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Abstract
Peste des petits ruminants (PPRV), a highly contagious viral disease, causes significant economic losses concerning 
sheep and goats. Recently, PPR viruses (PPRVs), have adopted new hosts and lineage IV of PPRVs represents 
genetic diversity within the same lineage. 350 samples, including blood, swabs, and tissues from sheep/goats, 
were collected during the 2020–2021 disease outbreaks in Pakistan. These samples were analysed through RT-
PCR and three isolates of PPRV with accession numbers, MW600920, MW600921, and MW600922, were submitted 
to GenBank, based on the partial N-gene sequencing. This analysis provides a better understanding of genetic 
characterizations and a targeted RT-PCR approach for rapid PPRV diagnosis. An IELISA test was developed using the 
semi-purified antigen MW600922 isolate grown in Vero cells. The PPRV isolates currently present high divergence 
with the Turkish strain; conversely, similarities equivalent to 99.73% were observed for isolates collected from 
Pakistan. The developed indirect ELISA (IELISA) test demonstrated antibody detection rates at dilutions of 1:200 for 
antibodies (serum) and 1:32 for antigens. In comparison to cELISA, high specificity (85.23%) and sensitivity (90.60%) 
rates were observed. In contrast to the virus neutralization test (VNT), IELISA was observed to be 100% specific and 
82.14% sensitive in its results. Based on these results, serological surveys conducted for PPR antibodies using IELISA 
can be a more effective strategy on a larger scale. Furthermore, our results demonstrate a significant breakthrough 
in the research in terms of cost-effectiveness and storage efficiency, and the developed IELISA test is highly 
recommended for use in developing countries.
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Background
The acute, highly contagious viral disease goat plague 
also known as peste des petits ruminants (PPRV), results 
in significant economic losses because of its high morbid-
ity and mortality rate [1, 2]. Primarily affecting sheep and 
goats, this disease can also occasionally infect camels and 
wild small ruminants [3, 4]. PPRV is caused by the Small 
Ruminant Morbillivirus, which belongs to the Paramyxo-
viridae family. The PPR virus is enclosed within a capsid 
having a genome of single-stranded RNA. The PPRV is 
considered as the biggest member of the Small ruminant 
Morbillivirus genus [5]. The PPR virus’s genome has a 
total of six structural encoded proteins by a matrix pro-
tein (M), fusion protein (F), hemagglutinin protein (H) 
nucleoprotein (N), RNA-dependent polymerase (L) and 
RNA-polymerase phosphoprotein co-factor (P). Based 
on the PPR virus strains’ (N, F, or H genes) sequence 
analysis, the N gene was found to be best for molecular 
characterization of isolates [6].

Previous PPRV studies, based on genetic genotyping, 
revealed four lineages [7, 8], each lineage has a distinct 
geographic distribution pattern that has altered recently. 
Lineage IV is found in the Arabian Peninsula, the Middle 
East, and South Asia, while Lineage III is found in East-
ern Africa and some regions of the Middle East. Simi-
larly, the Lineage II isolates are found in Western Africa 
whereas the Lineage I is mainly found in West Africa and 
has been reported to exist in Central Africa. According to 
recent studies, lineage IV of the PPR virus has emerged in 
Pakistan and the surrounding countries [9]. Pakistan is a 
country in South Asia where FAO (Food and Agriculture 
Organization) plans to eradicate PPR by 2030 [10]. Paki-
stan loses PKR 20.5  billion (USD 0.24  billion) annually 
due to PPRV cases [11]. Pakistan has over 8000 outbreaks 
documented between 2005 and 2018. These outbreaks 
of PPRV are highly damaging to the economy; inflicting 
varying socio-economic impacts around the year [12].

Although the unique geographical dissemination of 
the virus based on genotyping indicates that it existed 
long before it was discovered in the places indicated, 

subsequent incidence of unexpected lineage of virus that 
was introduce in the regions previously linked to other 
lineages reveal that the virus was moving [13]. Moreover, 
recent cases of PPRV in Pakistan show the mobility of 
PPRV in this region shows the mobility of PPRV and its 
dynamic epidemiological state [9, 14].

The PPR can readily be detected in various clini-
cal specimens obtained from infected sheep and goats, 
including skin nodules, ulcerations, semen, blood, and 
serum [15]. Detection methods encompass polymerase 
chain reaction (RT-PCR), Serology, and virus isolation 
and culturing, with RT-PCR being the most commonly 
employed due to its cost-effectiveness, simplicity, and 
high sensitivity and specificity, notwithstanding the utili-
zation of live attenuated vaccination [11, 16].

Despite Pakistani publications predominantly focus-
ing on clinical or serology results post the 1995 PPRV 
outbreak, only one study included molecular charac-
terization and phylogenetic analysis based on the F 
gene [17]. Establishing the characteristics of circulat-
ing PPR virus strains is crucial for advancing diagnostic 
and control strategies [18]. Considering these previous 
studies, our studies focused on identifying PPR viruses 
based on N-gene to improve their molecular diagnosis. 
Three PPRV virus isolates were then partially sequenced 
using the N-gene for lineage identification purposes. 
These sequences have been submitted to NCBI. We also 
aimed to determine the phylogenetic relation of PPRV 
to identify circulating viruses. Therefore, we used indig-
enous PPRV isolate isolated from tissue samples for the 
development of an in-house ELISA (IELISA) assay. The 
effectiveness of the newly developed IELISA was then 
evaluated by comparing it to a commercial cELISA kit. 
Additionally, the phylogenic analysis we performed will 
aid in our understanding of disease spread. In Pakistan, 
small ruminant outbreaks continue to occur, necessitat-
ing further research into the molecular details of circulat-
ing field viruses.

