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Abstract 

Peste des petits ruminants (PPR) is a highly contagious transboundary animal disease 

of economic importance in the developing world and infects small ruminants like 

sheep and goat. It is caused by a single stranded RNA virus namely peste des petits 

ruminants virus (PPRV) belonging to the genus Morbillivirus of the family 

Paramyxoviridae. Since initial reports in1942, PPR has infected a large population of 

small ruminants across Asia and Africa causing huge economic losses, therefore, 

Office International des Epizooties (OIE) has declared it as list-A disease. In Pakistan, 

a loss of more than US$ 342.15 million occurs annually due to this disease. Lack of 

sensitive diagnosis and control of free animal movement are major reasons for the 

unnoticed spread of disease in the country which may lead to further evolution of the 

underlying virus. For sensitive diagnosis, molecular methods are preferred over 

conventional serological assays as the former have higher sensitivity and additional 

benefit of molecular characterization. In this context, this bi-partite study on PPRV 

was designed: the first part included establishment of sensitive and efficient molecular 

detection methods; the second parts focused on molecular characterization of PPRV 

in Pakistan and its comparison with other lineages of the virus. In the first part, two 

molecular methods of PPRV detection including reverse-transcription PCR (RT-

PCR), real-time RT-PCR (rRT-PCR) were established for sensitive laboratory 

diagnosis while RT-loop mediated isothermal amplification (RT-LAMP) assay for 

sensitive on-site diagnosis.  

During the study, a total of 448 clinical samples were collected from 25 places 

of 11 districts in Pakistan and subjected to molecular detection and analysis of the 

suspected underlying virus. A newly developed cell line designated as CHS-20 that 

express sheep signaling lymphocyte activation molecule (SLAM) were used for 

isolation of PPRV in clinical samples. For comparative analysis of PPRVs from 

Pakistan with those of lineages, 192 clinical samples from two Asian (Pakistan and 

Bangladesh) and seven African countries (Benin, Côte d´Ivoire, Burkina Faso, 
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Nigeria, Cameroon, Kenya and South Sudan) were processed for phylogenetic 

investigation.  

Clinically, the mortality rate was more than 30% in eight out of nineteen 

(42.1%) outbreaks that were studied in Pakistan. High proportion of affected animals 

was 1-18 months old. Adults (>18 months) did not suffer from high mortality rates. In 

these outbreaks attended during the study, a total of 1364 animals were at risk, 

77.27% contracted the infection of PPR and 33.58% died due to the clinical signs 

/symptoms of the disease. RT-PCR detected PPRV in 42.41% out of 448 samples. 

53.68% of 231 swabs, 44.20% of 198 blood and 57.89% of 19 tissues were positive 

for PPR virus. For real-time RT-PCR, a maximum threshold cycle (Ct) value of 37.5 

was set as cut-off value to declare a field sample positive for PPRV. Out of 157 

samples selected for comparative detection, real-time RT-PCR (rRT-PCR) detected 

all samples which were positive in regular RT-PCR, however, detected 17 more 

samples as positive that were negative by regular RT-PCR. The positive percent 

agreement between the two tests was found 100% while negative percent agreement 

was 78.48% whereas the overall agreement of 89.17% was observed. For onsite 

diagnosis of PPRV in field conditions, RT-LAMP assay was found ideal for the 

detection of virus directly in clinical sample within one hour. Spatio-temporal curve 

generated during the assay in ESE Quant tube scanner software allowed the direct 

monitoring of amplification excluding the need for end-point gel electrophoresis or 

the risk of UV exposure. All the samples which were detected by RT-LAMP assay 

were confirmed by conventional RT-PCR.  

CHS-20 cells (kidney fibroblast cells of African Green Monkey origin (CV-1 

cell line) expressing sheep signaling lymphocyte activation molecule (SLAM)) were 

highly efficient for isolation (success rate of 74.2%) of PPRV in clinical samples. The 

sequencing and phylogenetic analysis of PPRV isolates from Pakistan identified 

lineage IV which was subdivided into three subgroups viz. SG-D, SG-T and SG-I 

based on highly close relation to the PPRV from neighbouring countries of Dubai, 

Tajikistan and Iran, respectively. In comparative study, the analysis of PPRV from 

African and Asian countries revealed that lineage IV has spread across many areas in 

Africa which were previously known to harbour only lineage III or II. 

Simultaneously, lineage I was not detected in areas which were historically known for 

it. Our study highly advocated the application of molecular diagnostic methods for 
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sensitive diagnosis of PPR especially its mild form and the importance of continuous 

monitoring of the evolution of PPRV. It accentuates the need to develop new 

evolutionary markers that can compare virulence of these viruses. It emphasizes in a 

timely manner to contain the spread of virus before it becomes more looming threat 

for global livestock and the poor economy. 
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1. Introduction 

1.1 Peste des Petits Ruminants (PPR) 

1.1.1 Etymology 

PPR is an abbreviation of French language nomenclature “peste des petits ruminants” 

that means “pest of small ruminants”. It is a notifiable “OIE list-A” viral disease of 

small ruminants like sheep and goat caused by peste des petits ruminants virus 

(PPRV). “List A” diseases declared by World Organization for Animal Health (OIE) 

are most destructive to the world economy and severely hinder international trade 

(Anonymous, OIE).  

1.1.2 Clinical Manifestation 

Clinical depiction of the disease is analogous to “Rinderpest”, a killer disease of large 

ruminants that has been eradicated in 2011 from the globe. The disease exists in three 

forms i.e. per-acute (in totally naïve population leading to high mortality), acute and 

sub-acute but acute form is the most common. Once the host is infected with PPRV, it 

normally takes 4-6 days, or even up to 10 days to develop a general viraemia which 

leads to the appearance of signs and symptoms within 4 days (Figure 1.1). During 

viraemia stage, affected animals can suffer from fever as high as 104-106°F (40-

41°C). In the later stages, a sub-normal temperature of 101-102 °F and dehydration 

due to diarrhea can lead to shock and death. Oral mucosae may have shallow erosions 

covered by caseous necrotic epithelium which look like doughy foci that sometimes, 

in later stages of the disease, may convert into thick crusts of dead epithelium around 

the muzzle. Marked salivation, serous to purulent nasal and ocular discharges, 

dyspnea, coughing, pneumonia and diarrhea are typical signs of PPR infection. In 

sub-acute form which last for 10-15 days, dyspnea is mainly observed. The disease 

can even pass away asymptomatically in some immune-competent animals. In 

complicated cases, abortion may also occur in pregnant animals [1]. Convalescence 
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period is generally prolonged in the survivors. Owing to its clinical picture, it has got 

different names like pseudo-rinderpest, stomatitis pneumoentritis syndrome [2]. 

As the disease mainly affects respiratory and gastrointestinal system, 

congestion of mucosae of nasal and buccal cavity, necrotizing and ulcerative lesions 

in the mouth and the gastro-intestinal tract (GIT) [3] along with severe interstitial 

pneumonia are most common necropsy findings in PPR. Due to diarrhea and 

dehydration, carcass is usually emaciated, the hindquarters soiled with watery 

diarrheal contents. Dried-up ocular and nasal discharges are constant feature, but 

nodules around the lips in late cases are not very common. Shallow ulcerative lesions 

in the oral cavity may sometimes extended to the posterior end of rumen [4] with 

occasional erosions. Ulcers are regularly present in omasum that often become 

complicated with oozing blood. In the large intestine, ileo-cecal valve, ceco-colic 

junction and rectum are congested and may develop “zebra stripes” in posterior colon 

and rectum. 

As compared to large intestine, the lesions in small intestine are relatively less 

severe. Slight hemorrhagic streaks are occasionally accompanied by erosions in the 

anterior duodenum and the terminal ileum. Due to bronchopneumonia, antero-ventral 

lobe of dark red or purple lungs is often consolidated. Mediastinal, mesenteric and 

intestinal lymph nodes are usually soft and swollen. At cellular level, congestion, 

degeneration and necrosis of GIT mucosa with depletion of peyer’s patches are quite 

apparent features. Pneumonic lungs interstitium is infiltrated with macrophages and 

sporadic syncitia that are formed by multinucleated giant cells.  

Accumulation of serofibrinous exudate often complicates the lung pathology 

[5]. Necrotic foci of pyknotic nuclei, karyorrhexis and syncitia were observed in 

lymphoid organs like lymph nodes (especially in cortical lymphoid follicles), spleen 

and tonsils [6]. 

In the later stages of the disease, PPR induced immune deficiency which 

predisposes the infected host to secondary bacterial infections especially by 

Pasteurella species. Abortion is linked to PPR especially in cases of co-infection with 

other viruses [1]. Mixed infections of PPR with Bluetongue and pestivrus may 

complicate the disease presentation [7]. The clinical signs/symptoms of PPR may be 
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confused with those of Contagious Caprine Pleuropneumonia (CCPP), Contagious 

Ecthyma, Bluetongue, Pasteurellosis and Foot and Mouth Disease (FMD). 

 

 

Figure 1.1 Entire course of peste des petits ruminants virus (PPRV) infection 
from incubation period to the convalescence. Virus multiplies to produce highest 
concentration from 21 hrs to 72 hrs in cell culture. After multiplying sufficiently 

in epithelial and beating the defense of regional lymphoid tissues, it spreads 
through the body via blood producing clinical disease. At this stage animal starts 
shedding virus in secretions. After vaccination, it takes around three weeks (21 

days), to develop protective titer of antibodies. 

1.2 Causative Agent 

1.2.1 Classification of Virus  

The underlying reason for the PPR disease is a virus named as “peste des petits 

ruminants virus” (PPRV). According to the current (year 2008) taxonomic 

classification by “International Committee on Taxonomy of Viruses (ICTV)”, five 

orders have been established viz. the Caudovirales, Herpesvirales, Mononegavirales, 

Nidovirales, and Picornavirales. Among these orders, PPRV belongs to order 

“Mononegavirales”. In this order, PPRV is further grouped with other members of 

Genus “Morbillivirus”, in the family “Paramyxoviridea” and subfamily 

“Paramyxovirinae” [8]. The term “Morbillivirus” is either derived from “morbus” 

which means plague [9] or “morbillus” i.e. a pustule (characteristic of measles 
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infection in human). “Paramyxovirus” is derived from three words including two 

Greek i.e. para- (means beyond) and myxo- (mucus or slime) and one Latin word i.e. 

virus (poison). These terms are self explanatory for the member viruses which cause 

plague like diseases and are secreted in mucus. PPRV along with other 

morbilliviruses i.e. rinderpest virus (RPV), measles virus (MV), canine distemper 

virus (CDV), phocine  distemper virus (PDV) and dolphin morbillivirus (DMV) have 

single stranded RNA with negative (-) polarity which must be converted to 

complementary plus (+) strand for synthesis of viral proteins. It is enveloped and 

helical in symmetry. A brief sketch of PPRV classification among RNA containing 

viruses is presented in Figure 1.2.  

 

 

Figure 1.2 Classification of peste des petits ruminants virus (PPRV) which is 150-
300 nm in diameter (based on Baltimore categorization of viruses and 

morphological characteristics). The dark coloured boxes with bold text indicate 
category of PPRV at each step of classification among RNA containing viruses. 

1.2.2 Details of Virus Genome 

Genome of PPRV is organized into six transcription units of structural proteins and 

flanked by regulatory un-translated sequences namely genome promoter (GP) and 

antigenome promoter (AGP). There is much higher promoter activity in AGP than 

GP. GP at 3ˊproduces mRNA for protein synthesis and full length of (+) strand while, 
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antigenome promoter (AGP) at 5ʹ end produces full length (-) sense genome of 

progeny viruses [10]. From the (+) strand mRNAs transcribed from genome of PPRV, 

two non-structural (C and V) proteins are also translated in addition to six structural 

proteins (Figure 1.3). 

The most abundant structural protein is the nucleoprotein (N) which wraps 

around viral RNA to form a protective capsid. This capsid protein interacts with the 

phosphoprotein (P) as well as the large polymerase protein (L). Each unit of N protein 

wraps around six nucleotides [11] therefore; the length of PPRV genome along with 

other morbilliviruses is supposed to be a multiple of six. This is called “rule of six” 

which must be followed by all paramyxoviruses for complete and efficient 

encapsidation of nascent viral genome replicated from the parent one. Following this 

rule, PPRV genome consists of 15,948 nucleotides. The L is viral polymerase which, 

in combination with P, replicates the viral genome within the host cells. The   matrix 

protein abbreviated as “M” occupies the internal lining of virus envelope (derived 

from host cell membrane), acts as a cementing material between two external 

immunogenic proteins, the haemmagglutinin (H) and fusion protein (F) and the 

internal capsid. It also ensures complete formation of copy virions during 

multiplication by associating nucleocapsids with them. The H protein acts as viral 

receptor to bind to the host cell membrane in the early stage of virus-cell interaction. 

F protein facilitates membrane fusion after attachment of the H protein [12, 13]. Both 

F and H are inducers of protective host immunity but N, despite of being highly 

immunogenic, do not induce immune protection. The Phosphoprotein shares its 

encoding region with non-structural C and V proteins. These non-structural proteins 

are supposed to block host interferon defense system [14].  

A diagrammatical presentation of PPRV genome organization and replication 

is given in Figure 1.3. It explains the replication of virus inside the host cell. First of 

all, viral H protein interacts with host cell receptor (Signaling lymphocyte activation 

molecule (SLAM) on immune cells and ovine Nectin-4 on epithelial cells) [15, 16]. 

Once H protein is associated to the cellular receptor, F protein induces membrane 

fusion. Through endocytosis and action of hydrolytic enzymes, nucleocapsid is 

partially exposed allowing L protein, in association with P, to burrow underneath 

nucleoprotein and prepare primary copies of (+) sense mRNAs for each type of 

protein. After achieving sufficient amount of translated proteins mainly the N protein, 
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L (viral polymerase) continues to transcribe full length (+) strand which acts as a 

“replicative intermediate” to prepare nascent viral genome of negative polarity. These 

progeny (-) RNA copies similar to the original parent virus are then associate 

themselves to N, P/C/V and L proteins. The F, H proteins are modified after 

translation on rough endoplasmic reticulum and transported to the cellular membrane. 

M protein is translated from respective mRNA and transported to the cell membrane 

which is already embedded with envelop proteins (F and H). At this stage, H exhibits 

neuraminidase activity by cleaving down the bonds between sialic acid and 

carbohydrate entities of viral glycoproteins [17]. This function of H is an additional 

characteristic, only specific to PPRV among morbilliviruses [18], that leads to 

budding of newly assembled PPRV out of the host cell. 

1.2.3 Virus Replication  

Once the PPRV enters the host through physical contact with infected material 

leading to ingestion or inhalation, it multiplies inside the local epithelial cells and 

accompanied regional lymphoid tissues. Virus can take 21-72 hours [19] to complete 

its one cycle of replication depending on the virus adaptability to the host and other 

factors related to host and environment. An important receptor for PPRV (Nectin-4) is 

present on epithelial cells which facilitates viral infection and propagation into the 

cells of epithelial tissues [16]. After initial replication inside the local epithelial cells, 

it spreads to lymphoid organs present in the vicinity infected area. The presence of 

“SLAM”, a well recognized receptor for PPRV on lymphocytes, offers an ideal site 

for viral multiplication in these cells, and this is why in acute form of the disease, host 

undergoes marked immunosuppression, thereby predisposed to secondary parasitic 

and bacterial infections [15, 20]. 

After crossing initial barrier of regional defense, a general viraemia is 

initiated, disseminating the virus to all visceral organs, related lymph nodes and bone 

marrow (Figure 1.1). As general viraemia results in the onset of immunity virus can 

be detected in blood lymphocytes [21], instead of whole blood which may contain 

neutralizing antibodies [22]. As the multiplying viruses reach the lungs, these induce 

severe interstitial bronchopneumonia. In the intestinal tract peyer’s patches are 

severely depleted leading to gastroenteritis with scattered to severe haemorrhages and 

“zebra strips” in large intestine. Clinically, it results in watery to bloody diarrhea. A 
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generalized spread of virus may even infect the brain cells (ependymal cells and 

meningeal macrophages) and ultimately leads to shedding of excessive virus into the 

nasal secretions, faces [23] milk, and urine [24] (Figure 1.1). Although vaccination 

induces rise in antibody titer in the first week post infection, protective immunity 

level is only achieved after 2 weeks maximally within 21 days [25]. So, vaccine is not 

supposed to protect the animal which became infected with virulent virus on the same 

day of vaccination. Shedding of virus in secretions and excretion is quite detectable 

during viraemic phase, however it probably starts during the incubation phase even 

before the onset of general viraemia [26]. 

 

Figure 1.3 Diagrammatical representation of PPRV genome organization into six 
transcription units from 3ʹ to 5ˊ and its replication cycle inside the host cell. The 

detail is explained in text. 

1.3 Origin of PPR/Spread and Geographical Distribution 

The first PPR outbreak was reported in Nigeria in 1975 [27] after its earlier 

description in 1942 [28] as a novel virus affecting only the small and not the large 

ones causing a disease similar to rinderpest. 
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The closest morbillivirus to PPRV is Rinderpest virus (RPV) which got 

separated from its nearest relative adapted to human i.e. measles virus (MV) in 11th to 

12th century [29]. Morbilliviruses that got adapted to cetaceans and carnivores share 

common ancestors with MV, RPV and PPRV [30].  

It might be the case that either RPV evolved to infect small ruminants into 

separate virus i.e. PPRV or both the viruses shared a common ancestor (Figure 1.4); 

as PPRV was observed as small ruminants rinderpest (year 1871 and 1927) in Senegal 

and French Guinea [31], much earlier of its recognition as separate virus of sheep/goat 

which could not infect large ruminants. Later, in the following years, reports of 

riderpest epidemics in goat/sheep in Nigeria, Uganda and Kenya might be actually 

PPR and not the rinderpest [32-35] (Figure 1.10). In the subsequent years, after the 

first report of PPR outbreak in Nigeria, epidemics occurred in Sudan [36], Ethiopia 

[3], Kenya [37], Arabian Peninsula, Middle East and southern Asia [38]. In recent 

years outbreaks occurred during 2000-2009 in Turkey, Tajikistan, Kenya, Uganda, 

China, Morocco and Tanzania [39-42]. Initial reports of PPR outbreaks from each 

area outline a pattern of its spread. According to the phylogenetic clustering based on 

fusion gene [38], lineage I was assigned to isolates from Senegal, Nigeria and Sudan 

(prevalent in 1970s), lineage II to those from Ivory Coast and Guinea (in 1980s), 

lineage III to Sudan, Oman and Indian PPRVs (1970-1990) and lineage IV to Middle 

East and Asian isolates. This grouping was proposed following the historical reports 

of spread of PPRV from Central to West Africa, to East Africa and then Asia and 

Middle East. The N gene based phylogeny resulted a similar clustering except for 

lineage I and II. On contrary to F gene phylogeny, N gene clustering is based on the 

grouping of PPRV from West to the East Africa categorizing isolates from Senegal, 

Burkina and Ivory Coast to be lineage I, Ghana and Nigeria be Lineage II and PPRV 

from Ethiopia, Kenya, Sudan and Southern Arabian Peninsula to be lineage III. 

Lineage IV was assigned to Asian and Middle East isolates (Figure 1.9 and 1.10). 

PPRV diversification into lineages, which probably took place in the mid 19th century 

[43] (Figure 1.4), cannot be easily correlated to its geographical spread because it 

remained unnoticed as a separate disease due to the confusion with rinderpest; rather 

it seems as if the ancestral PPRV was seeded to each geographical area in isolation 

except lineage III (prevalent in East Africa and southern part of Middle East) which is 

supposed to be the most primitive PPRV [44, 45]. It may also be contributed to the fact 
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that lineages differ from each other not only on the basis of single gene but 

throughout the entire genome. 

1.4 Molecular Characterization 

Currently, there are 11 complete genomes and 639 partial or single gene sequences of 

PPRV in GenBank [45]. Previously, molecular marker used to characterize PPRV was 

based on its fusion protein gene sequence [38] but more recently, nucleoprotein gene 

[40] has been preferred over fusion protein gene as it, comparatively, better explains 

the differences among closely related PPRVs. Both the genes are well conserved with 

a maximum of ≈10% nucleotide mean divergence among most distant PPRVs [46]. 

The detail of these two genes is explained as follows  

 

 

Figure 1.4 Evolution of PPRV. PPRV is the closest relative of RPV and shares 
antigenic determinants between them. RPV (rinderpest virus) separated from its 

closest Measles virus (MV) in 11th/12th century and PPRV was diagnosed as a 
separate virus from RPV that can infect only small ruminants in 1942, although 

had spread much earlier. It is the mid 19th century that PPRV got diversified into 
lineages according to seeding of ancestral viruses in each geographical area 

probably in isolation being lineage III the most primitive. 
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1.4.1 Nucleoprotein Gene 

The nucleocapsid gene consists of nucleotides sequences from 108 to 1682 [47]. It is 

translated into 525 amino acids long nucleoprotein polypeptide (weight = 58 KDa). 

The N-core (formed by first 420 aa) can be further divided into three parts having 

variable conservation among the members of genus Morbillivirus viz. the amino 

terminus (first part include 1-20th amino acid with 75-83% conservation; second has 

122-145 amino acid having 40% conservation); 146-398 amino acid (85-90% 

conservation) as depicted in Figure 1.5.  

The C terminus N-tail (polypeptide containing amino acids 421-523) of this 

protein is highly variable when compared with other morbilliviruses. N-core [48] part 

of one polypeptide (especially “F-X4-Y-X4-SYAMG” conserved domain among 

PPRV involving 324-338 aa) interacts with respective RNA genome and other vial 

proteins during self assembly process [49] while the N-tail interacts with L-P complex 

and P proteins [50]. Amino acid residues “LLKSLALF” (4-11 aa) and TGVLISML 

(70–77) on the N terminus carry nuclear localization signal (NLS) and nuclear export 

signal (NES) respectively [51]. It is this tail region of C-terminus involved in 

immunosuppression caused by virus. The first 80 amino acids are involved in nuclear 

transport and are altered in Nigeria 75/1 vaccine strain, that’s why its inclusion bodies 

are not present inside the nucleus in contrast to wild type. Each turn of nucleocapsid 

contain 13 monomers of nucleoprotein, and each monomer wraps around 6 

nucleotides. It is the most abundantly transcribed gene in the host cell and therefore 

has been used for molecular detection and characterization of PPRV. On the basis of 

genetic variations in the “PPRV specific region”, viruses belonging to different 

geographical regions that have been classified into four lineages and this classification 

is not based on the virulence of these PPRVs [52]. 

1.4.2 Fusion Protein Gene 

Fusion protein gene is located on PPRV genome from 5526  to 7163 nt. So, a length 

of 1638 nt encodes 546 aa long polypeptide chain of fusion protein. Cellular protease 

recognizes a domain R-R-T-R-R (104-108 aa) of viral fusion protein [53] and cuts the 

nascent from (F0) at position 108 into two subunits namely F1 and F2 [54]. As 

depicted in Figure 1.6, N-terminus of 48 kDa heavy F1 subunit (109-546 aa) interacts 
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with the host cell membrane for fusion action while its C-terminus interacts with M 

protein during viral assembly [53, 55]. The lighter 9.8 kDa F2 subunit (first 108 aa) 

contains three glycosylation sites which are important in nuclear transportation.  

The region used for molecular diagnosis is indicated in Figure 1.6. It includes 

region covered from 760 to 1207 nt. Primers designed in this region include F1b/F2d, 

F1/F2, F1A/F2A. FPPRVrev lies outside F gene, but its region is reported to have 

lesser variations than F2 (Figure 1.8) [46]. Analysis of 322 nt region of fusion protein 

gene has divided PPRVs into four lineages  (Figure 1.9) [38]. The fusion protein gene 

sequences are much more conserved in PPRVs and present lesser changes as 

compared to those of nucleoprotein gene and both are used for molecular 

classification into lineages [46].  

 

 

Figure 1.5 Partition of nucleoprotein gene according to degree of Conservation 
and its use in molecular characterization. Four distinct parts are highlighted 
mentioning position of amino acids involved and percentage of conservation 
(small brackets) for each region. Among these regions, N-core has highest 

conservation as residues in this region (1-120 aa/146-241 aa/324-338 aa) are 
critical for self association of protein. N-tail (especially 488-499 aa) is exposed out 
and interacts with phosphoprotein and regulatory proteins of the host cells and 
can be easily cleaved by trypsin digestion. It is evident from Figure 1.5 and 1.6 

that, region selected for specific PPRV diagnosis (1208-1670 nt) include a part of 
hyper-variable C-terminus on the 5 ʹ end of the amplified region and it is this 

region which is used for specific diagnosis of PPRV. A region proximal (790-1012 
nt) is highly conserved among morbilliviruses, and therefore, used for “Genus 

specific” detection 
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1.5 Epidemiology 

1.5.1 Transmission and Host Range 

PPR is mainly transmitted to healthy animal during close contact with the infected 

ones as they shed PPR virus in saliva, nasal and ocular secretions, urine and faeces. 

As PPRV is an enveloped virus, it cannot survive much longer in dried material. Its 

half life is estimated to be 2.2 and 3.3 minutes at 56 and 37°C respectively [56]. 

Therefore, infected fomites including bedding, feed troughs and water cannot act as a 

source of transmission for a longer period of time. Recovered animals can shed the 

virus in feces even up to 12 weeks [57]. PPR can infect cattle [58] and pig 

asymptomatically, but these do not pass on the disease to other animals. It can also 

affect some wild ruminants and other animals like buffalo and camel, as in 2002, it 

was confirmed in gazelles in Saudi Arabia [59]; isolated from buffalo in India in 1995 

[60]; infected camels in Sudan [61]; detected in Sindh Ibex (Capra aegagrus blythi) 

in Pakistan [62]. PPR was also reported in deer kept on a private farm in Faisalabad 

[63]. This gives a suspicion for persistently maintained disease sources in times 

between epidemics. 

 

Figure 1.6 Schematic diagram of fusion protein gene of PPRV. Fusion protein 
gene is translated into nascent F0 protein which is cleaved by host protease into 
F2 (smaller subunit) and F1 (larger subunit) bound together through disulfide 

linkage. N terminus of F1 subunit is required for fusion to the membrane and its 
C-terminus is used for interaction with M protein. Region amplified for 

molecular detection and characterization of this gene is drawn in box and the 
primers’ name is mentioned along with its location on gene. As it is clear from 
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the picture, 3 sets of forward and reverse primers have been reported for 
molecular diagnosis in this region [64]. 

1.5.2 The Severity and Occurrence  

The severity of disease mainly depend on contributory effect of factors related to host, 

possibly virus affinity, seasons, breed, age and sex. For example, PPR produces less 

severe clinical disease in sheep as compared to goat [41] and the recovery rate back to 

health is also higher in sheep than goats [43]. Similar finding of higher sero-

prevalence of antibodies in sheep than goats in Jordan by Al-Majali has been reported 

by Abubakar et al. [65] in Pakistan, but he correlated it with higher recovery rate and 

maintenance of recovered flock for longer time for the purpose of wool production 

and not the susceptibly. Higher fertility rate in goats than sheep (in tropical regions) 

corresponds to higher number of new born individuals especially after 4 months [45] 

lacking a competitive immunity per year. As a result, higher percentage of goat 

population will be affected than that of sheep [22]. It can even result in spread of 

infection only among goats in mixed sheep/goat population without causing any 

disease in sheep, although it can increase seropositivity in sheep [66]. Zahur [67] 

reported a reverse situation with higher seroprevalence of PPRV in goats than sheep 

and correlated it with higher proportion of goat population than that of sheep in the 

area under study. Age can also contribute to the disease prevalence as kids lose 

protective level of maternal immunity at the age of 4 months thereby predisposing 

them to clinical infection and that’s why the proposed age for vaccination is 2.5-3 

months [68]. The young stock lacking any kind of immune protection either derived 

from parents or achieved through vaccination is susceptible to higher case fatality rate  

[69] than adults although increasing trend in seropositivity with the increase of age 

was observed by Abubakar et al. [65]. Sex has not been considered as a risk factor yet 

due to unavailability of any precise data as males are sold earlier and not kept longer 

as females [22]. 
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Figure 1.7 Alignment of nucleoprotein gene segments used for primer selection to 
be applied in molecular diagnosis. N1 (F) and N2 (R) presented lesser variations 
for Asian PPRV isolates as included in the alignment as compared with NP3/NP4 

primers. The nucleotide position of each primer is indicated according to 
sequence accession # X74443 [26, [40], [70] 

 

Figure 1.8 Alignment of fusion protein gene segments used for primer selection 
to be applied in molecular diagnosis [105]. FPPRrev added to the sensitivity of 

the test because of having lesser number of mismatches than F2 primer. 

