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Abstract: Peste des petits ruminants (PPR) is an important viral disease of sheep and goats and is endemic in all regions of Turkey. In
this study, PPR virus infection was investigated by RT-PCR assay based on the fusion (F) gene in PPR-suspected sheep and goat samples.
PPR virus RNA was detected in 65 small ruminants (51 sheep, 14 goats) from independent outbreaks during 2008-2012 in provinces in
the central and Mediterranean regions and the central-west part of the Aegean region in Turkey. The virus was detected in an aborted
sheep fetus sample by RT-PCR, and diagnosis was also confirmed by virus isolation. Vaccine strain Nigeria 75/1 was differentiated from
field isolates by restriction fragment length polymorphism analysis of RT-PCR products using EcoRI. Phylogenetic analysis of 16 viruses
indicated that all viruses, including the one from the aborted sheep fetus, belonged to lineage IV, as had the PPR viruses previously
isolated in Turkey. Nucleotide sequence identity among 16 viruses was 99.1%-100%. Results showed that PPR virus lineage IV has been

in circulation in Turkey since the first detection of the disease.
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1. Introduction

Peste des petits ruminants (PPR) is a contagious disease
of small ruminants caused by a single-stranded negative-
sense RNA virus classified within the genus Morbillivirus
in the family Paramyxoviridae. PPR occurs in most
African countries, except Southern Africa, and in Central
and Southeast Asia, the Middle East, the Near East, and
the Arabian peninsula. It is one of the main transboundary
animal diseases that affect small ruminant production in
many developing countries (Banyard, 2010; OIE, 2013).
The PPR virus is closely related to rinderpest virus (Bailey
et al., 2005). After global eradication of the cattle disease
rinderpest, announced by the OIE and FAO in June 2011,
international bodies have started to consider PPR as the
next target for eradication (Baron et al., 2011; Albina et
al,, 2013).

PPR was first detected serologically in 1992 in Southeast
Anatolia and has rapidly spread in all regions of Turkey
to become an endemic disease. It has been a compulsorily
notifiable disease since 1997. The initial occurrence of PPR
in Turkey also coincided with eradication of rinderpest
from the country. The last reported cases of rinderpest
were in 1991, and Turkey was declared rinderpest free by
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the OIE in 2003. In the following years serological virus
detection and immunohistochemical studies carried out
in different regions of Turkey indicated the presence of
PPR virus infection in all regions of Turkey (Algigir et al.,
1996; Tatar and Alkan, 1999; Ozkul et al., 2002; Yener et
al., 2004; Yesilbag et al., 2005; Albayrak and Alkan, 2009;
Saglam and Temur, 2009). After the first detection of PPR
in Turkey, rinderpest vaccine was used for control of the
disease. A live, attenuated PPR vaccine from the Nigeria
75/1 strain produced in Turkey has been used for control
of the disease since 2002. A mass vaccination program was
implemented throughout the country by an EU-supported
project during 2010-2012. Because PPR is endemic and
extensive vaccination campaigns have been implemented
in Turkey, it has not always been possible to observe
typical clinical signs of the disease or high mortality
rates in recent years. In addition, atypical clinical and
pathological findings such as abortions/stillbirths (Toplu,
2004; Kul et al., 2007, 2008) and brain localization have
been reported (Toplu et al., 2012). Mixed infections with
pestiviruses (Kul et al., 2008; Toplu et al., 2012), sheep and
goat pox virus, bluetongue virus (Ozmen et al., 2009), and
secondary bacterial agents of pneumonia, probably as a
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result of the immunosuppressive effects of the virus (Diallo
et al., 2007), have been frequently observed. Therefore,
laboratory diagnosis is essential for confirmation of the
disease. Differentiation of the vaccine strain is also a
necessity. Molecular diagnostic techniques such as reverse-
transcription polymerase chain reaction (RT-PCR) based
on the fusion (F) gene (Forsyth and Barrett, 1995) and the
nucleoprotein (N) gene (Couacy-Hymann et al., 2002),
and real-time RT-PCR targeting the N gene (Kwiatek et al.,
2010; Batten et al., 2011), have provided reliable, easy, and
fast diagnosis of the disease. Identification of virus lineage
is also essential for understanding epidemiology and for
control of the disease. Phylogenetically, the PPR virus is
classified into 4 lineages based on partial sequencing of
F (Ozkul et al., 2002) and N genes (Kwiatek et al., 2007;
Munir et al., 2012a, 2012b). The lineages are generally
correlated with geographic distribution of the virus (Shaila
etal., 1996). PPR viruses belonging to lineages I and IT have
been isolated exclusively from west and central African
countries including the Ivory Coast, where the PPR virus
was first detected in the 1940s (Chard et al., 2008; Luka et
al., 2011; Munir et al., 2012b). Lineage IIT has been isolated
from eastern Africa and the Arabian peninsula (Shaila et
al., 1996; Kwiatek et al., 2011); lineage IV has been isolated
in Asia (Kwiatek et al., 2007; Kerur et al., 2008; Wang et al.,
2009; Balamurugan et al., 2010; Munir et al., 2012a; Anees
et al., 2013), in the Middle East (Esmaelizad et al., 2011),
and more recently in northern Africa (Sanz-Alvarez et al.,
2008; Kwiatek et al., 2011; De Nardi et al., 2012).

