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1 | INTRODUCTION
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Abstract

Recent outbreaks of Peste des petits ruminants (PPR) in the Marmara region of Tur-
key including the European part of Thrace is important due to its proximity to Eur-
ope (Greece and Bulgaria) and the potential threat of spread of PPR into mainland
Europe. In order to investigate the circulation of PPRV in the region suspect clinical
and necropsy samples were collected from domestic sheep (n = 211) in the Mar-
mara region of Turkey between 2011 and 2012. PPR virus (PPRV) genome was
detected in 10.4% (22 out of 211) of sheep samples by real-time RT-PCR, and PPR
virus was isolated from lungs of two sheep that died from infection. Of the 22 posi-
tive samples nine were used for partial N-gene amplification and sequencing. The
phylogenetic analyses indicated that the virus belongs to lineage IV, the same lin-
eage that is circulating in eastern and central part of Turkey since its first official
report in 1999. In addition, samples from 100 cattle were collected to investigate
potential subclinical circulation of PPRV. However all were found to be negative by
real-time RT-PCR, and also in serological tests indicating the large ruminants were
likely not exposed or infected with the virus. The impact of these findings on the
potential threat of spread of PPR to Europe including the first PPR outbreak in Eur-

ope in Bulgaria on 23rd June 2018 is discussed.
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north of Equator, as well as the Middle East and Asia (Banyard et al.,
2010; Parida et al., 2015).

Peste des petits ruminants (PPR) is a highly contagious, acute, notifi-
able and economically important viral disease of small ruminants
(goats and sheep). Following the successful eradication of rinderpest
virus, the World Organization of Animal Health (OIE) and the Food
and Agriculture Organisation (FAO) aim to globally eradicate the dis-
ease by 2030. PPR was long considered to be confined to West
Africa but later it was described throughout Africa (with the excep-

tion of some southern African countries) from south of Sahara to

The causative agent PPR virus (PPRV) is an enveloped, non-seg-
mented negative sense single-stranded RNA virus which is classified
in the Morbillivirus genus of the Paramyxoviridae family (Gibbs, Taylor,
Lawman, & Bryant, 1979). The viral genome consists of eight tran-
scriptional units identified as 3’-N-P/C/V-M-F-H-L-5’, and each gene
is separated by intergenic regions. PPRV has a single serotype but it
is genetically divided into four distinct lineages (I, Il, Ill and IV) on

the basis of partial sequence analysis of the fusion (F) protein gene
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(Forsyth & Barrett, 1995) and the nucleoprotein (N) gene (Couacy-
Hymann et al., 2002) favouring the N-gene sequence comparison to
F gene sequence comparison (Kumar et al., 2014).

Turkey is located in the eastern Mediterranean and is a bridge
between the continents of Europe and Asia. Turkey is among the
highest small ruminant farming countries in the world, with an
estimated sheep population of 31.5 million heads and a goat pop-
ulation of 10.4 million heads in 2016 (http://www.fao.org/faostat/
en/?#data/QA retrieved on 24th of October, 2018). Europe is free
of PPR. While this paper was at revision stage the first PPR out-
break was reported in Bulgaria on 23rd June 2018. In Turkey
PPRV infection was first officially reported in southern and east-
ern Anatolia in 1999 (OIE, 1999). OIE has reported approximately
1,000 (997) PPR outbreaks in Turkey from 1999 to 2018 (Fig-
ure 1a). These outbreaks reached climax in 2007 and 2011 espe-
cially in the Marmara and Aegean regions of Turkey. In Thrace
(the European part of Turkey), PPRV infection was reported in
Istanbul in 2000 followed by Edirne (bordering Greece) in 2004
and Kirklareli (bordering Bulgaria) in 2006 (Figure 1b). The last
outbreak was reported in 2014 on the European border in the
Thrace region, and a total of 55 outbreaks were reported in this
region since the first report of the disease (http://www.oie.int/wa
his_2/public/wahid.php/Diseaseinformation/statusdetail). While this
paper was at revision stage a new outbreak was reported in Istan-
bul (Figure 1b) in May, 2018. Similar to the situation in North
Africa, outbreaks of PPR in Turkey pose a significant threat to
Europe for the incursion of the disease (Parida et al, 2016).
Therefore this study was designed to investigate the circulation of
PPRV in domestic small ruminants (sheep) in the Marmara region
of Turkey. In addition attempts were also made to look into the
large ruminant population in the same region which may provide
a snapshot of virus infection within populations where mild dis-
ease is present or where small ruminants are regularly vaccinated
(Abubakar et al., 2017).