Environmental stress like extreme cold and provision of lesser food may lead 

to poor health and immune competence and increase the chances of viral survival at 

the same time. This gives a chance to the viral infection like PPR to multiply actively 

and spread across the population. This stress has been linked to cold dry weather or 

rainy seasons in sub-tropical areas where animal movement is restricted [71-74] while 

in others, rainy season improves fodder availability thereby improving the health and 

decreasing the incidence [75]. So the geographical conditions and position are related 

to the weather and ways to get food and hence the incidence of the disease. All these 

factors along with any other viral or parasitic co-infection contribute to the prognosis 

of disease [26, 76]. PPR causes higher morbidity and mortality rates in young animals 

than adults [77], although, 100% and 90% of morbidity and mortality rates have been 

observed in all age groups [26, 78]. Average lower and higher mortality limits of 20% 

and 60% respectively may be observed in endemic areas [79]. A severe form of 

disease in one population may not be that much fatal for another [78]. A mild form of 

disease in a population may pass on un-noticed to a highly susceptible population [80] 
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resulting in epidemics. These high morbidity/treatment and mortality losses due to 

PPR set back the poor livestock economy especially in endemic areas [81, 82].  

1.5.3 Status of PPR in Pakistan 

In Pakistan, since first 1991 reports of PPR, confirmed by RT-PCR in 1994 [71], PPR 

outbreaks have been reported in 2005, 2008, 2009, 2010 [1, 32, 33] and now the 

disease is endemic in these areas. Lineage IV was detected in some of these studies 

[83, 84]. Table 1.1 enlists different studies reported till 2013 since the first report of 

outbreak by Athar et al., in 1995 [1, 83, 84, 85]. Untill now, there are only three 

reports on molecular characterization of PPRV from Pakistan, as indicated by * sign 

in the Table 1.1. The amount or endemic status of PPRV can be assessed from these 

reports that almost half (48.3-48.5%) of small ruminants population is seropositive 

with a prevalence in sheep (37.7-54.09%) than goat (44.5%-52.9%) [65, 67]. 

1.6 Investigation of Clinical Disease and Sample Collection 

The first step to investigate any disease is to take general information about the 

related recent events that happened prior to an outbreak. In case of PPR, it is 

important to know about any recent entry of newly bought animals into the existing 

flock. Secondly, health status of nearby flocks can be useful to outline possible spread 

of the virus. Thirdly, any socio-economic activity leading to mixing of animals may 

give a clue to pin point the disease source. Fourthly, evidence of transhumance will be 

helpful to trace the disease. The health status of animals slaughtered in abattoir or the 

information of animals refused by abattoir authorities can also be critical to assess 

general livestock health of an area. Stress due to poor nutrition, over-crowding or 

severe changes in environment (dry and cold weather or excessive rain leading to rise 

in humidity and temperature) should be taken into account too while investigating the 

disease. At flock level, point of time in which titre of specific antibodies went below 

protective level may indicate the point of disease onset. General information of age, 

sex, breed, weight of affected animals and any vaccination/treatment carried out to 

cure the disease, and any earlier parasitic/bacterial infection is considered part and 

parcel of the disease investigation. Name and address/contact number is required for 

any future correspondence and have a follow up of the course of disease. PPR virus 

can be detected in clinical samples by following methods 
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1. Virus isolation 

2. Detection of viral RNA by molecular assay 

3. Detection of antigen (immunocaprute ELISA) 

4. Detection of antigen by immunohistochemistry 

This study focused on molecular detection of viral RNA. From morbid 

animals, samples required for laboratory analysis include blood (preserved in EDTA 

or as such in serum tubes), tears and nasal secretions which can be collected by 

inserting and swirling sterile cotton buds at the proper site. The swabs are detached 

from the plastic handle and placed in sterile plastic tubes containing 150-200 µl of 

phosphate buffered saline (PBS) having neutral PH of 7.2-7.6. The bud of swab is 

broken off into a container and about 150 microlitres of sterile phosphate buffered 

saline. Gum or tongue scabs are collected through sterile spatula by rubbing it on the 

lesion and put in PBS if too dry. 

 

Figure 1.9 Division of PPRV from various geographical origins into four lineages 
based on nucleoprotein (a) and fusion protein gene (b) sequences. In comparative 

analysis, only lineage I and II classification is reversed while the remaining 
grouping of lineages is similar in both the cases. Adapted from Banyard et al. [86] 
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From dead animals, tissues are collected from postmortem. From respiratory 

tract, lungs (especially the anterior lobe) and associated meditational and pharyngeal 

lymph nodes are preferred samples for laboratory analysis. Intestinal mucosa 

especially in the distal part of large intestine and mesenteric lymph nodes are good 

specimens for PPRV detection. Spleen is useful for ELISA based analysis. For 

histopathological examination, tissues can be collected in duplicate; one kept on ice 

while the other in buffered formalin solution (10%) [87].  

 

 

Figure 1.10 Geographical spread and distribution of PPRV lineages. Map shows 
distribution of lineages from its first description of 1942 till 1996 as reported by 
M. S. Shaila (1996) [34]. As per historical data of outbreaks in small ruminants, 
PPRV apparently spread from Central Africa to West and East Africa and then 

Middle East and Asia. 

Each sample is labeled with permanent ink and adhesive tape (to avoid any 

rubbing due to wetness during transport in ice) for date, sequential number, day, 

place, age and sex. Location of outbreak area in terms of latitude and longitude is 

always preferably noted. 

1.7 Host of PPRV (Domestic Goat and Sheep) 

In this study, PPR outbreaks were studied in small ruminants viz. sheep and goat, 

about which basic information has been presented in table 1.2. There are 53.79 
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million goats and 26.49 million sheep in Pakistan (anonymous, Livestock census, 

2006) while increase in livestock population are tabulated in figure 1.11. Currently, 

more than three billion sheep and goat population is at risk of being infected with PPR 

in the world [45]. Age of sheep and goat can be determined by examination of mouth 

eruption as shown in table 1.2. 

Table 1.1 List and type of studies conducted on PPRV in Pakistan (1995-2013) 

[1] 

Name of 

scientist 
Year 

Type of study 
Species 

affected 
Disease 

inspection 

Outbreak 

report 

Serology 

 
Diagnosis Vaccine 

Pervez et al., 1993       †G/S 

Athar et al., 1995       G 

Amjad et al., 1996       G 

Ayaz et al., 1997       G 

Tahir et al., 1998       G/S 

Hussain et al., 1998       G/S 

Ahmad et al., 2005       G/S 

Khan et al., 2006       G/S 

Zahur et al., 2006       G/S 

Abubakar et al., 2007       – 

Asim et al., 2008       – 

Aslam et al., 2009       - 

Abubakar et al., 2008       G/S 

Khan et al., 2008       G/S 

Khan et al., 2008b       G/S 

Farooq et al., 2008       - 

Khan (Mirza) et 

al., 
2008       G 

Zahur et al., 2009       S 

Khan et al., 2009       G/S 

Munir et al., 2009     *  - 

Abubakar et al., 2009       G/S 

Asim et al., 2009       G 

Intizar et al., 2009       G/S 

Durani et al., 2010        G/S 

Zahur et al., 2011       G/S 

Anees et al., 2013     *  G 

Khan et al., 2013     *  G/S 
*Molecular characterization 

†G=goat, S=sheep 
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Figure 1.11 Trend of growth in population of goat and sheep in Pakistan from 
1990-2012. It is quite clear from the Figure that higher growth rate has been 

accounted in goat population than that of sheep. (Adapted from Ministry of Food 
Security and Research, Pakistan) 

 

1.8 Laboratory Diagnosis 

Laboratory diagnosis of PPR infection is made through diagnostic tests either based 

on antigen/antibody reaction or amplification of viral RNA through polymerase chain 

reaction. 

1.8.1 Conventional Methods of Diagnosis 

Initially, Agar gel immunodiffusion (AGID) and its modified version of counter-

immunoelecrophoresis (CIEOP) with an additional electrophoresis step were used to 

detect PPRV [37, 88] but the definitive virus identification was based on isolation 

through culture techniques and further confirmation by animal inoculation test [8], or 

by neutralization of known virus by antibodies present in the serum sample [56, 89]. 
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Other conventional diagnostic tools which have recently been used like virus isolation 

using marmoset-derived cell line (B95a) [90] or primary lamb kidney or Vero cells 

(African green monkey kidney) [91], haemagglutination test (HA) [92] and latex 

agglutination [43] proved to be useful but took long working hours and/or insensitive 

at higher antigen dilutions. Immunocapture Enzyme linked immunosorbent assay (Ic-

ELISA) lead to an improvement in rapidness and specificity of PPRV diagnosis. It 

was based on first reaction of antigen with detection antibody, a monoclonal antibody 

(mAb) to form an immunocomplex in solution, and then its sticking onto the bottom 

of ELISA plate by attaching to a coated layer of second capturing antibody (usually 

polyclonal) [93]. 

Anderson developed another modification of ELISA i.e. Competitive ELISA 

(cELISA) for PPRV based on anti-N and anti-H antibodies, however, anti-N 

antibodies cross reacted with rinderpest but anti-H antibodies did not produce any 

false positives [94]. Among these tests, Anti-H monoclonal antibody based 

competitive ELISA (cH-ELISA) [95] and virus neutralization test (VNT) [79] were 

recommended by OIE for proper confirmation of PPRV infection. These tests were 

designed keeping in view that rinderpest virus (virus causing disease of rinderpest 

which was present then but eradicated now) cross reacts with PPRV antibodies and 

must be differentiated. In comparison with above mentioned conventional methods, 

recently developed molecular biology tools are robust and highly sensitive [52, 96], 

have provided an additional benefit of molecular characterization. 

To improve specificity of IcELISA, monoclonal antibodies directed against N 

protein were introduced at both steps [97]. In routine field diagnosis, it is very 

efficient to detect PPRV in nasal and ocular secretions. At first step broadly cross 

reactive monoclonal capture antibodies were used to capture all morbilliviruses. The 

second detecting monoclonal antibody (biotin-XX-ester to produce colored reaction) 

was highly specific for PPRV.  
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Table 1.2 Taxonomic nomenclature and normal physiological parameters of 

sheep and goat [98] 

Scientific class Sheep Goat 

Phylum Chordata Chordata 

Sub-phylum 
Vertibrata (Vertabrae has spinal 

cord) 

Vertibrata (Vertabrae has spinal 

cord) 

Class 
Mammalia (Mammal nurses 

young) 

Mammalia (Mammal nurses 

young) 

Order Ungulata (Hoofed animal) Ungulata (Hoofed animal) 

Sub-order Artiodactyla (Even toed) Artiodactyla (Even toed) 

Family Bovidae (Hollow horns) Bovidae (Hollow horns) 

Sub-family Caprinae (Sheep and goats) Caprinae (Sheep and goats) 

Genus Ovis (Sheep) Capra 

Species aries (Domestic sheep) Aegagrus (sub species hircus) 

Body temperature 102-103°F 101.5-104 

Blood volume 49-60 ml/kg 60-70 ml/kg 

Heart rate 50-80 beats/minute 70-80 beats/minute 

Respiration 12-20 breaths/minute 
12-20/minute (20-40/minute in 

kids) 

Life span 
10-12 years (maximum 23 

years) 
8-11 years (maximum15-18 years) 

Maturity 7-8 months 4-6 months (max 12 months) 

Season of estrus 
Short days poylestrous 

(Fall/Early winter) 
From Late summer to early winter 

Estrous cycle 16-17 days (30 hours estrous) 18-23 days 

Gestation 142-152 days 146-156 days (5 months) 

Age determination though eruption of permanent incisors* 

First incisor 12-18 months 13-15 month 

Second incisor 18-24 months 18-21months 

Third incisor 30-36 months 22-24 months 

Fourth incisor More than 3 years 27-32 

* Technical Bulletin No.23 Estimation of weight and age of sheep and goats (http://www.esgpip.org/) 
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1.8.2 Molecular Methods of PPRV Diagnosis 

1.8.2.1 Reverse Transcription-Polymerase Chain Reaction (RT-PCR) 

The discovery of heat stable polymerase and its used in cyclic amplification of target 

genome up to a detectable level by naked eye has revolutionized field of diagnosis in 

terms of sensitivity, robustness and an adjustable specificity/stringency. As PPRV is 

an RNA virus, its genome is first converted into complementary DNA (cDNA) to act 

as a template in polymerase chain reaction (PCR) that’s why the process is called as 

RT-PCR (Figure 1.12). cDNA is usually prepared using random hexamer primers. 

Previously, cDNA probes labeled with radioactive (sensitive but short half life) [34] 

or non-radioactive labels (stable and rapid but less sensitive) [99] designed against 

only N gene were specific while those against other genes (matrix, fusion and 

phosphoprotein genes) produced non-specific results [100]. N gene is also the most 

highly transcribed gene during virus multiplication, therefore, preferred target of 

diagnostic tests [68]. RT-PCR targeting phosphoprotein and fusion protein genes, 

however, discriminatively detected PPRV and RPV [52, 101]. To target fusion protein 

gene, a strategy of two sets of primers were selected for enhanced sensitivity and 

specificity including (Forsyth and Barrett, 1995) F1 (forward outer /mRNA sense: 5'-

ATCACAGTGTTAAAGCCTGTAGAGG-3ʹ) and F2 (reverse outer/vRNA sense: 5'-

GAGACTGAGTTTGTGACCTACAAGC-3ʹ) amplifies a region spanning 372 nt 

(from nt 777 to 1148) in the PPR F gene sequence (Meyer and Diallo, 1995). The 

second set of internal nested primers include F1A (forward/ inner mRNA sense: F1A 

5ʹ-ATGCTCTGTCAGTGATAACC-3ʹ) and F2A (reverse inner/vRNA sense: F2A 5' 

TTATGGACAGAAGGGACAAG-3ʹ) which re-amplifies a region of 308 nt (from nt 

802 to 1110). [38] lying internal to 372 nt sequence and is used to confirm the test 

results as it will not be able to give any amplification from false positives. Highly 

conserved β-actin gene primers were used as control primers to check integrity of 

RNA. In another study, nested PCR employing FPPRrev primer (5′-

ATATTAATGTGACAAGCCCTAGGGA-3′ (from nt 2055 to 2079 according to 

GenBank accession # X74443 sequence) in combination with F1/F2 primers proved 

to be more sensitive than individual F1/F2 primer pair [46] . In 2002, Ozkul used 

another set of primers F1b (forward: 5ʹ-AGTACAAAAGATTGCTGATCACAGT-3ʹ) 

and F2d (reverse: 5ʹ- GGGTCTCGAAGGCTAGGCCCGAATA-3ʹ) that amplified 
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448 nt region (from nt 760 to 1207) of fusion gene [39]. Matrix gene specific primers 

(Ind-F:5ʹ-CTTGATACTCCCCAGAGATTC-3ʹand Ind-R:5ʹ-TTCTCCCATGAGCC 

GACTATG-3ʹ) amplified 191 bp length of the gene specific to PPRV[102]. RT-PCR 

primers targeting N gene not only detect all members of morbillivirus genus 

(Nad1:5ʹ-CAAGCCAAGGATTGCAGAAATGA-3ʹ,Nad2:5ʹ-GTCGATGTGTGGTT 

GCTTGGA-3ʹ amplify 223 nt long region from 790 to 1012) but specifically PPRV 

(5ʹ-TCTCGGAAATCGCCTCACAGACTG-3ʹ,5ʹ-CCTCCTCCTGGTCCTCCAGAA 

TCT-3ʹ amplify 351 nt long region from nt 1232 to 1583) also [52]. Kerur et al. 

reported another prime set (N1 (F): 5ʹ-GATGGTCAGAAGATCTGCA, N2 (R): 5ʹ-

CTTGTCGTTGTAGACCTGA-3ʹ) targeting N gene of PPRV that amplify a specific 

region of length 463 nt (from nt 1208 to 1670) [70]. Another primer set (Mf – 

morb:5ʹ-GCAGAGGAAGCCAAACTAGTCTCGGA-3ʹ/Mr-ppr3:5ʹ CTCAGCCGA 

TCTTTGADCCTCACGAG-3ʹ) used by Roy [102]  for N gene specific detection of 

PPRV. These studies have provided the opportunity to use many targets for virus 

identification. A comparative study on the suitability of different genes as a target 

region for RT-PCR based viral detection concluded N (NP3/NP4) and F (F1b/F2d) 

gene primers to be best choice [64] and preferred to use both at a time. At different 

dilutions of RNA from (10)-1 to (10)-5, NP3/NP4 primer could detect up to (10)-2 

without producing any non-sepecific bands while F1b/F2d detected all dilutions but 

produced heavier no-specific bands at dilution from (10)-2 to (10)-5 [64]. In an 

experimental study, the F gene based RT-PCR detected PPRV on day four post 

inoculation of the animal with PPRV while the IcELISA detected antigen on day eight 

[96]. This test was 100% sensitive and 12.5% specific relative to sandwitch-ELISA 

[103]. Another experimental evaluation of RT-PCR (targeting N gene), virus was 

detected in ocular swabs on day three post infection or at least one day and maximum 

of four days before the onset of earliest clinical signs/symptoms [26]. This N gene 

based RT-PCR was able to detect dilution of vaccine virus up to (10)-3 TCID50 and 

had 1000-fold higher sensitivity than standard titration test [52]. RT-PCR is more 

sensitive than ELISA and simpler than hybridization and can differentiate and 

characterize PPRV from other members of Morbillivirus genus [96]. RT-PCR can 

detect virus from non-invasive samples like tears and gum swabs and of practical use 

in diagnosis in endemic areas with low mortality disease, so, postmortem samples are 

not essential. It can be carried out in single tube (both cDNA synthesis and PCR) or in 
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two-steps i.e. synthesis of cDNA separately and using an aliquot of this cDNA for 

PCR reaction 

 

Figure 1.12 Sketch of reverse transcription-PCR (RT-PCR). Viral genomic and 
mRNAs are first converted at 37°C (one hour incubation) into RNA/cDNA 

hybrid by means of reverse transcriptase enzyme and random hexamer primers 
which is denatured to give single stranded cDNAs (70°C for 5 minutes). The 

single stranded cDNA is then amplified using Taq-polymerase chemistry in PCR. 

. 

1.8.2.2 Real-time Reverse Transcription-PCR (rRT-PCR) 

In molecular diagnosis, Real-time RT-PCR (rRT-PCR) targeting nucleoprotein gene 

of PPRV have added sensitivity and robustness to PPR diagnosis as compared to 

standard RT-PCR [104]. It generates real-time amplification curve during the cyclic 

reaction and does not require gel-electrophoresis to visualize the PCR amplification. It 

is an elegant and simple methodology to detect and determine minimal amount of a 

target PPRV sequence in a sample that might remain undetected by conventional RT-

PCR. Fluorescent reporters in the reaction mixture of rRT-PCR report the amount of 

amplified PCR product in terms of fluorescent signals. It does require a special 

thermal cycler that can read emitted fluorescence.  

1.8.2.2.1 Chemistry of rRT-PCR  

In the early days, ethidium bromide was used to monitor accumulation of double 

stranded PCR amplicons with each cycle through fiber optic cable connected to 
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detector called spectrofluorometer [84, 105]. Later, a minor groove binding dye of 

SYBR® green replaced ethidium bromide due its ability to generate stronger signal, 

comparatively. As the reaction proceeds, more dye is bound to double stranded DNA 

leading to an increase in signal strength with each cycle [106]. The use of DNA 

binding dye had a bottleneck in its intrinsic property to bind any double stranded 

DNA template whether specific or non-specific; and to confirm the specificity of the 

assay melt curve analysis was suggested as a must option. To avoid mis-priming and 

lesser PCR efficiency, real-time RT-PCR primers are designed with the following 

precautions. 

1. There should be no secondary structure in the region 

2. Melting temperature (Tm) = 58-61 °C (primer pair should not differ in their 

melting temperatures above 2 °C) 

3. Primer length = 19-24 nucleotide 

4. GC content = 45-55% 

5. Length of amplified PCR product =100-200 bp 

6. The Tm of probe should be almost 10 ºC higher than that of primers. 

7. Blast search selected primer 

For absolute quantification, standard (normally a target gene cloned into a 

plasmid) of known quantity is diluted serially (ten folds) to generate a standard curve. 

This standard curve not only determines the detection limit of the test but also gives 

an estimate of absolute quantity of target gene in unknown sample. An internal active 

control which is ubiquitously expressed in all cells like glyceraldehyde 3-phosphatase 

dehydrogenase (GAPDH), beta-actin (ACTB), beta-2-microglobulin (B2M), succinate 

dehydrogenase complex subunit A (SDHA), TATA box binding protein (TPB) can be 

used for relative quantification. In sheep, ACTB is less stable than GAPDH (lowest 

variation) [107] while in porcine tissues, the inverse is true. ACTB is to be most 

abundant gene in animal tissues (good for highly transcribed genes) while TBP is 

most suitable for transcripts of low abundance [108]. In this study, most abundant 

gene of ACTB was preferred as active internal control used to check the RNA 

integrity. Normalization was achieved against total RNA. Figure 1.13 indicates 

excitation and emission spectrum of FAM (absorb light of λ=492 nm/ emit light of 

wavelength 526 nm) and VIC (absorb light of λ=535 nm and emit light of wavelength 



1. Introduction 

 

26 
 

555 nm) channels used to label probes in this study. Black hole quencher-1 was used 

to quench emission from these fluorophores (absorption spectrum from 480-580 nm). 

Minor groove binder (dihydrocyclopyrroindole tripeptide (DPI3)) was attached to 3ˊ 

ends for stable priming at temperature of 60°C to induce efficient single step 

annealing and extension. 

1.8.2.3 PPRV Diagnosis by rRT-PCR 

N gene is a preferred target for development of rRT-PCR for PPRV. Previously, the 

primer and probes of rRT-PCR for PPRV targeted NP-region (115 nt long) viz. the 

forward primer (PPRNF) was (5ˊ-CACAGCAGAGGAAGCCAAACT-3ˊ and its 

position was nt 1213–1233); the reverse primer (PPRNR) was (5ˊ-TGTTTT- 

GTGCTGGAGGAAGGA-3ˊ, nt 1327–1307) the TaqMan hydrolysis probe was 

(FAM-5ˊ-CTCGGAAATCGCCTCGCAGGCT-3ˊ-TAMRA, nt 1237–1258). The 

positions were mentioned as per Accession # AJ563705. 

A 10-fold serially diluted cRNA, prepared from a cloned fragment modified 

by adding T7-promoter sequence in the forward primer used for amplification, acted 

as standard for absolute quantification. It detected RNA dilution up to 10−5 (CT value 

of 35.53±0.49); sensitive by one log as compared with conventional RT-PCR. The 

detection range was found to be 8.1 to 8.1×109 RNA copies per reaction. Percent 

intra- and inter-assay variations were ˂ 0.44% and ˂ 2.12%, respectively [109]. 

Kwiatek used an upstream region from that used by Bao et al. [109] i.e. from nt 1438 

to 1534 (97 nt long). Forward primer oriented 5ˊ to 3ˊ was 5ˊ at 1438-

GAGTCTAGTCAAAACCCTCGTGAG-3ˊ ending at position 1461; reverse primer 

in GC rich region: 5ˊ starting at 1516-TCTCCCTCCTCCTGGTCCTC-3ˊ ending at 

1534 and a probe: from position 1472 to 1495 FAM-5ˊ-

CGGCTGAGGCACTCTTCAGGCTGC-3ˊ-BHQ1. This assay was more sensitive 

than conventional RT-PCR by one-three log values with a detection limit of 32 RNA 

molecules per reaction corresponding to Ct value of 34.2±2 (it detected 1.2×101 RNA 

copies per µl of Nigeria 75/1 strain culture). Another robotic setup of rRT-PCR 

designed to target (142 nt long) conserved part of N gene (forward primer (483 to 508 

nt i.e. 5ˊ-AGAGTTCAATATGTTRTTAGCCTCCAT-3ˊ; reverse primer 603-624 5ˊ-

TTCCCCARTCACTCTYCTTTTGT -3ˊ and a probe  from 551-576 nt position FAM-

5-CACCGGAYACKGCAGCTGACTCAGAA-3-TAMRA) detected 1inear relation 
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for standard RNA dilutions from 1.1×109 to 1.1×100 (copies/reaction) corresponding 

to 100.033 TCID50/ml with high reproducibility (R2 value of 0.9778). The lower 

detection limit for this assay was 10 RNA molecules (Ct value of 34.08) [110]. All 

these assays detected four lineages, although with a minor variations in the lower 

detection limits, of PPRV successfully with higher sensitivity than that of 

conventional RT-PCR. 

Table 1.3 Range of values for each parameter in ideal real-time RT-PCR (rRT-

PCR) or quantitative-PCR (qPCR) 

Parameter Expression Ideal values 

PCR efficiency 

�10
� 

��
�����

�
− 1� × 100 

 

100% (may range from 100-

110%) 

Standard deviation 
Variation from mean among 

Ct values of replicates 

0.02-0.08 (Intra-assay) and 

for inter assay, maximum of 

0.25 if above, ability to 

discriminate between 

consecutive two-fold dilution 

is less than 95% 

Coefficient of variation (CV) Standard deviation/mean 
0.1-0.5% (intra-assay) and 

up to 1% (inter-assay) 

r (correlation coefficient) 

(0 to ±1) 

observed variation/total 

variation (measured from 

slope) 

≥0.99 

r2 (coefficient of 

determination) (0 to +1) 

Measure of fitness of data 

points to linear curve 
Near to 1 

y-intercept 

at which linear curve crosses 

y-axis (Ct value 

corresponding to single copy 

of target molecule) 

Nearing 40 (100% PCR 

efficiency) 
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Figure 1.13 Excitation and emission spectrum of Common fluorophores and 
absorption spectrum of quenchers. In this study, FAM and VIC channel were 

used to label PPRV and β-actin gene targeting probes respectively. BHQ-1 was 
used as quencher in both the probes. Minor groove binder was attached to 3ˊ 
ends for stable priming at temperature of 60°C to induce efficient single step 

annealing and extension. 

 

Figure 1.14 Mechanism of fluorescence detection by hydrolysis probes. During 
annealing step, probes/primers labeled with reporter fluorophore at 5ˊ and 

quencher at 3ˊ is annealed to target sequence. During extension, exonuclease 
activity if Taq DNA polymerase cleaves the probe and release the reporter into 

solution (leading to emission of light) and remove the effect of quencher. 
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1.8.2.3 RT-LAMP Assay 

RT-LAMP stand for “reverse transcription loop-mediated isothermal amplification” 

as its amplification process is based upon “loop formation of DNA strand on its own 

self” and it excludes the need for thermal cycling. The real-time RT-PCR assays are 

more sensitive and rapid than conventional RT-PCR, however, require a costly and 

precise instrumentation (thermal cycler, halogen lamps and fluorescence 

excitation/detector system with appropriate data analysis software) and a detailed 

analysis. The cost and maintenance of such technology is not affordable for the 

developing countries. This situation increases the demand for diagnosis assays which 

are not only cost-effective but sensitive and quantitative as well. ‘LAMP’ assay offers 

all these benefits and probably the best choice. Its chemistry is based on the use of six 

different primers specifically (targeting eight specific regions of the gene of interest). 

The isothermal (constant temperature) DNA amplification proceeds in a single tube 

due to the strand displacement activity of Bst or Bsm DNA polymerase enzyme [111]. 

LAMP is advantageous being simpler and more efficient than conventional and real-

time RT-PCR. The real-time amplification can also be measured in RT-LAMP if 

some appropriate detection reagent and software is used to determine the increase in 

turbidity (due to formation of Mg-pyrophosphate during DNA synthesis) or 

fluorescence with each cycle [54]. As the process depends on proper designing of 

primers to target a specific region, following consideration are taken into account to 

design sensitive and specific primers. 

