

pneumonic lesions, the adhesion of lungs with the inner chest wall and presence of straw colored 

fluid in the thoracic cavity (hydrothorax) of the necropsied goats especially in Pishin district may 

be suspected for CCPP caused by Mccp. 

    

 The higher isolation of Mycoplasma species from different body sites of the 

pleuropneumonia suspected goats is quite alarming particularly MmmLC, Mmc, Mcc, Mp, and M 

arginini organisms. Statistically the highest isolation of mycoplasmas from the pleuropneumonia 

suspected goats from some districts and recovery of Mycoplasma species from the different body 

sites such as lungs followed by nose and trachea of the investigated goats are suggesting their 

significant role in causing the current respiratory disease in goats in Balochistan.  

  

 The highest isolation of MmmLC organisms from different body sites of the 

pleuropneumonia suspected goats is extremely critical and probably indicating their 

pathogenicity.  

 

 The classical biochemical and the growth inhibition tests are still very helpful and valid 

in the characterization of the prevalent Mycoplasma species. 

 

The arbitrary use of the broad-spectrum antibiotics to limit and reduce the severity of the 

respiratory diseases might be one of the reasons for low isolation of mycoplasmas and possibly 

inactivation of Mccp. 

 

 

 The caprine respiratory disease particularly pleuropneumonia with the highest prevalaing 

Mycoplasma species such as MmmLC is anticipated if suitable immuno-prophylactic measure is 

not adopted for goats in Balochistan.  
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CHAPTER 5 

 

The Use of Polymerase Chain Reaction (PCR), Restriction Fragment Length 

Polymorphism (RFLP), and Denaturing Gradient Gel Electrophoresis 

(DGGE) in the Identification of Mycoplasma species Isolated from Goats in 

Balochistan 
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ABSTRACT 

 

 
Respiratory mycoplasmosis particularly caprine pleuropneumonia is well known to inflict 

significant economic impact on goat production in many countries of the world including 

Balochistan, Pakistan. Limited research works has so far been reported on the microbiology of 

respiratory mycoplasmosis, while the use of molecular biological tools in the identification and 

detection of Mycoplasma species have not been reported for the pleuropneumonia associated 

problems in Balochistan. The present study is therefore designed to identify the previously 

characterized Mycoplasma species (isolated from the goats from fifteen districts in Balochistan 

during 2006-2008) by the Polymerase chain reaction (PCR), restriction fragment length 

polymorphism (RFLP), and denaturing gradient gel electrophoresis (DGGE). Of the total 

mycoplasma isolates (n=1120), the highest number was identified by the Mycoplasma mycoides 

cluster PCR (78%), followed by Mycoplasma mycoides sub-cluster PCR (63.3%), and Mp PCR 

(6.3%), while none of the isolate was found as Mccp by the specific Mccp-PCR. Overall the 

highest percentage of mycoplasma isolates were identified as Mycoplasma mycoides subspecies 

mycoides large colony (MmmLC) as 44.8 percent (n=502), followed by Mycoplasma mycoides 

subspecies capri (Mmc) as 18.5 percent (n=207), and Mycoplasma capricolum subspecies 

capricolum (Mcc) as 14.7 percent (n=165), while the lowest identification was noted for 

Acholeplasma as 2.5 percent (n=28) followed by Mycoplasma putrefaciens (Mp) as 6.3 percent 

(n=71), and Mycoplasma arginini (Marg) as 13.1 percent (n=147). Statistically significant 

difference (X
2 

=902.9, df=5, p-value <0.0001) in the identification of Mycoplasma species by the 

PCR tests was noted. The PCR results for the Mycoplasma mycoides sub-cluster was further 

validated by RFLP which yielded three bands of 230bps, 178bps, and 153bps specific for 

MmmLC/Mmc when digested with Vsp1. None of the PCR product was observed with two bands 

of 379bps and 178bps specific for MmmSC in RFLP. Moreover, none of the mycoplasma isolate 

was found positive in specific PCR for the Mccp organism. All the Mycoplasma arginini and 

Acholeplasma isolates were found negative with all the PCR tests. All the previously identified 

Mycoplasma species by the biochemical and growth inhibition tests were equally identifiable by the PCR 

tests, except for Mcc isolates for which no specific PCR test was used in the present study. Similarly, M. 

arginini was quite effectively identified by the biochemical and growth inhibition tests as none of the 

PCR was used for its specific identification. Acholeplasma isolates were preliminarily identified by the 
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digitonin test and found negative in PCR specific for Mycoplasma mycoides cluster and Mp 

organisms. Of the mycoplasma isolates (n=20) sent to Veterinary Laboratories Agencies (VLA), 

Weybridge, United Kingdom for DGGE analysis, 44.4% (n=8) were specifically found positive 

for MmmLC, 55.5% (n=10) for MmmLC with unknown type of mycoplasmas, while two of the 

mycoplasma isolates could not be analyzed. The use of PCR alone or coupled with RFLP was 

found as a rapid technique which can be used effectively than the conventional biochemical and 

growth inhibition tests in the identification of Mycoplasma species. Further DGGE was found 

promising in the identification and differentiation of MmmLC even in the mixed mycoplasma 

cultures.    
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5.1. INTRODUCTION 

 
 Mollicutes is the class of bacteria known for mycoplasma organisms, which are smallest 

free-living, microorganisms capable of self- replication. These bacteria are reported to be 

fastidious in nature, slow growing and difficult to culture in vitro (Nicholas, 1998; McAuliffe et 

al., 2003).  Many Mycoplasma species are documented as important veterinary pathogens 

inflicting mainly from respiratory diseases to arthritis, mastitis, and conjunctivitis (Nicholas, 

2002a; Sharif et al., 2009). Mycolasma species can cause severe and contagious diseases in goats 

with significant economic impact (Cottew et al., 1987; Ozdemir et al., 2005). Of the many 

mycoplasma diseases, contagious caprine pleuropneumonia (CCPP) is a highly fatal disease that 

occurs in Eastern Europe, the Middle East, Africa and Asia (Kopcha, 2005).  

  

Of the Mycoplasma clusters, Mycoplasma mycoides cluster was initially consisting of six 

species such as Mycoplasma mycoides subspecies mycoides small-colony (MmmSC), 

Mycoplasma mycoides subspecies mycoides Large-colony (MmmLC),  Mycoplasma mycoides 

subspecies capri (Mmc), Mycoplasma capricolum subspecies capripneumoniae (Mccp), 

Mycoplasma capricolum subspecies capricolum (Mcc), and Mycoplasma subspecies bovine 

group 7 (BG7). The close similarities in between the MmmLC and Mmc have been reported 

(Rodwell and Rodwell, 1978). Recently   five species and subspecies are reported for 

Mycoplasma mycoides cluster as MmmLC and Mmc are converged and considered as single 

subspecies namely Mycoplasma mycoides subspecies capri (Mmc) (Manso-Silva´n et al., 2009). 

Many of the members of this cluster normally have a significant role in the respiratory problems 

(Thiaucourt and Bolske, 1996).  

 

The CCPP is documented as a disease syndrome with a title of    MAKePS syndrome 

which means mastitis, arthritis, keratitis, pneumonia and septicaemia (Thiaucourt and Bolski, 

1996). Clinically CCPP affected goats are observed with pyrexia (up to 42
o
C), painful 

respiration, violent coughing, mucopurulent nasal discharge, reluctant to walk with limbs 

abducted and neck extended. Usually in the terminal phase of disease, the goats have been found 

unable to move followed by the death (Nicholas, 2002b).  
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Of the many mycoplasma organisms, MmmLC is the most widely reported Mycoplasma 

species from many parts of the world including United States, various Europian, African and 

Asian countries (Smith and Sherman, 1994). Mastitis, pneumonia and arthritis are the clinical 

manifestations in the goats affected with MmmLC and Mmc organisms during a disease (Singh et 

al., 2004). The MmmLC affects the goat‟s population over a wide range of countries and 

suspected, whenever pleuropneumonia, pneumonia and contagious agalactia are reported. The 

MmmLC types, most of which are from goats, are pathogenic for sheep and goats but apparently 

not for cattle (Cottew, 1979). Mycoplasma capricolum subspecies capricolum (Mcc) is primarily 

known as a goat pathogen (DaMassa et al., 1992), and has been reported in an outbreak of 

polyarthritis and pneumonia in goats (Bergonier et al., 1997). Mycoplasma arginini is reported as 

non-pathogenic mycoplasma (Jones, 1985) which generally prevails in goats and sheep and has 

been isolated from various body sites (Jones et al., 1983b). The isolation of Mycoplasma 

putrefaciens (Mp) along with the other Mycoplasma species has also been reported from the 

respiratory tract of goats (Radwan et al., 1985). Further, Mp is the significant finding in an out 

break of polyarthritis in goats (Rodriguez et al., 1994). 

 

Isolation and identification is still the gold standard, but this requires a specialist 

laboratory with expertise for these fastidious organisms (Nicholas et al., 2003). The use of 

classical biochemical and growth inhibition tests are generally used in the identification and 

characterization of Mycoplasma species (Poveda and Nicholas, 1998), but are usually time 

consuming, laborious, and complicated by cross-reactions between the closely related organisms. 

It has been reported that the members of the mycoides cluster also share common serological, 

antigenic and genomic characteristics with each other and this causes taxonomic and diagnostic 

problems (Cottew et al., 1987). 

 

The PCR test is one of the molecular biological tools which has revolutionised the detection and 

identification of mycoplasmas in hours rather than in weeks (Nicholas et al., 2003). The standard PCR 

test greatly facilitates the early and rapid diagnosis of mycoplasma infections (Grand et al., 2004). 

Various PCR tests with specific sets of primers are widely used to detect the Mycoplasma cluster 

members (Taylor et al., 1992), sub-cluster members especially MmmSC (Persson et al., 1999) and 

specifically any of the Mycoplasma species. The first PCR test for the diagnosis of Mccp, which is based 

on the specific amplification of 16S rRNA gene of the Mycoplasma mycoides cluster                  
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organisms, was reported by Bascunana et al (1994). The use of PCR for Mycoplasma “mycoides 

cluster” and Mycoplasma“mycoides sub cluster” are described by Bashiruddin et al (1994). The 

PCR for the specific detection of Mycoplasma putrefaciens, a non-Mycoplasma mycoides cluster 

organisms has also been documented (Shankster et al., 2002). Later, another PCR which 

specifically amplify a 316bp long DNA fragment of arcD gene from the Mycoplasma 

capricolum subspecies capripneumoniae (Mccp) organism has been reported by Woubit et al 

(2004). Additionally to further validate the results of the PCR test, restriction fragment length 

polymorphism (RFLP) using specific restriction endonuclease (RE) has been reported for 

Mycoplasma bovis and Mycoplasma bovigenitalium (Hotzel et al., 1990) and later reported for 

Mycoplasma“mycoides sub cluster (Bashiruddin et al., 1994), Mccp (Bascunana et al., 1994; 

Woubit et al., 2004) and are now widely used in the diagnostic mycoplasmology (Bashiruddin et 

al., 1994). As there are more than 102 mycoplasmas and developing a PCR for each of them is 

rather difficult. Further there is a limitation of PCR in the detection of more than one 

Mycoplasma species present in the clinical samples. To overcome this problem, denaturing 

gradient gel electrophoresis (DGGE) has been developed which is reported to simultaneously 

identify and differentiate the Mycoplasma species from different samples including direct 

clinical samples. This technique is mainly based on the use of universal bacterial and the 

Mollicute-specific primers for the amplification of V3 region of 16S ribosomal DNA (rDNA) and 

the PCR product is later analysed through the gradient polyacrylamide gel containing denaturants 

(McAuliffe et al., 2003, McAuliffe et al., 2005) 

 

The majority of the goats in Pakistan are produced on small farms which are distributed 

almost evenly across the country. The production systems are nomadic, transhumant and 

sedentary (Ishaque, 1993). Of the 53.8 million goats in Pakistan, 11.8 million are present in 

Balochistan (Anon, 2006) and raise under the production systems of nomadic, transhumant and 

sedentary types (Ishaque, 1993).  Number of the infectious disease including mycoplasmosis is 

constant threat to the goat population in Balochistan.  Of the caprine mycoplasmosis, CCPP 

which is locally known as Buzmerg and Buzmar has serious economic impacts. The cold 

weather, poor husbandry practices, transportation stress, malnutrition, bacterial, viral and 

parasitic diseases are the predisposing factors in the precipitation of caprine pleuropneumonia or 

CCPP (Tariq, 1980). There are no reports on the direct losses caused by the mycoplasma based 
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diseases particularly pleuropneumonia or CCPP in Balochistan. However, it is estimated that 

these losses would be huge as control measures and husbandry practices are not very promising.  

 

Limited research work on the identification of Mycoplasma species by the classical 

biochemical and growth inhibition tests has been reported (Tariq, 1980; Awan, 1985; Awan, 

1990; Hayat et al., 1991). The application of molecular biological tools such as PCR, RFLP, and 

DGGE has not been probably reported for the identification of Mycoplasma species not only in 

Balochistan but also in Pakistan.  This study recorded for the first time the PCR, RFLP, and 

DGGE based identification of Mycoplasma species isolated from the goats from fifteen districts 

in Balochistan.  

 

 

5.2. MATERIALS AND METHODS 

 
5.2.1. Mycoplasma isolates  

 

 

All the Mycoplasma species used in the present study were local field isolates and already 

been isolated from the nasal swab samples (n=5760) (randomly selected field goats from fifteen 

districts), lung samples (n=4522) (randomly selected goats slaughtered at butchers shops in 

fifteen districts), and samples (n=1890) from different body sites of the pleuropneumonia 

suspected (n=210) goats (purchase from fifteen districts). The goats (mainly Khurasani breed 

which is locally known as Kakari or Kochi by the nomadic peoples in Balochistan) were sampled 

for the isolation of Mycoplasma species irrespective of the consideration of age, sex, and breed 

from fifteen districts of Balochistan during 2006 to 2008 (see chapter 2, 3, and 4).  

 

In total, 1120 number of mycoplasma isolates comprising of 262 isolates recovered from 

nasal swab samples, 211 from the lung samples, and 647 from the samples from different body 

sites of the goats from fifteen districts in Balochistan were used in the present study. All the 

mycoplasma isolates (n=1120) were preliminary identified as Mycoplasma and Acholeplasma organisms 

by the digitonin sensitivity test, and then characterized by the classical biochemical, and growth inhibition 

tests in the previous studies presented in this thesis. The detail of the mycoplasma isolations from 
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different samples from the goats and characterization based on biochemical and growth 

inhibition tests are shown (Table 5.1). 

 

Of the total mycoplasma isolates (n=1120), 20 isolates characterized preliminary as 

MmmLC by the biochemical and GI tests were sent in a freeze-dried form to the Veterinary 

Laboratories Agencies (VLA), Weybridge, UK for the molecular identification of Mycoplasma 

species, especially by the DGGE.  

 

5.2.2. Extraction of DNA from the mycoplasma isolates 

 

The freeze dried mycoplasma isolates (n=1120) were activated in the CCPP modified 

broth medium (section 2.2.3.3.1), and DNA was purified from the 48 hours activated broth 

cultures by following the method as described in genomic DNA purification kit (PUREGENE –

Gentra System, USA) with little modification by adding Proteinase-K along with the cell lysis 

solution.  

 

About 1.5 ml of the mycoplasma activated culture was poured into a micro tube, 

centrifuged at 13000g (Microfuge-Sigma) for 6 minutes and the supernatant was discarded. 

Proteinase K, 20ul (MP-Biomedicals, USA) and cell lysis solution (CLS) 300ul were added into 

the pellet. With the help of micropipette a uniform suspension was made. Kept the microfuge 

tube at 55
o
C in water bath for 10 minutes, and afterward cooled down in ice for at least 1 minute. 

One hundred ul of protein precipitation solution (PPS) was added into the cell lysate. The 

microfuge was vortexed for 1 minute to mix the PPS and the cell lysate. The microfuge tube was 

centrifuged at 13000g for 4 minutes until precipitates were found clearly visible. The supernatant 

containing DNA was transferred into another microfuge tube already containing 300ul of 100 % 

cold isopropanol (Merck). The DNA and isopropanol contained in microfuge were mixed by 

inverting gently for 50 times, and later centrifuged at 13000g for 2 minutes. The supernatant was 

discarded and drained extra isopropanol from the microfuge tube. Three hundred ul of 70 % 

ethanol (Merck) was added into the pellet containing in a microfuge tube, and the tube was 

inverted several times to wash the DNA. The DNA suspension was centrifuged at 13000g for 2 

minutes and the supernatant was carefully poured-off.  
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Table 5.1. Characterization of the locally isolated Mycoplasma species by the biochemical and 

growth inhibition tests (GIT) 

 
 1 Nasal swab samples collected from the randomly selected goats from fifteen districts of Balochistan  
 2 Lungs were collected from the randomly selected goats slaughtered in butcher shops from fifteen districts of Balochistan  

                               3 Samples from different body sites of the pleuropneumonia suspected goats from fifteen districts of Balochistan 
                               4 Five isolates for each of the Mycoplasma species were observed with weaker biochemical reactions 
                               5 Only 25% of the mycoplasma isolates have been characterized by the GIT as standard antisera were limited in quantity 
                               6 Sen: digitonin sensitive: inhibition zone >2mm 
                               7 Res: digitonin resistant: inhibition zone <2mm 
                               * Poveda, 1998 
                               ** Poveda and Nicholas, 1998 

                      NT: Not tested  

  

Sample 

sources 

from goats 

No. of 

sample 

processed 

Culture 

positive for 

Mycoplasma 

(%) 

No. of 

Mycoplasm

a isolates 

(%) 

Mycoplasma 

species 

isolated 

No. of 

isolates 

 

Preliminary 

identification by 

Digitonin 

sensitivity* 

 

Characterized 

by biochemical 

tests4 * 

Characteriz-

ation by  

GIT5 ** 

Nasal 

swabs1 

 

5760 

 

215 (3.7) 

 

262 (4.6) MmmLC 63 63 sen6 63 16 

    
Mmc 53 53 sen 53 14 

    
Mcc 45 45 sen 45 12 

    
Mp 34 34 sen 34 9 

  
perc

entage of 

mycoplas

ma isolates 
* 

Mcc 

isola

tes 

wer

e 

char

acte

rize

d as 

Mcc 

by 

the 

bioc

hem

ical, 

GIT

; 

PCR 

posi

tive 

for 

Myc

opla

sma 

myc

oide

s 

clust

er, 

PCR 

nega

tive 

for 

Myc

opla

sma 

myc

oide

s 
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clust

er, 

PCR 

 
Marg 52 52 sen 52 13 

  
1No. 

and 

percentage 

of 

mycoplas

ma isolates 
* 

Mcc 

isola

tes 

wer

e 

char

acte

rize

d as 

Mcc 

by 

the 

bioc

hem

ical, 

GIT

; 

PCR 

posi

tive 

for 
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opla

sma 

myc

oide

s 

clust

er, 

PCR 

nega

tive 

for 

Myc

opla

sma 

myc

oide

s 

 
Acholeplasma 15     15 res7 NT NT 

Lung 

tissues2 4522 188 (4.2) 211 (4.7) MmmLC 109 109 sen 109 28 

    
Mmc 51    51 sen 51 13 

    
Mcc 23    23 sen 23 6 

    
Mp 9      9 sen 9 3 

    
Marginini 19    19 sen 19 5 

Different 

body site3 1890 586 (31%) 647 (34.2) MmmLC 330  330 sen 330 83 
    

Mmc 103 103 sen 103 26 
    

Mcc 97   97 sen 97 25 
    

Mp 28   28 sen 28 7 
    

Marginini 76   76 sen 76 19 
    

  Acholeplasma 13  13  res NT NT 

Total 12172 989 (8.13) 1120 (9.2) 
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from the microfuge tube. The left over DNA pellet in the microfuge tube was air dried for 5 

minutes, and 100ul of DNA hydration solution (DHS) was added. The DNA suspension was 

incubated at 65
o
C for 60 minutes in water bath for complete mixing. The DNA samples in 

microfuge tubes (1.5ml) were stored at -20
o
C until used for molecular studies. 

  

The DNA from the re-activated culture (n=18) of the Mycoplasma species was extracted 

using the Genelute genomic DNA kit (Sigma) according to the manufacturer‟s instructions at the 

Department of Bacteriology (Mycoplasma group), VLA, UK. 

 

5.2.2.1. Purity of DNA samples  

 

 All the DNA samples were checked for the purity on the Pharmaspec-5 

spectrophotometer (Schimadzu, Japan). Briefly, optical density for each of the DNA sample was 

measured at 260 and 280 nanometer, and ratio was calculated. The ratio of more than 1.5 is 

usually considered as the high quality DNA.   

 

5.2.3. Polymerase chain reaction (PCR) 

 

Polymerase chain reaction (PCR) tests for the detection of Mycoplasma “mycoides 

cluster” members, Mycoplasma mycoides sub cluster (MmmSC, Mmc, MmmLC) members 

(Bashiruddin et al., 1994), Mccp (Woubit et al., 2004) and Mp (Shankster et al, 2002) were 

performed on DNA samples purified from the cultures of the mycoplasma isolates. All the 

primers used in this study were approximately of 50 nmoles  and were synthesized from Gene-

Link, USA. 

 

5.2.3.1. PCR for the detection of Mycoplasma mycoides cluster members 

 

 All the DNA samples from the mycoplasma isolates (n=1120) were subjected to the PCR 

by following the method (Bashiruddin et al (1994) for the detection of Mycoplasma mycoides 

cluster members. This PCR test highlights all the six members of Mycoplasma mycoides cluster 

by yielding a band (amplicon) size of 1500bp (1.5kbp) in 2% agarose gel (Vivantis, USA).  
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5.2.3.1.1. Procedure for PCR 

   

The PCR master mix was prepared by mixing, 38ul of molecular grade water (Sigma), 

5ul of 10X reaction buffer (Vivantis, USA), 1.5ul of 50mM MgCl2 (Vivantis, USA), 2ul of 

10mM dNTPs (Vivantis, USA),    1ul of each primer (50 pmols/ul), and 0.5ul of Taq polymerase 

(Vivantis, USA) in a PCR tube (200ul). Finally the PCR master mix was mixed with 1ul of 

purified DNA sample of mycoplasma isolate. The set of primers used for the PCR detection of 

Mycoplasma mycoides cluster members are shown (Table 5.2).   

 

 Total reaction volume of 50ul per PCR tube was placed in the thermal cycler (Model # 

2720, Applied Biosystem). Briefly the PCR cycling conditions were set 94
o
C for 4 min, followed 

by 33 cycles of 94
o
C for 30 seconds (s), 50

o
C for 30s, 72

o
C for 30s, followed by 72

o
C for 7 min, 

and 4
o
C until further used. 

 
5.2.3.2. PCR for the detection of Mycoplasma mycoides sub- cluster members 

 

All the DNA samples positive in PCR for the Mycoplasma mycoides cluster members 

were subjected to the PCR for the detection of Mycoplasma mycoides sub-cluster members by 

following the method as described by Bashiruddin et al (1994). 

 

This PCR test highlights all the three members of Mycoplasma mycoides cluster such as 

Mycoplasma mycoides subspecies mycoides small-colony (MmmSC), MmmLC, and Mmc by 

yielding an amplicon size of 574bp in 2% agarose gel.  

 

5.2.3.2.1. Procedure for PCR 

 

 The PCR master mix was prepared  by mixing, 37.5ul of molecular grade water (Sigma), 5ul of 

10X reaction buffer (Vivantis, USA), 2ul of 50mM MgCl2 (Vivantis, USA), 2ul of 10mM dNTPs 

(Vivantis, USA), 1ul of each primer (50 pmols/ul), and 0.5ul of Taq polymerase (Vivantis, USA) in a 

PCR tube (200ul). Finally the PCR master mix was mixed with 1ul of purified DNA sample of 

mycoplasma isolate. The set of primers used for Mycoplasma  mycoides sub cluster members (MmmSC, 

Mmc, MmmLC) are shown (Table 5.2).     
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       Table 5.2. Sequence of primers (Oligonucleotides) used in PCRs for the identification of  

Mycoplasma species  
 

 

 

 

1 Bashiruddin et al., 1994 
2 Woubit et al., 2004  
3 Shankster et al., 2002 
4 Muyzer et al., 1993 
5 McAuliffe et al., 2005 
*
 Denaturing gradient gel electrophoresis 

 

 

 

 

 

 

 

 

 

PCR for Mycoplasma species 

 

 

Primers Sequence (5’-3’) Orientation 

 

1 

 

 

Mycoplasma mycoides cluster 
1
 

 

MC323 
TAG AGG TAC TTT AGA TAC TCA 

AGG 

Forward 

 

 

 

 
MC358 GAT ATC TAA AGG TGA TGG T Reverse 

2 Mycoplasma mycoides sub-cluster 
1

   
MM450 GTA TTT TCC TTT CTA ATT TG Forward 

 

 

 

 
MM451 AAA TCA AAT TAA TAA GTT TG Reverse 

3 Mycoplasma capricolum subspecies 

capripneumoniae (Mccp) 
2
 

Mccp-spe-F ATC ATT TTT AAT CCC TTC AAG Forward 

 

 

 

 

  
Mccp-spe-R 

TAC TAT GAG TAA TTA TAA TAT 

ATG CAA 

Reverse 

4 Mycoplasma putrefaciens 
3
 

SSF1 GCG GCA TGC CTA ATA CAT GC Forward 

 

 

 

 
SSR1 AGC TGC GGC GCT GAG TTC A Reverse 

 

5 

 

DGGE
*
- PCR GC-341F4 

CGC CCG CCG CGC GCG GCG GGC 

GGG GCG GGG GCA CGG GGG 

GCC TAC GGG AGG  CAG  CAG 

 

 AGG CAG CAG 

Forward 

  
MYC-543R5 ACC TAT GTA TTA CCG CG Reverse 
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 Total volume and the PCR cycling conditions were same as used earlier for the 

Mycoplasma mycoides cluster members (section 5.2.3.1.1). 

 

5.2.3.3. PCR for the specific detection of Mycoplasma capricolum subspecies 

capripneumoniae (Mccp) 

 
 All the DNA samples positive in PCR for the Mycoplasma mycoides cluster members and 

negative in PCR for the Mycoplasma mycoides sub-cluster members were subjected to the PCR 

for the specific detection of Mycoplasma capricolum subspecies capripneumoniae (Mccp) by 

following the method as described by Woubit et al (2004). 

 
This is a specific PCR test which only detects Mycoplasma capricolum subspecies 

capripneumoniae (Mccp) from the other Mycoplasma mycoides cluster members by yielding an 

amplicon size of 316bp in an agarose gel.  

 

5.2.3.3.1. Procedure for PCR 

 

 The PCR master mix was prepared by mixing, 38ul of molecular grade water (Sigma), 5ul of 10X 

reaction buffer (Vivantis, USA), 1.5ul of 50mM MgCl2 (Vivantis, USA), 2ul of 10mM dNTPs (Vivantis, 

USA),  1ul of each primer (50 pmols/ul), and 0.5ul of Taq polymerase (Vivantis, USA) in a PCR tube 

(200ul). Finally the PCR master mix was mixed with 1ul of purified DNA sample of mycoplasma isolate. 

The set of primers used for in the PCR detection of Mccp are shown (Table 5.2). 

  

 Total reaction volume of 50ul was used in thermal cycler (Model # 2720, Applied 

Biosystem).The PCR reaction conditions of 94oC for 2 min, followed by 35 cycles of 94oC for 30 seconds 

(s), 47oC at 15s, 72oC at 15s, 72oC at 5 min, and 4oC until further used. 

 

5.2.3.4. PCR for the specific detection of Mycoplasma putrefaciens  (Mp)  

  

 All the DNA samples of the mycoplasma isolates were subjected to the PCR for the 

specific detection of Mycoplasma putrefaciens (Mp) by following the method as described by 

Shankster et al (2002). 
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This is a specific PCR test which only detects Mycoplasma putrefaciens (Mp) from the 

other Mycoplasma species by yielding an amplicon size of 800bp in 2% agarose gel.  

 

5.2.3.4.1. Procedure for PCR 

 

 The PCR master mix was prepared by mixing, 37.5ul of molecular grade water (Sigma), 

5ul of 10X reaction buffer (Vivantis, USA), 2ul of 50mM MgCl2 (Vivantis, USA), 2ul of 10mM 

dNTPs (Vivantis, USA), 1ul of each primer (50 pmols/ul), and 0.5ul of Taq polymerase 

(Vivantis, USA) in a PCR tube (200ul). Finally the PCR master mix was mixed with 1ul of 

purified DNA sample. The set of primers used for the detection of M. putrefaciens are shown 

(Table 5.2). 

  

Total reaction volume of 50ul was used in thermal cycler (Model # 2720, Applied 

Biosystem).The PCR reaction conditions were 94
o
C for 5 minutes, followed by 25 cycles of 

94
o
C for 30s, 64

o
C for 30s, and 72

o
C for 30s, followed by 72

o
C for 7 min and 4

o
C until further 

used.  

 

5.2.3.5. PCR for the specific detection of Mycoplasma arginini and Acholeplasma organisms 

 

 The PCR test was not used for the identification of Mycoplasma arginini and 

Acholeplasma isolates in the present study. 

 

5.2.3.6. Agarose gel electrophoresis 

 

 Agarose gel electrophoresis was carried out in a mini gel (size 10 x 7 cm) horizontal 

electrophoresis unit (Elite-300 Wealtec, USA). The agarose (Vivantis-USA) @ 2% was 

rehydrated in Tris Acetate EDTA (TAE)-1X buffer with approximately 8.0 pH. The gel 

suspension was melted by heating in a micro-wave oven for 1-2 minutes.  Ethidium bromide 

solution as 6ul (10mg/ml, MP-USA) was carefully added into the liquid agarose gel (50ml) prior 

to pouring into the casting tray. The gel was allowed for                                                               
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30 minutes to solidify then placed into the electrophoresis tank already filled with the TAE-1X 

running buffer. Finally 10ul of the PCR products, molecular ladder (10ul) of 100bp apart 

(Vivantis-USA), negative and positive controls for the PCR test mixed separately with 2ul of the 

loading dye (Bromophenol blue and Xylene cynol, 6X, Vivantis-USA), were loaded into the 

wells. The gel was then electrophoresed for 35 minutes at 100 Volts. The gel slab was observed 

for PCR product (band) by the gel documentation system (Dolphin-View, Wealtec-USA). The 

actual orange colored fluorescing PCR products were seen as whitish bands on the gel 

documentation unit. 

 

5.2.4. Restriction fragment length polymorphism (RFLP) for Mycoplasma species 

 
5.2.4.1. Restriction fragment length polymorphism (RFLP) for the Mycoplasma mycoides 

sub-cluster PCR product  

 

The method described by Bashiruddin et al (1994) was followed with little modification 

in the volume of the reactants. For the RFLP, Vsp1 restriction endonuclease (Vivantis, USA) was 

used.  

 

5.2.4.1.1. Procedure for RFLP 

 

The PCR product was subjected in RFLP test by using 2ul of Vsp1 restriction 

endonuclease (Vivantis, USA) in a reaction mixture containing 2ul and 1ul of PCR grade water 

(nuclease free, Sigma) and 10X reaction buffer (Vivantis, USA) already contained bovine serum 

albumin (BSA), respectively. All of the reactants were mixed in a PCR tube kept in ice all the 

time. Finally 5ul of the PCR product (produced during mycoides subcluster PCR) was added into 

the RFLP mixture in a PCR tube. This is kept at 37
o
C for 60 minutes in a water bath. 

Electrophoresed 10ul of the PCR digested mixture by mixing  with 2ul of the loading dye in 3% 

agarose gel already containing 6ul of 10mg/ml ethidium bromide (MP-USA) in a mini gel 

horizontal unit (Elite-300 Wealtec, USA) at 100 Volts for 35 minutes. The TAE-1X buffer was 

used both to dissolve and run the agarose. Molecular ladder (Vivantis USA) of 100 bps increments 

with negative and positive controls was also loaded into the wells. The gel was seen in the gel document 

system (Dolphin View, Wealtec) for the digested PCR product and results noted. 
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5.2.4.2. Restriction fragment length polymorphism (RFLP) for the Mycoplasma capricolum 

subspecies capripneumoniae (Mccp) PCR product  

 

The method described by Woubit et al. (2004) was followed. For the RFLP, Cla1 

restriction endonuclease (Vivantis, USA) was used.  

 

5.2.4.3. Specific PCR for the detection and differentiation of mycoplasma isolates by DGGE  

 

 All the DNA samples (n=18) extracted from the mycoplasma isolates were run for the 

specific PCR by following the method as described by Muyzer et al., (1993) with the use of 

universal bacterial primer GC-341 and the mollicute-specific primer R543 (McAuliffe et al., 

2005) prior to run in the DGGE apparatus. The primers amplify the V3 region of the 16S RNA 

gene. The PCR was considered positive if band with 340bp size were observed.  

 

5.2.4.3.1. Procedure for PCR  

 

 The PCR master mix was prepared containing 10mM Tris-HCl (pH9.0), 1.5mM MgCl2, 

0.1% Triton X-100, 50mM KCl,  0.2mM of each deoxynucleoside  triphosphate (dNTPs), 0.5U 

Taqgold (Applied Biosystems), and 1ul of (50 pmoles/ul) each of GC-341F and MYC-543R 

primers. Finally, 1ul of the DNA as a template from the test Mycoplasma species was mixed with 

49ul of PCR master mix and subjected to thermal cycler for amplification.   

 

 The PCR thermal cycling conditions were set at 94
o
C for 5 minutes (denaturation), 

followed by 30 continuous cycles of 95
o
C for 1 minute, 56

o
C for 45 seconds, and 72

o
C for 1 

minute, followed by 72
o
C for 10 minutes (final extension) and then storage at 4

o
C until its run in 

DGGE.  
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5.2.4.3.2. Procedure for DGGE gel preparation  

 

The gel was prepared by following the method as described previously (McAuliffe et al., 

2003; McAuliffe et al., 2005; Al-Momani et al., 2006). 

 

Briefly 28 ml each from the 30 and 60 percent denaturing gel mix was poured into universals, 

marked as L and H respectively. Ammonium persulphate (APS) @ 54 ul (of the 10% solution) was added 

into each universal containing gel mix and swirled to mix. The gradient former was assembled, connected 

with a fine needle with the help of a tube, and placed on the magnetic stirrer. All the contents of the 

universal L and H were transferred from the gradient former into the space in between the two 

already set in glass plate of the DGGE apparatus with the help of a fine needle. After the gel 

reached to the top of the glass plate‟s space, the pump of gradient former was turned off. The 

comb was then placed in between the glass plates, and 100 ul of APS was then poured around the 

wells. The gel was left for at least 3 hours to get it completely solidified. The tank of DGGE 

apparatus was filled with the 17 liters of 1x TAE buffer and the power was turned on in order to 

attain 60
o
C temperature of the buffer. The assembly having glass plates with solidified gel was 

placed in the warm buffer contained in the DGGE apparatus, the leads were connected to + and – 

terminals, and lid was placed on the top and the pump was turned on to equilibrate the 

temperature. Before loading the samples, the pump was turned off, wells were washed with the help of a 

syringe containing warm TAE buffer. Twenty (20) ul of each of the sample already containing 10ul of the 

loading buffer was loaded into the cleaned well, and lid was again placed in. 

 

5.2.4.3.3. Procedure for DGGE 

 

The DGGE apparatus was run by following the method as described previously (McAuliffe et al., 

2003; McAuliffe et al., 2005; Al-Momani et al., 2006). 

 

 Ingeny PhorU 2x2 apparatus (GRI Molecular Biology, Essex, United Kingdom) was used for the 

DGGE. The PCR samples (already confirmed by yielding 340bp PCR product in E-gel) were loaded on to 

10% polyacrylamide–bis (37.5:1) gels having denaturing gradients from 30 to 60% (100% is 7M urea and 

40% (vol/vol) deionized formamide)                                                                                                          
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in 1x Tris-acetate-EDTA (TAE) electrophoresis buffer (Severn Biotech Ltd, Worcestershire, 

United Kingdom). 

 

 The electrophoresis was carried out at 100 Volts at 60
o
C for approximately 18 hours. The 

gels were afterward stained with SBYR Gold (Cambridge BioScience, Cambridgeshire, United 

Kingdom) in 1x TAE buffer for 30 minutes at room temperature and later visualized under gel 

documentation system.  

 

5.3. RESULTS 

 
5.3.1. PCR results 

 

 

 The results for the group specific molecular identification of the Mycoplasma species 

isolated from the goats from fifteen districts is shown (Table 5.3). Overall of the 1120 DNA 

samples purified from the locally isolated mycoplasma species, the highest frequency of 874 

(78%) for Mycoplasma mycoides cluster PCR, followed by 709 (63.3%) for Mycoplasma 

mycoides sub-cluster PCR, and 71 (6.3%) for Mp PCR were observed. In contrast none of the 

DNA sample was found positive in Mccp, PCR. The results for the identification of mycoplasma 

groups (Fig. 5.1) and species (Fig. 5.2) by PCR are shown. 

 

 Results for the molecular identification of Mycoplasma species isolated from the goats in 

Balochistan are shown (Table 5.3). Of the 262 mycoplasma isolates recovered from the nasal 

swabs of the randomly selected goats from the fifteen districts in Balochistan, mainly 63, 53, 43, 

and 34 were identified by the PCR as MmmLC, Mmc, Mcc, and Mp respectively. Of the 211 

mycoplasma isolates recovered from the lung samples of the randomly selected goats slaughtered 

in butcher shops from the fifteen districts in Balochistan, mainly 109, 51, 23, and 9 were 

identified by the PCR as MmmLC, Mmc, Mcc, and Mp respectively. Of the 647 mycoplasma 

isolates recovered from different body sites of the pleuropneumonia suspected goats from the 

fifteen districts in Balochistan, mainly 330, 103, 97, and 28 were identified by the PCR as 

MmmLC, Mmc, Mcc, and Mp respectively. The PCRs results for the Mycoplasma mycoides 

cluster, Mycoplasma mycoides sub-cluster, and Mp are shown (Figure 5.3, 5.4, 5.5). 
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Table 5.3. Identification of the Mycoplasma species isolated from the goats in Balochistan by the 

Polymerase chain reaction (PCR) and Restriction fragment length polymorphism (RFLP) tests 

 

       1No. and percentage of mycoplasma isolates 

    * Mcc isolates were characterized as Mcc by the biochemical, GIT; PCR positive for Mycoplasma mycoides cluster,  PCR 

negative for Mycoplasma mycoides sub cluster, PCR negative for Mccp, and Mp organisms.  

