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Peste des petits ruminant (PPR) is a highly infectious viral disease affecting mainly small ruminants
i.e. sheep and goats. It exerts socioeconomic impacts on livestock in the developing countries. The
current study was designed to investigate the genetic relationships of the PPRV strains circulating in
some districts of Punjab, Pakistan after detecting by PCR. Samples showing definite clinical signs, were
collected from reported disease outbreaks and subjected to RT-PCR based on detecting the nucleoprotein
(N) gene of the virus which showed 63% positivity rate in the collected samples. It has been shown, based
on phylogenetic analysis, that the circulating strains were related to the viruses present within lineage IV
with close relationship to the Asian and Middle Eastern isolates. Serologically, the competitive ELISA
(cELISA) was used to test antibodies in the same animals which showed 50 % animals with PPRV specific
antibodies. The high presence of the virus indicated the exposure of PPRV.in animals where vaccination
had not been practiced previously. The study also provides understanding of the frequent virus circulation
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and aids to adopt the suitable preventive procedures in the region.

este des petits ruminant (PPR) is a highly-infectious

disease affecting domestic and wild species mainly
sheep and goats. The disease is widely spread across Africa,
Asiaand Middle East regions and is generally characterized
by pyrexia, pneumonia, diarrhea, gastroenteritis, nasal
and ocular discharges (Parida ef al., 2015). Its economic
constraints affect the / livelihood of small farmers,
food security and livestock industry in the developing
countries (Idoga et al., 2020). Internationally, this disease
is listed among the infectious diseases by the Food and
Agriculture Organization (FAO) and World Animal Health
Organization (OIE) and aimed to eradicate this disease
from the world by the end of 2030 (Assefa et al., 2021).
The disease is firstly reported in Coste d’Ivory, Africa in
1942, then spread to Europe, Asia and Middle East (Clarke
etal.,2017). It can cause high morbidity (up to 80%—90%)
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and mortality (50-80%) (Manzoor ef al., 2020).

PPR is caused by PPR virus which belongs to family
Paramyxoviridae under genus Morbilliviruses. This is an
enveloped, single stranded, non-segmented virus which
contains a negative sense RNA genome. The genome
encodes for six transcriptional units i.e., nucleocapsid (N),
phosphoprotein (P), matrix (M), fusion (F), hemagglutinin
(H), polymerase (L) proteins whereas two non-structural
proteins such as C and V are also present. It is pleomorphic
in nature like other members of the family (Banyard et al.,
2010). To date, four lineages namely I, I, III and IV of the
virus have been reported based on N (225 bp) and F (322
bp) partial gene sequences. These lineages are extensively
distributed in African continent and lineage IV is mainly
responsible for the epidemics in Asian continent (Parida et
al., 2015; Manzoor et al., 2020).

Pakistan started PPRV documentation in 1991 and
laboratory confirmation of the virus was carried out
through PCR in 1994 (Amjad et al., 1996). Despite the
use of live attenuated vaccine, disease outbreaks are
frequently reported within the country. These outbreaks
can cause huge economic losses such as about US$12K
loss was estimated from only three PPRV outbreaks
including direct and indirect financial losses. Moreover,
these outbreaks can also cause loss up to US$ 240 million
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annually (Abubakar and Munir, 2014). Previous studies
revealed that virus sequences reported from Pakistan
showed close relationship with the isolates of Middle East,
South Asia and Arabia within the Lineage IV based on
phylogenic analysis (Munir et al., 2012). Recently, many
studies reported in order to find the PPR magnitude, to
characterize the virus strains and for epidemiology of the
disease in Pakistan, performed either through using PCR or
ELISA (Ahmad et al., 2005; Abubakar et al., 2008; Munir
et al., 2012; Manzoor et al., 2020). However, genetic
characterization of PPR virus is imperative owing to the
high PPRV circulation among susceptible populations,
to aid in the future eradication programmes conducted
by FAO and OIE and to devise the appropriate control
measures in the country (De Vries ef al., 2015).

The current study was aimed to confirm the PPR virus in
suspected samples collected from different disease outbreaks
using RT-PCR and cELISA. The circulating virus strains
were genetically characterized by phylogenetic analysis
using sequencing data based on nucleoprotein (N) gene.

Materials and methods

The susceptible samples were collected from disease
outbreaks available at different regions i.e. Khushab,
Faisalabad, Bahawalpur and Rawalpindi of Punjab
province, Pakistan. These regions exhibit the traditional
production systems in which mixed agro-livestock manner
is practised. The outbreaks infected with PPRYV, affect
the entire population of the herd regardless of the species
and breed (Abubakar et al., 2008). These outbreaks
were reported from October to December and infected
animals were characterized by high fever, ocular and nasal
discharges, diarrhea and abortionsin pregnant animals. The
animals were aged between 6-12 months and presented no
vaccination history. Clinical samples (nasal swabs, blood,
ocular swabs, and tissues from intestine, lungs and lymph
nodes) were collected from infected herds in these four
regions.