Six regions are selected on the target area (GC content of 50–60% and 40–

50% for GC rich and AT rich regions, respectively and have no secondary structures) 

and designated names of F3C, F2C and F1C at start of 3ˊ-5ˊ strand while B1C, B2C 

and B3C at end of 5ˊ-3ˊ strand (Figure 1.15). 

The Primer Explore (Net laboratory, Japan, http://venus.netlaboratory.com) 

software provides an easy way to design primers after selecting a region of interest. 

Each primer function is mentioned in Table 1.4. 

1.8.2.3.1 Chemistry of RT-LAMP Assay 

The in-vitro isothermal amplification chemistry of LAMP assay is based on the 

principle of (auto-cyclic) strand displacement activity of Bsm DNA polymerase. The 
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whole reaction can be divided into first “Non-cyclic” and second “Cyclic” parts  

[112]. The non-cyclic part ends with the formation of dumbbell shape DNA which 

acts as starting unit for cyclic part. Initially, in case of single stranded RNA viruses, 

reverse transcriptase enzyme is used to convert RNA into cDNA (3ˊ to 5ˊ) which act 

as template for the attachment of F2 part of FIP (to F2C region). Once F2 extends, the 

outer primer (F3) anneals the same (3ˊ to 5ˊ) strand following FIP. As a result, the (5ˊ-

3ˊ) strand formed by FIP is displaced by F3. The F3 amplified duplex DNA remains 

as such and do not take part in the subsequent reaction. The displaced 5ˊ-3ˊ single 

strand (which was initially prepare by FIP) now forms a loop structure at its 5ˊ end, 

while at the same time, B2 part of BIP attaches (on the 3ˊ end of single strand) to B2C 

region, and prepares complimentary strand resulting in straightening of the 5ˊ end 

loop of parent strand. At the same time, B3 (backward outer primer) anneals to B3C 

region and follows BIP resulting in the displacement of (3ˊ-5ˊ) strand formed by BIP. 

The resulting duplex DNA formed by B3 remain as such and do not take part in 

subsequent amplification, while the displaced 3ˊ-5ˊ strand (BIP amplified) now turns 

into loops at its both ends due to complimentary sequences. This is the final product 

of non-cyclic part of LAMP reaction (Figure 1.16). 

Table 1. 4 Functions of LAMP primers 

Function Primer 

Strand displacement 

Outer primers 

(forward (F3) and backward (B3)) 

Loop formation 

Internal primers 

(forward (FIP) and backward (BIP)) 

Acceleration of amplification by filling the 

gaps not reachable by internal primers 

Loop primers 

(forward (FLP) and backward (BLP)) 

 

The cyclic amplification starts with dumbbell DNA strand with loops at both 

ends. The self primed annealing and extension of F1 to F1C (at 3ˊ end loop of dumb 

bell DNA), 5ˊ end straightens into double strand DNA. The F2 part of FIP anneals to 
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F2C region (at 3ˊ end loop of dumb bell DNA) and starts strand displacement 

amplification, but this extension again leads to formation of loop on displaced strand 

3ˊ end resulting in self-primed extension and strand displacement activity. As a result, 

FIP generated strand is again displaced forming loop at both ends (5ˊ-3ˊ Dumbbell 

DNA). The same process is repeated until original 3ˊ-5ˊ Dumbbell DNA is formed. 

This process, therefore, cycles again and again until reaction components are 

exhausted (Figure 1.17). The loop primers accelerate the FIP and BIP mediated 

amplification and strand displacement and formation of cauliflower like structures due 

to hybridization of inverted repeats (Figure 1.17). Positive LAMP reaction can be 

visualized with 

1. Naked eye (turbidity or visual fluorescence) 

2. UV light fluorescence  

3. Gel electrophoresis 

4. Real-time monitoring during reaction through ESE Quant tube 

scanner 

1.8.2.3.2 Interpretation of the RT-LAMP Assay 

The Mg-pyrophosphate formed as a by-product during LAMP reaction, accumulate in 

high amount which forms precipitates which can be observed even through naked eye 

after a short spin. The accumulation of these precipitates can be observed through a 

turbidimeter as the reaction proceeds. Under UV light, a colour change from orange to 

green is observed in case of positive reaction (on addition of SYBR-green) and this 

colour change can even be observed under natural light. The gel-electrophoresis 

reveals ladder of DNA bands of different lengths which are formed (spring or 

cauliflower structures due to overlapping of multiple repeats) during amplification in 

LAMP. ESE Quant tube scanner can be used to monitor real-time amplification 

curves after addition of fluorescent DNA binding dye to the LAMP reaction mixture. 

Calcein is a very efficient detector which gives an enhanced and prominent signal 

when it loses its Manganese ions (due to chelating effect of pyrophosphate) and 

combines with Mg ions. Oligo DNA probes labeled at their 3ˊ end can be used for 

accurate measurement of initial template RNA. The design of LAMP assay utilizes 

six primers for detection of the target region which lead to high specificity, while the 

large amount of DNA amount produced during the reaction ensures high sensitivity.  
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Figure 1.15 Procedure of LAMP primer designing manually. Target region of virus fulfilling primer conditions is selected and reverse 
complimented. Then both strands are divided into six regions F3C, F2C, F1C (3-5ˊ strand) highlighting and B1C, B2C, B3C (5-3ˊ 

strand) their reverse compliments on opposite strands. For 5-3ˊ orientation of six primers, F3 is selected as such, FIP (reverse of F1C 
region with F2 as such), BIP (B1C region as such with reverse of B2 region), B3 (simple compliment of B3C region), FLP (taken as such) 

and BLP (BLP region is simply reversed). Each of the finalized primer is highlighted bordered with rectangular box. Adapted from 
Copyright @, 2005, Eiken Chemical Co. Ltd., Japan. 
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Figure 1.16 Non-cyclic part of LAMP amplification resulting into Dumbbell DNA formation. The detail is explained in text. Adapted 
from Eiken Chemical Co. Ltd., Japan (Copyright, 2005) 
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Figure 1.17 Cyclic part of LAMP recycles amplification using Dumbbell DNA formation as the starting point. The detail is explained in 
text. Adapted from provide additional starting sites for DNA synthesis and accelerate Adapted from Eiken Chemical Co. Ltd., Japan 

(Copyright, 2005)
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LAMP can multiply the target DNA (10)9 to (10)10 times the starting amount and 

detect 0.01 to 10 plaque forming units (pfu) of viral particles [113]. Its sensitivity is 

10-100 times (produces ≥ 10 µg in 25 µl reaction resulting in pyrophosphate 

production more than 0.5 ppm) the conventional RT-PCR (0.2 µg in 25 µl reaction) 

and comparable to real-time RT-PCR [54]. The specificity of LAMP is confirmed by 

including negative (by adding RNA/DNA of closely related organisms) and non-

template controls. 

Lin Li developed RT- LAMP for PPRV detection by designing six primers to 

target virus specific matrix gene segment [114]. The test was as sensitive (detection 

limit = 1.41× (10)-4 ng total RNA per assay) as real-time RT-PCR and 10 fold more 

sensitive than conventional RT-PCR (detection limit =1.41× (10)-3). It did not amplify 

the genome of measles and rinderpest virus ensuring its specificity for PPRV. 

However, F and N gene are preferred targets in diagnosis due to higher specificity to 

PPRV and have not been explored in RT-LAMP assay at the time of writing this draft. 

1.9 Isolation of Virus 

The isolation of PPRV from clinical samples and its confirmation through virus 

neutralization and/or animal inoculation are considered as the gold standard for 

diagnosis of PPRV. Previously, Vero cells were considered as the cell line of choice 

for PPRV isolation. The fragile nucleocapsid of PPRV, however, renders it prone to 

inactivation by dry and harsh environmental conditions or by action of deteriorating 

agents active in poorly preserved clinical samples. Moreover, many passages of host 

cell line are required before a successful isolation can be made. Virus isolation, 

therefore, is considered to be time-consuming, tedious and sometimes inefficient for 

routine diagnosis of PPRV. The problem of inefficient virus isolation can only be 

solved through the development of more efficient isolation system than Vero cells. 

Isolation attempts on B95a, (an adherent cell line, derived from Epstein-Barr virus- 

transformed marmoset B-lymphoblastoid cells), produced more sensitive results for 

PPRV (lineage IV) isolation as compared to Vero cells. The investigations on virus-

host interaction have confirmed the role of cellular receptors in virus propagation. 

PPRV, like other Morbilliviruses, induces immunosuppression in goat and sheep 

[115], adding to the severity of disease by secondary infections [116]. The possible 

reason for this immunosuppression is that a vital cellular receptor identified for the 
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attachment of morbilliviruses is signaling lymphocyte activation molecule (SLAM, 

also called CD150), which is exclusively expressed on immune cells [117]. Another 

receptor named ovine nectin-4 has its role in attachment of PPRV to the epithelial 

cells [16]. Considering the role of this receptor in mediating virus infection of the 

immune cells [118], cell lines expressing SLAM or ovine nectin-4 proteins have been 

used for efficient isolation of morbilliviruses. For example, PPRV isolation from 

clinical samples through Chinese hamster ovary (CHO) cells expressing sheep SLAM 

has been very efficient as compared to tedious isolation through primary cell lines and 

Vero cells [119, 120]. The development of this cell line has made isolation, more 

efficient, sensitive and reliable than before. Moreover, virus isolation, intrinsically, is 

the method of choice to study virus biological properties, virus pathogenesis and 

possible host defence. 

1.10 Objectives of the Study 

The reports of PPRV to affect other than natural hosts like camels [61, 121], buffalo 

[60]; and its presence in wild ruminants even without showing typical 

signs/symptoms of the disease [122]  letting the virus to maintain and evolve in wild 

population, coexistence of PPRV lineages (e.g. lineage III and IV in North [123] and 

regular outbreaks in endemic areas have made it very essential to continuously 

monitor the ongoing evolution of PPR virus and control the disease without any 

further delay through proper, efficient diagnosis, molecular analysis and integrated 

efforts. Keeping in view the expected contribution of efficient diagnosis and 

molecular analysis towards disease control and final eradication, the present study 

was designed with the following objectives 

a) Establishment of Efficient diagnosis of clinical disease of PPR through 

molecular techniques viz. 

1) Conventional reverse transcription PCR (RT-PCR)  

2) Single-tube and sensitive real-time reverse transcription PCR (RRT-

PCR) 

3) Reverse transcription loop-mediated isothermal amplification (RT-

LAMP) assay  

b) Improvement in efficiency of virus isolation from field samples by using 

efficient isolation system i.e. CHS-20 cell line 
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c) Molecular Characterization of PPRV 

1) From Pakistan and 

2) Its comparison with the viruses of other countries having various 

lineages 
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2. Materials and Methods 

2.1 General Considerations 

2.1.1 Glassware and Disposable Materials 

According to the molecular biology research requirements, all the glassware and 

plastic- ware were rinsed with de-ionized distilled water, treated with 0.1% DEPC and 

autoclaved before use. Disposable items used were DNAse/RNAse free. 

2.1.2 Reagents/Chemicals 

All the reagents purchased were of molecular biology grade from Fermentas (Vilnius, 

Lithuania), Invitrogen (USA) and Merck (USA). Buffers were made in purified clean 

DEPC-treated water. 

2.1.3 Working Conditions 

Molecular work bench were cleaned with 70% ethanol and UV irradiated before 

working. To avoid contamination, filtered air was maintained in the area of working 

and each working sections was kept separate from the other. 

2.1.4. Positive and Negative Controls 

PPRV live attenuated vaccine, CASVAB-U.O.B. (Advanced Studies in Vaccinology 

and Biotechnology, University of Baluchistan, Quetta, Pakistan) was used as a 

positive control in all diagnostic tests. To rule out false positive results, in each test a 

negative control was included during RNA isolation, standard PCR, Real time RT-

PCR and RT-LAMP reactions. 
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2.2 Establishment of Laboratory-Scale Sensitive Diagnosis of 

PPR through Molecular Techniques 

2.2.1 Collection of Clinical Samples/ Outbreaks History and Disease 

Presentation 

To establish sensitive diagnosis on the basis of molecular techniques, clinical samples 

were collected from suspected animals presenting typical signs/symptoms of the PPR. 

The information on PPR outbreaks was collected through personal communication 

with local veterinarians and farmers. Brief pre-outbreak history, number, breed, age 

and sex of animals in these flocks were recorded along with morbidity and mortality 

percentages. 

 

Figure 2.1 A brief outline of the study. Molecular diagnostic tests including 
reverse-transcription PCR (RT-PCR), real time RT-PCR (rRT-PCR) and RT-
LAMP assay were established/developed and used to detect PPRV in clinical 

samples (swab, blood and tissue) collected from suspected animals. RT-PCR and 
rRT-PCR were compared for their sensitivity of detection of PPRV in selected 

clinical samples. RT-LAMP assay was initially optimized by using culture-
supernatants of viral isolates and then applied for detection of PPRV directly in 
clinical samples without a need for separate RNA extraction and cDNA synthesis 

steps. For molecular characterization, PPRV was first isolated from clinical 
samples using CHS-20 cells. The nucleoprotein and fusion protein gene segments 

of these isolates were amplified and sequenced for phylogenetic analysis. 
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Tissues collected from dead animals included lung, liver, intestine, intestinal 

and mesenteric lymph nodes. Swabs from eyes and oral erosions were collected in 2 

ml cryoprotective tubes. Blood (5 ml) was collected from each animal in disposable 

syringe out of which, 3 ml transferred to serum vaccutainer (having no anticoagulant) 

to let the blood coagulate for serum separation and 2 ml added to plasma vaccutainer 

containing EDTA (ethylene-di-amine, tetra-acetic acid) to avoid clotting. All the 

samples were kept on ice for transportation to the laboratory and stored at -80°C 

except un-clotted blood maintained at 4°C until analyzed. 

A brief outline of the study is presented in Figure 2.1. The study consisted of 

two parts. The first part included establishment of molecular diagnosis of PPRV by 

using Reverse transcription PCR (RT-PCR), Real-time reverse transcription RT-PCR 

(rRT-PCR) and reverse-transcription loop mediated isothermal amplification assay 

(RT-LAMP). The second part focused on molecular characterization by sequencing of 

nucleoprotein (N) and fusion protein (F) gene sequences of the isolated PPRVs from 

Pakistan and their comparative analysis with other lineages. 

2.2.2 Molecular Detection of PPRV by Reverse-transcription PCR 

(RT-PCR) 

2.2.2.1 Preparation of Sample for RNA Extraction 

1. Tissues 

Tissue (50-100 mg) was ground with cold pestle and mortar using sterilized 

sand and 0.5-1.0 ml of TRIzol reagent or Iscove´s Modified Dulbecco´s Medium 

(IMDM) added to get 10% suspension. Subsequently, 200 µl of this solution was used 

in RNA extraction. 

2. Blood 

Un-clotted blood was used as such in amount of 200 µl for RNA extraction.  

3. Swab 

Swabs were cut with sterile scalpel, put into 1 ml insulin syringe and extracted 

into a volume of 500 µl of IMDM cell culture medium or Phosphate Buffered Saline 

(PBS). This extracted solution (200 µl) was used in RNA extraction. For the isolation 
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of PPR virus, 200 µl of extracted swab was mixed with 800 µl IMDM out of which, 

500 µl was used to inoculate the cell culture. Remaining 500 µl kept at -80°C for next 

possible use. 

4. White blood cells  

White blood cells were separated from whole blood using Histopaque® 1077 

(Sigma-Alderich, Inc., USA). 200 µl of isolated lymphocytes were used for RNA 

extraction. Briefly lymphocytes were separated as follows 

a) Approximately, 1.0 ml un-clotted blood (EDTA added as anticoagulant) 

was transferred into a 10 ml falcon tube and diluted by adding 1 ml of 

PBS.  

b) To a clean microfuge tube, 250 µl of Histopaque was added. 

c) Diluted blood (750 µl) was layered carefully onto Histopaque to avoid 

mixing and centrifuged for 20 minutes at 350 xg. 

d) White blood cells were separated as a clear ring and sucked with a sterile 1 

ml insulin syringe, washed twice with 1 ml of PBS and stored at -80°C. 

5. Cell Culture Supernatant 

200 µl of cell culture supernatant was used as such for RNA extraction using 

Invitrogen RNA/DNA Minikit. 

6. Cells as a Whole 

a) Cells in the form of suspension were counted, centrifuged @ 300×g for 5 

minutes and added with 1 ml of TRIzol reagent for a count of 5-10×106 

cells. 

b) Monolayer of cells was washed with ice cold PBS and 1 ml TRIzol added 

to a circular area of 3.5 cm diameter or an area of 10 cm2. 

2.2.2.2 RNA Extraction by TRIzol Method 

 RNA extraction was performed using TRIzol reagent (Ambion, Life 

technologies Invitrogen, USA) following the standard method [81] with a little 

modification. Briefly following procedure was adopted 
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I. In a clean RNAse/DNase free 1.5 ml microfuge tube, 1 ml of TRIzol was 

added to a 200µl of given sample processed as described above (section 

2.2.2.1). The solution was mixed by slow pipetting and  incubated at room 

temperature for 5 minutes 

II. To the mixture, 200µl of choloroform added, vortexed and kept at room 

temperature for 2 to 3 minutes. 

III. The microfuge tubes containing mixture of sample, TRIzol and chloroform 

were placed in a balanced arrangement in centrifuge machine and spun 

@12000xg for 15 minutes. After centrifugation, aqueous phase (≈60% of 

TRIzol used i.e. 600µl) having RNA was separated into top most layer. 

IV. The RNA phase was transferred to a new 1.5 ml tube, added with 500 µl of 

isopropyl alcohol for RNA precipitation. 

V. The mixture was turned up and down for 2-3 times slowly and incubated at 

room temperature for 10 minutes to maximize RNA precipitation. 

VI. Centrifugation was done at 12000xg for 10 minutes to get RNA in the form of 

a pellet and supernatant discarded. 

VII. RNA pellet was washed with 1 ml of 75% ethanol (RNA pellet was dissolved 

in Ethanol by vortexing the microfuge tube), centrifuged for 5 minutes at 

7500xg and supernatant discarded. 

VIII. RNA washing step with 75% ethanol was repeated for another time. 

IX. The pellet was air dried (no vacuum drying was used) for 5-10 minutes 

avoiding over-drying.  

X. The dried pellet was dissolved in 20 µl RNAse/DNAse free DEPC treated 

water. 

2.2.2.3 Pure-link RNA/DNA Minikit (Cat. # 12280-050, Invitrogen, USA) was used 

to isolate RNA from cell culture cell free supernatant. RNA/DNA was isolated as 

follows 

I. Lysis buffer (0.21 ml) was added for one sample and carrier RNA as internal 

standard was added @28 µl/ml of lysis buffer and mixed by pipetting carefully 

to avoid foaming. 

II. Absolute ethanol (60 ml) of was added to wash buffer for first time. 

III. Proteinase-K (25 µl per sample) was added to each 1.5 ml eppendorf tube and 

mixed in 200 µl of cell culture (cell free) supernatant. 
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IV.  Lysis buffer (200 µl) was added to each tube and vortexed for 15 seconds. 

V. Tubes were incubated at 56°C for 15 minutes. 

VI. Ethanol concentration of 37% in solution was achieved by adding 250 µl of 

96-100% ethanol and properly mixed by vortexing (for 15 seconds). 

incubation was given for 5 minutes at room temperature. 

VII. After a short spin, each mixture was transferred to respective spin column. 

VIII. The column was washed with 500 µl of wash buffer. 

IX. Tubes were placed in the centrifuge to spin @6800 g for 1 minute and the flow 

through was discarded. 

X. Washing was done with 500 µl of wash buffer once more. 

XI. Columns were centrifuged at maximum g value for 1 minute to remove 

excessive ethanol. 

XII. Dried columns were placed in fresh recovery tubes. 

XIII. A volume of 25 µl of RNAse/DNase free water was added to the column for 

elusion and incubated for 2-3 minutes at room temperature. 

XIV. To get total RNA/DNA, columns placed in recovery tubes were spun at  

maximum×g value of the centrifuge for 1 minute  

A 1:40 dilution was made by adding 1 µl total RNA in 39 µl DEPC treated 

water. 10 µl of this dilution was added to a microcuvette to determine the OD. OD 

ratio of A260/A280 should be >1.6. 

OD of 1 at wavelength of 260 nm = 40 µg/ml RNA 

2.2.2.4 Reverse Transcription of RNA into Complementary DNA (CDNA) Synthesis 

A 4 µl of extracted RNA (5 μg or less) was reverse transcribed into cDNA using 

Revert AidTM First Strand cDNA Synthesis Kit (Cat # K1622, Fermentas) using 

hexamer primer method. 11 µl of cDNA mixture for each sample was prepared by 

adding 4 μl of 5xRT Buffer, 1 μl of BSA (20 µg/µl), 2 μl of Ribolock RNase inhibitor 

(20 U/µl), 1 μl of dNTPs (10 mM) and 1 μl of M-MuLV (Molony Murine Lukemia 

virus) Reverse Transcriptase (RT) enzyme (200 U/μl). 

For each sample, 4.0 μl RNA was added with 4.0 μl of DEPC treated water 

and 1.0 μl of Random Hexanucleotide primer (RHP). To uncoil RNA secondary 

structures and let the RHP anneal to it, incubation was given at 70°C for 5 minutes 
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and immediately chilled on ice. Control RNA (0.5 µg/µl) and control primer (10 

pMol/µl) provided by the supplier were used as positive control. RT enzyme negative 

and no template control were also prepared. 

Both 9.0 μl of RNA mix and 11μl of cDNA mix per sample were mixed in a 

200 µl tube. Reverse transcription was carried out at 25°C for 5 minutes; 42°C for 60 

minutes followed by 70°C for 15 minutes to inactivate Reverse Transcriptase enzyme. 

Complimentary DNA was stored at –20°C until analyzed by PCR. 

2.2.2.5 Amplification of Fusion (F) Protein and Nucleoprotein (N) Gene Targets 

from CDNA by Polymerase Chain Reaction (PCR) 

Primers 

Primer used for diagnosis of peste des petits ruminants (PPR) are listed in Table 2.1. 

As listed in table 2.1, Primer Pair # 1 (N1, N2) was used to amplify nucleoprotein 

gene segment (238bp) conserved among all members of the genus Morbillivirus. 

While, the rest of primer pairs were specific to Peste des petits ruminants virus 

(PPRV). Primer pair # 2 (F1/F2) and # 3 (F1b/F2d) amplified 372 bp and 448 bp of 

fusion protein gene of PPRV [96].  

The only difference between the two is that F1b/F2d primer pair sequences are 

more conserved than F1/F2 among PPRV four lineages thereby supposed to be more 

promising for PPRV detection [74]. As the 308 bp region amplified  by nested 

primers was an internal  region lying within the 372 bp and 448 bp amplification, 

Primer pair#4 i.e. F1A, F2A was used in nested PCR to confirm PPRV already 

detected as positive by primer pair # 2 or # 3 as shown in Figure 2.2. Np3/Np4 primer 

pair amplified 351 bp of nucleoprotein gene of PPRV. Both the primer pairs 

amplifying fusion protein and nucleoprotein gene segments specifically of PPRV 

were used for molecular diagnosis as well as molecular characterization.  

Primers were synthesized at 50 n-mol concentration scale by Invitrogen, USA. 

100 µMolar stock solution of each primer was prepared by adding double distilled, 

de-ionized water (in µl equal to 10 times the amount of primer synthesized in nMole) 

as per manufacturer instructions. 5 p-mol working solution of each primer was 

prepared by adding 20 µl stock solution to 380 µl of primer water. 
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Table 2.1 Previously reported primers used for molecular diagnosis and 

characterization of PPRV [52, 96] 

 

2.2.2.6 Polymerase Chain Reaction (PCR) Amplification 

Target fusion protein and nucleoprotein genes were amplified by PCR using a 

25 µl reaction mixture prepared by adding 2.5 µl of 10X PCR buffer, a final PCR 

mixture concentration of 0.2 mM dNTPs, 2 mM MgCl2, 0.5 pmole/µl of each of 

forward and reverse primer, 1.25 units of Taq DNA polymerase (Cat. # EP0402, 

Fermentas, Life technologies), PCR water was added to get a 22.5 µl PCR master 

No. 

Name 

of 

primer 

Directio

n 

(F/R)* 

Sequence (5ˊ to 3ˊ) Position 

Band 

size 

(bp)** 

1 N1a F 
ACAAACCNAGGATTGCTGAA

ATGAT 
789-813 

 

238 
 N2 a R 

CTGAACTTGTTCTGAATTGAG

TTCT 
1002-1026 

2 F1 b F 
ATCACAGTGTTAAAGCCTGT

AGAGG 
777-801 

 

372 
 F2 b R 

GAGACTGAGTTTGTGACCTA

CAAGC 
1124-1148 

3 F1b b F 
AGTACAAAAGATTGCTGATC

ACAGT 
760-784 

 

448 
 F2d b R 

GGGTCTCGAAGGCTAGGCCC

GAATA 
1183-1207 

4 F1A c F ATGCTCTGTCAGTGATAACC 802-821  

308  F2A c R CTATGAACAGAGGGGACAAG 1092-1110 

5 Np3 d F 
TCTCGGAAATCGCCTCACAG

ACTG 
1232-1255 

 

351 
 Np4 d R 

CCTCCTCCTGGTCCTCCAGAA

TCT 
1560-1583 

*   F=forward primer, R=Reverse primer 

**bp= base pairs indicating the length of amplification 
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mixture per reaction. 2.5 µl of cDNA prepared from each sample was used as 

template for target gene amplification. 

PCR reaction was carried out in a Mastercycler gradient thermal cycler 

(2xT5A/250V Eppendorf AG 22331 Hamburg, Germany) using temperature cycling 

conditions mentioned in table 2.2. Initial denaturation step was done at 95°C for 5 

minutes followed by 35 cycles of denaturation at 95°C for 30 seconds, annealing at 

50-55°C and extension at 72°C. The only difference in nucleoprotein and fusion 

protein gene amplification cycle was in the annealing temperature viz. 55°C for 

nucleoprotein and 50°C for fusion protein gene. An optional 10 minutes final 

extension time was given at 72°C to completely amplify 5ˊ ends and add poly-A tail 

to the amplified products (Table 2.2).  

 

Figure 2.2 Diagrammatic representation of F1A/F2A primers used in nested 
PCR that amplify 308bp region, which is an internal region to 372 bp 

amplification or 448 bp amplification by F1/F2 and F1b/F2d primer pairs, 
respectively. 

2.2.2.7 Nested PCR 

Regular RT-PCR positive samples were confirmed by nested PCR. In this 

PCR, PCR products obtained by F1b/F2d primers were used as template in an amount 

of 1 µl and F1A/F2A nested primers that were designed against an internal region to 

that amplified by F1b/F2d (Table 2.1). 
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2.2.2.8 Analysis of PCR Products (Agarose Gel Electrophoresis) 

Gel Electrophoresis method was used to analyze amplified PCR products. PCR 

amplicons were separated under 80 volts for 90 minutes using 1.0% agarose gel 

prepared in 1 X TBE buffer (prepared from 5x stock TBE: 54.0 g Tris base, 27.5 g 

boric acid, 20 ml EDTA (0.5 M, pH 8.0).  

Table 2.2 Temperature cycling profile used for Regular RT-PCR amplification 

 

Nucleoprotein gene 
amplification 

Fusion protein gene 
amplification 

Sr. 
# 

Step Temperature Duration Temperature Duration 

1 
*Initial 
Denaturation 

95°C 5 minutes 95°C 5 minutes 

For the next 30 cycles the following temperature was used 

2 Denaturation 94°C 30 Seconds 94°C 30 Seconds 

3 Annealing 

55°C 

(Np3/Np4, 
N1/N2) 

 

30 Seconds 

50°C 

(F1b/F2d, 
F1/F2, 
F1A.F2A) 

60 Seconds 

4 Extension 72°C 45 Seconds 72°C 60 Seconds 

Final extension was carried out at 72°C for 10 minutes 

*Lid Temperature 105°C  

I. To prepare 100 ml of 1.0% gel solution, 1.0 g of agarose was taken into 250 ml 

conical flask containing 100 ml 1x TBE buffer. 

II. The mixture was placed in microwave until agarose was dissolved into clear 

solution. The solution was swirled for proper mixing by wearing heat resistant 

gloves. 