                2  Bashiruddin et al., 1994 

                3 Woubit et al., 2004 
                        4 Shankster et al., 2002 

    NT: Not tested 

 

  

 

 No and % of 

Mmycoplasma isolates / 

Sample sources  

from goats 
 

 

 

 

Mycoplasma 

species isolated 

 

No. of 

isolates 

 

PCR  

for 

Mycoplasma 

mycoides 

cluster 2 

 

No. of +ve  

 

 

PCR+RFLP 

for 

Mycoplasma 

mycoides sub-

cluster 2 

No. of +ve 

(bands/NT) 

 

 

PCR+RFLP  

for  

Mccp 3 

 

 

No. of +ve 

(bands/NT) 

 

 

PCR  

for  

Mycoplasma 

putrefacienns4 

 

No. of+ve 

 

 

262 (4.6) 
1
 MmmLC 63 

 

63 63 (3) 0 (NT) 0 
Nasal swabs 

 Mmc 53 
 

53 53 (3) 0 (NT) 0 

 
Mcc  45* 

 

45 0 (NT) 0 (NT) 0 

 
Mp 34 

 

0 0 (NT) 0 (NT) 34 

 
Marg 52 

 

0 NT (NT) NT (NT) 0 

 
Acholeplasma 15 

 

0 NT (NT) NT (NT) 0 
 

211 (4.7) 
1
 

211 (4.7) 

MmmLC 109 
 

109 109 (3) 0 (NT) 0 
Lung Tissues 

 Mmc 51 
 

51   51 (3) 0 (NT) 0 

 
Mcc 23* 

 

23  0 (NT) 0 (NT) 0 

 
Mp 9 

 

0 0 (NT) 0 (NT) 9 

 
Marginini 19 

 

0 NT (NT) NT (NT) 0 

647 (34.2) 
1
 MmmLC 330 330 330 (3) 0 (NT) 0 

Different body site  

 
Mmc 103 

103 

 

 

 

 

103 (3) 0 (NT) 0 

 
Mcc 97* 97 0 (NT) 0 (NT) 0 

 
Mp 28 0 0 NT) 0 (NT) 28 

 
Marginini 76 0 NT (NT) NT (NT) 0 

 
Acholeplasma 13 0 NT (NT) NT (NT) 0 
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Fig 5.1. Distribution of PCR identified group specific Mycoplasma isolates  

recovered from goats in Balochistan  

 

 

 

 
 

 

Fig 5.2. Distribution of PCR identified Mycoplasma species isolated from goats in 

Balochistan 
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Fig 5.3 PCR for Mycoplasma mycoides cluster members showing a band 

size of 1500bp. Lanes 1 & 11: Molecular ladder; lane 2: –ve control; lanes 3, 4, 5,6, 7, 8, 

9, 10, 12, 13, 15, 16, 17and 18: samples +ve for Mycoplasma mycoides cluster members; 

lane 14: sample –ve for Mycoplasma mycoides cluster members; lanes 19 & 20: Mmc and 

Mcc +ve controls respectively. 

 

  
 

Fig 5.4 PCR for the members of M. mycoides sub-cluster showing a band size of 574bp. Lanes 1 

& 11: Molecular ladder; lane 2: –ve control; lanes 3, 4, 5, 9, 10, 14, 15, 16, and 17 samples +ve 

for M. mycoides sub-cluster members; lanes 6, 7, 8, 12, 13, and 18: samples –ve for M. mycoides 

sub-cluster members; lanes 19 & 20: MmmLC and Mmc +ve controls respectively.   
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Fig 5.5 PCR for the Mycoplasma putrifaciens (Mp) showing a band size of 800bp. Lane 1: 

Molecular ladder; lane 2: –ve control; lanes 3, 4, 5 and 8: samples +ve for Mp; lanes 6, 7 and 9: 

samples –ve for Mp, and lane10: Mp +ve control.   

 

 

 

 

 

 

 

 

 

 

 

  

 

 3000 bp 

 

 

 1000 bp 

 

 5\00 bp 

 400 bp 

 300 bp 

 200 bp 

 100 bp 

 

 

 

 

 800bp 

1       2      3      4      5       6     7      8       9      10 



232 

 

The results for the PCR based identification of different Mycoplasma species are shown (Table 

5.4, and figure 5.2) The highest percentage of mycoplasma isolates were noted for MmmLC as 

44.8 percent (n=502) followed by Mmc as 18.5 percent (n=207), and Mcc as 14.7 percent 

(n=165), while the lowest identification was noted for Acholeplasma as 2.5 percent (n=28) 

followed by Mp as 6.3 percent (n=71), and M. arginini as 13.1 percent (n=147). Statistically 

significant difference (X 
2 

=902.9, df=5, p-value <0.0001) in the identification of Mycoplasma 

species by the PCR was observed. 

 

  None of the DNA sample purified from any of the mycoplasma isolate was found 

positive in specific PCR for the Mccp organism (Figure 5.7). None of the Mycoplasma arginini 

and Acholeplasma isolates was identified by any of the PCR in the present study. 

 

5.3.2. RFLP results 

 

 The PCR products positive for Mycoplasma mycoides sub-cluster organisms (MmmLC, 

Mmc, and MmmSC), yielded three bands of 230bps, 178bps, and 153bps when digested with 

Vsp1 during RFLP. None of the PCR product was observed with two bands of 379bps and 

178bps specific for MmmSC in RFLP (Table 5.3 and Figure 5.6). 

 

5.3.4. DGGE results 

 

 Of the 20 mycoplasma isolates sent to VLA for DGGE analysis, only 18 got re-activated 

during culturing at VLA. All the 18 mycoplasma isolates were observed positive in DGGE 

specific PCR (Figure 5.8). The DGGE profile identified 44.4 percent (n=8) of the isolates as 

MmmLC by yielding a single band similar to MmmLC positive control. Interestingly 55.5 

percent (n=10) of the mycoplasma isolates were observed with four bands, of which one was 

specific for the MmmLC, while the other three bands showed presence of some unknown 

organisms (Table 5.5, Figure 5.9).   
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5.3.5. Comparison of classical tests, PCRs and DGGE 

 

 The results for the comparison of the tests used for the identification of Mycoplasma 

species isolated from the goats in Balochistan are shown (Table 5.5). All the previously 

identified Mycoplasma species (chapters 2, 3 and 4) by the biochemical and growth inhibition 

tests were equally identified by the PCR tests, except for Mcc isolates for which no specific PCR 

test was used in the present study. Similarly, M.arginini was quite effectively identified by the 

biochemical and growth inhibition tests as none of the PCR was used for its specific 

identification. Acholeplasma isolates were preliminarily identified by the digitonin test and found 

negative in PCR specific for Mycoplasma mycoides cluster and Mp organisms (Table 5.5). All 

the mycoplasma isolates identified as MmmLC by the DGGE were equally identified as 

MmmLC by the traditional and PCR tests. The DGGE was able to identify mycoplasma even in 

the mixed mycoplasma culture as it detected MmmLC alone and with unknown type of 

mycoplasma in the present study. 
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Table 5.4. Distribution of PCR identified Mycoplasma species isolated from goats in 

Balochistan  

 

  
a No of mycoplasma isolates recovered from the nasal swabs of the goats from fifteen districts of Balochistan 
b No of mycoplasma isolates recovered from the lungs of goats slaughtered in butcher shops in Balochistan 
c No of mycoplasma isolates recovered from the body sites of the pleuropneumonia suspected goats in Balochistan 
d Total no. of mycoplasma isolates recovered from the goats in Balochistan 
e No. and percentage of Mycoplasma species isolated from goats in Balochistan 
*X 2 = 902.9, df=5, p-value <0.0001 (alpha<0.05), significant difference. 
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Fig 5.6 RFLP for the M. mycoides sub-cluster PCR product (574bp): Lanes 1 & 11: Molecular 

ladder; lane 2: –ve control; lanes 3, 4, 5, 6, 7, 8, 9, 10, 12, 13, 14, 15, 16, 17, and 18: samples 

+ve for RFLP, yielding 3 bands with sizes of 230,178, and 153 bps, specific for MmmLC/Mmc 

organisms (note very faint bands only for samples 17 and 18); lanes 19 & 20: MmmLC and Mmc 

+ve controls respectively.   

 

 
 

 

Fig 5.7 Specific PCR for the identification of Mccp from the Mycoplasma species isolated from 

goats in Balochistan. Lanes 1 & 11: Molecular ladder; lane 2: –ve control; lanes 3, 4, 5, 6, 7, 8, 9, 

10, 12, 13, 14, 15, 16, 17, 18, and 19: samples -ve for Mccp; lane 20: Mccp +ve control.   
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Table 5.5. Comparison of the traditional and PCR based tests for the identification of Mycoplasma species 

isolated from the goats in Balochistan  
1 

 
                              1 Five isolates for each of the Mycoplasma species were observed with weaker biochemical reactions 

                                   2 Only 25% of the mycoplasma isolates have been characterized by the GIT as standard antisera were limited in quantity 
                             3 No and percentage of the mycoplasma isolates 

                                  * Mcc isolates were characterized as Mcc by the biochemical, GIT; PCR positive for Mycoplasma mycoides cluster, PCR      negative 

for Mycoplasma mycoides sub cluster, PCR negative for Mccp, and Mp organisms.  
                                   a  Total no. of isolates analyzed by PCR-DGGE 

                             b No. of isolates identified as MmmLC by PCR-DGGE 

 

 No and % 

of 

Mmycoplas

ma isolates / 

Sample 

sources  

from goats 
 

 

 

 

Mycoplasma 

species  

isolated 

 

No. of 

isolates 

 

 

Characteriz

-ed by 

biochemical 
tests1 

 

 

Characteriz-

ed  by GIT2 

 

PCR  

for 

Mycoplasma 

mycoides 

cluster 

 

No. of +ve  

 

 

PCR+RFLP 

for 

Mycoplasma 

mycoides sub-

cluster 

No. of +ve 

(bands/NT) 

 

 

PCR+RFL

P  

for  

Mccp 

 

 

 

No. of +ve 

(bands/NT) 

 

 

PCR  

for  

Mycopla

sma 

putrefaci

enns 

 

No. 

of+ve 

 

 

 

PCR-

DGGE 

 

262 (4.6)
3
 MmmLC 63 63 16 

 

63 63 (3) 0 (NT) 0 5 (5) 
Nasal swabs 

 Mmc 53 53 14 
 

53 53 (3) 0 (NT) 0 0 

 
Mcc  45* 45 12 

 

45 0 (NT) 0 (NT) 0 0 

 
Mp 34 34 9 

 

0 0 (NT) 0 (NT) 34 0 

 
Marg 52 52 13 

 

0 NT (NT) NT (NT) 0 0 

 
Acholeplasma 15 NT NT 

 

0 NT (NT) NT (NT) 0 0 
 

211 (4.7)
3
 

211 (4.7) 

MmmLC 109 109 28 
 

109 109 (3) 0 (NT) 0 5 (5) 
Lung 

Tissues 

 
Mmc 51 51 13 

 

51   51 (3) 0 (NT) 0 0 

 
Mcc 23* 23 6 

 

23  0 (NT) 0 (NT) 0 0 

 
Mp 9 9 3 

 

0 0 (NT) 0 (NT) 9 0 

 
Marginini 19 19 5 

 

0 NT (NT) NT (NT) 0 0 

647 (34.2)
3
 MmmLC 330 330 83 330 330 (3) 0 (NT) 0 

8 (8) 
Different 

body site 

 

Mmc 103 103 26 
103 

 

 

 

 

103 (3) 0 (NT) 0 
0 

 
Mcc 97* 97 25 97 0 (NT) 0 (NT) 0 

0 
 

Mp 28 28 7 0 0 NT) 0 (NT) 28 
0 

 
Marginini 76 76 19 0 NT (NT) NT (NT) 0 

0 
 

Acholeplasma 13 NT NT 0 NT (NT) NT (NT) 0 
0 

Total 
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(97.5) 
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(24.9) 
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(78) 
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(63.3) 
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71 

(6.3) 

 

18
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 (18) 
b
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Fig. 5.8. DGGE-PCR profile for the mycoplasma isolates recovered from the goats in 

Balochistan. Lane 1 & 13: Molecular ladder; lane 2-12 and 14-20: mycoplasma isolates +ve in 

DGGE-PCR; lane: 21, –ve control; lanes: 22-24, positive control for DGGE-PCR.  

 

 
  

Fig 5.9 DGGE profile for the identification and differentiation of Mycoplasma species isolated 

from the goats in Balochistan. Lanes:1, 4, 8, 9,11,12,16, and 18, MmmLC; Lane:19, negative 

control; Lanes:2, 3, 5, 6, 7,10,13,14,15, and 17, MmmLC and unknown profile; positive controls 

from lane 20-27: Lanes:21, MmmLC; 22, Mcc; 23, Mccp (F-38); 24, Mccp (T-9 strain); 24, 

Mycoplasma ovipneumoniae; 25, Mycoplasma arginini; 26, Mycoplasma putrefacience; 27, 

MmmSC.  
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5.4. DISCUSSIONS 

 

 

 
The isolation and identification of the Mycoplasma species by the classical biochemical 

and growth inhibition tests is widely practiced in many countries where mycoplasmosis is the 

problem. These tests are though valid, reliable and reproducible, but very laborious, time 

consuming and requires complete purification of the mycoplasma isolates prior to run the 

biochemical and growth inhibition tests. In the present study all the pre-characterized 

Mycoplasma species isolated from the goats from fifteen districts in Balochistan have been 

identified by the PCR alone and with RFLP for the first time in Pakistan.   

  

 In the present study, highest number of mycoplasma isolates (78%) was identified as 

members of Mycoplasma mycoides cluster organisms. The subsequent Mycoplasma mycoides 

sub-cluster PCR identified most of the isolates (63.3%) as MmmLC/Mmc organisms. These 

results are further validated by the RFLP in which three bands (230bps, 178bps, and 153 bps) 

specific for MmmLC/Mmc have been observed. In the present study the results of PCR for 

Mycoplasma mycoides cluster and Mycoplasma mycoides subcluster are similar to those as 

reported by Bashiruddin et al. (1994). Moreover results of RFLP for Mycoplasma mycoides 

subcluster are also alike to those as reported by Bashiruddin et al. (1994) in which Asn1 

restriction endonuclease was used by the researcher while Vsp1, an iso-schizomer was employed 

in the present study with parallel results. The results for the identification of MmmLC/Mmc by 

the PCR reaction in the present study are in close agreement with the findings of Al-Momani et 

al. (2006) but in the present study the subsequent RFLP with Vsp1 enzyme further validated the 

Mycoplasma mycoides  subcluster PCR result  by yielding three bands of specific sizes.  

 

 
 The identification of Mp, a non-Mycoplasma mycoides cluster member by the specific 

PCR yielded 800 bps band in the present study and as compared to Mycoplasma mycoides cluster 

and sub-cluster members, lowest frequency of isolates (6.3%) were identified as Mp organisms. 

In one study Al-Momani et al. (2006) have used similar set of primers in the PCR for the 

molecular identification of Mp organisms, but a band size                                                                  
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of 540 bps was reported by the researchers. In the present study a band size of 800bps was 

observed for all of the Mp isolates, which is contrary to the findings of Al-Momani and 

coworkers (2006). 

 

 All the DNA samples used in the specific PCR for Mccp organisms were found negative 

in the present study. This is supported by the results of the biochemical and growth inhibition 

tests carried out on all the isolates (chapters 2, 3, and 4) reported in the present thesis as none of 

isolate was identified as Mccp (Table 5.1). Contagious caprine pleuropneumonia (CCPP) is an 

OIE listed disease, the classical acute form is caused by Mycoplasma capricolum subspecies 

capripneumoniae (Mccp), which is one of the members of Mycoplasma mycoides cluster 

organisms (Leach et al., 1993). In the present study, so far the identification of Mccp by the 

Mycoplasma mycoides cluster and Mccp specific PCRs could not be observed. Probably, Mccp 

organisms are not prevalent among the goats in the districts of Balochistan. Many of the 

researchers have reported the fastidiousness of Mccp organism as isolation reports have only 

been reported from 13 countries (Nicholas, 2002a).   

 

 Mycoplasma capricolum subspecies capricolum (Mcc) is an important pathogen and has 

been reported in arthritis, respiratory problems, mastitis in goats (Bergonier et al., 1997; De la Fe 

C et al., 2007). In the present study, overall 14.7 percent (n=165) isolates have been indirectly 

identified as Mcc as the Mycoplasma mycoides cluster (except Mcc), sub-cluster, Mccp, and Mp 

have been ruled out by the PCR tests. Moreover, none of the isolated Mycoplasma species have 

been found with the parallel biochemical and growth inhibition results documented for this kind 

of Mycoplasma species in the studies (chapters 2, 3, and 4) carried out in the present thesis. 

Hence based on the characteristic biochemical and GI tests; positive in Mycoplasma mycoides 

cluster PCR; negative in Mycoplasma mycoides sub-cluster PCR; and negative in specific PCR 

for Mccp and Mp organisms, all such mycoplasma isolates were considered as Mcc. The results 

of the classical biochemical and GIT for the Mcc isolates are shown (Chapters 2, 3, and 4). In 

one of the study, Mcc isolates have been similarly identified by the classical digitonin, glucose 

fermentation, and growth inhibition tests and by the PCR for Mycoplasma mycoides sub-cluster, 

while   DGGE was additionally used in the identification of Mcc isolates (Al-Momani et al., 

2006). 

file:\\sites\entrez
file:\\sites\entrez
file:\\sites\entrez
file:\\sites\entrez
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 The application of molecular biological tools such as PCR in the identification of 

Mycoplasma species has greatly reduced the time frame, less laborious and better efficacy in the 

identification of the members of class Mollicutes. Similarly PCR based identification of 

Mycoplasma species (MmmSC) has been reported, and found rapid, than the conventional 

methods of culture, isolation, and identification by the biochemical and serological techniques 

(Bashiruddin et al., 1994). In one of studies a specific PCR has been developed for the 

identification of Mccp organisms as the traditional techniques has been reported with unreliable 

and complicated results for the identification of Mycoplasma species particularly Mccp (Woubit 

et al., 2004). 

  

  The use of DGGE for the identification and differentiation of Mycoplasma species 

isolated from the goats is reported for the first time in Pakistan though limited samples (n=18) of 

Mycoplasma species were processed at VLA. Among the isolates the single band yielded by the 

Mycoplasma species (n=8) is observed parallel to the reference strain of MmmLC organism in 

the present study. Similar findings have been reported by McAuliffe et al. (2003) and Al-

Momani et al. (2006) for MmmLC organisms. All of the Mycoplasma species identified as 

MmmLC (by DGGE) have been isolated from the pleuropneumonia suspected goats belonging to 

Quetta, Pishin, Zhob and Loralai districts of Balochistan.  Further, besides the presence of 

MmmLC specific single band in the rest of the mycoplasma isolates, the presence of three other 

bands in the same sample indicates presence of probably mixed type of mycoplasma infection. 

No parallel results for this type of bands pattern with the MmmLC organism have been reported. 

The mycoplasma isolates run on the DGGE have also been identified as MmmLC when analysed  

by the classical biochemical, growth inhibition tests and PCRs for Mycoplasma mycoides cluster 

specific, and Mycoplasma mycoides sub-cluster specific and RFLP at CASVAB, University of 

Balochistan, Pakistan. 
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5.5. CONCLUSIONS 

 
 PCR based identification of the Mycoplasma species isolated from the goats in 

Balochistan looks rapid, specific, and less laborious as compared to the traditional biochemical 

and growth inhibition tests. 

 

 The use of RFLP for the Mycoplasma mycoides sub-cluster PCR product is able to further 

validate the results, and also appears as a specific mean to differentiate between the 

MmmLC/Mmc and MmmSC organisms.  

 

 Besides the use of different PCRs for the identification of Mycoplasma species, DGGE 

technique seems comparatively better than the classical PCRs, as it is able to identify and 

differentiate number of Mycoplasma species even present in the same sample. 

 

 In comparison to the PCRs and DGGE techniques, the classical biochemical and growth 

inhibition tests are still valid and equally good in identifying the mycoplasma species, but are 

time consuming, laborious, and required purified mycoplasma culture prior to run the tests. 

 

 The identification of Mcc isolates by the group specific PCRs, is not the direct diagnostic 

approach and requires confirmation by the classical biochemical and growth inhibition tests. The 

need to use a specific PCR for the identification of Mcc organism is required. 
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CHAPTER 6 

 

 

“Molecular Prevalence of Mycoplasma species by Polymerase Chain Reaction 

(PCR) directly from the Nasal Swab and Lung Tissue samples of Goats in 

Balochistan” 
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ABSTRACT 

 

 
The rapid diagnosis of caprine respiratory mycoplasmosis caused by Mycoplasma species is 

hampered by the non-availability of molecular tools such as Polymerase chain reaction not only 

in Balochistan but also in other provinces of Pakistan. The aim of the present study was to 

highlight the prevalence of Mycoplasma species with the use of polymerase chain reaction (PCR) 

and validation by the restriction fragment length polymorphism (RFLP) in the DNA samples 

purified from 5760 nasal swabs (randomly selected field goats), 4522 lung tissues (goats 

slaughtered in butcher shops) and 210 lung tissues (pleuropneumonia suspected goats) from the 

goats from fifteen districts of Balochistan during 2007-2009. The DNA samples were analyzed 

using the PCR tests for Mycoplasma mycoides cluster, Mycoplasma mycoides sub-cluster, 

Mycoplasma capricolum subspecies capripneumoniae (Mccp), and Mycoplasma putrefacience 

(Mp). The PCR results for the nasal swabs samples indicated the highest prevalence of 6.6% 

(n=378) for Mycoplasma mycoides cluster members, followed by 5.6% (n=321) for Mycoplasma 

mycoides sub-cluster members, and 1% (n=57) for Mcc, while the lowest prevalence of 0.7% 

(n=42) for Mp was observed. Statistically highly significant difference (X
2
=476.33, df=3, p-

value<0.0001) was observed in the prevalence of Mycoplasma species among the nasal swab 

samples detected by different PCR. The PCR results for the lung tissue samples (goats 

slaughtered in butcher shops) showed the highest prevalence of 11.7% (n=531) for Mycoplasma 

mycoides cluster members, followed by 10.2% (n=459) for Mycoplasma mycoides sub-cluster 

members, and 1.6% (n=72) for Mcc, while the lowest prevalence of 0.8% (n=38) was observed 

for Mp. Statistically highly significant difference (X
2
=761.86, df=3, p-value<0.0001) was 

observed in the prevalence of Mycoplasma species among the lung tissues of goats. The PCR 

results for the lung tissue samples (pleuropneumonia suspected goats) showed the highest 

prevalence for Mycoplasma mycoides cluster members (76.7%), followed by Mycoplasma 

mycoides sub-cluster members (56.2%), and Mcc (19%), while the lowest prevalence for Mp 

(5.2%) was noticed. Statistically highly significant difference (X
2
=426.52, df=3, p-value<0.0001) 

was observed in the prevalence of Mycoplasma species in lung tissues from pleuropneumonia 

suspected goats by using PCR. The PCR results for the Mycoplasma mycoides cluster and Mccp 

organisms were specifically validated by the RFLP, with the yield of three fragments (230, 178, and 

153bps), and two fragment (190, and 126bps) for MmmLC/Mmc and Mccp organisms respectively. The 
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prevalence of Mccp was found as 1.4% (n=3) in lung tissue samples from pleuropneumonia 

suspected goats by the Mccp specific PCR. The comparative results for the molecular prevalence 

of Mycoplasma species in samples from different sources of the goats have further showed 

statistically highly significant differences (X
2
=1107.98, df=2, p-value <0.0001) by the 

Mycoplasma mycoides cluster PCR, (X
2
=689.02, df=2, p-value <0.0001) by the Mycoplasma 

mycoides sub-cluster PCR, (X
2
=416.92, df=2, p-value <0.001) by the Mcc PCR, and (X

2
=47.98, 

df=2, p-value <0.001) by the Mp specific PCR. The use of PCR-RFLP was found promising in 

the rapid detection and validation of Mycoplasma species directly from the nasal swab and lung 

tissue samples of goats. This study was first time conducted in Balochistan, Pakistan. 
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6.1. INTRODUCTION 

 
Members of the class Mollicutes inflict a wide range of diseases in both animals and 

humans, and are generally associated with clinical manifestations such as pneumonia, 

conjunctivitis, arthritis, abortion and infertility (Nicholas, 2002a; McAuliffe et al., 2005). Of the 

many diseases in goats, the Mycoplasma species have been reported for inflicting significant 

economic losses particularly due to the respiratory diseases (Ozdemir et al., 2005).  Mycoplasma 

mycoides cluster is a group of initially six Mycoplasma species and subspecies (Cottew et al., 

1987), such as Mycoplasma mycoides subspecies mycoides small-colony (MmmSC), 

Mycoplasma mycoides subspecies mycoides large-colony (MmmLC),  Mycoplasma mycoides 

subspecies capri (Mmc), Mycoplasma capricolum subspecies capripneumoniae (Mccp), 

Mycoplasma capricolum subspecies capricolum (Mcc), and Mycoplasma subspecies bovine 

group 7 (BG7), but recently five species are reported to be the part of this cluster by considering 

MmmLC and Mmc as a single species designated as Mmc (Manso-Silva´n et al., 2009). There are 

116 Mycoplasma species and subspecies reported (Stakenborg et al., 2005). 

  

Contagious caprine pleuropneumonia (CCPP) is known as a severe infectious disease of 

goats caused solely by Mccp, and has been reported in most of the Asian and African countries 

having huge goat population (Rurangirwa and Kinyili, 2000). This disease is an OIE listed 

disease as it causes serious economic impact to goat population due to the high morbidity and 

mortality rates, and potential threats to spread to many disease free countries (Woubit et al., 

2004). Besides the Mccp many of the Mycoplasma mycoides cluster pose a significant role in 

respiratory diseases of goats (Thiaucourt and Bolske, 1996). The pathogenic role of MmmLC in 

pneumonia, arthritis, and mastitis has been well documented (Singh et al., 2004) in many Asian, 

African, and Europian, countries including United States (Smith and Sherman, 1994). Further, 

Mcc organism are also known to cause pneumonia and arthritis in goats (Bergonier et al., 1997), 

and another Mycoplasma species such as Mycoplasma putrefacience (Mp) has been isolated from 

the respiratory tract (Radwan et al., 1985) of the goats. The pathogenic role of other mycoplasma 

species such as Mycoplasma ovipneumoniae (Goltz et al., 1986; Thiaucourt et al., 1994), 

Mycoplasma arginini (Jones, 1985), and Mycoplasma agalactiae (Cottew, 1979) in the 

respiratory diseases are not well established besides their isolation from the respiratory tract of 

the goats.  
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Besides the widely practiced way of isolation and identification to diagnose the 

mycoplasma diseases (Nicholas et al., 2003), most of the traditional methods are commonly 

found as time consuming, insensitive and non-specific (Bashiruddin et al., 1994; McAuliffe et 

al., 2003). This is because Mccp, the cause of CCPP, has only been detected in 13 countries 

because of difficulties in isolating the organism from the clinical material (Nicholas, 2002a). 

Further the identification of Mycoplasma species as the causative agents of the disease is 

hampered by the lack of rapid diagnostic tests, together with the similarities in clinical diseases 

they cause (McAuliffe et al., 2003).  

 

The Polymerase chain reaction (PCR) has greatly facilitated the rapid diagnosis of 

mycoplasmas in hours (Nicholas et al., 2003; Grand et al., 2004). A major improvement was the 

set of polymerase chain reaction tests developed by Bashiruddin et al. (1994) which could detect 

all members of the Mycoplasma mycoides cluster. A PCR test was developed for the specific 

identification of Mccp, by amplifying a fragment (548bps) from the 16S rRNA gene common to 

members of Mycoplasma mycoides cluster and subsequent digestion with Pst1 in RE yielded 

specific banding pattern (420, 128bps) specific for Mccp (Bascunana et al., 1994), and also been 

used to directly detect the Mccp in the clinical samples (Bolske et al., 1996). Among the many, 

PCR tests, the PCR for the detection of Mycoplasma mycoides sub-cluster members 

(Bashiruddin et al., 1994), specific PCR for Mccp (Woubit et al., 2004), and specific PCR for Mp 

(Shankster et al., 2002) have been reported and are widely used in the diagnostic 

mycoplasmology. The specific PCR for Mccp is based on arcD gene in which a specific 

amplification of a 316 bp long DNA fragment is carried out which effectively rules out any 

confusion with other closely related members of M. mycoides cluster. Moreover, the PCR results 

can be further confirmed by the digestion of PCR product with a specific restriction endonuclease (RE) 

such as Vsp1 in Mycoplasma“mycoides sub-cluster PCR (Bashiruddin et al., 1994) and Cla 1 in Mccp 

PCR (Woubit et al., 2004). Further, it is reported that the direct detection of Mccp in the clinical material 

may be a very useful option for the confirmation of CCPP outbreaks (Woubit et al., 2004). 

  

 

Balochistan is the southwestern province of Pakistan, on the eastern part of the Iranian plateau 

between 250 to 320 N latitude and 600 to 720 E longitude and is the largest of the four provinces in the 

country (Rubina and Sarwat, 2006). Of the 53.8                                                                            
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million goats in Pakistan, 11.8 million goats are reported in Balochistan (Anon, 2006). These 

animals are raised under nomadic, transhumant and sedentary production system (Ishaque, 

1993). Majority of the goats are prone to infectious diseases, including respiratory 

mycoplasmosis, and of the many predisposing factors, very cold winters in many areas of 

Balochistan and poor animal husbandry practices further precipitate the prevalent diseases. There 

are reports on pleuropneumonia like disease, and CCPP with high morbidity and mortality rates 

in many parts of Balochistan. Moreover, the continuous migration of small ruminants probably 

with the respiratory problems from Afghanistan to the adjoining parts of Balochistan may be 

responsible for increase in the infectious diseases among the goat population (Tariq, 1980; Awan 

1990). 

 

Previous work on mycoplasma diseases in goats in Balochistan, Pakistan has been limited 

(Tariq, 1980; Awan, 1990) and no research work on the molecular level has yet been reported in 

Balochistan. This study describes for the first time the molecular prevalence of MmmLC, Mmc, 

Mcc, Mp organisms, and more alarming Mccp the sole cause of CCPP by using different PCR 

tests directly from the nasal swab, and lung tissues samples of goats from the fifteen districts in 

Balochistan.  

 

 

6.2. MATERIALS AND METHODS 

 

  
6.2.1. Samples for DNA extraction  

 

 

All the samples for the extraction of DNA were taken from already collected 5760 nasal 

swabs (from the randomly selected goats from fifteen districts), 4522 lung samples (from the 

randomly selected goats slaughtered at butcher shops in fifteen districts), and 210 lung samples 

(from the pleuropneumonia suspected goats from the fifteen districts) for the first three studies 

presented in this thesis (see chapter 2, 3, and 4). Majority of the samples were taken from the 

Khurasani breed of goat (locally known as Kakari or Kochi) as this is the main breed kept by the 

nomadic people, with no consideration for age, sex, and breed.The present study was carried out 

during 2007-2009 at CASVAB, University of Balochistan, Quetta, Pakistan. 
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6.2.2. Extraction of DNA  

6.2.2.1. Nasal swabs 

 

 The DNA was extracted from the nasal swabs (n=5760) by using genomic DNA 

purification kit (Gentra-Puregene, USA) by following the method as described in the instructions 

manual  under body fluids protocol with little modification. The nasal swabs were swirled in 1 

ml PBS, and 100ul suspension was used for the extraction of DNA. 

 

Briefly, 100ul of the nasal swab suspension was added in to a microfuge tube containing 

250ul of cell lysis solution and was mixed thoroughly. Added 1.5ul (20mg/ml) of Proteinase K 

solution (MP-Biomedicals, USA) to the cell lysate, mixed by inverting 25 times, and incubated 

at 55
o
C overnight. Added 1.5ul of RNase A solution (4mg/ml) to the cell lysate and mixed the 

sample by inverting 25 times and incubated at 37
o
C for 30 minutes. Rest of the protocol up to the 

DNA hydration was same as used previously for the extraction of DNA from the activated 

culture of mycoplasma isolates (section 5.2.2).  

  

6.2.2.2. Lung tissues  

  

The DNA was extracted from the lung tissues (n=4522+210=4732) by using the  genomic 

DNA purification kit (Gentra-Puregene, USA) by following the method as described in the 

instructions manual under the solid tissue protocol. Added 10mg of fresh tissue to a 1.5 ml 

microfuge tube already containing cell lysis solution (300ul) and homogenized using a microfuge 

tube pestle. Rest of the protocol from the addition of Proteinase K solution up to the DNA 

hydration was same as mentioned earlier in the extraction of DNA from the nasal swabs (section 

6.2.2.1). 

 

6.2.3. Polymerase chain reaction (PCR) 

 

Polymerase chain reactions (PCR) for the detection of Mycoplasma “mycoides cluster” members, 

Mycoplasma mycoides sub-cluster (MmmSC, Mmc, MmmLC) members (Bashiruddin et al., 1994), Mccp 

(Woubit et al., 2004) and Mp (Shankster et al, 2002) were performed on DNA samples purified from     
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the nasal swabs, and lungs from the studied goats. All the primers (Oligonucleotides) used in the 

present study were approximately of 50 nmoles in concentrations and were synthesized from 

Gene-Link, USA. 

 

6.2.3.1. PCR for the detection of Mycoplasma mycoides cluster members 

 

 All the DNA samples (n=5760+4522+210=10492) extracted from the nasal swabs and 

lungs of goats were subjected to the PCR by following the method (Bashiruddin et al (1994) for 

the detection of Mycoplasma mycoides cluster members. This PCR test highlights all the six 

members of Mycoplasma mycoides cluster by yielding a band (amplicon) size of 1500bp in an 

agarose gel.  

 

The set of primers, the procedure for making PCR master mix, and running with the 

DNA template in the thermal cycler was the same as described previously in this thesis (section 

5.2.3.1.1). 

 
6.2.3.2. PCR for the detection of Mycoplasma mycoides sub- cluster members 

All the DNA samples (n=5760+4522+210=10492) extracted from the nasal swabs and 

lungs of goats were subjected to the PCR (Bashiruddin et al (1994). 

 

This PCR test highlights all three members of Mycoplasma mycoides cluster such as 

Mycoplasma mycoides subspecies mycoides small-colony (MmmSC), MmmLC, and Mmc by 

yielding an amplicon size of 574bp in an agarose gel.  

The set of primers, the procedure for making PCR master mix, and running with the 

DNA template in the thermal cycler was same as described previously in this thesis   (section 

5.2.3.2.1). 

6.2.3.3. PCR for the specific detection of Mycoplasma capricolum subspecies 

capripneumoniae (Mccp) 

 

 All the DNA samples (n=5760+4522+210=10492) extracted from the nasal swabs and 

lungs of goats were subjected to PCR for the specific detection of                                     
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Mycoplasma capricolum subspecies capripneumoniae (Mccp) by following the method as 

described by Woubit et al (2004). The PCR product of 316bp in an agarose gel is considered 

positive for the presence of Mccp organism in the samples. 

 

 The set of primers, the procedure for making PCR master mix, and running with the 

DNA template in the thermal cycler was the same as described previously in this thesis (section 

5.2.3.3.1). 

 

6.2.3.4. PCR for the specific detection of Mycoplasma putrefaciens  (Mp) 

  

 All the DNA samples (n=5760+4522+210=10492) extracted from the nasal swabs and 

lungs of goats were subjected to the PCR for the specific detection of Mycoplasma putrefaciens 

(Mp) by following the method as described by Shankster et al. (2002). The PCR product of 

800bp in an agarose gel is considered positive for the presence of Mp organism in the samples. 

 

 The set of primers, the procedure for making PCR master mix, and running with the 

DNA template in the thermal cycler was the same as described previously in this thesis (section 

5.2.3.4.1). 

 

6.2.3.5. PCR for the detection of Mycoplasma capricolum subspecies capricolum (Mcc) 

 

 The presence of Mcc organisms in the investigated samples were based on the results of 

samples positive in Mycoplasma mycoides cluster PCR, negative in Mycoplasma mycoides sub-

cluster, Mccp, and Mp PCRs. Further mycoplasma Bovine group 7, one of the members of the 

Mycoplasma mycoides cluster was excluded as this is not commonly reported in goats.  

  

6.2.3.6. Agarose gel electrophoresis 

 

 All the PCR products obtained in the present study were electrophoresed by the 

procedure as described (section 5.2.3.6). 
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6.2.4. Restriction fragment length polymorphism (RFLP) for the Mycoplasma species 

 
6.2.4.1. RFLP for the Mycoplasma mycoides sub-cluster PCR product  

 

The RFLP was performed by following the method as described by Bashiruddin et al 

(1994). For the RFLP, Vsp1 restriction endonuclease (Vivantis, USA) was used.   

  

 The procedure for making RFLP digestion mixer, and running with the PCR product was 

the same as described (section 5.2.4.1.1). 

 

6.2.4.2. RFLP for the Mycoplasma capricolum subspecies capripneumoniae (Mccp) PCR 

product  

 

The RFLP was performed by following the method as described by Woubit et al (1994). 

For the RFLP, Cla1 restriction endonuclease (Vivantis, USA) was used.   

 

 The procedure for making RFLP digestion mixer, running with the PCR product and 

agarose gel electrophoresis (section 5.2.4.1.1) was the same as described previously in this 

thesis.  

 

6.2.5. Data analysis 

 

Proportions and Chi-square test were used to analyze the data. Chi-square test was used 

to test the difference (p-value of < 0.05 was considered significant) in the molecular prevalence 

of mycoplasma organisms in goats in samples from different sources in Balochistan. The Graph 

pad prism software was used to calculate the X
2
 value.  
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6.3. RESULTS 

 
6.3.1. Molecular prevalence (PCR-RFLP) of Mycoplasma species in the nasal swabs of goats  

 

 

 The results for the molecular detection of Mycoplasma species are shown (Table 6.1, 

Figure 6.1). Over all of the total nasal swab samples (n=5760) from goats, the highest number for 

Mycoplasma mycoides cluster members (n=49), followed by Mycoplasma mycoides sub-cluster 

members (n=39), and Mcc (n=10) organisms in Loralai, and for Mp (n=7) in Pishin district by 

different PCRs were observed. In contrast, the lowest number for Mycoplasma mycoides cluster 

members (n=8), Mycoplasma mycoides sub-cluster members (n=6) in Nasirabad district, and for 

Mp (n=1) in Nasirabad, Harnai, Ziarat, and Kharan districts was noticed. Further the highest 

prevalence of 6.6% (n=378) for Mycoplasma mycoides cluster members (Figure 6.5), followed 

by 5.6% (n=321) for Mycoplasma mycoides sub-cluster members, and 1% (n=57) for Mcc, while 

the lowest prevalence of 0.7% (n=42) for Mp was observed in nasal swab samples of goats. 

Statistically significant difference (X
2
=476.33, df=3, p-value<0.0001) was observed among the 

prevalence of Mycoplasma species by the PCR reactions (Table 6.1). None of the DNA sample 

from nasal swabs of the goats was found positive in Mccp specific PCR.     

 

 

 

6.3.2. Molecular prevalence (PCR-RFLP) of Mycoplasma species in the lung samples of 

goats  

  

 

 The results for the molecular detection of Mycoplasma species are shown (Table 6.2, 

Figure 6.2). Overall of the total lung samples (n=4522) from goats, the highest number for 

Mycoplasma mycoides cluster members (n=138), followed by Mycoplasma mycoides sub-cluster 

members (n=120), Mcc (n=18), and Mp (n=6) organisms in Quetta, by different PCRs were 

observed. In contrast, the lowest number for Mycoplasma mycoides cluster members (n=9), 

Mycoplasma mycoides sub-cluster members (n=6) in Jafarabad, for Mcc (n=3) in Qilla Saifulla, 

Kalat, Nushki, Kharan, Jafarabad, and Nasirabad, and for Mp (n=1) in Khuzdar, Nushki, and 

Jafarabad districts was noticed. Further the highest prevalence of 11.7% (n=531) for Mycoplasma 

mycoides cluster members, followed by 10.2% (n=459) for Mycoplasma mycoides sub-cluster members 

(Figure 6.6), and 1.6% (n=72) for Mcc, while the lowest prevalence of 0.8% (n=38) for                          



253 

 

Mp was observed in lung tissues of goats. Statistically significant difference (X
2
=761.86, df=3, 

p-value<0.0001) was observed among the prevalence of Mycoplasma species in lung tissues of 

goats by the PCR reactions (Table 6.2). None of the DNA sample from lung tissues of the goats 

was found positive in Mccp specific PCR.     