Nasal, ocular and tissues samples were collected in
sterile collection tubes and transported on ice. The samples
were mixed by brief vortexing and centrifugation to decant
the supernatant which was stored at -80 °C until RNA
extraction. Blood was collected to separate the serum to be
used for detection of antibodies through cELISA.

Competitive enzyme-linked immunosorbent assay
(cELISA) was used for the detection of antibodies against
PPRV. The ELISA was carried out by using commercially
available kit, (ID.vet Innovative diagnostics ID Screen®
PPR Competition, Louis Pasteur-Garbels- FRANCE).
This kit utilizes recombinant N gene as antigen to detect
antibodies specific to PPRV and results were analyzed
according to the manufacturer’s guidelines. Competition
percentage was calculated from OD values and the sample

having PI value less than 50% was declared as positive.

RNA extraction from virus suspension (200ul)
was performed using Nucleic Acid Extraction kit (GF-
1, Vivantis Technology, Malaysia) according to the
manufacturer’s protocol. Finally, total RNA was eluted
using 30 pl nuclease free water. Extracted RNA was
subjected to reverse transcription (CDNA synthesis) which
was carried out using EasyScript™ cDNA Synthesis Kit
with manufacturer’s guidelines. Briefly, the reaction was
incubated at 25°C for 5 min followed by incubation at
42°C for 50 min. Finally, the reaction was terminated by
incubating the reaction at 85°C for 5 min and stored at
-20°C until used as template in PCR.

PCR was performed to detect PPRV infection using
previously reported gene specific primers: NP3 (Forward-
5'-GTCTCGGAAATCGCCTCACAGACT-3' and NP4
(Reverse-5'-CCTCCTCCTGGTCCTCCAGAATCT-3")
targeting partial Nucleoprtoein (N) gene (Couacy-Hymann
et al., 2002). PCR was carried out by using Thermo fisher
scientific kit in a total 50 pL reaction volume which
included 1X Taq DNA polymerase buffer, SmM MgCl,,
10mM dNTPs, 10uM each primer, 1 unit of Taqg DNA
polymerase and 2 uL. cDNA as template. The reaction was
performed using VWR thermal cycler (VWR®, USA) to
amplify N gene under following conditions: one incubation
cycle at 94 °C for 4 min followed by thirty five cycles of
incubations with each incubation at 94°C for 45 sec, 56°C
for 45 sec, and 72°C for 45 sec. Final extension step was
performed for 10 min at 72°C.

The amplified PCR products were analyzed on 1.5 %
Tris-borate-EDTA (TBE) agarose gel followed by staining
with ethidium bromide solution (50mg/ml). PCR product
from each tube was mixed with appropriate ratio with 6X
DNA loading buffer and loaded with 10 kb DNA ladder
(GeneRuler, MBI Fermentas). The DNA was allowed to
separate in 1X TBE buffer at 80 V for 45 min. Amplified
products were visualized under a UV-transilluminator.
The positive amplified products were purified by
using Gene All® gel purification kit (Gene All® Expin
ComboTM, GeneAll Biotechnology, Korea) according to
the manufacturer’s recommendations. The purified DNA
was sequenced at least twice in both directions using
ABI PRISM BigDye Terminator version 3.1 (Applied
Biosystems) with manufacturer’s directions. The analysis
of sequences was performed using an automated nucleic
acid analyzer (ABI PRISM 3100; Applied Biosystems).

Results

Total 30 samples were collected from the infected
animals showing the clinical signs which were present
in different herds. All 30 serum samples were analyzed
using cELISA from which 15 (50%) samples were found
positive showing the presence of PPRV specific antibodies



Genetic Characterization of PPRV 3

in their blood. Out of 30, 19 (63.3%) samples were positive
with RT-PCR indicating the presence of active PPRV
infection in the sampled regions. The presence PPRV
genome was confirmed by analyzing the expected 351
bp band corresponding to the N gene following agarose
gel electrophoresis. It was also revealed that maximum
samples were found positive in Faisalabad district followed
by Khushab, Rawalpindi and Bahawalpur (Table I).

Table I. Details of the samples used in the study. All
these animals had clinical signs of fever, severe diarrhea,
weakness, nasal discharges, sneezing, coughing.