III.  Casting tray was prepared by applying its stoppers at both sides to avoid any 

spills and placed the 12 or 16 well gel comb vertically in the end notch of the tray 

keeping the comb base about 1-2 mm above the bottom surface of the tray.  
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IV. The gel solution was cooled down enough but not to solidification point 

(approximately 55°C bearable by naked hands) under tap water. To visualize 

DNA under UV light, 3 µl of Ethidium Bromide (10 mg/ml) was added into gel 

solution wearing nitrile gloves to avoid any toxic exposure, mixed and poured into 

the casting tray. 

V. Gel solution ≈ 5.0 mm deep (having no bubbles trapped underneath the comb) 

was allowed to polymerize for 20-30 minutes at room temperature. 

VI. Once solidified, gel combs were removed carefully to avoid any damage to the 

wells. Tray stoppers were removed gently and the polymerized gel was transferred 

to the electrophoresis tank properly filled enough with 1xTBE electrophoresis 

buffer to let the gel fully dipped in it.  

VII. PCR products (10-15 µl) were transferred to fresh tube, mixed with 4µl of 

6xDNA loading dye and added to the respective wells made in agarose. 

VIII. DNA marker (5 μl) was loaded in the border well and applied electric current at 

80-100 volts (3-5 volts/cm of the gel length) for 70-90 minutes until the PCR 

products got separated properly. The distance travelled by PCR products was 

indicated by blue coloured bands of DNA loading dye. 

IX. Gel was visualized under the UV transilluminator under UV light wavelength of 

254 nm. 

2.2.3 Molecular Detection of PPRV by Real-time Reverse 

Transcription-PCR (rRT-PCR) 

2.2.3.1 Preparation of Standard 

A 463 bp fragment of nucleoprotein gene (containing selected 103 bp region for real-

time assay) was amplified for real-time RT-PCR based detection of PPRV using 

primers mentioned in table 2.3. 

Target region of nucleoprotein region was amplified by regular RT-PCR as 

mentioned above. These amplified products were cloned into TA vector (Figure 2.3) 

using Fermentas TA cloning kit (Cat# K1214). Briefly, the method is described as 

follows 
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For fresh culture, E-coli (Top-10) stock culture was inoculated onto LB 

medium and incubated overnight. The next day, a single colony was picked and re-

inoculated into 2 ml C-medium and incubated at 37°C overnight. 

I. Ampicillin Stock solution (50 mg/ml) was prepared by adding 0.5 g of 

ampicillin salt solution in 10 ml of deionized water. The solution was filter 

sterilized and 1.0 ml aliquots were made from it and stored at -20°C. 

II. To prepare 20 mg/ml stock solution, 200 mg of X-gal (Cat# R0401, 

Fermentas, USA) was added to 10 ml of N,N-dimethylformamide (DMF) and 

stored at -20°C in the dark. 

III. To prepare 100 mM stock solution, 0.48 g IPTG (Cat# R0392, Fermentas, 

USA) was dissolved in 20 ml de-ionized water, filter sterilized. 1 ml aliquots 

were stored at 4°C. 5 g of Tryptone, 2.5 g of yeast extract and 2.5 g of NaCl 

was added to 400 ml of deionized water. pH was adjusted to 7 with NaOH and 

water was added to make final volume of media up to 500 ml. 7.5g of agar 

was added to this media and autoclaved. 

IV. After autoclaving, the media was cooled to 55°C and 0.5ml of ampicillin stock 

solution (50 mg/ml) was added (to get a final concentration of 50 µg/ml) 

before pouring the media into plates for solidification. The plates were dried at 

room temperature under UV light for 30 minutes. The dried cooled plates were 

spread with 40 µl of X-gal and 40 µl of IPTG stock solutions. 

 For the preparation of ligation mixture, the general formula for calculating 

pico-mole ends in manufacturer’s manual was as follows 

The number of pico mole (pMol) ends was calculated by using method described in 

Table 2.3. The ligation mixture was prepared as follows and incubated at 4°C 

overnight.  

Component Volume 

Vector pTX57R/T 1 µl (0.6 pMol ends) 

5X ligation buffer 2 µl 

Purified PCR product  0.18 pMol ends (0.03 µg) 

Nuclease free water Added up to 9 µl 

T4 DNA ligase 1 µl 

The mixture was vortexed, spun briefly and incubated overnight at 4°C. 
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T-solution-A (250 µl) and T-solution-B (250 µl) was mixed in a separate tube 

and placed on ice. On the day of transformation, 150µl of overnight incubated 

bacterial culture was re-inoculated into 1.5 ml of pre-warmed C-medium and 

incubated at 37°C for 20 minutes. This culture was pelleted by spinning at 5000×g for 

1 minute and the supernatant was discarded. The cells were re-suspended in 300 µl of 

T-solution provided in the kit and incubated on ice for 5 minutes. Again the cells were 

spun at 5000 ×g for 1 minute and re-suspended in 120 µl of T-solution and incubated 

on ice for 5 minutes. 

Table 2.3 pico mole ends available in given amount (µg) of PCR product (as per 

its length) 

Length of 

PCR product 

Number of pico mol ends 

contained in 1 µg DNA 

PCR product required amount for 3:1 insert 

to vector ratio in ligation reaction (0.18 p 

mol ends) 

100 30.0 0.006 µg (=0.18/30) 

300 10.0 0.018 µg (=0.18/10) 

500 6.0 0.03 µg (=0.18/6)* 

1000 3.0 0.06 µg (=0.18/3) 

2000 1.5 0.12 µg (=0.18/1.5) 

3000 1.0 0.18 µg (=0.18/1) 

*0.03 µg of purified 463 bp of (RT-PCR amplified) N gene fragment of PPRV was used for ligation 

 

Figure 2.3 Map of pTZR/T vector showing poly-T site that are ligated Poly-A 
extension of PCR amplified double stranded cDNA strand. 
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Ligation mixture was overnightly incubated at 4°C. A fresh tube was added 

with 2.5 µl of this mixture along with 50 µl of freshly prepared competent cells and 

chilled on ice for 2minutes. This mixture was added to 1.5 ml of liquid LB media 

(antibiotic free) and incubated at 37°C for 1 hour. The liquid culture was centrifuged 

at 5000 ×g for 1 minute, re-suspended in 50 µl of liquid medium and spread evenly 

onto pre-warmed LB-ampicillin-X-gal-IPTG plates. The culture plates were incubated 

overnight at 37°C. 

Only the transformed colonies were able to grow on ampicillin media. 

Colonies that had vector with insert remained transparent (slightly white) while those 

without an insert ligated to vector produced blue pigment. From white colonies, 

plasmid was extracted using GenJet Miniprep kit (Cat#K0503, Fermentas, USA). The 

following procedure was adopted. All centrifugations were done at 12000× g. 

I. Transformed bacterial culture (5 ml) was centrifuged for 5 minutes and 

supernatant was discarded. 

II. The pellet was dissolved in 250 µl of re-suspension solution and mixed by vortex 

and pipetting. 

III. Added 250 µl of lysis buffer and mixed thoroughly by inverting 4-6 times until 

solution became viscous and slightly clear. (Vortex was not used at this step to 

avoid DNA shearing) 

IV. Added 350 µl of neutralization solution and mixed by inverting 4-6 times (vortex 

was not used). 

V. The mixture was centrifuged for 5 minutes to pellet debris and chromosomal 

DNA. 

VI. The supernatant was transferred to spin column carefully to avoid any precipitate 

contamination. 

VII. Centrifuged for 1 minute 

VIII. The spin column was washed by adding 500 µl of wash solution 

IX. Centrifuged for 45 seconds and flow through was discarded 

X. The wash step was repeated for another time, centrifuged for 45 seconds and 

discarded the flow through. 

XI.  Centrifuged another time for 1 minute to remove any residual wash solution 

having ethanol. 

XII. The spin column was transferred to fresh collection tube. 
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XIII. 50 µl of elution buffer was poured carefully exactly in the centre of spin column 

to avoid any damage to the column and get maximum of plasmid. 

XIV. The column was incubated at room temperature for 2 minutes. 

XV. The column placed in collection tube was centrifuged for 2 minutes and the eluted 

plasmid was stored at -20°C. 

Extracted plasmid was quantified by spectrophotometer. (OD 1 at A260= 50 

µg/ml of DNA). 2 µl plasmid was dissolved in 998 µl water viz. a dilution factor = 

2:1000= 500 

Concentration of plasmid DNA (µl/ml or ng/µl) 

= OD × 1 unit OD concentration (50 µg/ml) × dilution factor 

From the amount of standard (PPRV N gene 463 bp fragment ligated to the 
pTZR/T vector), copy number was calculated by using the following formula 

As 
Mass of 1 molecule or copy of double stranded DNA (dalton) is given as 
N (length of insert) × 650 (average mass of one base pair) 
So, 
 

Number of copies/µl =
amount of plasmid (ng) × 6.023 × 10��

�����ℎ �� ������� ���ℎ ������ × 1 × 10�� × 650
 

Number of copies obtained in the above formula was confirmed by online 

calculator available at URI Genomics and sequencing centre website 

(cels.uri.edu/gsc/cndna.html). A stock solution having 1010 to 100 of plasmid was 

prepared and its 10 fold serial dilutions were made by adding 10 µl this stock solution 

into 90 µl water and so on as mentioned in Table 2.4. 

One-step RT-PCR kit, Bio-Rad (Cat#170-8895) was used for detection of 

PPRV in a single tube reaction. Primers used in rRT-PCR are enlisted in Table 2.5. In 

a 20 µl reaction mixture, 2 µl of RNA template was used for the detection of PPRV. 

10 µl of 2X RT-PCR reaction mix for probes was added with 600 nM of each of 

forward and reverse primer for PPRV, 200 nM of TaqMan probe for PPRV, 200 nM 

of each of forward and reverse primer for β-actin gene, 100 nM of TaqMan probe for 

β-actin gene, 0.4 µl of iScript reverse transcriptase per reaction provided in the kit. 
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Table 2.4 Preparation of tenfold Serial dilution starting from concentration in 

1010 copies of cloned vector with insert 

Dilution # 

Mass (ng/µl) 

Length of plasmid with insert= 

(2886+463=3349bp) 

Number of 

copies 

(/µl) 

Starting Concentration 458 2.49 × 1010 

1 45.8 2.49 × 109 

2 4.58 2.49  × 108 

3 4.58 × (10)-1 2.49  × 107 

4 4.58 × (10)-2 2.49  × 106 

5 4.58 × (10)-3 2.96 × 105 

6 4.58 × (10)-4 2.49  × 104 

7 4.58 × (10)-5 2.49  × 103 

8 4.58 × (10)-6 2.49  × 102 

9 4.58 × (10)-7 2.49  × 101 

10 4.58 × (10)-8 2.49  × 100 

 

2.2.3.2 Optimization and Application of rRT-PCR for the Detection of PPRV in 

Field Samples 

PCR reaction was run at Bio-Rad CFX (Version 2.0.885.0923) by incubating 

at 50°C for 40 minutes, inactivation of RT enzyme at 95°C for 10 minutes followed 

by 35 cycles of annealing/extension at 60°C for 30 seconds. 
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Table 2.5 Primers used for real-time reverse transcription-PCR of PPRV [15] 

2.3 Establishment of Direct Detection of PPRV in Clinical 

Samples by Reverse transcription Loop Mediated 

Isothermal Amplification (RT-LAMP) Assay 

RT-LAMP Assay was performed using LAMP assay kit, Fermentas and another 

primer setup used by Li et al. [113, 124] in addition to newly designes primers during 

the study. Loop mediated isothermal amplification (LAMP)-PCR was carried out for 

onsite diagnosis of PPR disease efficiently in domestic small ruminants. It was used to 

amplify target viral genome within 1 hour by using isothermal nucleic acid 

amplification chemistry based on Bsm polymerase strand displacement activity and 

strategy of applying a set of six primers. It contained specific six primers designed on 

M, F and N Genes viz. two outer, two internal and two loop primers that were able to 

No. 
Name of 

primer 

Direction 

F/R* (bp)** 
Sequence (5ˊ to 3ˊ) Position 

Band 

size 

(bp)** 

1 

MGB-taq 

F1a 
F (18bp) GGACTGGGCCWCGWCAGG 

†1333-

1350 

103 PPRV-probe 
probe 

(17bp) 

6FAMTCYTTCCTCCAGCAYAAMG

B 

†1359-

1375 

MGB-taq 

R1a 
R (22bp) GRATCGCAGCVTTGACYYCTTC 

†1435-

1413 

2 

MGB-f1-

beta-actin 
F (18bp) CTGGGACGACATGGAGAA 

††306-

323 

127 
Beta-actin 

probe 

Probe 

(21bp) 

VIC-GCACCACACCTTRTYCAC-

MGB 

††328-

348 

MGB-r1-

beta- actin 
R (19bp) GGTCATCTTVTCRCGGTTG 

††432-

414 

*   F=forward primer, R=Reverse primer 

**bp= base pairs indicating the length of amplification 

†PPRV specific primers position is mentioned according to accession # JF939201 Peste-des-petits-ruminants virus isolate 

China/Tib/07, complete sequence 

†† β-actin gene primer position is given according to NCBI accession # HM067830 (Ovis aries clone ACTB_SLIP_1 beta-actin 

mRNA complete cds) 
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recognize eight distinct regions on the target sequence. The primers used in RT-

LAMP assay for the detection of PPRV mentioned in Table 2.6. 

2.3.1 Procedure  

2.3.1.1 Preparation of Stock Solutions 

I. PPRV stock primer mix was added with 130 µl water and let to be dissolved at 

room temperature for 10 minutes, mixed properly by vortex and spun shortly.  

II. One freeze dried 4x RNA LAMP Master Mixture vial was taken out to adjust 

to room temperature. 170 µl water and 25 µl of the PPR- Primer mix (prepared 

in step 1) was added in it and kept at room temperature for 15 minutes until 

completely dissolved. 

III. 5x buffer vial (500 µl) was added with 300 µl of water (used as Sample 

Buffer) 

This master mix was stored afterwards at +5°C for short time or frozen in 

aliquots for long term storage. 

2.3.1.2 Addition of Field Sample into RT-LAMP Assay Buffer 

I. Sample buffer (30 µl) of was added into fresh PCR vial 

II. Field sample (1–2 µl) of including any fluid specimen; a small piece nasal 

swab cut with the scalpel blade; a shredded tissue or a cut piece of Whatman 

paper of size 2 x 2 mm was added to the sample buffer and mixed by swirling. 

III. Incubation for 5 minutes was given at room temperature. Only the nasal swabs 

were heated shortly at 70 °C. 

IV. In case of appearance of cloudy mass, the sample mixture was quickly 

centrifuged shortly and kept cool. For Lamp assay from extracted RNA, only 1 

µl RNA was used as sample to avoid excessive RNA from disturbing the 

reaction. 

Following reaction mixture was prepared for RT-LAMP assay 

a) Composition of reaction directly from sample  

I. PPR LAMP Master Mixture = 10 µl 

II. Prepared sample (15 µl) in buffer was mixed in a fresh 0.2 ml PCR vial. 
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b) Composition of reaction from extracted RNA 

I.  PPR LAMP Master Mixture = 10 µl 

II. 5X sample buffer = 5 µl 

III.  Water = 9 µl 

IV. Extracted RNA = 1 µl 

LAMP reaction was carried at 58°C for 60 minutes using ESE Quant tube 

scanner that can be even operated by using power supply of a car battery. The reaction 

was carried out at 58° C in ESE Quant tube scanner. The assay was considered as 

positive if a amplification curve was generated within 60 minutes. These results were 

confirmed by gel electrophoresis 

2.4 Classical and Sensitive Detection of PPRV by Cell 

Culture Inoculation 

PPRV was isolated from pathological samples that included swabs and tissues (lungs, 

liver, lymph nodes). The cells were inoculated with these processed samples. The cell 

lines designated as CHS-20 (Figure 2.4) is infact CV-1 cell line (African Green 

Monkey Kidney Fibroblast cells) incorporated with expression plasmid (FRT-CHS-20) 

having SLAM (signaling lymphocyte activation molecule) of sheep-goat origin. 

Transmembrane glycoprotein of immunoglobulin family called the SLAM is used as a 

cellular receptor by PPRV [16]. So this Monkey CV1 cell line expressing the sheep-

goat SLAM receptor was used for efficient and sensitive detection of PPRV by 

isolation technique. 

2.4.1 Procedure 

2.4.1.1 Trypsinization of the Cells and Passaging 

A 25 cm2 flask having complete monolayer of cells was treated with 1.6 ml trypsin for 

1 minute and checked the cells under inverted phase contrast microscope (Olympus, 

IMT-2, Japan) to be detached properly. The flask was immediately tapped on the 

sides for complete detachment of cells from the bottom of the flask.  The cells were 

suspended by adding 6 ml of fresh medium having 5% fetal bovine serum (FBS) to 

inactivate trypsin. 3 ml of this media having suspended cells were transferred 
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immediately to each of fresh flask and incubated at 37°C (5% CO2 concentration) to 

allow them get attached to the bottom of flask as only those cells survived that got 

attached to the bottom surface. 

 

 

Figure 2.4 CHS-20 cells (10 x magnification) that expressed sheep signaling 
lymphocyte activation molecule (SLAM) on their surface. These cells were used 

for isolation of PPR virus from clinical samples 

2.4.1.2 Counting the Live Cells 

 Two separate drops of 20 µl each of trypan blue dye were placed on a glass slide. 

A 20 µl of given cell suspension was mixed in first 20 µl drop of dye and picked 20 µl 

of this mixture and transferred to next drop of dye and mixed again. A 20 µl of this 

second mixture was added to counting glass slide of haemocytometer (larger square 

normally used for counting of white blood cells) under microscope and transparent 

live cells were counted. 

2.4.1.3 Isolation of PPRV from Pathological Samples  

From most recent passage, fresh cells were prepared into 25 cm2 flasks and incubated 

for 1-2 hours to let them settle down and attached on the flask bottom surface. This 

step was carried out very carefully to avoid cell death as the cells that are unable to 

adhere to the bottom surface of flask were supposed to die. Fresh media with 5% FBS 

(foetal bovine serum) was provided to the cells to initiate growth. 
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Table 2.6 Primers used for detection of PPRV by RT-LAMP assay 

Primer ID Sequence (5ˊ to 3ˊ) Position Length (bases) 

M gene based primers  

F3 TTGCAATGCAGTCAACCT 420-437 18 

B3 ATTCTCCCATGAGCCGA 620-636 17 

F1C-F2 GCACACTATAGTAACCATTGTCTGA-TGATACTCCCCAGAGGTT 
496-520/ 
447-464 

25/18 

B1C- B2 GGAGTTCCGCTCAGCCAATG-TTCTAGGGTTTGTGCCATT 
534-553/ 
592-610 

20/18 

LF TCTAGTTATGCTCATGTACACAACC 468-492 25 

LB GTAGCCTTCAACATCTTGGTTACAC 556-580 25 

F gene based primers 

F3-PPRN CTGTCAGTGATAACCAAGA *5784-5802 19 

B3-PPRN GTCTCCTTATTTGCAAGTC 6024-6007 19 

FIP-PPRN CAACTCCAAGTGCTACTCTAACAATTCAAACTCTGACACC 5889-5871/5812-5830 40 

BIP-PRN CTCCCAAGCAATTGAGAGTAACTTCTATTGCCTGATTCGA 5942-5960/6000-5982 40 

N gene based primers 

PPRV F3 ACATCAACGGGTCAAAGCT 295-313 19 

PPRV B3 ACTCGAGGGTCCTTCAGTTG 502-521 20 

PPRV/FIP CCGCTGTATCAATTGCCCGGGTTTTCGGCGTGATGATCAGCATG 376-357/317-335 44 

PPRV/BIP GCATCCGCCTTGTTGAGGTAGTTTTTTTGTCCAAATCAGCACCACG 400-421/481-462 46 
*The position of primer is indicated as per sequence position of complete genome of PPRV  (Accession #hq197753) 
M gene primers were previously reported by Bao et al [114] while F and N gene primers were new primers designed and used during the study 
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I. 200 µl of processed sample suspension (e.g. 200 mg of tissue in 2 ml cell 

culture serum free medium or swab extracted in 500 µl of PBS) was added 

into 300 µl of cell culture serum free medium. 

II. Freshly passaged cells in exponential growth phase (70% confluent) were 

selected and the growth medium was removed. 

III. The cells in each flask were infected with 500µl of given processed sample 

from step 2.  

IV. The flasks were incubated at 37°C for one hour and observed every 15 min 

and slowly shaken so that the inoculum is spread evenly all over the cells.  

V. After one hour incubation, inoculum was removed from each flask without 

washing the cells´ surface. 10 ml of fresh complete medium (cell culture 

medium + 10% foetal calf serum + 4% of the mix antibiotics anti-fungus) was 

added to the flasks and incubated at 37°C. 

VI. The next day, the flask was observed for any kind of contamination and the 

old medium was replaced with fresh one containing 2% antibiotics-anti fungal 

solution (Invitrogen, Eugene, Oregon, USA).  

VII. At alternative days, cells were observed for any kind of bacterial 

contamination and the exhausted medium replaced with fresh one having 1% 

antibiotics/anti-fungal solution (Invitrogen, Eugene, Oregon, USA).  

VIII. Once the monolayer was confluent, the complete medium was replaced by the 

maintenance medium (medium+5% FCS+Ab) and observed for any kind of 

visible pathogenic effect produced by virus. 

IX. At day 7 post infection, those flasks showing no cythopathic effects (cpes) 

were blank passaged of by trypsinizing the cells and transferring to bigger 75 

cm2 flasks. 

X. If there was no cpe produced even after 3 passages in the sample, it was 

declared as negative for virus isolation.  

XI. Flask cultures showing virus growth in terms of visible cpes as rouding of 

cells, joing together to form syncitia and detachment from the basement 

surface were allowed to reach 70% of cpe (70% of the cell monolayer are 

destroyed) and frozen at -80°C.  

Freeze and defreeze cycles of the flask having 70% cpe in cellular monolayer were 

repeated for 2-3 times and 1-2 ml aliquots were made to store them at -80°C. For 
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sequencing and molecular characterization of viral isolates, RNA extracted from viral 

isolates was subjected to one-step RT-PCR was performed using Qiagen one-step RT-

PCR kit in a volume of 25 µl per reaction using 2.5 µl of 5 pMol of each of forward 

and reverse primer, 1µl of 10 mM of dNTPs, 5 µl of 5x Qiagen buffer and 5 µl of 

template extracted RNA form each sample.  

2.5 Molecular Characterization 

2.5.1 Amplification of Fusion (F) and Nucleoprotein (N) Genes of the 

Viruses by RT-PCR and Purification of PCR products 

F and N genes of these isolates were amplified by RT-PCR (as described in section 

2.2.2). PCR products were purified by Wizard® SV Gel and PCR Clean-Up System 

(Cat#A9281, Promega, USA). 

2.5.2 Sequencing 

The purified samples were sent for sequencing to Macrogen sequencing facility, 

Korea. 

2.5.3 Cleaning, editing and contigs preparation 

The raw sequences were edited and assembled for contigs by DNA Star v. 5.00 

2.5.4 Alignment of sequences and Phylogenetic analysis 

Reference sequences of nucleoprotein gene of peste des petits ruminants virus were 

retrieved from NCBI blast service for alignment to perform phylogenetic analysis. 

The sequences were aligned in ClustalW and the inferred for bootstrap phylogeny in 

Mega 4.0 (Tamura and Kumar, 2007). 
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3. Results 

Section 3.1 Clinical Diagnosis; Details of Suspected PPR 

Outbreaks Attended for Collection of Clinical samples 

3.1.1 Collection of Clinical Samples from Suspected Outbreaks of 

PPR 

 Local veterinarians and personal contacts informed about some of suspected 

PPR outbreaks during 2009-2013. These outbreaks were attended for the collection of 

clinical samples including blood, oral/nasal swabs and tissues (lung, liver and lymph 

nodes). Their detail is given in Table 3.1. 

From PPR outbreaks mentioned in Table 3.1, 380 clinical samples were 

collected from suspected animals, transported on ice and stored at -80 °C until 

processed for laboratory investigation. The history of clinical samples collected in 

Faisalabad Veterinary clinics (2008 and 2010, 2013) and DG Khan (2009) was not 

known. However, these were also included for laboratory analysis. So a total of 448 

samples collected in 25 places of 11 districts consisting of 51.56% swabs, 44.2% 

blood and 4.24% tissues were processed for molecular detection and analysis of the 

suspected virus causing the clinical disease. 

3.1.2 Brief History and Disease Presentation of PPR Outbreaks 

Brief history and clinical presentation of PPR in each outbreak is described below 

(Figures 3.1 to 3.11). Map of PPR outbreaks adapted from Google-Earth is also 

shown in the Figure 3.1. 

3.2.2.1 Outbreak at Sheikhupura (Sharqpur, Year 2009) 

At village of Sharqpur in district Sheikhupura (Figure 3.1), the goat flock was 

having animals of different age groups from kids of less than four months to adults 

above 1 year of age. There was no history of vaccination. The disease appeared a 
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couple of weeks after the introduction of recently purchased animals from nearby 

market into the existing flock. The flock was receiving medication under the 

supervision of local veterinarian. Mortality was observed in goats of all age groups 

majorly affecting kids (Figure 3.8). Some adults had started recovering back to health 

but the kids were contracting the disease and dying one by one. On the day of flock 

visit, two lambs of age 2-3 months were died previous night and 3 kids were at risk 

with poor prognosis. The lambs were emaciated with roughened skin possibly because 

of lack of feed intake and mineral and fluid loss due to diarrhea. Trachea was filled 

with mucous to purulent discharge in both lambs. Liver was pale congested, lungs 

oedematous with heamorrhagic foci. Tracheal and intestinal lymph nodes were 

enlarged. Nearby sheep flocks were healthy and there were no recently infected 

diseased flocks in the premises. 

3.2.2.2 Outbreak at Sargodha (Naseerpur, Dolatpur, Year 2010) 

No vaccination was performed previously at this flock. Some new animals were 

bought from Faisalabad animal market which got sick at arrival and so spread the 

disease to healthy ones. Goats of different age groups from kids to adults were kept 

together in the same flock. 10% mortality was observed at herd level at the time of 

visit and it was apparent that the disease was cured due to proper treatment in adults 

and only the kids were at risk as out of the dead animals, 90% were kids.  

Similar to Naseerpur outbreak, no vaccination was used at Dolatpur. Some 

new animals were bought from nearby sale spot which got sick after some days and 

spread the disease in the flock. Three age groups viz. kids, young and adults were kept 

together at this place. The mortality ratio was observed as 40% in young goats, 50% 

in kids and 10% in adults. Marked oral lesions around the lips of necrotic tissue were 

present in recovered adults. The disease presentation in this outbreak was different 

from Naseerpur outbreak in that mortality was observed in young as well as adults. 

3.2.2.3 Outbreak at Lahore (Johar Town, year 2010) 

At Johar Town, a flock of 200 animals of age 8-16 months was maintained 

experimentally (Figure 3.1 and 3.3) and the animals were purchased from Nankana 

district animal market. Some animals got sick in the start and then spread the disease 

to the rest of flock. 90% morbidity was observed in this flock while 2-3 animals were 
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dying daily. The disease presentation was so severe that the owner decided to sale the 

rest of healthy goats to the butcher for slaughtering. 

3.2.2.4 Outbreak at Faisalabad (Sahowala, year 2011, NIAB farm, year 2011) 

In this outbreak (Figure 3.1), animals were kept for an experimental household farm. 

All 80 animals of age between 6-8 months were purchased from nearby market. The 

weather was intense cold and animals had suffered from travelling stress. Although 

the medication was going on, but no improvement in health was observed. Animals 

were dying one after the other and all had diarrhea with subnormal to high 

temperature from 103-106 °F. There was no PPR affected flock in the vicinity. 

At experimental farm at NIAB (Faisalabad), year 2011, most of the animals 

were in recovery stage and had nodules around lips. The temperature of animals was 

in the range of 104-105 °F except a couple of animals that had a temperature of 

106°F. 