Due to its unique geographic situation as a gateway
between Asia and Europe, continuous monitoring of
PPR viruses circulating in Turkey is crucial for initiation
of proper disease control measures in Turkey and risk
monitoring and disease preparedness in Europe. In this

study, sequencing and phylogenetic analysis of the PPR
virus based on the F gene were carried out in order to
investigate the genetic relationship of viruses isolated
from different regions of Turkey with those from other
countries.

2. Materials and methods

2.1. Samples

Samples from 190 animals (147 sheep, 43 goats) were tested
for PPR virus by RT-PCR. The samples were submitted
to the Konya Veterinary Control Institute from several
provinces (Konya, Aksaray, Antalya, Afyonkarahisar,
Burdur, Isparta, Karaman, and Nigde) located in the
central and Mediterranean regions and the central-west
part of the Aegean region of Turkey (Figure 1) during
2008-2012. Each animal was from an epidemiologically
independent flock and had no vaccination history. The
animal breeds were Akkaraman sheep and Turkish hair
goat. Animals were brought to the laboratory generally
with signs of nasal discharge and/or mouth lesions and
sometimes with diarrhea, death, or abortion in the flock.
Macroscopically, pneumonia was present in the lungs
of most of the animals. Tissue samples included spleen,
lymph node, lung, liver, and internal organ specimens of
aborted fetuses belong to 22 sheep and 4 goats.

2.2. Detection of PPR virus by RT-PCR

Viral RNA was extracted from tissue samples by RNeasy
Mini Kit (QIAGEN) according to the manufacturer’s
instructions. One-step RT-PCR was performed with primers
PPRVF1b (AGTACAAGAGATTGCTGATCACAGT) and
PPRVF2d  (GGGTCTCGAAGGCTAGGCCCGAATA)
chosen from the F gene sequence of the Turkey 2000
PPR virus genome (GenBank accession no.: AJ849636) at

Figure 1. Map of provinces where samples were collected for PPR virus investigation in
the study. Numbers in parentheses indicate the numbers of outbreaks.
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locations 5737-5761 and 6184-6160, respectively (Ozkul
et al., 2002). The RT-PCR reaction was performed with a
1-step RT-PCR kit (QIAGEN) in a final volume of 20 pL,
which contained 4 pL of 5X 1-step RT-PCR buffer, 0.4 uM of
each primer, 0.8 uL of 10 mM of each ANTP, 0.8 uL enzyme
mix, 4 uL of 5X Q solution, 7 uL of PCR-grade water, and
2.6 uL of sample RNA. Amplification was carried out in a
M]J Research thermal cycler with the following conditions:
50 °C for 30 min (reverse transcription), 95 °C for 15 min
(RT inactivation), and 40 cycles of 94 °C for 1 min, 50 °C for
1 min, and 72 °C for 2 min with a final extension of 10 min
at 72 °C. RT-PCR products were electrophoresed in 1.5%
agarose gel and visualized by ethidium bromide staining.
A 448-bp fragment was amplified in positive reactions.
Reactions with weak bands were always repeated.