District Number of samples/ total RT-PCR
animals in herd Positive Negative
Faisalabad  8/26 6 2
Khushab 8/24 5 3
Bahawapur  8/39 4 4
Rawalpindi  6/25 4 2

The positive samples from each region were selected
as representatives and used for sequencing to analyze
their genetic characterization for downstream studies.
The analyzed sequences submitted to the GenBank
under accession numbers: MN759254.1, MN759256.1,
MNS514980 and MN759255.1 for Rawalpindi, Bahawalpur,
Khushab and Faisalabad respectively, based on partial N
gene sequence.

Phylogenetic analysis based on N gene sequencing,
showed that all the four PPRV circulating strains from
the region belong to lineage IV in two different groups.
Interestingly, samples collected - from these districts
are in close proximity. One group of viruses including
three field strains i.e., Pak-Bwp (MN759256.1), Pak-
Ksb (MN514980), Pak-Rwp (MN759254.1) made a
cluster with isolates reported from Iraq while other group
i.e., Pak-Fsd (MN759255.1) made a cluster with field
isolates reported from Iranian and chinese region (Fig. 1).
Therefore, it was observed that two different groups of
PPRV were circulating in the country.

Discussion

The control of PPRV outbreaks mainly depends on
the vaccination. These outbreaks are generally detected
by clinical manifestation of the disease and laboratory
confirmation by either using antigen or antibody detection
ELISA. Use of ELISA tests does not necessarily indicate
the failure of vaccination (Anees et al., 2013). Therefore,
the use of molecular characterization based on genetics
of the virus is essential for rapid diagnosis to study the
epidemiology of the disease and to devise the appropriate
control measures. For the molecular characterization
of PPR virus, PCR based detection of fusion (F) and
nucleoprotein (N) genes were used followed by sequencing

to trace the circulating virus strains. Among these, N based
detection has been considered sensitive and reliable for the
detection and genetic characterization of PPRV than based
on F gene. N protein is an internal structural protein and
its mRNAs are attractive targets for developing diagnostic
assay with higher sensitivity (Kerur ef al., 2008). In this
study, the detection of PPRV was carried out by using
cELISA and RT-PCR based on N-gene detection from
outbreaks reported from different regions.
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Fig. 1. Phylogenetic tree for N gene 351bp of PPRV. The
evolutionary history was inferred using the Neighbor-
joining method. The bootstrap consensus tree inferred from
1000 replicates. The evolutionary distances were computed
using the maximum composite likelihood method. This
analysis involved 49 nucleotide sequences. Evolutionary
analyses were conducted in MEGA x(10.2.6).
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One sample from each district was sequenced for
phylogenetic analysis. Phylogenetic analysis on N gene
based detection described the circulating PPR viruses were
related to two different groups in lineage IV. One group
of viruses containing three field strains closely relate to
Iraq and second group with one field strain was clustered
with Iran and china. Our study are in close agreement with
previous studies revealed that the lineage IV is highly
circulating in Pakistan by clustering into different groups
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such as Saudi Arabia, Tajikistan, Iran, China, Iran and
Iraq (Munir ef al., 2012; Anees et al., 2013; Abubakar and
Munir, 2014; Manzoor et al., 2020). The emergence of
Iraq isolates in the circulating viruses can be associated
with uncontrolled and unrestricted movement of animals
between the countries (Pestil et al., 2020). Iran and
Kurdistan isolates have also been reported previously in
Pakistan. Moreover, the movement of small ruminants on
the occasion of religious festival, Eid-ul-Azha is common
in Punjab province which also aggravates the susceptibility
of the disease in the region (Anees ef al., 2013).

The study also describes the high sero-positivity rate
in the sampled region as detected by cELISA. The absence
of PPRYV specific antibodies in remaining samples may be
associated with initial phase of PPRV infection or virus
shedding at the active infection stage. Thus, the collection
of oculo-nasal swabs at the start of infection is suitable for
the detection of PPRV infection (Sharawi et al., 2010). The
positivity rate with oculo-nasal swabs was 63.3% which
found suitable for the detection of PPRV. Vaccination in
Pakistan is generally based on Nigeria 75/1 strain which
belongs to lineage [ while the reported sequences are related
to the viruses of Lineage IV. This fact favors the development
of new vaccines using the domestic field strains in order to
control the disease outbreaks more effectively (Anees et
al., 2013). Therefore, this study also helps in understanding
the outcomes of vaccines failure in the endemic
regions with the combined use of ELISA and RT-PCR.

Conventional and real-time PCR systems-have been
considered reliable for genetic characterization' of PPR
viruses. Now, these tests have been transferred to FTA cards
for suitable transportation of the biological samples from
field to specific diagnostic laboratory, most importantly,
where the maintenance of cold chain is not possible (Munir
et al., 2012). The diagnostic specificity and sensitivity can
be tested by using large number of samples from different
geographical locations which would be favorable in
determining the accurate epidemiology and control of the
disease.
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