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ABSTRACT 

Brucellosis is a highly infectious disease which induces significant economic losses to the 

livestock industry by causing abortion and production losses in ruminants. Additionally, Brucella 

has zoonotic potential to cause Malta fever in humans. Brucella has many species which infect 

their particular hosts. However mix livestock farming and sharing of same pasture may enhance 

cross-species transmission to non-preferred hosts. Cross-transmission of Brucella species to 

peripheral hosts greatly complicates the diagnosis of brucellosis in both animals and humans. There 

are many risk factors involved in brucellosis. Among these factors ectoparasites, particularly ticks, 

are important vectors that haven’t received much scrutiny from epidemiologists investigating this 

disease. Ticks belong to class Arachnida and subclass Acarina. Ticks harbor uncountable microbes 

in their gut and as a clade transmit bacterial, viral, and protozoal pathogens to animals and humans; 

these pathogens are referred to as tick-borne diseases (TBD). Brucella is one of the TBD which has 

been reported previously in many countries, in Pakistan, however, no investigations have been 

conducted regarding brucellosis in ticks. In view of the economic importance of brucellosis, the 

present study was designed to investigate the inter-species transmission of brucellosis in non-

preferred hosts using molecular-based tests, comparative evaluation of molecular techniques and 

preferred clinical specimens for diagnosis of brucellosis, to investigate the role of ticks as vectors 

of brucellosis and histopathological investigations of skin and hides of tick infested ruminants. In 

present study blood, serum and ticks were collected from 692 tick infested cattle, 798 buffalo, 471 

sheep and 960 goats having a history of abortions in a farm, sharing of same pasture, close contact 

and mixed farming of small and large ruminants. All serum samples were subjected to screening 

with Rose-Bengal Plate test. After screening with RBPT the seropositive serum samples were 

subjected to duplex conventional and real-time PCR for diagnosis of brucellosis, cross-

transmission of Brucella species, and comparative evaluation of real-time PCR with conventional 

PCR. The blood samples of respective seropositive samples were subjected to real-time PCR for 

comparative evaluation of serum with the blood for a preferred specimen. Seronegative samples 

were also diagnosed by real-time PCR assay to investigate the role of non-reactive ruminants in 

brucellosis. Ticks harvested from real-time PCR positive ruminants were identified; female ticks 

were subjected to real-time PCR assay. The tissue samples of naturally tick infested skins and hides 

were studied at the microscopic level. We uncovered cross-species transmission of B. abortus in 

caprine and ovine serum samples while B. melitensis DNA traces were detected in bovine serum 

samples. Brucellosis was detected in seronegative small and large ruminants. We also developed 

and tested a real-time PCR assay more sensitive than conventional PCR and established that 

brucellosis detection was more accurate when serum samples were used rather than whole blood. 

The presence of DNA from several Brucella species were detected in ticks using real-time PCR 

assay. Histopathological examination showed ticks cause significant damage to skin and hides by 

inducing degenration of the epidermal layer from basal layer, collagen degeneration with a focal 

area of necrosis, adjacent subdermal abscess and infiltration of neutrophils. Control of ticks should 

be given consideration to reduce the severity of hide damage and concomitant losses in the domestic 

leather industry. Ticks are known as a vector of numerous pathogens; efforts are underway to 

educate farmers about financial loss of skin and hide due to tick infestation and preventive control 

measures.  
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CHAPTER 1 

INTRODUCTION 
 
Brucellosis is an important zoonotic disease which is prevalent in ruminants. Control and 

eradication of the disease are imperative from a public health point of view. In recent years, the 
rate of brucellosis infection has been increasing in Pakistan (Ali et al. 2015). In developed 
countries, it has been eradicated but it is still present in developing and tropical countries (Pappas 
et al. 2006). Most of the control strategies rely on serological screening methods, which are not 
able to definitively identify Brucella at the species level. In a country like Pakistan where no strict 
biosafety procedures are followed in farm and domestic animals, there are issues of Brucella 
transmission from other reservoir hosts. Detection of these hosts is very important to adopt effective 
control measures. Reservoirs provide the niche and link between pathogen and animals for infection 
transmission (Zheludkov and Tsirelson 2010). There are hosts which could harbor the pathogen. 
Reservoir hosts for zoonoses like Brucella, often serve as hosts for arthropod parasites such as 
ticks. Ticks harbor uncountable microbes in their gut. Literature confirms that Brucella is capable 
of colonizing the tick gut and is likely transmissible to healthy animals (Wang et al., 2018; 
Hosseini-Chegeni et al. 2017). To date, data proving this is scarce; currently no recent report is 
available in Pakistan regarding brucellosis due to ticks. Brucellosis causes significant economic 
losses to livestock and is a public health issue in Pakistan. The aim of the present study was to 
identify and to investigate the ticks collected from ruminants as a reservoir of Brucella using real-
time PCR. Ticks belong to Arachnida class, divided into two families, Ixodidae and Argasidae. 
This subclass is an important vector of viral, bacterial and protozoal diseases labelled Tick-Born 
diseases (TBD) (Shemshad et al. 2012). Ticks attach firmly to the hosts and bite at the site of 
attachment for blood feeding. During feeding, tick transmit TBDs to their host. TBDs include 
Babesiosis, theileriosis, Anaplasmosis, Q fever, Ehrlichiosis, Lyme disease, and Louping illness 
(Jubb and Kennedy 2016). Ticks are seen as an important vector of disease transmission but in 
literature, little attention has been given to their role in skin and hide damage and their impact on 
the leather industry. Leather is an important material for clothing worldwide. In Pakistan, more 
than 800 tanneries employ more than 0.5 million people and contribute 6.56% of the total export 
and 6.15% of the manufacturing economy (Chaudhary et al. 2011). In domestic ruminants, most of 
the skin and hide damage is due to hard ticks (Ixodidae). Hard ticks pierce the hide and skin of its 
host by inserting a chelicerate (mouthpart) which is equipped with a hypostome (Gashaw and 
Mersha 2013). In Pakistan, 33.88% of the skin and hide were damaged; tick infestation was 
responsible for 3.08% of hide damage (Chaudhary et al. 2011). Skin damage starts after the initial 
bite which leads to inflammatory responses, hypersensitivity, necrosis, collagen degeneration, 
sloughing of the epidermal layer, papules, wheals, irritation, wounds, subsequent ulceration, and 
scar formation (Gbolagunte et al. 2009). These complications may lead to secondary bacterial 
infection and fly myiasis. The TBDs and tick bite results in poor quality of skin and hide (Minjauw 
and Mcleod 2003). Heavy infestation of ticks on the flank and back region of the animal make 
small pinpoint pores (Fentahun et al. 2012). Skin and hides are used in the leather industry which 
is an important source of income. Tick infestation induced hide damage negatively impacts the 
leather industry, which is a fairly significant contributor of Pakistan’s economy (Sertse and 
Wossene 2007). Tick bite scars after bluing process of skin and hides in the tanning industry appear 
as pinpoint pores that reduce the market price of leather (Chaudhary et al. 2011). Due to the 
economic importance of the leather industry, the objective of the present study was to investigate 
the damage at the microscopic level to confirm the damaging effects of ticks on skin and hides.  

Mixed farming and same housing of small and large ruminants may lead to cross-transmission 
of Brucella species to non-preferred hosts, complicating diagnosis and control measures to contain 
brucellosis. There are eleven reported Brucella species. Each species has a specific primary (or 
preferred) host. In past, host specificity of Brucella pathogen has been recognized as a phenotype 
(Sneath et al. 1986). However, due to sharing of same pasture, mixed farming of small and large 
ruminants and uncontrolled animals movements often leads to cross-infection of Brucella species 
with non-specific hosts. Polypathogenicity and Eco-plasticity enable the Brucella to cross the 
species barrier to infect host outside the normal pathogen host range. This transmission called an 
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inter-species transmission, which is a primary barrier for accurate diagnosis and complicates efforts 
to control or eradicate brucellosis (Ali et al. 2015). The projects on detection of prevalent species 
of Brucella in small and large ruminants, reservoirs host, fomites and wildlife species are essential 
for effective implementation of control and eradication strategies (Muendo et al. 2012). Recently,  
Brucella infections in non-preferred hosts has become the focus of epidemiological studies, as little 
is currently known about interspecies transmission of Brucella and the disease in non-preferred 
hosts. To decrease the economic losses due to brucellosis, accurate, safe and more sensitive 
molecular-based diagnostic techniques are needed. There are several diagnostic tests for 
brucellosis. These diagnostic assays include traditional ones such as serological methods as well as 
more recent molecular-based assays. Culture methods entail maintenance of a living host and are 
both time consuming and hazardous for lab workers (Navarro et al. 2004). Diagnosis of brucellosis 
in small and large ruminants by serological techniques is not recommended due to cross-reactivity 
with other pathogens (Nielsen et al. 2004). The traditional method for the diagnosis of Brucella 
spp. is based on phenotypic characters, but protocols accompanying this approach have a high risk 
of laboratory-acquired contamination and are time consuming (Navarro et al. 2004). There are 
numerous molecular-based diagnostic assays that are more convenient, faster, safer, easier, and 
more accurate which have been developed (Scott et al. 2007; Foster et al. 2008). Molecular-based 
assays have been used for the diagnosis of Brucella in a wide variety of clinical specimens, have 
been proven as accurate and sensitive for the diagnosis of Brucella species. Molecular-based 
techniques offer an alternative way of diagnosing brucellosis. Genomic amplification techniques, 
such as PCR, a highly sensitive and specific assay, can eliminate the limitations of conventional 
techniques. Only a handful of studies, however, have addressed the direct detection of Brucella 
species in preferred clinical specimens of ruminants for diagnostic purposes. In the present study, 
our aim was to compare a more sensitive diagnostic PCR assay and define the optimal clinical 
specimen for the diagnosis of brucellosis. Peripheral blood samples, i.e., whole blood and serum, 
from seropositive ruminates were examined and real-time PCR was compared with conventional 
PCR for rapid and sensitive diagnosis of brucellosis in ruminants.  