2.3. Virus isolation

Virus isolation was carried out only in tissues from
aborted fetuses, 1 with strong positive and 5 with weak
bands in RT-PCR assay. Tissue samples were suspended
in PBS at 1/10, and the suspension was centrifuged at 3000
x g for 10 min at 4 °C. Supernatants were filtered through
a 0.2-um membrane and then inoculated on Vero cells
grown in tissue culture flasks. The cell growth medium
was Dulbecco’s modified Eagle medium supplemented
with 10% fetal calf serum (FCS) and 1% mixed antibiotic—
antimycotic solution. Cell culture medium was refreshed
every 2 days using maintenance medium with 2% FCS.
Vero cells were examined daily until cytopathic changes
suggestive of PPR virus were observed. After 6 days, 2 blind
passages were carried out. Cytopathic-effect—positive cell
culture was examined for nucleic acid of PPR virus using
RT-PCR (OIE, 2013).

2.4. Restriction fragment length polymorphism (RFLP)
analysis of RT-PCR products

For differentiation of vaccine strains from field strains, RT-
PCR products were subjected to restriction endonuclease
digestion using EcoRI (Ozkul et al., 2002). The analysis was
performed in 25 pL of reaction volume containing 2.5 uL of
10X RE buffer, 1 uL (10 U) of EcoRI enzyme (Fermentas),
14.5 pL of ultrapure water, and 7 uL of RT-PCR product.
The reaction mix was incubated for 2 h at 37 °C, then
digested products were analyzed by electrophoresis in
a 1.5% agarose gel and visualized by ethidium bromide
staining.

2.5. Sequence analysis

For determination of lineage of viruses, RNA from
16 positive samples was subjected to the RT-PCR
amplification of a 448-bp segment of the F gene. Amplified
PCR products were sequenced by Refgen Biotechnology
(Ankara, Turkey). The obtained nucleic acid sequences
were aligned with reference sequences of PPR viruses
present in the NCBI GenBank. Alignment of nucleotide
sequences was performed using Clustal W. The neighbor-
joining method in MEGA 4 version 4.1 was used with
1000 bootstrap replications to determine phylogenetic
relationships.

3. Results

PPR virus RNA was detected by one-step RT-PCR in
samples belonging to 65 out of 190 sheep and goats (51
sheep, 14 goats). Distribution of outbreaks according
to year and province is shown in the Table. In 2008, 5
outbreaks were detected (1 goat, 4 sheep); in 2009, 8 (2
goats, 6 sheep); in 2010, 12 (2 goats, 10 sheep); in 2011, 28

Table. Distribution of peste des petits ruminants (PPR) outbreaks in provinces of Turkey from which samples

were collected.

Province 2008 2009 2010 2011 2012 Total
Konya 1 6 3 18 3 31
Afyonkarahisar 2 1 5 2 10
Antalya 2 4 2 8
Aksaray 2 3 2 7
Nigde 1 3 4
Isparta 2 1 3
Burdur 1 1
Karaman 1 1
Total 5 8 13 28 11 65
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(5 goats, 23 sheep); and in 2012, 12 (4 goats 8 sheep). The
majority of PPR-virus—positive animals, 41 (80.3%) of 51
sheep and 8 (57.1%) of 14 goats, were <1 year old. In 15
animals, lung, spleen, liver, and lymph samples were tested
separately in RT-PCR. In 10 PPR-infected animals each
of these organ/tissue samples was found positive, whereas
in 5 PPR-negative animals, these samples were negative.
Therefore, a sample from a mixture of all these tissues, or
from those tissues available, was tested by RT-PCR assay in
the other samples.