3.2.2.5 Outbreak at Multan (Rungpur, Head Muhammadwala, Year 2012) 

In Multan, 2 outbreaks were attended at two places i.e. Rungpur and Head 

Muhammadwala (Figure 3.1). At Rungpur, a flock of good quality local breeds 

(Nachi and beetle) was purchased by Qatar Sheikh and before being transported, 

animals were kept for quarantine observation. During this period, PPR outbreak killed 

many of the precious adult animals. At this farm, infected animals were kept separate 

from healthy ones; however, three age groups (kids, young ones and adults) had close 

contact with each other. Those at risk of contracting the infection were vaccinated that 

proved to be helpful in avoiding any further spread of disease within the flock. It 

resulted in decrease in mortality per day. Two lambs were pneumonic without fever 

and supposed to be effected by mycoplasma. At Head Muhammadwala, goats were in 

recovery stage and some were blind in one eye. 

3.2.2.6 Outbreak at Mianwali (Swans and Pi Khail, Year 2012) 

At Mianwali, animals were found affected at two places i.e. at Swans and Pi Khail 

(Figure 3.1). At Swans, kids had high fever (106.5°F) and typical signs of coughing 

and ocular/nasal discharge with doughy tongue i.e. necrozed off-white epithelium was 

visible on the tongue. A Doe (female goat) which gave birth to a kid two days before 
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had swollen udder. At Pi Khail, the goats and sheep were kept together but only goats 

became sick with 30% mortality. Sheep had thick nasal discharges but that was not 

serous in nature and the body temperature was normal exhibiting none of typical 

clinical symptoms of PPR. 

3.2.2.7 Outbreak at DG Khan (Qasba Samina/ Model Town Dhol Ambleen, Jhakar 

Imam Shah, Thara wala, Madina Factory Jampur Road, Year 2012) 

At DG Khan, sampling was done from animals affected at multiple places (Figure 

3.1). The goat had ocular discharge, coughing and diarrhea. At one place, where 

buffaloes were kept together with goats, 50% mortality was observed in goats. At 

Qasba Samina, sheep were found to have one-sided ocular opacity but no mortality 

was recorded. At Madina Factory, Goats that got diarrhea did not recover back to 

health and were slaughtered ultimately. Dried scabs were observed on the lips of 

recovered animals (Figure 3.3 and Figure 3.4). No vaccination was applied by the 

owner prior to disease outbreaks. 

3.2.2.8 Outbreak at Chakwal (Balkasar, Year 2012) 

At Chakwal, severe condition of disease was observed (Figure 3.1 and Figure 3.4). 

Goats had fever, thick mucus ocular/nasal discharges. Clinical picture suggested that 

animals had secondary bacterial infection. Some animals became blind due to ocular 

infection. No vaccination was used before the onset of disease. All animal were > 8 

months old. 

3.2.2.9 Outbreak at Sahiwal (Arifwala, Year 2012) 

At Sahiwal, goats were >11 months old. Although 99% of animals were affected by 

the disease, yet no mortality was recorded. Nasal discharge, coughing and diarrhea 

were consistently found in all animals. Some of affected goats had nodules of dead 

tissue around lips. 

3.2.2.10 Outbreak at Okara (Dipalpur village, Dipalpur farm, Year 2013) 

At Okara, animals had suspected PPR infection at two places. At one farm, 56.2% of 

goats were >3.5-18 months old. High morbidity of 80% was observed in this age 

group, however, mortality of 50% occurred only in kids (1-3.5 months old) and not 

the young or adults. At another place, goat population included kids and adults which 
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were kept under good management conditions. Although kids were separated from 

adults but mortality of 44.4% and 66.7% was recorded in young ones and kids 

respectively. 

A brief description of all outbreaks mentioned above is tabulated below (Table 

3.1). For convenience, each outbreak is abbreviated in this table and these 

abbreviations are used against each outbreak in the later result sections. 

3.1.3 Common Findings in Morbid Animals 

On the whole, common findings about the clinical signs/symptoms in sick animals 

affected by PPR included: Succumb posture (Figure 3.3), Ocular and/or nasal 

discharge, temperature, Diarrhea (Figure 3.2), erosions in oral cavity (Figure 3.2 and 

3.4), severe Stomatitis and frothy discharge (Figure 3.3C) and uni-ocular blindness 

(Figure 3.4C). Diseased goats had typical ‘succumb’ posture with arched back and 

head down. Ocular and/or nasal discharges were evident from affected animals. 

Temperature of suspected animals ranged from 104 to 106.6°F; some of the goats that 

did not show apparent symptoms of nasal or ocular discharges also had temperature 

up to 104-106°F. 

At each outbreak, diarrhea with subnormal body temperature (101-102°F) was 

apparent. Mouth erosions with hyperemic conjunctiva were visible at inspection of 

oral cavity. At some of the PPR outbreaks, severe stomatitis was observed with frothy 

nasal discharge. Specifically, animals at Sargodha (Dolatpur), Faisalabad (NIAB 

farm) and Sahiwal (Arifwala) had thick papules of dead tissue at the junction of outer 

skin and internal oral mucosa at lips. Uni-ocular blindness was observed only at 

Multan (Head Muhammadwala), DG Khan (Qasba Samina) and Chakwal (Balkasar) 

districts. 

3.1.4 Common Findings in Dead Animals 

In outbreaks where dead animals were available for postmortem, following 

Antemortum and postmortem observations were recorded. Lambs were emaciated and 

dehydrated and conjunctiva was hyperemic. Skin coat was dry and roughened. 

Mucopurulent nasal and ocular discharges were apparent. Loose faecal material was 

visible at rectal orifice and stuck to the tail hairs. Dental mucous membrane was 
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hyperemic. At postmortem, trachea was found to be filled with mucopurrulent 

material. Tracheal and mediastinal lymph nodes were edematous and hemorrhagic. 

Intestinal lymph nodes were enlarged and edematous. Small intestine was 

hemorrhagic. Colon and rectum were hyperemic and oedematous but typical zebra 

stripes were not present. Lungs were pale with hemorrhagic foci. Liver was congested 

and consolidated. No typical erosions were observed in the oral cavity although 

hemorrhagic foci were visible.  

Section 3.2 Clinical Severity of the Disease  

3.2.1 Description of Outbreaks in Terms of Morbidity and Mortality 

with Respect to Age of Animals 

In flocks affected by PPR, animals with age 1-3.5 and >18 months were much lower 

in number as compared to those of age >3.5-18 months as shown in Figure 3.6.. Kids 

(age 1-3.5 months of age) were in highest percentage i.e. 66.67% at Swans, Mianwali 

and lowest (3.48%) at Rungpur, Multan. Majority population (average of 67.58% of 

total population) of flock consisted of young animals with age >3.5-18 months. Nine 

out of nineteen flocks had no kids at all possibly due to interest of owners to rear only 

young animals for sale during Eid-ul-azha days. Animals with age >18 months 

constituted an average of 20.14% of the total flocks population. 

The majority i.e. 66.6-100% of kid’s population (1-3.5 months) was morbid 

(Figure 3.7) and presented high fever and oral lesions especially on the tongue upper 

surface. In individual outbreaks, mortality rate as low as 25% to as high as 100% was 

observed in this age group (Figure 3.8). Kids contracted the disease one after the other 

and died within 2-4 days after the onset of clinical symptoms. At only two out of eight 

outbreaks, kids had mortality <30 % while the remaining outbreaks had mortality > 

50-100% (Figure 3.9). 

Animals belonging to age group >3.5-18 months contracted the disease in 

range of 26.67-100%. A mortality of 4.44-81.82% was observed in these animals 

(Figure 3.8). As these animals constituted major population percentage of flocks, they 

were the highest among three age groups to contract the disease and die of it. Only 

one outbreak of Swans (MNW1) had none of the animals belonging to this age. 
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Eight out of nineteen outbreaks had >30% mortality in young stock (Figure 

3.10, Table 3.2). The animals of age group >18 months did not contract the disease at 

five out of nineteen outbreaks while a maximum of 100% morbidity was observed at  

 

Figure 3.1 Map showing districts of PPR outbreak in Punjab Province. Each 
district is encircled and the year of each outbreak is mentioned in a square 

dialogue box. Plus sign (+) indicates that more than one outbreak was sampled in 
a single district. Punjab boundary is highlighted by double line while of Pakistan 

by solid line. The broken solid line boundary indicates disputed control line of 
Kashmir (adapted from Google-Earth). 

Balakasar (CHK). In this age group, a least of 7.14-18.75% mortality was observed 

(Figure 3.8). PPR outbreaks only at Head Muhammad-wala and Rungpur (MLT1), 

Dipalpur farm (OKR2), and Sharaqpur (SHP) lead to mortality in these animals while 

at other places, only clinical form of disease was noticed but no mortality was 

recorded (Figure 3.7, Figure 3.8). 
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Table 3.1 Detail of districts, areas and timings of PPR outbreaks attended during 2009-2013 

No. District Area of outbreak Month Year **Abbreviation 

1 Sheikhupura Shiraqpur June 2009 SHP 

2 Sargodha-1* Naseerpur February 2010 SRG1 

3 Sargodha-2* Dolatpur February 2010 SRG2 

4 Lahore Experimental farm, Johar town March 2010 LHR 

5 Faisalabad-1* NIAB experimental farm February 2011 FSD1 

6 Faisalabad-2* Sahowala March 2011 FSD2 

7 Multan-1* Rungpur January 2012 MLT1 

8 Multan-2* Head Muhammadwala January 2012 MLT2 

9 Mianwali-1* Swans February 2012 MNW1 

10 Mianwali-2* Pi Khail February 2012 MNW2 

11 DG Khan-1* Model Town Dhol Ambleen February 2012 DGK1 

12 DG Khan-2* Jhakar Imam Shah February 2012 DGK2 

mailto:DG@
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13 DG Khan-3* Thara-wala February 2012 DGK3 

14 DG Khan-4* Madina Factory Jampur Road February 2012 DGK4 

15 DG Khan-5* Qasba Samina February 2012 DGK5 

16 Chakwal Balkasar March 2012 CHK 

17 Sahiwal Arifwala March 2012 SAH 

18 Okara-1* Dipalpur February 2013 OKR1 

19 Okara-2* Dipalpur farm February 2013 OKR2 

     *Numerical numbers (1, 2, 3 up to 5) in column of district indicate number of outbreaks in single district 

** These abbreviations are used to indicate these outbreaks in the following results’ sections 
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Figure 3.2 Housing conditions of goats effected in filed PPR outbreaks. (A) A 
mud house built for keeping goats to avoid extreme weather stress, especially 
during noon and night.  (B) Animal kept under wooden hut made as a shelter. 

These poor conditions which allow close contact and do not offer proper shelter 
from cold weather, can easily lead to spread of PPR from infected animals to 

healthy ones. 

Taking flock population as a whole, morbidity was less than 30% only at 

Qasba Samina in sheep while mortality more than 30% was observed at eight out of 

nineteen (42.1%) outbreaks including Sharaqpur (SHP), Dolatpur (SRG2), Johar 

Town (LHR), Sahowala (FSD1), Rungpur (MLT1), Tharawala (DGK4), Balakasar 

(CHK) and Dipalpur farm (OKR2) as shown in Figure 3.12. A mortality of ≥60% was 

observed in three outbreaks that occurred in the districts of Sargodha (SRG2), 

Faisalabad (FSD) and DG Khan (DGK). 

At Sahiwal (SAH) and Mianwali (MNW) and Sargodha (SRG1), a low 

percentage mortality of ≤30% was observed. In all these outbreaks, a total of 1364 

animals were at risk. Among these animals, 77.27% contracted the infection of PPR 

and 33.58% died due to the clinical signs /symptoms of the disease. Majorly affected 

age-groups were either 1-3.5 or 3.5-18 months. Adults (>18 months) did not suffer 

from high mortality rates which may be contributed to their competent immune status. 

High mortality losses were observed in flocks having only kids or young ones (Figure 

3.10 and 3.11) 
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Figure 3.3 Clinical status of PPR affected goat in an experimental farm in Johar 
Town, Lahore and Multan. A) Typical succumb posture of the affected goat. B) 

Goat in front is having nasal discharge while the one behind it is having 
diarrhea. C) Oral lesions of vesicles with hyperemic mucosa. 

 

Figure 3.4 Clinical presentation of animals in complicated PPR outbreaks. A) 
Serous to purulent nasal discharge in goat. B) Severe oral swelling in goat. C) 

Uni-ocular blindness in sheep 

 

Figure 3.5 Collection of clinical samples from sick animals in PPR outbreaks. A) 
Collection of blood. B) Collection of nasal swab. C) Collection of oral swab. 
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Figure 3.6 Percent age distributions of animals into three age groups (1-3.5 months, >3.5-18 months and >18 months old) flocks affected 
by PPR. Area of each outbreak (in the form of abbreviations) is indicated along the x-axis and corresponding percentage distribution of 

animals in each age group is shown along y-axis. A legend of the entries is indicated in the right upper corner. It is evident from the 
Figure that highest distribution of animals in these flocks was present in age group 3.5-18 months. 
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Figure 3.7 Percent morbidity in animals belonging to three age groups i.e. 1-3.5 months, >3.5-18 months and >18 months old. Area of 
each outbreak (in the form of abbreviations) is indicated along the x-axis and corresponding percentage distribution of animals in each 
age group is shown along y-axis. A legend of the entries is indicated in the right upper corner. It is evident from the Figure that a higher 

distribution of morbid animals in these flocks was present in animals that were 1-3.5 (kids) and 3.5-18 months (young stock) old. 
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Figure 3.8 Percent mortality in animals belonging to three age groups i.e. 1-3.5 months, >3.5-18 months and >18 months old. Area of 
each outbreak (in the form of abbreviations) is indicated along the x-axis and corresponding percentage distribution of animals in each 
age group is shown along y-axis. A legend of the entries is indicated in the right upper corner. It is evident from the Figure that animals 
belonging to age groups of 1-3.5 (kids) and 3.5-18 months (young stock) observed higher mortality rate than adults (age=>18 months).
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Figure 3.9  Mean of percent morbidity relative to age-groups. It was high (46% 
and 76%) in the first two age group (1-3.5 and 3.5-18 month old) as compared 
with the third age group (>18 months old) (33.4%). Two-way ANOVA analysis 
revealed that the difference in mobidity was highly significant (P value 0.0039) 
related to age, however, these areas of outbreaks did not differ significantly in 

mortality (P value 0.4470). 

 

Figure 3.10 Mean of percentage mortality (with standard errors) relative to age-
groups. It was very high (31 and 35) in the first two age group (1-3.5 and 3.5-18 
month old) as compared with the third age group (>18 months old). Two-way 

ANOVA analysis revealed that the difference in mortality was highly significant 
(P value 0.0007) related to age, however, these areas of outbreaks did not differ 

significantly in mortality (P value 0.3755). 
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Figure 3.11 Percent morbidity and mortality rates (in general) in each flock 
affected by PPR without considering age groups. Area of each outbreak (in the 

form of abbreviations) is indicated along the x-axis and corresponding 
percentage is shown along y-axis. A legend of the entries is indicated in the right 

upper corner. It is evident from the Figure that overall mortality ≥60% was 
observed at three regions in the districts of Sargodha (SRG2), Faisalabad (FSD) 
and DG Khan (DGK). A moderate mortality of ≈40-50% mortality was observed 
at districts of Sheikhupura (SHP), Multan (MLT), Chakwal (CHK) districts. At 
Sahiwal (SAH) and Mianwali (MNW) and Sargodha (SRG1), a low percentage 

mortality of ≤30% was observed. There was correlation coefficient of 0.774 
between mortality and morbidity rates in these outbreaks. 

 

Figure 3.12 Plot of percent morbidity against percent mortality. There was an 
increase in percent mortality with an increase in morbidity. By linear regression 
at 95% confidence interval the value of slope was calculated to be 0.5078 to 1.239 

(P value 0.0001). 
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Figure 3.13 Graph indicating representative temperature profile of sampled 
animals in one of PPR outbreaks attended during the study. Similar pattern was 
observed in other outbreaks. Normal temperature range of goat is from 101.5 to 
104 °F while in sheep it is from 102-103 °F. Those animals above this range were 
off feed having nasal discharges and sneezing while those below it were having 
pneumonia, diarrhea and/or dehydration which are the most common cause of 

death in PPR infection. 

Table 3.2 Degree of disease severity according to mortality in young stock (age 

group=3.5-18 months) 

 
Grade of disease severity 

a= 60-70% 

mortality 

b= 30-60% 

mortality 

c= <30% mortality 

Area of outbreak SHP+* 

FSD1 

DGK4 

SRG2 

 

LHR 

FSD2 

MLT1+* 

MLT2+* 

DGK5 

CHK 

OKR2+* 

 

SRG1+ 

MNW1 

MNW2 

DGK1+ 

DGK2 

DGK3 

SAH 

OKR1 

+, mortality occurred in kids (1-3.5 month old), *, mortality occurred in adults 

Out of 8 category c (= < 30% mortality) outbreaks, 5 remained misdiagnosed and unattended as were not considered as PPR as 

per clinical diagnosis. These outbreaks varied significantly both in overall mortality and morbidity percentages (P<0.0001) 
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To assign a degree of severity of disease outbreaks on the basis of percentage 

mortality, mainly young animals (age=3.5-18 months) were taken into account 

because these were unanimously present in all outbreaks. According to this criterion, 

these outbreaks were categorized as of grade a, b and c as mentioned in Table 3.2. Out 

of 19 outbreaks, 4 were of grade a, 7 were of grade b and 8 were of grade c. (>18 

months old). Outbreak areas are mentioned as abbreviations according to Table 3.1. 

Section 3.3 Molecular Diagnosis at Laboratory Scale by 

Reverse Transcription-PCR (RT-PCR) and Real-time RT-

PCR (rRT-PCR) 

3.3.1 Reverse Transcription-PCR (RT-PCR) 

Reverse-transcription PCR was optimized for detection of Peste des petits ruminants 

virus (PPRV) targeting fusion protein gene and nucleoprotein genes. For optimization 

of RT-PCR, RNA of vaccine strain as was used a positive control along with 

previously known positive samples. N1/N2 primer pair amplified 238 bp region of 

nucleoprotein gene for Morbillivirus genus detection (Figure 3.14) while F1/F2 and 

F1b/F2d primers pairs specifically detected only peste des petits ruminants virus by 

amplifying 372 bp (Figure 3.14) and 448 bp (Figure 3.15) regions respectively of 

fusion protein gene of virus. 

Nested primers F1A/F2A successfully amplified an internal fragment of 308 

bp (Figure 3.16) to a 372 bp region of the fusion gene of PPRV and used to confirm 

first round RT-PCR detection.NP3/NP4 primer pair amplified 351 bp specific region 

of PPRV (Figure 3.17). F1b/F2b primer pairs were found more efficient and better in 

producing a good detectable amount of PCR as compared to F1/F2 so, F1b/F2d and 

NP3/NP4 primer pairs were selected for further investigation of PPR outbreaks. 

3.3.1.1 RT-PCR Based Detection of PPRV in Clinical Samples 

RT-PCR was applied to detect PPRV target genome in a total of 448 samples 

collected from 25 places (Table 3.1). RT-PCR, detected PPRV in 42.4% (n=190) of 

total of 448 samples (table 3.4 and 3.5). As mentioned in Table 3.3 and Table 3.4, 

53.7% (n=124) of 231 swabs, 27.8% (n=55) of 198 blood and 57.9% (n=11) of 19 



3. Results 
 

 

79 
 

tissues were positive for PPR virus (Figure 3.18). Out of 11 positive tissues, 5 

(45.45%) were lungs. Swab samples produced better detection of PPRV in RT-PCR 

as compared with blood samples (Figure 3.19). 

 

Figure 3.14 Multiplex RT-PCR based morbillivirus genus specific and species 
specific detection of PPRV using N1/N2  and F1/F2 primers that amplified 238 

bp (nucleoprotein gene) and 372 bp (fusion protein gene) target regions 
respectively in a single reaction. Lane M, 100 bp DNA ladder; lane 1 and 2, 
positive clinical samples; lane 3. Positive control; Lane 5, negative controls. 

 

Figure 3.15 RT-PCR based species specific detection of PPRV using F1b/F2d 
primers that amplified 448 bp target region of fusion protein gene. Lane M: 100 

bp DNA ladder; lane 1: positive control; lane 2: negative control; lane 3-7: 
known positive clinical samples that showed amplification of 448 bp. 
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Figure 3.16 Nested PCR (F1A/F2A primer pair) amplifying 308 bp region lying 
within 372bp (amplified by F1/F2 primer pair) region of fusion protein gene. 

Lane M, 100 bp DNA ladder; lane 1-4, Known positive clinical samples; lane 5, 
Positive control; Lane 6, negative control. 

 

Figure 3.17 RT-PCR based species specific detection of PPRV using NP3/NP4 
primers that amplified 351 bp fragment of virus nucleoprotein gene. Lane M: 

100 bp DNA ladder; lane 1-3: known positive clinical samples that showed 
amplification of 351 bp; lane 4: Negative control; lane 5: positive control. 
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Figure 3.18 Percentage of each type of sample detected as positive by reverse 
transcription-PCR (RT-PCR). 

 

 

Figure 3.19 RT-PCR based species specific detection of PPRV using NP3/NP4 
primers using swab and blood samples from same animals. Each lane indicates 
blood or nasal swab collected from same animal. It is quite evident that swab 
samples produced much better amplification than that of blood in RT-PCR. 

Lane M: 100 bp DNA ladder; lane 3, 4, 7, 10: positive detection of PPRV both in 
swabs and blood samples; lane 2, 9: PPRV was detected only in animals’ swabs 

and not in blood; lane 5, 6, 8: both swabs and blood were negative; lane 1: 
Negative control; lane 11: positive control. 
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Table 3.3 Details of clinical samples analyzed by reverse-transcription PCR (collected in outbreaks with known history) 

Year 
Area of 

outbreak 
Species 

Involved 
No. of samples processed No. of RT-PCRǂ positive samples 

Swab Blood Tissue Total Swab Blood Tissue Total 
2009 aSHP Goat 12 6 8.00 26 7 4 6.00 17 
2010 cSRG1 Goat 8 8 0 16 5 2 0 7 
2010 aSRG2 Goat 6 5 0 11 4 3 0 7 
2010 bLHR Goat 12 12 0 24 6 4 0 10 
2011 aFSD1 Goat 10 10 0 20 8 6 0 14 
2011 bFSD2 Goat 13 13 0 26 4 0 0 4 
2012 bMLT1 Goat 25 18 0 43 7 3 0 10 
2012 bMLT2 Goat 8 8 0 16 5 0 0 5 
2012 cMNW1 Goat 4 4 0 8 3 2 0 5 
2012 cMNW2 Goat/sheep 6 6 0 12 4 2 0 6 
2012 cDGK1 Goat 8 8 0 16 6 2 0 8 
2012 cDGK2 Goat 4 4 0 8 2 0 0 2 
2012 cDGK3 Goat/sheep 6 6 0 12 2 2 0 4 
2012 aDGK4 Goat 5 5 0 10 3 0 0 3 
2012 bDGK5 Goat 6 6 0 12 4 0 0 4 
2012 bCHK Goat 13 13 2 28 6 4 0 10 
2012 cSAH Goat 29 29 0 58 16 10 0 26 
2013 cOKR1 Goat 7 7 0 14 4 3 0 7 
2013 bOKR2 Goat 9 9 2 20 6 4 1 11 

Grand total 191= X 177= Y 12=Z 380=A 
102 =x 
(53.4%) 

51= y 
(28.8) 

7= z 
(58.3%) 

160 =a (42.1%) 

The main values are bold faced and the subdivisions of the main values in both sides (e.g. in rows & in columns) are non-bold and non-underlined.  
Each outbreak is abbreviated as per table 3.1 
a= 60-70% mortality, b=30-60% mortality, c= 0-30%. ǂRT-PCR, reverse transcription PCR. 
X=total number of swab samples, x=number of swab samples detected as positive 
Y= total number of blood samples, y=number of blood samples detected as positive 
Z= total number of tissue samples, z=number of tissue samples detected as positive 
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Table 3.4 Details of clinical samples analyzed by reverse-transcription PCR (collected in outbreaks where history was not available) 

Year 
Area of 

outbreak 
Species 

involved 
No. of samples processed No. of RT-PCRǂ positive samples  

Swab Blood Tissue Total Swab Blood Tissue Total 
2008 Faisalabad Goat 3 0 0 3 2 0 0 2 
2009 DG Khan Goat 15 7 7 29 7 2 4 13 
2010 Vihari Goat 5 5 0 10 3 0 0 3 
2010 Faisalabad Goat 2 3 0 5 1 0 0 1 
2013 Faisalabad Goat 7 0 0 7 4 0 0 4 
2013 Faisalabad Goat 8 6 0 14 5 2 0 7 

Grand total 40= M 21= N 7= O 68=B 22=m 4= n 4= o 30= b 

Combining table 3.4 and 3.5 
X+M 

=(191+40) 
 

Y+N 
=(177+21) 

 

Z+O 
=(12+7) 

 

A+B 
=(380+68) 

 

x+m 
=102+22 

 

y+n 
=51+4 

 

z+o= 
7+4 

 

a+b 
=(160+30) 

 

Collective total 231 198 19 448 
124 

(53.7%) 
55 

(27.8%) 
11 

(57.9%) 
190 

(40.4%) 
The main values are bold faced and the subdivisions of the main values in both sides (e.g. in rows & in columns) are non-bold. 

Detail of samples collected in outbreaks where history was not available 
M=total number of swab samples, m= number of swab samples detected as positive 
N= total number of blood samples, n=number of blood samples detected as positive 
N= total number of tissue samples, o=number of tissue samples detected as positive 
X+M= total number of swab samples in table 3.4 and 3.5, x+m= Number of swab samples detected as positive in table 3.3 and 3.4 
Y+N= Total number of blood samples in table 3.4 and 3.5, y+n= Number of blood samples detected as positive in table 3.3 and 3.4 
Z+O= Total number of tissue samples in table 3.4 and 3.5, z+o= Number of blood samples detected as positive in table 3.3 and 3.4
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3.3.2 Real-time RT-PCR (rRT-PCR) Based Detection of PPRV 

3.3.2.1 Optimization of Real-time Quantitative RT-PCR (rRT-PCR) 

For enhance sensitivity of diagnosis, real-time RT-PCR was optimized. As 

nucleoprotein is most abundantly transcribed region during multiplication of PPRV, 

more conserved 463 bp region of nucleoprotein gene of PPRV was amplified through 

regular RT-PCR. The purified PCR product was ligated to pTZR57/T vector and the 

transformed colonies selected through blue-white colony selection criterion. β-actin 

gene was used as internal control of RNA integrity. Plasmid serial dilutions were 

prepared form (10)9 to (10)0 copies to find out a standard curve and limit of detection 

(Figure 3.21, Figure 3.22). 

 

Figure 3.20 Nucleoprotein gene of PPRV (463 bp segment) amplified from 
known positive samples to be cloned into pTZR/T vector to be used as standard. 
Lane M: 100 bp DNA ladder; lane 1: Negative control; lane 2: blank; lane 3 and 

4: known positive clinical samples; lane 5: positive control. 

Real-time RT-PCR efficiency was optimized to 100-105% by primer and 

probe concentration (as mentioned in section 2.2.3.3) of β-actin gene with correlation 

coefficient (R2) value of 0.985-0.999. Y-intercept value for single copy of target gene 

was 40.06 and 39.38 with and without β-actin primers, respectively. As β-actin gene 

detection was used as internal control of RNA integrity, it was essentially 

incorporated in the reaction at the cost of 2 Ct cycles decrease in sensitivity. For end 
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point PCR analysis, a maximum Ct value of 37.5±0.9 was set as cut-off value to 

declare a field sample as positive for PPRV.  

 

Figure 3.21 Serial dilution of cloned standard of PPRV N gene (463 bp fragment) 
from 2.06× (10)10 to 2.06× (10)0. In the Figure, PCR product on gel is visible 
maximum up to 1000 copies in lane 9. Lane M: 100 bp DNA ladder; lane 1: 

negative control; lane 2-12: (10)10 to (10)0. 