Summary
Peste des petits ruminants (PPRV) is a transboundary, highly contagious, and economically significant viral 
disease affecting small ruminants and wildlife. PPRV, a disease that only targets animals, is the focus of the Global 
Eradication Programme (PPRV GEP), which aims to eradicate the disease by 2030. Following the completion of the 
first phase of the GEP (2017–2021), Pakistan has initiated the second phase: PPRV presence and the implementation 
of a control strategy. Rapid and accurate laboratory diagnosis is vital to the disease’s effective control and 
eradication. In the present study, we have improved diagnosis by reverse transcriptase polymerase chain reaction 
(RT-PCR), which not only can detect low viral concentrations but also contributes to the genetic analysis of lineage-
IV viruses. However, the development of cost-effective indirect ELISA (iELISA) may allow for the analysis of serum 
samples obtained from larger populations of small ruminants.

Keywords IELISA, PPRV, RT-PCR, Cost-effective, Diagnostic assays
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Methods
Sample Collection
During 2020–2021, the suspected outbreaks of PPR 
were reported by field veterinarians, within three dif-
ferent regions including Islamabad territory (33.6844° 
N, 73.0479°), Fateh Jang (33.8611° N, 72.4140° E), and 
Gilgit (35.9208° N, 74.3082°E). These animals were not 
vaccinated ever (Fig.  1). A total of 325 blood samples, 

including 120 sheep and 205 goats were randomly col-
lected from apparently healthy as well as having typical 
PPRV signs (Table 1) following standard procedure [19].

The clinical signs were consistent across all affected 
animals that have shown mouth erosion, nasal discharge, 
diarrhoea, or all the above symptoms. Blood samples 
from these animals were randomly collected in vacutain-
ers (BD bioscience) without any anticoagulant for anti-
body detection.

The serum was separated by centrifuging from the 
blood samples (n = 325) and stored at 4  °C for further 
research process. Postmortem examinations were also 
performed for dead animals and six tissue samples 
(n = 06) including spleen & lungs were collected. (Fig. 2). 
Other clinical samples and swabs (n = 19) were collected 
from live animals in a viral transportation medium 
(DMEM with 2  µg/ml pen-strep antibiotics) for anti-
gen detection purposes. Aseptic precautions were taken 
during the sample collection and transportation. Every 

Table 1 Details of PPR serum samples collected from selected 
locations
Sr. 
No.

Location No. of serum 
samples col-
lected from 
goats

No. of serum 
samples col-
lected from 
sheep

Total
no. of 
serum
samples

1 Fateh Jang 52 42 94
2 Islamabad 

(ICT)
109 57 166

3 Gilgit 44 21 65
Total 205 120 325

Fig. 2 Animals presenting clinical signs of PPRV disease: a inflamed eye membranes; b evidence of “zebra striping” in the large intestine

 

Fig. 1 Locations of serum sample collections for sheep and goats during active outbreaks of PPRV reported from Pakistan, in 2020–2021 (colours indicate 
different divisions under provinces)
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sample was labelled with a unique identification num-
ber and date. These were transported to the laboratory 
in cool boxes and stored at -80  °C till processed further 
(Table 2).

Out of 25 clinical samples (swabs and tissues), only four 
samples were positive for PPRV when N-gene primer 
amplification was used with a positive rate of 16%, while 
the remaining 21 samples remained negative, as shown in 
Table 2.

RNA Extraction and cDNA Synthesis
All swabs and tissue samples were subjected to RNA 
extraction according to the manufacturer’s instructions 
using a commercial RNA extraction (Ambien Pure Link 
RNA) Mini Kit. Reagent contamination was detected 
using a negative control. Extracted RNA was eluted in 50 
µL nuclease-free water, which was then stored at -70  °C 
until used., A NanoDrop(Thermo Scientific, Wilmington, 
DE, USA) measured the eluted RNA concentration and 
a conc. of ~ 2.0 or (100ng/ul)viral RNA was used for RT-
PCR. A swab was obtained from clinically healthy sheep 
negative for cELISA and was considered a negative con-
trol. The synthesis of the cDNA of PPRV was performed 
according to the manufacturer’s instructions of Revert 
Ad First Strand cDNA(Thermo-Scientific) [20].

Optimization of Primers and PCR Amplification
A well-known diagnostic primer set NP3/NP4 by 
Couacy-Hymann was used to diagnose PPRV [21]. It 
was found useful in identifying, high-quality PPRV 
samples, like cell cultures grown viruses or any tissue 
samples from animals. The primer set NP3/NP4 has an 
N-coding gene between the positions 1232–1560 [21]. 
The primer set NP3/NP4, on the other hand, could be 
used to find the PPRV vaccine strain, but it was hard to 
find results when checking samples from an outbreak 
or with a low viral load [21]. Our investigation includes 
a primer set designed targeting N gene-based NP-F and 
NP-R from published PPRV sequences (GenBank Ac.no. 
KY967609 and KY967608) full genome sequences from 
Lahore and Faisalabad, Pakistan. These sequences were 
obtained from GenBank and accessed on 15th March 
2018. (https://www.ncbi.nlm.nih.gov/tools/primer-blast). 
The BLAST tool from the NCBI database was used to 
search for sequenced data for gene fragments of PPRV. 
The CLUSTALX multiple-sequence alignment was used 
to target highly conserved N-coding gene’s region at 

nucleotide position 240–657 for further testing [22–
24]. The primer sequences for these genes were NP-F 
(forward: 5’- A G T C A C C C G G A C A A C T G A T A-3’) and 
NP-R (reverse: 5’- C T T C T G C A A T T C T G T T G C G G-3’) 
(Table 3). A few similar reports have been published [21, 
25].