There are numerous control measures for brucellosis including serological screening, 
vaccination, and selective culling. Regular serological screening is essential for adopting control 
measures against brucellosis in ruminants. Recently, many countries like the USA and Australia 
have eradicated brucellosis from their herds, and many other countries are significantly reducing 
the prevalence of the Brucella infection in livestock populations. However, in developing countries 
where the brucellosis is still endemic, serological screening is performed by Rose-Bengal Plate test 
(RBPT). RBPT is widely performed on serum samples of ruminants to detect the antibody of 
Brucella spp. in a herd. It is inexpensive, easy to perform and appropriate for screening the 
individually each animal in a herd. But serological screening by RBPT may also lead to false 
positive serological reactions with lipopolysaccharide (LPS) of Escherichia coli 0157: H7, Yersinia 
enterocolitica 0: 9 and cross-reactive antigens from other bacteria like Pasteurella and Salmonella 
(Nielsen et al. 2004). Therefore, to confirm an individual free from brucellosis, a molecular-based 
test like PCR technique is advisable. Brucella is both intracellular and extracellular in a host. The 
humoral immune response is the basis for the indirect diagnosis of brucellosis by the serological 
assays used: complement fixation, Rose Bengal Plate Test and ELISA. In milk samples diagnosis 
of brucellosis mainly depends on the milk ring test (MRT), which detects antibodies of Brucella 
spp. in the host (Godfroid et al. 2002). Similarly, Brucella pathogen in the host can be diagnosed 
by a number of serological assays, but the serological assays have a limitation when the organism 
is harbored intracellularly in macrophages and the disease goes into the chronic stage. In this 
condition, the antibody titers may decrease below the diagnostic threshold; these animals may shed 
pathogen in milk constituting a risk to humans and animals in a herd. The keeping of seronegative 
nonreactive animals in the herd are potentially harmful to healthy livestock and the environment. 
These nonreactive animals also impede surveillance and control programs of brucellosis. Therefore 
diagnosis of Brucella infection should be always preferred by molecular-based diagnosis in herds 
at risk (Sarker et al. 2016). In Pakistan, in spite of the number of research works on seroprevalences 
of brucellosis in ruminants and humans, there is little work on detection and isolation of Brucella 
spp. from serologically negative nonreactive small and large ruminants. In the present study, 
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Brucella spp. were detected in seronegative cattle, buffalo, sheep and goats with a history of 
stillbirth, abortion, repeat breeding and retention of the placenta using real-time PCR.
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CHAPTER 2 

REVIEW OF LITERATURE 
  
2.1. Brucellosis caused ticks 

Zotova in 1943 proved experimentally the susceptibility of ticks for brucellosis in-vitro. In this 
study, it was experimentally confirmed that both Hyalomma marginatum and Hyalomma savignyi 
ticks can harbor the Brucella pathogen and can transmit the pathogen to healthy animals. Zotova 
collected the engorged ticks from guinea pigs suffering from brucellosis in vitro. After collection, 
some ticks were used to inoculate culture medium with their gut contents, while the remaining ticks 
were used to inject the healthy guinea pigs in the form of an emulsion after maceration. A culture 
of Brucella was obtained from tick gut contents and from the organs of sacrificed guinea pigs. The 
sera of guinea pigs gave a positive Wright agglutination reaction, which showed that ticks can 
acquire pathogen from experimentally infected guinea pigs (Zotova and Balditsyna 1943). Galuzo 
in 1944 described the role of ticks as a vector of brucellosis. Ticks of genera Rhipicephalus, 
Ornithodoros and Borfhilus were involved in the transmission of brucellosis. In this study, a guinea 
pig, experimentally infected with Dermancentor; which was obtained from sheep pasture, gave a 
positive Wright reaction and a culture of Brucella was obtained from its organs. The larvae obtained 
from females that had engorged on this guinea pig were placed on healthy guinea pigs, which on 
later showed a positive Wright reaction. These pig hosts showed no sign of infection, however. In 
second experiment larvae and nymphs of engorged Haemaphysalis were obtained from infected 
sheep, and placed on healthy guinea pigs, which on later reacted positively. In third experiment 
adult Hyalomma and Dermacentor were placed on guinea pigs which were artificially infected with 
Brucella melitensis. These adult ticks produced infection in healthy guinea pigs and yielded 
Brucella colonies on culture medium. From these experiments, it can be inferred that larvae and 
nymph can successfully transmit infection to healthy animals, confirming both horizontal and 
vertical transmission of brucellosis. In this study a conclusion was made that Brucella abortus in 
cows is unreachable to the ticks owing to its position in the body of the animals, and cannot, 
therefore be picked up by them, but that B. melitensis can be ingested by ticks that feed on diseased 
sheep and transmitted to other animals through the bite of the subsequent stages (Galuzo and 
Kaitmazova 1944). Tovar in 1947 experimentally confirmed the role of ectoparasites in a 
transmission of brucellosis in Mexico. Healthy guinea pigs and mice were injected with 
suspensions of B. abortus, B. melitensis and B. suis subcutaneously and intraperitoneally; ticks, 
fleas, and bed-bugs were placed on them after 24 hours. Results indicated ectoparasites can be 
infected with brucellosis which was demonstrated isolation of Brucella from the parasite gut. These 
ectoparasites can be infected by many species of Brucella. Brucella has been detected in feces of 
six Amblyomma, eight of Boophilus, five of the bed-bugs and five of the fleas out of ten examples 
of each isolated after feeding on hosts. Infected ectoparasites were also allowed to feed on healthy 
guinea pigs and mice, which later on confirmed that only two species of ticks transmitted the 
Brucella. Infection was produced in guinea pigs due to subcutaneous injection of suspensions of 
eggs from infected ticks. Tovar also collected Boohilus annulatus from the beds of Brucella 
infected human patients. Emulsion made from these was injected in healthy guinea pigs, which 
later were shown to carry Brucella abortus (Tovar 1947). Boldicina confirmed experimental 
infection of ticks with brucellosis under laboratory conditions. Ticks were placed on guinea pigs 
suffering from brucellosis. Ticks were used for culture and emulsion for injection into healthy 
guinea pig hosts. These hosts subsequently became infected, proving tranmissability (Zotova and 
Boldicina 1951). Pritulin in 1954 detected brucellosis in Hyalomma marginatum and Dermacentor 
nutalli ticks infesting cattle. The outbreak of brucellosis at cattle herd in the presence of abundant 
Hyalomma marginatum and Dermacentor nutalli lead to the assumption that these ticks were 
responsible for the spread and transmission of the brucellosis in cattle. The role of ticks in the 
transmission of brucellosis was experimentally confirmed. In this study, 120 samples of D. nutalli 
and 30 of H. marginatum were taken from infected cows. These ticks were applied to guinea pig 
hosts experimentally. These guinea pigs gave serological positive results after 30 days and 
bacteriological examination also confirmed brucellosis. An emulsion made from the organs of these 
infested guinea pigs; this was injected into another batch of healthy guinea pigs which were later 
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confirmed as Brucella seropositive. Additionally, injection of tick eggs (from known Brucella 
vector lines) made guinea pig hosts serologically positive for Brucella. It was concluded in this 
study that ticks may transmit brucellosis and carry viable pathogenic Brucella species in their gut 
for extended periods of time, making them important Brucella vectors (Pritulin 1954).  Gudoshnik 
in 1955 collected Dermacentor marginatus and Dermacentor pictus from farms, pastures and 
domestic animals of Siberia previously reported as endemic for Brucella. These ticks were fed on 
guinea pigs and successfully transmitted Brucella melitensis. In another experiment, Dermacentor 
marginatus were allowed to feed on guinea pigs infected with Brucella melitensis for eight hours 
then placed on healthy sheep for eight days. Both the ram and ticks were positive for Brucella 
melitensis. Gudoshnik concluded that ticks can harbor Brucella melitensis and pathogen could be 
retained and transmitted throughout its cycle of development (Gudoshnik 1955). Gudoshnik in 
1958 uncovered the role of rodents and pasture ticks in the transmission of Brucella. In this study, 
he collected the ticks from pasture and rodents where the Brucella outbreak occurred. After 
collection emulsion was made from these ticks and organs of rodents. The emulsion experimentally 
introduced in healthy guinea pigs. After infection guinea pigs proved serologically positive for 
Brucella (Gudoshnik 1958). Sidrov in 1960 infected the ticks with Brucella abortus. These ticks 
remained infected with Brucella for thirty days. He found out that Brucella multiplied in ticks, 
lived in the gut and were excreted by the ticks (Sidrov 1960). Rementsova (1962) showed that 
Brucella may remain viable and virulent residing in the tick gut for up to two years. Ticks act as a 
possible reservoir of Brucella infection in nature. Rementsova discussed the role of blood-sucking 
ectoparasites (particularly ticks) as possible reservoirs and vectors of Brucella infection. In his 
study, he discussed in detail about the experimental and natural transmission of brucellosis in ticks 
(Rementsova 1962). Hutcheson (1963) reported a case of Brucella transmission in a slaughterhouse 
worker from a tick in a meat processing plant. According to his report, a butcher had removed an 
engorged red tick from his shoulder which had probably been transferred from a live calf at work 
(Hutcheson RH 1963). Khrustcheva in 1969 found out the carrier role of Ixodid ticks, Dermacentor 
daghestanicus for the transmission of Brucellosis. Reservoir potential of ticks was proven in vitro 
for brucellosis. It was also demonstrated that both Ixodidae and Argasidae could harbor the 
Brucella and could be infected with pathogen at any developmental stage, Brucella could be 
transmitted to healthy animals after bloodsucking (Khrustcheva and Alma-Ata 1969). Aslanyan 
and Vershilova in 1979 divided all domestic and wild animals and ticks infected by brucellosis into 
two groups. Ticks were placed in group one which comprised of species that acquired brucellosis 
from farm animals. The other group included the animals that carried the Brucella organism 
regardless of their prevalence among host (Aslanyan and Vershilova 1979). Peres in 1986 
confirmed that ticks could harbor Brucella canis. Peres isolated the Brucella canis from 
Rhipicephalus sanguineus (Peres 1986). In a study by Kahn, the role of ticks in the transmission of 
brucellosis was confirmed through culture of tick gut contents. Khan found out the vector role of 
Ixodid ticks in the transmission of bacterial diseases in cattle and buffalo. In this study B. abortus, 
Staphylococcus pyogenes and Pasteurella multocida were isolated from different tick species of 
cattle and buffalo for the first time in Pakistan. B. abortus was isolated from H. anatolicum and B. 
microplus infesting buffalos while B. microplus infesting cattle. Bacteria were isolated on basic 
culture media and characterized on the basis of biochemical tests. Quite interestingly, 70% of 
Boophilus microplus found on cattle and buffalo hosts were carrying B. abortus. 45% Hyalomma 
anatolicum infesting buffaloes were found with Staphylococcus pyogenes and B. abortus (Khan et 
al. 1997). Corn (2001) defined the role of ectoparasites in the transmission of brucellosis in 
southeastern USA (Corn and Nettles 2001). Jongejan in 2004 mentioned the ticks as a potential 
vector and reservoir for Brucella abortus, Pasteurella multocida and Salmonella typhimurium in 
his review (Jongejan and Uilenberg 2004). Godfroid in 2005 elaborated that Brucella abortus was 
isolated from ticks in Brazil which defined the role of ticks as a vector for brucellosis. No direct 
evedince of brucellosis transmission by tick (or any other arthropod vector) between infected and 
healthy animal sub-populations was found. (Godfroid et al. 2005). Zheludkov in 2010 identified 
ticks as vector and reservoir for pathogenic Brucella which could transmit Brucella through all 
developmental stages and can transmit Brucella to healthy animals (Zheludkov and Tsirelson 
2010). Simsek in 2011 reported the possible transmission of brucellosis through ingestion of raw 
milk and milk products and tick bite. In this study, five cases were reported due to ingestion of raw 
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milk while only one case was reported caused by tick bite as a possible transmission route (Simsek 
et al. 2011). Jasik in 2015 identified ticks transmission possible vectors of congenital diseases, 
including brucellosis. Jasik cited Brucella as one of many TBDs (Jasik et al. 2015). Kioko in 2015 
conducted ethno therapy for TBDs, brucellosis was included in this study (Kioko et al. 2015). Miler 
in 2016 found out quite interestingly that hygiene, farm biosecurity and the control of ticks in cattle, 
goats may reduce brucellosis infection rates. There were protective effects from tick control 
measures on both B. abortus and B. melitensis. There was a direct association between tick control 
and brucellosis infection rates. Ticks act as a vector for brucellosis and may play a role in the 
epidemiology of Brucella infection in farms (Miler et al. 2016). Hosseini in 2017 used molecular 
techniques for the detection of Brucella in Boophilus ticks. Ticks can harbor many organisms which 
could be pathogenic, non-pathogenic or endosymbiotic. Ticks are the host of many unidentified 
microbes that continued to be described. Brucella was detected by PCR using Boophilus ticks as a 
DNA source, confirming the vector role of Boophilus for brucellosis. Hosseini recommended that 
further studies should be conducted to confirm the vector role of ticks and specific Brucella species 
should be identified (Hosseini-Chegeni et al. 2017). Wang in 2018 experimentally proved the 
transovarial transmission of the Brucella. Both Brucella abortus and Brucella melitensis could be 
detected in eggs, larva, nymph and adult stages of the Dermacentor marginatus through PCR. This 
study confirms the transmission of Brucella in the different developmental stages of D. marginatus 
(Wang et al. 2018). 
 