 

Figure 3.22 Serial dilution of cloned standard of PPRV N gene (463 bp fragment) 
from 2.06×1010 to 2.6 × (10)0 copies/microlitre amplified in quantitative real-time 
PCR. In the figure, amplification chart of these dilutions are shown in left part of 

figure. For the calculation of limit of detection, threshold cycle (Ct) values of 
standard dilutions from 2.06×1005 to 2.6 × (10)0 were drawn against log values of 
copy number (right part of figure). Limit of detection was estimated to be ≈20 

copies at 37.5±0.9 cycle although Ct value of 40th cycle was also detectable. 
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3.3.2.2 Detection of PPRV in Clinical Samples through Real-Time RT-PCR (rRT-

PCR) and Comparison with Conventional RT-PCR 

For detection of PPRV in field samples and comparative analysis of sensitivity of 

real-time reverse transcription PCR (rRT-PCR) and conventional RT-PCR, a panel of 

158 samples from the districts mentioned in Table 3.3 was selected consisting of 78 

positive and 79 negative clinical samples (as previously detected by conventional RT-

PCR) (Table 3.5, Figure 3.23). 

 

Figure 3.23 Comparative detection of PPRV in clinical samples by conventional 
RT-PCR and rRT-PCR. Graph is showing positive and negative responses in 

each test. Those samples sets in which rRT-PCR detected more number of 
positive samples tests are encircled. 
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Table 3.5 Comparison of real-time RT-PCR (rRT-PCR) and conventional RT-

PCR in terms of percent sensitivity and percent specificity 

 
Conventional  

RT-PCR  

 

  Comparative parameters of rRT-

PCR 

Percentage 

Sensitivity 

Percentage 

Specificity 

Overall 

agreement 

*rRT-

PCR 

 Positive Negative Total 

100 78.48 89.17 
Positive 78 a 17 b 95 e 

Negative 0 c 62 d 62 f 

Total 78 g 79 h 157 i 

* rRT-PCR, real-time reverse transcription PCR 
a, No. of samples detected as positive by both rRT-PCR and conventional RT-PCR in agreement 
b, No. of samples detected as positive by rRT-PCR but were negative in conventional RT-PCR 
c, No. of samples detected as positive by conventional RT-PCR but were negative in rRT-PCR 
d, No. of samples detected as negative by both rRT-PCR and conventional RT-PCR in agreement 
e, Total No. of samples detected as positive in rRT-PCR 
f, Total No. of samples detected as negative in rRT-PCR 
g, Total No. of samples detected as positive in conventional RT-PCR 
h, Total No. of samples detected as negative in conventional RT-PCR 
i, Cumulative total i.e. total sample size 

 
As, shown in Table 3.5, Real-time RT-PCR (rRT-PCR) detected all samples 

which were positive in conventional RT-PCR. rRT-PCR detected, however, 17 more 

samples which remained undetected in conventional RT-PCR (Table 3.5, Fig. 3.26). 

The positive percent agreement between the two tests with respect to positives of 

conventional RT-PCR was found to be 100% and negative percent agreement with 

respect to negatives of conventional RT-PCR 78.48% (Confidence Interval 69.41% ≤ 

CI ≤ 87.5%) whereas the overall agreement of 89.17% was observed. The kappa 

index (measurement of agreement) between the two tests was 0.76 which indicates 

difference between observed and expected agreement. 

The sensitivity (probability of a positive result in diseased population) of a test 

is also referred to as true positive rate. Specificity of a test is probability of a negative 

result in disease-free population. The value of [1-specificity] estimates false positive 

rate. The value of vertically inclined slope i.e. likelihood ratio of a positive test or 

ρ(+) (the ratio of true positive rate to false positive rate) for rRT-PCR was calculated 

to be 4.54 while horizontally inclined slope i.e. likelihood ratio of a negative test or 

ρ(-) equal to 0. Similarly, for conventional RT-PCR ρ(+) was 27.33 while ρ(-) to be 

0.19.  
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Comparatively, larger value of ρ(+) and lower values of ρ(-) are preferred to 

confirm the presence and absence of disease, respectively. These likelihood ratios are 

suggestive to the fact that rRT-PCR [ρ(-) = 0] is better than conventional RT-PCR  

[ρ(-) = 0.19] to confirm the absence of disease while the situation is reversed to 

confirm the presence of disease. 

 

Figure 3.24 Log scale amplification curves generated by amplification of PPRV 
in clinical samples along with linear graph of serial dilutions (from 2.06 × (10)08 

to 200.6) of cloned standard of PPRV N gene (463 bp fragment) generated by 
software in quantitative real-time PCR (in terms of Ct values). Y-intercept in 

this case was 39.38 for single copy of target gene. In the lower part of figure are 
shown the curves generated by amplification of PPRV in clinical samples with 

each cycle. 
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Figure 3.25 No. of cDNA copies of PPRV genome detected in clinical samples. 
Most of the samples had < 2.0×104 copies while maximally, 8.0×104 copies were 

detected. 

 

Figure 3.26 Graph showing those samples which had less than 1000 copies of 
viral genome and were not detected in conventional RT-PCR. rRT-PCR had 

however, a lower detection limit of 20 cDNA copies of PPRV genome and 
detected these samples. 

  

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50
0

2.0104

4.0104

6.0104

8.0104

1

2

No. of Sample

N
u

m
b

e
r 

o
f 

c
o

p
ie

s 
o

f 
v
ir

u
s
 c

D
N

A



3. Results 
 

 

90 
 

Section 3.4 Direct Detection of PPRV in Clinical Samples by 

Reverse-Transcription Loop-mediated Isothermal 

Amplification (RT-LAMP) Assay 

3.4.1 Direct Detection of PPRV in Clinical Samples through RT-

LAMP Assay 

To reach a sophisticated laboratory is not feasible always in the general field 

conditions and high environmental temperature or inappropriate transportation facility 

can affect the integrity of virus in the samples thereby leading to poor diagnosis. So to 

meet this problem, an onsite diagnosis facility of RT-LAMP assay was established 

and applied on clinical samples. 

3.4.1.1 RT-LAMP Assay Optimization 

For optimization, 1-2 µl of supernatant taken from isolated PPR virus was used as 

positive sample in LAMP assay. This test was carried out in ESE Quant tube scanner 

(Figure 3.27). Ideal sigmoid curve was generated indicating spatio-temporal 

amplification of the target genome of PPRV (Figure 3.28). As shown in Figure 3.30, 

positive reaction was differentiated from negative in UV light. 

 

Figure 3.27  Software operated ESE Quant tube scanner was used to run and 
generate real-time amplification curve of RT-LAMP assay at isothermal reaction 

conditions. 
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Figure 3.28  Ideal spatio-temporal sigmoid curves obtained during RT-LAMP 
reaction. 

The positive test turned light green due to accumulation of amplified product 

(whitish tinge) while negative test remained orange. On gel electrophoresis (Figure 

3.30), ladder like DNA bands were visible due to cyclic amplification of repeating 

dumble units of PPRV target genome that were formed during non-cyclic 

amplification step of RT-LAMP assay. These two cyclic and non-cyclic amplification 

steps ultimately resulted in peaks crossing the threshold value of 30 mVolts signal 

strength per minute as shown in Figure 3.29. 

 

Figure 3.29 Pattern of difference in amplification signal per minute detected in 
RT-LAMP assay. Those samples that showed an increase of 30mV/minute 

increase were declared as positive samples. 
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Figure 3.30 Evaluation of RT-LAMP reaction under UV light and Gel-
electrophoresis. After completion of the test, difference of a positive and negative 

RT-LAMP reaction in UV light. In the figure, after addition of SYBR green, 
positive reactions have bright green fluorescence due to product accumulation in 

the form of precipitates while ‘N’ a negative reaction remained orange. Gel 
electrophoresis of known positive clinical samples shown in the right part of 

figure revealed ladder like DNA bands in RT-LAMP assay. Level of first 
brighter band of 215 bp is marked by arrow. Lane M: 100 bp DNA ladder; lane 

1: Positive control; lane 2:  Negative control; lane 3-9: positive swab samples. 

3.4.1.2 Detection of Clinical Samples through RT-LAMP Assay 

As fresh swab samples were required for RT-LAMP assay, in the year 2013, 22 fresh 

samples were collected from Faisalabad and Dipalpur outbreaks to evaluate the 

diagnostic ability of RT-LAMP assay directly from clinical samples (Figure 3.31). 

Both RT-LAMP assay and conventional RT-PCR were applied for detection of PPRV 

in these samples. All the samples which were detected by RT-LAMP assay were also 

positive by conventional RT-PCR as shown in table 3.8. These results indicate that 

RT-LAMP assay can replace conventional-RT-PCR especially in open field 
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conditions where cold chain for sample transportation and equipped laboratories are 

not available. It also gives a rough estimation of virus quantification that can helpful 

to assess active viraemia and stage of disease. 

 

Figure 3.31 Application of RT-LAMP assay obtained from clinical samples. 
Level of first brighter band of 215 bp is marked by arrow. Lane M: 100 bp DNA 
ladder; lane 1: positive control; lane 15: negative control; lanes 3-5, 7,8,10 and 
14: positive clinical samples; lanes 2, 6, 9, 11: negative clinical samples; lane 12-

13: weakly positive samples. 

Table 3.6 Detail of supernatant of PPR virus cultures and clinical samples 

detected by RT-LAMP assay 

Area 
Type of 

sample 
No. 

RT-LAMP assay Conventional RT-PCR 

Positive Negative Positive Negative 

Multiple 
culture 

supernatant 
11 11 0 11 0 

Dipalpur swab 15 09 06 09 06 

Faisalabad swab 7 04 03 04 03 

Total 33 24 09 24 09 
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Section 3.5 Isolation of PPRV 

3.5.1 Isolation of PPRV by Sensitive Cell Culture Method 

Prior to molecular characterization, representative samples from each outbreak were 

inoculated on CHS-20 cells (Figure 3.32) for the isolation of PPRVs. Nucleoprotein 

gene segment of each isolate was amplified using NP3/NP4 primers for sequencing 

and molecular characterization. A brief detail of these samples is presented in table 

3.9. CHS-20 cell line was used to isolate PPRV from 31 representative samples that 

were detected as positive by RT-PCR. PPRV was isolated from 23 field samples with 

a range of success rate of 50 to 100% relative to individual outbreak, an average of 

74.2% (Table 3.7). The success rate in virus isolation was 100% from samples 

collected from animals in the DG Khan District in 2009, Sahiwal and Mianwali. It 

was, however, 50% in case of samples that were collected in Faisalabad, Chakwal and 

Sheikhupura districts (Table 3.7). The cpe was detected as earlier as 2 days post 

inoculation (dpi) in some cases. These viruses produced maximum cpe (90% cell 

damage) on days from 5 to 10 post inoculation (Figure 3.34). Those samples that did 

not show cpe by the end of the first week had remained negative even after 2 

successive blind passages. Interestingly, from relatively poorly preserved Faisalabad 

2008 samples that had undergone freeze/thaw cycles many times, the virus was 

successfully isolated from one out of two samples. 

 

Figure 3.32 Rounding of cells and formation of syncitia marked by arrow head, 
(due to PPRV infection) in CHS-20 cell line monolayer (10x) expressing 

receptors named signaling lymphocyte activation  molecule (SLAM) of sheep 
origin. A is negative control, B is showing typical cytopathic effect. The 

photograph was taken at 10X magnification under inverted phase contrast 
microscope (Olympus, IMT-2, Japan). 
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Figure 3.33 Representative gel electrophoresis figures indicating amplification of 
fusion and nucleoprotien protien gene segments of PPRV isolates having 448 bp 
and 351 bp amplicon length, respectively. These were used for sequencing and 

phylogenetic analysis. 

 

 

Figure 3.34 Graph indicating initial copies of virus genome as deetceted by rRT-
PCR and the day on which first cpe and maxiumum cpe appeared. The district 

of each sample innoculated on cells is indicated as abbreviation in the boxes. This 
graph shows that the start of cytopathic effect was not affected by the initial 

number of copies of the virus genome in the sample and was dependent on time 
required to adapt to the cells and duplication time of each virus
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Table 3.7 RT-PCR positive samples inoculated on CHS-20 cells for isolation of PPRV 

District 

*No. of  

samples  

inoculated 

No. of virus 

isolates  

(percentage) 

Day post inoculation 

1 2 3 4 5 6 7** 8 9 10 

Faisalabad 2 1 (50) - - - - + > +++ 
   

DG Khan 3 3 (100) - - + > > +++ 
    

Sheikhupura 4 2 (50) - + + > +++ +++ 
    

Sargodha 4 3 (75) - - + + > > +++ +++ 
  

Mianwali 4 4 (100) - + > > > +++ 
    

DG Khan 4 3 (50) - - - - - + > > +++ +++ 

Chakwal 6 3 (50) - - - + > > > +++ +++ 
 

Sahiwal 4 4 (100) - - - + + > +++ +++ +++ +++ 

Total 31 23 (74.19) 
 

*, These samples were positive in regular RT-PCR for PPRV.  

CPE, cytopathic effect in terms of rounding of cells and syncitium formation.  

**, On day 7 (after one week), cells reached 100% confluence and were trypsinized for next passage, the negative samples did not produce any cpe even after two passages.  

-, no cpe; +, start of cpe; >, increase in cpe than consecutive previous day, +++, maximum cpe i.e. virus isolate produced 90% cell damage and at this stage was stored at -80 °C. 
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Section 3.6 Sequencing and Molecular characterization of 
PPRV in Pakistan 

3.6.1 N-Gene Based Analysis 

A fragment from the N-gene was amplified by RT-PCR from cells infected with each 

of the isolated viruses and sequenced. A list of these isolates is provided along with 

the corresponding sequence accession numbers in NCBI in Table 3.8. The sequence 

of a representative virus of each outbreak was included in phylogenetic analysis 

which showed that all the isolated viruses belong to the PPRV lineage IV. The 

isolates studied (Table 3.7, Figure 3.32 to Figure 3.34) separated into three subgroups 

based on close similarities to isolates from neighbouring countries. Isolates from DG 

Khan of year 2009 (PAKT6N/DGK2009), year 2012 (13DG/DGK2012) and 

Sargodha (N36S10/SRG2010) outbreaks grouped with Dubai/2009 PPRV sharing 

98.2 to 99.6% nucleotide sequence identity. This group is indicated in Fig. 3.28 as 

subgroup SG-D (subgroup closely related to Dubai 2009 PPRV, supported by 

bootstrap of 82%). In this subgroup, sequence identity of isolate 13DG/DGK2012 was 

98.7% and 98.2% to N36S10/SRG2010 and PAKT6N/DGK2009 respectively. 

Isolates from Sheikhupura (PAK-T2N/SHP2009) and Mianwali (2SW/MNW2012) 

were clustered with Tajikistan/2004 isolate (nucleotide homology of 98.2-99.1%) as 

indicated by SG-T (subgroup closely related to Tajikistan/2004 isolate supported by 

bootstrap of 89%)  (Table 3.8, Figure 3.35). SG-D and SG-T isolates had a mean 

nucleotide variation of 3.6% between them. One isolate, PAKN7N/FSD2008 from 

Faisalabad, was distinct from the SG-D and SG-T isolates with a mean divergence of 

2.9% and 3.4%, respectively. These isolates shared most nearest ancestral node with 

Chinese and Bangladesh isolates (bootstrap of 62%) having a nucleotide identity 

range of 95-97%. Isolates from Sahiwal (10ARF/SAH2012) and Chakwal 

(24BLK/CHK2012) outbreaks shared 99.6% nucleotide identity between them and 

were grouped in the third subgroup SG-I (subgroup 96.4% homologous to 

Shiraz101/2011 PPRV from Iran) with a bootstrap confidence of 54. SG-I isolates had 

a mean divergence of 4.6% and 5.2% from SG-D and SG-T isolates respectively. 
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3.6.2 F-Gene Based Analysis 

F-gene sequences of these isolates (Figure 3.36 and 3.37) had a little variation 

as compared to nucleoprotein gene segments that showed, as expected, more 

differences to better explain intra-lineage genetic variation. In fusion protein 

phylogeny, isolates grouped similarly as nucleoprotein phylogeny except isolate from 

Arifwala (District Sahiwal). Isolates from Sargodha, Faisalabad and DG Khan 

clustered together with Iran/isolate R22/10. Isolate N36S10/SRG2010 was slightly 

more closer related to PAKN7N/FSD2008 than PAKT6DG/DG2009 and 

13DG/DGK2012 isolates from DG Khan sharing 99.1 and 99.4% homology 

respectively. These isolates had a mean variation of 0.5% among themselves. Isolates 

24BLK/CHK2012, PAKT2/SHP2009 and 2SW/MNW2012 from Districts Chakwal, 

Sheikhupura and Mianwali shared 100% nucleotide homology. Isolate 10ARF/SAH 

from District Sahiwal had a variation of 3.2-3.6% from isolates of district DG Khan, 

Chakwal and Sheikhupura while it was more distantly related to isolates from 

Faisalabad, Sargodha having nucleotide divergence of 4.2%. It clustered closely with 

isolate of Kuwait_1999 sharing 97.1% homology as compared to isolates from China 

(China/Tibet/x11/07), Nepal (Nepal_2009) and Bangladesh (BD/PPR/Mymensingh/ 

2010) which were 95.8-96.1% homologous. 
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Figure 3.35 Nucleoprotein gene (255bp) based consensus phylogenetic tree of 
PPRV field isolates based on Kamura 2-parameter model in neighbor-joining 

method (2000 Bootstrap values). Only bootstrap values above 50 are indicated in 
the tree. The distances among the sequences are represented by the length of 

horizontal branches. Isolates of this study (sky blue/electric blue or cyan 
coloured) are highlighted by lozenge (♦) sign. Three subgroups viz. SG-D 

(subgroup related to Dubai), SG-T (subgroup related to Tajikistan) and SG-I 
(subgroup related to Iran) are named according to the highest phylogenetic 

relatedness of Pakistan PPRV isolates to those from neighboring countries as 
presented by arrows and red coloured text. SG-D and SG-T isolates shared their 

most nearest ancestral node with those of Bangladesh isolates (pink coloured). 
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Figure 3.36 Fusion protein gene (322 bases) based consensus phylogenetic tree of 
PPRV field isolates based on Kamura 2-parameter model in neighbor-joining 

method (2000 Bootstrap values). Only bootstrap values above 50 are indicated in 
the tree. The distances among the sequences are represented by the length of 
horizontal branches. Pakistan isolates (sky blue coloured) are highlighted by 
lozenge sign. For comparison with nucleoprotein gene phylogeny, group of 

isolates closely related to each other are named as per nucleoprotein phylogeny. 
It is quite evident from the figure that the isolates of SG-D i.e. those whose 

nucleoprotein gene is closely related to Dubai_2009 isolate, their fusion protein 
genes are more closely related to Iran/isolate R22/10 (red coloured). Fusion 

protein of 10ARF/SAH2012 isolate did not cluster with those of Balkasar as is 
the case in nucleoprotein gene. It is evident from the figure that SG-t and SG-i 
isolates shared their most nearest ancestral node with those of Bangladesh and 

Chinese isolates (dull green cloured). All these subgroups clustered within 
lineage IV. 
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Figure 3.37 Map showing relation of PPRV isolated from Pakistan to those of neighbouring countries. A) Punjab province is highlighted 
and more closely related isolates of adjacent countries indicated with solid squares while star sign shows comparative lesser homology. 

B) Map of Punjab province is detailed and PPR outbreaks studied are highlighted by solid circles. 
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Table 3.8 List and phylogenetic grouping of PPRV isolates (obtained after 

inoculation of CHS-20 cells with clinical samples) 

N

o. 
+Name of isolate 

NCBI 

Accession 

no. 

District 
X/Y 

coordinates 

Phylogenet

ic grouping 

1 PAKN7N/FSD2008 KJ398337 Faisalabad 31.42°/73.08° ǂb 

2 N4DG/DGK2009 KJ398331 DG Khan 30.05°/70.64° SG-Da 

3 *PAKT6N/DGK2009 KJ398341 DG Khan 30.05°/70.64° SG-Da 

4 *PAKT10/DGK2009 KJ398342 DG Khan 30.05°/70.64° SG-Da 

5 *PAKT2-N/SHP2009 KJ398336 Sheikhupura 31.71°/73.98° SG-Tb 

6 *PAKT1-2N/SHP2009 KJ398339 Sheikhupura 31.71°/73.98° SG-Tb 

7 N36S10/SRG2010 KJ398332 Sargodha 32.08°/72.67° SG-Da 

8 N51S10/SRG2010 KJ398334 Sargodha 32.08°/72.67° SG-Da 

9 N64S10/SRG2010 KJ398335 Sargodha 32.08°/72.67° SG-Da 

10 13DG/DGK2012 KJ398323 DG Khan 30.05°/70.64° SG-Da 

11 15DG/DGK2012 KJ398325 DG Khan 30.05°/70.64° SG-Da 

12 15DG/DGK2012 KJ398330 DG Khan 30.05°/70.64° SG-Da 

13 2SW/MNW2012 KJ398315 Mianwali 32.58°/71.55° SG-Tc 

14 3SW/MNW2012 KJ398316 Mianwali 32.58°/71.55° SG-Tc 

15 7SW/MNW2012 KJ398319 Mianwali 32.58°/71.55° SG-Tc 

16 11SW/MNW2012 KJ398322 Mianwali 32.58°/71.55° SG-Tc 

17 07BLK/CHK2012 KJ398318 Chakwal 32.93°/72.85° SG-Ib 

18 19BLK/CHK2012 KJ398326 Chakwal 32.93°/72.85° SG-Ib 

19 24BLK/CHK2012 KJ398329 Chakwal 32.93°/72.85° SG-Ib 

20 10ARF/SAH2012 KJ398320 Sahiwal 30.66°/73.12° SG-Ic 

21 11ARF/SAH2012 KJ398321 Sahiwal 30.66°/73.12° SG-Ic 

22 15ARF/SAH2012 KJ398324 Sahiwal 30.66°/73.12° SG-Ic 

23 23ARF/SAH2012 KJ398328 Sahiwal 30.66°/73.12° SG-Ic 

+, Each isolate name includes sample ID, acronym of area of sampling and year, FSD, Faisalabad; DGK, DG Khan; SHP, 

Sheikhupura; SRG, Sargodha; MNW, Mianwali; CHK, Chakwal; SAH, Sahiwal. 
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Section 3.7 Comparative Analysis of PPRV from Pakistan 

with Other Lineages of the Virus 

3.7.1 Nucleoprotein Gene Based Analysis 

As Africa countries were not previously having lineage IV, a comparative regional 

analysis of lineage IV was performed on most recent isolates from two Asian and six 

African countries (Table 3.9). Nucleoprotein genes of these isolates were sequenced 

and compared with reference PPRV sequences of all four lineages retrieved from 

GenBank. 

Table 3.9 Number of samples from 08 countries analyzed by RT-PCR for 

detection of PPRV 

 

The phylogenetic analysis in this study revealed that the PPRV isolates from 

Pakistan, Bangladesh, Nigeria, Cameroon and South Sudan belong to PPRV lineage 

IV (Figure 3.38). Within this lineage IV, isolates from Pakistan were more closely 

related to those previously characterized in Dubai (Dubai_2009), Tajikistan 

(Tajikistan_2004) and Iran (Shiraz101_2011). The isolates from Bangladesh were 

more closely related to Chinese isolate (China_Tibet_2007). 

Two PPRV isolates from Pakistan i.e. PAK2009_T1/APU/W and 

PAK2007_N7/APU/W clustered together with Tajikistan_2004 and Dubai_2009 

No. Country 
Year of 

sampling 

No. of 

Samples  

No. positive 

(%) 

Lineage 

detected 

1 Cameroon 2008-2009 31 16 (51) IV 

2 Nigeria 2008 47 13 (27) IV 

3 South Sudan 2010-2011 18 13 (72) IV 

4 Pakistan 2007-2009 13 03 (23) IV 

5 Bangladesh 2007-08 06 06 (100) IV 

6 Burkina Faso 2011 43 14 (32) II 

7 Côte d’Ivoire 2009 12 11 (91) II 

8 Kenya 2011 20 08 (40) III 

 Total 2007-2011 192 84 (48.3) II, III and IV 
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isolates sharing 97-99% nucleotide identity. A third isolate from Pakistan 

PAK2008_N4N/APU/W clustered with isolates Shiraz101_2011 (Iran), Israel_1998 

and India Tamilnadu_1995 sharing 97-98% nucleotide homology. These two 

subgroups had a 4% mean nucleotide distance between them. Bangladesh isolates 

were 97-100% homologous and grouped with China_Tibet_2007 isolate from Tibet 

(Fig. 3.38) sharing 97.6% to 98.4% homology. Bangladesh and Pakistan isolates had a 

group mean distance of 3.0% between them. 

Among the PPRV isolates recovered from African countries, those of Nigeria, 

South Sudan and Cameron were clustered in the PPRV lineage IV. Subtle differences 

were found with Asian PPRVs, and all African isolates formed a different sub-cluster 

of lineage IV, distinctly divergent from those of Middle East, Asian and Arabian 

Peninsula (supported by a bootstrap value of 96%). Nigerian isolates 

NIG2008_17/APU/W and NIG2008_18/APU/W were more closely related to 

Cameroon/1997 isolate having only 1% of nucleotide variation (4 mutations) (Figure 

3.40) but quite different (nucleotide variation of 4- 5%) from the rest of Nigerian 

PPRV and other African isolates of PPRV lineage IV of this study. 

All isolates from Côte d’Ivoire and Burkina Faso investigated in this study 

grouped within Lineage II of PPR viruses. Côte d’Ivoire isolates had only 99% 

nucleotide homology as compared with those from Burkina (BRK2011_Z1/APU/W 

and BRK2011_N1/APU/W). These isolates were more closely related to PPRV of 

Senegal_2010 than MALI_1999. However, both were located within the same sub-

cluster whose members had a mean nucleotide identity of 98% among themselves. 

This sub-cluster was supported by a strong bootstrap value of 88 (Fig. 3.38). This sub-

clustered diverged from another PPRV lineage II sub-cluster formed by earlier 

isolates from Nigeria/1976, Ghana/Accra/1978 and Sierra Leone/Makeni/2009 (6% 

nucleotide divergence). 

Among the investigated samples, only isolates from Kenya clustered in PPRV 

Lineage III (Fig. 3.29). These Kenyan isolates were more closely related to isolates of 

Ethopia_1996 and Sudan Melik_1972, sharing 96.4% nucleotide homology and more 

distant to the previously sequenced isolates from UAE and Oman (91% homologous). 
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Figure 3.38 Nucleoprotein gene (255 bases) based majority rule bootstrap 
consensus tree (2000 replicates) of PPRVs constructed on the basis of neighbor-

joining method (Kimura two-parameter model in Mega 4.0.2. software). 
Bootstrap values only above 50 are indicated. Branch lengths drawn to scale 
illustrate evolutionary distances in terms of substitutions per site. All four 

lineages diverged from each other with a high bootstrap confidence (>70%). 
PPRVs from two countries including Bangladesh (cyan cloured) and Pakistan 
(cyan cloured) are marked with solid circle (●) both clustered with lineage IV 
found in Asia and Middle east; Nigeria, Cameron and South Sudan isolates 

(purple cloured) are marked with solid triangle (▲), grouped with lineage IV 
prevalent in Africa; Côte d’Ivoire and Burkina (red cloured) are marked with 
solid square (■) grouped with lineage II; Kenya (banana yellow coloured) are 

marked with solid lozenge (♦) were lineage III. 
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3.7.2 Comparison with Fusion Protein Gene Based Lineage 

Characterization 

To ensure and compare the lineage characterization using nucleoprotein gene 

segment, viral isolates from each region were selected for sequencing of well 

conserved 322 bp segment of fusion protein gene. PPR sequences of all four lineages 

were retrieved from GenBank for analysis of fusion protein gene sequencing data. 

Similarly to nucleoprotein gene analysis, isolates from Pakistan, Bangladesh, Nigeria, 

Cameron and South Sudan were confirmed to be the lineage IV of PPRV. Although 

Bangladesh isolates grouped distinctly from those of Pakistan, both were located 

within the same sub-cluster (Fig. 3.39) (mean nucleotide divergence of 2 %). 

Unlike nucleoprotein gene phylogeny, fusion protein gene analysis revealed 

that two isolates from Pakistan i.e. PAK2007_N7/APU/W and 

PAK2008_N4N/APU/W were located within the same sub-cluster with Iran/R22/10 

isolate (Fig. 3.30) (99.6-98.9% nucleotide identity). Nevertheless, like the 

nucleoprotein gene, the fusion protein gene segment of isolate PAK2009_T1/APU/W 

from Pakistan had 98.5% homology with Iran/R22/10 isolate. 