A total of 20 µL reaction containing 4 µL of 5X PCR 
buffer, 0.8 µL of (10 mM) dNTPs, NP3-F (10 pmol/µl) 1.0 
µL, and NP3-R (10 pmol/µl) 1.0 µL, 2 µLMgCl2 (100mM), 
1.5 µL template cDNA, Taq polymerase (0.5 µl) and 9.2ul 
nuclease-free water was used. The RT-PCR cycle con-
ditions have an initial denaturation phase at 94  °C for 
10  min, 35 cycles of denaturation at 95  °C for 15  s, an 
annealing step at 59 °C for 1 min, extension at 72 °C for 
1 min, lastly a final extension at 72 °C for 10 min and ter-
mination at 4 °C. All the tests were run at least twice.

Virus Isolation and Propagation
The swabs and tissue samples were processed following 
the standard procedures [26] and inoculum was pre-
pared for PPR virus recovery. Briefly, sub-cultures were 
performed using pre-cultured Vero cells (ATCC-USA). 
Before inoculating the Vero cell line, the medium was 
decanted and inoculum was dispensed (1  ml) after fil-
tering through 0.2  μm syringe filters (Millipore). Vero 
cells (ATCC, USA) were grown in Dulbecco Minimum 
Essential Medium (100  ml of DMEM) containing10% 
fetal bovine serum (FBS) and 2% of pen-strep antibiot-
ics (Corning, USA) [26]. Confluent monolayers of Vero 
cells were infected with previously processed and filtered 
tissue and swab samples. These were then incubated at 
37  °C for two hours before being washed with PBS and 
supplemented with DMEM (maintenance media). The 
infected Vero cells were maintained at 37  °C for seven 
days and evaluated daily for any cytopathic effects (CPE). 
The specimen was regarded as negative when the CPE 

Table 2 Sample collection from different sources for the 
isolation of PPRV virus
Sample sources Total samples Positive 

samples
Negative 
samples

Swabs 19 2 17
Tissue 6 2 4

Table 3 Oligonucleotide primers set used for the PPRV 
detection
Primers Sequence Position Amplification Reference
NP3 5’- T C T C G G 

A A A T C G C C 
T C A C A G A C 
T G-3’

1232–1560 351 Couacy-
Hymann 
2002,

NP4 5’- C C T C C T 
C C T G G T C C 
T C C A G A A T 
C T-3’

NP-F 5’- A G T C A C C 
C G G A C A A C 
T G A T A-3’

240–657 432 Designed, 
GenBankAc.
no. KY-
967609an-
dKY967608

NP-R 5’- C T T C T G C 
A A T T C T G T T 
G C G G-3’

https://www.ncbi.nlm.nih.gov/tools/primer-blast
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was not observed after consecutive three blind passages. 
The PPRV isolates were confirmed based on specific CPE 
and by using ‘N’ gene-based RT-PCR. The CPE, induced 
by Morbillivirus, triggered cell rounding and syncytia 
formation. The cells undergo three cycles of freezing and 
thawing, followed by centrifugation. The resultant super-
natants were used for RNA extraction.

Sequence Analysis of Selected Isolates
Sequencing was conducted and sequence data analysis 
was conducted following standard procedures [22, 26]. 
Sequence alignment was carried out using CLUSTALX 
software. In addition, sequenced data of Pakistani isolates 
were compared with other related sequences retrieved 
from the Gene Bank. The variations among N-gene 
sequences and the phylogenetic tree (analysis) of PPRV 
isolates used in the current study were constructed using 
the neighbour-joining technique in Mega-X (10.2.2). 
Bootstrap verification of the resulting phylogenetic tree 
was performed by analysis of 100 bootstraps. Given the 
expected similar genetic patterns, only three representa-
tive samples were randomly selected for sequencing (one 
from each sample collection area). Furthermore, the PCR 
amplicons were purified using the QIAEXII PCR puri-
fication kit (Qiagen, Venlo, Netherlands) according to 
the manufacturer’s instructions. Purified PCR products 
were sent for sequencing by Macrogen (Korea). Genius 
software was used to submit the sequencing to NCBI to 
obtain new accession numbers for our isolates from the 
current study.

After obtaining the N gene’s partial sequence through 
sequencing, different software (finch-TV software, 
BLASTN analysis and CLC Sequence Viewer 8) were 
used to analyze multiple sequence alignments to find sin-
gle nucleotide polymorphisms (SNPs) (data not shown). 
A total of 8 sequences were selected and analyzed from 
various geographical locations, (including isolates from 
current studies), under Lineage IV of Small Ruminants 
Morbilliviruses (supplementary file1). Analysis of molec-
ular variance (AMOVA) and a Nei’s distance-based 
cluster was also performed to examine genetic varia-
tion among populations [27], to illustrate the relation-
ships between viral sequences from Islamabad and other 
regions, including previous isolates from Pakistan and 
other regions of world to understand its genetic evolu-
tion [28].

Antigen Preparation
One of our sequenced PPRV local strains (ABP3-Pak), 
from this study, was attenuated (45th passage) in Vero 
cells and used to prepare IELISA antigens, as previ-
ously described [29, 30]. The PEG 6000 at 8% (w/v) in 
sodium chloride at 2.3% (w/v) was used to precipitate 
the supernatant. Following overnight incubation at 4 °C, 

the mixture was centrifuged at 8500 g for 30  min. The 
pellet was dissolved, one-tenth of the original volume 
of supernatant, in a buffer containing Tris, NaCl, and 
EDTA at pH 7.4 (TNE buffer) [29]. This purified antigen 
was stored at -80 °C until used [29]. It was important to 
optimize the concentration of antigen that will be used 
to capture antibodies but avoid nonspecific binding. The 
concentration of the antigen was determined using Bio 
Spec-Nano spectrophotometers (Shimadzu) and TCID50 
quantification [30].