2.2. Role of ectoparasites in skin and hide damage 

Guglielmone et al. (1999) studied the role Haematobia irritans in causing bovine hide tissue 
damage. In his study, four different groups of ten Holstein cows were kept under different levels 
of infestation for 58 weeks with H. irritans. Significant differences were found between mean hide 
damage from steers maintained continuously under low H. irritans infestation levels compared with 
all other groups. Hyperemia was lower in the hides of cows with low infestation levels than in the 
hides of non-treated cows. Mononuclear and neutrophilic infiltration was significantly lower when 
the population of H. irritans was less than six per cow than when the infestation was more than 100 
flies per cow. Nafstad et al. (2001) performed histological examination of hides from infected 
hosts. In his study scanning electron microscope uncovered post tanning spotting and light flecks 
in hides harvested from eleven cows infested with biting lice (Damalinia bovis). Nine cows from 
the herds which were free from lice infestation were included as control group. Histopathological 
investigation of skin biopsies from six of the cows having lice infestation showed hyperkeratosis 
with perivascular and diffused dermatitis infiltrated by mononuclear cells and eosinophilic 
granulocytes. Spots and light flecks were found after tanning on all skin/hides of the infested group. 
None of the hides collected from control group showed tissue damage. Histopathological 
examination of tissue sections from tanned hides having spots and light flecks exhibited loss of 
epidermal layer (grain loss). The link between louse infestation and damage of hides, suggested 
that louse infestations may lead to a weakening in the epidermal layer. This weakening of dermis 
may cause superficial loss of grain surface during tanning process. Coles et al. (2003) highlighted 
the association of lice infestation and hide damage in an experiment consisting of sixty-one cattle, 
half of them were treated with for lice infestation control.  Hides were collected from both infested 
and healthy calves at an abattoir, then tanned and examined for damage due to lice, commercially 
referred as light spot or flecks. Hadley et al. (2005) showed that lice infestation in calves may cause 
tissue damage, which shows up when host hides are processed into leather products. All the calves 

were treated and were kept at slaughter weight. The hides were removed at the abattoir, tanned, 
inspected for lice-related damage, and graded according to their suitability for the production of 
high quality leather. Kuhn et al. (2008) described mange infestation as an important disease of skin 
and hides which can infect humans, small and large ruminants, horses, pigs, rabbits, and dogs. 
Almost 300 million are affected worldwide and in livestock industry the infestation may lead to 
substantial losses leading to depression in growth and production. Diagnosis of Sarcoptes 
infestation is difficult and only a few serological tests have been developed using whole mite 
antigen for diagnosis of mange in animals.   
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2.3. STATEMENT OF PROBLEM 

Brucellosis represents one of the main zoonoses leading to serious economic loss due to abortion 

in livestock and human infection worldwide. It has been controlled in developed countries but in 

developing countries like Pakistan, eradication has proven more difficult. This may be due to cross-

species transmission of Brucella to their non-preferred hosts, and a large population of arthropod 

ectoparasites serving as a major reservoir for pathogenic Brucella. Ticks not only act as a vector of 

a number of pathogens but it also causes damage to skin and hides in ruminants. Leather and leather 

products represent the most important and dynamic industrial sectors in Pakistan after Cotton and 

Textiles. Tick infestation causes pinhole spots at the point of their attachment, and secondary 

bacterial infections may worsen tissue damage initiated by feeding parasites. The current study has 

been designed with following objectives.   

 

 To determine cross-transmission of Brucella spp. to non-preferred small and large 

ruminant hosts. 

 To determine brucellosis infection rates among seronegative non-reactive small and 

large using molecular assays.  

 Comparative evaluation of real-time PCR assay with conventional PCR assay and 

serum with blood test screening results for diagnosis of brucellosis in ruminants.  

 Molecular-based investigation of Brucella spp. in ticks of Brucella positive small and 

large ruminants by real-time PCR assay.  

 Histopathological investigation of skin and hides damage due to natural ticks 

infestation.  
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CHAPTER 3                                                                                                       

MATERIAL AND METHODS 
 

3.1. Experimental station  

The naturally infested ticks, blood and serum samples of 692 cattle, 798 buffalo, 471 sheep, and 

960 goats were collected from Kasur (Latitude: 31.0896 ° N, Longitude: 74.1240° E) and 

Sheikhupura (Latitude: 31.6243° N, Longitude: 74.1240° E). These samples were collected from 

six different herds in each district having a history of abortion, retained placenta, infertility, and 

reproductive problems. Blood samples were collected aseptically in both BD-Vacutainer® EDTA 

blood collection tubes and BD-Vacutainer® Plus plastic serum tubes with spray-coated silica. 

Serum was separated in a lab and stored at -20°C. Blood samples were stored at 4°C. Ticks were 

collected from dewlap, perennial and axillary regions of animals by forceps (Farooqi et al. 2017).  

The collected ticks were preserved in 15mL falcon tubes containing 70% ethanol to preserve their 

morphological features (Ali et al. 2013). These areas were selected because not only the ruminants 

and humans but the soil was also reported as a niche for brucellosis (Ahmed et al. 2017). Sampling 

areas are given in GIS map in figure 3.1. GIS (Geographic information system) mapping was 

developed by using QGIS® software 2.18.9 version (Quantum geographic information system) 

licensed under GNU general public license (http://www.gnu.org/license). All samples transferred 

to department of pathology for experimental research.  

3.2. Experimental design   

All serum samples were screened by Rose-Bengal Plate test (RBPT). The Rose Bengal antigen 

was obtained from the Veterinary Research Institute, Livestock and Dairy Development 

Department, Government of Punjab Pakistan. On a clean glass slide, 30µL of serum was mixed 

with an equal quantity antigen stained with Rose Bengal by a wooden stick. Then slide was agitated 

both clockwise and anti-clockwise. After four minutes, agglutination was observed (Aldomy et al. 

2009). After screening with RBPT all seropositive and seronegative serum samples were labeled 

and stored for molecular investigation. 

 

Figure: 3.1. Sampling areas depicted in GIS-Map based on their geo-coordinates using 

QGIS® software version 2.18.9.  

 

http://www.gnu.org/license
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3.3. Experiment 1 

After screening with Rose-Bengal antigen all seropositive, seronegative serum samples and 

blood samples of respective seropositive samples were proceeded to genomic extraction. In the first 

part of an experiment, a duplex real-time PCR assay was performed to detect the B. abortus and B. 

melitensis in seropositive serum samples of cattle, buffalo, sheep and goats for confirmation of 

cross-species transmission. In the second part of the experiment, seronegative serum samples were 

proceeded to real-time PCR assay to detect B. abortus in large ruminants (cattle and buffalo) and 

B. melitensis in small ruminants. In the third part of the experiment, blood samples of respective 

seropositive samples were used in real-time PCR assay for the detection of B. abortus in large 

ruminants and B. melitensis in small ruminants. Blood samples were used only for comparative 

evaluation with serum samples to find out the preferred clinical specimen for diagnosis of 

brucellosis. In the fourth part of the experiment, duplex conventional PCR assay was used to detect 

the B. abortus and B. melitensis in seropositive serum samples. Conventional PCR assay was 

employed for the comparison with real-time PCR assay.   

3.3.1. DNA extraction 

DNA was extracted from blood and serum samples of animals by using ExgeneTM Blood SV-

mini Kit (GeneALL® Biotechnology Co. Ltd, Songpa-gu, Korea) according to manufacturer’s 

instruction. 200µL of blood/serum samples were mixed with 200 µL buffer BL (Blood lysis buffer) 

and 20µL of proteinase K (20mg/mL). These were incubated in a water bath for 10 minutes at 

56°C. After incubation lysis mixture was transferred to spin columns provided in the kit. Columns 

were spun with wash buffer BW and TW according to the protocol of kit in a centrifuge machine. 

At the end, the extracted genome was collected in Eppendorf tubes with the help of elution buffer 

of kit. The extracted genome concentration was determined by using Nano-Drop. Genomic samples 

were stored at -20 °C. DNA samples were analyzed by species-specific primers of B. abortus and 

B. melitensis for conventional PCR as given in Table 3.1. Real-time PCR primers with the probe 

are given in Table 3.2.  