 

6.3.3. Molecular detection (PCR-RFLP) of Mycoplasma species from the lung samples of 

pleuropneumonia suspected goats  

 

 

 The results for the molecular detection of Mycoplasma species are shown (Table 6.3, 

Figure 6.3). Overall of the total lung samples (n=210) from the pleuropneumonia suspected 

goats, the highest number for Mycoplasma mycoides cluster members (n=26), Mcc (n=14), and 

Mp (n=3) organisms in Quetta, and for Mycoplasma mycoides sub-cluster members (n=10) in 

Loralai by different PCRs were observed. In contrast, the lowest number for Mycoplasma 

mycoides cluster members (n=7), Mycoplasma mycoides sub-cluster members (n=5) in Harnai, 

for Mcc (n=1) in Kalat, Kharan, Ziarat, and Nasirabad, and for Mp (n=1) in Quetta, Kharan, 

Jafarabad, and Nasirabad districts was noticed. Further the highest prevalence of 76.7% (n=161) 

for Mycoplasma mycoides cluster members, followed by 56.2% (n=118) for Mycoplasma 

mycoides sub-cluster members, and 19% (n=40) for Mcc, while the lowest prevalence of 1.4% 

(n=3) for Mccp (Figure 6.8), followed by 5.2% (n=11) for Mp (Figure 6.10) was observed in 

lung tissues of the pleuropneumonia suspected goats. Statistically significant difference 

(X
2
=426.52, df=3, p-value<0.0001) was observed among the prevalence of Mycoplasma species 

in lung tissues of pleuropneumonia suspected goats by the PCR reactions (Table 6.3).  

  

6.3.4. RFLP results 

 

 The PCR product (574bps) positive for Mycoplasma mycoides sub-cluster organisms 

(MmmLC, Mmc, and MmmSC), specifically yielded three bands of 230, 178, and 153bps when 

digested with Vsp1 during RFLP (Figure 6.7). None of the PCR product was observed with two 

bands of 379bps and 178bps specific for MmmSC in RFLP. 

 

The PCR product (316bp) positive for Mccp organism specifically yielded two bands of 

190 and 126bps when digested with Cla1 restriction enzyme (Figure 6.9). 
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6.3.5. Comparison of the results of summary data for the molecular prevalence of 

Mycoplasma species  

 

 The comparative results for the molecular prevalence of Mycoplasma species in samples 

from different sources of the goats by PCRs reactions are shown (Table 6.4, Figure 6.4).  

  

 The highest prevalence of 76.7% (n=161) for Mycoplasma mycoides cluster members in 

the lung tissues of the pleuropneumonia suspected goats followed by 11.7% (n=531) in the lung 

tissues of goats slaughtered in butcher shops, while lowest prevalence of 6.6% (n=378) in nasal 

swabs of the goats from fifteen districts of Balochistan was observed. Statistically highly 

significant difference (X
2
=1107.98, df=2, p-value <0.0001) among the sample sources from the 

goats for the prevalence of Mycoplasma species by the PCRs was noticed. 

 
 The highest prevalence of 56.2% (n=118) for Mycoplasma mycoides sub-cluster members 

in the lung tissues of the pleuropneumonia suspected goats followed by 10.2% (n=459) in the 

lung tissues of goats slaughtered in butcher shops, while lowest prevalence of 5.6% (n=321) in 

nasal swabs of the goats from fifteen districts of Balochistan was observed. Statistically highly 

significant difference (X
2
=689.02, df=2, p-value <0.0001) among the sample sources from the 

goats for the prevalence of Mycoplasma species by the PCRs noticed. 

 

 The low prevalence of 1.4% (n=3) for Mccp organism in the lung tissues of the 

pleuropneumonia suspected goats was observed, while none of the samples from the lung tissues 

of goats slaughtered in butcher shops, and nasal swabs of the goats from the districts of 

Balochistan was found positive for Mccp in specific PCR.  

  
 The highest prevalence of 19% (n=40) for Mcc organisms in the lung tissues of the 

pleuropneumonia suspected goats followed by 1.6% (n=72) in the lung tissues of goats 

slaughtered in butcher shops, while lowest prevalence of 1% (n=57) in nasal swabs of the goats 

from fifteen districts of Balochistan was observed. Statistically significant difference 

(X
2
=416.92, df=2, p-value <0.001) among the sample sources from the goats for the prevalence 

of Mycoplasma species by the PCRs was noticed. 
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 The highest prevalence of 5.2% (n=11) for Mp organisms in the lung tissues of the 

pleuropneumonia suspected goats followed by 0.8% (n=38) in the lung tissues of goats 

slaughtered in butcher shops, while lowest prevalence of 0.7% (n=42) in nasal swabs of the goats 

from the districts of Balochistan was observed. Statistically significant difference (X
2
=47.98, 

df=2, p-value <0.001) among the sample sources from the goats for the prevalence of 

Mycoplasma species by the PCRs, whereas non- significant difference between the samples from 

the lungs (n=4522) and nasal swabs (n=5760) were observed. 
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  Table 6.1. Molecular detection (PCR) of Mycoplasma species from the nasal swabs of  goats in 

Balochistan 
 

 

          * Nasal swabs were collected from the randomly selected goats from fifteen districts in Balochistan 
          **Samples were identified as Mcc as these were found positive for Mycoplasma mycoides cluster PCR, negative for    

Mycoplasma mycoides sub-cluster, Mccp, and Mp PCRs.  
          a RFLP yielded 3 bands specific for MmmLC/Mmc  
          1 Bashiruddin et al., 1994 
          2 Woubit et al., 2004 
          3 Shankster et al., 2002 
          4RFLP was not carried out as none of the sample was positive in Mccp specific PCR  
         5X  2 =476.33, df=3, p-value <0.0001 (highly significant difference in prevalence of mycoplasma by  different PCR    tests) 

 

Districts 

 

 

 

No of nasal 

swabs  

(goats)
*
 

 

Mycoplasma 

mycoides 

cluster 

PCR
1
 

 

Mycoplasma 

mycoides 

sub-cluster 

PCR-

RFLP
1a

 

 

Mccp 

specific 

PCR
2
-

RFLP
4
 

 

Mcc
**1

 

 

Mp specific 

PCR
3
 

 

Quetta 

 

 

384 21 15 0 6 3 

Pishin 

 

384 29 21 0 8 7 

Zhob 

 

384 29 24 0 5 3 

Loralai 

 

384 49 39 0 10 5 

Killa 

Saifulla 

 

384 29 24 0 5 2 

Khuzdar 

 

384 31 27 0 4 3 

Kalat 

 

384 28 27 0 1 2 

Mastung 

 

384 19 18 0 1 3 

Nushki 

 

384 19 18 0 1 2 

Kharan 

 

384 30 27 0 3 1 

Ziarat 

 

384 22 18 0 4 1 

Jaffarabad 

 

384 17 15 0 2 3 

Harnai 

 

384 16 15 0 1 1 

Nasirabad 

 

384 8 6 0 2 1 

Sibi 

 

384 31 27 0 4 5 

 

Total 

 

 

5760 378 (6.6)
 5
 321 (5.6) 

 5
 0 (0) 57 (1.0) 

 5
 42 (0.7)

 5 
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Table 6.2. Molecular detection (PCR) of Mycoplasma species from the lungs of goats      

slaughtered in butcher shops in Balochistan 
 

 

* Lungs were collected from randomly selected goats slaughtered in the butcher shops in the districts 
 * * Samples were identified as Mcc as these were found positive for Mycoplasma mycoides cluster PCR,  negative for  

Mycoplasma mycoides sub-cluster, Mccp, and Mp PCRs.  
a RFLP yielded 3 bands specific for MmmLC/Mmc  
1 Bashiruddin et al., 1994 
2 Woubit et al., 2004 
3 Shankster et al., 2002 
4 RFLP was not carried out as none of the sample was positive in Mccp specific PCR 
5 X  2 =761.86, df=3, p-value <0.0001 (highly significant difference in prevalence of mycoplasma by different PCR tests) 

 

 

 

 

 

Districts 

 

 

 

No of lungs  

(goats)
*
 

 

Mycoplasma 

mycoides 

cluster PCR
1
 

 

Mycoplasma 

mycoides 

sub-cluster 

PCR-RFLP
1a

 

 

Mccp 

specific 

PCR
2
-RFLP

4
 

 

Mcc
**1

 

 

Mp 

specific 

PCR
3
 

Quetta 

 
350 138 120 0 18 6 

Pishin 322 57 51 0 6 3 

Zhob 

 

327 54 42 0 12 2 

Loralai 

 

322 42 36 0 6 3 

Killa Saifulla 

 

277 18 15 0 3 2 

Khuzdar 

 

310 31 27 0 4 1 

Kalat 

 

277 18 15 0 3 3 

Mastung 

 

277 15 15 0 0 2 

Nushki 

 

277 18 15 0 3 1 

Kharan 

 

296 27 24 0 3 3 

Ziarat 

 

277 16 12 0 4 3 

Jaffarabad 

 

291 9 6 0 3 1 

Harnai 

 

291 18 18 0 0 2 

Nasirabad 

 

306 24 21 0 3 2 

Sibi 

 

322 46 42  0 4 4 

 

Total 

 

 

 

4522 

 

531 (11.7)
5
 459 (10.2)

 5
 0 (0) 72 (1.6)

 5
 38 (0.8)

 5
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      Table 6.3. Molecular detection (PCR) of Mycoplasma species from the lungs of 

pleuropneumonia suspected goats in Balochistan 
 

    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                      

                           *
 The lungs were collected from the pleuropneumonia suspected goats from fifteen districts in Balochistan 

                        ** Samples were identified as Mcc as these were found positive for Mycoplasma mycoides cluster PCR, negative for      

Mycoplasma mycoides sub-cluster, Mccp, and Mp PCRs.  
                         a RFLP yielded 3 bands specific for MmmLC/Mmc  
                         1 Bashiruddin et al., 1994 
                        2 Woubit et al., 2004 
                        3 Shankster et al., 2002 
                      4 X  2 =426.52, df=3, p-value <0.0001 (highly significant difference in prevalence of mycoplasma by different PCR tests) 
                      5 RFLP was not carried out as none of the sample was positive in Mccp specific PCR  

 

  

 

Districts 

 

 

 

No of lungs   

(goats)
*
 

 

Mycoplasm

a mycoides 

cluster 

PCR
1
 

 

Mycoplasm

a mycoides 

sub-cluster 

PCR-

RFLP
1a

 

 

Mccp 

specific 

PCR
2
-

RFLP
4
 

 

Mcc
**1

 

 

Mp specific 

PCR
3
 

Quetta 

 
12 11 9 0 2 1 

Pishin 

 

42 26 9 3 14 3 

Zhob 

 

12 11 8 0 3 0 

Loralai 

 

12 12 10 0 2 0 

Killa Saifulla 

 

12 10 8 0 2 0 

Khuzdar 

 

12 9 7 0 2 0 

Kalat 

 

12 9 8 0 1 2 

Mastung 

 

12 10 8 0 2 0 

Nushki 

 

12 9 6 0 3 0 

Kharan 

 

12 8 7 0 1 1 

Ziarat 

 

12 10 9 0 1 0 

Jaffarabad 

 

12 9 7 0 2 1 

Harnai 

 

12 7 5 0 2 2 

Nasirabad 

 

12 9 8 0 1 1 

Sibi 

 

12 11 9 0 2 0 

 

Total 

 

 

210 161 (76.7)
5
 118 (56.2)

5
 3 (1.4)

5
 40 (19)

5
 11 (5.2)

5
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      Table 6.4. Analysis of summary data of molecular detection (PCR alone and with  RFLP) of 

Mycoplasma species from goats in Balochistan  

 

  
 

Sample sources 

from goats  

(No. of samples)  

 

 

Mycoplasma 

mycoides 

Cluster 

specific PCR 

 

 

No. of +ve 

(%) 

 

 

Mycoplasma 

mycoides Sub-

Cluster 

Specific PCR-

RFLP 
f 

 

No. of +ve 

(%) 

 

Mccp specific 

PCR-RFLP 
g
 

 

 

 

 

No. of +ve 

(%) 

 

Mcc
* 

 

 

 

 

 

No. of +ve 

(%) 

 

Mp specific 

PCR 

 

 

 

 

No. of +ve 

(%) 

 

Nasal swabs 

(n=5760) 

 

378 (6.6) a 321 (5.6) b 0 (0)** 57 (1.0) c 42 (0.7) d e 

 

Lungs  

(butcher shops) 

(n=4522) 

 

531 (11.7) a 459 (10.2) b 0 (0)** 72 (1.6) c 38 (0.8) d e 

 

 

Lungs  

(pleuropneumonia  

suspected goats) 

(n=210) 

 

 

 

161 (76.7) a 

 

 

 

 

 

118 (56.2) b 

 

 

 

3 (1.4)** 

 

40 (19) c 11 (5.2) d 

 

* Samples were identified as Mcc as these were found positive for Mycoplasma mycoides cluster PCR, negative for 

Mycoplasma mycoides sub-cluster, Mccp, and Mp PCRs.  
** As the frequencies were less than 5, therefore Chisquare test could not be applied 
a X  2=1107.98, df=2, p-value <0.0001 (highly significant difference among the sample sources) 
b X 2=689.02, df=2, p-value <0.0001 (highly significant difference among the sample sources)  
c X  2=416.92, df=2, p-value <0.001 (significant difference among the sample sources) 
d X 2=47.98, df=2, p-value <0.001 (significant difference among the sample sources)   
e X 2= 0.27, df=1, p-value =0.6033 (alpha >0.05, non-significant difference between the sample sources) 

            f Showed 3 bands specific for MmmLC/Mmc  
g Showed 2 bands specific for Mccp 
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 Fig. 6.1. Molecular prevalence (PCR) of Mycoplasma species from the nasal swabs of 

goats from districts of Balochistan 

 

          

                   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6.2. Molecular prevalence (PCR) of Mycoplasma species from the lung    tissues of goats 

slaughtered in butcher shops in districts of  Balochistan 
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            Fig. 6.3. Molecular prevalence (PCR) of Mycoplasma species from the lung  tissues of 

pleuropneumonia suspected goats from districts of Balochistan 

  

 
 

         Fig. 6.4. Molecular prevalence (PCR) of Mycoplasma species from the nasal swab   and 

lung tissue samples from goats in Balochistan. 
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Fig. 6.5. PCR profile of Mycoplasma mycoides cluster members (amplicon size of 1500bp is positive) 

obtained from the nasal swab samples of goats from Sibi district in Balochistan. 

Lanes 1 & 11: Molecular ladder; lane 2: –ve control; lanes 19 & 20: Mycoplasma capricolum subspecies 

capricolum (Mcc) and Mycoplasma mycoides subspecies mycoides large colony (MmmLC) + ve controls; 

lanes 3-10,12,16-18 (faint bands) positive samples for M.mycoides sub-cluster members, ; 13-15: negative 

samples for M. mycoides cluster members. 

 

 
 

Fig. 6.6. PCR profile of M. mycoides sub-cluster members (amplicon size of 574bp is positive) obtained 

from the lung samples of goats slaughtered in butcher shops from Kharan district in Balochistan. 

Lanes 1 & 11: Molecular ladder; Lane 2: –ve control; Lanes 19 & 20: Mmc and MmmLC + ve controls; 

Lanes 3-10, and 12-15 positive samples for M.mycoides sub-cluster; 16-18: negative samples for M. 

mycoides sub cluster 
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Fig. 6.7. RFLP profile for the PCR product (574bp) of M. mycoides sub-cluster members (fragments of 

230,178, and 153bp are specific for MmmLC/Mmc after the digestion of 574bp PCR product with Vsp1 

restriction endonuclease) obtained from the lung samples of pleuropneumonia suspected goats from 

Loralai and Zhob districts in Balochistan. 

Lanes 1 & 11: Molecular ladder; lane 2: –ve control; lanes 19 & 20: Mmc and MmmLC  +ve controls; 

lanes 3-10, and 12-18 positive samples for MmmLC/Mmc (lanes 3,14-18 faint fragments). 

 

 
 

Fig. 6.8. PCR profile of Mycoplasma capricolum subspecies capripneumoniae (Mccp) (amplicon size of 

316bp is positive) obtained from the lung samples of pleuropneumonia suspected goats from Pishin 

district in Balochistan. 

Lanes 1 & 11: Molecular ladder; lane 19: –ve control; lane 20: Mccp + ve control; lanes 2-10, and 12-15 

negative samples for Mccp; lanes: 16-18 +ve samples for Mccp.  
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Fig. 6.9. RFLP profile for the PCR product (316bp) of Mycoplasma capricolum subspecies 

capripneumoniae (Mccp) (fragments of 190 and 126bp are specific for Mccp after the digestion of 316bp 

PCR product with Cla1 restriction endonuclease) obtained from the lung samples of goats from Pishin 

district in Balochistan. Lanes 1 & 10: Molecular ladder; lane 2, 3, and 5 +ve samples for Mccp; lanes 4, 6 

–ve control; lane: 7 Mccp +ve control; lanes 8-9 –ve samples for Mccp 

 

 

 

Fig. 6.10. PCR profile of Mycoplasma putrefacience (Mp) (amplicon size of 800bp is positive) obtained 

from the lung samples of pleuropneumonia suspected goats from Kalat district of Balochistan. 

Lanes 1: Molecular ladder; lane 2: –ve control; lanes 3-5 negative samples for Mp; lanes: 6, and 7 +ve 

samples for Mp; lane 8: Mp +ve control; lanes 9, and 10 empty wells.  

 

      3000 bp 

 

      1000 bp 

       

        500 bp 

        400 bp 

        300 bp 

        200 bp 

        100 bp 

 

 

      

190 bp 

126 bp 

 1     2     3     4      5     6     7     8     9    10 

       1         2          3          4         5          6           7          8          9         10 

 3000 bp 

 

    

 1000 bp 

       

   500 bp 

   400 bp 

   300 bp 

   200 bp 

    

   100 bp 

 

 

      

800 bp  



265 

 

6.4 DISCUSSIONS 

  
Caprine pleuropneumonia and other respiratory symptoms associated with the 

Mycoplasma species are common in Balochistan. Despite the extensive use of Mmc based 

bacterin and antibacterial therapy, there are still reports on the suspected cases of CCPP with 

goats manifested with pneumonia, pleurisy, arthritis, and kerato-conjunctivitis and high 

morbidity and mortality rates in many parts of Balochistan. Regardless of the traditional 

diagnostic means which have been used for infectious diseases including mycoplasmosis, are 

time consuming, non-specific and laborious and above all, the isolation of Mccp is considered as 

a difficult task and requires a special laboratory facility and excellent expertise in dealing with 

such fastidious microorganisms. Previously, limited reports on the isolation and identification of 

Mmc from the lung tissues of goats by using the classical biochemical and serological techniques 

in Balochistan have been reported (Tariq, 1980; Awan, 1990; Awan et al., 2004). None of the 

study has been conducted and reported on the prevalence of Mycoplasma species among goats in 

Balochistan. The present study, first time describes the use of different PCR-RFLP tests to 

highlight the molecular prevalence of Mccp, MmmLC, Mmc, Mcc and Mp organisms directly 

from the nasal swab and lung tissue samples from the apparently healthy and pleuropneumonia 

suspected goats from fifteen districts in Balochistan.  

 

 The PCR has been reported as a qualitative and quantitative diagnostic test for 

mycoplasmas. In the present study all the PCR tests used were qualitative, and the PCR amplicon 

was observed variable among the samples and that could be due to the concentration of target 

organism present in the clinical samples. The presence of a specific PCR amplicon (band) 

indicated the presence of infection or disease in goats with the Mycoplasma species. The 

specificity of the PCR was further validated by RFLP using specific restriction endonuclease. 

The PCR and RFLP profiles obtained in the present study were similar to those as reported 

previously (Bashiruddin et al., 1994; Woubit et al., 2004) except the results in Mp specific PCR 

which has yielded 800bps amplicon compared to 540bps as reported by by Shankster et al. 

(2002) and Al-Momani et al. (2005).  
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In the present study the comparatively higher prevalence of MmmLC/Mmc than the Mcc 

and Mp in the lungs of the goats slaughtered in butcher shops followed by nasal swabs from the 

randomly selected goats from districts in Balochistan is critical (Table 6.4). Further the 

pleuropneumonia suspected goats also have shown significantly higher prevalence of 

MmmLC/Mmc than the nasal swab and lung samples of the randomly selected and slaughtered 

goats when lung samples were screened by the different PCR tests. Interestingly Mccp was only 

detected from the lung samples of pleuropneumonia suspected goats. The higher prevalence of 

MmmLC/Mmc in the goats is alarming in all the studied districts. This is also supported by the 

studies presented in this thesis, and has indicated presence of respiratory symptoms (Table 2.4, 

4.1), gross-pathological lesions (Table 3.1, 4.2) consistent with the mycoplasma oriented 

respiratory disease, and isolation and identification (Table 2.7, 3.5, 4.5, and 4.8) of Mycoplasma 

species such as MmmLC, Mmc, Mcc, and Mp by the biochemical, serological and PCR-RFLP 

tests. Besides the traditional diagnostic tests for the mycoplasma infections the use of molecular 

biological tools have also been reported. Mycoplasma mycoides subspecies capri (Mmc) was 

identified as the cause of a CCPP like disease in goats by the PCR test (Hernandez et al., 2006). 

The pathogenic role of MmmLC/Mmc is well reported in the literateur and in the present study 

the detection of 76.7% (n=161) from the pleuropneumonia suspected goats (n=210) can not be 

ignored. The flock of the goats from where these animals were brought might be prone to losses 

due to the huge death tolls and could become chronic carrier, endangering other susceptible 

animals in the flocks. Like wise, it is reported that the MmmLC affects the goat population over a 

wide range of countries (DaMassa et al., 1992) and is suspected, whenever pleuropneumonia, 

pneumonia and contagious agalactia are reported (Cottew, 1979).The severe and very acute cases 

of MmmLC infections in goats are reported with the death of animals without showing any 

apparent clinical sign and symptom (Smith and Sherman, 1994). Moreover mastitis, pneumonia 

and arthritis have also been observed in the goats affected with MmmLC and Mmc organisms 

during a disease (Kumar et al., 1994; Singh et al., 2004). The isolation of MmmLC from the wild 

goat kids died of septicemic disease in a Swiss zoo is reported (Perrin et al., 1994). In a 

microbiological study, Indian strain of MmmLC is isolated from a goat with arthritis (Singh et 

al., 2004). There have been little reports on the natural and experimental cases of Mmc pathogenecity. 

Generally, the clinical disease with Mmc in the adult goats is manifested by the nasal discharge, coughing, 

dyspnoe and depression (Kumar et al., 1994), while the kids were observed with pyrexia, acute pain, 
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swollen joints, lameness, lack of appetite, dyspnoea and succumb to death with few days 

(Rodriguez et al., 1998).  

 

The detection of Mccp by the PCR-RFLP from the lung samples of the pleuropneumonia 

suspected goats is unexpected as none of the samples (nasal swab from the randomly selected 

goats, lungs from the goats slaughtered in butcher shops and pleuropneumonia suspected goats 

all from the fifteen districts in Balochistan) have been found positive for the isolation of Mccp 

organism in the studies presented in this thesis (Table 6.4). More interestingly all goats (n=3) 

positive for Mccp were from Toba Kakari area of Pishin district of Balochistan. There have been 

frequent reports on respiratory diseases in goats in this district of Balochistan besides the use of 

killed vaccine (Mmc, PG3-vaccinal strain) against pleuropneumonia. Further, there is a 

consistent influx of healthy and diseased goats from the adjoining areas of Afghanistan into the 

border areas in Balochistan. The flock of the Mccp infected goats might have come from the 

adjoining areas of Afghanistan to Toba Kakari area in Pishin, Balochistan. The PCR and RFLP 

profiles observed in the present study were similar to the profiles as reported previously (Woubit 

et al., 2004). Similarly, by using the identical set of primers and subsequent digestion of 316bps 

of PCR product in RFLP, Mccp was detected only in one of the lung samples from goats (n=5) 

suspected for CCPP in Thrace region of Turkey (Ozdemir et al., 2005). Conversely in one 

experimental study mild type of CCPP was reproduced in the goats, and neither cultural nor 

molecular identification of the Mccp was successful from the goats. These features suggest that 

the diagnosis of CCPP under field conditions may not be straightforward (Wesonga et al., 2004). 

To make the Mccp diagnosis definitive the first PCR for Mccp was designed (Bascunana et al., 

1994) based on the amplification of a segment of 16S rRNA gene common to the Mycoplasma 

mycoides cluster, and validated by RFLP using Pst 1. Similarly, very specific PCR-RFLP was 

later developed by Woubit et al. (2004). The presence of Mccp in the pleuropneumonia affected 

goats is seriously alarming; as this is the first time its presence is reported in the goats from 

Balochistan.  The use of PCR in the rapid detection of Mccp in the lung tissue samples is of great 

importance in order to lunch the epidemiological studies for CCPP and its control measures. 

Further the isolation and identification of Mccp from the CCPP suspected cases should be tried 

in areas from where the molecular prevalence of Mccp has been reported by the PCR tests. The 

CCPP has been reported in 40 countries, but due                                                                             
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to the fastidiousness of Mccp, its isolation is reported to be a difficult task, this is why Mccp has 

only been isolated from goats only in 13 countries (Nicholas, 2002a).  

 

The comparatively low prevalence of MmmLC, Mmc, Mcc, and Mp by the PCR-RFLP in 

the nasal swab and lung samples (butcher shops) of the goats can not be ignored (Table 6.1, 6.2). 

All the samples collected for this study were statistically representative (95% CI, 5% absolute 

precision with 50% expected prevalence of mycoplasma disease). The results therefore suggest 

that the prevalence of mycoplasma inflicted infection/disease in goats may be equal or more than 

50% in districts in Balochistan. Stringent surveillance studies are required to further highlight the 

prevalence of Mycoplasma species in goats throughout the Balochistan in order to plan effective 

control of the prevailing mycoplasma diseases. The present study also indicates low prevalence 

of Mcc organism by using different PCR tests (Table 6.4) but still their presence can not be 

overlooked as it has been a known pathogen for goats.  The rationale for the molecular 

identification of Mcc was all positive samples in Mycoplasma mycoides cluster PCR, and all 

negative samples in Mycoplasma mycoides sub-cluster, Mccp, and Mp specific PCRs. The 

presence of mycoplasma Bovine group 7, one of the members of the Mycoplasma mycoides 

cluster, is excluded from the investigated samples as this species is generally considered not 

prevalent in goats. However, the use of specific Mcc PCR is required to further confirm the 

results of the PCR tests used in the detection of Mcc in the samples from goats in the present 

study. Similarly though Mcc was detected in low percentage by the PCRs, the prevalence of Mcc 

in this study is also supported by the research in which Mcc was detected in milk and nasal 

cultures of goats in Jordan, using PCR assays (Al-Momani et al., 2006). Beside the low prevalence 

of Mcc in the present study, the pathogenicity of Mcc has already been known. Mycoplasma capricolum 

subsp. capricolum is reported to be highly invasive and may cause outbreaks similar to contagious 

agalactia (CA) and septicaemic disease has been seen with the Mmc. Fatal septicaemic polyarthritis may 

occur in kids fed with contaminated milk with Mcc (Perreau and Breard, 1979).  

 

 

The present study also has showed comparatively low prevalence of Mp organisms in nasal swab 

and lung samples collected from the goats (Table 6.4). Though the pathogenic potential of Mp is not well 

established and looks variable particularly in the caprine respiratory diseases. Contrary to this, 

Mycoplasma putrefaciens is also                                                                                                        
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reported as one of the causative agents of CA syndrome (Manso-Silva´n et al., 2009). Besides 

mastitis it has also been reported to cause septicaemia in kids and arthritis in adults (Peyraud et 

al., 2003). Further, Mp can be isolated from animals with or without clinical signs (Mercier et 

al., 2001) suggesting a carrier status. Further in a study in Jordan 13 Mp isolates have been 

identified by using specific PCR from the milk and nasal cultures (Al-Momani et al., 2006). The 

pathogenic role of Mp in small ruminants is also reported (Adler et al., 1980; Damassa et al., 

1987a). In the present study, the PCR based detection of Mp in the nasal swabs can not be 

ignored and extensive studies are required to explore its isolation and characterization as well as 

reproduction of an experimental disease in the susceptible goats.     

 

6.5 CONCLUSIONS 

 
 PCR based molecular detection of the Mycoplasmas particularly Mycoplasma mycoides 

cluster, Mycoplasma mycoides sub-cluster, Mccp, Mcc, and Mp organisms directly in the nasal 

swab and lung tissue samples from the goats in Balochistan looks very promising and rapid. 

 

 The use of RFLPs for the Mycoplasma mycoides sub-cluster and Mccp PCR products is 

able to further confirm the results, and found helpful to differentiate between the MmmLC/Mmc 

and MmmSC organisms.  

 

 The detection of Mcc isolates by the group specific Mycoplasma mycoides cluster and 

sub-cluster PCRs, is not completely confirmatory and for direct diagnostic approach Mcc 

specific PCR is needed. 

 

 The use of Mccp specific PCR is found effective in detecting this fastidious Mycoplasma 

species from the lung tissue samples of the pleuropneumonia suspected goats regardless of the 

isolation and identification of Mccp organisms.  

 

 The overal prevalence of Mycoplasma mycoides cluster members such as MmmLC/Mmc, 

followed by Mcc and Mccp, as well as non-mycoides cluster member Mp is critical and needs 

prompt attention to limit the diseases caused by these Mycoplasma species.    
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CHAPTER 7 
 

 

“Standardization and Use of Latex Agglutination Test (LAT) for Sero-

prevalence of Mycoplasma mycoides subspecies mycoides Large Colony 

(MmmLC) in Goats in Balochistan and its Comparison with Indirect 

Haemagglutination Assay (IHA)” 
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ABSTRACT 
 

 

Caprine pleuropneumonia and associated respiratory problems caused by members of the 

Mycoplasma mycoides cluster particularly with Mycoplasma mycoides subspecies mycoides large 

colony (MmmmLC), Mycoplasma mycoides subspecies capri (Mmc), and Mycoplasma 

capricolum subspecies capripneumoniae (Mccp) have been known in Balochistan, Pakistan. The 

definitive diagnosis of the respiratory diseases inflicted by these mycoplasmas has always been a 

limitation as specific diagnostic tools are not available. The present study was therefore designed 

to standardize and use the latex agglutination test (LAT) to highlight the sero-prevalence specific 

to the MmmLC infection in goats in Quetta, Pishin and Loralai districts of Balochistan during 

2008. The LAT test was also compared with indirect haemagglutination (IHA) assay for its 

specificity and sensitivity. The capsular polysaccharide (CPS) was extracted from the locally 

isolated MmmLC organism (pleuropneumonia suspected goat in Loralai district in Balochistan) 

and used to sensitize the latex beads, while the whole cell MmmLC antigen was used for the 

IHA. Of the 50 serum samples from the healthy goats (found negative for members of 

Mycoplasma mycoides cluster and Mp organisms by PCRs and mycoplasma culture), the 

specificity of 90% (n=45) and 74% (n=37) were calculated by the LAT (qualitative: no 

agglutination) and IHA (quantitative: no detectable antibodies, titer <1:64 taken as negative) 

respectively. Statistically significant difference (X
2
= 4.54, df=1, p=0.033) was found between 

the specificities obtained by the LAT and IHA. Further, of the 59 serum samples from the 

pleuropneumonia suspected goats (found positive for MmmLC by the PCRs and mycoplasma 

culture), the sensitivity of 92% (n=54) and 70% (n=41) were observed by LAT (qualitative latex 

agglutinating scores from +1to +3 were considered positive) and IHA (the cut-off value for the 

antibody titer ≥1:64 taken as positive) respectively.  Statistically significant difference (X
2
= 7.78, 

df=1, p= 0.005 was found between the sensitivity obtained by LAT and IHA. Varying percentages 

of sero-prevalence to MmmLC was observed by the IHA (18.5%, 14.3% and 13.5%) and LAT (21.9%, 

18% and 16.1%) in serum samples of the goats from Quetta, Pishin and Loralai districts in Balochistan 

respectively. Statistically non-significant difference by IHA (X2=4.16, df=2, p=0.1249), and LAT 

(X2=4.33, df=2, p=0.1147) was found in the sero-prevalence among the three districts. The overall sero-

prevalence of 15.5% and 18.7% was observed to MmmLC by the IHA and LAT in the serum samples      
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of goats in the study districts in Balochistan (significant difference between IHA and LAT in 

terms of sero-prevalence was observed, X
2
=3.976, df=1, p=0.046).The LAT was found simple, 

rapid, sensitive, specific, and reproducible field diagnostic test for the MmmLC based infection 

in goats as compared to IHA. The apparently high sero-prevalence to MmmLC detected by IHA 

and LAT in goats from Quetta, Pishin and Loralai districts is also alarming and demands 

planning for the preparation of an effective vaccine against the prevalent Mycoplasma species.  
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7.1. INTRODUCTION 
  

Mycoplasma organisms are the smallest known self replicating free living prokaryotic 

cells, currently having 107 species and subspecies, and are widely distributed in nature. 

Mycoplasma belongs to class Mollicutes and is characterized as the type of bacterium with no 

cell wall and is instead surrounded by a plasma or cell membrane. Mycoplasmas are prevalent in 

nature as parasites of humans, mammals, reptiles, fish, arthropods, and plants (Razin, et al., 

1998). These bacteria are extracellular parasites with affinity for mucous membranes (Razin, 

1992), therefore these organisms can be recovered from the diseases affecting respiratory organs, 

joints, mammary glands, eyes, and urogenital tract (Simeka et al., 1992). Common mycoplasma 

diseases include contagious bovine pleuropneumonia (CBPP) (Provost et al., 1987), contagious 

agalactia (CA) and contagious caprine pleuropneumonia (CCPP) of goats (MacOwan and 

Minette, 1976).  

Numbers of Mycoplasma species are related with respiratory disease in goats, as they 

have predilection for lungs and resulting in pneumonia and pleuropneumonia in goats 

(Thiaucourt and Bolske., 1996). Among the many respiratory diseases, the CCPP caused by the 

Mycoplasma capricolum subspecies capripneumoniae (Mcc) formely known as Mycoplasma F-

38 biotype is entirely different from the pneumonia and pleuropneumonia caused by other 

Mycoplasma species. The Mccp is very fastidious in nature therefore, isolation reports from the 

CCPP cases are only reported from 13 countries. Extremely high morbidity (100%) and mortality 

(up to 80%) may be seen in naive goats. Import or introduction of a clinically healthy carrier 

animal into the susceptible population of goats is usually the cause of this devastating disease 

(Nicholas, 2002b). Of the many mycoplasma clusters organisms, mycoides cluster used to be 

comprising of six Mycoplasma species such as Mycoplasma mycoides subspecies capri (Mmc), 

Mycoplasma mycoides subspecies mycoides large colony (MmmLC), Mycoplasma capricolum 

subspecies capripneumoniae (Mccp), Mycoplasma capricolum subspecies capricolum (Mcc), 

Mycoplasma mycoides subspecies mycoides small-colony (MmmSC), and Mycoplasma species 

bovine group 7 (BG7) (Weisberg et al., 1989). Recently MmmLC and Mmc have been considered 

as one species and designated as Mycoplasma mycoides subspecies capri (Mmc) (Manso-Silva´n et al., 

2009). Among the other members of mycoides cluster, MmmLC is a known pathogen particularly reported  
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in pneumonia, pleuropneumonia, and contagious agalactia (Cottew, 1979; Kumar et al., 1994; 

Singh et al., 2004), and has been reported in Asian, African, Europian countries including USA 

(DaMassa et al., 1992).  

   

Besides the development and use of PCR (Bashiruddin et al., 1994; Woubit et al., 2004) 

and denaturing gradient gel electrophoresis (DGGE) (McAuliffe et al., 2003; McAuliffe et al., 

2005) based diagnosis of mycoplasma diseases of veterinary origin, the culture and identification 

of mycoplasmas is still the gold standard (Nicholas et al., 2003). Clinico-pathalogical and 

serological diagnostic approach of caprine pleuropneumonia are definitive if coupled with the 

isolation of Mycoplasma species (OIE, 2008).  

 

The wide application of various serological tests is also very helpful in the sero-diagnosis 

of Mollicutes. The use of growth inhibition test (GIT) (Poveda and Nicholas, 1998), agar 

precipitation test (Kenny, 1983), slide agglutination tests (Turner and Etheridge, 1963), indirect 

haemagglutination assay (IHA) (Cho et al., 1976; Armstrong, et al., 1983), enzyme linked 

immunosorbent assay (ELISA) (Thiaucourt et al., 1994; Bölske et al., 1995; March et al., 2002; 

Sharew et al., 2005), competitive enzyme-linked immunosorbent assay (C-ELISA) (Le Goff and  

Thiaucourt, 1998; Amanfu et al., 1998); indirect ELISA (Abdo et al., 2000; Bruderer et al., 

2002), fluorescent antibody test (FAT) (Poveda and Nicholas, 1998), complement fixation test 

(Provost et al., 1987; Eshetu et al., 2007; Mekuria et al., 2008; Hadush et al., 2008 ; OIE, 2008;  

Mekuria and Asmare, 2010 ), and latex agglutination test (LAT) (Morton, 1966; Rurangirwa et 

al., 1987; Ayling et al., 1999; March et al., 2000; March et al., 2003) have been documented in 

the diagnostic mycoplasmology. These tests are based either on the detection of antigens or 

antibodies against mycoplasma. Besides the reports that “Mycoplasma mycoides cluster” shows 

cross-reactivity and also share serological, antigenic and genomic characteristics with each other 

and this causes taxonomic and diagnostic problems, efforts to minimize the cross-reactivity are 

documented in the diagnosis of mycoplasmas (Cottew et al., 1987; Petterson et al., 1996; Rodriguez et 

al., 1996).  

 

The complement fixation test (CFT) is used in the detection of Mccp infection and found more 

specific but less sensitive than the IHA (Macowan and Minette, 1976). Complement fixation test in 

detecting the sero-conversion of animals against the Mccp                                                                       
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and the indirect haemagglutination (IHA) tests have been reported in assaying the antibodies 

against Mycoplasma (Muthomi and Rurangirwa, 1983). Mycoplasma F38 biotype is isolated 

from the CCPP cases in Oman. Antibodies with titer of ≥1:40 as positive against F38 biotype 

(2.6%) and Mmc (29%) have been detected by the IHA. Besides the presence of CCPP, the study 

over all indicated the wide spread infection with Mmc in goats (Jones, and Wood, 1988).  

  
The rapid diagnosis of CCPP or other mycoplasma based infectious disease is necessary 

to start an immediate treatment of the sick goats (Rurangirwa et al., 1981), the vaccination of 

goats at risk (Rurangirwa et al., 1987b), and the screening of goats for purchase. The serological 

tests such as CFT, IHA, and ELISA have been developed for the diagnosis of CCPP, while none 

is found simple and easily performed in the field. Latex agglutination tests have been reported 

for both antigen and antibody detection which could be more sensitive and certainly less 

demanding than CFT (Nicholas et al., 2000; Rurangirwa et al., 1987). For the detection of a 

specifically produced capsular polysaccharide (CPS) antigen by the Mccp, latex agglutination 

test (LAT) is developed (Rurangirwa et al., 1987; March et al., 2000; Houshaymi et al., 2000; 

Houshaymi et al., 2002) and now is in use for the diagnosis of CCPP. The LAT is reported to be 

more sensitive than the CFT (Houshaymi et al., 2002) and also easier to perform than the 

competitive ELISA (Thiaucourt et al., 1994). An indirect ELISA has been reported with high 

seroprevalence of MmmLC and Mycoplasma agalactiae in goats in Canary Island (Assuncao et 

al., 2004). Like wise, for the detection of antibodies against Mmc, slide agglutination test based 

on colored and latex antigen is reported in goats in India. (Srivastava et al., 1991). 