Development of Indirect ELISA (IELISA)
The ELISA plates were coated with a partially puri-
fied attenuated PPR virus as the coating antigen [31]. A 
96-well flat-bottom ELISA plate (NUNC Maxisorp, Ham-
burg, Germany) was coated with 100 ul/well of PPRV 
virus antigen at an optimal 1:10 dilution (104.8 TCID50/
ml) in carbonate–bicarbonate buffer (pH 9.6) and incu-
bated overnight at 4  °C in a humid environment under 
constant orbital shaking conditions. Unbound antigen 
was removed by washing plates thrice with wash buffer, 
PBS-T (PBS containing 0.05% Tween-20) at pH 8.0. Every 
well-received 100 µL of blocking buffer (PBS-T contain-
ing 5% Bovine serum albumin) to block the remaining 
sites in each well. After two hours at 37  °C, the plates 
were again washed thrice with PBS-T wash buffer (PBS-
T). Each serum sample was diluted individually (1:50) in 
a blocking buffer. The diluted test sample was added in 
100 µL volume to individual wells in duplicates, including 
goat-produced positive antiserum (VNT titer > 1:4) and a 
negative serum (VNT titer < 1:2) from one of our previ-
ous studies (unpublished data). These positive and nega-
tive controls were implemented as previously described 
by Balamurugan and colleagues [31].This was followed by 
2  h of humid incubation conditions at 37  °C. Anti-goat 
IgG HRPO-conjugated horseradish peroxidase (Abcam, 
UK), dissolved in 1:1000 conc. of blocking buffer, 100ul 
volume was added to each well and the plate was incu-
bated for 1 h at 37 °C [32, 33].

A 100ul of substrate solution, tetra-methyl benzidine 
substrate (TMB), Cambridge, UK was added to each well, 
followed by 15  min of dark, room-temperature incuba-
tion conditions. The reaction was terminated with 100 µl 
of 1 M H2SO4 added to each well. ELISA readers mea-
sured the absorbance values (OD) at a wavelength of 
450 nm. The mean sample/positive ratio (S/P) was calcu-
lated using OD values obtained from each tested sample. 
The results are expressed as percent positivity (PP) value. 
The PP values greater than 50% were considered positive 
samples [7, 34].

 Negative control (NCx) = Mean of Negative Control

 Positive control (PCx) = Mean of Positive Control
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S

P
value =

Sample−Nc

Pos−Nc
X100

Initial Validation and Data Analysis of both Diagnostic 
Assays
In the indirect IELISA test, checkerboard titration was 
used to optimize the working dilution of antigens and 
antibodies. As previously described [30], the antigen 
and serum dilutions that presented the maximum dif-
ference between positive and negative absorbance values 
at 450  nm (P/N) were carefully selected. For this inves-
tigation; the reference negative serum (VNT titer < 1:2) 
from healthy non-vaccinated animals, and positive serum 
(VNT titer > 1:4) from PPRV-vaccinated animals, were 
tested in twofold dilutions starting from 1:2 dilutions. 
The antigen and serum dilutions that gave maximum 
difference in absorbance at 450  nm between positive 
and negative (P/N) were selected for testing the serum 
samples on larger scales. Test sera also included standard 
controls such as true and false positive and negative sam-
ples. According to the manufacturer’s instructions, for 
the cELISA kit, cutoff values of 50 and 60% were used. 
In contrast, a cutoff value of 50% positivity was used for 
the IELISA kit. The data were analyzed using a two-way 
contingency table using the statistical package Graph 
Pad Prism 5.01 [35]. Specificity and sensitivity values 
were determined for both I-ELISA and c-ELISA assays 
using the previously mentioned statistical formula [36] to 
compare the results. The notations presented above are 
explained as follows:

 Sensitivity (%) = a/a + cx100

 
Specificity (%) =

d

d
+ bx100

a = true positive (T.P.), b = false positive (F.P.), c = false neg-
ative (F.N.), d = true negative (T.N.)

Commercial ELISA (c-ELISA) Test
PPRV antibodies were detected using a commercial 
c-ELISA test (ID Vet® for PPR). The manipulation of the 
c-ELISA test was based on the manufacturer’s instruc-
tions. The ELISA microplate was read using an ELISA 
reader with a 450 nm filter (Bio-Rad, IMark™, Microplate 
reader) [37].

Virus Neutralization Test (VNT)
The ability of anti-PPV antibodies to neutralize the virus 
was tested in Vero cells in the manner described in a pre-
vious study [29]. Briefly, the serum samples were indi-
vidually incubated with 100 TCID-50 of PPRV viruses in 
two-fold dilutions. They were incubated at 4 C for 24 h 
before being poured onto the Vero cells to determine the 
virus infectivity rate in duplicate. These cells were then 
monitored daily to assess their specific cytopathic effects. 
Final readings were calculated on the seventh post-infec-
tion day.

Ethical Considerations
Approval to conduct the study was received from the 
National Agriculture Research Center (NARC) from the 
Institutional Biosafety Committee (I.B.C. reference No.: 
NIGAB/NARC/02/05-01-2021).

Results
Sample Collection
During 2020–2021, out of four positive, three selected 
samples (one from each site) were sent for sequencing. 
The precise findings and details of these valuable samples 
are presented in Table 4, highlighting the significance of 
our study (Table 4).

RNA Extraction and cDNA Synthesis
The reverse transcription-polymerase chain reac-
tion (RT-PCR) was carried out according to the steps 
described in the Materials and Methods Section to check 
the quality and amount of cDNA synthesized from the 
extracted RNA. This crucial validation step ensures the 

Table 4 During 2020-21, the characterization of PPRV isolates from outbreak samples based on N-gene (NP-F & NP-R)
Sr. 
#

Sample ID Sequencing sample ID NCBI 
Accession 
No.