2 | MATERIALS AND METHODS

2.1 | Ethics statement

This study was approved by the Animal Experiments Ethics Commit-
tee of Istanbul University, Istanbul, Turkey and performed in strict
accordance with the recommendations of the Animal Experiments

Ethics Committee.

2.2 | Study area and sample collection

The Marmara region of Turkey bordering Europe was selected for this
study. Samples were collected from sheep from 10 administrative dis-
tricts (out of 11, except Bilecik province) in the Marmara region of Tur-
key, between June 2011 and March 2012 (Figure 2). A two stage
sampling design was followed in which the first stage was taken for-
ward through questionnaires to select the farms to sample, and the
second stage was to select the animals to sample within each farm.
The farms mainly contained sheep with a flock size of 50-300 animals;
no goats were encountered in these farms during the course of the
study. The animals were over 6 months of age and reported to be
unvaccinated by the farmer. Within the districts, some farms practiced
mixed farming involving the housing and maintenance of large and
small ruminants in close contact. Following this design, a total of 19
farms from seven administrative districts, namely Canakkale (n = 2),
Edirne (n = 1), Istanbul (n = 6), Kirklareli (n = 1), Kocaeli (n = 2),
Sakarya (n = 1) and Tekirdag (n = 6) were selected and biological sam-
ples were collected from a total of 111 animals (both male and female)
selected randomly from each farm taking blood and nasal swabs from
each animal. From each farm, a maximum number of 15 animals were
sampled depending on the flock size. Within the district where PPR
like symptoms (fever, respiratory distress, ocular and nasal discharge,
weakness, diarrhoea etc.) were observed in some farms, attempts were

made to collect samples from other farms where animals were not
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FIGURE 1 (a) PPR outbreaks reported in different regions of Turkey from 1999 to 2018 (2018: January to June). All data were taken from OIE

official web site (http://www.oie.int/wahis_2/public/wahid.php/Diseaseinformation/statusdetail). (b) PPR outbreaks reported in different
provinces in the Thrace region and rest of Marmara of Turkey from 2000 to 2018 (2018: January to June). All data were taken from OIE official
web site (http://www.oie.int/wahis_2/public/wahid.php/Diseaseinformation/statusdetail) [Colour figure can be viewed at wileyonlinelibrary.com]
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showing any PPR like symptoms with the exception of Edirne and Kirk-
lareli. In addition, lung samples were collected from 100 sheep (about
2-12 months old) from 10 administrative districts at post-mortem that
died with respiratory distress symptoms or slaughtered for meat pur-
pose (Table 1) making it a total of 211 samples.

Cattle and buffalo can also be infected with PPRV without show-
ing any clinical symptoms and sero-convert (Ozkul et al., 2002; Abra-
ham et al, 2005; Abubakar et al, 2017). Following the same
sampling strategy blood and nasal swabs were collected from 50 cat-
tle from 13 farms from seven administrative districts, namely Canak-
kale (n = 2), Edirne (n = 1), Istanbul (n = 4), Kirklareli (n = 1), Kocaeli
(n = 2), Sakarya (n = 1) and Tekirdag (n = 2) to account for subclinical
infection. The farms had a flock size of 30-200 animals and were
different to the farms where samples from sheep were collected. In
each farm, a maximum number of 6 animals were sampled depend-
ing on the flock size. In addition, lung samples from 50 slaughtered
cattle originating from the same region were also collected making it
a total of 100 samples (Table 1).

Samples were transported to the laboratory on ice (4-8°C). The swabs
and tissues were stored at —70°C until used while blood samples were
processed immediately. The buffy coats from the blood samples with
EDTA were collected and stored at —70°C for RNA extraction. Serum
was separated from clotted blood and stored at —20°C until tested.

2.3 | Antibody detection

Sera collected from sheep (n = 111) and cattle (n = 50) were tested
for the presence of PPRV-specific antibodies using the anti-
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nucleoprotein (N) PPRV competitive ELISA (cN-ELISA, ID Screen®
PPR Competition ELISA, ID.Vet, France). The assays were performed
and analysed following the manufacturer's instructions. Samples with
percentage inhibition (Pl) value <50% were considered positive. All
the tests were carried out in duplicate, and the borderline positive
samples were repeat tested to confirm results. The average of two

results was used in subsequent analysis.

2.4 | Virus isolation

For isolation of PPR virus from lung tissues the tissues were processed
following the method as previously described (Clarke, Mahapatra, Fried-
gut, Bumbarov, & Parida, 2017). The filtered lung homogenate was
used for RNA extraction and also for virus isolation on Vero.DogSLAM
(VDS) cells. The cells were checked every day for the appearance of
PPRV-specific cytopathic effect (CPE) for 7 days, and at least 4 blind
passages were carried out before the samples were declared negative.