 

The prevalence of Mycoplasma species such as MmmLC, Mmc, Mcc, Mp, M.arginini has 

been observed by the bacteriological and PCR-RFLP based diagnostic tools in many parts of 

Balochistan (Awan et al., 2009a).  Further, the detection of Mccp in pleuropneumonia suspected 

goats by the PCR-RFLP has also been reported in Pishin district of Balochistan (Awan et al., 

2009b). 

 

The diagnosis of most of the animal diseases including mycoplasmosis is commonly 

made on the clinical manifestations, postmortem lesions, and conventional microbiological tests. 

Further, there are still questions on the cause of CCPP among the                                           

file:\\sites\entrez


276 

 

veterinarians and research workers in Pakistan. Besides the studies reporting Mccp as the sole 

cause of CCPP (OIE, 2008), still considerations are given to Mmc as the causative agent of 

CCPP. Though, the role of Mmc is important in causing caprine pneumonia, pleuropneumonia, 

hydrothorax, arthritis, and mastitis, but classical CCPP has not been caused and reported due to 

this Mycoplasma species. There are close phenotypic, biochemical, antigenic and genetic 

relationship among the members of Mycoplasma mycoides cluster members, especially those 

causing diseases in small ruminants. The lack of molecular diagnostic facilities for 

mycoplasmosis has raised doubts, and misunderstanding in the proper identification of 

Mycoplasma species being involved.  

 

Little research pursuits have been reported on bacteriological (Awan,1985) and 

serological  aspects of mycoplasmas in Pakistan such as IHA, and Agar gel precipitation test 

(AGPT) (Awan, 1990; Hayat, 1990), IHA and single radial hemolysis test (Zahur, et al., 1994), 

complement fixation test (Ahmed, 2005). Moreover, these studies have been related with the 

Mmc, Mycoplasma arginini, Acholeplasma, and untypable Mycoplasma species from the nasal 

swab and lung samples of goats. Further; study on the immunoprophylaxis and serodiagnosis of 

CCPP by using IHA and CFT using the vaccinal strain of Mmc (PG-3 strain) in all of the 

experiments (though Mmc is not the cause of CCPP) has been made in Faisalabad, Pakistan 

(Rehaman, 2001).  

 
 Keeping in view all the research efforts so far made on the serological aspects of 

Mycoplasma species especially Mmc in Pakistan, the present study was therefore designed to 

standardize a latex agglutination test (LAT) using the extracted capsular polysaccharide (CPS) 

from one of the MmmLC isolated from pleuropneumonia suspected goats from Loralai district, 

and to compare it with IHA in terms of specificity and sensitivity. Further, sero-prevalence of 

MmmLC in goats from three districts of Balochistan using the LAT and IHA was also carried 

out. The standardization and use of LAT for the sero-prevalence study in goats is perhaps 

reported for the first time in Pakistan.  

 

 

 

 



277 

 

7.2. MATERIALS AND METHODS 

 

 
7.2.1. Standardization of LAT and IHA with MmmLC 

  

 Studies (see chapter 2, 3, 4 and 6) have shown the highest prevalence of MmmLC as 

compared to Mmc, Mcc, Mccp, Mp, and M arginini therefore MmmLC (isolated from the 

pleuropneumonia suspected goats from Loralai district in Balochistan) was used for the 

standardization of LAT, and IHA.  

 

7.2.1.1. Latex agglutination test (LAT) 

 

7.2.1.1.1. Extraction of capsular polysaccharide (CPS) from MmmLC culture 

 

 For the standardization of LAT, the capsular polysaccharide was extracted from the 

MmmLC by following the method as described by Waite and March (2002) with little 

modification. 

   

 One liter of modified CCPP broth was prepared as described earlier (see section 

2.2.3.3.1). Prior to the sterility assurance the broth was sub-cultured (@ 5%) with the activated 

culture of MmmLC organism. The flask containing sub-cultured broth medium was incubated at 

37
o
C for at least two days. The broth containing fairly good growth of MmmLC was centrifuged 

(Hermele, Germany) at 6000 rpm at 4oC for 20 minutes and the supernatant was discarded. The pellet left 

in all the 50ml falcon tubes (Cornings, USA) was resuspended with 10ml of sterilized phosphate buffered 

saline (PBS) containing 10% glucose (Merck, Germany). The bacterial suspension was transferred into 

new 50 ml falcon tubes. The tubes were centrifuged at 6000 rpm for 15 minutes at 4oC and the washing 

step was repeated for two more times. The pellet was resuspended in a new falcon tube with 10 ml of 

sterile PBS. 

 

 The buffered saturated phenol (Roth, Germany) was added in 10 ml volume into the tube already 

containing10 ml of MmmLC cells suspension. The tube was then incubated at 60oC in water bath for 30 

minutes (to denature and remove the proteinaceous material). The suspension was centrifuged at 1600g 

for 30 minutes at 4oC. The aqueous layer (containing CPS and nucleic acid) was removed and the step 

was repeated one more time with fresh buffer saturated phenol to get the clear (transparent)                       
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layer. A suitable size of 12 KDa membrane (Sigma-Aldrich) was used for dialysis. The dialysis 

bag was hanged into 5 liters beaker containing distilled water. The beaker was placed on a plate 

stirrer for 2 days with a regular change of distilled water twice daily (to remove any residual 

phenol). The contents from the membrane bag were carefully shifted into a new 15 ml centrifuge 

tube. About 10-20ul (2000units/ml) of DNase I, and DNase II; was added: and later 100ug each 

of RNase A and RNase B was also added (Fermentas) into the dialysate, mixed carefully and 

incubated overnight at 37
o
C. Sodium dodecyl sulphate (10% SDS) to a final concentration of 

0.5% and 2mg of proteinase K (MP, USA) were added into the dialysate and incubated at 45
o
C 

for 24 hours. The suspension was transferred into a new 50 ml falcon tube, and an equal volume 

of phenol-chloroform-isoamyl alcohol (PCI) (Roth, Germany), approximately 10ml was added 

into it. The falcon tube containing the liquid suspension was centrifuged at 1600g for 30 minutes 

at 8
o
C. The aqueous layer (approximately 15 ml) was transferred carefully into a new 50 ml 

falcon tube, with the addition of an equal volume of chloroform (RDH). The falcon tube was 

centrifuged at 1600g for 30 minutes at 8
o
C.  

     

  The aqueous layer was carefully transferred into another dialysis bag (100KDa dialysis 

membrane-Sigma Aldrich) and was placed in a beaker containing distilled water on a plate 

stirrer. The suspension in the dialysis bag was then dialyzed for 48 hours with a regular change 

of water in the beaker. The suspension from the dialysis bag was transferred into a new 50ml 

falcon tube, and 4 volumes of 100% ethanol (analytical grade), and 1/10 volume of 3 Molar 

sodium acetate (pH 8.5) were added into it. The falcon tube was kept at -20
o
C for 2 hours, and 

latex centrifuged at 4500g for 30 minutes. The supernatant was discarded and the pellet was 

resuspended in high performance liquid chromatographic (HPLC) grade water (Scharlu, Spain). 

The suspension was transferred into 2ml micro-centrifuge tube (eppendorf tube), and then 

centrifuged at 17000g for 5 minutes. Finally the supernatant was retained containing the CPS, 

and stored at 4
o
C until required.  
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7.2.1.1.2. Determination of carbohydrate concentration in the extracted CPS 

 

  The total carbohydrate contents of the CPS extract was determined by following the 

method of phenol-sulfuric acid total carbohydrate determination as described by Fox and Robyt, 

(1991). Briefly an equal volume of sample and phenol (5%) were added into microtiter plate and 

was then mixed at slow speed on a vortex mixer for 30 seconds (s). The plate was then placed in 

ice and 125ul of sulfuric acid (concentrated) was added to the wells containing mixture of test 

sample and phenol. The plate was slowly mixed and incubated at 80
o
C in water bath for 30 

minutes, and finally cooled down. The absorbance was measured at 492nm. Standards of D-

glucose (10-200ug/ml) were also run in parallel to get the concentration of CPS in the sample.  

 

 7.2.1.1.3. Purity of CPS   

 

  The CPS extracted from the MmmLC culture was analyzed for the presence of any 

remaining protein by using bicinchoninic acid (BCA) protein assay kit (Bio-World, UK) The 

presence of DNA was analyzed by agarose gel electrophoresis (see section  5.2.3.6).   

 

7.2.1.1.4. Coating of latex beads with CPS  

 

   For the sensitization of latex beads with the CPS extracted from MmmLC, the method 

described by Rurangirwa (1987a) was followed with little modification 

   

 Sixty ul (60ul) (10% suspension of 0.8um diameter latex beads, Sigma) of the latex 

beads was mixed with 6ul of PBS (10x) having pH 7.2 in a bijou bottle and was vortexed until 

the bead‟s clumps were broken down satisfactorily. The extracted CPS as 0.6ml (1mg/ml) was 

added into the bottle containing the suspension of latex beads, mixed properly, and the bottle was 

left on a roller for 48 hours at 20
o
C.  To check the reactivity of the sensitized latex beads, 4ul of 

the beads was mixed with 25ul of antiserum produced against CPS antigen (extracted from 

MmmLC) on a black colored glass plate. The clumping/agglutination within two minutes was 

considered as positive reaction.  
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 Once the reactivity of the sensitized latex beads was found satisfactory, the stock 

suspension of the beads was centrifuged at 3600g for 10 minutes and the supernatant was 

discarded carefully. The pellet of latex beads was resuspended in 1.2ml of PBS already 

containing 12ul of 10% of sodium azide (Merck). Finally, the latex beads suspension was diluted 

1/10 (10 times dilution) in 10x PBS.   

 

7.2.1.1.5. Procedure for latex agglutination test 

 

  The latex agglutination test was performed by following the procedure as described by 

March et al. (2000) with little modification. 

  

 Fifteen ul (15ul) of antiserum against CPS (anti-CPS) was added to 3ul of sensitized 

latex beads on a black background plate/paper card. The suspension was then mixed and shaken 

gently in a circular manner for 2 minutes and observed for agglutination within this time. Besides 

checking the antiserum against CPS (positive control), unknown test serum from the goats, PBS 

(negative control) was also tested for the agglutination.    

 

 For scoring the agglutinating activity of the CPS sensitized latex beads to the  anti-CPS (positive 

control) and test sera (unknown), four point scale was followed as described by March et al (2000) with 

little modification. A heavy flocculent precipitate with clear background was considered +3 while less 

heavy flocculent precipitates with clear background as +2. Light flocculent precipitates with less clear 

background as +1, while no precipitate with cloudy homogeneous background was considered as zero.   

 

 The reactivity of the sensitized latex beads was also checked for the hyperimmune sera against 

different Mycoplasma species. 

   

7.2.1.2. Standardization of indirect hemagglutination assay (IHA)  

  

  The IHA was selected to assay antibodies against MmmLC infection in goats as it has 

been reported sensitive, specific, reproducible and comparatively simple as no sophisticated 

laboratory equipment is needed to conduct the test. The methods described                                  
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            by Muthomi and Rurangirwa. (1983), and Cho et al (1976) were followed with little 

modifications in the selection of medium used for the growth of MmmLC organism, and use of 

bicinchoninic acid (BCA) protein assay kit. 

 

7.2.1.2.1. Preparation of mycoplasma antigen for IHA test 

    

  The freeze dried culture of MmmLC (field isolate) was reactivated and further grown in 

modified CCPP broth medium at 37
o
C for three days as described previously (see section 

2.2.3.3). The mycoplasma cells were separated, and were washed four times with sterile normal 

saline and resuspended in normal saline as 1% bacterial cell suspension. The suspension was 

sonicated (Ultra sonicator) for 40 minutes with two minutes cycle of actual sonification time and 

two minutes interval of cooling. The supernatant was retained after centrifugation for use as an 

antigen in IHA. The protein concentration of the supernatant was measured using the 

bicinchoninic acid (BCA) protein assay kit (cat # 20831001-1 Bio-World, USA), and  

concentration was adjusted with phosphate buffered saline (PBS) to 10mg/ml. Sodium azide 

(0.01% final concentration) was added into the antigen suspension and stored at 4
o
C.  

 

 7.2.1.2.2. Glutaraldehyde fixed sheep RBC 

 

 The sheep RBCs were fixed with glutaraldehyde by the method as described by Cho et 

al (1976). 

  Blood was collected aseptically from a donor sheep, and washed 4 times with phosphate 

buffered glucose (PBG) (24ml of 0.15M monopotassium phosphate, 76 ml of 0.15M disodium 

phosphate, and 100 ml of 5.4% glucose in distilled water having 7.2 pH) at 1500 rpm for 15 

minutes. The washed sheep RBC (SRBC) were re-suspended as 20 % in PBS. Equal volumes of SRBC 

(20%) and glutaraldehyde (0.2%)  (Merck, Germany) were mixed in PBS. The suspension was 

incubated at 37oC for 15 minutes in water bath. The glutaraldehyde fixed sheep RBCs (GAF-SRBC) were 

washed with sterile normal saline by centrifuging at 1500rpm for 6 minutes at 15oC. Ten percent (10%) 

suspension of GAF-SRBC was prepared, and sodium azide (Merck) up to 0.1 % was added before 

keeping at 4oC.  The GAF-SRBCs were washed 2 times with 0.01M PBS. The washed cells were re-

suspended (as 20 % suspension) in PBS. Finally, 2ml of                                                                       
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             mycoplasma antigen (10mg/ml), and sodium azide (0.1%) were mixed with 5 ml of GAF-SRBCs 

(20 %) suspension.  The mixture was swirled thoroughly and incubated at 37
o
C in water bath 

with gentle shaking.  The cell suspension was washed 3 times with PBS at 1500 rpm for 10 

minutes. The GAF-SRBCs were re-suspended as 20% suspension in PBS, and stored at 4
o
C until 

further used. The sensitized GAF-SRBCs were diluted as 2% suspension in PBS prior to use in 

IHA.  

 

 7.2.1.2.3. IHA test procedure 

 

  The IHA was performed by following the method as described by Sever (1962) and Cho 

et al., (1976) with little modification. 

 

  All the normal rabbit and test sera from the goats were heat inactivated to get rid of the 

compliments at 56
o
C for 30 minutes prior to pre-absorption with the fresh sheep RBC. Test sera 

from the goats were serially diluted (twofold) to a volume of 25ul with PBS (containing 1% 

normal rabbit serum). Finally 25ul of antigen coated GAF-SRBC (2% working suspension) was 

added into all the serially diluted test sera from the goats. The plate was gently tapped in order to 

get the contents of well thoroughly mixed and read for hemagglutination after incubation at 37
o
C 

for one hour. Negative and positive controls along with the controls for antigen and normal goat 

serum were also made. The antibody titer against MmmLC was reported as reciprocal of the 

highest dilution showing definite agglutination of the antigen sensitized sheep RBC.  

 

 The cross-reactivity of MmmLC sensitized Glutaraldehyde fixed Sheep RBC (GAF-

SRBC) against homologous and heterologous rabbit hyperimmune sera of different Mycoplasma 

species was checked using the indirect haemagglutination assay (IHA). The cut-off value for the 

IHA was also determined based on the cross reactivity results.  
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7.2.1.3. Source of anti-sera used in the standardization of LAT and IHA 

 

All the anti-sera against the Mycoplasma species used for the LAT were kindly provided 

by Dr. Robin, Mycoplasma group, VLA, Weybridge, United Kingdom. However, antisera 

against MmmLC and its extracted CPS were raised in rabbits at CASVAB, UoB, Pakistan. 

 

The hyperimmune sera (antisera) against the CPS extracted from MmmLC and MmmLC 

(whole antigens) were raised in Albino rabbits (n=4) by following the method as described with 

slight modification (Clyde, 1964; Cho et al, 1974; Cho et al., 1976). Briefly serologically 

negative rabbits (tested by the IHA, and GIT) were injected with 5 injections of 0.2, 0.4, 0.6, 0.8, 

and 1ml formaldehyde inactivated CPS (MmmLC) (diluted in PBS) intravenously at 2 days 

interval. Finally, 1 ml of each of the same inactivated antigen with an equal volume of Freunds 

incomplete adjuvant was injected to the rabbits subcutaneously (hind quarter) and 

intramuscularly (foot pads). The animals were bled after 3 weeks of the last injection. The blood 

was collected, serum separated, heat inactivated at 56
o
C for 30 minutes, and tested by the CPS 

based latex agglutination test. Similar procedure was adopted to produce anti MmmLC using 

inactivated MmmLC washed cells rather than CPS.  

 

7.2.1.4. Sensitivity and specificity of LAT and IHA  

 

 The latex agglutination test (qualitative) was analyzed for its sensitivity by testing serum 

samples (n=59) collected from pleuropneumonia suspected goats, which were found positive 

(n=59) for MmmLC organism by PCR (n=59 lung tissue samples), and mycoplasma culture 

(n=59 lung tissue samples) in the previous study presented in this thesis (chapter 4 and 6).  These 

goats were in parallel screened for antibodies against MmmLC using the indirect 

haemagglutination assay (quantitative).  

  

 The specificity of the latex agglutination test (qualitative) was also determined by testing 

serum samples (n=50) of the healthy goats (not having apparent respiratory disease), for which 

all the members of Mycoplasma mycoides cluster, sub-cluster (including MmmLC), and Mp were 

found negative by the PCRs (n=50 nasal swab                                                                               
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samples), and mycoplasma culture (n=50 nasal swabs). These goats were also screened for 

antibodies against MmmLC by the indirect haemagglutination assay (quantitative).  

   

7.2.1.5. Sero-prevalence of MmmLC by LAT and IHA  

 

  The latex agglutination test (Waite and March, 2002; Rurangirwa et al. 1987c; March et 

al. 2000), and indirect haemagglutination assay (Muthomi and Rurangirwa, 1983; Cho et al., 

1976) with little modification were used to detect the antibodies against MmmLC from randomly 

selected goats (serum) from Quetta (n=384), Pishin (n=384), and Loralai (n=384) districts of 

Balochistan.  

 
 

7.2.16. Statistical analysis 

 

 Proportions were used to calculate the sero-prevalence of MmmLC. The chi-square test 

was employed to find the difference in sero-prevalence in the studied districts, difference in 

sensitivity and specificity of IHA and LAT. Chi square results for the difference were considered 

statistically significant if p-value was found less than 0.05 (alpha <0.05), 95% confidence 

interval (CI). 

 

 

7.3. RESULTS 

 

 
7.3.1. Latex agglutination test (LAT) 

 

7.3.1.1. Purity and concentration of CPS extracted from MmmLC   

 

 The BCA protein assay kit showed no protein contamination in the CPS extracted from 

the MmmLC culture. Further the CPS sample was also found negative for the presence of any 

DNA when analyzed by the agarose gel electrophoresis with ethidium bromide staining. The 

carbohydrate concentration of approximately 2mg/ml was found in the CPS extracted from the 

MmmLC culture.     
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7.3.1.2. Reactivity of the CPS sensitized latex beads 

 

 

 The results for the reactivity of CPS sensitized latex beads to different mycoplasma anti-

sera are shown (Table 7.1). The anti-CPS showed heavy flocculent precipitates with clear 

background (+3 score) during agglutination with the CPS sensitized latex beads, while anti-

MmmLC was observed with less heavy flocculent precipitates with clear background (+2) during 

latex agglutination test.  All the anti-sera against other Mycoplasma species were found negative 

(no agglutination) in LAT.  

 
7.3.2. Indirect haemagglutination assay (IHA) 

 

 
 The results for the cross-reactivity of homologous and heterologous rabbit hyperimmune 

sera in the IHA are shown (Table 7.3). All the anti-sera produced in rabbits (n=2) against 

MmmLC (isolated from goat in Balochistan) have yielded antibody titers of 1024, and 2048, 

while anti-CPS was observed with the titer of 128. 

 
Variable titers (reciprocal of 2, 8, 16 and 32) were observed for heterologous rabbit 

hyperimmune sera (provided by VLA) of many Mycoplasma species except the MmmLC 

homologous antiserum (titer of 512) during quantification of antibodies against MmmLC in IHA. 

 

The cut-off value of ≥1:64 antibody titer was determined on the results of cross-reactivity 

pattern yielded by Mycoplasma species against MmmLC based IHA. 

 
7.3.3. Sensitivity and specificity of LAT and IHA   

 

The results for the sensitivity and specificity of the LAT, and IHA are shown in table 7.2 

and figure 7.1. 

       . 

 Of the 50 serum samples from the healthy goats, 45 (90%) and 37 (74%) samples were 

found negative by the LAT (qualitative: no agglutination) and IHA (quantitative: no detectable 

antibodies, titer <1:64 taken as negative) respectively. The specificity of 90% and 74% was 

therefore assumed for LAT and IHA respectively. Statistically                                               
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significant difference (X
2
= 4.54, df=1, p=0.033) was found in between the specificities exhibited 

by the LAT and IHA (Table 7.2).  

 

Of the 59 serum samples from the pleuropneumonia suspected goats, 54 (92%) samples 

were found positive (+2 to +3 reactivity observed) in the latex agglutination test while 41 (70%) 

samples were observed with antibodies titer ≥1:64 (the cut-off value was determined on the 

results of cross-reactivity observed with the heterologous antisera of Mycoplasma species) in 

IHA. The sensitivity of 92% and 70% was hence calculated for LAT and IHA respectively.  

Statistically significant difference (X
2
= 7.78, df=1, p= 0.005 was found between the sensitivities 

displayed by the LAT and IHA (Table 7.2).   

 

7.3.4. Sero-prevalence of MmmLC by LAT and IHA in goats in three districts of 

Balochistan 

  

 The sero-prevalence results for MmmLC by the LAT and IHA are shown in table 7.4 and 

figure 7.2. 

 

 The IHA has shown highest sero-prevalence of 18.5% in Quetta, followed by 14.3% in 

Loralai. While lowest prevalence of 13.5% in Pishin districts out of the 1152 serum samples 

from the goats was observed. Statistically non-significant difference (X
2
=4.16, df=2, p=0.1249) 

was found in the sero-prevalence among the three districts.  

 

 The LAT has shown highest sero-prevalence of 21.9% in Quetta, followed by 18% in 

Pishin, while lowest prevalence of 16.1% in Loralai districts out of the 1152 serum samples from 

the goats. Statistically non-significant difference (X
2
=4.33, df=2, p=0.1147) was found in the 

sero-prevalence among the three districts. 

 

 The IHA and LAT have shown 15.5% and 18.7% sero-prevalence to MmmLC in each of 

1152 number of goats respectively. Statistically significant difference (X
2
=3.976, df=1, p=0.046) 

between IHA and LAT in terms of sero-prevalence in goats was observed. 
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      Table 7.1.  Reactivity of CPS sensitized latex beads to hyperimmune sera against different 

Mycoplasma species 

 

  

Hyperimmune rabbit serum against Mycoplasma species  

Reactivity 

against 

sensitized 

latex beads
*
 

 

A Produced in CASVAB
1
  

  

CPS  (Mycoplasma mycoides subspecies mycoides large colony (MmmLC) 

 

 

    +3** 
  

Mycoplasma mycoides subspecies mycoides large colony (MmmLC) 

 

+2 

 

B 

 

Obtained from VLA
2
 

 

 

 

 Mycoplasma mycoides subspecies mycoides large colony (MmmLC) 

 
+2 

  

Mycoplasma mycoides subspecies capri (Mmc) 

 

0 

  

Mycoplasma capricolum subspecies capricolum (Mcc) 

 

0  

  

Mycoplasma putrefacience (Mp) 

 

 

0 

  

Mycoplasma arginini (Marg)  
 

 

0 

 
Mycoplasma capricolum subspecies capripneumoniae (Mccp) 0 

 
Bovine group 7 (BG7) 0 

 
Mycoplasma mycoides subspecies mycoides small colony (MmmSC) 0 

 
Mycoplasma ovipneumoniae 0 

 
Mycoplasma agalactiae 0 

 

        *Latex beads sensitized with CPS extracted from MmmLC (isolated from goat in Balochistan) 
     ** LAT scores, 0 (no agglutination), 1 (light flocculent precipitates during agglutination), 2 (less heavy flocculent precipitates 

during agglutination, and 3 (heavy flocculent precipitates during agglutination) 
       1 CASVAB: Center for Advanced Studies in Vaccinology and Biotechnology, University of Balochistan, Quetta, Pakistan 
      2 VLA:  Veterinary Laboratories Agencies, Weybridge, United Kingdom 
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Table 7.2. Specificity and sensitivity of latex agglutination test (LAT) and indirect 

haemagglutinatiob assay (IHA) 
 

 
 

Specificity 
 

                                          

Sensitivity                                          

Sensitivity 
  

Type of test 

 

 

 

No. 

-ve samples/ 

tested samples
c 

 

% 

No. 

+ve samples/ 

tested samples
d
 

% 

 

PCRs
 

 

50/50
a
 100 59/59

g
 100 

Mycoplasma 

culture
a
 

50/50
a
 100 59/59

g
 100 

 

IHA
b 

 

 

 

 

 

 

 

 

   
 37

e h
/50 74 41

f i
/59 70 

 

LAT
b
 

 

45
h
/50 90 54

i
 /59 92 

 
PCRs: Polymerase chain reactions for Mycoplasma mycoides cluster, sub-cluster members, and Mp 

IHA: Indirect haemagglutination assay for antibodies against MmmLC  

LAT: Latex agglutination test for the presence of anti-CPS  
a Nasal swab samples  
b Serum samples  
c Samples from the healthy goats without any respiratory symptoms   

           d Samples from pleuropneumonia suspected goats 
e All the –ve samples were found with IHA titer of < 1:64 
f All the +ve samples were found with IHA titer of ≥ 1: 64 
g Lung tissue samples 
hX2= 4.54, df=1, p=0.033 (significant difference) 
i X2= 7.78, df=1, p=0.005 (significant difference) 
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            Figure 7.1. The specificity and sensitivity of IHA and LAT in comparison  

                  to PCR and mycoplasma culture.  
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           Table 7.3.  Cross-reactivity of MmmLC sensitized Glutaraldehyde fixed Sheep  

     RBC (GAF-SRBC) against homologous and heterologous rabbit hyperimmune  

           sera of different Mycoplasma species in indirect haemagglutination assay (IHA) 
 

   

Hyperimmune rabbit serum against Mycoplasma species 

 

 

IHA 

antibody 

titer
*
 

 

A Produced at CASVAB
1
  

  

CPS  (Mycoplasma mycoides subspecies mycoides large colony (MmmLC) 

 

 

128 
  

Mycoplasma mycoides subspecies mycoides large colony (MmmLC) 

(2 samples) 

1024 

2048 
 

B 

 

Obtained from VLA
2
 

 

 

 

 Mycoplasma mycoides subspecies mycoides large colony (MmmLC) 

 
512 

  

Mycoplasma mycoides subspecies capri (Mmc) 

 

32 

  

Mycoplasma capricolum subspecies capricolum (Mcc) 

 

2 

  

Mycoplasma putrefacience (Mp) 

 

 

32 

  

Mycoplasma arginini (Marg)  
 

 

16 

 
Mycoplasma capricolum subspecies capripneumoniae (Mccp) 32 

 
Bovine group 7 (BG7) 16 

 
Mycoplasma mycoides subspecies mycoides small colony (MmmSC) 8 

 
Mycoplasma ovipneumoniae 16 

 
Mycoplasma agalactiae 16 

 
       * Reciprocal of the highest dilution causing complete agglutination of the MmmLC sensitized sheep RBC 
       1 CASVAB: Center for Advanced Studies in Vaccinology and Biotechnology, University of Balochistan, Pakistan 
       2 VLA:  Veterinary Laboratories Agencies, Weybridge, United Kingdom 

 

 

 

  



291 

 

      Table 7.4. Seroprevalence to MmmLC in goats by the indirect haemagglutination    assay 

(IHA) and latex agglutination test (LAT) in three districts of Balochistan 
 

 

 
Indirect haemagglutination assay (IHA)

a
 Latex agglutination test (LAT)

b
 

 

Districts 

 

Total samples No. Positive (%) 
No. Positive 

(%) 
 

 

 

Quetta 

 

 

384 71c (18.5) 84d (21.9)  

 

 

Pishin 

 

 

384 52c (13.5) 69d (18.0)  

 

 

Loralai 

 

 

384 55c (14.3) 62d (16.1)  

 

Total 

 

1152 178 (15.5)
e
 215 (18.7)

e
  

 

a  Titer ≥1:64 as cut-off value for positive IHA test   
b Scores: +1,+2, and +3 as positive scores for latex agglutination test 
cX2=4.16, df=2, p=0.1249 (non-significant for IHA among the three districts) 
dX2=4.33, df=2, p=0.1147 (non-significant for LAT among the three districts) 
eX2=3.976, df=1, p=0.046 (significant for the MmmLC seroprevalence by the IHA and LAT) 
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            Figure 7.2. The sero-prevalence to MmmLC in goats from three districts of   Balochistan 

by IHA and LAT.  
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7.4. DISCUSSIONS 

 

The present study describes for the first time the use of LAT based diagnosis using the 

specific CPS extracted from the local field isolate of MmmLC from goat in Balochistan, 

Pakistan. Various serological diagnostic approaches have been described for the caprine 

pleuropneumonia caused by MmmLC, and Mmc; and CCPP caused by Mccp organisms.  The 

cross reactivity among the close members of Mycoplasma mycoides cluster always poses a state 

of confusion and mostly gave dubious result. In the present study the LAT which was originally 

developed for Mccp (Rurangirwa et al., 1987c) was used with modification (March et al., 2000) 

to standardize the CPS based LAT to detect the MmmLC caused mycoplasma diseases in goats in 

Balochistan.  

  

The CPS being unique and only characteristic to MmmLC has been advantageous as it 

overcame and excluded the chances of cross reaction with the other Mycoplasma species in LAT 

in the present study. The presence of a capsule in Mycoplasma species (Marshall, 1992) and its 

involvement in pathology during the disease (Buttery et al., 1980) have been reported. The 

production of galactan based capsule in MmmLC has been documented (Smith and Sherman, 

1994) and is reported to contain mainly glucose and galactose (Schiefer et al., 1974). Similarly, 

the Mccp the sole cause of CCPP also produces capsule which contains glucose, galactose, 

mannose, fructose, galactosamine and glucosamine almost in equal amounts (Rurangirwa et al., 

1987a). 

 

The scoring for the agglutination of latex beads with the anti-CPS (MmmLC) during LAT 

was consistent and comparable with the results of CPS based LAT for the diagnosis of Mccp 

except 2 minutes reading time rather than recommended 15-30 minutes as described by March et 

al (2000). Similar results read within two minutes in LAT for CCPP caused by Mccp has been 

reported by Rurangirwa et al. (1987). In the present study typical reactivity of CPS sensitized 

latex beads (score of +3) has been observed with the anti-CPS raised in rabbits at CASVAB, 

UoB, Quetta, Pakistan. Moreover, these results are closely in agreement with the results reported 

by Rurangirwa et al. (1987c), March et al. (2000) and Houshaymi et al. (2002).  
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The IHA was also standardized in the present study in order to compare its sensitivity and 

specificity with the LAT. The cut-off value positive titer for the IHA was assumed as titer ≥1:64 

based on the cross reactivity observed with antisera of heterologous Mycoplasma species. 

Similarly cut off value titer (log2) up to 3 have been considered negative in the diagnosis of 

CCPP by the passive haemagglutination test (PHA) (Muthomi and Rurangirwa, 1983). Like 

wise, the serological diagnosis of bovine mycoplasmas such as Mycoplasma agalactiae and 

Mycoplasma bovigenitalium inflicted disease, IHA has been used and titers ≥1:160 as positive, 

1:80 as suspicious and titers ≤1:40 as negative or nonspecific reactions have been considered the 

cut off values (Cho et al., 1976). Moreover, the CCPP cases caused by Mycoplasma species F-38 

biotype in goats in Oman have been diagnosed by the IHA, and antibodies titer of ≥1:40 were 

considered diagnostic for the CCPP (Jones, and Wood, 1988).  

 

 The LAT and IHA have revealed a statistically significant difference on comparison for 

their sensitivity and specificity. The LAT was found more specific (90%) and sensitive (92%) 

than the IHA (specificity 74% and sensitivity 70%) in the present study. The difference may be 

due to the use of specific CPS extracted from the MmmLC in sensitizing latex beads; in contrast, 

to the whole cell antigen from MmmLC used to coat the sheep RBC in IHA for assaying 

antibodies. The cross reactivity profiles of MmmLC based SRBC with the heterologous antisera 

in IHA as compared to none in LAT is self explanatory. Similarly the specificity of 90% and 

sensitivity of 95% is reported for MmmLC based CPS-LAT in comparison with serologically 

negative and positive by the immunoblot and indirect ELISA (iELISA) respectively (Al-

Momani, 2005). In the present study immunoblot and iELISA could not be used as a gold 

standard for the assurance of serologically negative and positive goats against MmmLC infection. 

In contrast, IHA was used to compare with the LAT in terms of specificity and sensitivity. To 

further augment the assumption that all the goats used in the determination of specificity were 

negative (healthy goats with no respiratory symptoms), the PCRs for the Mycoplasma mycoides 

cluster and Mp organisms and mycoplasma culture have supported the findings in the present 

study. Conversely, all the goats considered as positive (pleuropneumonia suspected goats) in the 

determination of sensitivity were found positive only for MmmLC by the Mycoplasma mycoides 

cluster PCR and sub-cluster PCR-RFLP; and mycoplasma culture. 
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 The LAT has also been compared with CFT and ELISA in assaying antibodies against 

Mccp. The LAT is reported to be more sensitive than the CFT in the detection of antibodies 

against Mccp in serum samples obtained from the goats with an outbreak of CCPP (Rurangirwa 

et al., 1987c). Like wise, LAT is found more sensitive than the CFT (Houshaymi et al., 2002) 

and also easier to perform than the competitive ELISA (Thiaucourt et al., 1994).The complement 

fixation test (CFT) has been used in the detection of Mccp infection but reported more specific 

but less sensitive than the IHA (Macowan and Minette, 1976). 

  

 The high sero-prevalence against MmmLC by the IHA (15.5%) and LAT (18.7%) in 

goats from three districts in Balochistan is quite critical and significant. Statistically significant 

difference between IHA and LAT in terms of sero-prevalence was found. This may be due to the 

reason that LAT has been reported more sensitive and specific than the IHA as it has been based 

on the specific soluble CPS antigen. It has been documented that the endemic infections with 

MmmLC and Mmc can yield positive titers to these Mycoplasma species even in the proportions 

of apparently healthy animals (Jones and Wood, 1988). Further LAT has also been reported to 

detect CPS specific to Mccp organisms in serum samples of the infected goats comparatively 

faster than the CFT (Macowan and Minette, 1976; Houshaymi et al., 2002). Similarly, of the 258 

serum samples from the goats with an active CCPP disease, 59% and 27% are reported positive 

for antibodies by the LAT and CFT respectively (Rurangirwa et al., 1987c). Interestingly acute 

cases of CCPP rarely show positive titers to Mccp before death (Thiaucourt and Bolske, 1996), 

probably antibodies are eclipsed by circulating mycoplasma antigens (Muthomi and Rurangirwa, 

1983). Previous bacteriological and molecular based reports also suggest the higher rate of 

MmmLC organisms than the other Mycoplasma species in goats in Balochistan (Awan, 

unpublished data). 

 

 The LAT as compared to IHA is found to be a reliable serological test for the qualitative 

detection of antibodies (anti-CPS) against MmmLC in the present study. Further it also promises 

to be a simple, specific, sensitive, and could be used as a rapid field diagnostic test for 

mycoplasma diseases particularly caused by MmmLC and related Mycoplasma species known to 

produce unique and species specific capsular polysaccharides.  
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7.5. CONCLUSIONS 

 
  

 Serological tests such as LAT and IHA can be standardized and compared for their 

specificity and sensitivity against the extracted CPS and whole cell antigen from MmmLC. The 

LAT is found statistically more sensitive and specific as compared to IHA. 

 

 The LAT is observed as simple, specific, sensitive, and reproducible qualitative field 

diagnostic test as compared to IHA. 

 

   The sero-prevalence results by the LAT and IHA show alarming sero-conversion status 

for the presence of MmmLC among the goats in three districts of Balochistan. 

 

 Statistically LAT is observed better than IHA in detecting antibodies against MmmLC 

in the serum samples from the randomly selected field goats from the Quetta, Pishin, and Loralai 

districts.  

 

 Besides low in specificity and sensitivity than the LAT, IHA may be useful in 

quantifying antibodies against MmmLC diseases providing a cut-off titer of ≥1:64 as positive 

titer for MmmLC. 
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CHAPTER 8 
 

 

Establishment of an Experimental Disease in Goats with Mycoplasma species 

isolated from Pleuropneumonia suspected Goats in Balochistan 
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  ABSTRACT 

 

Caprine respiratory diseases caused by the Mycoplasma species are commonly reported in 

Balochistan, Pakistan. There have been reports on the isolation of Mycoplasma species, but so 

far the pathogenic potential of the isolates could not be determined and explored. The present 

study addresses principally the experimental disease reproduced in goats by Mycoplasma 

mycoides subspecies mycoides large colony (MmmLC). In total 42, one year old, male goats were 

split into 14 groups from A to N, with 3 goats in each group, were experimentally infected by 

Mycoplasma species (isolated earlier from the lung samples of the pleuropneumonia suspected 

goats in Balochistan during the course of research undertaken in this thesis). Six Mycoplasma 

species: MmmLC, Mycoplasma mycoides subspecies capri (Mmc), Mycoplasma capricolum 

subspecies capricolum (Mcc), Mycoplasma putrefacience (Mp), Mycoplasma arginini (Marg) 

and Mmc ( PG-3, vaccinal strain) each containing 10
8
 colony forming units (CFU) per ml were 

administered to goats by the nasal spray and intra-tracheal routes, and observed for 6 weeks post-

infection (p.i.). Clinical symptoms, gross-pathological lesions, isolation and identification of 

Mycoplasma species by the classical biochemical and growth inhibition (GI) tests: and various 

polymerase chain reactions (PCR) have been used. The latex agglutination (LA) and indirect 

haemagglutination (IH) tests were used to detect the antibodies only against the MmmLC specific 

capsular polysaccharide (CPS) and MmmLC whole antigens. Moderate respiratory disease with 

fever (up to 40.3
o
C), nasal discharge, cough, swollen for-limb joints and slight lameness was 

noticed in group A (MmmLC by nasal spray) goats which died on 28, 31 and 42 days post 

infection. Gross pathological lesions of fibrinous pleuropneumonia, lung adhesions, and pleural 

fluid were observed. All the group B goats (MmmLC by intra-tracheal route) showed fatal, 

septicemic and severe respiratory disease characterized with fever (up to 41.5
o
C), severe nasal 

discharge, painful fore-limb joints, lameness, and diarrhea on 5-7 day post-infection. The 

congested lungs, presence of pleural fluid in the thoracic cavity and cellulites at the site of 

inoculation were the gross-pathological lesions observed in the dead goats. Conversely, light 

nasal discharge in 5 of the goats infected with Mmc, Mcc and Mp and slight lameness in 3 goats 

infected with Mcc and Mp were observed. All the remaining goats infected with Mycoplasma 

species and non-exposed controls (n=3) were found negative in terms of clinical disease, gross 

pathology and detection of antibodies                                                                                              
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against CPS and MmmLC by LAT and IHA respectively. Of the total samples (n=420) from 

different body sites of the experimentally infected goats (n=42) with Mycoplasma species, 16.2% 

(n=68) mycoplasma isolates were re-isolated. Among the mycoplasma isolates, MmmLC 

(79.4%), Mmc and Mp (4.4% each), Mcc and M.arg (5.9% each) were identified by biochemical, 

growth inhibition tests and Mycoplasma mycoides cluster, Mycoplasma mycoides sub-cluster, 

and Mp specific PCR tests. Sero-conversion against CPS in LAT on 14 to 42 days p.i. was 

observed only in goats from group A (MmmLC by nasal spray route). Antibodies against 

MmmLC were detected through IHA in all the three goats (group A) with a titer of 1:64 (cut-off 

value of ≥1:64 titer considered positive) and 1:128 on 21 days and 42 days p.i. respectively. 