In the fusion protein gene phylogenetic analysis, isolates BAN2008_2/APU/W 

and BAN2009_5/APU/W from Bangladesh clustered with Bhutan_2010 and 

Nepal_2009 PPRVs. Bangladesh isolates were 99.3% homologous to each other. 

Parallel to nucleoprotein genes phylogenetic analysis, phylogeny of fusion genes of 

these isolates placed them with Chinese isolates (China/Tibet/07 and 

China/Tibet/x11/07). This sub-cluster had 98.9% homology. 

Similar to nucleoprotein dendrogram, PPRV isolates from three African 

countries, Nigeria, South Sudan and Cameron came together within the PPRV 

Lineage IV in fusion protein gene based phylogeny. Isolates NIG2008_17/APU/W 

and NIG2008_18/APU/W had 100% nucleotide homology to each other and grouped 

separately from the rest of the African lineage PPRV IV members; they presented a 

97% nucleotide homology to other Nigerian isolates from the same outbreak. 

NIG2008_22/APU/W and NIG2008_28/APU/W   were closely related to the 2010 

isolates from Cameroon investigated in this study differing by only one and two 

mutations, respectively) (Fig. 3.30). Excluding NIG2008_17/APU/W and 
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NIG2008_18/APU/W, isolates from Nigeria, Cameron and South Sudan shared 99%-

100% nucleotide homology among themselves, varying by maximum of 4 mutations. 

The African PPRV lineage IV had a mean nucleotide divergence of 5% from the rest 

of PPRV lineage IV members and had 11 mutations. However, these changes resulted 

in only one distinct difference in the translated protein.  

Contrary to the nucleoprotein gene phylogeny, Lineage I and II of PPRV are 

reversed in fusion protein gene based phylogenetic nomenclature. PPRV lineage I (as 

per fusion protein gene nomenclature) was detected in isolates from Côte d’Ivoire and 

Burkina Faso (Fig. 3.39), which shared 99 to 100% nucleotide homology. Within 

lineage I, these isolates presented a nucleotide variation of 2-4% with previously 

reported Nigeria75/1, Ng76/1 isolates. 

Kenyan isolates were confirmed on the basis of fusion protein gene analysis to 

be Lineage III with a nucleotide homology of 95-100% with previously reported 

isolates of PPRV of the same lineage. The PPRV Lineage III members had a 

nucleotide mean distance of 12% to those of the PPRV lineage IV, 8% to those of the 

PPRV lineage I of this study and 10% to the PPRV lineage II members. Unlike the 

nucleoprotein gene, the fusion protein gene sequences of Kenyan isolates were more 

closely related to Qatar/A37 isolate differing by only 1 mutation (bootstrap 

confidence of 96%) than Ethiopia_1996 isolate (10 mutations). Similarly to the 

nucleoprotein gene based phylogeny, the Kenyan isolates were divergent by 94.8% 

homologous to those of the UAE and Oman.  

Translated deduced amino acid data of Nucleoprotein gene sequences of these 

isolates (belonging to lineage II, III and IV as per nucleoprotein gene phylogenetic 

nomenclature) presented more number of variations as compared to their fusion gene 

sequences. The salient variations in these segments among four lineages of PPRV are 

highlighted with references to lineage I in Figures 3.40 and 3.41. It is quite evident 

from these figures that Lineage III had greater number of variations as compared to 

other lineages. Nucleoprotein gene sequences of African lineage IV were similar to 

Asian lineage IV at position #33-35 having RKQ amino acids except adding E (at 

position #32) to RKQ domain. At position #12-13, PT amino acid residues were 

present in unanimously African lineage IV isolates which is a similarity to those of 

lineage II (Fig. 3.32). Fusion gene segments of these isolates were highly conserved. 
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Only one mutation at position #17 specific to African lineage IV was observed (Fig. 

3.41). Geographic map of this study is presented in Figure 3.42.  

 

Figure 3.39 Fusion protein gene (322 bases) based majority rule bootstrap 
consensus tree (2000 replicates) of PPRVs constructed on the basis of neighbor-

joining method (Kimura two-parameter model in Mega 4.0.2. software). 
Bootstrap values only above 50 are indicated next to respective branches. Branch 
lengths drawn to scale illustrate evolutionary distances in terms of substitutions 

per site. All four lineages clustered separately from each other with a high 
bootstrap confidence i.e. > 60. PPRVs from two Asian countries including 

Bangladesh and Pakistan (sharp blue cloured) clustered in Asian Lineage IV, 
marked with solid circle (●); Nigeria, Cameron and South Sudan (dull blue 

cloured) grouped with African lineage IV, marked with solid triangle (▲); Côte 
d’Ivoire and Burkina (green cloured) were lineage I, marked with solid square 
(■); Kenya (red cloured) fell in lineage III, marked with solid lozenge (♦) in the 

figure. 

  



3. Results 
 

109 
 

Table 3.10 Detail of PPRV included in the study from two Asian and six African 

countries 

No. Country Year Name of PPRV Lineage detected 

1 Cameroon 2010 CAM2010_04/APU/W IV 

2 Cameroon 2010 CAM2010_14/APU/W IV 

3 Cameroon 2010 CAM2010_19/APU/W IV 

4 Cameroon 2010 CAM2010_23/APU/W IV 

5 Cameroon 2010 CAM2010_28/APU/W IV 

6 Cameroon 2010 CAM2010_34/APU/W IV 

7 Cameroon 2010 CAM2010_39/APU/W IV 

8 Cameroon 2010 CAM2010_41APU/W IV 

9 Nigeria 2008 NIG2008_03/APU/W IV 

10 Nigeria 2008 NIG2008_04/APU/W IV 

11 Nigeria 2008 NIG2008_17/APU/W IV 

12 Nigeria 2008 NIG2008_18/APU/W IV 

13 Nigeria 2008 NIG2008_20/APU/W IV 

14 Nigeria 2008 NIG2008_22/APU/W IV 

15 Nigeria 2008 NIG2008_27/APU/W IV 

16 Nigeria 2008 NIG2008_28/APU/W IV 

17 Nigeria 2008 NIG2008_29/APU/W IV 

18 Nigeria 2008 NIG2008_30/APU/W IV 

19 Nigeria 2008 NIG2008_43/APU/W IV 

20 Nigeria 2008 NIG2008_44/APU/W IV 

21 Nigeria 2008 NIG2008_75-1/APU/W IV 

22 South Sudan 2010 SSUD2010_1/APU/W IV 

23 South Sudan 2010 SSUD2011_2/APU/W IV 

24 South Sudan 2010 SSUD2011_3/APU/W IV 

25 South Sudan 2010 SSUD2011_4/APU/W IV 

26 South Sudan 2010 SSUD2011_5/APU/W IV 

27 South Sudan 2010 SSUD2011_6/APU/W IV 

28 South Sudan 2010 SSUD2011_10/APU/W IV 

29 South Sudan 2010 SSUD2011_15/APU/W IV 

30 South Sudan 2010 SSUD2011_16/APU/W IV 

31 South Sudan 2010 SSUD2011_18/APU/W IV 

32 Pakistan 2008 PAK2008_N4N/APU/W IV 

33 Pakistan 2007 PAK2007_N7/APU/W IV 

34 Pakistan 2009 PAK2009_T1/APU/W IV 

35 Bangladesh 2008 BAN2008_1/APU/W IV 

36 Bangladesh 2008 BAN2008_2/APU/W IV 

37 Bangladesh 2009 BAN2009_3/APU/W IV 

38 Bangladesh 2009 BAN2009_4/APU/W IV 

39 Bangladesh 2009 BAN2009_5/APU/W IV 

40 Bangladesh 2010 BAN2010_7/APU/W IV 

41 Burkina Faso 2011 BRK2011_ N1/APU/W II 

42 Burkina Faso 2011 BRK2011_ N2/APU/W II 
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43 Burkina Faso 2011 BRK2011_ Z1/APU/W II 

44 Burkina Faso 2011 BRK2011_ Z2/APU/W II 

45 Côte d’Ivoire 2009 CIV2009_1P/APU/W II 

46 Côte d’Ivoire 2009 CIV2009_2P/APU/W II 

47 Côte d’Ivoire 2009 CIV2009_OVP/APU/W II 

48 Kenya 2011 KEN2011_5/APU/W III 

49 Kenya 2011 KEN2011_6/APU/W III 

50 Kenya 2011 KEN2011_7/APU/W III 

51 Kenya 2011 KEN2011_8/APU/W III 

52 Kenya 2011 KEN2011_10/APU/W III 

53 Kenya 2011 KEN2011_11/APU/W III 

 

 

 

Figure 3.40 Comparison of 84 amino acid residues of nucleoprotein gene of four 
lineages of PPRVs deduced from 255 bases nucleotide sequencing data (right 
frame starting from 3rd site). Four lineages are indicated as I, II, III and IV. 

Salient ubiquitous differences of each lineage from historical lineage I sequences 
taken as reference (on top of list) are indicated by rectangular boxes and 

explained in the text. As shown in figure, lineage III is showing more number of 
differences than the rest of lineages. African lineage IV were similar to lineage II 
at position 12-13 (PT) while similar to Asian lineage IV at position 33-35 having 

ERKQ amino acids. 
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Figure 3.41 Comparison of 106 amino acid residues of fusion protein gene of four 
lineages of PPRV deduced from 322 bases nucleotide sequencing data (starting 

from right frame 3rd site). Four lineages are indicated as I, II, III and IV. Salient 
differences from historical lineage I sequences taken as reference (on top of list) 

are indicated by rectangular boxes for each lineage and explained in the text. 
Only African lineage IV had S amino acid at position 17, but overall fusion 
protein gene segment remained more conserved than nucleoprotein gene 
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Figure 3.42 Graphical representation of PPRV lineages detected in comparative 
analysis of Asian and African lineage IV. Dotted circular area (C) is the junction 

between Africa and Arabia. It might be the region where lineage IV got an 
opportunity to spread in two directions i.e. towards Middle East and back to 
Africa. PPRV lineage found in each country is mentioned along with its name 

and its geographical position is marked with an arrow head. Arrow head at the 
bottom of figure illustrate suggested historical direction of evolution of PPRV 
into four lineages from West to East Africa as per nucleoprotein gene based 

phylogeny. Lineage IV was detected in Bangladesh and Pakistan. Bangladesh 
isolates were more closely related to Chinese, Nepal and Bhutan isolates than 

those of Pakistan although clustered together in same subgroup of lineage IV and 
this difference may be due to geographical closeness to China, Bhutan, Nepal and 
India and the political barrier leading to physical geographical barrier to animal 
movement at borders between India and Pakistan (A). Lineage II was detected in 

Côte D’Ivoire and Burkina Faso. Previously, it was present in Cameroon and 
Nigeria. South Sudan, Cameron and Nigerian isolates were of lineage IV 

(encircled in the figure) and clustered separately from rest of lineage IV present 
in Asian and Middle East countries but sharing some specific similarities to 

lineage II of Africa and were closer to PPRV isolates from Egypt and Morocco 
than those of Asian countries. The geographical locations of Cameroon, South 
Sudan and Nigeria may allow lineage IV to spread further to South-East and 
even to the West Africa. Sahara desert (B) is a geographical barrier to animal 

movement thereby limiting spread of PPRV lineages between North and Centro-
Western Africa. Interestingly lineage III was detected only in Kenya. 
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 4. Discussion 

This study focused on establishing sensitive and efficient detection methods ensuring 

timely and sensitive diagnosis and molecular characterization of peste des petits 

ruminants virus (PPRV). PPRV causes a disease called pest des petits ruminants 

(PPR) in small ruminants. It was first observed in 1942 and 1991 in Côte d’Ivoire and 

Pakistan, respectively. It is believed, however, that the disease had spread across 

many regions before its first most reports and it remained un-noticed due to 

unavailability of sophisticated diagnostic tools and clinical confusion with rinderpest. 

4.1 Diagnosis of PPR in the Field Conditions 

Historically, the disease was confused with rinderpest, an eradicated disease of large 

ruminants, which was present at that time. It, many a time, is being misdiagnosed 

even now. Due to confusion in clinical disease (especially mild cases) with contagious 

caprine pneumonia, pasteurellosis, blue tongue and contagious ecthyma; it was 

observed in the field that farmers were unaware about the disease and veterinary 

practitioners had doubtful opinion on clinical diagnosis. Such mild form of disease 

passes on un-noticed [80] through population until it reached susceptible individuals 

resulting in severe epidemics. In outbreaks presenting acute form of disease, however, 

the underlying reason was highly suspected to be PPR by the local veterinarians. Due 

to unavailability of definitive diagnostic facility and lack of related information about 

PPR in the field conditions, the disease was still new to many of the field observers. 

In Pakistan, since first 1991 reports of PPR later confirmed by RT-PCR in 1994 [71], 

PPR disease outbreaks have been reported in subsequent years of 2005, 2008, 2009 

and 2010 [1, 32, 33]. Now the disease is endemic in these areas. A common metabolic 

disease known as rumen acidosis (grain overload) that is common in spring season, a 

season of high incidence of PPR, due to the availability of excess of fodder and high 

grain intake may also be confused with later stages of acute cases of PPR due to 

similar symptoms including dehydration, hypothermia and shock. The disease occurs 

when animals on forage get sudden access to large intake of concentrates as it is a 
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common practice for pregnant animals [125]. A similar situation was observed at 

Paharipur where a suspicion was of some viral disease but no PPRV was detected in 

these animals. The disease complications especially secondary bacterial infection and 

mixed infections with mycoplasma leading to pleuropneumonia may interfere with 

definitive diagnosis as was observed at outbreaks in district Chakwal and Multan 

where PPRV was detected successfully in samples collected from suspected animals 

although the underlying reason was diagnosed as toxemia in association with bacterial 

infection resulting in severe stomatitis. Despite the continuing efforts of the local 

livestock department and sero-surveillance studies indicating endemic status (48.3 to 

48.5% of small ruminants population positive for PPRV antibodies) of the disease in 

Pakistan [65, 67], there was a dire demand by progressive farmers and veterinary 

practitioners for an on-site cheep diagnostic facility. An easy access to laboratory 

diagnosis is the main issue especially when there is no proper storage facility. As in 

our case, the field workers were reluctant to collect, store and send them to the 

laboratory due to unavailability of sample storage and transportation facilities and 

they could not pay the cost of transportation every time. Secondly, the local 

laboratories were not equipped enough to detect PPRV antigen at genetic level for 

confirmed diagnosis. Thirdly, some of field assistants were not willing to inform 

about the disease outbreaks for the sake of good reputation or due to the fear of being 

notified as a person unable to extend one’s services for disease cure. Even the vaccine 

was not available to many areas visited during the studies so some of progressive 

farmers were even willing to buy it from abroad. The progressive farmers, on 

contrary, showed a keen interest to adopt appropriate diagnosis and control measures. 

The poor farmers, however, were unable to bear the cost of medicine and not willing 

to spend any money for diagnosis. 

Unfortunately, small ruminants farming has not been commercialized in 

Pakistan due to many factors including the grazing behavior of sheep and goat 

requiring a large area of green fields, lack of farmer’s interest due to insufficient 

extension work, unavailability of easily accessible commercial feed, unavailability of 

easily accessible commercial markets or export facilities etc. In the coming days, the 

demand for commercialized farming will definitely be at its height due to increasing 

human population. In that case, the importance of a highly contagious viral disease 
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like PPR is multiplied and can only be addressed through proper diagnosis and 

integrated control programs.  

4.2 Disease Source, Presentation and Complications 

Tracing the source of disease is very crucial in clinical diagnosis and disease 

investigation procedures. During this study, common findings were that flocks 

affected by PPR had recently incorporated animals from nearby markets or made 

contact with infected flocks during field grazing. No flock had a previous history of 

vaccination. For example, the cause of disease at Dolatpur was influx of infected 

animals from nearby market while no such introduction was made at Naseerpur. A 

similar situation was observed at Johar town (Lahore, year 2011), Sahowala 

(Faislabad, year 2011) and Dipalpur experimental farm (Okara, year 2013) where all 

or a few animals were purchased from nearby market three to seven days before the 

outbreak was initiated. It clarifies the role of markets to spread PPR in local small 

ruminants’ population as these provide an opportunity for close contact between 

healthy but susceptible and possibly infected animals. Importantly, the two farms i.e. 

Johar town (Lahore, year 2011), Sahowala (Faislabad, year 2011) which experienced 

high mortality (≈80%) were kept by the owners to gain experience at small scale 

before starting commercial farming. Both the owners selected spring season due to 

availability of plenty of forage but purchased only young stock which was not 

previously vaccinated and ultimately suffered from PPR. A complicated clinical 

picture of PPR was observed at Chakwal, Multan and DG Khan where secondary 

bacterial infection, uni-ocular blindness and severe stomatitis were characteristically 

observed in infected animals. Blindness is also associated with other diseases of small 

ruminants like puply kidney disease (caused by Clostridium perfringens) and 

Heartwater (tick-borne rickettsial disease) and should be taken into account for 

accurate diagnosis. In case of PPR, uni-ocular blindness is generally related to severe 

eye inflammation and not to neuronal damage. PPRV antigens, however, have been 

demonstrated in meningeal macrophages and ependymal cells indicating the potential 

of virus to reach cerebrospinal fluid [24]. Secondary bacterial infections especially 

pasteurellosis occurs in PPRV infected animals at later stage, due to immune 

suppression induced by PPRV [120]. As a result, serous discharge from eyes and nose 

becomes mucoid or purulent in nature. The bacterial septicemia leads to poor 
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prognosis and high mortality. At Mianwali, dam had swollen udder after 3-4 days of 

parturition and was kept in close contact with its three infected kids that were later 

confirmed to have PPR infection by laboratory analysis. PPRV is excreted in milk 1-2 

days before the onset of clinical signs and it is continuously secreted in milk even up 

to 45 days [22]. The infection, therefore, can pass from infected dam to the kids. But 

the swelling of udder has not been linked so far to PPRV in any experimental studies 

so far. It has, however, been associated with mastitis [126]. At Sargodha, PPR 

outbreaks at two adjacent villages had difference in clinical disease with a mortality 

of 69.23 % at Dolatpur and <7% at Naseerpur. At Dolatpur, nodular lesions of dead 

tissue involving outer skin of lips extending to internal buccal mucosa while no such 

lesions were found in animals at Naseerpur. Similar kind of lesions was found in PPR 

infected goats at Sahiwal (Arifwala, year 2013) and Faisalabad (NIAB, year 2011). 

The formation of nodules around lips is associated with sub-acute cases at later stage 

of the disease and their underlying reason is not known yet [4, 6]. This characteristic 

lesion caused by PPR virus is probably similar to measles virus pathology in human. 

PPR antigen has been demonstrated in similar kind of papules by Al-Naeem and Abu-

Elzein [127]. At an outbreak attended at Sargodha, it was reported by local 

veterinarian that timely vaccinated flocks (Nigeria 75/1) had not contracted any 

clinical disease so far. It implies that vaccine worked effectively in the field for 

disease prevention but the farm owners were not well informed or convinced to adopt 

disease control measures. In the initial phase of the disease at Multan (Rungpur, year 

2012), 4-5 animals died daily and apparently healthy animals in the vicinity of 

infected ones were vaccinated at the onset of disease. Initially all sick animals got 

died but later; vaccinated animals became sick but survived ultimately resulting in 

overall 34-40% decrease in mortality. Such use of vaccination is not supported by any 

scientific research. The use of vaccine, however, in already diseased animals reduced 

the duration of virus shedding in fecal matter from two months to one month as 

compared with unvaccinated animals. Vaccine virus can even pass onto the 

unvaccinated animals within a herd inducing a strong immune response in these 

animals [77]. 
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4.3 Severity of the Disease 

Disease severity in terms of morbidity and mortality rates in our case, ranged from 

mild (30% morbidity, no mortality) to highly severe (100% morbidity, 80% mortality) 

forms. It varied, however, among three age groups. Young stock mainly suffered from 

high mortality rates due to PPR. Animals belonging to this age group (3.5-18 months 

of age) constituted highest percentage (67.58%) of total population under study. In 

outbreaks that occurred at districts of Johar Town (Lahore, 2010) and Sahowala 

(Faisalabad, 2011) observed highest mortality (≈80%) and the animals kept at these 

farms belonged to only one age group of 3.5-18 months (4-6 months old). Indeed, this 

is the age when maternal antibodies level in blood drops down below protective level 

and it may be the underlying reason for higher rate of disease susceptibility/mortality 

[68] in these animals. In outbreaks at other districts (Sheikhupura, Sargodha, Multan, 

Mianwali and Okara), the kids were succumbing to death one after the other within 

two or three days of the onset of clinical signs/symptoms. It was probably due to 

unavailability of active immune system and total absence of maternal antibodies [77]. 

Otherwise, if the kids had received enough maternal antibodies, they were supposed 

to survive the infection. At outbreaks having mixed population, young stock was 

affected mainly with varying mortality rate from 4% to 80%. Eight outbreaks out of 

nineteen had >30% mortality in animals belonging to this age group. The adults (>18 

months of age) were affected in eleven outbreaks at districts of Sheikhupura, Multan, 

DG Khan, Chakwal and Okara (25% to 95% morbidity). 5-10% mortality in this age 

group, however, occurred only in three outbreaks (Sheikhupura, Multan and Okara). 

The reason for mortality in this age group can be either the affected animals had never 

encountered PPR natural infection; had compromised immune status due to 

accompanying parasitic infection or nutritional deficiency. Sero-positivity to PPRV 

increases with age due to higher chances of disease encounter with the passage of 

time [67]. It can be attributed to the fact that recovered adults usually develop lifelong 

immunity and produce good immune response on re-infection with the same virus due 

to memory T-cells [128]. 

Sheep flocks in vicinity of infected goat did not show any clinical 

signs/symptoms except at Mianwali, year 2012 and DG Khan, year 2012, where PPR 

produced mild clinical symptoms in sheep including nasal discharge and ocular 



4. Discussion 

 

118 
 

opacity. No mortality observed in sheep. It is congruent with the observation that PPR 

produces less severe clinical disease in sheep as compared to goat [120]. Mild disease 

in sheep is often associated with higher recovery rate in sheep than goats post-

infection [129] and maintenance of recovered flock for longer time for the purpose of 

wool production and not the difference in susceptibly between the two species [65]. 

Higher fertility rate in goats than sheep (in tropical regions) corresponds to higher 

number of new born individuals reaching the age > 4 months per year [77] thereby 

lacking a competitive immunity. As a result, higher percentage of goat population is 

expected to be susceptible than that of sheep [22]. It can even result in the spread of 

infection only among goats in mixed sheep/goat population without causing any 

disease in sheep [66]. So both sheep and goats are equally infected but more severe 

form of disease in goats can be correlated to higher percentage of naïve population in 

goats, mild or even absence of clinical disease in sheep, and higher recovery rate in 

sheep than goats. 

PPR outbreaks were attended in the months from January to March. Only one 

outbreak was attended in June. During the present study it was observed that the 

housing of sheep and goat was insufficient to avoid environmental stress. Farmers 

used to keep their flock collectively without any age discrimination under the same 

shed. The housing shelters were either made up of mud or tree shoots which could not 

prevent animals against intense cold especially during night period. Therefore, lack of 

proper housing was found to be positively associated with spread of PPR. On the 

whole, disease severity was a found to be mainly dependant on host resistance, 

environmental stress leading to poor nutritional and immune status; while the spread 

of PPR was found to be associated with animal movement, availability of susceptible 

population and chances of viral survival. The seasonal occurrence of PPR is quite 

evident. Pakistan is sub-tropical country (north of tropic of cancer) situated in western 

part of monsoon region. The average temperature range between minimum and 

maximum of January in the plains of Pakistan is 4-24° C, whereas it is 30-48 °C in the 

month of June/July. In our case, PPR sampling was done from districts of the Punjab 

province (subtropical continental lowland) where summer is very hot and thunder 

storms and dust storms are common. It receives less rainfall both in summer and 

winter. The major production system of livestock in Punjab is sedentary (18% out of 

total three production systems prevalent in Pakistan [63, 130]. Spread of PPR in small 
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ruminant population needs direct contact which is favored by animal movements. 

Alpine pastures of Azad Jammu and Kashmir and Northern Areas provide enough 

food and forage for the nomadic (44%), transhumants (38%) [130], especially those 

moving into Pakistan from Afghanistan, from June to October. As the winter starts 

with autumn season, there is scarcity of food, due to retarded plant growth, and cold 

weather which produces a negative impact on the nutrition as well as immune status 

of the animals. The low temperature and suppressed immune system of animals favors 

viral survival and its propagation among the susceptible herds especially in the hilly 

areas where animal grazing is regular activity due to availability of pastures and 

shrubs. During winter season, scarcity of food due to retarded growth pushes the 

herders towards lowland areas thereby spreading PPRV to susceptible sedentary 

population [65, 67]. The infection is sustained until the month of June and July when 

scorching heat of sun (48°C) eliminates the chances of virus survival and spread 

through the population. The virus, however, can survive inside the host much longer 

than outside and this may be the reason that one outbreak was observed in June, 2009 

at district Sheikhupura. When monsoon originates from Bay of Bangal towards north 

and split up westward (along Himalayas) and enters Pakistan (Late July), the alpine 

areas are restored attracting the nomadic back towards them and enough food 

improves the immune status of animals. This reduces contact transmission of PPR and 

ultimately its prevalence especially in low land areas. Minimum population size 

required for indefinite virus persistence is called critical community size (CCS) and 

maintenance population consist of a number of hosts above CCS [131]. The relation 

of PPR occurrence with animal movement [65, 67], unavailability of proper 

vaccination and susceptibility of wild ruminants to PPR [64] supports the suspicion 

for the presence of maintenance population in hilly areas which also acts as source 

population for the transmission of PPR among nonmaintenance (sedentary) 

population [130] living in low land areas. 

Sheep and goat are short day polyestrous from late summer to early winter. 

They give birth to lambs and kids in the months from November to January [132]. 

This results into higher percentage of young ones reaching the age > 4 months. This 

increases the proportion of susceptible individuals in small ruminant population 

resulting in highest occurrence of PPR in the month of March [64]. Recently, a drastic 

change in environmental temperature resulted in heavy monsoon and flood in 
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Pakistan which is positively correlated with global warming (Sohail, Dawn news blog 

15th November, 2010). The heavy flood caused scarcity of food and rise in humidity 

and temperature leading to nutritional and environmental stress. At an outbreak at DG 

Khan district (year 2012), an NGO distributed sheep and goat as a part of food 

security and relief services for the flood affected people. Indeed, the animals were 

brought from other areas and susceptible to environment stress and PPR infection. A 

large number of these animals expired due to PPR outbreak spreading the infection to 

the local livestock. 

In our case mild form of disease was observed at eight out of nineteen (42.1%) 

outbreaks. In these mild outbreaks, local veterinarians were not convinced if the 

disease is PPR rather they had suspicion for some bacterial infection or toxemia. But 

laboratory investigation of clinical samples collected from suspected animals in these 

outbreaks confirmed the presence of PPRV. Mild form of disease in sheep and goat 

herds with good immune status may pass on un-noticed until it come across a 

susceptible population [80]. In such a situation, the disease control based on active 

vaccination is mainly dependent on sensitive diagnosis otherwise the causative virus 

will persist successfully in a population to find an opportunity to cause sudden 

damage in the form of epidemics in susceptible population. However, mass 

vaccination leads to sero-conversion and develop enough level of herd immunity to 

stop virus circulation [133]. 

4.4 Suitability of Samples for Disease Diagnosis 

For PPRV detection as a causative agent of clinical disease, swab (ocular/nasal) and 

blood samples were collected. The tissue samples were not available in most of the 

cases because either the recently dead animals were thrown in the nearby open area 

and eaten by stray dogs and other carnivores or the owners were reluctant to slaughter 

sick animals due to continuous mortality. In our case, tissue samples were available 

only at Shiraqpur, Okara, Chakwal and DG Khan Districts, out of which PPRV was 

detected in DG Khan and Sheikhupura districts. However, the doughy caseous lesions 

of tongue produced good results in subsequent molecular detection. Blood did not 

produce good results and could only be used for one or two times in PCR because 

once frozen, poor or no virus detection was possible. On the other hand, buffy coat 

containing lymphocytes isolated from blood did not contain any haemoglobin and 
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detection of the virus was possible even after three or more freeze thaw cycles as was 

observed in a study by Luka et al. [117]. Whole blood may not be the ideal sample as 

the virus is present in blood in good detectable quantity only during the viraemic 

phase and several PCR inhibitory factors like haemoglobin can affect the quality of 

sample very badly even after only one freezing and thawing. In PCR, better 

amplification of virus antigen was produced from tissue samples especially the lungs 

and mesenteric lymph nodes than intestine or liver tissues. In addition to the 

suitability of the type of sample, the phase of disease is very important in successful 

detection. As in later stages of the disease when animal’s immune system starts 

clearing infection, the animals may still have diarrhea but the virus may not be 

detectable. That’s why it is preferred to collect samples during viraemic phase for the 

purpose of diagnosis and virus isolation [80, 134].  