Collection 
date

Farm 
Name

Nature 
of 
sample

Area Apparent 
animal 
status

1 Pak-GIL-1326/NARC Local-strain (ABP3/PPRV/Islamabad/Pak/2020/1), MW600920 15/10/2020 Hunza 
Farm

Goat 
Swab

Gilgit 
Baltis-
tan

Diseased

2 Pak-FJ-1336/NARC Local-strain (ABP3/PPRV/Islamabad/Pak/2020/2), MW600921 5/10/2020 Al-
Barka 
Farm

Goat 
Swab

Fateh 
Jang

Diseased

3 Pak-ICT-1346/NARC Local-strain (ABP3/PPRV/Islamabad/Pak/2020/3), MW600922 25/10/2020 Ma-
dina 
Goat 
Farms

Goat 
Tissue

Islam-
abad

Diseased
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accuracy of our experimental methods and the reliability 
of the subsequent studies’ results.

Molecular Detection of PPRV Based on N-Genes by RT-PCR
For diagnosis of Peste des petits ruminant virus (PPRV) 
and to validate the quality and quantity of cDNA synthe-
sized from extracted RNA, testing was carried out using 
the reverse transcription-polymerase chain reaction (RT-
PCR) assay. Samples were carefully collected from Gil-
git, Islamabad, and Fateh Jang, as illustrated in (Fig. 3a) 
amplification from samples of cell-cultured viral culture, 
using the primer pair NP3/NP4 yielded a 351 bp product. 
Subsequently, an RT-PCR with N-gene primers was per-
formed, on field samples with low viral load, presenting 
a more specific 432 bp product (Fig. 3b). These amplifi-
cations of the N-gene indicative of PPRV, were analyzed 
on a 2% gel under electrophoresis at 120  V for 60  min 
in Tris-borate-EDTA buffer. The DNA bands were then 
stained with ethidium bromide and visualized under UV 

illumination, demonstrating clear and distinct results. 
Further validation was provided through the alignment of 
nucleic acid sequences from the PCR products with those 
of PPRV strains archived in GenBank. This comprehen-
sive approach not only confirmed the presence of PPRV 
but also underscored the reliability of our methodologies 
in detecting viral genetic material.

Phylogenetic Analysis of Indigenous Peste Des Petits 
Ruminants Isolates
Partial nucleotide sequences of the N-gene of Pakistani 
isolates of PPRV and isolates from other regions of Asia 
were available in GenBank. From these alignments, a 
detailed phylogenetic tree based on a 432  bp segment 
was constructed, revealing that Pakistani isolates robustly 
cluster under Lineage IV (Table: 4). These findings dem-
onstrate a close genetic relationship with recent isolates 
from China, India, Bangladesh, and Turkey, enhanc-
ing our understanding of the virus’s spread and evolu-
tion in the region. The construction of this phylogenetic 
tree was cautiously executed using the neighbor-joining 
technique in Mega (10.2.2) employing the Kimura two-
parameter model, as depicted in Fig.  4. To further con-
tribute to global research efforts, all sequenced data have 
been deposited into GenBank and were used to con-
struct the phylogenetic tree (Fig.  4) using the Kimura 
two-parameter model. All the obtained sequences were 
deposited in GenBank and received accession numbers 
MW600920, MW600921, and MW600922. The hyper-
variable region of the N-gene was conserved in Pakistani 
PPRV strains collected from Gilgit, Islamabad, and Fateh 
Jang. Lineage differentiation determined mainly by the 
N- gene, helps in understanding the worldwide move-
ment of PPR viruses. In the present study, based on the 
partial N-gene sequencing method, virus strains obtained 
from Pakistan, China, India, Bangladesh, and Turkey 
were grouped under lineage IV. On phylogenetic analy-
sis of N-gene, genetic diversity among PPRV was quite 
evident as represented in (Fig:4). Several sub-clusters 
can be observed within Lineage IV. Pakistani isolates 
are also segregated into two distinct sub-clusters (FIG:4) 
The isolate KY967610 SRMV/Layyah/UVAS/Pak/2015 
can be noticed, distinct from other Pakistani isolates and 
clustered with an isolate from Bangladesh. It is also evi-
dent from the phylogenetic tree that PPRV isolates from 
the current study, formed a distinct closely related sub-
cluster with a previous isolate, KY967609 SRMV/Fais-
alabad/UVAS/Pak/2015 from Pakistan. These findings 
would indicate that the N gene of Pakistan is under an 
evolutionary process. Isolates from Turkey showed also 
a distinct sub-cluster under Lineage IV PPRV. The data 
revealed multiple sub-clusters within Lineage IV, under-
scoring the dynamic genetic landscape of the virus. The 
fact that Pakistani isolates were split into two separate 

Fig. 3 a Gel electrophoresis of RT-PCR products (351 bp) amplified with 
NP3 and NP4 primer set. Lane M: 100 bp DNA ladder (Thermo Scientific); 
Lane 1: positive control; Lane 2–4: swab samples obtained from clinically 
affected animals; Lane 5: negative control. b Gel electrophoresis of RT-PCR 
(432 bp) amplified NP3-F and NP3-R primers. Lane M: 100 bp DNA ladder 
(Thermo Scientific); lane 1: negative control; lane 2–4:swab samples ob-
tained from clinically affected animals; lane 5: PPRV-positive control
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sub-clusters within this lineage shows that there are com-
plex patterns of evolution in the area.

Furthermore, multiple sample sequence alignments 
were used to analyze a high rate of divergence, within 
genotype IV of PPRV (supplementary file S1). Analyses 
of molecular variance (AMOVA), were used to reveal 
significant genetic variation. The P-value from the 
AMOVA was significant as P < 0.05, highlighting sub-
stantial genetic differentiation among populations from 
Pakistan and other countries. A statistical analysis was 
conducted by Nei’s genetic distance calculations among 
isolates from Islamabad, Lahore (KY967608), Faisalabad 
(KY967609), India (MN369543), China (KJ720531 and 
FJ905304), and Bangladesh (MG581412) using allele fre-
quencies at multiple genetic loci. This measure considers 
both the number of alleles shared between populations 
and their genetic distance. The minimum genetic dis-
tance was observed between the Lahore (KY967608) and 
Faisalabad (KY967609) isolates, recorded at 2.22 × 10^-
16, indicating high genetic similarity. The Turkish iso-
late (MN657232) and both the Islamabad isolate and the 

Bangladesh isolate (MG581412), each with a distance of 
0.875, exhibited the maximum genetic distance (Table 5).