Among the Mycoplasma species used in the present study, only MmmLC was found promising in 

causing a moderate to severe respiratory disease accompanied with arthritis and enteritis by the 

nasal spray and intra-tracheal routes in the goats. This research work is reported for the very first 

time in Pakistan. 
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                                        8.1. INTRODUCTION 

Mycoplasma organisms are the members of the class Mollicutes and are designated as the 

smallest self replicating bacteria with no cell wall (Razin et al., 1998). Mycoplasmosis describes 

any disease caused by Mycoplasma species such as contagious bovine pleuropneumonia (CBPP), 

contagious caprine pleuropneumonia (CCPP), contagious agalactia (CA) and many others (Blood 

et al., 2007).  

The “Mycoplasma mycoides” cluster is a group of mycoplasmas that are notable 

pathogens of goats, sheep and cattle (Cottew et al., 1987). Six mycoplasma species and sub- species 

such as Mycoplasma mycoides subspecies mycoides small-colony (MmmSC), Mycoplasma 

mycoides subspecies mycoides large-colony (MmmLC), Mycoplasma mycoides subspecies capri 

(Mmc), Mycoplasma capricolum subspecies capripneumoniae (Mccp), Mycoplasma capricolum 

subspecies capricolum (Mcc), and Mycoplasma subspecies bovine group 7 (BG7) have been 

known as members of Mycoplasma mycoides cluster (Weisberg et al., 1989). Very recently, Mmc 

and MmmLC as these are found closely related (Petterson et al., 1996), are combined into a 

single subspecies and addressed as Mycoplasma mycoides subspecies capri (Manso-Silva´n et 

al., 2009). 

 

Mycoplasmas are found pathogenic for most of the hosts and pathogenicity is generally 

multifactorial in nature (Tryon and Baseman, 1992). Little is known about their pathogenicity, 

virulent factors and mechanisms of persistence in the host (McAuliffe, et al., 2006). There are 

only a few characterized virulence factors of mycoplasma: carbohydrate capsule (Tajima et al., 

1982), production of hydrogen peroxide (Miles et al., 1991), T- cell mitogens (Tu et al., 2005), 

and the ability to scavenge arginine from the host cells (Saasaki et al., 1984).  

  

 Several workers have reproduced experimental mycoplasmosis by using Mycoplasma 

species particularly members of Mycoplasma mycoides cluster (MacOwan and Minette, 1977; 

Rurangirwa et al., 1981; Harbi et al., 1983; DaMassa et al., 1986; Wesonga et al., 2004; March 

et al., 2002). Most of these experimental research endeavors have been carried out to understand 

and highlight the pathogenicity, contagiousness, immunity, diagnosis, and pathology related to 

Mycoplasma species.   
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Among the caprine mycoplasma diseases, CCPP is reported as contagious and infectious 

disease which fulfils the classical Koch‟s postulates (Thiauourt and Bölske, 1996). The nature of 

CCPP is very destructive and poses serious threats and losses to the goat population and clinical 

disease is reported from 40 countries in Asia and Africa (Nicholas, 2002b) including Turkey 

(Nicholas, 2002a), but Mccp is only isolated only from 11 countries. Diffuse „MAKePS‟ 

syndrome (mastitis, arthritis, keratitis, pneumonia and septicaemia) usually seen in pulmonary 

mycoplasmosis caused by small ruminant Mycoplasma species is not observed with Mccp 

(Thiaucourt and Bolske, 1996).  Experimental reproduction of CCPP has also been reported by 

endobronchial inoculation of Mccp into the goats. Re-isoltion and PCR detection for the Mccp 

were negative, while sero-conversion was observed by the ELISA and latex agglutination test 

(March et al., 2002). Similarly, experimental reproduction of CCPP by intra-tracheal inoculation 

of Mccp in goats with mild clinical disease, gross-pathological lesions, and sero-conversion in 

few of the survived goats has been described (Wesonga et al., 2004).  

 

Among the members of Mycoplasma mycoides cluster, MmmLC is a well known goat 

pathogen and is suspected whenever pleuropneumonia, pneumonia and contagious agalactia are 

reported (Cottew, 1979). An experimental infection in kids by the oral administration of 

MmmLC has been described with the clinical mycoplasmosis, fatal septicemic phase and 

contagiousness. Clinical disease has been reported with high grade fever and gross lesions such 

as consolidated lungs, lung adhesions, hydrothorax, and fibrinoprulent polyarthritis (DaMassa et 

al., 1986). Similarly a very severe, septicemic and fatal experimental disease in kids with 

MmmLC is reported by Nayak and Bhowmik, (1991). Furthermore, an endobronchial inoculation 

of MmmLC in goats has inflicted fatal septicemia 7 days post infection with pulmonary edema, 

hydrothorax, and excessive turbid synovial fluid in hock and carpal joints in the necropsied goats 

(Rosendal, 1983).  

 

Of the many factors, the dose of the mycoplasma organisms and route of inoculation are critical 

in the production of experimental mycoplasmosis. Besides the use of intra-tracheal, and endobronchial 

routes, intravenous inoculation of MmmLC has been observed with pulmonary edema, interstitial 

pneumonia and pleurisy (Kasali and Ojo, 1981). Like wise, intravenous administration of MmmLC in 

goats is listed with pneumonia, enteritis, polyarthritis, pleural hemorrhage, and cellulites at the 

inoculation site (Rosendal, 1981). The dose with 109 CFU/ml of Mccp by endobronchial route       

file:\\sites\entrez
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(March et al., 2002), 10
8
 CFU/ml of Mmc by nasal spray and endotracheal routes (Angelo et al., 

2010), 10
6
 CFU/ml of MmmLC by oral route (DaMassa et al., 1986), and 10

6
 CFU/ml of Mcc by 

the oral route (DaMassa et al., 1983a) have been reported for the reproduction of experimental 

disease in goats. The concurrent inoculation of MmmLC and Mmc in to the goats, have been 

described with acute septicemic, clinico-pathological and fatal disease (Gutierrez et al., 1999). 

Similarly Mycoplasma mycoides subspecies capri (Mmc) has been reported to inflict fatal 

septicaemia in kids (Rodríguez et al., 1998). The endobronchial route has also been reported in 

the production of experimental disease with Mmc, which is characterized with high fever, 

anorexia and gross pathological lesions observed in pericardium, pleura, with hepatization of the 

affected lobes of the lungs (Ojo, 1976).  

 

Besides the use of Mccp, MmmLC, and Mmc, the other Mycoplasma mycoides cluster 

members such as Mycoplasma capricolum subspecies capricolum (Mcc) (DaMassa et al., 

1983a), and non-cluster members such as Mycoplasma putrefaciens (DaMassa et al., 1984c), 

Mycoplasma agalactiae (Rodríguez et al., 2000), and Mycoplasma ovipneumonia (Goltz et al., 

1986) have been reported variably in the production of experimental disease in goats using 

different routes. Mycoplasma arginini is reported as non-pathogenic to goats (Jones, 1985) and 

has been isolated from various sites (Jones et al., 1983b). Experimental septicemia caused by the 

MmmLC and Mcc, has shown the isolation of Mycoplasma arginini from the joints of the dying 

goats (DaMassa et al., 1992). 

Pakistan is located in the western part of South Asia (Anonymous, 2005). Balochistan is 

the largest province of Pakistan and has common borders with Iran and Afghanistan on the 

western side (Khan, 2006). Goats are important mainly for the production of meat, milk, skins 

and fiber including hair, mohair and pashmina (Devendra and Burns, 1983). There are 

approximately 54 million heads of goats in Pakistan, of these; 12 million is inhabtating in 

Balochistan (Anonymous, 2006). Mycoplasma diseases are serious threats to goat production due 

to the high morbidity and mortality rates. Most of the countries of the world known for goat 

production are facing serious economic damages due to the direct and indirect losses caused by 

mycoplasma diseases (Bergonier et al., 1997). Of the major infectious diseases caprine respiratory 

diseases caused by the Mycoplasma species are mostly characterized with pneumonia,    
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pleuropneumonia and are very important due to high morbidity and mortality rates in many 

countries including Pakistan (Tariq, 1980).    

Little research studies have been reported on the bacteriological and serological aspects 

of the prevalent caprine Mycoplasma species in Balochistan (Tariq, 1980; Awan, 1990; Ahmed, 

2005). Recently research on the isolation of Mycoplasma species from the goats from Pishin 

district and identification by the biochemical, growth inhibition and PCR tests are documented 

(Awan et al., 2009a). Further the direct molecular detection of Mccp the sole cause of CCPP in 

the lung samples of goats has also been reported in Balochistan (Awan et al., 2009b). None of 

the research has been conducted on the production of experimental disease by the Mycoplasma 

species except one reported by Tariq (1980) in Balochistan, Pakistan. The experimental disease 

was reproduced in goats with the Mmc isolate by the intra-nasal and contact exposure routes.  

  

 The main purpose of the present research was to establish an experimental disease in the 

susceptible goats by the Mycoplasma species, already isolated from the pleuropneumonia 

suspected goats from districts of Balochistan (see section 4.3.1.3). Further the clinical symptoms, 

gross-pathological lesions, re-isolation of the Mycoplasma species from the infected goats and 

subsequent identification by the biochemical, growth inhibition and PCR tests; and detection of 

antibodies through latex agglutination and indirect haemagglutination tests up to 6 weeks post 

infection were studied. This experimental study using field isolates such as MmmLC, Mmc, Mp, 

M.arginini and Mmc (PG-3 strain used for vaccine production) is reported for the first time in 

Balochistan, Pakistan. 

  

                                   8.2. MATERIALS AND METHODS 
  

8.2.1. Mycoplasma species used in the experimental infection 

  

 In total six Mycoplasma species were used for the production of experimental disease in 

the susceptible goats. Five Mycoplasma species such as MmmLC, Mmc, Mcc, Mp, and Margi 

which were previously isolated from the pleuropneumonia suspected goats from fifteen districts 

of Balochistan (see section 4.3.1.3). Mycoplasma mycoides                                                        
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subspecies capri (PG3, vaccinal strain) which is in use for vaccine production against caprine 

pneumonia in Balochistan since 1992 was also included in the present study to highlight its 

pathogenicity in comparison with the field isolates. All the Mycoplasma species used in the 

present study were also previously characterized by the biochemical, serological (growth 

inhibition tests) (see section 4.3.1.3) tests as MmmLC, Mmc, Mcc, Mp, and Marg, and further 

confirmed by Mycoplasma mycoides cluster PCR, Mycoplasma mycoides sub-cluster PCR-

RFLP, and Mp-specific PCR except Marginini (see sections 5.3.1 and 5.3.2).  

 

8.2.2. Goat used in the experimental infection 

 

Forty two (n=42) apparently healthy male goats ( almost one year old) of Khurasani 

(Kakari / Kochi) breed from the same flock (Pishin district) with no history of 

pleuropneumonia/CCPP disease or any vaccination against caprine pneumonia were selected and 

used for the present experimental study. Only goats negative for mycoplasma species particularly 

Mccp, MmmLC, Mmc, Mcc, Mp, and Marg by the mycoplasma culture (nasal swabs used for the 

isolation), Polymerase chain reactions (PCR) (directly from nasal swabs), growth inhibition test 

(GIT), LAT (qualitatively, screened only for antibodies against MmmLC specific CPS), IHA 

(quantitatively, screened only for antibodies against MmmLC) were used in the experiment. 

 

Prior to inoculation of goats with the culture of mycoplasma isolate on day zero, the 

temperature (rectal) and blood samples were taken. 

  

8.2.3. Inoculation of goats with the Mycoplasma species  

 

All the goats were split randomly into 14 groups from A to N; with three goats included 

in each group and housed separately in temporary pens. All the goats were supplied daily with 

recommended allowance of green lucerne, hay, concentrate grains and mineral lick ad-libitum 

throughout the course (42 days) of experiment. The experiment was carried out in September-

October, 2009. The average minimum to maximum ambient temperature was from 25 to 32
o
C 

with up to 25% of relative humidity. Each group was designated with the type of Mycoplasma 

species and route for its inoculation (Table 7.1). The previously characterized (freeze-dried) mycoplasma 
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isolates were reactivated with the help of modified CCPP broth (see section 2.2.3.3) without 

antibiotic and thallium acetate. Ten ml of the activated mycoplasma isolate containing 

approximately 10
8
 CFU/ml (determined by standard viable counting method) was inoculated into 

each of three goats through nasal (spray) or intra tracheal routes. The groups M and N were 

designated as negative control (non-exposed control) and all the three goats in each group were 

administered with 10ml of sterile normal saline by intra-tracheal or nasal (spray) routes.  

 

8.2.4. Collection of samples from the experimental goats 

 

 Goats were observed daily for any rise in body temperature and clinical symptoms; and 

weekly blood samples were collected (up to 6 weeks) for GIT, LAT, and IHA. Necropsy was 

conducted on all the goats died or sacrificed during the experiment and the samples from 

different body sites such as swabs from nose, trachea, kidney, liver, spleen, eye, intestine, fore-

limb joint, pleural fluid by sterile swabs  and lung tissues were collected for the isolation of 

Mycoplasma species and subsequent identification by the biochemical, growth inhibition  and 

PCR tests..  

 

8.2.5. Isolation of Mycoplasma species from the samples 

 

Modified CCPP broth and agar media (OIE, 2008) were used in the present study (see 

section 2.2.3.3). 

 

 All the samples collected were processed for the isolation of Mycoplasma species by 

following the procedure as described by Nicholas and Baker (1998). Briefly nasal swabs were 

directly cultured into CCPP modified broth medium, while the portion from the area of 

consolidation from the lung was chopped aseptically and cultured (by making dilutions up to 10
-

4
) into CCPP modified broth medium. All the swabs from other body sites and pleural fluid 

samples were processed, in the same way as described for nasal swab cultures. For detail see 

section 2.2.3.2 (nasal swabs) and section 3.2.3.2 (lung samples). 
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The standard bacteriological procedure as described by Nicholas and Baker, (1998) was 

followed for the isolation of Mycoplasma species from the lung and other samples collected from 

the dead and sacrificed goats (see section 2.2.3.4). 

 

8.2.6. Identification of Mycoplasma species 

 

 All the Mycoplasma species recovered from different body sites of the experimental goats 

were purified and triple cloned (see section 2.2.3.4), and then subjected to digitonin sensitivity 

test (section 2.2.3.5.1) by following the method as described by Poveda (1998), and growth on 

serum non-enriched CCPP growth medium (section 2.2.3.5.2) to preliminary identify them as 

mycoplasma organisms. 

 

8.2.7. Biochemical identification 

 

The classical biochemical tests such as glucose fermentation, arginine hydrolysis, 

phosphatase production, tetrazolium reduction, casein hydrolysis, liquifaction of inspissated 

serum medium, and film and spot production were carried out for each of the isolate by 

following the standard method (Poveda, 1998). The biochemical characterization scheme for the 

Mycoplasma species was followed as described by Nicholas (2002b). For details see section 

2.2.3.6. 

 

8.2.8. Serological (GIT) identification  

 

 The growth inhibition test (GIT) as described by Poveda and Nicholas (1998), was used 

for the serological identification of the re-isolated Mycoplasma species. For details see section 

2.2.3.7. All the identified mycoplasma isolates were freeze-dried and stored at -20
o
C until used 

for further studies. 
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8.2.9. Molecular identification of the re-isolated Mycoplasma species by PCR and PCR-

RFLP 

 

8.2.9.1. PCR for the detection of Mycoplasma mycoides cluster  

 

All the re-isolated Mycoplasma species from different body sites of the experimental 

goats which were biochemically and serologically (GIT) characterized as MmmLC, Mmc, Mcc, 

Mp, and Marginini were subjected to Mycoplasma mycoides cluster PCR by following the 

method as described by Bashiruddin et al. (1994).  

 

Briefly, DNA was extracted from the 48 hours activated broth culture of mycoplasma 

isolates by following the method as described in genomic DNA purification kit (PUREGENE –

Gentra System, USA) with little modification. For detail see section 5.2.2. 

 

The set of primers, the procedure for making PCR master mix, and running with the 

DNA template in the thermal cycler was the same as described previously in this thesis (see 

section 5.2.3.1.1). All the six members of Mycoplasma mycoides cluster yield a band (amplicon) 

size of 1500bp in 2% agarose gel (for detail see section 5.2.3.6).  

 

8.2.9.2. PCR for the identification of Mycoplasma mycoides sub- cluster  

 

All the re-isolated Mycoplasma species from different body sites of the experimental 

goats which were biochemically, and serologically (GIT) characterized as Mycoplasma mycoides 

subspecies mycoides large colony (MmmLC) or Mycoplasma mycoides subspecies capri (Mmc), 

and identified as members of Mycoplasma mycoides cluster by PCR were subjected to 

Mycoplasma mycoides sub-cluster PCR by following the method as described by Bashiruddin et 

al. (1994).  

 

Briefly, DNA was extracted from the 48 hours activated broth culture of MmmLC and 

Mmc isolates by following the method as described in genomic DNA purification kit 

(PUREGENE –Gentra System, USA) with little modification. For detail see section 5.2.2. 
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The set of primers, the procedure for making PCR master mix, and running with the 

DNA template in the thermal cycler was same as described previously in this thesis (see section 

5.2.3.2.1). All three members of Mycoplasma mycoides cluster such as Mycoplasma mycoides 

subspecies mycoides small-colony (MmmSC), MmmLC, and Mmc yield an amplicon size of 

574bp in 2% agarose gel (for detail see section 5.2.3.6).  

 

8.2.9.3. PCR for the specific detection of Mycoplasma putrefaciens (Mp) 

 

All the re-isolated Mycoplasma isolates from different body sites of the experimental 

goats which were biochemically and serologically (GIT) characterized as Mycoplasma 

putrefacience (Mp) were subjected to Mp specific PCR for the identification by following the 

method as described by Shankster et al. (2002). 

 

Briefly, DNA was extracted from the 48 hours activated broth culture of Mycoplasma 

putrefacience isolates by following the method as described in genomic DNA purification kit 

(PUREGENE –Gentra System, USA) with little modification. For detail see section 5.2.2. 

 

 The set of primers, the procedure for making PCR master mix, and running with the 

DNA template in the thermal cycler was the same as described previously in this thesis (see 

section 5.2.3.4.1). The PCR product of 800bp in an agarose gel is considered positive for the 

presence of Mp organism in the samples (for detail see section 5.2.3.6).  

   

                                                8.3. RESULTS 

  

8.3.1. Clinical and pathological findings in experimental goats  

 

The results for the clinical and pathological findings in the experimentally infected goats 

are shown in table 8.1.  

 

Among all the groups, only goats from group A and B infected with MmmLC by nasal 

spray and intra tracheal routes presented moderate respiratory disease to severe               
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respiratory diseae respectively. All the three goats (no. 4, 5, and 6) in group B showed sharp rise 

in body temperature (>40
o
C on day 3-PI) with severe nasal discharge (Fig. 2.2.) painful fore-

limb joints, painful bleating, diarrhea with slight lameness observed in one goat (goat no.6). The 

disease was observed so acute and septicemic that goat no. 4 and 5 were succumbed to death on 

day 5 post-infection (P.I), while goat no. 6 was found dead on day 7-PI. The postmortem 

examination revealed congested lungs (Fig. 3.5.), presence of pleural fluid (hydrothorax) (Fig. 

4.6. and 8.2) (goat no. 4 and 5 with excessive and goat no.6 moderate pleural fluid in pleural 

cavities) , moderate enteritis, and pneumonic lung (only goat no. 6) (Fig. 4.1.), and cellulites at 

the site of inoculation in the experimental goats. No fibrinous pleuropneumonia and adhesion of 

lungs to the inner chest wall was noted in any of the goats in group B. 

    

 All the goats (no.1, 2 and 3) in group A, which were inoculated with MmmLC culture via 

the nasal spray, were found with temperature slightly more than 40
o
C and subsequent moderate 

respiratory disease with nasal discharge, cough, moderately swollen for-limb joints and mild 

lameness. The goats (no. 1, 2, and 3) showing less acute disease were found dead on day 28, 31 

and 42- P.I respectively. All the goats in group A were found with pneumonic lungs with 

moderate to severe fibrinous pleuropneumonia (Fig. 4.2.) and adhesion of lungs with inner chest 

wall ( Fig. 4.5) while less pleural fluid was observed only in goat no.1 and 2. Goat no. 3 was 

noticed with enteritis during necropsy. 

 

 All the goats in groups C to L infected with Mycoplasma species other than MmmLC by 

intra-nasal spray or intra-tracheal routes showed temperature <40
o
C and did not present any kind 

of respiratory or other disease except mild nasal discharge was observed in one goat each from 

group D (Mmc by I/T), group E (Mcc by N/S), group H (Mp by I/T) and two goats from group F 

(Mcc by I/T). Further, slight lameness was noted in 2 goats from group F (Mcc by IT), and in one 

goat from group H (Mp by I/T). The goats in non exposed control group (M and N) were not 

clinically observed affected with respiratory or any other disease. 

 

 As none of the goat in any of group from C to K was found dead during the experimental 

study, all the animals were therefore sacrificed at the end of the experiment (on 42 day post-

infection) for the necropsy findings. The slight pneumonic lesions were                                  
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observed in one goat each from group no. C to K while only goat no. 20 from group G (Mp by 

N/S) was observed with slight fibrinous pleuropneumonia. The gross pathological lesion of slight 

congested lung was seen in goats from group C, D, E, F, I, and L. The less severe lesions 

pertaining to enteritis were seen only in goats from groups F, H, J and L. 

 

8.3.2. Bacteriological, serological and molecular results of the experimental goats  

 

 The results for the bacteriological, serological (GIT) and molecular identification (PCRs) 

of MmmLC, Mmc, Mcc, Mp, and Marginini are shown in tables 8.2 and 8.3. Further the results 

for the fried egg colonies of Mycoplasma species (Figures 2.13, 2.12, 2.14, 2.15, and 2.16), 

biochemical tests (Figures 2.5, 2.6, 2.7, 2.8, 2.9, 2.10, and 2.11), growth inhibition test 

(Fig.2.12), PCR for Mycoplasma mycoides cluster (Fig. 5.3), Mycoplasma mycoides sub-cluster 

(Fig.5.4), Mp (Fig. 5.5), and sub-cluster RFLP (Fig. 5.6) are shown.  

  

 Of the total samples (n=420) from different body sites of the experimentally infected 

goats (n=42) with Mycoplasma species from 14 groups (A-N), 16.2 % (n=68) isolates of 

different Mycoplasma species were re-isolated. Among the 68 mycoplasma isolates, 79.4% 

(n=54) MmmLC, 4.4% (n=3) Mmc and Mp, 5.9% (n=4) Mcc and Marginini were recovered 

(Table 8.3). 

  

 All the samples taken from different body sites except eye from group no. A and B were 

positive for the isolation of MmmLC. The re-isolated Mycoplasma species showed large fried 

egg colonies and were positive in all the biochemical tests and GIT described for the 

identification of MmmLC organism. All the re-isolated Mycoplasma species from the goats 

(group no. A and B) were also identified as member of Mycoplasma mycoides cluster by cluster 

specific PCR (amplicon size of 1500bp for positive test), and as MmmLC by the Mycoplasma 

mycoides sub-cluster PCR-RFLP (574bp amplicon size and subsequent 3 fragments of 153,178, 

and 230bps specific for MmmLC/Mmc were yielded in RFLP) (Table 8.2, 8.3). 
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Table 8.1. Clinico-Pathological and bacteriological findings in goats experimentally infected with 

Mycoplasma species isolated from pleuropneumonia suspected goats in Balochistan  

 

 

Mycoplasma 

species 

used 1 

 

 

Group 

No/ No. of 

goats  

---------- 

Route of 

infection 

 

Animal 

no. 

 

 

 

 

Pyrexia/ 

duration 

(days)  p.i. 

 

Clinical 

symptoms 

 

Days 

(D/ S) 

 

 

 

 

Isolation of 

Mycoplasma 

/sample site 
 

 

 

PL 

 

FP 

 

C

L 

 

A

L 

 

HT 

 

E 

 

MmmLC 

 

A/3 1 ≤40.1/6 
MND-C-MRD 

-ML-MSJ 
28 (D) 

Yes/all except 

eye  
+ +4 - + + (LPF) - 

 

 

 

NS 2 ≤40.3/7 
MND-C-MRD- 

ML-MSJ 
31 (D) 

Yes/all except 

eye 
+ +4 - + + (LPF) - 

 

 

 

 3 ≤39.8/6 
MND-C-MRD- 

ML-MSJ 
42 (S) 

Yes/all except 

eye 
+ +4 - + - + 

 

MmmLC 

 

B/3 4 ≤41.4/3 
SD-SND-C-SRD- 

D-PJ 
5 (D) 

Yes/all except 

eye 
- - +3 - + (EPF) + 

 

 

 

IT 5 ≤41.3/3 
SD-SND-C-SRD- 

PB-D-PJ 
5 (D) 

   Yes/all 

except eye                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            

 
- - + - + (EPF) + 

 

 

 

 6 ≤41.5/4 

SND-SRD-C-

ML- 

PB-D-PJ 
7 (D) 

Yes/all except 

eye 
+ - + - 

 + 
(MPF) 

+ 

 

Mmc 

 

C/3 7 ≤39.3/42 None 42 (S) Yes/ Nose + - - - - - 

 

 

 

NS 8    ≤39/42 None 42 (S) No - - - - - - 

 

 

 

 9 ≤39.2/42 None 42 (S) No - - + - - - 

 

Mmc 

 

D/3 10 ≤39.2/42 LND 42 (S) Yes/ Lung - - - - - - 

 

 

 

IT 11 ≤39.3/42 None 42 (S) No - - + - - - 

 

 

 

 12 ≤39.2/42 None 42 (S) No + - - - - - 

 

Mcc 

 

E/3 13 ≤39.1/42 None 42 (S) 
Yes/Nose-

Lung 
- - - - - - 

 

 

 

NS 14 ≤39.3/42 None 42 (S) No - - + - - - 

 

 

 

 15 ≤39.2/42 LND 42 (S) No + - - - - - 

 

Mcc 

 

F/3 16 ≤39.8/42 LND-SL 42 (S) Yes/ Lung + - - - - - 

 

 

 

 

IT 17 ≤39.2/42 LND-SL 42 (S) Yes/Lung - - - - - + 

 

 

 

 18 ≤39.3/42 None 42 (S) No - - + - - - 
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               Table 8.1. (continued) 
 

1All mycoplasma species isolated from pleuropneumonia suspected goats from Balochistan 
2 Placebo: Sterile normal saline                   D: died 
3+ slight congested lung                 S: Sacrificed 
4+ moderate to sever fibrinous pleuropneumonia                         LPF:  Less pleural fluid 
5+ slight fibrinous pleuropneumonia               MPF: Moderate pleural fluid 

PL: Pneumonic lesions                                                 EPF: Excessive pleural fluid         

FP: Fibrinous pleuropneumonia                                 PB: Painful bleating 

CL: Congested lung                                                                       PJ: Painful joints on palpation 

AL: Adhesion of lung                                                                   MRD: Moderate respiratory disease 

HT: Hydrothorax                                                                          SRD: Severe respiratory disease 

E: Enteritis                                                                        ML: Marked lameness 

SL: Slight lameness                                                                      SND: Severe nasal discharge 

N/S: Nasal spray                                                                           D: Diarrhea 

MSJ: Moderately swollen fore-limb joints                                   SD: Septicemic disease 

I/T: Intra tracheal                                                                          SRD: Severe respiratory disease 

MND: Moderate nasal discharge                                                  LND: Little nasal discharge           

C: Cough                                               p.i. Post infection 

 

Mycoplasma 

species 

used 

 

 

Group 

No/ No. of 

goats  

------------- 

Route of 

infection 

 

Animal 

no. 

 

Pyrexia/ 

duration 

(days) 

 

Clinical 

symptoms 

 

Days 

(D/ S) 

 

Isolation of 

Mycoplasma 

/sample site 

 

 

PL 

 

FP 

 

CL 

 

AL 

 

HT 

 

E 

Mp G/3 19 ≤39/42 none 42 (S) No - - - - - - 

 NS 20   ≤39.5/42 none 42 (S) No + +5 - - - - 

  21  ≤39.1/42 none 42 (S) Yes/ Nose - - - - - - 

Mp H/3 22 ≤39.4/42 none 42 (S) Yes/ Lung - - - - - - 

 IT 23 ≤39.5/42 LND-SL 42 (S) No + - - - - - 

  24 ≤39.3/42 none 42 (S) Yes/Lung - - - - - + 

Marginini I/3 25     ≤39/42 none 42 (S) No - - - - - - 

 NS 26 ≤39.1/42 none 42 (S) No + - - - - - 

  27 ≤39.2/42 none 42 (S) Yes/Nose - - + - - - 

M arginini J/3 28 ≤39.1/42 none 42 (S) 
Yes/Nose-

Lung 
+ - - - - - 

 IT 29 ≤39.2/42 none 42 (S) Yes/Lung - - - - - + 

  30    ≤39/42 none 42 (S) No - - - - - - 

Mmc              
(Vaccinal 

Strain) 
SSssstrain

) 

 

K/3 31     ≤39/42 none 42 (S) No - - - - - - 

 NS 32 ≤39.1/42 none 42 (S) No - - - - - - 

  33 ≤39.2/42 none 42 (S) No + - - - - - 

Mmc 
(Vaccinal 

Strain) 

L/3 34 ≤39.2/42 none 42 (S) No - - - - - + 

 

 

 

 

IT 35     ≤39/42 none 42 (S) No - - + - - - 

 

 

 

 36 ≤39.2/42 none 42 (S) Yes/ Lung - - - - - - 

Placebo
1
 

 
M/3 37 ≤39.2/42 none 42 (S) No - - - - - - 

 NS 38     ≤39/42 none 42 (S) No - - - - - - 

  39     ≤39/42 none 42 (S) No - - - - - - 

Placebo
1
 

 
N/3 40 ≤39.2/42 none 42 (S) No - - - - - - 

 IT 41 ≤39.1/42 none 42 (S) No - - - - - - 

  42 ≤39.1/42 none 42 (S) No - - - - - - 
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 The Mmc, Mcc, Mp, Marginini and Mmc (vaccinal strain) were variably isolated from 

nose and lung samples from few of the experimentally infected goats. All these re-isolated 

Mycoplasma species were positive in biochemical and serological (GIT) tests described for their 

characterization. Further all of these isolates except Marginini were identified by PCRs. The 

isolates which were positive in Mycoplasma mycoides cluster PCR (amplicon size of 1500bp for 

positive test), and Mycoplasma mycoides sub-cluster PCR-RFLP (574bp amplicon size and 

subsequent 3 fragments of 153,178, and 230bps specific for MmmLC/Mmc were yielded in 

RFLP) were identified as Mmc. All those isolates which were negative in Mycoplasma sub-

cluster PCR, Mccp specific PCR and Mp specific PCR were identified as Mcc (these isolates 

were already identified as Mcc biochemically and by GIT). All the isolates which were positive 

in Mycoplasma mycoides cluster PCR, negative in Mycoplasma mycoides sub-cluster PCR, and 

Mccp specific PCR; and positive in Mp specific PCR (amplicon size of 800bp for positive test) 

were identified as Mp (Table 8.2 and  8.3).  

 

8.3.3. Detection of antibodies against MmmLC in the experimental goats by LAT and IHA 

  

 All the experimental goats were found negative in antibody detecting LAT (Sensitized 

with CPS extracted from MmmLC) on 7, 14, 21, 28, 35, and 42 days post infection (p.i.) except 

in goats from group. A. Latex agglutination test has detected anti-CPS (MmmLC) in goat no.1 

and 2 on 14, 21, and 28 days p.i., while goat no.3 on 21, 28, 35, and 42 days p.i (group A). The 

LAT scoring in positive sera was +1 on 14, and 21 days p.i., +2 on 28 day p.i., and +3 on days 35 

and 42 p.i. The blood sample (serum) from the goat no.6 in group B died on day 7
th

 p.i; and goat 

nos. 4 and 5 died on day 5 p.i. were all negative by LAT. Serum samples from all the 

experimental goats in B to N groups were negative from 7-42 days p.i for MmmLC based anti-

CPS detecting LAT (Table 8.4).   

 

 Serum samples from all the experimental goats in all groups except for group A, were 

found negative by MmmLC based indirect haemagglutination assay (IHA), as the titers were 

≤1:32 (cut-off value of ≥1:64 titer was considered positive for MmmLC). The IHA titer of 1:64 

in goat no. 1 and 2 on 21 and 28 days  p.i. was observed and could not                                        
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be detected further as these goats were found dead on 28
th

 and 31
st
 days p.i.  The IHA titer of 

1:64 was detected in goat no. 3 on 28
th

 and 35
th

 day p.i. and 1:128 on 42
nd

  day p.i. (Table 8.4). 

Serum samples from all the experimental goats in C-N groups were negative (≤ 1:32) from 7-42 

days p.i for MmmLC based IHA (Table 8.4). All the goats infected with Mmc, Mcc, Mp, Marg 

and Mmc (vaccinal strain) were having increasing titers even by the MmmLC based IHA.The 

goats administered with placebo were observed with almost stable antibody titers from 7-42 days 

post administration (sterile PBS) (Table 8.4).   

 

 

 

 

 

 

Figure 8.1. . Post mortem lesions of slight fibrino-pleuropneumonia
1
 and Hydrothorax

2
 

(straw colored fluid in the pleural cavity) in the experimentally infected goat with 

MmmLC by intra-tracheal route 7 days-post infection. 
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Table 8.2. Biochemical, serological and molecular identification of Mycoplasma species re-

isolated from the experimentally infected goats  
 

 
1Colony: Fried egg colony 

2All samples: The swab and tissue were taken from nose, trachea, kidney, liver, spleen, eye, intestine, fore-limb joint, pleural fluid, and lung 

respectively   
3 Sterile normal saline 

 

 

Mycoplasm

a 

species 

used 1 

 

 

Group 

No/ 

No. of 

goats 

 

Route of 

infection 

 

Animal 

no. 

 

Mycoplasma species 

isolated/ 

all samples1 

 

 

 

 

Colony2 

size 

 

Identification of Mycoplasma isolates by 

 

Biochemical 

& GIT based 

identification 

 

 

M.m. 

cluster 

PCR 

M.m. 

s.cluster 

PCR-

RFLP 

Mp 

specific 

PCR 

 

MmmLC 

 

A/3 NS 1 Yes/ all except eye Large MmmLC + + - 

 

 

 

  2 Yes/ all except eye Large MmmLC + + - 

 

 

 

  3 Yes/ all except eye Large MmmLC + + - 

 

MmmLC 

 

B/3 IT 4 Yes/ all except eye Large MmmLC + + - 

 

 

 

 
 

 
5 Yes/ all except eye Large MmmLC + + - 

 

 

 

  6 Yes/ all except eye Large MmmLC + + - 

 

Mmc 

 

C/3 NS 7 Yes/ Nose medium Mmc + + - 

 

 

 

  8 No None None None None None 

 

 

 

  9 No None None None None None 

 

Mmc 

 

D/3 IT 10 Yes/ Lung medium Mmc + + - 

 

 

 

  11 No medium None None None None 

 

 

 

  12 No None None None None None 

 

Mcc 

 

E/3 NS 13 Yes/ Nose-Lung medium Mcc + - - 

 

 

 

  14 No None None None None None 

 

 

 

  15 No None None None None None 

 

Mcc 

 

F/3 IT 16 Yes/ Lung medium Mcc + - - 

 

 

 

 

  17 Yes/Lung medium Mcc + - - 

 

 

 

  18 No None None None None None 
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Table 8.2.  (continued) 
 

 

 

 

 

 

 

 

 

Mycoplasma 

species 

used 1 

 

 

Group 

No/ 

No. of 

goats 

 

Route of 

infection 

 

Animal 

no. 

 

Mycoplasma 

species 

isolated/ 

all samples** 

 

Colony 

size 

 

Identification of Mycoplasma isolates by 

 

Biochemical 

& GI tests  

M.m. 

cluster 

PCR 

M.m. 

s.cluster 

PCR-

RFLP 

Mp 

specific 

PCR 

Mp G/3 NS 19 No None None None None None 

   20 No None None None None None 

   21 Yes/ Nose Small Mp + - + 

Mp H/3 IT 22 Yes/ Lung Small Mp + - + 

  
 

 
23 No None None None None None 

   24 Yes/Lung Small Mp + - + 

Marginini I/3 NS 25 No None None None None None 

   26 No None None None None None 

   27 Yes/Nose Medium Marg - - - 

M arginini J/3 IT 28 
Yes/Nose-

Lung 
Medium Marg - - - 

   29 Yes/Lung Medium Marg - - - 

   30 No None None None None None 

Mmc              

(Vaccinal 

Strain) 

SSssstrain) 

 

K/3 NS 31 No None None None None None 

   32 No None None None None None 

   33 No None None None None None 

Mmc 

(Vaccinal 

Strain) 

L/3 IT 34 No None None None None None 

 

 

 

 

  35 No None None None None None 

  
 

 

 

36 Yes/ Lung Medium Mmc + + - 

Placebo3 

 
M/3  37 No None None None None None 

   38 No None None None None None 

   39 No None None None None None 

Placebo3 

 
N/3  40 No None None None None None 

   41 No None None None None None 

   42 No None None None None None 
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Table:8.3. Biochemical, serological and PCR based identification (GIT) of Mycoplasma 

species re-isolated from different body sites of the experimentally infected goats 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

a Amplicon size1500bps 
b Amplicon size 574bps 
c Bands with 153,178, and 230bps size  
d Amplicon size 800bps 

 

Mycoplasma spps. 