3.3.2. Real-time PCR amplification 

Amplification of reaction mixture was performed by using prepared Real-AmpTM TaqMan 

qPCR master mix (Cat# 801-020, GeneALL® Biotechnology Co. Ltd, Songpa-gu, Korea). A 

reaction mixture of 20µL containing 10µL of master mix, 0.5µL (200nmol) of each forward and 

reverse primers, 1µL (100nmol) of probe, 1µL of DNA and nuclease-free water were used for 

amplification. The cycle threshold (Ct-value) below 40 was considered as positive. The PCR 

reaction was optimized for standard concentrations DNA, primers and probe. The known 

concentration of DNA standard was provided by VRI, Lahore. PCR conditions were followed and 

reaction mixture composition was prepared (Probert et al. 2004). Amplification of desired DNA 

was done in 72-well Rotor-Gene®Q real-time PCR cycler (Qiagen Q-Rex Software 2.3.11.4.9-

Windows platforms). Initial denaturation at 94°C for 10 minutes followed by 40 cycles of each 

consisting denaturation at 94°C for 30 sec, annealing at 60°C for 30 sec and extension at 72°C for 

30 sec. Final extension was done at 72°C for 7 minutes. Double-stranded PCR product was detected 

by fluorescent dye associated with Probe at each extension step. An amplification curve of PCR 

product was analyzed and recorded through computerized software. Holding temperature was 4°C 

till further testing. 

Table 3.1: Species specific primers for conventional PCR (Bricker and Halling 1994) 

 

Specie Primer

s 

Sequence (5’ to 3’) Targ

et 

Prod

uct 

B. abortus 

 

B. melitensis 

Forward          

Reverse 

Forward                    

Reverse 

GACGAACGGAATTTTTCCAATCCC 

TGCCGATCACTTAAGGGCCTTCAT 

AAATCGCGTCCTTGCTGGTCTGA 

TGCCGATCACTTAAGGGCCTTCAT 

IS711/ 

alkB 

 

 

498 bp 

 

731bp 
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Table. 3.2: Species specific primers and probe for Real-time PCR (Probert et al. 2004) 

 

Specie Primers/

Probe 

Sequence (5’ to 3’) Targe

t 

5Fluorophore/ 

3quencher 

B. abortus Forward GCGGCTTTTCTATCACGGTATTC alkB HEX/BHQ1 

Reverse CATGCGCTATGATCTGGTTACG 

Probe CGCTCATGCTCGCCAGACTTCAATG 

B. 

melitensis 

Forward AACAAGCGGCACCCCTAAAA alkB Texas 

Red/BHQ2 Reverse CATGCGCTATGATCTGGTTACG 

Probe CAGGAGTGTTTCGGCTCAGAATAATCCACA 

 

3.3.3. Conventional PCR amplification  

GeneAmpTM PCR master mix (GeneALL® Biotechnology Co. Ltd, Songpa-gu, Korea) was 

used as for amplification reaction. A reaction mixture of 20 µL containing 10µL of master mix, 

1µL each forward and reverse primers having 10 pmol/µL, 2 µL genome of interest and nuclease-

free water was subjected to PCR. DNA of Brucella reference strains (BA-544 and BM-16M) 

obtained from the Veterinary Research Institute (VRI), Lahore, Pakistan was used as positive 

control. Nuclease-free water was used as negative control (NC). Amplification of reaction was done 

in 96 well microplate thermocycler (Thermo Fisher Scientific Inc., Agilent Technologies, Santa 

Clara USA) having cycling conditions as follow; initial decontamination at 50°C for 5 minutes then 

initial denaturation at 95°C for 10 minutes followed by 40 cycles each consisting denaturation at 

95°C for 30 seconds and annealing at 60°C for 30 seconds followed by extension at 72°C for 1 

minute. A final extension of amplification was done at 72°C for 5 minutes.  

3.4. Experiment 2 

In the first part of experiment 2, ticks were identified. Ticks from B. abortus positive large 

ruminants and B. melitensis in small ruminant’s serum samples by real-time PCR assay were 

proceeded for identification in the lab. In the second part of the experiment, only female identified 

ticks were subjected to genomic extraction. The extracted genome was subjected to real-time PCR 

assay for the detection of B. abortus in ticks from large ruminants and B. melitensis in ticks from 

small ruminants.  

3.4.1. Ticks identification 

 Ticks from small and large ruminants were identified on the basis of morphological features 

by using ticks identification computer software (Multikey Version 2.1, GUI built using 

WxWindows 2.4.2® University of Edinburgh 2002) with ticks identification key (Walker 2014).  

3.4.2. Genomic extraction of ticks 

Genomic extraction of ticks was performed by using the Qiamp® DNA extraction kit for tissue 

protocol (Qiagen® Hilden, Germany). Ticks were macerated in ATL buffer (provided in the kit) in 

pestle and mortar with the help of liquid nitrogen. These were treated with Proteinase-K (100 

mg/mL) and placed in water-bath for 16h at 56°C followed by DNA extraction (Halos et al. 2004). 

Species-specific primer and probe used for PCR are given in table 3.2.   

3.4.3. Real-time PCR amplification 

Amplification was performed by using prepared Real-AmpTM TaqMan qPCR master mix (Cat# 

801-020, GeneALL® Biotechnology Co. Ltd, Songpa-gu, Korea). A reaction mixture of 25µL 

containing 12.5µL of master mix, 0.5µL (500nM) of each forward and reverse primers targeting 

the gene alkB, 1µL (200nM) of probe, 1µL of DNA and nuclease free water was used for 

amplification. The cycle threshold (Ct-value) below 40 was considered as positive. The PCR 

reaction was optimized for standard concentrations DNA, primers and probe. The known 

concentration of DNA standards were provided Veterinary Research Institute, Lahore. The 

concentration of known DNA was 100pg/µL. About three different concentrations of forward 

primer, reverse primer and probe like 10, 20 and 30 pmol per reaction were used, respectively. 

Along with primers and probe, about four different concentrations (10, 15, 20 and 30 ng/reaction) 
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of DNA were used for optimization. PCR conditions was followed and reaction mixture 

composition was prepared as described by Probert et al. (2004). Amplification of desired DNA was 

done in 72-well Rotor-Gene®Q real-time PCR cycler (Qiagen Q-Rex Software 2.3.11.4.9-Windows 

platforms). Initial denaturation at 94°C for 10 minutes followed by 40 cycles of each consisting 

denaturation at 94°C for 30 sec, annealing at 60°C for 30 sec and extension at 72°C for 30 sec. 

Final extension was done at 72°C for 7 minutes. Double stranded PCR product was detected by 

fluorescent dye associated with probe at each extension step. An amplification curve of PCR 

product was analyzed and recorded through computerized software. Holding temperature was 4°C 

till further testing.  

3.5. Experiment 3 

3.5.1. Sampling 

Tissue samples of skin and hides infested with ticks were collected from slaughterhouses of 

Lahore (31.5204° N, 74.3587° E). Naturally acquired tick infected 25 cattle, 25 buffalo, 25 sheep, 

and 25 goats were identified, tagged with a number and marked the tick infected area before 

slaughtering. Tissue samples of skin and hides were cut post mortem at previously tagged infected 

areas of dewlap, axillary and perineal regions. Tissue samples were preserved in 10% buffered 

formalin. The labeled tissue samples were transported to histopathology lab of University of 

Veterinary and Animal Sciences, Lahore.  

3.5.2. Paraffin embedding of skin and hide tissue samples 

Tissue samples including skin and hide infected with ticks were fixed for 24 hours in 10% 

buffered formalin solution, dehydrated, embedded in paraffin wax, and sectioned. After fixation 

with formalin, all samples were placed under running tap water for hydration purpose for 26h. Then 

samples were dehydrated with ascending concentrations of alcohol. Alcohol from tissue samples 

was removed by xylene. Then samples were infiltrated with paraffin wax. After embedding blocks 

of tissue samples were made, sectioned at the 4µm size and mounted on a glass slide. These glass 

slides were placed in an oven at 56°C for 2h (Kingston et al. 2007).  

3.5.3. Staining of paraffin embedded tissues 

Glass slides mounted with tissue sections were subjected to staining protocol. Before staining 

the paraffin wax was removed by xylene and then xylene was removed by descending concentration 

of alcohol. Alcohol from tissues was removed by water. After washing all the slides were subjected 

to basic stain (hematoxylin) for 15 minutes. Then stained slides were washed with water, acid 

alcohol, and ammonia alcohol. After washing slides were counterstained with eosin for 3 minutes. 

These slides were washed with alcohol and xylene. In the last step, all the slide tissues were covered 

with a coverslip. These were observed under microscope preinstalled with camera and display 

monitor screen.   

3.6. Sequencing of PCR products 

The genomic samples of ticks which were positive for brucellosis by real-time PCR assay were 

run by conventional PCR and confirmed on a Gel. Confirmed bands of required PCR products from 

ruminants and ticks genome were then extracted by ExgeneTM Gel SV-mini Kit (GeneALL® 

Biotechnology Co. Ltd, Songpa-gu, Korea) according to manufacturer’s instructions. The extracted 

genome of PCR products was sequenced by automated sequencer of ABI-3130XL. Sequences 

obtained were analyzed for similarity on NCBI Blast sequence, and were submitted to GenBank.  

3.7. Statistical analysis  

Standard error sample proportion was calculated by using the SEP formula as given. SEP = 

Square root [P (1 – P)/ n] and statistical analysis using chi-square by using SPSS for Windows 

version 20, SPSS Inc., Chicago, IL, USA (Statistical Package for Social Science). P< 0.05 was 

considered significant.
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CHAPTER 4 

RESULTS 
 

4.1. Conventional PCR results of seropositive serum samples  

All the serum samples after collection were screened using Rose Bengal antigen. Agglutination 

reaction confirmed the samples to be positive for brucellosis. Screening confirmed antibodies for 

brucellosis at the genus level. Through RBPT we find out the 73 (10.54% ± 0.0116) seropositive 

samples of cattle out of 692. We find out that 61 (7.644% ± 0.0093) serum samples of buffalo were 

positive through RBPT out 798 collected samples. 118 serum samples (12.29% ± 0.0105) were 

positive out of 960 goats. 91 serum samples (19.32% ± 0.289) were seropositive out of 471 serum 

samples of sheep. PCR assay confirmed the 13 (17.80% ± 0.044) samples positive for B. melitensis 

in cattle out of 73 seropositive samples. 9 (14.75% ± 0.047) serum samples from buffalo were 

confirmed B. melitensis positive via PCR out of 61 seropositive samples. All seropositive samples 

of caprine and ovine tested for B. abortus using species-specific PCR. PCR confirmed B. abortus 

in 23 samples (19.49% ± 0.036) out of 118 seropositive samples in goats while 16 samples (17.58% 

± 0.039) out of 91 seropositive samples of sheep. Results are summarized in table 4.1. The positive 

samples of PCR assay are shown in figure 4.1 and figure 4.2.  