For diagnosis, it is mandatory to collect samples during active viraemia and all 

possible samples should be collected especially ocular and nasal swabs, buffy coats, 

lungs and lymph nodes. The tongue or oral mucosa lesions with caseous material can 

be the best sample for the purpose of diagnosis. All these samples should be stored 

properly in a maintenance buffer with neutral pH in ice for transportation. 

4.5 RT-PCR Based Detection of PPRV in Clinical Samples 

Molecular methods of detection have certain advantages over conventional techniques 

in terms of sensitivity and specificity. Previously, Virus neutralization (VNT), agar 

gel immuno-diffusion assay (AGID) and cell culture based isolation of the virus were 

developed for the diagnosis of PPRV. However, the confirmed diagnosis was made by 

subsequent animal inoculation test. All these procedures developed previously require 

long working hours and were less sensitive. With the advent of detection methods 

based on molecular biological techniques like PCR, rapid sensitive and specific 

diagnosis of PPR has become possible [52, 96]. For RT-PCR based genetic detection 

of PPRV, nucleoprotein, phosphoprotein, matrix and fusion proteins of the virus have 

been targeted previously [52, 94]. A comparative study on the suitability of different 

genes as a target region for RT-PCR based viral detection concluded N (NP3/NP4) 

and F (F1b/F2d) gene primers to be best choice [64] and preferred to use both at a 

time. N gene based genus-specific primers confirm PPRV at genus level while F gene 

primers detect specifically PPRV and not the other members of the genus. In our case, 
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we used both the primers in multiplex RT-PCR in the same reaction and to support 

this reaction, cDNA was prepared using random hexamer primers. A second round 

nested PCR (F1A/F2A) was used to confirm the causative agent to be PPRV [38, 96]. 

Simultaneously, PPRV-specific NP3/NP4 primers were used for nucleoprotein gene 

based detection. F1b/F2d primer pair produced good amount of amplification than 

that of F1/F2 pair so F1b/F2d primer was used for subsequent RT-PCR based 

detection. The second round nested PCR primers (F1A/F2A) detected 7 more samples 

which were detected as negative by regular RT-PCR. Although, second round nested 

PCR is supposed to produce more sensitive and confirmed results but it is not 

preferred in routine laboratory diagnosis to avoid contamination. To avoid the chances 

of contamination, nested PCR template were added at a separate place from the 

regular PCR station. If nested primers, however, are used in a single step, they can 

produce sensitive detection [123] without any chance of contamination. 

In our case, PPRV was detected in >50% (53.68%) of swabs samples and 

<30% (27.68%)  of the of whole blood samples which may be due to the difference in 

stage of disease progression in these animals viz. a viraemic phase in which virus is 

circulated in blood might not be present in other affected animals at the same time. 

Among tissues especially lungs and lymph nodes constituted more half (54.5%) of the 

positive samples coinciding with the fact that PPRV multiplies in respiratory 

epithelium and lymph nodes [16].  

 So it was concluded that the preferred sample for RT-PCR is swab than that of 

blood and first round of RT-PCR with F1b/F2d primers must be ensured through 

second round nested F gene (F1A/F2A) and N gene (NP3/NP4) primer pairs for 

highly specific diagnosis. The nested PCR, however, can be avoided to minimize 

chance of contamination and only used where confirmed negativity is to be 

ascertained. 

4.6 Real-time RT-PCR (rRT-PCR) Optimization and 

Application to Clinical Samples 

The advent of real-time RT-PCR (rRT-PCR) has added the luxury of real-time 

amplification curve which can be monitored during the cyclic amplification reaction 

and does not require gel-electrophoresis to visualize the PCR amplified products. It is 



4. Discussion 

 

123 
 

an elegant and simple methodology to detect and determine minimal amount of a 

target PPRV genome in a sample that might remain undetected by conventional RT-

PCR. Fluorescent reporters in the reaction mixture of rRT-PCR report the amount of 

amplified PCR product in terms of fluorescent signals. It does require, however, a 

special thermal cycler that can read emitted fluorescence. For a more sensitive 

detection of PPRV, primers were designed to target nucleoprotein gene of PPRV 

using Beacon-designer® software. Probes were designed with FAM and VIC 

fluorophores for PPRV and beta-actin gene, respectively using black quenchers to 

quench fluorescence in both the cases. Initially, only PPRV specific primers/probe 

(mentioned in materials and methods section) were included  in the reaction for 

generation of standard curve through amplification of serial tenfold dilution of cloned 

standard using 2.06 ×(10)08 to 200.6 copies (Figure 3.22, section 3). Y-intercept in 

this case was 39.38 for single copy of target gene. With inclusion of optimized 

concentration of β-actin gene primers (as an internal control of RNA integrity), an 

increase in Y-intercept was observed at 41.96. An ideal assay that can detect a single 

copy of target template would have values of its efficiency (E), measure of 

reproducibility (R2), slope and y-intercept to be 100%, 1.0, -3.32, >33 to < 37 cycles, 

respectively. It was, however, included in the reaction as the purpose of rRT-PCR was 

to focus both sensitivity and accuracy as well by inclusion of internal control of RNA 

integrity in a multiplex reaction. Although, beta-actin is expressed variably in 

different parts of sheep and goat tissues, it is the most abundant gene in animal tissues 

(good for highly transcribed genes) [108]. Therefore, most abundant gene of β-actin 

was preferred for an active internal control and used to check the RNA integrity and 

not for relative quantification. Absolute quantification of virus was determined by 

comparing the Ct values of the unknown samples to the standard curve plot. 

To compare the sensitivity of regular or conventional RT-PCR and real-time 

RT-PCR, serial dilutions of standard and clinical samples were subjected to both 

types of RT-PCRs. It was found that conventional RT-PCR could detect 2060 

(2.06×103) copies per microlitre. From a selected batch of 157 clinical samples, 17 

more samples were detected as positive by rRT-PCR which remained undetected by 

regular RT-PCR. Real-time RT-PCR (rRT-PCR) detected all samples which were 

positive in conventional RT-PCR and had 78.4% specificity. rRT-PCR is better than 

conventional RT-PCR to confirm the absence of disease while the situation is 
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reversed to confirm the presence of disease. These findings are specific to PPRV 

prevalent in Pakistan and comparable with sensitivity of previously developed rRT-

PCRs assays which were found to be more sensitive than conventional RT-PCR by 

one-three log values with a detection limits of 32 RNA molecules per reaction 

corresponding to Ct value of 34.2±2 (it detected 1.2×101 RNA copies per µl of 

Nigeria 75/1 strain culture) [109] or 10 RNA molecules (Ct value of 34.08) [110]. The 

optimized rRT-PCR was applied to the clinical samples for PPRV detection and 

minimum viral load in samples positive for rRT-PCR was detected in a sample from 

Nigeria to be 14 copies (Ct value of 38.07). 14 samples (14.74%) out of 95 positive 

samples detected by rRT-PCR had a viral load of less than 400 copies of viral target 

genome (Ct value > 33). 

rRT-PCR detected more percentage of positive samples from all three 

categories of swabs, blood and tissues than conventional RT-PCR. However, highest 

percentage difference of positive samples between both the tests was observed in case 

of blood samples. A similar observation has been reported by Anees et al. [84]  who 

detected only 8 (25%) blood samples to be positive for PPRV out of a total of 32 by 

conventional RT-PCR while rRT-PCR detected 9 (53%) more blood samples as 

positive. However, he did not mention what primers/probes setup was used for PPRV 

detection. In filed diagnosis, rRT-PCR, due to its higher sensitivity, can be used to 

rule out false negatives while conventional RT-PCR can be used where confirm 

diagnosis is required to rule out any false positives. However, during eradication 

campaigns, rRT-PCR is the only option for confirmed negativity. 

4.7 Direct Detection of PPRV in Clinical Samples through 

RT-LAMP Assay 

The cost and maintenance of expensive technology like that of conventional or rRT-

PCR is not affordable for the field veterinarians or workers of the developing 

countries. Therefore, demand for such diagnostic assays which are not only cost-

effective but sensitive and relatively more quantitative as well is multiplied. ‘LAMP’ 

assay offers all these benefits and probably the best choice. Its chemistry is based on 

the use of six different primers specifically (targeting eight specific regions of the 

gene of interest). The isothermal (constant temperature) DNA amplification proceeds 
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in a single tube due to the strand displacement activity of Bst or Bsm DNA 

polymerase enzyme [111]. LAMP is advantageous being more simpler and efficient 

than conventional and real-time RT-PCR. The amplification can also be measured 

with the passage of time in RT-LAMP if some appropriate detection reagent and 

software is used to determine the increase in turbidity (due to formation of Mg-

pyrophosphate during DNA synthesis) or fluorescence with each cycle [54]. RT-

LAMP kit was directly used for PPRV detection and a set of six primers were 

synthesized in the lyophilized form at optimized concentrations in a single tube. An in 

house M gene RT-LAMP published previously [114] was established for comparison 

with PPRV primer kit. In comparison to M gene based LAMP, PPRV gene RT-

LAMP kit consisted of a sample buffer that could directly denature viral capsid to 

expose viral RNA to lamp reaction mixture components. The sample (extracted 

swab/blood/triturated tissue) was added directly to the sample buffer and mixed with 

LAMP mixture to detect PPRV. So, it was very simple, rapid and much easier than 

that of previously published M gene based LAMP assay which needed separated RNA 

extraction prior to its addition into the reaction mixture of the assay. However, it is 

observed during the present study that fresh samples produced much better results (in 

terms of amplification curve) in RT-LAMP assay than those of old samples that had 

undergone many freeze thaw cycles before being used in this test. 

In addition, the monitoring system of ESE Quant tube scanner provided the 

luxury of spatio-temporal curve analysis during the reaction and it could even run 

with the power supply generated by a car battery. Although gel electrophoresis was 

performed for confirmation, it was not an essential requirement to read the reaction 

due to the usefulness of ESE Quant tube scanner software to monitor the reaction 

directly. The differentiation of positive and negative samples was possible by 

observation under UV light after completion of reaction. Due to these benefits, the 

test can be used even in worse field conditions where electricity is not available and 

transportation facilities are inadequate. The intrinsic stringency of the test to target six 

genome segments simultaneously by utilizing six primers ensures specificity, while 

the large amount of DNA amount produced during the reaction ensures high 

sensitivity. LAMP can multiply the target DNA (10)9 to (10)10 times the starting 

amount and detect 0.01 to 10 plaque forming units (pfu) of viral particles [113]. 
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Initially, RT-LAMP was applied to the isolated virus supernatant taking its 1-2 

µl as sample and adding it to the sample buffer. All the isolates in the year 2012 

produced good amplification curves. The assay was, then, applied to the clinical 

samples and the PPRV was detected successfully in these samples as well. Both RT-

LAMP assay and conventional RT-PCR were applied for detection of PPRV in these 

samples. These results indicated that RT-LAMP assay can replace conventional-RT-

PCR especially in open field conditions where cold chain of sample transportation and 

highly equipped laboratories are not available. Under UV light, a colour change from 

orange to green is observed in case of positive reaction (on addition of SYBR-green). 

This ability of the RT-LAMP assay to differentiate between positive and negative 

samples is very useful especially in the field conditions. 

4.8 Virus Isolation 

Considering the role of SLAM in receptor mediated endocytosis into the immune cells 

(Baron, 2005), CHS-20 cell line was used to isolate PPRV from representative field 

samples from each outbreak that were detected as positive by the F gene-based RT-

PCR. PPRV was isolated from 23 field samples with a range of success rate of 50 to 

100% relative to individual outbreak. While the virus was isolated from all samples 

collected in the DG Khan District in 2009, Sahiwal and Mianwali, the success rate 

was only 50% with samples from Faisalabad, Chakwal and Sheikhupura. Previously, 

Vero cells were considered as the cell line of choice for PPRV isolation. The fragile 

nucleocapsid of PPRV, however, renders it prone to inactivation by dry and harsh 

environmental conditions or by action of deteriorating agents active in poorly 

preserved clinical samples. Unfortunately PPRV isolation using these cells is 

inefficient: the chance to isolate the virus is very low and even if successful it often 

requires multiple, sequential blind passages and many weeks [135, 136]. Virus 

isolation, therefore, is often considered to be time-consuming, tedious and sometimes 

inefficient for routine diagnosis of PPRV. In our case, PPRV was first detected in 

representative clinical samples collected from 31 animals (36.5%) through specific 

RT-PCR based on fusion protein gene (Forsyth and Barrett, 1995) and then isolated 

from 22 out of 31 samples (70.97%). Such a high rate of success for isolating PPRV 

on Vero or lamb kidney cell has not been reported previously [137]. As one isolate 

was recovered from poorly preserved samples collected in Faisalabad 2008, the 
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reason of inability of these cells to isolate virus from eight samples may be the 

unavailability of live virus in these samples. Except DG Khan 2012 isolates, all others 

were obtained in the first week post inoculation, which can be attributed to the 

efficient attachment of the PPR virus to the SLAM protein expressed on these cells 

resulting in an early establishment of infection as compared with Vero cells [15, 138]. 

Therefore, this cell line can be used not only for in-vitro studies of PPRV, but also for 

confirmed diagnosis on the basis of virus isolation. 

4.9 Molecular Characterization 

4.9.1 Sequencing and Molecular Typing of Isolates from 

Pakistan 

Nucleoprotein gene sequences based phylogeny demonstrated that the PPRV 

identified in this study belong to the lineage IV but were grouped into three subgroups 

viz. SG-D, SG-T and SG-I based on highly close relation to those from neighbouring 

countries of Dubai, Tajikistan and Iran respectively. This subdivision indicates 

possible cross-border PPRV influx into and out of Pakistan through nomadic animal 

movement or trade from Northern areas (Tajikistan), Southwest border of Taftan 

(Iran) and Dubai along with other gulf countries. It is quite possible that due to free 

animal movement in the country, viruses from those 3 subgroups can coexist and 

evolve. The geographical location of Afghanistan to Pakistan, Tajikistan and Iran 

suggest that Afghanistan might have the similar molecular phylogeny of PPRV. 

Previously reported isolates from Multan (Pak Multan 2010) and Faisalabad (Pak 

Faisalabad 2010) areas of Pakistan in 2010 clustered in SG-D of this study with mean 

nucleotide divergence of 2.6% while Okara (Pakistan/Okara/MM66/2012) clustered 

with 2SW/MNW/2012 and PAK-T2N/SHP2009 sharing an average 99.5% nucleotide 

homology. On the basis of field observation, subgroup SG-D isolates were more 

virulent than those of SG-T in terms of severity of disease symptoms i.e. severe 

stomatitis and uni-ocular opacity and diarrhoea causing 10-45% comparative higher 

mortality involving not only in the kids (1-3 months old) but also young (>3-18 

months old) and adult animals (18 months old). Especially the DG Khan outbreak in 

2009 (PAKT6N) resulted in high mortality rate of 75% with severe disease in both 

young ones and adults. The similar kind of clinical picture was presented in Sargodha 
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(Dolatpur) outbreak in 2010 (N36S10). Relatively low mortality of 30-60% was 

observed in Mianwali and Sheikhupura outbreak mainly affecting the kids and to 

lesser extent the young ones but not the adults. In subgroup SG-I, only Chakwal 

outbreak (24 BLK) presented severe stomatitis, blindness and high mortality rate 

(60%) while at Arifwala, no mortality was observed.  The main difference in the two 

outbreaks was that on contrary to Chakwal outbreak, all animals were adults of age 

≥12 months at Sahiwal which may be a reason for their fight against infection. 

Secondly, clinical secondary bacterial infection (thick mucus secretions) was 

observed at Chakwal thereby aggravating the situation. Another important clinical 

symptom related to PPRV i.e. eye cataract and unilateral eye blindness was observed 

in DG Khan 2009, 2012 isolates (in sheep and goat), and Balkasar 2012 outbreak. 

Sheep were not affected clinically although were kept together at one place in 

Mianwali 2012 but were affected at the other site in DG Khan 2012 showing 

unilateral eye cataract, however, no mortality was observed at both places. The 

severity of disease is a complex manifestation of interaction of virus pathogenicity 

determinants and host defence mechanism. It calls for a need to undertake further 

studies as the whole genome wide sequencing of these isolates to find molecular basis 

of their pahtogenicity. A virus can escape or may become more prone to host immune 

response by changing its highly immunogenic epitope than the previously circulating 

virus and it may be the reason that subgroup SG-D virus isolates. 

4.9.2 Comparative Analysis of PPRV Isolates from Pakistan 

with Those of Other Lineages 

Previously, lineage IV was only prevalent in the Middle East and South Asian and not 

Africa. But recently, lineage IV has been reported in some of African countries [46]. 

Therefore, a comparative study was conducted on the PPRVs from 8 countries of 

Africa and Asia focussing comparative homology of lineage IV viruses prevalent in 

these countries on the basis of both nucleoprotein and fusion genes. The genetic 

characterization of 53 of these positive samples based on the nucleoprotein gene 

revealed that Burkina Faso and Côte d’Ivoire isolates are located in the PPRV lineage 

II. PPRV lineage I was not detected in the investigated samples of these two countries 

which may be an indication of a shift in the distribution of lineage I i.e. lineage I is 

being replaced with lineage II. The Burkina Faso and Côte d’Ivoire isolates of PPRV 
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lineage II of this study grouped with Mali 1999 and Senegal 2010 isolates and formed 

a separate cluster from old Nigerian isolates previously reported in 1975 that belonged 

to the same PPRV lineage II. 

The PPRV lineage III was the only one detected in samples from Kenya. In 

the remaining African countries, Nigeria, South Sudan and Cameroon, and the two 

Asian countries, Pakistan and Bangladesh, only PPRV lineage IV was detected in the 

investigated samples. The nucleoprotein gene based phylogeny results were in 

complete agreement with those based on the fusion protein gene. In the fusion protein 

gene phylogeny, the PPRV lineage I and II are reversed when compared with 

phylogenetic nomenclature based on nucleoprotein gene [38]. In phylogenetic 

analysis of using the fusion protein gene lineage I was detected in both Burkina Faso 

and Côte d’Ivoire; PPRV lineage III in Kenya; and PPRV lineage IV in Nigeria, 

South Sudan, Cameroon, Pakistan and Bangladesh.  

Historically Burkina, Côte d’Ivoire, Senegal, Guinea, Guinea-Bissau had only 

PPRV lineage I. The detection of PPRV lineage II in Burkina Faso and Côte d’Ivoire 

suggests that PPRV lineage II is now present in the former geographical confinement 

of PPRV lineage I in West Africa. Similar observations were also made by Banyard et 

al. [86] who suggested that both lineages I and II are circulating in Western Africa.  

However, our study detected only PPRV lineage II in Burkina and Côte d’Ivoire. This 

may be due to sampling artefact, but it may be a fact that PPRV lineage II has actually 

replaced PPRV lineage I in these areas.  

As expected, all investigated Asian isolates from Pakistan and Bangladesh 

grouped together within PPRV lineage IV. Historically, only PPRV lineage IV has 

been found so far in these regions of Asia. Our findings confirm that only PPRV 

lineage IV is present Asia and, suggest a strong adaptation of lineage IV in this 

region. The phylogeny based on nucleoprotein and fusion genes revealed that 

Bangladesh isolates were more closely related to Chinese isolates (e.g. 

China/Tibet_2007) than those from Pakistan. Furthermore, the investigated isolates 

from Pakistan (PAK2009_T1/APU/W and PAK2007_N7/APU/W) were either closely 

related to Dubai and Tajikistan isolates or (PAK2008_N4N/APU/W) to Iran, Israel, 

and Indian PPRVs. This sub-clustering was more clearly evident with the 

nucleoprotein gene analysis than fusion protein gene. There has been strict blockage 
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of across border movements between India and Pakistan due to historical differences 

especially after installation of 550 km long fencing along the disputed ceasefire line 

that was constructed in a duration of 15 years (1990-2004). It has led to a 

geographical obstacle, allowing PPRV to evolve separately across this line of control 

between the Indian side sharing its geographical junctions with Nepal, Bhutan, 

Bangladesh and China and the Pakistani side geographically connected with 

Afghanistan, Iran and Tajikistan. The only possible route of animal movement 

between the two sides may be from North of Pakistan having geographical links with 

China and Tajikistan belt. The Tajikstan_2004 isolate presented higher nucleotide 

identity (98-99%) with Pakistan isolate as compared to China_Tibet_2007 isolate (96-

97% nucleotide identity). Although, the phylogenetic study suggests the presence of 

PPRV lineage IV in all Asian countries, the existence of a geographical barrier seems 

to pay a major role an independent evolution of the Asian PPRV lineage IV members 

into sub-groups. This hypothesis is supported by both the N gene phylogeny 

(bootstrap confidence of 71) (Figure 3.38) and the F gene phylogeny (with a lesser 

bootstrap value of 37) (Figure 3.39).  

Our findings that all sequenced isolates from Nigeria, South Sudan, Cameroon 

belong to PPRV lineage IV provide an additional proof of PPRV lineage IV spread 

and adaptation in Africa. It also shows that this lineage IV intrusion is occurring in 

areas where only PPRV lineage II was detected in the past. The recent isolates of this 

study and previously reported African isolates of the PPRV lineage IV formed a 

distinct sub-cluster quite divergent from the Asian PPRV lineage IV members in both 

nucleoprotein and fusion protein gene based phylogenies with a bootstrap confidence 

of 96 and 99 respectively. Taking into account the possible spread and evolution of 

PPRV from Africa to Middle East and South-East Asia, the ancestors of these isolates 

of African PPRV lineage IV might have evolved in areas joining Africa and Middle 

East borders and spread further in two directions: first one towards the Arabian 

Peninsula and Asian countries, and the second one back to African countries due to 

cross-border animal movement (Figure 3.42). This hypothesis is supported by the fact 

that African PPRV lineage IV isolates shared some of the unique nucleotide and 

deduced amino acid similarities with both Asian PPRV lineage IV and African PPRV 

lineage II. For example, NIG2008_17/APU/W, NIG2008_18/APU/W isolates had 

more sequence similarities to Asian and Middle East lineage IV isolates than African 
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lineage IV isolates. Therefore, might be the earliest of lineage IV viruses that got 

entrance back into Africa. The rest of African lineage IV isolates suggest newly 

evolving African lineage IV. On the whole, nucleoprotein gene presented more 

variations among these PPRVs explaining evolution better than fusion protein gene 

(Figures 3.40 and 3.41) as suggested previously by Kwiatek et al. [40]. 

The present study depicts the changing scenario of the PPR epidemiology 

throughout the world. It indicates that lineage IV has evolved independently in Africa 

and has not been imported from Middle East or South Asian countries. PPRV lineages 

have crossed their historic boundaries with the possible coexistence of more than one 

lineage in same geographical area. The presence of PPRV Lineage II in areas where 

only PPRV lineage I was present can be due to the animal movement through the 

porous borders of Western Africa. The absence of the certain historical lineage in 

areas previously known for it could be either due to the absence of the relevant 

isolates in the areas of these outbreaks or the active immunity of local livestock 

population against the historic local lineages and their susceptibility to the recently 

introduced lineages. Due to the continuous animal movement between Kenya and 

Sudan, where PPRV lineage IV is now established, it can also be expected that Kenya 

will not be able to maintain only PPRV lineage III in the following years, [61].   

4. 10 Final Conclusion/Recommendations 

After the eradication of rinderpest, PPR has emerged as next potential candidate for 

eradication which is transboundary in nature. PPR is a transboundary disease, it is 

very important to monitor the ongoing changes in evolving virus. The migration of 

PPRV lineage IV and lineage II, into new geographical region, and also, the ongoing 

changes in RNA genome of PPRVs raise a concern about this virus to cross species 

barrier. For instance, PPRV caused mortality in camels in Sudan [61], which were not 

reported previously to be susceptible. Therefore continuous efforts are required to 

monitor the current epidemiological distribution of all four lineages on the basis of 

both nucleoprotein and fusion protein gene sequences. Such continuous monitoring 

essentially requires sensitive diagnosis of PPRV by using advance molecular 

techniques.  

This study concludes with following findings and recommendations 
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o In the coming days, the demand for commercialized farming will definitely be at 

its height due to increasing human population and hence the importance of a 

highly contagious viral disease like PPR is multiplied and can only be addresses 

through proper diagnosis and integrated control programs. The transformation of 

local small ruminant industry into commercial farming requires initiatives at 

government level especially to cope with the requirement of fodder/forage of the 

animals like poultry sector. 

o PPR is still being confused with other diseases especially CCPP, FMD and blue 

tongue due to unavailability of sensitive laboratory diagnosis and it is being highly 

demanded by the field veterinarians to provide them with reliable, rapid onsite 

diagnostic tools. 

o Supply of vaccine in the field is inadequate and the owners are hesitant to 

cooperate with local staff due to lack of efficient extension work. 

o The livestock markets and nomadic movement play a central role in disease 

dispersal; therefore, it is mandatory to maintain proper monitoring and disease 

diagnostic facility at such places. Each animal should be properly quarantined 

before their incorporation into local herd. 

o Disease severity is a factor of host resistance, environmental stress leading to poor 

nutritional and immune status, animal movement, availability of susceptible 

population and chances of viral survival. 

o For proper diagnosis, it is mandatory to collect samples during active viraemia 

and all possible samples should be collected especially ocular and nasal swabs, 

buffy coats, lungs and lymph nodes. The caseous material on tongue is the best 

sample for the purpose of diagnosis. All these samples should be stored properly 

in a maintenance buffer with neutral pH. 

o Preferred sample for RT-PCR is swab than that of blood and first round of 

multiplex RT-PCR with F1b/F2d primers must be ensured through second round 

nested F gene (F1A/F2A) and N gene (NP3/NP4) primer pairs for a highly 

specific diagnosis. The nested PCR, however, can be avoided to minimize 

contamination chances. For RNA integrity, highly conserved β-actin gene primers 

must be detected as an internal control. 

o In filed diagnosis, real-time RT-PCR (rRT-PCR), due to its higher sensitivity, can 

be used to rule out false negatives while conventional RT-PCR can be used where 
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confirm diagnosis is required to rule out any false positives. However, during 

eradication campaigns, rRT-PCR is the only option for confirmed negativity. 

o Rapidness, isothermal reaction conditions and the ability of the RT-LAMP assay 

to differentiate between positive and negative samples through ESE Quant tube 

scanner or under hand UV make it the test of choice for PPR diagnosis in the field 

environment. 

o This study highly supports not only continuous monitoring of the molecular 

evolution of PPRV, but also puts stress on the need to develop new evolutionary 

markers that can illustrate evolution as well as virulence. It is also important in a 

timely manner to develop control measures to contain the virus before it becomes 

a more potential devastating threat for global livestock and the poor economy. 

o A high rate of success for isolating PPRV on CHS-20 cell line is an efficient 

option not only for in vitro studies of PPRV, but also for confirmed diagnosis on 

the basis of virus isolation. 

o Nucleoprotein gene provides better evolutionary understanding of closely related 

PPRVs than that of fusion protein gene. 

o The PPRV from Pakistan identified in this study belong to the lineage IV and 

grouped into three subgroups viz. SG-D, SG-T and SG-I based on highly close 

relation to those from neighbouring countries of Dubai, Tajikistan and Iran, 

respectively. 

o Lineage IV has spread across many areas in Africa which were previously known 

to harbour only lineage III or II. Simultaneously, lineage I is not being detected in 

areas which were historically known for it. 

The outcome of this study is of a high value for international (FAO and OIE) 

and local livestock authorities to design strategies for control and eradication of the 

PPR from Pakistan. 
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