(no. of isolates tested / total isolates ) 

 

MmmLC 

(54/54) 

Mmc 

(3/3) 

Mcc 

(4/4) 

Mp 

(3/3) 

Marg 

(4/4) 

 

Digitonin   

 

sensitive sensitive sensitive sensitive sensitive 

 

Serum non-enriched medium 

 

no growth no growth no growth no growth no growth 

 

Glucose fermentation 

 

+ + + + - 

 

Arginine hydrolysis 

 

- - + - + 

 

Phosphatase production - - + + - 

 

Tetrazolium reduction        

 

                        aerobic 

                                                                                                                          

anaerobic  

 

 

+  

 

+ 

 

 

 +  

 

+ 

 

 

        +  

 

+ 

 

 

+  

 

+ 

 

 

-  

 

+ 
 

Liquifaction of inspissated serum  

 

+ + + - - 

 

Casein hydrolysis 

 

+ + + - - 

 

Film and spot production 

 

- - - + - 

 

Growth inhibition test (GIT)*   

anti-serum against 

                                                       MmmLC 

 

 

 

+ 

 

 

- 

 

 

- 

 

 

- 

 

 

- 

 

                                                       Mmc - + - - - 

 

                                                       Mcc - - + - - 

 

                                                                       Mp - - - + - 

                                                                                                   

Marginini     

                                                                                                

- - - - + 

 

Mycoplasma  mycoides cluster  PCR 

 

+
a
 + + + - 

 

Mycoplasma  mycoides sub-cluster  PCR 

(RFLP) 

 

+
b  

(3bands)
c
 

+  
(3 bands) 

- - - 

 

Mccp specific PCR 

 

- - - - - 

 

Mp specific PCR 

 

- - - +
d
 - 
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Table 8.4. Detection of antibodies through LAT and IHA in experimentally infected goats with 

Mycoplasma species  
 

 

 

*  All mycoplasma isolates were isolated from the pleuropneumonia suspected goats from Balochistan except Mmc (vaccinal strain) 
1 LAT (-)  no agglutination in LAT  (+) agglutination in LAT 
2 Reciprocal of highest dilution causing complete haemagglutination in IHA 
a Goats were negative for LAT and IHA on these days 

 D: Died 

 S: Sacrificed 

NS: Nasal spray 

IT: Intra tracheal 

LAT: Latex agglutination test (CPS-MmmLC based) 

IHA: Indirect haemagglutination assay (MmmLC based) 

NT: Not tested as the goats died earlier 

 

 

Mycoplasma 

species 

used * 

 

Group 

No/ 

No. of 

goats 

 

Route of 

infection 

 

Animal 

no. 

 

 

 

 

 

Days 

Animal  

(D/ S) 

 

 

 

 

Detection of antibodies by MmmLC based   

LAT1 /  IHA titer2  

 

Days post-infection 

 

        7             14               21               28             35             

42  
 

 MmmLC 

 

A/3 NS 1 28 (D) - /4 + /16 + /64 + /64 NT NT 

 

 

 

  2 31 (D) - /4 + /8 + /64 + /64 NT NT 

 

 

 

  3 42 (S) - /2 - /16 + /32 + /64 + /64 + /128 

 

MmmLC 

 

B/3 IT 4 a 5 (D) NT NT NT NT NT NT 

 

 

 

 
 

 
5 a 5 (D) NT NT NT NT NT NT 

 

 

 

  6  7 (D) - /8 NT NT NT NT NT 

 

Mmc 

 

C/3 NS 7 42 (S) - /2 - /2 - /8 - /8 - /16 - /16 

 

 

 

  8 42 (S) - /2 - /2 - /4 - /4 - /8 - /8 

 

 

 

  9 42 (S) - /2 - /4 - /4 - /8 - /8 - /16 

 

Mmc 

 

D/3 IT 10 42 (S) - /4 - /4 - /8 - /8 - /16 - /16 

 

 

 

  11 42 (S) - /2 - /8 - /8 - /8 - /8 - /16 

 

 

 

  12 42 (S) - /4 - /4 - /8 - /16 - /16 - /32 

 

Mcc 

 

E/3 NS 13 42 (S) - /2 - /4 - /4 - /4 - /4 - /4 

 

 

 

  14 42 (S) - /2 - /2 - /4 - /4 - /8 - /8 

 

 

 

  15 42 (S) - /4 - /4 - /4 - /4 - /4 - /8 

 

Mcc 

 

F/3 IT 16 42 (S) - /2 - /4 - /4 - /4 - /8 - /8 

 

 

 

 

  17 42 (S) - /2 - /4 - /4 - /8 - /8 - /8 

 

 

 

  18 42 (S) - /4 - /4 - /4 - /8 - /8 - /8 
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Table 8.4. (continued) 

 

 

 

Mycoplasm

a 

species 

used 1 

 

 

Group 

No/ No. 

of goats 

 

Route of 

infection 

 

Animal 

no. 

 

Days 

(D/ S) 

 

 

 

Detection of antibodies by MmmLC based 

LAT1  / IHA titer 2 

 Days post-infection 

 

       7              14              21              28             35              

42 

Mp G/3 NS 19 42 (S) - /2 - /2 - /4 - /4 - /8 - /8 

   20 42 (S) - /2 - /4 - /4 - /8 - /8 - /8 

   21 42 (S) - /4 - /4 - /8 - /8 - /8 - /16 

Mp H/3 IT 22 42 (S) - /2 - /2 - /4 - /8 - /8 - /16 

  
 

 
23 42 (S) - /4 - /4 - /4 - /4 - /8 - /8 

   24 42 (S) - /4 - /8 - /8 - /8 - /8 - /8 

Marginini I/3 NS 25 42 (S) - /2 - /2 - /2 - /4 - /4 - /4 

   26 42 (S) - /2 - /4 - /4 - /4 - /8 - /8 

   27 42 (S) - /4 - /4 - /4 - /4 - /4 - /8 

M arginini J/3 IT 28 42 (S) - /2 - /2 - /4 - /4 - /8 - /8 

   29 42 (S) - /2 - /4 - /4 - /8 - /8 - /16 

   30 42 (S) - /2 - /4 - /4 - /8 - /8 - /16 

Mmc              

(Vaccinal 

Strain) 

SSssstrain) 

 

K/3 NS 31 42 (S) - /2 - /4 - /8 - /8 - /8 - /16 

 - - 32 42 (S) - /2 - /4 - /4 - /8 - /8 - /16 

   33 42 (S) - /4 - /4 - /8 - /8 - /8 - /16 

Mmc 

(Vaccinal 

Strain) 
L/3 IT 34 42 (S) - /2 - /2 - /4 - /8 - /16 - /16 

 

 

 

 

  35 42 (S) - /2 - /4 - /8 - /8 - /8 - /16 

  
 

 

 

36 42 (S) - /4 - /8 - /8 - /16 - /16 - /16 

Placebo1 

 
M/3 NS 37 42 (S) - /2 - /2 - /2 - /2 - /4 - /4 

   38 42 (S) - /4 - /4 - /4 - /4 - /4 - /8 

   39 42 (S) - /2 - /2 - /2 - /2 - /2 - /4 

Placebo 

 
N/3 IT 40 42 (S) - /2 - /2 - /2 - /2 - /4 - /4 

   41 42 (S) - /8 - /8 - /8 - /8 - /8 - /8 
 

 

 

  42 42 (S) - /4 - /4 - /4 - /4 - /4 - /4 
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8.4. DISCUSSION 

 

 Contagious caprine pleuropneumonia (CCPP) caused by Mccp and other related 

respiratory disease caused by members of Mycoplasma mycoides cluster are serious threat to the 

goat production in most of the countries including Balochistan Pakistan. The present study 

highlights the pathogenic role of Mycoplasma species isolated from the pleuropneumonia 

suspected goats in Balochistan by the production of experimental disease in susceptible male 

goats for the first time in Pakistan. The female goats could not be purchased as the farmers did 

not sell these due to breeding purpose. Overall of the six Mycoplasma species used in the present 

study, MmmLC isolates were found capable of inflicting a comparable CCPP like disease in 

goats with severe respiratory symptoms and high mortality. All the re-isolated mycoplasma 

species from the experimental goats in the present study were identified by the classical 

biochemical tests, growth inhibition test and Mycoplasma mycoides cluster, subcluster, and Mp 

specific PCRs. The Mycoplasma mycoides sub-cluster and Mp specific PCRs have been used in 

the identification of MmmLC and Mp organisms isolated from the nasal swabs and milk samples 

of sheep and goats (Al. Momani et al., 2006). The PCR test has been used in the identification of 

Mmc inflicted CCPP like disease in goats (Hernandez et al., 2006). Similarly Mmc isolated from 

the experimental infected goats were identified by PCR tests (Angelo et al., 2010).  

  

In the present study, of the Mycoplasma species such as MmmLC, Mmc, Mcc, Mp, 

M.arginini and Mmc (PG-3, vaccinal strain), only MmmLC was found promising in causing 

moderate to severe respiratory disease in the experimental goats. Though all the goats died from 

day 5 to day 42 p.i. but intra-tracheal route appeared better than the nasal spray in causing acute, 

septicemic respiratory disease. Overall clinically the disease was characterized with high rise of 

temperature, nasal discharge, painful bleating, harsh cough, painful for-limb joints, and diarrhea. 

Similarly, clinical mycoplasmosis and septicemic experimental disease with MmmLC have been 

reported in kids. The animals (95%) were found with fever up to 42.3
o
C and swollen joints 5 

days p.i. (DaMassa et al., 1986). In a study experimentally infected kids with the Mmc are 

reported with fatal septicemia 1-5 day post inoculation. The results show mycoplasmaemia by 

parentral route and septicemia is considered the cause of death in the inoculated kids (Rodríguez 

et  
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al., 1998).  Like wise in another experimental study, MmmLC was found successful in producing 

severe, septicemic, and fatal disease in kids characterized with fever, acute pain, dyspnoea, 

arthritis and death (Nayak and Bhowmik, 1991). It has also been reported that when MmmLC 

culture was administered intravenously into goats, significant lesions such as cellulites in the 

neck region, pneumonia, enteritis, and polyarthritis were observed (Rosendal, 1981). Almost 

similar clinical symptoms of fever, anorexia, joint swelling, and pulmonary lesions were 

observed in a study in which experimental disease was reproduced with the serologically unusual 

strain of Mycoplasma mycoides subspecies capri (Di Provvido et al., 2009). Further the unusual 

strain of Mmc was used to reproduce experimental disease in goats and different diagnostic tests 

were compared (Angelo et al., 2010). 

  

The postmortem findings of congested lungs, presence of pleural fluid (hydrothorax), 

enteritis, pneumonic lung, and cellulites at the site of inoculation in goats (group B) in the 

present study are consistent with the gross pathological findings reported (Rosendal, 1983). 

Similarly hydrothorax and fibrinoprulent polyarthritis have been observed in MmmLC based 

experimental disease in 7 months old goats (DaMassa et al., 1986). An experimental disease with 

septicemic, clinico-pathological and lethal out come by the simultaneous inoculation of MmmLC 

and Mmc (previously isolated from pleuropneumonia goats) is reported in goats. The pneumonic 

lesions are also noted during postmortem examination of the dead goats (Nascimento et al., 

1986; Gutierrez et al., 1999). The fibrinous pleuropneumonia and adhesion of lungs with the 

inner chest wall observed in goats (groupA) in the present study is also in agreement with the 

findings reported by DaMassa et al. (1986). More recently in an experimental disease production 

study with Mmc, besides the other gross pathological lesions, pneumonic lesions and presence of 

pleural fluid in the thoracic cavity of the dead and sacrificed goats are reported (Angelo et al., 

2010). 

    

  The significant difference between the pathogenicity of MmmLC and all other Mycoplasma 

species used in the present study is alarming, and indicating the higher pathogenic potential of MmmLC 

organisms. Many of the researchers have reported the MmmLC as the significant goat pathogen inflicting 

fever, pneumonia, pleuropneumonia, hydrothorax, arthritis, mastitis (DaMassa et al., 1986; Ojo, 1987; 

Nayak and Bhowmik, 1988; Kumar et al., 1994; Singh et al., 2004). All of the Mycoplasma species used 

in the  



322 

 

present experimental study had already been isolated from pleuropneumonia suspected goats 

from districts in Balochistan, and most were successively cultured during the purification steps. 

The repeated passage during the primary isolation may be responsible for none to very low 

pathogenicity of Mmc, Mcc, and Mp in the present study as only mild nasal discharge was 

noticed in few of the goats from groups infected with Mmc, Mcc, and Mp cultures. In the present 

study, only few of the goats infected with Mp were observed with slight lameness as humid 

environment during the experiment may predisposes the goats to mild disease with Mp. This is in 

agreement with the findings reported that Mycoplasma species isolated at the end of contagious 

bovine pleuropneumonia outbreaks were found less pathogenic than the earlier isolates (Provost 

et al., 1987). Like wise in an experimental study to produce severe course of CCPP with Mccp, a 

mild disease was reproduced and low virulence of the bacterium due to multiple passages in vitro 

was suggested (Wesonga et al., 2004); therefore this could be true for the mycoplasma species 

with low pathogenicity used in the present study.  Similarly, Mmc inflicted disease in the adult 

goats is reported by the nasal discharge, coughing, dyspnoe and depression (Kumar et al., 1994). 

Contrary to the clinical findings of little nasal discharge noted in goats infected with Mmc in the 

present study, there has been report for the Mmc affected kids with pyrexia, acute pain, swollen 

joints, lameness, lack of appetite, dyspnoea and succumb to death within few days (Rodriguez et 

al., 1998). The age of the experimental goat could be one of the reasons for a mild respiratory 

infection in the present study as one year old goats were used than the kids used in the study as 

reported by Rodriguez et al. (1998). 

 

The Mycoplasma species such as Mcc and Mp have been reported in diseases involving 

the respiratory system and joints. In the present study low nasal discharge with slight lameness in 

the experimental goats by Mcc may not be overlooked as the pathogenicity of Mcc has been well 

documented (Bölske et al., 1988; DaMassa et al., 1992; Bergonier et al., 1997). Contrary to the 

results of the present study, Mcc has produced mycoplasmaemia in kids by the parenteral 

administration in an experimental disease reproduction trial. All the routes used were found 

sufficient to produce a fatal septicemia from 1-5 day of mycoplasma inoculation (Rodríguez et 

al., 1998). Similarly of the six goats infected with Mp by N/S and I/T routes, only one goat has 

shown light nasal discharge with slight lameness which can be ignored. Similarly administration 

of Mycoplasma putrefaciens strain through the intranasal, intra-peritoneal, intra-muscular,      
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and oral routes into kids could not produced fever, any abnormal clinical manifestation 

(DaMassa et al., 1984c). In contrast, Mycoplasma putrefacience has been described in severe 

arthritis involving carpal, hock and stifle joints with isolation from the joints fluid (DaMassa, et 

al., 1992; Rodriguez et al., 1994; Bergonier et al., 1997). The recovery of Mp with other 

Mycoplasma species from the respiratory tract of the goats showing clinical symptoms has also 

been reported (Radwan et al., 1985; Orós et al., 1997; Al-Momani et al., 2006). The reasons for 

this low pathogenicity of Mcc and Mp cultures could be the repeated passages undertaken in 

purification step after the primary isolation, the prevalence of strains with low virulence, the low 

number of mycoplasma CFU/ml in the inoculum, the duration of the experiment (6 weeks in the 

present study), age of the goats, humidity and ambient temperature. 

 

 The CPS (MmmLC) based LAT has detected antibodies (qualitative assay) on 14 and 21 

days post infection (p.i.) against MmmLC field isolate in experimentally infected goats. The 

agglutination score of +2 on 14 and 21 days p.i. and +3 on 28, 35 and 42 days p.i. observed in 

LAT in the present study is closely in agreement with the findings observed in Mccp inflicted 

CCPP experimental disease. The anti-CPS was detected in all the goats on 14 to 53 days p.i. 

(March et al., 2002). Similarly, LAT has been reported in the detection of antibodies against CPS 

on 22 days p.i. in goats having contact exposure to CCPP (Rurangirwa et al., 1987). The earlier 

detection of anti-CPS on day 14 p.i in goats in the present study is also supported by the findings 

(March et al., 2002), may be due to the moderate respiratory disease caused earlier by MmmLC 

(intra-nasal spray) and early release of free CPS and subsequent production of anti CPS in the 

goat as compared to the goats having infection by the contact exposure as reported by 

Rurangirwa et al. (1987). The MmmLC based anti CPS detecting LAT is specific only in 

detection antibodies against CPS produced by MmmLC. This is why all the experimental goats 

infected with Mycoplasma species other than MmmLC were found negative in LAT in the 

present study. This is supported by the research in which the high specificity of LAT in the 

diagnosis of contagious bovine pleuropneumonia (CBPP) caused by Mycoplasma mycoides 

subspecies mycoides small colony (MmmSC) has been reported (March et al., 2003).  

   

 In the present study the IHA has detected antibodies against MmmLC only in those 

experimental goats which were infected with MmmLC as compared to goats                           
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infected with other mycoplasma species. Only goats with titer of ≥1:64 were considered sero-

positive against MmmLC. The use of cut off value (titer of 1:64 as positive) has increased the 

specificity of the IHA against MmmLC, but has lowered the sensitivity on the other hand (Awan, 

unpublished data). Similarly base line positive titer in the diagnosis of mycoplasma diseases have 

been reported (Cho et al., 1976; Muthomi and Rurangirwa, 1983; Jones, and Wood, 1988). The 

IHA has detected the antibodies against MmmLC on 21 days p.i. infection as compared to 14 

days p.i. in case of LAT in the present study. The LAT has been reported effective in detecting 

antibodies against Mccp on 14 days p.i. (March et al., 2002). Further, the higher sensitivity 

(Nicholas et al., 2000; Houshaymi et al., 2002) and specificity of LAT as compared to 

complement fixation test (CFT) has been reported earlier (Rurangirwa et al., 1987). Similarly, 

the lack of specificity of IHA and CFT has been described by March et al., (2000) while 

standardizing CPS specific, antigen-detection LAT for the diagnosis of CCPP. In the present 

study MmmLC based IHA was used for the quantification of homologous antibodies. Besides the 

reported cross-reactivity among the members of Mycoplasma mycoides cluster and even with 

non-cluster Mycoplasma species (Cottew et al., 1987; Rodriguez et al., 1996), IHA was found 

satisfactory and valid in the present study, as base line of ≤1:64 titer (Awan, unpublished data) 

was applied as positive titer. Further, respiratory disease with mild clinical symptoms of nasal 

discharge and lameness in few infected goats was observed in Non-MmmLC inoculated 

experimental goats. In contrast, the sero-conversion against Mmc, Mcc, Mp, Marg and Mmc 

(vaccinal strain) might be there as somehow increasing titers were noticed in the experimental 

goats with the heterologus MmmLC based IHA. Similarly it is reported that sero-conversion 

indicates the stimulation of the immune system and it can be inferred that the mycoplasma has 

invaded the host rather than just colonizing the nasal mucosa or other tissue (Nicholas et al., 

2003). The serological test to specifically quantify antibodies against Mmc, Mcc, Mp, and M. 

arginini in the experimental infection in goats in the present study could not be materialized. 
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8.5. CONCLUSIONS 

 
 

 

 The Mycoplasma species such as MmmLC, Mmc, Mcc, Mp, Marg and Mmc (vaccinal 

strain) can be used through the intra-nasal and intra-tracheal routes and can reproduce an 

experimental disease in goats. Only MmmLC was found able to reproduce a moderate to severe 

septicemic and fatal respiratory disease with swollen fore-limb joints and enteritis in goats by the 

intra-nasal and intra-tracheal routes. The gross pathological lesions such as congested lungs, 

pneumonic lungs, lung adhesions, hydrothorax, fibrinous pleuropneumonia are observed in 

CCPP like, MmmLC inflicted disease in goats. 

 

 

 The biochemical, growth inhibition and PCR tests are found valid and very promising in 

the identification of re-isolated Mycoplasma species from different body sites of the 

experimental goats. Serological tests such as LAT and IHA are also found promising in detecting 

antibodies against MmmLC inflicted experimental disease in goats. 

 

 

 Though none of the Mmc, Mcc, Mp, Marginini and Mmc (PG-3, vaccinal strain) isolates 

are observed to produce experimental disease with respiratory symptoms, but seroconversion 

detected by MmmLC based IHA has shown the possible role in disease production in goats. The 

role of ambient temperature, humidity, proper feeding, and multiple cultural passages of 

mycoplasma isolates might be critical in the pathogenesis of mycoplasmosis in goats. 
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CHAPTER 9 

 

 

Preparation, Use and Evaluation of an Experimental Caprine 

Pleuropneumonia Vaccine against Mycoplasma species in Balochistan  
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ABSTRACT 

 

Besides the use of saponated Mycoplasma mycoides subspecies capri (Mmc-PG3 strain) vaccine 

to control the caprine pleuropneumonia and CCPP like respiratory diseases in Balochistan 

Pakistan, there have been complaints on such diseases and a pressing need for the preparation of 

an effective vaccine using mycoplasma field isolate. The present study is aimed to prepare a 

promising killed adjuvated vaccine using field isolate of MmmLC. Saponin and formalin were 

used with varying concentrations to inactivate the MmmLC cells. Mycoplasma (MmmLC) 

vaccine with different protein concentrations (2, 1, 0.5, 0.25, 0.125, 0.06 and 0.03 mg/ml) was 

prepared and adjuvated separately with saponin (1mg/ml) and aluminum hydroxide gel (5 

mg/ml). The in practice saponated Mmc based vaccine produced at Center for Advanced Studies 

in Vaccinology and Biotechnology (CASVAB) Balochistan was also evaluated for its efficacy. 

The goats (n=85) split into 17 groups (5 goats /group) were vaccinated with the saponated and 

aluminum hydroxide gel adjuvated bacterins with booster dose on 3 weeks post-first vaccination 

as well. The antibody profile in the vaccinates was assayed by the indirect haemagglutination 

assay (IHA). The vaccinated goats were also challenged with the pathogenic field strain of 

MmmLC through the intra-nasal route. The clinico-pathological examination as well as re-

isolation of MmmLC from the dead and sacrificed, MmmLC challenged goats was carried out. 

The antibody titers were determined by IHA in the experimental goats up to 3 weeks post-

challenge. Overall saponin and formalin were found suitably mycoplasmacidal at 0.5 mg/ml and 

0.125% concentrations at 37
o
C within 12 hours post-treatment. The results have shown 

comparatively higher efficacy of saponated vaccines than the aluminum hydroxide gel vaccines. 

Comparatively higher antibody titers (log2) of 8.4 and (log2) 9.5 were observed for the saponated 

vaccines containing 0.25 and 2 mg/ml protein as compared to (log2) of 6.2 and (log2) of 5 titers 

for the same protein concentrations with aluminium hydroxide gel based vaccine. The antibody 

profile of Mmc vaccine (CASVAB) has shown very low mean antibody titers (log2) of 4.2 in the 

vaccinated goats on 42 days post-vaccinations. The challenge and protection experiment in the 

present study also have shown 100% protection in groups 1, 2, 3, and 4 vaccinated with protein 

concentrations (MmmLC) of 2, 1, 0.5, and 0.25 mg/ml respectively with saponin (1mg/ml) as an 

adjuvant after 3 weeks post-challenge period.  
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The immune status in the vaccinates up to 3-weeks post-challenge with MmmLC has shown 

sharp increase in the (log2) mean antibody titers for MmmLC saponated vaccines as compared to 

the aluminum hydroxide gel based vaccines. The antibody profile particularly for MmmLC 

saponated vaccines having 2, 1, 0.5 and 0.25 mg/ml protein concentrations (mean antibody titers 

from log2 8.2 to log2 9.25) was stabilized and better than the remaining 0.125, 0.06, 0.03 mg/ml 

concentrations, and Mmc vaccine (CASVAB) up to 3-weeks post challenge. The use of saponin 

inactivated and adjuvated MmmLC vaccine with at least 0.25 mg/ml protein concentration was 

found 100% effective in controlling the clinical disease, without any mortality and apparent 

gross pathological lesions in the post-challenged goats. This study is reported for the very first 

time in Balochistan, Pakistan. 
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9.1. INTRODUCTION 

Mycoplasma diseases are serious threats to goat production due to high morbidity and 

mortality rates. Most of the countries of the world known for goat production are facing damages 

due to the direct and indirect losses (Bergonier et al., 1997). Among the mycoplasma diseases, 

respiratory problems of small ruminants including goats are contagious, with high mortality rate 

and frequently reported among adult goats and kids. The respiratory mycoplasma diseases are 

generally caused through the aerosol droplets (Thiaucourt and Bolske, 1996). Mycoplasmas are 

the prokaryotic cells having no cell wall and are first described more than 100 years ago. These 

are widely distributed in nature and inhabiting animals, plants, insects as well as humans (Rottem 

and Naot, 1998).  Mycoplasmas belong to class Mollicutes and are characterized as the smallest 

self replicating bacteria with no cell wall and surrounded by a plasma membrane (Razin et al., 

1998).  

The “Mycoplasma mycoides” cluster is a group of six Mycoplasma species and 

subspecies that are notable pathogens of goats, sheep and cattle (Cottew et al., 1987). Mostly 

respiratory Mycoplasma species have predilection for lungs which results in pneumonia and 

pleuropneumonia in goats. Recently mycoides cluster has been proposed to contain five 

Mycoplasma species as MmmLC and Mmc are considered as single species due to closests DNA 

homology (Vilei et al., 2006; Manso-Silva´n et al., 2009).  

 
 Among the mycoplasma oriented respiratory disease, contagious caprine 

pleuropneumonia (CCPP) is an OIE listed disease, the classical acute form is caused by 

Mycoplasma capricolum subspecies capripneumoniae (Mccp), originally known as the F38 

biotype (OIE, 2008). Extremely high morbidity (100%) and mortality of up to 80% may be seen 

in naive herds (Nicholas, 2002a). The nature of CCPP is very destructive and poses serious 

threats and losses to the goat population and clinical disease is reported from 40 countries in Asia 

and Africa (Nicholas, 2002b) including Turkey (Thiaucourt and Bolske, 1996). As the Mccp is 

very fastidious in nature therefore, isolation reports have only been reported from 13 countries. 

(Nicholas, 2002a). The CCPP is described as a disease syndrome under a title of MAKePS 

syndrome which means mastitis, arthritis, keratitis, pneumonia and septicaemia (Thiaucourt and 

Bolski, 1996). 
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 The Mycoplasma mycoides subspecies mycoides large colony (MmmLC) is another 

important and well known pathogen included in mycoides cluster. It affects the goat‟s population 

over a wide range of countries and suspected, whenever pleuropneumonia, pneumonia and 

contagious agalactia are reported. MmmLC is the most widely reported Mycoplasma species 

from many parts of United States, as well as various Europian, African and Asian countries 

(DaMassa et al., 1992). The clinical signs of fever, conjunctivitis, pneumonia, arthritis, mastitis 

in mycoplasma inflicted diseases are reported by various workers (Kasali and Ojo, 1981, 

Rosendal, 1983, DaMassa et al., 1986, Ojo, 1987, Nayak and Bhowmik, 1988; Kumar et al., 

1994; Singh et al., 2004). In the severe and very acute cases the goats die without showing any 

clinical sign and symptom which is attributed due the production of galactan based capsule by 

the MmmLC (Smith and Sherman, 1994). In a microbiological study, Indian strain of MmmLC 

has been isolated from a goat with arthritis (Singh et al., 2004). Experimental septicemic disease 

with MmmLC characterized with fever, pneumonia and swollen joints have been reported in 

goats. Consolidated lungs, adhesions between lungs and the thoracic wall, presence of pleural 

fluid and fibrinoprulent polyarthritis are commonly observed lesions during necropsy (Rosendal, 

1983; DaMassa et al., 1986; Nayak and Bhowmik, 1991).  

 
The immuno-prophylactic measure against mycoplasma diseases especially CCPP looked 

possible when a century ago; Hutcheon (1889) showed the protection by subcutaneously 

inoculating goats with the lungs extract of CCPP affected animals (McMartin et al., 1980). The 

first live high passage vaccine against CCPP has been used with 50% protection in the 

vaccinated goats (MacOwan and Minnette, 1978). Most of the early research work on vaccine 

preparation against CCPP is carried out by Rurangirwa and co-workers.  

 

The use of inactivants combined with suitable adjuvant has been suggested for a good 

immune response (de la Fe et al., 2004). The formaldehyde and phenol as inactivants while 

aluminum hydroxide gel and saponin as adjuvants have been reported in the preparation of 

vaccine against Mycoplasma agalactiae and MmmLC. Results of antibody titers indicated 

significant differences between the vaccines and the control group over six month period (de la 

Fe et al., 2007). 
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The use of CCPP vaccine with various adjuvants has been documented for the last many 

decades. Among the adjuvants, saponin is well known. Saponin is extracted from the bark of the 

South American tree Guillaia saponaria and its use as an inactivant and adjuvant has been 

reported (Kensil et al., 1991; Nicholas et al., 2002b). A lyophilized CCPP vaccine inactivated 

with saponin just prior to use in goats has been found successful in containing the disease 

(Rurangirwa et al., 1984; Rurangirwa et al., 1987b). Likewise saponin is used to inactivate the 

whole mycoplasma based stock vaccine prior to use in the field. Furthermore, a liquid ready to 

use vaccine against CCPP has been reported (Njoroge et al., 1996).  

 
Various adjuvants have been reported and are in use with mycoplasma based vaccines 

with variable results. Of the many adjuvants used with sonicated F-38 mycoplasma antigen, only 

saponin and Freund's incomplete adjuvant (IFA) are reported comparable in efficacy and 

superior to aluminum hrdroxide gel, while saponated vaccine is recommended for use in food 

animal than the IFA (Mulira et al., 1988). Similarly saponin adjuvated Mycoplasma F-38 strain 

vaccine (Litamoi et al., 1989) and Mycoplasma F-38 sonicated, IFA adjuvated vaccine 

(Rurangirwa et al., 1984) have been reported promising in goats against CCPP. Further 

experiments have been carried out to determine the minimum immunogenic dose of Mccp. The 

CCPP vaccine with two doses each with 0.15mg protein of Mccp at 4-week interval was found 

effective during challenge and protection study (Rurangirwa et al., 1987b). To further facilitate 

the goat farmers, a single dose comprising of 0.15mg of freez-dried, killed saponated 

Mycoplasma F-38 vaccine in goats has been reported with 100% and 95% protections 

(Rurangirwa et al., 1991). Similarly saponin is reported as an inactivant and adjuvant in a 

standard protocol of CCPP vaccine. Solid immunity for 14 months reported with a booster dose 

after one year (OIE, 2008). 

 
 Many of the researchers have so far worked on immuno-prophylactic measures against 

mycoplasmoses but still there are gaps and room for the preparation of an efficacious vaccine 

against mycoplasmosis due to MmmLC or Mmc organisms in countries facing huge economic 

damages and losses. Besides the understanding that use of antibiotics is uneconomical in the 

treatment of mycoplasma diseases, antibacterials have always been the choice and priority of the 

farmers and the veterinarians in many                                                                                               
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parts of the world including Balochistan, Pakistan to reduce the mortality as well as severity in 

the clinical disease.  

 
Of the 54 million goats in Pakistan, 12 million are inhabtating in Balochistan (Anonymous, 

2006). Pneumonia, pleuropneumonia, arthritis, mastitis, and kerato-conjunctivitis, are frequently 

reported in goats from various parts of Balochistan. High degree of morbidity (up to 74%) and 

mortality (up to 47%) have been reported in Balochistan (Tariq, 1980). Besides the significant 

work on the epizootology of Mmc (Tariq, 1980) unfortunately pleuropneumonia vaccine could 

not be prepared. Currently inactivated mycoplasma vaccine (bacterin) with and without saponin 

against caprine pleuropneumonia using Mmc (PG3) non-pathogenic strain is prepared in 

government research institutes at Lahore (Punjab) and Quetta (Balochistan), Pakistan. Besides 

the use of mycoplasma vaccines, there are still reports on the out breaks of caprine pneumonia, 

pleuropneumonia or CCPP like disease, with relatively high degree of morbidity and mortality in 

goats in Balochistan and other provinces of Pakistan.  

 

Limited research work on the preparation of caprine mycoplasma vaccines and use of 

adjuvants using Mmc (PG3) non-pathogenic strain have been reported in Pakistan (Rehman, 

2001; Ahmed, 2005), while the work on the use of field isolated mycoplasma species particularly 

Mccp and MmmLC  as a vaccine candidate is still lacking. Recentlly, for the very first time the 

molecular detection (PCR) of Mccp the sole cause of CCPP has been reported for the first time in 

pleuropneumonia suspected goats in Pishin, Balochistan, Pakistan (Awan et al., 2009b). Further 

high prevalence of MmmLC in randomly selected goats from the field (section 2.3.1.6), goats 

slaughtered at butcher shops (section 3.3.1.6), and pleuropneumonia suspected goats (section 

4.3.1.3) from various districts of Balochistan has been observed. Among the isolated 

mycoplasma species such as MmmLC, Mmc, Mcc, Mp, and M.arginini, only MmmLC isolate has 

been found significantly pathogenic in experimental disease reproduction experiment (section 

8.3.1).  

 
 Keeping in view all the available research studies on the mycoplasma vaccine, the present 

study was therefore designed to carry out experiments to select an effective inactivant, adjuvant 

and immunising dose for the preparation and use of MmmLC based vaccine; post-vaccinated and 

post-challenged antibody profiling by indirect                                                                  



333 

 

haemagglutination test, and evaluation of clinico-pathological and bacteriological findings in the 

MmmLC based challenge and protection test in goats. This study is reported for the first time in 

Balochistan, Pakistan. 

 

9.2. MATERIALS AND METHODS 
 

 

9.2.1. Source and characteristics of Mycoplasma species for vaccine preparation 

 

Of the Mycoplasma species such as MmmLC, Mmc, Mcc, and Mp, isolated from the 

pleuropneumonia suspected goats from districts in Balochistan (see section 4.3.1.3), only 

MmmLC was isolated significantly and  was also found pathogenic in experimental disease 

reproduction in goats (section 8.3.1). Keeping in view these facts MmmLC isolate was selected 

and used for the vaccine preparation and challenge and protection test in the susceptible goats 

presented in this chapter. The MmmLC isolate was previously validated by classical biochemical, 

growth inhibition, and PCR tests (8.3.2). 

 

9.2.2. Inactivation of MmmLC by saponin and formalin 

  

 Two inactivants: saponin (Merck-Germany) and formalin (Merck-Germany) were used to 

inactivate the MmmLC by following the method as described by Loria (2005) with little 

modification  Various dilutions for the inactivants were made in modified CCPP broth (without 

antibiotic and thallium acetate). The filtered (0.4 and 0.2um membrane) stock solution of 

16mg/ml of saponin was twofold serially diluted in broth to achieve 8mg, 4mg, 2mg, 1mg, 

0.5mg, 0.25mg, 0.125mg, 0.06mg, and 0.03mg concentrations. Further, the twofold serial dilution of pure 

formalin (37.8%) to 2, 1, 0.5, 0.25, 0.125, 0.06, 0.03, 0.015, and 0.008%. were made using modified 

CCPP broth. 

 Meanwhile, MmmLC isolate was reactivated and culture (500ml) was centrifuged at 4000rpm for 

10 minutes and re-suspended in 50ml modified CCPP broth for further use. All the wells of macro-

titration plates (Orange scientific, EU) were separately filled with 1.9 ml of each dilution of the inactivant 

and kept at 37oC and 4oC to attain the desired temperature of the plate before exposing to MmmLC cells. 

Finally, 0.1ml  
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of MmmLC cell suspension (10
9
 CFU/ml) was added into each well of the plates and kept at 37

o
C 

and 4
o
C.  

 

 Immediately 100ul culture from each of the wells from plates containing MmmLC cells 

exposed to varying dilutions of inactivants (saponin and formalin) kept at 37
o
C and 4

o
C 

temperatures was transferred into well (containing 1.9 ml uninoculated CCPP broth) of new 

plate. This is followed by ten fold serial dilutions (up to 10
-9

) using broth containing wells on the 

same plate. The same procedure was repeated subsequently at 0.5,1,2,3,12,24 and 48 hours for 

all of the dilutions of inactivants kept at 37
o
C and 4

o
C. All the plates were kept at 37

o
C for 48 

hours and observed for any change in color in the serially diluted culture samples. The results 

were reported as color changing (CCU) units/ ml.        

 

9.2.3. Preparation, use, challenge and protection for MmmLC vaccine  

 

  

9.2.3.1. Use of MmmLC master seed for vaccine preparation  

 

 The freeze dried culture of MmmLC, isolated from the goat suspected for 

pleuropneumonia (see section 4.3.1.3) was used as a master seed culture for vaccine preparation. 

The MmmLC was previously confirmed by biochemical, growth inhibition, PCR tests (section 

4.3.1.3) and pathogenicity in experimentally infected goats (section 8.3) in the present thesis. 

  

9.2.3.2. Mass scale production of MmmLC 

  

 The freeze dried culture of MmmLC was re-activated by using the modified CCPP broth 

and agar media (see section 2.2.3.3). Briefly 2ml of the broth was added into the freeze dried 

culture of MmmLC to re-hydrate. A test tube containing 10 ml of modified CCPP broth was sub-

cultured @ 10 % with the re-suspended MmmLC culture and incubated at 37
o
C for at least 48 

hours. Once activated the MmmLC culture was used to sub-culture another flask containing 

100ml of modified CCPP broth and plate of modified CCPP agar. Flask was incubated at 37
o
C 

for at least 48 hours and later used to inoculate one liter of broth, while agar plate was incubated 

at 37
o
C with 5% CO2 for 48 hours to observe for the colony morphology of MmmLC.  
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 One liter of modified CCPP broth medium was prepared as describe earlier (see section 

2.2.3.3). The broth medium was sub-cultured with the 100ml of the earlier described activated 

culture of MmmLC (@ 10%), and kept at 37
o
C for 48 to 72 hours to get the luxuriant growth of 

the bacterium (approximately 10
9
-10

10 
colony forming units (CFU)/ml). The standard plate count 

method was used to enumerate the viable mycoplasma count. 

 

The MmmLC cells were harvested by centrifuging at 4000rpm for 30 minutes and washed 

with sterile normal saline three times and finally re-suspended in sterile normal saline to have a 

slightly viscous cell suspension of the bacterium.   

 

9.2.3.3. Inactivation of MmmLC cell suspension with saponin and formalin 

 

The MmmLC cell suspension was aliquoted into two sterilized glass bottles to inactivate 

separately with saponin and formalin. One flask containing MmmLC cells suspension was 

inactivated with saponin @ 0.5mg/ml at 37
o
C for 12 hour. Formalin @ 0.125 % was added into 

the other MmmLC cells suspension flask and kept at 37
o
C for 12 hours (section 9.2.2). 

 

9.2.3.4. Sterility, innocuity, safety and protein determination tests for MmmLC  

 

  Prior to use the inactivated MmmLC cell suspension any further, it was checked for 

sterility, innocuity, safety tests as well as protein concentration was determined. The methods 

described in OIE manual (2008) under vaccine production for contagious caprine 

pleuropneumonia were followed with little modification.  

 

9.2.3.4.1. Sterility test 

 

This test is performed to assure that MmmLC cell suspension does not have any bacterial 

and fungal contamination. Two tubes containing 10ml each of thioglycollate broth medium 

(Oxoid, United Kingdom) were sub-cultured with 1 ml each of MmmLC cell suspension, and 

incubated at 37
o
C to exclude aerobic, anaerobic and microaerophilic bacteria. Similarly four 

other tubes each containing 10ml of soybean casein digest broth                                                    
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(Oxoid, United Kingdom) were sub-cultured with MmmLC cell suspension. Set of two tubes 

were incubated at 37
o
C and 25

o
C to further exclude bacterial and fungal contaminations. All the 

sub-cultured media tubes along with un-inoculated media tubes as control were incubated for 14 

days. The tubes were observed for the presence or absence of any type of growth. 

 

9.2.3.4.2. Innocuity test 

 

  

Ten tubes marked from 10
-1

 to 10
-10

 and each containing 9ml of modified CCPP broth 

were used to make tenfold serial dilutions of 1ml of MmmLC cell suspension. Broth tube sub-

cultured with live MmmLC as positive control and 3 un-inoculated medium tubes as negative 

control were also included. All the tubes were incubated at 37
o
C for 12 days and observed for the 

presence or absence of the MmmLC growth. 

 

9.2.3.4.3. Safety test   

 

Six guinea pigs were injected intra-muscularly (hind leg), while another six intra-

peritoneally with 0.5 ml of the stock (whole) MmmLC cell suspension. All the animals were 

observed for 14 days for any sign of disease, abscess on the site of inoculations and any death. 