 

Table: 4.1. Conventional PCR assay results of serum samples  
 

Species RBPT Conventional PCR Assay 

Seropositive B. abortus B. melitensis 

Cattle (692) 73 (10.54% ± 0.0116) 45(61.64% ± 0.056 13 (17.80% ± 0.044) 

Buffalo (798) 61 (7.644% ± 0.0093) 37(60.65%±0.062) 09 (14.75% ± 0.047) 

Sheep (471) 91 (19.32% ± 0.289) 16 (17.58% ± 0.039) 34(37.36%± 0.050) 

Goats (960) 118 (12.29% ± 0.0105) 23 (19.49% ± 0.036) 47 (39.83%± 0.044) 

 

Figure: 4.1. Electrophoretic pattern of PCR products 498 bp on 1.5% agarose gel stained 

with Ethidium bromide. Lane M is standard DNA marker, Lane P is positive control, Lane 

N is negative control, Lane-2,3,4,6,7,8,9,10,11,12 is positive PCR products of B. abortus 498 

bp and Lane 1 and 5 is negative PCR products for B. abortus. 
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Figure: 4.2. Electrophoretic pattern of PCR products 731 bp of positive samples on 1.5% 

agarose gel stained with Ethidium bromide. Lane M is standard DNA marker, Lane P is 

positive control, Lane N is negative control and Lane-1-9 is positive PCR products of B. 

melitensis 731 bp  

 

4.2. Real-time PCR results of seropositive serum samples 

Real-time PCR confirmed B. abortus in 74 samples (62.71% ± 0.044) out of 118 seropositive 

samples in goats while 63 samples (69.23% ± 0.048) were PCR positive out of 91 seropositive 

samples of sheep. Real-time PCR assay confirmed the 47 (64.38% ± 0.055) samples positive for B. 

melitensis in cattle out 73 seropositive samples. 42 (68.85% ± 0.059) serum samples were 

confirmed as B. melitensis positive out of 61 seropositive samples. The results are given in table 

4.2. Real-time assay was also used for detection of brucellosis in blood samples for comparison. 

The results of B. abortus and B. melitensis detected in blood samples are given in table 4.3. Real-

time PCR positive control is shown in figure 4.3; negative control is shown in figure 4.4. Overall 

real-time amplification curve is shown in figure 4.5.  

 

Table: 4.2. Real-time PCR assay results of serum samples 

Species RBPT Real-time PCR Assay 

Seropositive B. abortus B. melitensis 

Cattle (692) 73 (10.54% ± 0.0116) 66(90.41%± 0.034) 47 (64.38% ± 0.055) 

Buffalo (798) 61 (7.644% ± 0.0093) 53(86.88%± 0.042) 42 (68.85% ± 0.059) 

Sheep (471) 91 (19.32% ± 0.289) 63 (69.23% ± 0.048) 59(64.83%± 0.050) 

Goats (960) 118 (12.29% ± 0.0105) 74 (62.71% ± 0.044) 81(68.64%± 0.042) 

 

Table: 4.3. Real-time PCR assay results of Blood samples  

Species RBPT 

Seropositive 

Brucella spp. 

detected 

Real-time PCR 

assay 

Cattle (692) 73 (10.54% ± 0.0116) B. abortus 38(52.05%± 0.058) 

Buffalo (798) 61 (7.644% ± 0.0093) 29(47.54%± 0.063) 

Sheep (471) 91 (19.32% ± 0.289) B. melitensis  44(48.35%± 0.051) 

Goats (960) 118 (12.29% ± 0.0105) 53(44.91%± 0.045) 
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Figure: 4.3. Real-time amplification of Positive control of B. abortus (30ng/µL) 

 

 

 

 

 

 
 

Figure: 4.4. Negative control real-time result 



Results 

15 

 
 

Figure: 4.5. Overall real-time amplification results  

 

4.3. Results of seronegative serum samples  

Serum samples were collected from cattle, buffalo, sheep, and goats. All serum samples were 

subjected to serological screening for brucellosis by RBPT. The precipitation reaction confirmed 

the seropositive animals. Through serological screening, we found out the seroprevalences of 

10.54% ± 0.0116, 7.644% ± 0.0093, 19.32% ± 0.289 and 12.29% ± 0.0105 in cattle, buffalo, sheep, 

and goats respectively. Serum samples without precipitation reaction were considered 

seronegative. 89.4% ± 0.0116 cattle, 92.3% ± 0.0093 buffalo, 80.65% ± 0.289 sheep and 87.7% ± 

0.0105 goats tested as seronegative. Only seronegative serum samples were subjected to real-time 

PCR for the detection of Brucella. Species-specific reported primers and probe attached with dye 

and quencher were used. Real-time PCR detected B. abortus in 53 (8.5% ± 0.014) and 79 (10.7% 

± 0.011) cattle and buffalo, respectively while B. melitensis in 28 (7.3% ± 0.013) sheep and 46 

(5.4% ± 0.007) goats out of 619, 737, 380 and 842 seronegative serum samples of cattle, buffalo, 

sheep and goats respectively. The results were used to generate a computer display system. The 

results are given in table 4.4. 

 

Table: 4.4. Real-time PCR assay results of seronegative serum samples 

Species RBPT 

Seronegative  

Brucella spp. 

detected 

Real-time PCR 

assay 

Cattle (692) 619 (89.4% ± 0.011) B. abortus 53 (8.5% ± 0.014) 

Buffalo (798) 737 (92.3% ± 0.0093) 79 (10.7% ± 0.011) 

Sheep (471) 380 (80.65% ± 0.289) B. melitensis  28 (7.3% ± 0.013) 

Goats (960) 842 (87.7% ± 0.0105) 46 (5.4% ± 0.007) 

 

4.4. Results of comparative evaluation of molecular assay 

Blood samples and serum samples were collected from cattle, buffalo, sheep and goats. All 

serum samples were proceeded to serological screening for brucellosis using Rose Bengal antigen. 

The precipitation reaction confirmed the seropositive animals. Through serological screening we 

found out the seroprevalences of 10.54% ± 0.0116, 7.644% ± 0.0093, 19.32% ± 0.289 and 12.29% 

± 0.0105 in cattle, buffalo, sheep and goats respectively. In the first part of the experiment, only 

seropositive samples were subjected to real-time PCR and conventional PCR for checking the 
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comparative efficacy of these molecular techniques. Real-time PCR detected significantly (P< 

0.05) more B. abortus in cattle and buffalo. Similarly, significantly (P< 0.05) more B. melitensis 

in sheep and goats. Real-time PCR detected 90%±0.039 and 86%±0.044 B. abortus than 

conventional PCR detected 61%±0.057 and 60%±0.062 in seropositive cattle and buffalo 

respectively. Similarly, real-time PCR detected 64%±0.050 and 68%±0.042 B. melitensis than 

conventional PCR detected 37%±0.050 and 39%±0.044 in seropositive sheep and goats, 

respectively. These results confirmed that real-time PCR is more sensitive than conventional PCR. 

These results are shown in table 4.5. 

 

Table 4.5: Chi-square analysis of PCR techniques on serum samples for brucellosis 

 

Brucella 

species 

Animals Results Chi-square 

analysis 

RBPT Real-time 

PCR 

Conventional 

PCR 

Chi-square 

(χ2) 

P< 0.05 

B. abortus Cattle 73 (10.54% ± 

0.0116) 

66 

(90%±0.039) 

45 

(61%±0.057) 

16.573 0.000 

Buffalo 61 (7.644% ± 

0.0093) 

53 

(86%±0.044) 

37 

(60%±0.062) 

10.844 0.001 

B. melitensis Sheep 91 (19.32% ± 

0.289) 

59 

(64%±0.050) 

34 

(37%±0.050) 

17.339 0.000 

Goat 118 (12.29% 

± 0.0105) 

81 

(68%±0.042) 

47 

(39%±0.044) 

19.735 0.000 

 

4.5. Results of comparative evaluation of serum with blood 

Serum and blood samples were compared using real-time PCR for the diagnosis of brucellosis 

in small and large ruminants. After serological screening, the serum and respective blood samples 

of seropositive cattle, buffalo, sheep, and goats were subjected to real-time PCR. Real-time PCR 

detected B. abortus in 90%±0.035 and 86%±0.044 in serum samples from cattle and buffalo, 

respectively. Blood samples from cattle and buffalo showed B. abortus RT-PCR positive rates of 

65% +/- 0.055 and 63%+/- 0.061, respectively. Similarly, real-time PCR detected B. melitensis in 

64%±0.050, 68%±0.042 of serum samples and 48%±0.052, 53%±0.045 of blood samples from 

seropositive cattle and buffalo, respectively. Comparison through chi-square has confirmed 

significantly (P< 0.05) more B. abortus and B. melitensis detection in serum samples of large and 

small ruminants, respectively.  The results of the second part of the experiment are shown in table 

4.6. 

 

Table 4.6: Chi-square analysis of serum and blood samples for the diagnosis of brucellosis  

 

Brucella 

species 

Animals Real-time PCR Chi-square analysis 

RBPT Serum Blood Chi-square 

(χ2) 

P< 0.05 

B. abortus Cattle 73 (10.54% ± 

0.0116) 

66 

(90%±0.035) 

48 

(65%±0.055) 

12.967 0.000 

Buffalo 61 (7.644% ± 

0.0093) 

53 

(86%±0.044) 

39 

(63%±0061) 

8.664 0.003 

B. melitensis Sheep 91 (19.32% ± 

0.289) 

59 

(64%±0.050) 

44 

(48%±0.052) 

5.033 0.025 

Goat 118 (12.29% 

± 0.0105) 

81 

(68%±0.042) 

63 

(53%±0.045) 

5.772 0.016 
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4.6. Results of cattle ticks  

All the serum samples after collection were screened by using Rose Bengal antigen. 