PPR virus was isolated from tissue samples of an
aborted sheep fetus in cell culture. The CPE was observed
on day 5 after inoculation, and presence of the virus was
confirmed in culture by RT-PCR. In 5 fetus samples with
weak bands in RT-PCR the virus was not isolated. These
samples had given negative results in repeated RT-PCR
experiments and were accepted as negative.

No seasonal pattern was observed in the study. During
the 5 years (2008-2012) of the study, distribution of the
total number of PPR-positive animals in 3-month periods
were as follows: December-January-February: 17, March-
April-May: 15, June-July-August: 20, and September-
October-November: 13.

In the restriction fragment length polymorphism
analysis of the RT-PCR products by EcoRI, while PPR
virus vaccine strain Nigeria 75/1 produced 2 fragments of
203 bp and 245 bp, field isolates were not digested by this
restriction enzyme, indicating nucleotide substitutions
in the EcoRI recognition sequence site in the amplified
genome region of field isolates. Sequence analysis showed
the presence of an EcoRI restriction site (GAATTC) in
the amplified genome region of vaccine strain Nigeria
75/1 (accession no.: X74443). A nucleotide substitution
(GAACTC) was present in the Turkey 2000 strain
(accession no.: AJ849636) and in all of our sequenced virus
strains.

After sequencing a 448-bp fragment of the F gene
from 16 animals, each from different outbreaks, the 4
sequences having a difference of at least 1 nucleotide were
sent to GenBank and deposited under accession numbers
KC476651 (Nigde, 2011; from a kid), KC476652 (Konya,
2009; from an aborted sheep fetus), KC476653 (Aksaray,
2012; from a lamb), and KC476654 (Afyonkarahisar, 2008;
from a sheep). When compared with the sequences of 26
PPR viruses in GenBank that were isolated from different
provinces in different regions of Turkey, all isolates were
defined in the same lineage group: IV. The phylogenetic
analysis of the Turkish isolates together with isolates
from 13 countries (Qatar, Egypt, Iraq, India, Kuwait, Iran,
Pakistan, Nepal, Bangladesh, Nigeria, Guinea, Tanzania,
and Ethiopia) is shown in Figure 2. Nucleotide sequence
identity among 16 viruses was 99.1%-100% (Figure 3).

674

4. Discussion

First detected in the 1990s, PPR became one of the major
viral diseases of small ruminants during the 2000s in
Turkey. Molecular detection and characterization of the
virus was done by Ozkul et al. (2002), and 2 virus isolates
were reported in lineage I'V. The full genome sequence of 1
of these PPR viruses isolated in Turkey was determined by
Bailey et al. (2005).

For routine diagnosis of PPR, virus isolation is
time-consuming and is not possible in many diagnostic
laboratories. Submission of suitable material for isolation
is not always possible under field conditions. Molecular
diagnostic methods, such as conventional and real-time
RT-PCR assays, have facilitated diagnosis of PPR and have
been commonly used in many diagnostic laboratories
in Turkey. Accordingly, with the increase in diagnostic
facilities using molecular methods, more cases have been
reported.

Control of PPR in Turkey is based mainly on
vaccination in all regions of Turkey. Presently, newborn
lambs, kids over 3 months of age, and previously
unvaccinated adult animals are vaccinated. In the case of
outbreaks, susceptible animals in the area are vaccinated.
All sheep and goats have to be vaccinated against PPR
once in their lifetime for animal movement permissions.
Although these vaccination programs exist, vaccination
coverage has been insufficient in some areas, and in this
study the animals in which the PPR virus was detected
were from unvaccinated flocks. Although there was a
mass vaccination campaign during 2010-2012, the highest
number of outbreaks was detected in 2011. The number
of PPR outbreaks reported to the OIE (http://www.oie.
int/wahis_2/public/wahid.php/Diseaseinformation/
statusdetail) from Turkey also showed that the number
of outbreaks was high countrywide that year. In addition
to the vaccination campaign, the conscientiousness of
farmers, interest of veterinarians, and availability of
molecular techniques made the disease more recognizable
and caused previously undiagnosed cases to be diagnosed.
Therefore, at the beginning of the campaign there was
some increase in the number of outbreaks together with
the vaccination of more animals. However, in the following
years, and particularly during 2013, a clear decline was
observed in the number of outbreaks.