Any vaccine oriented deaths and formation of abscess at the inoculation sites: muscles and 

peritoneum fails and disqualifies the vaccine for onward use in the goats.   

 

9.2.3.4.4. Protein determination of MmmLC cell suspension 

  

 The total protein in the MmmLC cell suspension was determined by following the 

manufacturer‟s instruction accompanied with the BCA protein quantification kit (Catalog # 

20831001-1, BioWorld-USA). Briefly standards with known concentrations of bovine serum 

albumin (BSA) (Bio-World) were used. Each of the 100ul of known BSA standards and test 

samples (MmmLC cell suspension) were separately mixed with the BCA reagent (2.0 ml) supplied with 

the kit and incubated at 37oC for 30 minutes. Prior to measure the optical density (OD) of the standard 

(BSA) and test samples at 562 nm wavelength, the spectrophotometer (UV-1700 Pharmaspec-Schimadzu, 

Japan) was adjusted to zero with the distilled water as blank. The standard curve was plotted for the 
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known concentrations of BSA and protein concentration of the inactivated MmmLC cell 

suspension (test sample) was estimated accordingly. 

    

9.2.3.5. Preparation of MmmLC based inactivated vaccine (bacterin)  

 

 Different protein concentrations of MmmLC based two main vaccines adjuvated 

separately with saponin and aluminium hydroxide gel were used to monitor the immune response 

against MmmLC.  

 

9.2.3.5.1. Preparation of saponin and aluminium hydroxide gel adjuvated MmmLC vaccine 

with different protein concentrations  

 

 The MmmLC cell suspension with the known protein concentration was used to make 

various protein concentrations (dilutions) such as 4, 2, 1, 0.5, 0.25, 0.125, and 0.06 mg per ml 

with sterile normal saline in order to use with adjuvants: saponin (final concentration: 1mg/ml) 

and aluminum hydroxide (final concentration: 5 mg/ml) in the vaccine experiment.  

 

9.2.3.5.2. Dispensation of MmmLC vaccines  

 

 In principal two ready to use vaccine preparations such as saponin (Merck-Germany) 

adjuvated and aluminum hydroxide gel (Fisher Scientific Co. USA) adjuvated were made with 

varying concentrations of proteins. The saponated vaccine preparation with 2mg/ml to 

0.03mg/ml protein concentration of MmmLC was added with 0.1% filtered sterilized saponin and 

quantity sufficient of 0.85% sterile normal saline to make 50ml of each vaccine.  The aluminum 

hydroxide gel adjuvated vaccine preparation with 2mg/ml to 0.03mg/ml protein concentration of 

MmmLC was added with 0.5% aluminum hydroxide gel, 0.85 % NaCl, 0.2% formalin 

(preservative) and quantity sufficient of distilled water to make 50ml of each vaccine. All the 

vaccine combinations were mixed thoroughly and kept at 4
o
C until further use.  Prior to use the 

vaccines in goats for the determination of immunogenecity, the sterility, innocuity, and safety 

tests (section 9.2.3.4) were carried out (OIE, 2008) for vaccine preparation against caprine 

pleuropneumonia. 
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9.2.3.6. Selection of goats for vaccination trial 

 

 Eighty five (n=85) male goats, approximately one year old, Khurasani (Kakari) breed 

were selected from a single flock (n= 310) from the Quetta district in Balochistan. All the goats 

were apparently healthy, without any observable symptoms for respiratory disease, sero-negative 

against MmmLC (by IHA and LAT), no mycoplasma species including MmmLC was isolated 

from the nasal swabs culture, and  were negative in PCR tests for the Mycoplasma mycoides 

cluster, sub-cluster, Mccp, and Mp organisms.   

  

9.2.3.7. Experimental design  

 

 Eighty five (n=85) goats were randomly divided into 17 groups of five animal in each 

group. Group 1 to 17 except group 8, 16 and 17 were vaccinated with various vaccine 

preparations of MmmLC. Goats in group 8 and 16 were injected with saponin solution (1mg/ml) 

and aluminum hydroxide gel suspension (5mg/ml), while goats in group 17 were injected with 

Mmc (PG-3) vaccine which has been in use since 1994 in goats to control caprine 

pleuropneumonia in Balochistan. All the animals were kept at the same housing facility for 9 

weeks. All the animals were fed with daily recommended allowance of hay, lucerne, concentrate 

grains, and had free access to mineral lick and drinking water. The experiment was carried out 

from February 2009 to May 2009, during which the average maximum ambient temperature 

ranged from 20
o
C to 38

o
C with 20-30% humidity. Rectal temperature of the vaccinates was daily 

recorded for 2 weeks post-first and booster vaccination. Blood samples (5ml) were collected 

weekly for the entire duration of the experiment.  

 

9.2.3.8. First vaccination 

     

 Fourteen groups (five goats in each group) were subcutaneously injected (right shoulder) with 

different doses of vaccines containing  2, 1, 0.5, 0.25, 0.125, 0.06 and 0.03 mg/ml of  MmmLC protein as 

ready to use liquid vaccines adjuvated with saponin and aluminum hydroxide gel respectively on day 

zero. Similarly goats in group 8, 16 and 17 were injected with 1 ml of saponin solution (1mg/ml), 1 ml of 

aluminum hydroxide gel (5mg/ml) and 1 ml of Mmc based vaccine (CASVAB) respectively. The animals 
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were observed for any clinical manifestation, any local reaction (swelling and irritation) at the 

site of inoculation, and death due to the vaccines.       . 

 

9.2.3.9. Second vaccination (Booster dose)  

   

 The second vaccination shots (booster) of the same vaccines described previously (section 

9.2.3.8) were injected subcutaneously on the left shoulder of goats in each group after 3 weeks 

post-first vaccination on day 21. All the vaccinates were observed similarly as described earlier 

for first vaccination.  

       

9.2.4.0. Quantification of antibodies by IHA test  

 

 All the blood samples (serum separated) collected from the goats (n=85) after first 

vaccination and booster with MmmLC based vaccines and from the controls (group 8, 16 and 17) 

were quantified for antibodies against MmmLC using indirect haemagglutination assay (IHA). 

The method as described by Muthomi et al (1983) and Cho et al (1976) were followed with little 

modifications (section 7.2.1.2).  

  

9.2.4.1. Challenge and protection of vaccinated goats with the field strain of MmmLC  

     

9.2.4.1.1. Challenge with MmmLC  

 

 

 All the goats in groups from 1-17 including control group that is 8 (only injected with 

1mg/ml saponin), 16 (only injected with 5mg/ml of aluminum hydroxide gel and 17 (1ml 

containing 10
8
CFU of Mmc in vaccine prepared at CASVAB) having first (0-day) and booster 

shots (21 day) of the respective vaccines  were challenged 3-weeks post-booster vaccination with 

the local field strain of pathogenic MmmLC culture (isolated from the lung sample of 

pleuropneumonia suspected goats from Loralai district in Balochistan: (see section 4.3.1.3). Ten 

ml of MmmLC activated culture (in modified CCPP broth-without antibiotic and thallium 

acetate) having approximately 2x 10
8 

CFU/ml was administered to the goats through intra-nasal 

spray. 
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9.2.4.1.2. Clinical examination and collection of Blood sample  

 

 All the goats were observed post-challenge for a period of 3 weeks for any rise in body 

temperature (rectal), along with signs and symptoms of any disease. The main clinical 

manifestations such as fever, respiratory symptoms and arthritis (swollen joints) were scored 

(Table 9.1). Blood samples (5ml) were collected for antibodies detection by IHA (section 

7.2.1.2.l) from each of the MmmLC challenged goats for a period of 3 consecutive weeks.    

 

9.2.4.1.3. Post-mortem examination and bacteriology  

 

 All the goats died post-challenged up to 3 weeks  and sacrificed on the last day (day 63) 

of experiment underwent post-mortem examination, while bacteriological cultures were made 

from the nose, lung, spleen, liver, kidney, heart, and fore-limb joints by following the method as 

described by Nicholas and Baker, (1998) (section 2.2.3.4). 

 

9.2.4.1.4. Quantification of antibodies by IHA test  

 

 All the blood samples (serum separated) collected from the goats post-vaccination and 

post-challenge with MmmLC (9 weeks) were quantified for the antibodies against MmmLC using 

indirect haemagglutination assay (IHA). The methods as described by Muthomi et al (1983) and 

Cho et al (1976) were followed with little modifications (section 7.2.1.2).  

 

9.3. RESULTS 

 

9.3.1. Inactivation of MmmLC by saponin and formalin 

 

 

 Formalin has inactivated the MmmLC at the concentration of 2, 1 and 0.5% within 2 

hours at 37
o
C. The other concentrations of 0.25 and 0.125% were bactericidal within 12 hours at 

37
o
C, while the remaining concentrations of 0.06, 0.03 and 0.015% were found effective within 

48 hours. The 0.008% concentration of formalin appeared                                                        
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ineffective in killing the MmmLC even within 48 hours post-treatment with formalin at 37
o
C 

(Table 9.2 and figure 9.1). 

 

 Formalin at 2%, 1% and 0.5% to 0.25% was found effective in killing the MmmLC cells 

within 2hours, 12 hours, and 48 hours at 4
o
C temperature respectively. All the other 

concentrations of formalin were found non-mycoplasmacidal at 4
o
C temperature within 48 hours 

post-exposure (Table 9.3 and figure 9.2). 

 

 Saponin with 8mg, 4mg, and 2mg per ml concentrations at 37
o
C temperature was 

observed effective in killing the MmmLC at zero time post-treatment (within no time). Saponin 

at 1 mg/ml and 0.5mg/ml were found mycoplasmacidal within 30 minutes and 12 hours at 37
o
C 

respectively. All the remaining concentrations of saponin appeared ineffective in killing the 

MmmLC at 37
o
C within 48 hours (Table 9.4 and figure 9.3). 

 

 Saponin at the concentrations of 8mg and 4 mg per ml was found effective in killing the 

MmmLC within zero time at 4
o
C while at 2mg/ml concentration it was observed 

mycoplasmacidal within 3 hours. Remaining all the concentrations of saponin were observed 

ineffective in killing MmmLC at 4
o
C within 48 hours (Table 9.5 and figure 9.4). 

 

Apparently both formalin and saponin were found temperature dependent in the present 

study. To select the lowest concentration of chemical inactivant for killing MmmLC whole cell 

based vaccine within shortest possible time at comparatively lower temperature, both formalin 

(0.125%), and saponin (0.5mg/ml) were found effective in killing MmmLC within 12 hours at 

37
o
C. 

9.3.2. Preparation, use, challenge and protection test of MmmLC vaccine  

 

  

9.3.2.1. Reactivation and up scaling of MmmLC culture 

 

    

The freeze dried culture of MmmLC was re-activated in modified CCPP broth within 72 

hours and the growth was successfully up scaled to one liter volume. Overall the viable counts 

for the one liter MmmLC culture was 10
8 

CFU/ml while the centrifuged and re-suspended 

MmmLC cell suspension yielded 10
10 

CFU/ml. 
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Table 9.1. Scoring scheme for the clinico-pathological findings in post-challenged vaccinated 

goats 

 
 

 

 

  

Clinico-Pathological Scoring 

 

        0                        1                             2                             3 

 

Observation 

 

Manifestations 

    

 

Clinical           1       

symptoms         

 

 

Pyrexia 

 

 

<40oC 

 

>40oC 

  

 

2 

 

 

Respiratory 

symptoms 

 

 

Normal 

 

Mild 

 

Moderate 

 

Severe 

 

                         

3 

 

Arthritis 

 

 

 

Absent 

 

Mild swollen 

fore limb joints 

 

Moderate,slight 

lameness 

 

Severe marked 

lameness 

 

 

Gross             1   

pathology 

 

 

Congested lungs 

 

 

Absent 

 

Present 

  

 

                         

2 

 

Fibrinous 

pleuropneumonia 

 

 

Absent 

 

Present 

  

 

                         

3 

 

Hydrothorax 

 

 

Absent 

 

Little fluid 

 

Moderate fluid 

 

Excessive fluid 

 

 

Fate of goat 

 

  

Sacrificed 

 

Dead 
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Table 9.2. Inactivation of MmmLC by formalin at 37
o
C 

 

        

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
                       m: Minute  

                            h: Hour    

                           CCU: Color changing unit for MmmLC  

 

 
                    (% showing concentration of formalin and control with no formalin)   

                          

                               Figure 9.1. Use of formalin as an inactivant for MmmLC cells at 37
o
C 

 

 

  Formalin concentration (%) 

 2 1 0.50 0.25 0.125 0.06 0.03 0.015 0.008 control 

 

Time CCU (Log10) /ml 

 

0 m 

 

6 

 

6 

 

6 

 

7 

 

7 

 

8 

 

8 

 

8 

 

8 

 

8 

30m 4 5 6 7 7 6 6 7 8 8 

1h 2 2 2 5 6 5 6 7 8 8 

2h 0 0 0 3 4 5 6 6 7 8 

3h 0 0 0 2 2 4 5 5 7 8 

12h 0 0 0 0 0 3 4 4 7 7 

24h 0 0 0 0 0 2 2 3 5 8 

48h 0 0 0 0 0 0 0 0 5 8 
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Table 9.3. Inactivation of MmmLC by formalin at 4
o
C 

 
            

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
           m: Minute  

h: Hour    
*CCU: Color changing unit for MmmLC  

 

 

 
                       (% showing concentration of formalin and control with no formalin) 

         

 

Figure 9.2.   Use of formalin as an inactivant for MmmLC cells at 4
o
C 

 

 

  Formalin concentration (%) 

 2 1 0.50 0.25 0.125 0.06 0.03 0.015 0.008 control 

 

Time CCU (Log10) /ml 

 

0 m 

 

7 

 

7 

 

7 

 

7 

 

8 

 

8 

 

8 

 

8 

 

8 

 

8 

30m 5 6 7 7 8 8 8 8 8 8 

1h 3 4 6 6 7 7 7 7 8 8 

2h 0 3 5 5 7 7 7 7 8 8 

3h 0 1 4 5 6 6 6 6 7 8 

12h 0 0 2 4 6 6 6 6 6 7 

24h 0 0 2 2 5 6 6 6 6 8 

48h 0 0 0 0 4 4 5 5 5 8 
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Table 9.4. Inactivation of MmmLC by saponin at 37
o
C 

 

       

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
                    m: Minute  

                              h: Hour    

                             CCU: Color changing unit for MmmLC  

 

 
                    (saponin concentration in mg/ml and control with no saponin) 

 

  Figure 9.3.  Use of saponin as an inactivant for MmmLC cells at 37
o
C 

 

 

 Saponin concentration (mg/ml) 

 8 4 2 1 0.5 0.25 0.125 0.06 0.03 control 

 

Time CCU (Log10) /ml 

 

0 m 

 

0 

 

0 

 

0 

 

4 

 

5 

 

8 

 

8 

 

8 

 

8 

 

8 

30m 0 0 0 0 5 7 7 7 8 8 

1h 0 0 0 0 3 7 7 7 7 8 

2h 0 0 0 0 2 6 6 6 7 8 

3h 0 0 0 0 1 5 5 6 6 8 

12h 0 0 0 0 0 5 5 5 6 8 

24h 0 0 0 0 0 4 5 5 6 7 

48h 0 0 0 0 0 2 3 5 6 8 
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Table 9.5. Inactivation of MmmLC by saponin at 4
o
C 

 

          

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
             m: Minute   

      h: Hour    

      CCU: Color changing unit for MmmLC  

 

 

 
                       (saponin concentration in mg/ml and control with no saponin) 

  

Figure 9.4.  Use of saponin as an inactivant for MmmLC cells at 4
o
C 

 

 

 

 Saponin concentration (mg/ml) 

 8 4 2 1 0.5 0.25 0.125 0.06 0.03 control 

 

Time CCU (Log10) /ml 

 

0 m 

 

0 

 

0 

 

7 

 

7 

 

7 

 

8 

 

8 

 

8 

 

8 

 

8 

30m 0 0 6 7 7 8 8 8 8 8 

1h 0 0 4 6 6 7 8 8 8 8 

2h 0 0 2 6 6 7 7 7 8 8 

3h 0 0 0 5 6 7 7 7 7 8 

12h 0 0 0 5 5 6 7 7 7 8 

24h 0 0 0 4 5 6 6 7 7 7 

48h 0 0 0 4 4 5 5 7 7 8 
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9.3.2.2. Inactivation of MmmLC cell suspension with saponin and formalin 

 

The MmmLC cell suspension was found completely inactivated with saponin (0.5mg/ml) 

and formalin (0.125%) at 37
o
C within 12 hours as the subsequent sub-cultured broth tubes did 

not show any change in the color of medium.  

 

9.3.2.3. Sterility, innocuity, safety and protein determination tests for MmmLC  

  

 The inactivated MmmLC cell suspension by the formalin and saponin was found 

completely sterile as no bacterial and fungal contaminants were found during the sterility testing.  

 

 All the guinea pigs injected with the MmmLC killed (inactivated) vaccine adjuvated with 

saponin and aluminum hydroxide gel were found normal and no untoward side effect with the 

applied vaccines was observed except mild local inflammatory reaction in guinea pigs injected 

only with the saponated vaccines was observed during the safety test. The inflammatory reaction 

at the site of inoculation was found transient and subsided within a week time post-vaccination. 

  

 The innocuity test showed complete inactivation and killing of MmmLC cells by the 

saponin and formalin as none of the sub-cultured broth tube in 10 fold serial dilution for 

MmmLC cells was positive (no color change of medium tube) for mycoplasma growth.  

  

 The protein concentration of 4mg/ml and 4.5mg/ml in MmmLC cell suspensions 

inactivated with saponin and formalin was observed.  

 

9.3.2.4. Dispensation of MmmLC vaccines with saponin and aluminum hydroxide gel  

  

 The MmmLC vaccines with varying concentrations of protein were satisfactorily prepared 

and adjuvated with saponin (1mg/ml) and aluminum hydroxide gel (5mg/ml). The sterility, 

safety and innocuity tests were fine as all the vaccine preparations were                                        
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found free from any bacterial and fungal contamination, safe in the injected guinea pigs, and 

MmmLC organisms were completely killed.    

 

9.3.2.5. Post-vaccination examination of goats  

 All the goats (n=85) in total of 17 groups (n=5 goats/group) were found healthy and no 

clinical manifestations associated with respiratory or any other disease was noticed. Only mild 

self limiting local inflammatory reaction with the saponated vaccine preparations was observed 

in vaccinates which disappeared within one week post-vaccination.  Among the 85 total 

experimental goats only one goat from each of group no. 1 and 6 were found dead on 35 and 21 

days post- vaccination. The cause of the death in both of the goats was excessive diarrhea due to 

Enterotoxaemia (Clostridium perfringens).     . 

 

9.3.2.6. Post-vaccination quantification of antibodies in goats by IHA test  

 

9.3.2.6.1. MmmLC saponated vaccines 

 

 

The results for the quantification of antibodies against MmmLC saponated vaccine in 

goats are shown in table 9.6 and figure 9.5. 

 

Antobody titers for all the five goats in each of the vaccinated group are showed as (log2) 

mean antibody titers from 1-6 week post-vaccinations. The cut-off (base-line) antibody titer of 

1:64 (log2 of 6) was considered as positive based on the study previously presented in this thesis 

(section 7.3.2).  

 Significant antibody response up to 7.6 (log2 mean antibody titer) was seen for MmmLC 

saponated vaccines with 2, 1, 0.5, and 0.25 mg/ml protein concentrations as compared to 5.8 

(log2 mean antibody titer) for 0.125, 0.06, 0.03 mg/ml concentrations. The Mmc vaccine 

prepared at CASVAB did not show (log2) mean antibody titer higher than 2.8 up to 3 weeks post 

vaccination. 

 

 Similarly the serum samples after booster vaccination (21 days post-1
st
 vaccination) for 

the MmmLC 2, 1, 0.5, and 0.25 mg/ml protein concentrations were quite  
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Table 9.6. Quantification of antibodies (Log2 mean antibody titers) in vaccinated (MmmLC 

saponated vaccine) and post-challenged goats by indirect haemagglutination assay 

 
 

Groups (Types of vaccine) 

 

 1 2 3 4 5 6 7 17 8 

 

Saponin adjuvated: 1mg/ml 

 

MmmLC vaccine (protein concentrations : mg/ml) 

 

 

CASVAB
1
 

prepared 

Mmc 

vaccine 

(CFU
2
/ml) 

 

Saponin  

 

(mg/ml) 

 

Days 2 1 0.5 0.25 0.125 0.06 0.03 10
7
 1 

 

0 
1st 

vaccination 
 

 

43 

 

3.63 

 

2.43 

 

2.63 

 

33 

 

3.43 

 

33 

 

2.63 

 

2.63 

7 

 

6 4.8 4.6 5.6 4.6 4.2 2.8 2.6 2.6 

14 

 

7 5.8 6.6 6.6 4.6 3.8 3.6 3.6 2.8 

21 
Booster  

vaccination 

7.4 7.6 6.8 6.8 5.8 4.75 4.4 4.2 2.8 

 

28 

 

 

8.6 

 

8.4 

 

7 

 

7.2 

 

5.8 

 

5 

 

5 

 

4.8 

 

3.2 

35 

 

8.75 8.4 8.6 8.6 6.8 5.5 5.4 4.8 3.2 

42 
Challenge 

with 

MmmLC 

 

9.5 8.8 8.4 8.4 6 5.75 4.8 4.2 3.4 

49 

 

10.75 9.6 9.2 9.2 8 7 6.4 5.6 6.2 

56 

 

9.5 8.6 8.2 8.2 7.20 6.5 6.25 5.75 8 

63 

 

9.25 9 8.6 8.2 6.30 6 4 5 5 

 
                                     1CASVAB: Center for Advanced Studies in Vaccinology and Biotechnology 
                                     2CFU: Colony forming units  
                                      3Log2 mean antibody titer calculated from five goats/vaccine group 
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                       (MmmLC protein concentration in mg/ml) 

 

 

               Figure 9.5. Antibody titres in goats vaccinated with MmmLC saponated   vaccine 

by IHA.  
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higher up to 9.5 (log2) mean antibody titer than the remaining vaccines up (log2) of 6 mean 

antibody titer) with low protein concentrations including Mmc vaccine (CASVAB). Interestingly 

among the MmmLC low protein concentration vaccines, 0.125 mg/ml has yielded (log2) mean 

antibody titer of 6.8 at 5 weeks post-vaccination.  

 

 The goats injected only with saponin solution (1mg/ml) were found with a negative titer 

of up to 3.4 (log2 mean antibody titer) on 42 days post-vaccination 

 

 

9.3.2.6.2. MmmLC aluminum hydroxide gel vaccines    

 

    The results for the quantification of antibodies against MmmLC aluminum hydroxide 

gel adjuvated vaccines in goats are shown in table 9.7 and figure 9.7. 

 

 All the MmmLC vaccine concentrations such as 2, 1, 0.5, 0.25, 0.125, 0.06 and 0.03 

mg/ml containing aluminum hydroxide gel as an adjuvant were found with (log2) mean antibody 

titer lower than the base line titer (log2) of 6 on 3 weeks post- first vaccination. 

 

 Conversely only MmmLC protein concentrations with 2 and 1 mg/ml containing 

aluminum hydroxide gel have yielded (log2) mean antibody titers of 6.2 and 6.0 on 3 weeks post 

booster vaccination respectively. 

 

 The goats injected only with aluminum hydroxide gel suspension (5mg/ml) were found 

with a negative titer of up to 2.8 (log2 mean antibody titer) on 42 days post-vaccinations. 

 

9.3.2.6.3. Comparison of saponin and aluminum hydroxide gel adjuvated MmmLC vaccines  

 

On comparison of two extremes of MmmLC saponated vaccines with the aluminum 

hydroxide gel adjuvated vaccines, the former set of vaccine has shown comparatively promising 

antibody titers. Briefly MmmLC vaccines containing 2 and 0.25 mg/ml protein concentrations, 

adjuvated with saponin and aluminum hydroxide gel on  
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         Table 9.7. Quantification of antibodies (Log2 mean antibody titers) in vaccinated 

(MmmLC: ALHG adjuvated vaccine) and post-challenged goats by indirect 

haemagglutination assay 

 
 

Groups (Types of vaccine) 

 

 9 10 11 12 13 14 15 17 16 

 

ALHG
1 adjuvated: 5mg/ml 

 

MmmLC vaccine (protein concentrations : mg/ml) 

 

 

CASVAB
2
 

prepared 

Mmc 

vaccine 

(CFU
3
/ml) 

 

ALHG  

 

(mg/ml) 

 

Days 2 1 0.5 0.25 0.125 0.06 0.03 10
8
 5 

 

0 
1st 

vaccination 
 

 

2.84 

 

3.24 

 

2.64 

 

2.84 

 

2.64 

 

2.64 

 

2.84 

 

2.64 

 

2.44 

7 

 

3 3.4 2.8 2.8 3 3 2.8 2.6 2.4 

14 

 

4.8 4.4 4 3.8 3.6 3.4 3.2 3.6 2.4 

21 
Booster  

vaccination 

5.4 4.8 4.4 4 4 3.8 3.6 4.2 2.6 

 

28 

 

 

5.2 

 

5 

 

4.2 

 

4 

 

4.2 

 

3.8 

 

3.4 

 

4.8 

 

2.6 

35 

 

6 5.4 5 5 4.8 4.6 4.2 4.8 2.6 

42 
Challenge 

with 

MmmLC 

 

6.2 6 5.2 5 4.8 4.8 4.4 4.2 2.8 

49 

 

7 6.8 6.4 6.2 5.8 6 5.8 5.6 5.8 

56 

 

7.8 6.8 7 6.8 6.6 6.4 6 5.75 6.6 

63 

 

7.2 6.3 6.7 6.7 6.5 6 5.5 5 5.4 

 
1 ALHG: Aluminium hydroxide gel 
2CASVAB: Center for Advanced Studies in Vaccinology and Biotechnology 
3CFU: Colony forming units  
4Log2 mean antibody titer calculated from five goats/vaccine group 
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                            (MmmLC protein concentration in mg/ml) 

                      

 

                    Figure 9.7.  Antibody titres in goats vaccinated with MmmLC aluminium   

hydroxide gel (ALHG) adjuvated vaccine by IHA.   

                    

 

 
                                    (MmmLC protein, saponin and ALHG concentrations in mg/ml) 
             

 

                       Figure 9.9. Comparison of antibody titres observed in MmmLC saponated, 

aluminium hydroxide gel (ALHG) adjuvated and Mmc saponated vaccinated and 

post-challenged goats by IHA. 
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42 days post-vaccinations have shown significantly higher mean antibody titers (log2) of 9.5 and 

(log2) of 8.4 for saponin vaccines than the (log2) of 6.2 and (log2) of 5 titers of aluminum 

hydroxide gel vaccines respectively. The Mmc vaccine (CASVAB) was also found with low 

mean antibody titer of (log2) 4.2 (Table 9.6, 9.7 and figure 9.9). 

 

9.3.2.7. Challenge and protection of vaccinated goats with the field strain of MmmLC  

 

 The results for the clinico-pathological examinations, isolations and identification of 

mycoplasmas, post challenge mortality and antibody profiles for the vaccines are shown.  

 

9.3.2.7.1. Clinico-pathological examinations, isolation and identification of Mycoplasma 

species 

 

 The results for the clinico-pathological examinations and isolation and identification of 

Mycoplasma species are shown (Table 9.8, 9.9, 9.10 and 9.11). 

 

  Of the 17 groups of goats included in the MmmLC post-challenge experiment, only goats 

from group 1, 2, 3 and 4 (injected with MmmLC saponated vaccine) did not show any rise in 

body temperature (>40
o
C) and no signs and symptoms of any respiratory or other disease were 

observed in these animals up to the termination of the challenge experiment (3weeks). No 

mortality was seen in these goats and post-mortem examination of the sacrificed goats did not 

reveal any gross pathological lesions particularly lung congestion, fibrinous pleuropneumonia 

and pleural fluid (hydrothorax). Statistically significant difference (X
2
= 36.38, df = 4, p-value 

<0.0001) was observed for group 1 with 5, 6, 7 and 8 groups for the total scores calculated for 

clinico-pathological and mortality results. Similar statistical difference was also found for either 

of group 2, 3, 4 with 5, 6, 7, and 8 groups. Statistically significant difference (X
2
=45.2, df=1, p-

value<0.0001) was observed between group 1 (2mg/ml MmmLC saponin vaccine) and 9 

(2mg/ml MmmLC aluminum hydroxide gel vaccine). Similar statistical difference was calculated 

when group 2, 3, 4 (1mg/ 0.5mg/ 0.25mg/ml MmmLC saponated vaccines) was compared with 

either of group 9, 10, 11, 12, 13, 14, 15 (2mg/1mg                                                  
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/0.5mg/0.25mg/.0.125 mg/0.06mg/0.03mg/ml MmmLC aluminum hydroxide gel vaccine) and 16 

with 5mg/ml only aluminum hydroxide gel (Table 9.9). Bacteriological investigation also has 

showed varying recovery of MmmLC from the samples cultured from the nasal cavity, lung, 

heart, liver, spleen, kidneys and fore-limb joints of the sacrificed goats from group 1, 2, 3, 4, 6,  

,8 and 17 (Table 9.10). Highest isolation of 71% (n=25) of MmmLC organisms was observed in 

group 8 while 14% (n=5) of lowest isolation was noticed in group 1. 

 

 Surprisingly most of the goats in 0.125 to  0.03mg/ml MmmLC saponin vaccinated, 2-

0.03 mg/ml MmmLC aluminum hydroxide gel vaccinated, Mmc vaccinated  (CASVAB) and both 

of adjuvants control groups have shown fever of ≥ 40
o
C: mild to severe respiratory disease 

characterized with nasal discharge, cough, dyspnoea: arthritis manifested with swollen fore limb 

joints, slight to marked lameness. Gross pathological examinations also revealed congested lungs 

(Figure 3.5), fibrinous pleuropneumonia (Figure 4.2) and presence of little to excessive straw 

colored pleural fluid (Figure 4.7) in the thoracic cavity of many of the dead and sacrificed post-

challenged goats. The bacteriological results have shown re-isolation of the MmmLC organisms 

(Figure 2.13) from most of the samples from the nasal cavity followed by lung, liver, spleen, 

kidneys, fore-limb joints and heart of the experimental goats (Table 9.10 and 9.11). The re-

isolated mycoplasma organisms were identified as MmmLC by the classical biochemical 

(Figures 2.5, 2.6, 2.7, 2.8, 2.9, and 2.10), growth inhibition (Figure 2.11) and Mycoplasma 

mycoides cluster PCR (Figure 5.3), and sub-cluster PCR-RFLP (Figure 5.4 and 5.6) tests. 

Statistically non-significant difference (X
2
=6.74, df=4, p-value=0.1503) was observed among 

group 5, 6, 7, 8, and 17 for the total scores calculated for clinico-pathological and mortality 

results. Statistically non-significant difference (X
2
=7.66, df=4, p-value=0.1049) was observed 

among group 9,10,11,12 and 13. Statistically non-significant difference (X
2
=3.15, df=3, p-

value=0.3691) was observed among group 14, 15, 16 and 17. Statistically non-significant 

difference (X
2 

analysis,
 
p-value >0.05   ) was observed between group nos. 5 (0.125mg/ml 

MmmLC saponin vaccine) and 9 (2mg/ml MmmLC aluminum hydroxide gel vaccine). Similar 

statistical difference was found when either of group 6, 7, 8 and 17 was compared with either of 

group 9, 10, 11, 12, 13, 14, 15 and 16 (Table 9.9). Bacteriological investigation also has showed 

varying recovery of MmmLC from the samples cultured from the nasal cavity, lung, heart, liver, 

spleen, kidneys and fore-limb joints of the sacrificed goats from group 9, 10, 11, 12, 13,  
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Table 9.8. Summary of total scores for the clinico-pathologic and bacteriological findings in 

post-challenged vaccineated goats 

 

  

 

Group 

no. 

 

 

Vaccine 

type 

 

No of 

Goats 

 

 

Clinical manifestations 

 

Dead/ 

Sacrifi

ced 

 

Gross-pathological lesions 

 

 

Total 

score 

 

Isolation & 

identification 

of MmmLC 

(Biochemical, 

GIT, PCRs) 

 

 

 

   

Fever 

≥40oC 

 

 

Resp. 

sympts 

 

Arthritis 

 

  

Congested  

lungs 

 

 

Fibrinous 

pneumonia 

 

 

Hydro-

thorax 

 

  

 

1 

 

 

2mg +  

saponin 

4 0 0 0 0 0 0 0 0 No 

 

2 

 

 

 

1mg+  

saponin 

5 0 0 0 0 0 0 0 0 No 

 

3 

 

 

0.5mg+  

saponin 

5 0 0 0 0 0 0 0 0 No 

 

4 

 

 

0.25mg+ 

saponin 

5 0 0 0 0 0 0 0 0 No 

 

5 

 

 

0.125mg+ 

saponin 

5 4 4 1 1 0 2 2 14 Yes 

 

6 

 

 

0.06mg+ 

saponin 

4 4 2 3 2 2 2 3 18 Yes 

 

7 

 

0.03mg+ 

saponin 

5 4 4 4 2 3 2 4 23 Yes 

 

8 
Only 1mg 

saponin 

5 5 4 4 4 2 3 5 27 Yes 

 

9 
2mg +  

ALHG 

5 3 4 1 1 2 2 2 15 Yes 

 

10 

 

1mg+ 

 ALHG 

5 5 6 2 2 2 2 4 23 Yes 

 

11 
0.5mg+  

ALHG 

5 4 6 4 2 3 1 7 27 Yes 

 

12 
0.25mg+  

ALHG 

5 4 8 4 2 3 1 5 27 Yes 

 

13 

 

0.125mg+ 

ALHG 

5 5 5 5 3 3 2 5 28 Yes 

 

14 

 

0.06mg+  

ALHG 

5 5 10 3 3 2 2 4 29 Yes 

 

15 

 

0.03mg+  

ALHG 

5 5 4 7 3 3 2 6 30 Yes 

 

16 
Only 1mg  

ALHG 

5 4 8 8 4 3 2 6 35 Yes 

 

17 

Mmc 

CASVAB 

vaccine 

5 3 4 5 3 3 2 5 25 Yes 
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Table 9.9. Statistical analysis of total scores of the clinico-pathological findings in post-

challenged vaccinated goats 
 

 

 

 

       

        *
Total thirteen score counts for clinico-pathological manifestations/ goat 
X2= 36.38, df=4, p-value <0.0001(significant difference) for comparison of group 1/2/3/4 with groups 5,6,7,8    

X2=6.74, df=4, p-value=0.1503 (non-significant difference) for comparison of groups 5, 6, 7,8,17 

X2=7.66, df=4, p-value=0.1049 (non-significant difference) for comparison of groups 9, 10, 11, 12, 13 

X2=3.15, df=3, p-value=0.3691 (non-significant difference) for comparison of groups 14,15,16,17,  

X2=45.2, df=1, p-value<0.0001 (significant difference) for comparison of group 1/2/3/4 with group 9/10/11/12/13/14/15/16  

X2 analysis,  p-value >0.05 (non-significant difference) for comparison of group 5/6/7/8/17 with group 9/10/11/12/13/14/15/16  

 

 

Group 

no. 

Types of vaccine 

 

(MmmLC protein/ml) 

 

No. of  

Goats/ 

group 

 

                                   Scores
* 

 

       Total                   Positive                Negative 

 

 

 

1 

 

 

2mg + saponin 4 52 0 52 

2 

 

 

 

1mg+ saponin 5 65 0 65 

3 

 

 

0.5mg+ saponin 5 65 0 65 

4 

 

 

0.25mg+ saponin 5 65 0 65 

5 

 

 

0.125mg+ saponin 5 65 14 51 

6 

 

 

0.06mg+ saponin 4 52 18 34 

7 

 

0.03mg+ saponin 5 65 23 42 

8 Only 1mg saponin 5 65 27 38 

9 2mg + Aluminium HG 5 65 15 50 

10 

 

1mg+ Aluminium HG 5 65 23 42 

11 0.5mg+  Aluminium HG 5 65 27 38 

12 0.25mg+  Aluminium HG 5 65 27 38 

13 

 

0.125mg+ Aluminium HG 5 65 28 37 

14 

 

0.06mg+  Aluminium HG 5 65 29 36 

15 

 

0.03mg+  Aluminium HG 5 65 30 35 

16 Only 1mg  Aluminium HG 5 65 35 30 

17 Mmc CASVAB vaccine 5 65 25 40 
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Table 9.10. Post-challenged re-isolation of MmmLC from different body sites of the vaccinated 

(saponin adjuvated) and non-vaccinated goats 

 

 
 

Sample 

sites 
 

 

Saponin adjuvated MmmLC vaccine 

Vaccinated and challenged (MmmLC) 

(n=5 goats/group) 
 

 

Saponin injected and   

challenged 

(MmmLC) 

(n=5 goats) 

 

CASVAB prepared 

Saponin adjuvated 

Mmc (PG3) vaccine 

(n=5 goats) 

Vaccinated and 

challenged (MmmLC) 
 

                   Groups 
 

 

 

 

1 2 3    4 5 6 7 8 17 

                                          

                                      Protein   (mg/ml)                                            mg/ml                        CFU/ 0.5 ml 

2.0 1.0 0.5 0.25 0.125 0.06 0.03 1.0 107 

Nasal 

cavity 

 

 

4* 4* 4* 4* 4* 5* 5* 5* 5* 

 

Lung 

 

 

1 2 2 2 3 4 4 4 4 

 

Heart 

 

 

 

0 0 0 0 1 1 0 1 1 

 

Liver 

 

 

 

0 0 0 0 1 2 3 4 3 

 

Spleen 

 

 

0 0 0 0 1 2 3 4 3 

 

Kidneys 

 

 

 

0 0 0 0 1 2 3 4 3 

Fore-

limb 

joints 

 

 

0 0 0 0 1 2 2 3 3 

 

Total 

(%) 

  5 

(14) 

6 

(17) 

6  

(17) 

6  

(17) 

12 

(34) 

18 

(51) 

20 

(57) 

25 

(71) 

22 

(63) 

 
* 

MmmLC isolated from number of goats 
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Table 9.11. Post-challenged re-isolation of MmmLC from different body sites of the vaccinated 

(aluminium hydroxide gel adjuvated) and non-vaccinated goats 

 

 
 

Sample    

sites 
 

 

ALHG
*
 adjuvated MmmLC vaccine 

Vaccinated and challenged (MmmLC) 

(n=5 goats/group) 
 

 

ALHG injected and 

challenged (MmmLC) 

(n=5 goats) 

 

CASVAB prepared 

Saponin adjuvated 

Mmc (PG3) vaccine 

Vaccinated and 

challenged (MmmLC) 

          (n=5 goats) 
 

               Groups 
 

 

 

 

9 10 11 12 13 14 15 16 17 

                                          

                             Protein   (mg/ml)                                                         mg/ml                            CFU/ 0.5 ml 

2.0 1.0 0.5 0.25 0.125 0.06 0.03 5.0 107 

Nasal 

cavity 

 

 

 4
**
  5

**
   4

**
 4

**
   5

**
   4

**
   5

**
   5

**
   5

**
 

 

Lung 

 

 

2 4 3 4 4 4 5 5 4 

 

Heart 

 

 

 

0 0 1 0 1 0 1 2 1 

 

Liver 

 

 

 

0 2 2 3 3 4 4 4 3 

 

Spleen 

 

 

0 2 2 3 3 4 4 4 3 

 

Kidneys 

 

 

 

0 2 2 3 2 4 4 4 3 

Fore-

limb 

joints 

 

 

0 1 2 2 2 1 3 4 3 

Total  

(%) 
6 

(17) 

16 

(46) 

16 

(46) 

19 

(54) 

20 

(57) 

21 

(60) 

26 

(74) 

28 

(80) 

22 

(63) 

 
* ALHG: Aluminium hydroxide gel 

** MmmLC isolated from number of goats 

 

 

 

 

  



360 

 

14, 15, 16 and 17 (Table 9.10). Highest isolation of 80% (n=28) of MmmLC organisms was 

observed in group16 while 17% (n=6) of lowest isolation was noticed in group 9. 