Agglutination reaction confirmed the positive samples for brucellosis. Through RBPT we found 

out the 73 (10.54% ± 0.0116) seropositive samples of cattle out of 692. Real-time PCR assay 

confirmed the B. abortus in 66 serum samples out of 73 seropositive serum samples of cattle. The 

ticks from 66 naturally infected hosts with B. abortus (confirmed by real-time PCR) were identified 

by using tick identification key of Walker, (2014), (ISBN 0-9545173-0-X). From these 66 cattle, 

223 ticks were collected. 78 (34.97% ± 0.031) were Hyalomma and 145 (65.02% ± 0.031) were 

Boophilus. Among Hyalomma the distribution pattern of different species was identified as: 18 

(23.07% ± 0.046) H. anatolicum excavatum, 15 (19.23% ± 0.044) H. dromedrii, 15 (19.23% ± 

0.044) H. anatolicum anatolicum, 07 (8.97% ± 0.031) H. impeltatum, 05 (06.41% ± 0.027) H. 

detritum scupense, 05 (6.41% ± 0.027) H. impressum, 05 (06.41% ± 0.027) H. marginatum 

marginatum, 04 (05.12% ± 0.024) H. marginatum rufipes, and 04 (05.12% ± 0.024) H. detritum 

detritum. In Hyalomma males were 25 (32% ± 0.051) and females were 53 (68% ±0.051). 

Hyalomma tick prevalence is shown in table 9.  A total of 145 (65.02% ± 0.031) ticks were 

identified as Boophilus among which the distribution pattern of different species was identified as: 

52 (35.86% ± 0.038), B. annualtus, 33 (22.75% ± 0.034) B. decoloratus, 35 (24.13% ± 0.035) B. 

microplus, and 25 (17.24% ± 0.031) B. geigyi. For Boophilus ticks, 05 (3.44% ± 0.014) were male 

and 140 (96.55% ± 0.014) were females. Only females Hyalomma and Boophilus ticks were 

proceeded to real-time PCR assay. RT-PCR detected B. abortus in 03 (5.6% ± 0.031) Hyalomma 

anatolicum anatolicum ticks and 07 (5% ± 0.031) ticks of B. microplus. None of the other species 

of ticks were identified as carriers of Brucella. Data is presented in table 4.7 and 4.8.   

 

Table: 4.7. Hyalomma spp. of ticks from cattle 

  

Hyalomma spp.  Male Female Total 

H. anatolicum anatolicum 04 11  15 (19.23% ± 0.044) 

H. anatolicum excavatum 03 15 18 (23.07% ± 0.046) 

H. marginatum marginatum 04 01 05 (06.41% ± 0.027) 

H. marginatum rufipes 00 04 04 (05.12% ± 0.024) 

H. detritum detritum 04 00 04 (05.12% ± 0.024) 

H. detritum scupense 02 03 05 (06.41% ± 0.027) 

H. dromedrii 02 13 15 (19.23% ± 0.044) 

H. impressum  01 04 05 (6.41% ± 0.027) 

H. impeltatum 05 02 07 (8.97% ± 0.031) 

Total  25 (32% ± 0.051) 53 (68% ±0.051) 78 (34.97% ± 0.031) 

 

Table: 4.8. Boophilus spp. of ticks from cattle  

Boophilus spp. Male Female Total 

B. annulatus  01 51 52 (35.86% ± 0.038) 

B. microplus 04 31  35 (24.13% ± 0.035) 

B. decoloratus 00 33 33 (22.75% ± 0.034) 

B. geigyi  00 25 25 (17.24% ± 0.031) 

Total 05 (3.44% ± 

0.014) 

140 (96.55% ± 

0.014) 

145 (65.02% ± 0.031) 

 

4.7. Results of buffalo ticks 

From 53 buffalo, 149 ticks were collected. 82 (55.03% ± 0.054) were Hyalomma and 67 

(44.96% ± 0.040) were Boophilus. Distribution pattern of different Hyalomma species and 

Boophilus species is given in tables 11 and 12. Among Hyalomma ticks, distribution pattern was 
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as follows:  07 (08.53% ± 0.030) H. anatolicum anatolicum, 13 (15.85% ± 0.038) H. anatolicum 

excavatum, 12 (14.63% ± 0.037) H. marginatum marginatum, 03 (03.65% ± 0.016) H. marginatum 

rufipes, 08 (09.75% ± 0.031) H. detritum detritum, 04 (04.87% ± 0.023) H. detritum scupense, 16 

(19.51% ± 0.043) H. dromedrii, 07 (08.53% ± 0.030) H. impressum, 09 (10.97% ± 0.031) H. 

impeltatum, 02 (02.43% ± 0.016) H. truncatum, and 01 (01.21% ± 0.034) H. albipamatum. Among 

Boophilus, distribution pattern was: 24 (35.82% ± 0.057) B. annulatus, 28 (41.79% ± 0.060) B. 

microplus, 10 (14.92% ± 0.041) B. decoloratus, and 05 (07.46% ± 0.052) B. geigyi. Real-time assay 

detected B. abortus in 03 Hyalomma anatolicum anatolicum ticks, 02 B. annulatus and 01 

Boophilus microplus. None of the other species of ticks were identified as carriers of Brucella. Data 

is given in tables 4.9 and 4.10.  

 

Table: 4.9. Hyalomma spp. of ticks from buffalo 

Hyalomma spp. Male Female Total 

H. anatolicum anatolicum 01 06 07 (08.53% ± 0.030) 

H. anatolicum excavatum 03 10 13 (15.85% ± 0.038) 

H. marginatum marginatum 09 03 12 (14.63% ± 0.037) 

H. marginatum rufipes 03 00 03 (03.65% ± 0.016) 

H. detritum detritum 04 04 08 (09.75% ± 0.031) 

H. detritum scupense 02 02 04 (04.87% ± 0.023) 

H. dromedrii 03 13 16 (19.51% ± 0.043) 

H. impressum  00 07 07 (08.53% ± 0.030) 

H. impeltatum 09 00 09 (10.97% ± 0.031) 

H. truncatum 02 00 02 (02.43% ± 0.016) 

H. albipamatum 01 00 01 (01.21% ± 0.034) 

Total  37 (45.12% ± 

0.054) 

45 (54.87% ± 

0.054) 

82 (55.03% ± 0.054) 

 

Table: 4.10. Boophilus spp. of ticks from buffalo 

Boophilus spp. Male Female Total 

B. annulatus  00 24 24 (35.82% ± 0.057) 

B. microplus 14 14 28 (41.79% ± 0.060) 

B. decoloratus 03 07 10 (14.92% ± 0.041) 

B. geigyi  00 05 05 (07.46% ± 0.052) 

Total 17 (25.37% ± 

0.051) 

50 (74.62% ± 

0.051) 

67 (44.96% ± 0.040) 

 

4.8. Results of goat ticks 

From 81 goats, a total of 122 ticks were collected consisting of 109 (89.34% ± 0.028) 

Rhipicephalus species and 13 (10.65% ± 0.027) Hyalomma species. Among Rhipicephalus, the 

distribution pattern was: 03 (2.75% ± 0.042) R. appendiculatus, 27 (24.77% ± 0.040) R. 

senegalensis, 12 (11.0% ± 0.029) R. muhsamae, 08 (7.33% ± 0.042) R. guilhoni, 05 (4.58% ± 

0.020) R. camicasi, 04 (3.66% ± 0.017) R. zambenziensis, 04 (3.66% ± 0.017) R. simus, 43 

(38.53% ± 0.045) R. sanguineus, and 03 (2.75% ± 0.042) R. parvus. Species distribution pattern 

of Hyalomma was as follow: 01 (7.6% ± 0.073) H. anatolicum excavatum, 01 (7.6% ± 0.073) H. 

marginatum marginatum, 03 (23% ± 0.11) H. marginatum turanicum, 02 (15% ± 0.098) H. 

detritum detritum, 03 (23% ± 0.11) H. dromedrii, 01 (7.6% ± 0.073) H. impressum, 01 (7.6% ± 

0.073) H. impeltatum, and 01 (7.6% ± 0.073) H. albipamatum. Results of identified ticks from 

goat are given in table 4.11 and 4.12.  
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Table: 4.11. Rhipicephalus spp. of ticks from goat  

Rhipicephalus 

spp. 

Male Female Total 

R. appendiculatus  00 03 03 (2.75% ± 0.042) 

R. senegalensis  02 25 27 (24.77% ± 0.040) 

R. muhsamae 12 00 12 (11.0% ± 0.029) 

R. guilhoni 03 05 08 (7.33% ± 0.042) 

R. camicasi 00 05 05 (4.58% ± 0.020) 

R. zambenziensis 00 04 04 (3.66% ± 0.017) 

R. simus 04 00 04 (3.66% ± 0.017) 

R. sanguineus 16 27 43 (38.53% ± 0.045) 

R. parvus 00 03 03 (2.75% ± 0.042) 

Total 37 (33.94% ± 

0.045) 

72 (66.05% ± 

0.045) 

109 (89.34% ± 0.028) 

 

Table: 4.12. Hyalomma spp. of ticks from goat 

Hyalomma spp. Male Female Total 

H. anatolicum excavatum 01 00 01 (7.6% ± 0.073) 

H. marginatum marginatum 00 01 01 (7.6% ± 0.073) 

H. marginatum turanicum 03 00 03 (23% ± 0.11) 

H. detritum detritum 00 02 02 (15% ± 0.098) 

H. dromedrii 00 03 03 (23% ± 0.11) 

H. impressum  01 00 01 (7.6% ± 0.073) 

H. impeltatum 01 00 01 (7.6% ± 0.073) 

H. albipamatum  01 00 01 (7.6% ± 0.073) 

Total  07 (53.84% ± 

0.13) 

06 (46.15% ± 

0.13) 

13 (10.65% ± 

0.027) 

 

4.9. Result of sheep ticks 

From 59 sheep, a total of 138 ticks were collected. 90 (65.21% ± 0.040) ticks were 

Rhipicephalus species while 48 (34.78% ± 0.040) were Hyalomma species. Among Rhipicephalus 

the distribution pattern was as follow: 11 (12.22% ± 0.034) R. appendiculatus, 07 (7.77% ± 0.26) 

R. senegalensis, 08 (8.88% ± 0.028) R. muhsamae, 06 (6.66% ± 0.024) R. guilhoni, 08 (8.88% ± 

0.028) R. zambenziensis, 42 (46.66% ± 0.051) R. sanguineus, and 08 (8.88% ± 0.028) R. turanicus. 