For the control of PPR, live attenuated vaccines with
Nigeria 75/1 (lineage I) and Indian strains (lineage IV) are
commercially available (Saravanan et al., 2010). Vaccinated
animals develop an antibody response that cannot be
distinguished serologically from that produced after
natural infection. Therefore, vaccination causes difficulties
in the serological diagnosis of disease and surveillance
studies as well as in molecular diagnosis. In this study,
RT-PCR products were subjected to EcoRI digestion,
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Figure 2. Phylogenetic relationships between PPR viruses detected in Turkey and reference strains from GenBank.
The bootstrap test neighbor-joining method in MEGA 4 software (1000 replicates) was used to draw the tree.
*: Samples were sequenced in this study.
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Percent Identity
2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
1 oo 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 99.6 | 99.6 | 99.8 | 99.3 | 92.8 100 1 TR-Konyal, 2011
2 0 P 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 99.6 | 99.6 | 99.8 | 99.3 | 92.8 100 2 TR-Afyonkara hisar3, 20 11
3 0 0 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 99.6 | 99.6 [ 99.8 | 99.3 | 92.8 100 3 TR-Konya4, 2011
4 0 0 0 e 100 | 100 | 100 | 100 | 100 | 100 | 100 | 99.6 | 99.6 | 99.8 | 99.3 | 92.8 100 4 TR-Antalya6, 2011
5 0 0 0 0 i 100 | 100 | 100 | 100 | 100 | 100 | 99.6 | 99.6 | 99.8 | 993 | 92.8 | 100 5 TR-Antalya8, 2011
6 0 0 0 0 0 ot 100 [ 100 | 100 | 100 | 100 | 99.6 | 99.6 | 99.8 | 99.3 | 92.8 100 6 TR-Konyall, 2011
7 0 0 0 0 0 0 Bl 100 | 100 | 100 | 100 | 100 | 99.6 | 99.6 | 99.8 | 99.3 | 92.8 100 7 TR-Antalyal7, 2011
§ 8 0 0 0 0 0 0 0 e 100 | 100 | 100 | 99.6 | 99.6 [99.8 | 99.3 | 92.8 100 8 TR-Konyal8, 2009
g)b 9 0 0 0 0 0 0 0 0 100 9 TR-Aksarayl19, 2011
§ 10 0 0 0 0 0 0 0 0 TR-Konya20, 2011
5 11 0 0 0 0 0 0 0 0 TR-Isparta21, 2008
12 0 0 0 0 0 0 0 0 TR-Afyonkarahisar22, 2009
13 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 TR-Nigde, 2011, KC476651
14 0.4 0.4 0.4 0.4 0.4 0.4 0.4 | 04 TR-Konya, 2011, KC476652
15 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 TR-Aksaray, 2012, KC476653
16 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 TR-Afyonkarahisar, 2008, KC476654
17 7.4 7.4 7.4 7.4 7.4 7.4 7.4 7.4 Nigeria -75-1 HQ197753
18 0 0 0 0 0 0 0 0 India, Sungri -96 GQ452015
1 2 3 4 5 6 7 8

Figure 3. Percentage identity and divergence of PPR viruses characterized in this study with representative vaccine strains

Nigeria 75/1 of lineage I and Sungri-96 of lineage IV.