 

9.3.2.7.2. Post-challenge mortality in goats 

 

Overall mortality percentage among the challenged goats in all the groups was variable, 

except for group 1, 2, 3 and 4 where no goat was found dead up to 3 weeks post- challenge 

(Table 9.8). The highest mortality (80%) was observed in control goats injected only with 

saponin and aluminum hydroxide gel preparations. Further, the lowest mortality (20%) was 

noticed in goats vaccinated with 0.125 mg/ml (MmmLC saponated vaccine) and 2 mg/ml 

(MmmLC aluminum hydroxide gel vaccine).  

 

9.3.2.7.3. Post-challenge antibody profiles in goats vaccinated with MmmLC based 

adjuvated vaccines 

 

 

9.3.2.7.3.1. MmmLC saponated vaccines 

 

 

The results are shown in table 9.6 and figure 9.6. 

 

The immune status in the vaccinated goats up to 3 week post-challenge with pathogenic 

MmmLC has shown prompt and sharp increase in the (log2) mean antibody titers in the MmmLC 

saponated vaccines particularly on 1 week post challenge, titers were from log2 6.4 to log2 10.75 

in vaccines with 0.03mg and 2mg/ml MmmLC protein concentrations respectively.  

 

The antibody titers were observed declined from 2 weeks to 3 week post challenge but 

still antibody profile particularly for 2, 1, 0.5 and 0.25 mg/ml protein concentrations in MmmLC 

saponated vaccines were observed comparatively stabilized and better than the 0.125, 0.06, 0.03 

and even Mmc vaccine (CASVAB) as mean antibody titers were found from (log2) of 8.2 to 

(log2) of 9.25. 
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 The goats injected only with the saponin (1mg/ml) also have shown sharp rise in mean 

antibody titers up to log2 8 on 2 week post-challenge but was significantly reduced to log2 5 on 3 

week post challenge. 

 

9.3.2.7.3.2. MmmLC aluminum hydroxide gel vaccines  

 

The results are shown in table 9.7 and figure 9.8. 

 

 No significant sharp rise in antibody titers was noticed in goats up to 3 week post 

challenge with MmmLC. The mean (log2) antibody titers in most of the MmmLC aluminum 

hydroxide gel vaccinated goats were from 5.8 to 7 on 1 week post-challenge. The mean antibody 

titers ranging from (log2) of 5.5 to (log2) of 7.2 were seen in 3 week post- challenged goats. 

 

Only goats vaccinated with 2mg/ml protein concentration with aluminium hydroxide gel 

have shown (log2) mean antibody titer of 7 and 7.8 on 1 week and 2 week post-challenge 

respectively.   

 

The goats injected only with the aluminum hydroxide gel (5mg/ml) have also shown rise 

in mean antibody titers up to (log2) of  6.6 on 2 week post-challenge but was reduced to (log2) of  

5.4 on 3 week post challenge. 
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                (MmmLC protein concentration in mg/ml) 

 

 

Figure 9.6. Antibody titres in goats vaccinated with MmmLC saponated    vaccine 

and post-challenge titres by IHA.  

   

 

 
                            (MmmLC protein concentration in mg/ml) 

 

 

                 Figure 9.8. Antibody titres in goats vaccinated with MmmLC aluminium hydroxide 

gel (ALHG) adjuvated vaccine and post-challenge titres by IHA. 
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9.4. DISCUSSION 

 
 Caprine respiratory diseases caused by members of Mycoplasma mycoides cluster have 

serious economic impact on goats‟ production throughout the world. In Pakistan so far Mccp the 

sole cause of CCPP has not been isolated besides its PCR based detection in pleuropneumonia 

suspected goats in Balochistan province (Awan et al., 2009b). The alarming prevalence of 

MmmLC among the goats and subsequent experiments to reproduce the caprine 

pleuropneumonia with the involvement of joints has fulfilled the Koch‟s postulates. The losses 

due to MmmLC certainly are huge to the goat population in Balochistan but are not exactly 

estimated and highlighted. The present study describes for the first time the preparation and use 

of an effective killed adjuvated vaccine against MmmLC disease in goats in Balochistan. 

 

  Generally the killed vaccines (bacterin) require the use of a suitable chemical inactivant 

able to exert killing effect within short period of time, in lowest concentration, and at lowest 

temperature. This is equally true for the mycoplasma based vaccines as improper chemical 

inactivant can inflict damage to the immunogenic parts of the antigens and could lead to 

ineffective vaccines (Tola et al., 1999). In the present study saponin and formalin have been 

found mycoplasmacidal with 0.5 mg/ml and 0.125% concentrations at 37
o
C within 12 hours 

post-exposure. These suitable concentrations of the two inactivants were further used to prepare 

two main vaccines with adjuvants such as saponin and aluminum hydroxide gel. Saponin is 

reported to rapidly inactivate the mycoplasmas (Stipkovits et al., 2001). Saponin is well known 

as an inactivant and can very effectively and rapidly disrupt the cholesterol rich plasma 

membranes of mycoplasma organisms (Razin and Argaman., 1963). Further saponin has been 

found effective and associated apparently in preserving the major antigens of untreated whole 

cells (Tola et al., 1999). Similarly saponin has been successfully used in the inactivation of Mccp 

during the vaccine preparation against CCPP (Rurangirwa et al., 1987b; Njoroge et al., 1996; 

OIE, 2008). Likewise vaccine against contagious agalactia has been reported with the use of 

saponin and formalin as chemical inactivant (Loria, 2005). The researchers showed that saponin 

and formalin were found effective in killing Mycoplasm aagalactiae in 1mg/ml and 0.1% 

concentrations at 37
o
C within 2 hours respectively. This is in contrast to the results of the present 

study as comparatively lowest concentration of saponin (0.5%) with more post exposure time (12 

hours) at the similar                                                                                                                     
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temperature was found in killing the MmmLC organisms. Unlike formalin was found with 

similar inactivating action for both of the reported Mycoplasma species but requires more post 

exposure time in the present study. This discrepancy could be due to reason that MmmLC and 

Mycoplasma agalactiae are different species and may have difference in chemical structure of 

their plasma membrane and presence or absence of capsule with chemical and physical resistant 

abilities.   

 
The use of adjuvants has been documented since long in the inactivated bacterial 

vaccines with variable results. Saponin has been reported as a promising adjuvant and been used 

with the immunogens effectively (Kensil et al., 1991). In the present study MmmLC vaccine has 

been prepared and adjuvated with saponin and aluminum hydroxide gel. The overall results have 

shown comparatively higher efficacy of saponin as compared to aluminum hydroxide gel in 

different protein concentrations of MmmLC. Likewise saponin has been used in vaccine 

preparation against CCPP and reported as promising adjuvant (Rurangirwa et al., 1987b; 

Rurangirwa et al., 1991; OIE, 2008). The application of saponin as an adjuvant has also been 

described in a challenge and protection experiment against CCPP vaccine. Saponin is declared 

better than the aluminum hydroxide gel (Mulira et al., 1988). The outstanding efficacy of 

saponin as an adjuvant is also reported by using CCPP vaccine in the field goats (Litamoi et al., 

1989). The efficacy of aluminum hydroxide gel as an adjuvant in Mccp based vaccine is also 

compared with Freund's incomplete adjuvant (IFA). The later adjuvant was found better in 

protecting the goats in the challenge test than the aluminum hydroxide gel (Rurangirwa et al., 

1984). Saponin and aluminum hydroxide gel has also been documented in vaccines prepared 

using MmmLC and Mycoplasma agalactiae organisms as an immuno-prophylactic measure 

against contagious agalactia in goats (de la Fe et al., 2007).  

 

 In the present study saponin was found causing transient inflammatory reaction at the 

site of inoculation both in the vaccinated goats and guinea pigs during the safety test. The 

swelling was not severe and subsided within 7 days post inoculation. Similar findings have been 

observed for saponin when used as an adjuvant in vaccines (OIE, 2008).  
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The quantification of antibodies against MmmLC based adjuvanted vaccines is made by 

using the indirect haemagglutination test. The (cut-off value) base line positive antibody titer of 

≥1:64 (log2 of 6) already determined      (section 7.3.2).) was used in the present study. Similarly 

base-line titers (1:8; 1:40; and 1:160) have been used in IHA to exclude the non-specific and 

misleading antibody titers in order to have exact diagnosis of the mycoplasma disease (Cho et 

al., 1976; Muthomi and Rurangirwa, 1983; Jones, and Wood, 1988). Comparatively higher 

antibody titers (log2 of 9.5 and log2 of 8.4) were observed for the saponated vaccines as 

compared to the aluminum hydroxide gel (log2 of 6.2 and log2 of 5 titers) adjuvated vaccines 

containing 2 and 0.25 mg/ml MmmLC protein concentrations respectively. The currently used 

CASVAB prepared Mmc vaccine using the PG3 strain has been used in the field since 1992 with 

variable results. The antibody profile for this vaccine has shown very low mean antibody titers 

(log2 of 4.2) in the vaccinated goats on 42 days post vaccinations. The present study is in 

agreement with the findings observed during the evaluation of vaccine against contagious 

agalactia. The saponin based Mycoplasm agalactiae vaccine (with 0.5 and 2 mg/ml protein 

concentrations) used in the sheep is reported more immunogenic (Optical density –OD of >150 

in ELISA) than the aluminum hydroxide gel (OD of <100 in ELISA) containing the same protein 

concentrations and other commercially available contagious agalactia vaccines (Loria, 2005). 

Similarly when saponin and aluminum hydroxide gel are used as an adjuvants in MmmLC and 

Mycoplasma agalactiae based vaccine significant difference in antibody titers is observed 

between the vaccinated goats (de la Fe et al., 2007). A promising vaccine (2mg/ml protein 

concentration) against Mycoplasma bovis disease in calves using 2mg/ml of saponin (as an 

inactivant and adjuvant) is reported with ELISA antibody titer (OD value) of >200 on 18, 26, 33 

and 42 days post-vaccination (Nicholas et al., 2002). 

 

The results of the present study showing antibody titers against MmmLC in vaccinated 

challenged, and unvaccinated challenged are in close agreement with the findings reported by Muthomi 

and Rurangirwa (1983). The researcher reported IHA mean antibody titers of (log2) of 5.5 to (log2) of 8.5 

have been found in goats vaccinated with saponated CCPP vaccine. The negative control goats with 

artificial infection with CCPP has shown mean antibody titer of (log2) of 5 in samples collected few days 

before the death. Goats experimentally infected with Mccp and later treated with antibiotics                
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have also shown highest mean antibody titer of (log2) of 12 before the commencement of 

treatment.  

 

The challenge and protection experiment in the present study has shown 100% protection 

in goats from groups vaccinated with protein concentrations of 2, 1, 0.5 and 0.25 mg/ml of 

MmmLC with 1mg/ml of saponin as an adjuvant after 3 weeks post-challenge period. Lowest 

recovery of MmmLC has been found from the samples taken from nasal cavity, and lung during 

postmortem examination of the sacrificed goats. The present study is in agreement with the 

findings showing immuno protecting potential of 0.15 mg/ml of Mccp proteins (antigens) in 

challenge and protection experiment (Rurangirwa et al., 1984; Rurangirwa et al., 1987b). 

Moreover the use of vaccine containing 0.15 mg/ml of Mccp protein with saponin (as an 

inactivant and adjuvant) has been reported to give 95% and 100% protection in CCPP 

(Rurangirwa et al., 1991). The present study also highlights protein concentration of 0.25 mg/ml 

of MmmLC as a minimum standard or dose in protecting the goats (100%) from the clinical 

disease, mortality and gross pathological lesions in a challenge and protection experiment. 

Similarly Mycoplasma bovis saponated vaccine containing 2mg/ml of mycoplasma protein was 

found with significant level of protection in calves against a large virulent challenge of 

Mycoplasma bovis field strain (Nicholas et al., 2002).  Further the use of saponin (0.5mg/ml) as 

an inactivant and adjuvant in contagios agalactia vaccine using Mycoplasma agalactiae is found 

promising in protecting the sheep significantly from the clinical mastitis as compared to the non-

vaccinated sheep (Loria,  2005).  

 

Varying degree of mortality, clinical mycoplasma disease, gross pathology in the internal 

organs, and highest rate of recovery of mycoplasma from the nasal cavity, lung, liver, spleen, 

kidneys, and fore-limb joints have been found in all the goats in aluminum hydroxide gel based MmmLC 

vaccine, 0.125 to 0.003 mg/ml saponated vaccines, Mmc vaccine (CASVAB) and both the adjuvants 

control goats. The present findings are consistent with the research that reported only 20% protection of 

goats during challenge and protection experiment by using aluminum hydroxide gel adjuvated CCPP 

vaccine (Rurangirwa et al., 1984).  

 

The low antibody profiles of the Mmc based vaccine prepared at CASVAB by using the Mmc 

(PG3 strain) were significantly low (mean antibody titer (log2) of 4.2 on                                                  
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6 week  post-vaccination and (log2) of 5.75 on 2weeks post challenge as compared to the 

MmmLC based saponated vaccines in the present study. The Mmc was also found non-

pathogenic during the reproduction of experimental disease already presented in this thesis 

(section 8.3.1). Further the vaccine which was inactivated by formalin (0.2%) has contained 10
8 

CFU/ml of Mmc with saponin as an adjuvant (1mg/ml). Only 20% protection in mortality and 

marked clinical disease with gross pathological lesions were indicating low immuno-protection 

exerted by Mmc based vaccine against MmmLC pathogenic challenge.  

 

Overall sharp rise in the mean (log2) antibody titers was observed in all the saponated 

MmmLC vaccines particularly protein concentrations from 0.25 to 2 mg/ml up to 3 week post-

challenge experiment in goats. The antibody titers were later found declined from 2 to 3 weeks 

post-challenge but were still higher than he aluminum hydroxide gel based MmmLC vaccine. In 

the present study the sharp rise in antibodies may be due to the over production of IgM which are 

the antibodies produced primarily as the first line of the defense under antibody mediated 

immunity (AMI) and later declined as IgG level is increased in response to the adjuvanted 

immunogen. The steep rise in saponated MmmLC vaccinated goats as compared to the aluminum 

hydroxide gel vaccinate may be due to the reason that the level of protective antibody in the 

former goats was significantly higher (mean antibody titer log2 of 8.4 to 9.5) than the level (mean 

antibody titer log2 of 4.4 to 6.2) prevailing in the later group of animals due to the type of 

vaccines being used. The present findings are also in close agreement with the observation that 

sharp rise in antibody titer may be seen in goats experimentally infected with Mccp and then 

treated with antibiotics. It is suggested that in acute disease the antibodies are being produced 

against mycoplasma but are perhaps eclipsed due to presence of circulating mycoplasma antigens 

in vivo and therefore not detected by the serological test especially IHA and CFT (Muthomi and 

Rurangirwa, 1983).    
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9.5. CONCLUSIONS 

 

Two of the chemical inactivants such as saponin and formalin can be used to inactivate 

Mycoplasma species (MmmLC) at 0.5 mg/ml and 0.125% concentrations within 12 hours at 

37
o
C.  

  

 Saponin is found better adjuvant as compared to aluminum hydroxide gel in MmmLC 

based inactivated vaccines as the post-vaccination titers were significantly higher in saponated 

bacterins. 

 

 The in practice saponated Mmc (non-pathogenic strain) vaccine prepared at CASVAB, 

Balochistan is found poorly immunogenic in goats as compared to saponated MmmLC 

(pathogenic field strain) vaccine on 42 days post-vaccination.  

 

 The saponated MmmLC vaccines containing 2, 1, 0.5, and 0.25 mg/ml protein 

concentration are found promising as 100% protection in mortality with no clinical mycoplasma 

disease and gross pathological lesions are observed during challenge and protection test in the 

experimental goats. 

  

 Over all the immune status (log2 mean antibody titers) is found better in MmmLC 

saponated vaccines as compared to the aluminum hydroxide gel based vaccine on 3 weeks post-

vaccination and also is observed stabilized with suitably protective antibody titers (≥ log2 mean 

antibody titer of 8.2) even after post-challenge on 63 days with pathogenic MmmLC local field 

isolate. 
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GENERAL DISCUSSION 

 

Many of the pathogenic Mycoplasma species belong to Mycoplasma mycoides cluster 

which initially included six species and subspecies such as  Mycoplasma capricolum subspecies 

capripneumoniae (Mccp), Mycoplasma mycoides subspecies mycoides large colony (MmmLC), 

Mycoplasma mycoides subspecies capri (Mmc), Mycoplasma capricolum subspecies capricolum 

(Mcc), Mycoplasma mycoides subspecies mycoides small colony (MmmSC), and Mycoplasma 

bovine group 7 (BG7) (Cottew et al., 1987).  Recently MmmLC and Mmc have been proposed to 

be converged into a single subspecies and designated as Mycoplasma mycoides subspecies capri 

(Mmc), therefore mycoides cluster is left with five members (Manso-Silva´n et al., 2009). The 

present thesis has taken MmmLC and Mmc as separate entities as research investigations were 

started since 2006 before this new proposal. Furthermore the difference in colony morphology 

for both of the Mycoplasma subspecies, profiles in growth inhibition test, difference in antibody 

titers with homologous and heterologous antisera against MmmLC and Mmc and pathogenecity 

experiments in goats are the main reasons for this consideration.  

 

Caprine respiratory diseases particularly those inflicted by Mycoplasma species are 

commonly reported by goat farmers across the world (Nicholas, 2002b) including Pakistan. 

Among the many infectious diseases, Mycoplasma species have been of great concern as high 

morbidity and mortality rates have been observed during the mycoplasma disease outbreaks 

(Tariq, 1980). The direct and indirect losses caused by these infectious and contagious diseases 

may be underreported and not truly highlighted in Balochistan, Pakistan. The diagnostic facilities 

and control measures have not been up to date and mainly dependent on the use of clinical 

symptoms, gross pathology, conventional biochemical tests, uncontrolled use of antibacterials 

and exercise of inactivated caprine pleuopneumonia vaccine using non-pathogenic Mmc (PG3 

strain) organism. Limited studies have been conducted on the isolation and identification of 

caprine mycoplasma in Balochistan, but due to improper storage facilities mycoplasma field 

isolates lost viability and effective vaccine could not be prepared against caprine 

pleuropneumonia (Tariq, 1980). Besides the reports on the prevalence of CCPP, based on                         
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clinical respiratory symptoms observed in the affected goats, the isolation of Mccp the cause of 

CCPP could not be successful in Balochistan, Pakistan. Moreover, isolation and identification of 

other Mycoplasma species such as Mmc, Mycoplasma arginini, Mycoplasma agalactiae and 

Acholeplasma from goats have been reported (Tariq, 1980; Awan, 1985). The use of rapid 

serological tests such as latex agglutination and molecular biological tools such as polymerase 

chain reaction (PCR), restriction fragment length polymorphism (RFLP), and denaturing gradient 

gel electrophoresis (DGGE) in the diagnosis of caprine mycoplasma diseases have never been 

used and reported in Balochistan, Pakistan.  

 

The present thesis has highlighted the prevalence of Mycoplasma species in goats from 

fifteen districts of Balochistan. Overall the trend of clinical symptoms associated with 

mycoplasma respiratory disease in pleuropneumonia suspected goats was comparatively higher 

than the goats examined randomly in districts of Balochistan. The respiratory symptoms with the 

swollen fore-limb joints and diarrhea in the examined goats, further has indicated that the role of 

MmmLC, Mmc, Mcc and possibly Mp is inevitable. The present study is in agreement with the 

findings reported by   Nascimento et al. (1986), Rodriguez et al. (1998) and Melissa et al.  

(2005). Similarly higher frequency of gross pathology such as pneumonic lesions have been 

observed in pleuropneumonia suspected goats as compared to the lungs examined from the goats 

slaughtered at locally organized butcher shops in Balochistan. The gross-pathological findings of 

pneumonia and pleuropneumonia, in the mycoplasma diseases have been reported by various 

workers (DaMassa et al., 1986; Nicholas, 2002b). The nature of the mycoplasma disease in the 

pleuropneumonia suspected goats seems chronic as the clinical findings observed are not 

typically acute or sub-acute in nature and later postmortem examination revealed lobar 

pneumonia to fibrino-pleuropneumonia, and presence of pleural fluid in the thoracic cavity. 

Similar postmortem lesions have been reported in outbreaks of CCPP (Kusiluka et al., 2000; 

Ozdemir et al., 2005). Moreover might be the goats included in the present study could be the 

survivors from the mycoplasma inflicted acute respiratory disease. 

 

The isolation of Mycoplasma species has been carried out from nasal swabs (of randomly 

selected goats from fifteen districts of Balochistan), lung samples (from the randomly selected 

goats slaughtered at locally organized butcher shops in Balochistan),                                              

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_AbstractPlus&term=%22Kusiluka+LJ%22%5BAuthor%5D
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and from different body sites of the pleuropneumonia suspected goats (procured from fifteen 

districts of Balochistan). Higher isolation rates of MmmLC followed by Mmc, Mcc, Mp and 

M.arginini have been found from different sample sources. The results in general suggests that 

members of the class Mollicutes especially MmmLC, Mmc and Mcc may have a significantly 

major role in the existing respiratory problem in the investigated goats in Balochistan. Similarly 

many workers have reported the higher isolation rates of MmmLC, Mmc and Mcc from goats 

(DaMassa et al., 1992; Al-Momani et al., 2006). 

 

The use of classical biochemical and growth inhibition tests besides their demerits has 

been found still satisfactory and valid in the characterization of isolated Mycoplasma species. 

Likewise, classical biochemical and growth inhibition tests have been used in the identification 

of Mycoplasma species (Al-Momani et al., 2006; Eshetu et al., 2007; Mekuria et al., 2008).  

 

The use of PCR, RFLP and DGGE to identify Mycoplasma species have been found 

more promising and comparatively rapid, specific and less laborious than the conventional 

diagnostic tools. Similarly use of PCR for Mycoplasma mycoides cluster and PCR-RFLP for sub-

cluster (Bashiruddin et al., 1994), specific PCR for Mccp (Woubit et al., 2004) and DGGE for 

most of the veterinary mycoplasmas (McAuliffe et al., 2003; McAuliffe et al. 2005) have been 

reported. In the present study, the identification of Mcc was made using biochemical and growth 

inhibition tests and further confirmed by Mycoplasma mycoides cluster PCR (positive) and 

mycoides sub-cluster, Mccp specific and Mp specific PCR tests (negative). There is a pressing 

need to  use  Mcc-specific PCR to further validate the results presented in this thesis as it could 

not be materialized in the present thesis. The DGGE on few of the Mycoplasma species isolated 

from goats in Balochistan during this research endeavor was carried out at Veterinary 

Laboratories Agency (VLA) United Kingdom during a short visit of the author of this thesis. 

This technique was found better than the standard PCR as it could identify simultaneously more 

than one Mycoplasma species present in the same sample. The extensive application of DGGE 

for the identification of Mycoplasma species in pure culture, and directly processed clinical 

samples is suggested for future research studies on caprine mycoplasmas in Balochistan. 
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Further, the use of molecular biological tools such as PCR–RFLP on the directly 

processed nasal swabs and lung tissue samples collected from the goats in Balochistan has been 

highly helpful in highlighting the prevalence of Mycoplasma species involved possibly in the 

pathogenesis of existing caprine mycoplasmosis. This would be helpful in designing the effective 

control measures against infectious mycoplasma diseases in this part of the world. In the present 

study, besides failure of all the attempts made for the isolation of Mccp the sole cause of CCPP, 

surprisingly Mccp was detected by Mccp-specific PCR in few of the directly processed lung 

samples collected from the pleuropneumonia suspected goats procured from Pishin district in 

Balochistan. This is the first report on the molecular prevalence of CCPP in Pakistan. These 

animals were reported, transported from adjoining area of Afghanistan to Toba Kakari an area in 

Pishin district. The clinical symptoms, and gross pathology characterized with fibrino-

pleuropneumonia, unilateral hepatization of lung, and hydrothorax were suggesting the presence 

of CCPP in the pleuropneumonia suspected goats. Moreover, extensive studies are required to 

isolate the Mccp from the CCPP suspected cases in goats using the commercially available Mccp 

specific bacteriological growth medium (Mycoplasma Experience Limited, Reigate, UK). This 

medium was  donated to our laboratory by Dr Robin, Mycoplasma group, VLA, UK, and was 

used to isolate Mccp from the limited lung samples (positive for Mccp in Mccp-specific PCR) of 

pleuropneumonia affected goats but the bacterium could not be recovered. Of the many reasons 

for this isolation failure, the uncontrolled use of antibacterials to limit the mortality and reduce 

the severity of the clinical respiratory disease could be another vital reason. Moreover the 

isolation of Mcc and Mp from these goats is alarming as both have been known pathogens for 

goats and requires the establishment of their pathogenicity in order to decide the cause of 

existing CCPP like disease in the affected goats. Molecular based diagnosis of mycoplasma 

diseases using PCR have revolutionized by minimizing the time constraints and increasing the 

diagnostic efficacy but, the isolation and identification of the causative mycoplasma is still 

widely practiced and regarded as the gold standard (Nicholas et al., 2003). Generally Mccp is 

found fastidious in nature which makes its isolation rather difficult, therefore, isolation reports 

have only been reported from 13 countries (Nicholas, 2002a). The selection of the samples, 

CCPP growth media, and expertise in culturing Mccp are very crucial (OIE, 2008). It is reported 

that the isolation of Mccp is very important for the confirmation of its prevalence in an area 

(Thiaucourt et al., 1996). In the present study, the findings regarding the isolation failure           
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of Mccp might be due to the overgrowth of the fast growing Mycoplasma species, presence of 

concurrent bacterial species, inhibitory effect of antibiotics used in the mycoplasma medium and 

uncontrolled use of antibiotics in goats to control the CCPP (Nicholas and Baker, 1998; OIE, 

2008).  

 

The predisposing factors are well known and have a significant role in the precipitation of 

mycoplasma diseases in goats. In the present study, highest isolation rates have been observed in 

districts (Quetta, Pishin, Loralai, Zhob, and Killa Saifullah) having cold temperature during 

harsh winter and districts with less cold weather (Khuzdar, and Sibi). Most of these districts are 

having high density of goat population. Furthermore, poor animal husbandry practices, 

malnutrition, transportation stress, introduction of potential carrier of mycoplasma particulary 

from adjoining areas of Afghanistan, use of less promising and heterologus vaccine against 

caprine pleuropneumonia, young animals, and presence of other concurrent immuno-suppressive 

biological agents may prone the goats to various mycoplasma diseases. The present study is 

consistent with the finding describing the occurrence of caprine mycoplasmosis and its severity 

depending on the season (Simos, 1987). Moreover viruses such as capri-pox and peste des petits 

ruminants (PPR) have been found significant predisposing factors for Mycoplasma species 

affecting the lung  tissues in goats (Lefervre et al., 1987). Moreover, in the present study, the low 

prevalence (isolation) of Mycoplasma species in goats from Nasirabad, Harnai, Jafarabad, and 

Mastung districts could be due to the reasons of low density of goat population, less harsh (cold) 

weather, better husbandry practices, regular use of broad spectrum antibiotics, regular use of 

vaccines against bacterial and viral respiratory diseases, less transportation stress, better 

compliance with the animal quartine regulations, and lowest presence of mycoplasma carrier 

goats. 

 

Sero-diagnostic tools for the mycoplasma diseases are well documented. There have been 

discrepancies in the results obtained from various serological tests as Mycoplasma species especially 

members of Mycoplasma mycoides cluster share antigenic characteristics with each other (Cottew et al., 

1987; Petterson et al., 1996; Rodriguez et al., 1996).  The use of growth inhibition test, indirect 

haemagglutination assay (IHA), complement fixation test (CFT), and enzyme linked immunosorbent 

assay (ELISA) are widely used in the diagnostic mycoplasmology in many countries but determination of 

baseline titer or cut-off value is of prime concern. Similarly cut off                                                       
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value titer or baseline titer has been used in passive haemagglutination test (PHA) in the 

diagnosis of CCPP (Muthomi and Rurangirwa, 1983; Jones, and Wood, 1988), and IHA for 

bovine mycoplasmas (Cho et al., 1976). Latex agglutination has been known both for the 

detection of mycoplasma antigen and antibodies (Rurangirwa et al., 1987; Ayling et al., 1999; 

March et al., 2000; March et al., 2003). The standardization and use of LAT with the 

mycoplasma specific capsular polysaccharide (CPS) antigen, are reported better than the IHA, 

CFT and other conventional serological tests in the early detection of antibodies (Rurangirwa et 

al., 1987; Nicholas et al., 2000a; Houshaymi et al., 2002). Similarly in the present study LAT 

was standardized using CPS purified from the MmmLC (isolated from the pleuropneumonia 

suspected goats in Balochistan). Overall LAT was found rather simple, rapid, sensitive, and 

specific in detecting antibodies against MmmLC (CPS) as compared to IHA. The highest sero-

prevalence to MmmLC through LAT and IHA in goats from Quetta, Pishin, and Loralai districts 

is critical and indicates the presence of MmmLC in goats, a well known goat pathogen. The use 

of IHA with base-line titer (1:64) was found highly specific but with low sensitivity in 

quantifying antibodies against MmmLC in goats. Extensive serological studies using LAT, 

ELISA and immuno-blot are needed throughout the Balochistan to further address the diseases 

caused by Mccp, MmmLC or other potential pathogenic mycoplasma species. 

 

To fulfill the Koch‟s postulates (Koch, 1892), and Evan‟s rules (1976), the reproduction 

of experimental disease in the susceptible goats by the isolated Mycoplasma species is generally 

required. In the present study only MmmLC, isolated from the pleuropneumonia suspected goats 

in Balochistan was found successful in establishing an experimental disease in the goats. Typical 

clinical picture associated with respiratory disease with moderate to severe intensities as well as 

marked gross-pathological lesions have been noted in the experimentally inoculated goats by 

intra-tracheal and nasal spray routes. The overall experimental disease has shown septicemic and 

fatal potential of MmmLC organisms in the goats. Similarly reproduction of experimental 

mycoplasma disease using Mycoplasma species especially members of Mycoplasma mycoides 

cluster have been well documented (MacOwan and Minette, 1977; Rurangirwa et al., 1981; 

DaMassa et al., 1986; Wesonga et al., 2004; March et al., 2002). The other Mycoplasma species 

such as Mmc, Mcc, Mp, and M.arginini (isolated from the pleuropneumonia suspected goats in 

Balochistan) could not inflict a devastating respiratory disease in the                              

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_AbstractPlus&term=%22Rurangirwa+FR%22%5BAuthor%5D
file:\\sites\entrez
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experimentally inoculated goats except mild respiratory symptoms have been observed in few of 

the experimental goats. There may be several reasons for the incapability of these Mycoplasma 

species to inflict an experimental disease in goats. Among those the passage number, being non-

pathogenic strains, absence of essential predisposing factor, dose of inoculation, route of 

inoculation, incubation time, and loss of pathogenicity due to unknown reasons may be the 

contributing factors in the pathogenesis of mycoplasma disease. The results of the present study 

are in agreement with the research reported (Provost et al., 1987). Similarly Mccp was reported 

to produce a mild CCPP rather than severe devastating disease and multiple passages of the 

organism prior to use was suggested as the reason for this failure (Wesonga et al., 2004). In the 

present study, only one isolate from each of the Mycoplasma species has been used in the 

experimental disease reproduction because of the financial constraints. The use of more than one 

isolate from each of the Mycoplasma species is needed to further elucidate and explore the 

pathogenicity in experimentally inoculated goats. The sero-conversion in the inoculated goats 

was determined by the MmmLC based IHA, but gold standard such as ELISA may be used in 

parallel in future studies in order to determine the true specificity and sensitivity of IHA or other 

serological tests (Al-Momani, 2005). 

 

  The use of immuno-prophylactic measure in containing the mycoplasma diseases is cost 

effective and comparatively better than the indiscriminate use of antibacterilas (Nicholas, 

2002a). In the present study Mccp could not be isolated from any of the samples and was only 

detected by PCR and further validated by RFLP. The highest isolation of MmmLC as compared 

to Mmc, Mcc, Mp, and Mycoplasma arginini from nasal swabs, lung tissues and various body 

sites of the pleuropneumonia suspected goats has been observed in the studies presented in this 

thesis. Moreover the pathogenic expression of field isolate of MmmLC as compared to all other 

isolated Mycoplasma species from goats in Balochistan was found promising in the 

experimentally inoculated goats. Keeping in view all of these grounds, only a monovalent 

vaccine using validated pathogenic strain of MmmLC has been prepared and documented in the 

present thesis. Saponin inactivated and adjuvated vaccine with 0.25mg of MmmLC protein was 

found better than the formalin inactivated and aluminum hydroxide gel adjuvated MmmLC 

vaccine.  
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  Similarly saponin has been reported as an effective inactivant for mycoplasmas (Razin 

and Argaman., 1963; Rurangirwa et al., 1987b; Stipkovits et al., 2001; Loria, 2005; OIE, 2008). 

Significantly higher titers with saponised MmmLC vaccine were observed than the aluminum 

hydroxide gel based MmmLC vaccine in the experimental goats with one shot of vaccine 

followed by single booster vaccination. The use of saponin as an adjuvant is documented for an 

effective immune response (Kensil et al., 1991). The challenge and protection study in goats 

have further indicated that simultaneously saponin inactivated and adjuvated vaccine with at 

least 0.25 mg MmmLC protein is completely effective as no clinical disease, mortality and gross-

pathological lesions during MmmLC challenge are observed in the experimental goats. Saponin 

has been used as an adjuvant in the preparation of CCPP vaccine and reported promising in 

eliciting good immune response (Rurangirwa et al., 1991; OIE, 2008). Furthermore saponin is 

also reported better than the aluminum hydroxide gel in a mycoplasma vaccine trial (Mulira et 

al., 1988). The efficacy of saponized Mycoplasma bovis vaccine is also evaluated using ELISA 

and challenge and protection test. The vaccine is reported promising in controlling the 

experimentally induced clinical disease by the pathogenic strain of Mycoplasma bovis (Nicholas 

et al., 2002). In addition saponin is also used as an inactivant and adjuvant in contagious 

agalactia vaccine using Mycoplasma agalactiae and is reported effective in protecting the sheep 

significantly from the clinical mastitis than the non-vaccinated sheep (Loria, 2005). 

 

It is anticipated that the contents of this thesis covering different studies based on clinical, 

gross-pathological, bacteriological, serological, molecular biological and immunological aspects 

would be of great help for the researchers, diagnosticians, and veterinarians to at least understand 

the fundamentals of Mycoplasmology. Further extensive studies can be conducted to diagnose 

and control the diseases caused by caprine mycoplasmas such as Mccp, MmmLC, Mcc, Mp, and 

Mycoplasma agalactiae using the findings provided in this thesis. 
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GENERAL CONCLUSIONS 

 

The clinico-bacteriological study characterized with the prevalence of respiratory disease 

as well as isolation and characterization of the Mycoplasma species particularly Mmc, Mcc, Mp 

and MmmLC from the nasal swabs of the goats in the studied districts looks serious.  

  

Varying degree of gross pathological lesions as well as the isolation and characterization 

of Mycoplasma species from the lungs of goats slaughtered at the locally organized butcher 

shops from districts in Balochistan seems to be alarming. 

 

The clinical picture, gross pathological lesions, and the isolation and characterization of 

the Mycoplasma species particularly highest isolation of MmmLC from the different body sites 

of the pleuropneumonia suspected goats, suggest that members of the class Mollicutes have 

considerably critical role in the current respiratory problem in the investigated goats in 

Balochistan.  

 

The highest isolation rate of Mycoplasma species in goats in the districts known for 

having harsh weather (cold) further indicates the significant role of cold weather as a 

predisposing factor in the pathogenesis of respiratory diseases caused by Mycoplasma species in 

Balochistan. 

 

 Of the many Mycoplasma species isolated from the lung samples of the goats slaughtered 

in locally organized butcher shops, the highest isolation of MmmLC organisms from the lungs of 

the goats with the presence of pneumonic lesions is very critical and indicates its pathogenic role.  

  

 

The use of the classical biochemical as well as growth inhibition tests are laborious to 

perform but are still found satisfactory and valid and can be used for the characterization of 

Mycoplasma species. 
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The use of PCR alone or coupled with RFLP was found as a rapid, specific and less 

laborious technique which can be used effectively as compared to the conventional biochemical 

and growth inhibition tests in the identification of Mycoplasma species. Further DGGE was 

found promising in the identification and differentiation of MmmLC even in the mixed 

mycoplasma cultures.   

 

Besides the use of classical biochemical, growth inhibition tests and Mycoplasma 

mycoides cluster PCR; the application of specific PCR for the confirmation of Mcc is still 

required. 

  

The use of PCR-RFLP was found promising in the rapid detection and validation of 

Mycoplasma species such as MmmLC/Mmc, Mcc, and Mp directly from the nasal swab and lung 

tissues of pleuropneumonia suspected goats. Further detection of Mccp by the specific PCR-

RFLP from the lung samples of the pleuropneumonia suspected goats is significant and alarming 

as this is the first report on the molecular prevalence of CCPP in Pakistan.   

  

The LAT is found to be a simple, rapid, sensitive, specific, and reproducible diagnostic 

test for the MmmLC based infection in goats as compared to IHA. Further IHA can be used in 

assaying antibodies against MmmLC by following baseline titer of 1:64 as positive. The 

apparently high sero-prevalence to MmmLC detected by IHA and LAT in goats from Quetta, 

Pishin and Loralai districts is also alarming. 

 

  Of the mycoplasma species such as MmmLC, Mmc, Mcc, Mp, and Marginini isolated from the 

pleuropneumonia suspected goats in Balochistan, only MmmLC was found capable and promising in 

causing moderate to severe experimental septicemic and fatal respiratory disease with swollen fore-limb 

joints and enteritis in goats via nasal spray and intra-tracheal routes.  

 

  Though none of the Mycoplasma species such as Mmc, Mcc, Mp and M.arginini were found 

pathogenic in experimentally inoculated goats, but sero-conversion through MmmLC based IHA further 

pressed for the use of more specific tests such as ELISA in quantifying antibodies against these 

Mycoplasma species. 
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Saponin was found comparatively better adjuvant as compared to aluminum hydroxide 

gel in MmmLC based inactivated vaccines as the post-vaccination titers were significantly higher 

in saponated bacterins. 

 

The aluminum hydroxide gel based MmmLC vaccine and in practice saponized Mmc 

(PG3 starin) vaccine prepared at CASVAB, Balochistan were found ineffective in protecting the 

vaccinated goats against the challenge and protection test with MmmLC field isolate.  

 

The use of saponin inactivated (0.5mg/ml) and adjuvated (1mg/ml) MmmLC vaccine at 

least with 0.25 mg/ml protein concentration was found 100% effective in controlling clinical 

disease caused by MmmLC, with no mortality and apparent gross pathological lesions in the 3 

weeks post-challenged goats.  
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