Among Hyalomma species the distribution pattern was; 01 (2.08% ± 0.023) H. anatolicum 

anatolicum, 01 (2.08% ± 0.023) H. anatolicum excavatum, 23 (47.91% ± 0.071) H. marginatum 

marginatum, 01 (2.08% ± 0.023) H. detritum detritum, 02 (4.16% ± 0.29) H. detritum scupense, 

19 (39.58% ± 0.070) H. dromedrii, and 01 (2.08% ± 0.023) H. impressum. The results are given in 

table 4.13 and 4.14.  
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Table: 4.13. Rhipicephalus spp. of ticks from sheep 

 

Rhipicephalus spp. Male Female Total 

R. appendiculatus  04 07 11 (12.22% ± 0.034) 

R. senegalensis  01 06 07 (7.77% ± 0.26) 

R. muhsamae 07 01 08 (8.88% ± 0.028) 

R. guilhoni 03 03 06 (6.66% ± 0.024) 

R. zambenziensis 03 05 08 (8.88% ± 0.028) 

R. sanguineus 16 26 42 (46.66% ± 0.051) 

R. turanicus  06 02 08 (8.88% ± 0.028) 

Total 40 (44.44% ± 

0.052) 

50 (55.55% ± 

0.052) 

90 (65.21% ± 0.040) 

 

Table: 4.14. Hyalomma spp. of ticks from sheep 

 

Hyalomma spp.  Male Female Total 

H. anatolicum anatolicum 00 01 01 (2.08% ± 0.023) 

H. anatolicum excavatum 01 00 01 (2.08% ± 0.023) 

H. marginatum marginatum 19 04 23 (47.91% ± 0.071) 

H. detritum detritum 01 00 01 (2.08% ± 0.023) 

H. detritum scupense 02 00 02 (4.16% ± 0.29) 

H. dromedrii 06 13 19 (39.58% ± 0.070) 

H. impressum  01 00 01 (2.08% ± 0.023) 

Total  30 (62.5% ± 

0.07) 

18 (37.5% ± 

0.07) 

48 (34.78% ± 0.040) 

 

4.10. Results of real-time assay for Brucella detection in ticks 

After screening by RBPT, animals were confirmed for brucellosis by real-time PCR assay. Only 

the female ticks of Brucella positive ruminants were subjected to real-time PCR. Real-time PCR 

assay detected B. abortus in 03 (5.5% ± 0.031) Hyalomma anatolicum anatolicum and 07 (5% ± 

0.018) Boophilus microplus ticks collected from Brucella positive cattle. In ticks collected from 

buffalo, B. abortus was detected in 03 (6.6% ± 0.036) Hyalomma anatolicum anatolicum, 01 (2% 

± 0.062) Boophilus microplus, and 02 (4% ± 0.027) Boophilus annulatus. In sheep and goats, the 

Rhipicephalus was identified responsible for Brucella. B. melitensis was detected in 01 (2% ± 

0.062) Rhipicephalus appendiculatus collected from sheep and 02 (2.7% ± 0.018) Rhipicephalus 

sanguineus from goats. Results are given in table 4.15. Real-time amplification results can be seen 

in figure 4.6.                                                                                                
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Table: 4.15. Real-time results of Brucella in ticks  

Animal Ticks genus Ticks species Brucella 

spp. 

Cattle Hyalomma spp. 

(53) 

Hyalomma anatolicum anatolicum 

03 (5.5% ± 0.031) 

B. abortus  

Boophilus spp 

(140) 

Boophilus microplus                              

07 (5% ± 0.018) 

Buffalo Hyalomma spp 

(45) 

Hyalomma anatolicum anatolicum 

03 (6.6% ± 0.036) 

Boophilus spp 

(50) 

Boophilus microplus                              

01 (2% ± 0.062) 

Boophilus annulatus                               

02 (4% ± 0.027) 

Sheep Rhipicephalus spp. 

(50) 

Rhipicephalus appendiculatus               

01 (2% ± 0.062) 

B. melitensis 

Hyalomma spp. 

(18) 

- 

Goat Rhipicephalus spp. 

(72) 

Rhipicephalus sanguineus                       

02 (2.7% ± 0.018) 

Hyalomma spp. 

(06) 

- 

 

 

Figure: 4.6. Real-time curve of ticks positive for Brucella spp 

 

4.11. Accession number of PCR products  

The sequences were submitted to Gen-Bank for accession number.  

Accession# MH615814: B. abortus, isolated from large ruminants  

Accession# MH615815: B. abortus, isolated from ticks of large ruminants 

Accession# MH615816: B. melitensis, isolated from small ruminants  

Accession# MH615817: B. melitensis, isolated from large ruminants 

Accession# MH615818: B. melitensis, isolate from ticks of small ruminants 

Accession# MH615819: B. melitensis, isolated from ticks of small ruminants 
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Figure: 4.7. Female Hyalomma anatolicum                  Figure: 4.8. Male Hyalomma 

Figure: 4.8. Female Boophilus microplus            Figure: 4.10. Male Boophilus microplus  

Figure: 4.11. Female R. sanguineus                             Figure: 4.12. Male R. sanguineus      
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4.11. Results of histopathological findings of tick bite lesions 

Gross skin and hide examinations were performed. Hides of tick infested cattle and buffalo 

showed mild swelling, red papule and erythema at the site tick bite lesion. In some tissue samples, 

vesicles and ulceration were seen.  Tick bites on processed bovine hides showed up as pinpoint 

lesions, or holes (figure 1). Hyperkeratosis and widening of intracellular spaces with degeneration 

of epidermal layer from basal lamina was seen in hides of infested bovine tissues samples. Tick 

infested hides displayed focal areas of necrosis, collagen degeneration, spatial disorientation in the 

grain and dermal layer infiltrated with neutrophils, basophils, eosinophils and mononuclear cells. 

Hyperplasia of keratinocytes was also seen at sites of tick bite disrupted epidermis. These 

histopathological changes can be seen in figure 2. The primary lesions found in skin of both sheep 

and goats featured focal epidermal edema with adjacent dermal edema/ sub epidermal edema. 

Sloughing of epidermal keratin layer is also seen. These lesion can be seen in figure 3. The 

microscopic analysis revealed predominance of neutrophils over basophils, eosinophils and 

mononuclear cells. In the stratum spinosum, marked spongiosis was observed with edematous fluid 

between keratinocytes with stretched desmosome accompanied by basophilic micro-abscesses.  

 

Figure: 4.13. Hide of bovine showing marked ticks bite lesions with small pin point pores 

after pickling and bluing process of leather tanning process 
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Figure: 4.14. Histopathology of bovine hide. Epidermal hyperkeratosis and degeneration 

from basal lamina is seen. Collagen degeneration, necrosis and presence of some mononuclear 

cells in the dermis are also seen 

Figure: 4.15. Histopathology of goat skin. Focal areas of adjacent sub epidermal edema is 

seen. In this area there was total sloughing of the epidermis up to stratum basale 
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Figure: 4.16. Hyperkeratosis and sloughing of epidermal keratin layer is also seen. 

Infiltration of mononuclear cells at sub epidermal layer in sheep skin and widening 

intracellular spaces in epidermal layer
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CHAPTER 5 

DISCUSSION 
 

5.1. Vector role of ticks in brucellosis  

Ticks have been shown to harbor many organisms which may be pathogenic, non-pathogenic or 

endosymbiotic. Ticks are the host of many unidentified microbes that continued to be described 

including Brucella. Brucellosis is an important disease which is prevalent in ruminants and humans. 

The prevalence of disease depends upon different factors. In the present study different species of 

Hyalomma, Boophilus, and Rhipicephalus of Brucella positive ruminants were subjected to real-

time PCR to determine their role in Brucella transmission. Real-time PCR detected B. abortus in 

Hyalomma anatolicum anatolicum and Boophilus microplus of cattle ticks. While in buffalo ticks, 

B. abortus was detected in Hyalomma anatolicum anatolicum, Boophilus annulatus and Boophilus 

microplus. B. melitensis was detected in Rhipicephalus sanguineus ticks of sheep and 

Rhipicephalus appendiculatus ticks of goat. All other species of Hyalomma and Boophilus were 

negative for B. abortus and B. melitensis. Previously Brucella was detected in Boophilus which is 

in agreement with present study (Hosseini et al. 2017; Khan et al. 1997). Hosseini et al. (2017) 

suggested a vector role Boophilus in nature for brucellosis. In present work specific species of 

Brucella were investigated in identified species of Boophilus to confirm the role of ticks as vector. 

Present study is also in accordance with Khan et al. (1997) who cultured the B. abortus from 

Boophilus microplus and Hyalomma anatolicum anatolicum ticks in Pakistan. In current study 

molecular based investigation Brucella from ticks infesting small and large ruminants has been 

carried out first time in Pakistan. In present study only adult ticks were collected for investigation 

of brucellosis. While previously, transovarial transmission of Brucella was investigated in 

developmental stages of Dermacentor marginatus. Both B. abortus and B. melitensis were detected 

in eggs, larva, nymph and adult stages of the Dermacentor marginatus through PCR (Wang et al. 

2018). Hyalomma, Boophilus and Rhipicephalus were identified in present work which might have 

a role in horizontal and vertical transmission of brucellosis. Their role can be highlighted through 

investigation of Brucella in developmental stages of ticks. Control of ticks in cattle and goats may 

reduce brucellosis infection rates, which provides further evidence implicating ticks as vector for 

brucellosis among domestic animal populations (Miler et al. 2016). Currently ticks have been 

detected for brucellosis but to gain an understanding of Brucella transmission by tick bites, in-vitro 

based studies are required.   

 

5.2. Histopathological changes in skin/hide due to ticks 

Gross lesions of papules and erythema develop due to the mouth parts of tick which penetrate 

the epidermal layer and lodge within the dermal papillae. Mouthpart piercing of the dermal blood 

vessels may lead to hemorrhages and collagen degeneration at the site of bite (Wall and Shearer 

2008). In the present study, hyperkeratosis and widening of intracellular spaces with degeneration 

of stratum cornium layer from stratum granulosum was seen in hide of bovine tissues sample. The 

hide was also damaged by focal area of necrosis, collagen degeneration, spatial disorientation in 

the grain and dermal layer infiltrated with neutrophils, basophils and mononuclear cells. 

Hyperplasia of keratinocytes was also seen at side of ruptured epidermis. Tick bite lesions induce 

rupture and ulceration of skin which become vulnerable to secondary botfly infestation, or myiasis. 