as stated by Ozkul et al. (2002). This allowed for the
differentiation of the vaccine strain of Nigeria 75/1 from
field strains. Sequence analysis of 16 viruses also showed
a nucleotide substitution present in EcoRI recognition
sequence site in the amplified genome region of the
vaccine strain Nigeria 75/1. RFLP can be used to detect
genetic variation or molecular differentiation of viruses,
but it is difficult to use the technique in RNA viruses
because of their higher rate of spontaneous mutations
compared with DNA viruses. However, the nucleotide
substitution in EcoRI recognition site seems to be stable
in our lineage IV viruses. Therefore, in routine diagnosis
of disease, restriction endonuclease analysis of RT-PCR
products can be helpful for presumptive differentiation of
field isolates and the vaccine strain of lineage I in countries
like Turkey where lineage IV is endemically present. On
the other hand, comparative analysis of F gene sequences
showed that similarity between our isolates and the Indian
vaccine strain of Sungri-96 was higher than between our
isolates and Nigeria 75/1 vaccine (Figure 3). Although the
vaccine strain Nigeria 75/1 protected against PPR viruses
of other lineages in challenge experiments (Diallo et al.,
2007), with the availability of new lineage IV vaccines, the
comparative efficacy of these against lineage I'V viruses can
be investigated.

In phylogenetic studies generally the N or F gene
sequences have been used, and based on these sequences
PPR viruses were grouped into 4 different lineages.
F-gene-based phylogenetic analysis was performed in
this study. Sequencing data of both F and N genes showed
small variations among PPR viruses, which reflect the
geographical origins of the virus strains (Shaila et al.,
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1996; Diallo et al., 2007). However, the N gene is more
prone to mutations than the F gene (Munir et al., 2013).
No serotype level differences have been detected among
the PPR viruses isolated so far, and only a single serotype
of the virus is accepted. At present no other correlations
between lineage differences and virus properties such
as pathogenicity have been shown. To date, the first 3
lineages of the virus were detected only in Africa. Until
recently lineage IV was confined to Asia, including Turkey
and the Arabian peninsula; currently it is found in North
and Central Africa as well (Albina et al., 2013). Detection
of lineages is a good indicator of virus spread among
countries. Therefore, due to its critical geographical
situation, continuous monitoring of lineages is especially
important for Turkey.

In this study, partial sequence analysis of the F gene
of 16 PPR viruses showed that all belonged to lineage IV.
Phylogenetic analysis of PPR viruses from Turkey, such
as Turkey 96 (Shaila et al., 1996) and isolates by Kul et al.
(2007) and Toplu et al. (2012), showed that all are clustered
into lineage IV. Results showed that PPR virus lineage IV
has been in circulation in Turkey since the disease was first
reported. The phylogenetic analysis of the partial sequence
of the F gene also indicated high sequence homology
among the 16 PPR viruses analyzed in this study and 26
PPR viruses isolated from different provinces of Turkey and
deposited in GenBank. There was no subdivision among
viruses. Munir et al. (2013) detected a clear division in 2
groups among sequences of PPR viruses isolated from an
outbreak and indicated that the genetic divergence among
PPR viruses was slightly higher in the N gene (6.2%) than
the F gene (5.2%). The analyses of the N, M, F, and H gene
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sequences of virulent isolates and vaccine strains of PPR
viruses of Indian origin showed considerable sequence
homology among lineage IV viruses (Balamurugan et
al., 2010). The phylogenetic analysis data obtained so far
showed that PPR viruses circulating in Turkey were also
genetically highly homogenous and stable.

In this study, all samples were taken from necropsied
animals brought to the laboratory, live or dead. PPR virus
was detected at a higher rate in young animals. High
morbidity and mortality rates in young animals were also
reported in other studies (Yesilbag et al., 2005; Albayrak
and Alkan, 2009; Aytekin et al., 2011). As our observations
showed (unpublished data), in young animals severity of
symptoms and mortality rate were higher in PPR virus
infection in the presence of other viruses such as sheep
and goat pox or secondary bacterial infections (Kwiatek et
al., 2007; Ozmen et al., 2009).

The PPR virus is transmitted mainly by aerosols
between animals living in close contact (OIE, 2013). It
is not considered a vertically transmitted disease. In this
study, PPR virus was detected by RT-PCR and isolation
in an aborted sheep fetus. In the PPR-virus—positive
flock, all other bacterial abortion agents by culture,
molecular, and serological methods were negative in
aborted fetuses. Although pestivirus RNA was negative
by RT-PCR, pestivirus antibodies were detected in some
serum samples taken from the flock. In previous years,
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