In the present study, partial N-gene sequencing of 
PPRV from current isolate (Islamabad isolate) was used 
to analyze other lineage IV isolates of PPRV, from Paki-
stan (Lahore and Faisalabad), China, India, Bangladesh, 
and Turkey. The data revealed two distinct sub-clusters, 
one from Turkey and other from Bangladesh within lin-
eage IV PPRV viruses. The Islamabad isolate exhibited 
more than 20 amino acid differences from the other 
strains studied, highlighting the dynamic genetic land-
scape of the virus. The division of Pakistani isolates into 
two distinct sub-clusters within lineage IV suggests intri-
cate evolutionary patterns in this region (Table 5).

Selection and Propagation of Viral Isolates
The RT-PCR test identified a total of six positive samples, 
demonstrating the robustness of our detection methods. 
In Vero cells, these samples exhibited distinct cytopathic 
effects. These effects were observable 14 days post-infec-
tion and included cell rounding, clumping, vacuolation, 
and syncytia. Three positive isolates were observed in six 

Fig. 4 Neighbor-joining technique from N-gene sequences generated using Kimura 2 parameter model with Mega version 10.2.2, displaying 1000 rep-
licate bootstrap results. The samples sequenced in this study are denoted by a black square (■)
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Vero-inoculated samples that were confirmed positive 
following three consecutive blind passages on Vero cells. 
In contrast, the mock (control) flasks showed no devel-
opment of CPEs, and the monolayers remained intact, as 
depicted in Fig. 5. Viruses were harvested at the optimal 
time when 70–80% of the cells exhibited CPEs, ensuring 
the collection of highly active viral particles. The isolates 

were then subjected to a process of freeze-thawing and 
centrifugation. These were stored, afterwards at -80  °C, 
ensuring their preservation for further analysis.

Antigen Preparation and Development of I-ELISA
The antigen was measured by a Nanodrop spectropho-
tometer and found to be 455.12 (ng/µl) having 1.92 OD. 
The tissue culture infective dose was confirmed as 10 4.8 
TCID50/ml. To ensure the accuracy of our assay, it was 
imperative to titrate the test serum through two-fold 
dilutions before selecting the optimal dilution for use. A 
series of antigens against different concentrations of posi-
tive serum with a virus neutralization titer (VNT titer > 4) 
to find the best one. Figure 6 illustrates that we achieved 
the maximum optical density (O.D.) at this optimal work-
ing dilution, specifically at a serum dilution of 1:200 and 
an antigen dilution of 1:32. Beyond this point, the OD 
values began to decline with decreasing antigen con-
centration, demonstrating a precise titration curve for 
both the known positive and negative sera. Our results 
(Fig.  7) showed a distinct titration curve for both posi-
tive and negative sera. The highest dilution of positive 
serum produced the highest optical density (OD), mak-
ing it the best concentration for our research. Figure  7 
shows that the same dilution produced the best antigen 

Fig. 6 Graphical representation showing PPRV antigen (log 2) reactivity of 
serially diluted positive serum samples. The optimal working dilutions of 
antigen and antibody are 1:200 serum and 1:32 antigen

 

Fig. 5 Micrograph showing cytopathic effects of PPRV in Vero cells after 14 days: (a) clumping of cells; b) rounding of cells; (c) mock (negative control) 
showing no change in morphology of monolayer

 

Table 5 Nei’s distance table to show similarity level among isolates based on sequence data 
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and antibody working solutions for the ELISA experi-
ment in negative serum. Furthermore, duplicate serum 
samples (including positive and negative standards) were 
simultaneously added to three plates. No significant vari-
ation was observed in these plates. To assess the diagnos-
tic efficacy of the IELISA assay, 325 serum samples were 
tested in parallel with the commercially available kit. The 
efficacy of IELISA was compared with a commercial kit 
employing all 325 serum samples.

Relative Specificity and Sensitivity of the Developed Assay
In the current study, a two-way contingency table was 
used to compare how well, the indirect ELISA (IELISA) 
test, the competitive ELISA (cELISA), and the virus neu-
tralization test (VNT) worked in terms of sensitivity and 
specificity. We analyzed a total of 325 serum samples to 
validate the effectiveness of the IELISA, cELISA, and 
VNT methods. Out of the 176 serum samples that were 
tested, 150 were observed to be positive via indirect 
IELISA and compared very well with cELISA, with a high 
level of specificity at 85.23% (150/176 = 0.8523) and sensi-
tivity at 90.60% (135/149 = 0.9060) (Table 6). In compari-
son to a commercial kit, the specificity value was 91.43% 
(150/164 = 0.9143) and the sensitivity value was recorded 
as 84.00% (135/161 = 0.840), as shown in Table 4. More-
over, the specificity and sensitivity values obtained for 

IELISA were 100% and 82.14%, respectively, compared to 
VNT (Table 7).

Commercial kits are expensive, and component quality 
is poor, but an IELISA was shown to be equally specific as 
commercial cELISA, with few false negative findings. The 
application of an IELISA as, diagnostic tool for the PPR 
outbreak proved to be effective.