Tick bite lesions resulting in wounds provide a place for flies larvae which causes itching and 

irritation on skin inducing exudation and may lead to secondary bacterial infections (Gashaw and 

Mersha 2013). Tick infestation causes damage to both skin and hides of small and large ruminants 

at both gross and microscopic levels, inducing economic losses to leather industry in Pakistan. In 

Pakistan 3.08% skin and hide damage have been reported due to ticks (Chaudhry et al. 2011). Tick 

bite causes a local injury during feeding. Bite lesions are prone to secondary bacterial infection and 

fly myiasis, both of which may significantly increase the level of tissue damage at tick bite sites 

(Taylor et al. 2007). Heavy infestation of ticks causes a loss in live weight gain, poor production 

and decrease in the quality of skin and hide, as a result of undermining host physiological health 
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(Kettle 1995). Ticks not only transmit pathogens to animals but also causes skin and hide damage 

which ultimately leads to a financial loss in the livestock sector. The quality of skin and hides to 

large extent are related to grain surface. The damage to the skin caused by ectoparasites, scratches 

on animals during handling at farm and transportation to the abattoir, during flaying process and 

inappropriate handling and preservation technique of skin and hides after slaughtering may reduce 

the value of the hide and its products. Among ectoparasites, ticks are most important (Chaudhary 

et al. 2011). Several ectoparasites induce skin damage, in Pakistan, ticks are thought to be the 

primary culprits. Control of ticks and treatment of animals is imperative to compensate for the loss 

of damages to hides.  

 

5.3. Inter-species transmission of Brucella  

In the present study, after screening with Rose Bengal antigen, seropositive samples were 

subjected to real-time PCR assay. PCR assay determined the presence of 64.38% and 68.85% of B. 

melitensis in both cattle and buffalo respectively in seropositive serum samples. Previously the 

cause of abortion in cows due B. melitensis was investigated and it was observed that mix farming 

with sheep and goats was the main reason for cross-infection (Wang et al. 2018). There are a 

number of factors that might play a key role in cross-infection of species. In a country like Pakistan, 

the lack of strict biosafety measures could be the main pillar of control failure. Mixed farming, 

where both small and large animals share same housing, could be main cause of transmission of B. 

melitensis to large ruminants (Ali et al. 2015). Ectoparasites have recently been investigated as 

responsible for Brucella transmission, including ticks, mites, and lice (Wang et al. 2018). These 

ectoparasites with fomites, water, and soil should be included in the investigation of cross-

transmission of Brucella species. In developing countries, poor farmers usually do not cull 

Brucella-positive animals; rather, they sell them to other poor farmers, which leads to the spread 

of infection to other animals in a mixed herd (Ali et al. 2015). Brucellosis is a rapidly emerging 

disease; spread has been complicated by infections of nonpreferred hosts. Consideration of cross-

transmission of B. melitensis into nonspecific hosts should be included for effective control 

measures. Abortion due to B. melitensis in large ruminants cannot be identified on serological tests, 

and serological-based screening may lead to misleading planning measures for a control program. 

Species-specific identification and isolation of Brucella are key for control measures. Early and 

accurate detection of Brucella species and biovar/biotypes is fundamental for the control and 

eradication of brucellosis. The presence of B. melitensis in cattle and buffalo is not only an 

impediment in control and eradication but also poses a serious potential risk for public health. Little 

attention has been given to B. melitensis in large ruminants, because B. abortus is considered the 

main agent. Bovine should be vaccinated against B. melitensis because this specie does not lose its 

pathogenicity and causes a significant abortion storm in cattle (Al-Mariri et al. 2015). More 

attention should be paid to interspecies transmission of B. melitensis in cattle during control and 

eradication of brucellosis (El-Hady et al. 2016). 

 

5.4. Comparative evaluation of real-time PCR with conventional PCR 
In present study real-time assay detected more B. abortus in 90% cattle and 86% buffalo than 

conventional assay which detected B. abortus in 61% cattle and 60% buffalo seropositive samples. 

B. melitensis was detected in 64% sheep and 68% goat by real time assay as compare to 

conventional assay which detected B. melitensis in 37% sheep and 39% goat. The diagnosis of 

brucellosis is very important in adopting the control measures. Isolation and bacterial culture is still 

a gold standard test for the diagnosis of brucellosis. But this method is hazardous (Wareth et al. 

2014). The rapid, more sensitive and safe method of diagnosis is based on molecular tests (Akhtar 

et al. 2010). Molecular assays can detect both live, dead even highly contaminated samples as 

compared to culture method which cannot detect dead and contaminated samples. In the present 

study, we compared two molecular techniques. We compared the real-time PCR assay with 

conventional PCR assay. We found out that real-time assay is more sensitive than the conventional 

type of molecular assay. The present research work is in agreement with Sidor et al. (2013) who 



Discussions 

28 

proved multiplex real time PCR more sensitivity as compared to conventional. Greater sensitivity 

is due of elimination of post PCR amplification steps in real-time PCR assay, while conventional 

assay requires the run of amplified products on a Gel (Redkar et al. 2001). In real-time PCR reaction 

amplification can be visualized through computerized generated software consisting of log and lag 

phase. Due to visualization of amplification with the passage of time this assay called as a real-

time assay. In conventional PCR, we can confirm the reaction only after completion of cycles of 

amplification. Even after successful amplification, there could be an error during post PCR steps. 

Post PCR steps include Gel preparation, Ethidium bromide inclusion, Gel Electrophoresis, and 

visualization through UV illuminator which are time consuming and labor intensive (Yang et al. 

2007).   

 

5.5. Brucellosis in seronegative small and large ruminants 
Seronegative animals could be serious problem because such animals are overlooked and 

ignored during a routine screening and these seronegative animals could be a source of Brucella 

infection in the farm (El-Diasty et al. 2018). In present study real-time PCR detected B. abortus in 

53 and 79 cattle and buffalo while B. melitensis in 28 sheep and 46 goats out of 619, 737, 380 and 

842 seronegative serum samples of cattle, buffalo, sheep and goats respectively. Previously B. 

abortus was recovered in Egypt from a vaccinated dairy cattle herd which was declared as free 

from brucellosis (Wareth et al. 2016). The presence of a small number of Brucella pathogens in 

the blood circulation is not able to initiate a humoral immune response in the host, thus is unable 

to produce antibodies (or cause abortion) and result in the negative immune response to serological 

diagnostic tests. As a result, infected animals may register as brucellosis negative regarding 

serological tests, yet remain significant carriers of pathogenic Brucella. Serological examination of 

animals post abortion is of little value, as the antibodies against Brucella are detectable at the 

earliest 14 days after the onset of Brucella infections. A number of factors may complicate the 

diagnosis of Brucella, as bovine, caprine and ovine brucellosis can be diagnosed by various 

serological assays. But these assays have limitations; when the Brucella pathogen remains 

intracellular in macrophages, the disease goes into a chronic stage and the antibody titers may 

decline (Islam et al. 2018). Seronegative non-reactive small and large ruminants in the current 

research project that tested positive by IS711-based qPCR might have been exposed previously to 

Brucella infection and then become serologically non-reactive after a certain time period. Sampling 

at an early stage of Brucella infection, i.e. within the first fourteen days of infection during which 

humoral immune response is not at detectable levels of antibodies in the host will often show 

seronegative results (Gardner et al. 2000). Ruminants infected in the early postnatal period or in 

utero can become latently infected with brucellosis and thus never become serologically reactive. 

Almost 3.5% of infected cows are assessed to deliver latent infected offspring (Lefever et al. 2010). 

The risks of false negatives obtained from serological testing of infectious animals clearly indicate 

that brucellosis screening regimens should include molecular techniques. Seronegative animals 

should therefore be included in future control programs for effective eradication measures of 

brucellosis, and PCR testing may prove to be an effective assay for uncovering infectious Brucella 

carriers that test as seronegative. 

 

5.6. Conclusion  

Detection of Brucella in tick species may play their role for brucellosis. The histopathological 

investigation revealed that ticks have significant damage to skin and hides, ultimately decreasing 

the quality of leather. Comparative evaluation of techniques shows that real-time PCR assay is 

more suitable and serum is preferred clinical specimen for the diagnosis of brucellosis. The current 

study is helpful for control programs and vaccine development strategies in livestock sector.  

 

5.7. Suggestion 

In future, ticks can be used in-vitro study for the confirmation of horizontal and vertical 

transmission of brucellosis. 
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CHAPTER 6 

SUMMARY 
 
Brucellosis is a bacterial disease which causes abortion storm in bovines, and also is a 

significant zoonoses. It is highly prevalent in Pakistan. Transmission of the pathogen may be due 
to many risk factors. The eradication of disease mainly depends upon the control of risk factors. 
Many of factors have been cited as responsible for brucellosis. Among these risk factors, 
ectoparasites, particularly ticks, have emerged as highly significant as reservoirs and vectors for 
pathogenic Brucella species. Ticks typically harbor a great variety of microbes in their gut. 
Previously, little attention has been given to brucellosis as a tick borne disease. Ticks not only act 
as a vector for a number of the pathogens but may inflict significant levels of injury to host skin 
and hides, ultimately leading to economic losses to the leather industry by decreasing the quality 
of leather. In the present study samples of blood, serum, and ticks were collected from cattle, 
buffalo, sheep, and goats in Sheikhupura and Kasur districts. After collection serum samples were 
screened through Rose Bengal antigen. After screening only the seropositive serum samples were 
subjected to real-time PCR assay for the detection of B. abortus in cattle and buffalo, and B. 
melitensis in sheep and goats. Brucella positive cattle, buffalo, sheep, and goat ticks were identified 
under the microscope by AR Walker Key (2014). Female ticks were subjected to real-time PCR 
assay for the detection of B. abortus in ticks collected from cattle and buffalo; ticks collected from 
sheep and goats were tested for the presence of B. melitensis. The positive samples of ticks and 
ruminants were confirmed by conventional PCR. The PCR products were extracted from Gel and 
sequenced. The product sequences were submitted to Gen-Bank NCBI. Both the seropositive, 
seronegative serum samples and blood samples of respective seropositive hosts were subjected 
conventional PCR and real-time PCR for detection of brucellosis. In this experiment cross-
transmission of B. abortus in caprine and ovine and B. melitensis in bovine were confirmed. 
Comparative evaluation of real-time PCR with conventional PCR and serum with blood for 
preferred clinical specimen were also performed. The study proved the real-time PCR assay to be 
more sensitive and serum as a preferred specimen for the diagnosis of brucellosis. The role of 
seronegative ruminants was also proven to be a factor in the spread of brucellosis. In the third part 
of the experiment, tick infected skin and hides of cattle, buffalo, sheep, and goats were collected 
from slaughterhouses. After collection, all the tissue samples were subjected to histopathological 
examination. Results revealed significant levels of damage to both skin and hides. Therefore, 
control of ticks would not only alleviate the spread of tick-borne diseases such as brucellosis but 
also serve to reduce incidences of skin and hide damage.  
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