Discussion
PPRV is a highly destructive disease that negatively 
impacts small ruminant productivity in Asia and other 
endemic regions. It adversely impacts food security and 
the livelihoods of poor farmers who raise sheep and 
goats. Un-checked trade or illegal migration across bor-
ders can spread the disease to non-endemic regions. 
PPRV control and eradication is crucial, like rinder-
pest eradication from the world. That is why, FAO and 
OIE launched a program called PPR Global control and 
eradication by 2030. The strength of any disease control 

Table 6 Relative sensitivity and specificity values of IELISA in 
comparison to a commercial cELISA kit
I-ELISA Commercial kit Negative Total

Positive
Positive 135(a) 26(d) 161
Negative 14(b) 150(c) 164
Total 149 176 325
Relative specificity of assay = 150 of 176, OR 85.23%

Relative sensitivity of assay = 135 of 149, OR 90.60%

Correlation = a + c/a + b + c + dx100 = 135 + 150/325 × 100 = 87.69.7%

Table 7 Relative sensitivity and specificity values of IELISA in 
comparison to VNT
I-ELISA VNT Assay Negative Total

Positive
Positive 161(a) 0(d) 161
Negative 35(b) 129(c) 164
Total 196 129 325
Relative specificity of assay = 129 of 129, OR 100%

Relative sensitivity of assay = 161 of 196, OR 82.14%

Correlation = a + c/a + b + c + dx100 = 161 + 129/325 × 100 = 89.23%

The histogram (Fig.  8) represents the sensitivity and specificity of the IELISA, 
determined by comparing the number of positive and negative samples 
detected to the known actual positive and negative samples from cELISA

Fig. 8 Histogram showing the distribution of percent positive values of in 
house developed IELISA for detecting PPRV antibodies in comparison to 
commercial ELISA kit

 Fig. 7 Graphical representation of positive and negative serum reactiv-
ity values at 1:200 with PPRV antigen at various dilutions. The O.D. value 
decreases with the decreasing concentration of the antigen
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program depends on using accurate and efficient diag-
nostic tools. These measures should involve identifying 
disease prevalence and symptoms, so we can minimize 
the spread of PPRV and reduce its impact on small rumi-
nant productivity.

The RT-PCR-based diagnosis unveiled higher sen-
sitivity and specificity towards field samples. The F and 
N genes of the virus have been targeted to confirm and 
differentiate the diagnosis of the PPRV virus [38]. A 
sequence from the Nigeria/75/1 vaccine, was used for the 
initial design of the NP3/NP4 primer combination [21]. 
But these Morbilliviruses are RNA viruses, known for 
their high degree of genetic divergence. That is due to the 
lack of proofreading function of polymerase that leads to 
nucleotide substitution errors [39]. In 2021, from Egypt 
Hosny and colleagues reported [40] that highlighted a 
significant shift in the epidemiology of PPRV, noting 
its expansion to new host species. It was evidenced by, 
camel deaths occurred in Sudan from a fatal respiratory 
disease that was traced back to PPRV; however, sheep 
and goats are the most common hosts for PPRV [41]As 
PPRV has been prevailing in Pakistan since1995 [42] we 
have expected some shifts in PPRV virus and focused our 
research on N-gene of Morbillivirus, that considered a 
reliable tool for the effective detection of novel strains of 
PPRV. This N-protein of Morbillivirus is known for being 
highly conserved and immunogenic, [43–45]. These 
N-gene-based primers were used in nearly every national 
laboratory that can conduct conventional RT-PCR, par-
ticularly in regions from Africa and Asia. A previous 
report suggested that primers used for PPRV diagno-
sis, varied in sensitivity and specificity, and new prim-
ers would require to assess the virus’s genetic diversity 
[7]. Another study conducted by Nafea and colleagues in 
2019 [41]suggested the need for DIVA diagnostic tests 
to distinguish between field wild-type and vaccine PPRV 
strains [41]. However, inappropriate conditions like low 
viral load or environmental stress affect sample quality, 
making diagnosing difficult [7, 41].

For an effective detection of PPR viruses, it is crucial to 
identify conserved regions in viral genomes reported by 
NCBI [7]. This approach lowers the risk of false-negative 
results caused by primer-template disagreement [46]. In 
this study, newly developed NP-F and NP-R gene primers 
were designed from the published N- gene of the PPRV 
sequence (GenBank Ac. No. KY967609 and KY967608), 
isolated from Pakistan, which belonged to lineage IV. 
During the period 2020–2021, nucleotide sequencing 
and phylogenetic analyses revealed that the PPRV iso-
lates obtained were clustered within lineage-IV viruses. 
Similar findings were reported in several previous stud-
ies [43, 47, 48]. The number of required samples and the 
extent of validation vary widely among labs, consider-
ing the broader validation needed for complex variant 

types. In our study, out of 25 (swab and tissue) samples 
for PPRV, only 04 samples (16%) were found positive; the 
rest were negative. Based on the expected genetic simi-
larities, three samples were selected out of four positive 
samples, for sequence analysis. It was in line with a pre-
vious report which recommended, that to use a statisti-
cally demanding approach for sequencing validation, 
one should focus on specific variants or disease loci. 
Additionally, it stated the impracticality of validating all 
pathogenic variants [49]. This investigation, based on 
a partial sequence of N-gene presented a close related-
ness with previously published sequences from Paki-
stan, and has allocated accession numbers (MW600920, 
MW600921, and MW600922) by GenBank (Fig: 4).

Notably, our findings underscore the utility of Nei’s 
genetic distance in revealing genetic divergence and vari-
ation among populations. The minimal distance of Islam-
abad isolate (2.22 × 10^-16), compared with Lahore and 
Faisalabad isolates suggests a high degree of genetic simi-
larity within Pakistan. This means that their genes are 
very similar, which makes sense since they are so close 
to each other and may have shared ancestry or gene flow. 
The Islamabad isolate was observed to have a maximum 
genetic distance which is quite significant statistically 
i.e., 0.875 with reference to the Turkish [43] as well with 
Bangladesh isolates highlight the genetic distinctiveness 
of populations separated by greater geographical dis-
tances. The significant AMOVA results further support 
the presence of genetic differentiation between Pakistani 
populations and those from other regions. A significant 
P < 0.05 indicates that the genetic variation among the 
populations is statistically significant. Furthermore, this 
finding highlights the presence of distinct genetic struc-
tures between the Pakistani isolates and those from other 
countries, emphasizing the impact of geographical and 
possibly environmental factors on genetic differentiation. 
These current isolates exhibited different N-gene analy-
sis, from earlier Pakistani isolates, which indicates that 
PPRVs are in a continuous process of evolution [7].

The ELISA is one of the most reliable immunologi-
cal diagnostic tools currently available. A rapid ELISA 
would have always been a better choice over a sensitive 
virus neutralization test (VNT). Animal cell culture is a 
prerequisite for VNT but most of the laboratories do not 
afford it due to the lack of human resources and costly 
chemicals. From the current investigation, a PPRV iso-
late, Pak-ICT-1346/NARC was used as a coating antigen 
to develop an IELISA. For statistical analysis, a two-way 
contingency table was used to compare its sensitivity 
and specificity with commercially available cELISA. In 
this investigation, indirect IELISA performed better than 
cELISA and presented 150 positives out of 176 serum 
samples. The 90.60% sensitivity and 85.23% specificity 
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rates are consistent with the results presented by Hosny 
and colleagues [40].

Commercial kits are quite expensive, and they fre-
quently expire within a year of manufacture, resulting 
in very low component quality. Lower power availability 
and variability, along with inappropriate storage, are the 
main causes [50]. The indirect ELISA described here may 
be a useful alternative to cELISA to detect antibodies 
against PPRV and can be successfully used for PPR sero-
epidemiological studies [31]. Developed indirect ELISA 
(IELISA) demonstrated 100% specificity when compared 
with the Virus Neutralization Test (VNT), and achieved 
a sensitivity of 82.14%. These findings are consistent with 
those reported by previous research [31], which also 
recorded 100% specificity and approximately 80% sensi-
tivity for similar assays. This underscores the high sen-
sitivity and specificity of the IELISA developed in our 
study, highlighting its utility and ease of use. For several 
reasons, cELISA is preferred over IELISA for PPRV diag-
nosis. Keeping in mind, the effectiveness of serological 
assays is always influenced by the following reasons, the 
disease prevalence in a specific region, the assay’s sen-
sitivity and specificity, and the availability of required 
infrastructure. Additionally, it is crucial to consider the 
target species when selecting an assay. A previous study 
reported a large number of sera from atypical species, 
with the highest counts from African buffalo, dromedary, 
and Grant’s gazelle. The ID VET ELISA for African buf-
falo identified significantly more positives compared to 
the VNT and AU-PANVAC, with some results uniquely 
identified by the VNT only, not confirmed by the other 
tests [51]. Furthermore, the statistical data from the cur-
rent study confirmed that our IELISA is equally effective 
in detecting both positive and negative samples. This 
capability makes it an attractive option for sero-epidemi-
ological studies, particularly in resource-limited settings 
where large numbers of samples need to be tested. The 
IELISA offers a cost-effective alternative to more expen-
sive cELISA kits, facilitating widespread application in 
field conditions and enhancing disease surveillance and 
control efforts [31]. Additionally, this study detailed the 
successful isolation of PPRV from field samples. The 
virus was subsequently identified by its characteristic 
cytopathic effect (CPE), as documented in the OIE stan-
dards of 2013 [52]. This approach further validated our 
methodologies in the field of virology.

Our findings highlighted the economic implications of 
external factors on Pakistan, particularly the exchange 
rate fluctuations with the U.S. dollar. Our analysis 
revealed that a 1% increase in the exchange rate could 
lead to an almost 70% surge in inflation rates and simi-
larly impact the annual imports of Pakistan by approxi-
mately 68%. These shifts determined the vulnerability of 
the economy to external factors. Additionally, in terms 

of laboratory diagnostics, our study provides a compari-
son between the cost-effectiveness of the indirect ELISA 
(IELISA) developed here and the more expensive com-
mercial cELISA kits [53]. Based on our cost analysis for 
92 samples, where each IELISA reaction costs USD 7.81 
(USD 0.21 × 92 reactions), the corresponding cost for 
using commercial cELISA kits ranges from USD 700 to 
USD 1100 for the same number of reactions. This sub-
stantial price differential underscores that the IELISA is 
37% more inexpensive than its commercial counterparts 
for large-scale sero-epidemiological studies. Several fac-
tors were considered like the cost of reagents, labor, time, 
and accuracy of results. Depending on reagent avail-
ability, in-house IELISA may be inexpensive, over time. 
Nevertheless, the choice between using IELISA and a 
commercial cELISA kit may entirely depend on the labo-
ratory’s specific requirements and available resources.

Conclusions
The partial N-gene analysis provided a clear image of lin-
eage-IV isolates from Pakistan. The endemic presence of 
peste des petits ruminant’s virus (PPRV) was monitored 
by successful isolation of the virus from designated areas. 
This evidence firmly established the sustained circula-
tion of PPRV within these represented populations. The 
sequences presented offer valuable insights into the circu-
lating PPRV strains in the country. However, beyond our 
findings and previously characterized sequences, there’s 
limited sequence data available for PPRV N genes in Pak-
istan. The AMOVA results revealed significant genetic 
differentiation between Pakistani isolates and those from 
other regions. Despite this limitation, our research high-
lights the presence of two distinct PPRV populations, 
underscoring the need for similar studies nationwide to 
accurately depict circulating viruses. Such understand-
ing is critical for devising future control strategies. This 
study confirmed the effectiveness and cost-efficiency of 
the indirect IELISA developed for detecting PPRV-anti-
bodies in sheep and goats. The developed IELISA offers 
a practical, cost-effective, and reliable method for PPRV 
detection, ideal for large-scale sero-epidemiological stud-
ies and control strategies, in areas where PPRV is preva-
lent and resources are limited.
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