2.5 | RNA extraction and real-time reverse
transcription-Polymerase chain reaction (QRT-PCR)

All clinical samples were screened for the presence of viral nucleic
acid by gRT-PCR. For the extraction of total RNA from cell culture
supernatant, buffy coat and nasal swabs, QlAamp Viral RNA mini kit
(Qiagen) was used whereas RNeasy mini kit (Qiagen) was used for
tissue samples. Extraction procedures were carried out according to
the instructions of the manufacturer. The presence of PPRV nucleic
acids in these samples was determined by qRT-PCR following the
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FIGURE 2 Districts of Marmara region of Turkey from where samples were collected in this study [Colour figure can be viewed at

wileyonlinelibrary.com]
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TABLE 1 Details of the samples and results of biological samples (nasal swab, blood and lung tissue) collected from sheep for this study

Nasal swab and blood samples

Lung tissues

Provinces  No. of blood No. of No. of No. of No. of No. of

in the and nasal No. of positive, positive, No. of positive  blood nasal lung No. of
Marmara swabs positive  only blood only nasal in both blood samples swabs samples No. of samples
region tested sera sample swab and nasal swab sequenced sequenced tested positive sequenced
Edirne® 10 (10) - - - - NT NT 7 (1) - NT
Kirklareli® 3(3) - - = = NT NT 5 (4) 2 =
Tekirdag® 25 (8) - - - - NT NT 17 (10) 3 -
Istanbul® 35 (28) 4 - 2 1 - 2 23 (16) 4 4
Canakkale 21 (15) 1 - 2 1 - 11 (6) - NT
Bursa — - — — — NT NT 2(2) — NT
Balikesir - - - - - NT NT 7(7) 1 -
Yalova - - - — - NT NT 4 - NT
Kocaeli 10 (2) 2 1 2 — 1 - 16 (9) — NT
Sakarya 7 - - - - NT NT 8 (3) 3 1
Total 111 (66) 13 2 4 3 2 2 100 (58) 13 5

—: negative; NT: not tested.

®Indicates provinces in the Thrace region of Turkey. The numbers in parenthesis indicates the samples collected from sheep showing PPR like clinical
symptoms (fever, respiratory distress, purulent occular and nasal discharges, weakness, diarrhoea)/pathological lesions (pneumonia, haemorrhage in lung)

wherever applicable.

method of Kwiatek et al. (2010) using Superscript Il Platinum R one
step qRT-PCR system kit (Invitrogen).

2.6 | Reverse Transcription (RT), Polymerase Chain
Reaction (PCR) and nucleotide sequencing

Samples found positive by gRT-PCR were selected for PCR and
sequencing. The viral RNA was reverse transcribed and the C-termi-
nus of the N-gene was amplified as previously described (Baazizi et
al., 2017). The PCR amplicons were purified using the QIAEXII PCR
purification kit (Qiagen) according to the manufacturer's instructions
and sent to a commercial company (REFGEN, Ankara, Turkey) for
sequencing. Sequences were assembled and analysed using SeqMan
Il (DNAStar Lasergene 8.0). Alignments of the N-gene sequences
were made using the Clustal W program and used for construction
of distance matrices using the Kimura 2-parameter nucleotide substi-
tution model (Kimura, 1980) as implemented in the programme
MEGA 6.0 (Tamura, Stecher, Peterson, Filipski, & Kumar, 2013). A
maximum-likelihood phylogenetic tree was then generated using
MEGA 6.0, and the robustness of tree topology was assessed using
1,000 bootstrap replicates.

2.7 | Data analysis

The data analysis was carried out using Minitab 7.0 software.

3 | RESULTS AND DISCUSSION

In Turkey PPRV infection was first officially reported from South-
eastern Anatolia, Eastern Anatolia and Mediterranean region in

October 1999, and from the Aegean region in December of the
same year (OIE, 1999) though there had been some previous reports
of the presence of the virus in the country (Alcigir, Atalay Vural, &
Toplu, 1996; Tatar, 1998; Ozkul et al., 2002). The following year
(2000) PPRYV infection was reported from all of the regions in Turkey
including Istanbul (part of Thrace in the Marmara region). The out-
breaks spread to other provinces in Thrace, Edirne in 2004 and Kirk-
lareli in 2006. In the year 2006, two further outbreaks were
recorded in Tekirdag province of Thrace. Since then PPRV outbreaks
have occurred in different regions of Turkey including Marmara
every year although the last outbreak in Thrace region was recorded
in 2014 in Kirklareli (Figure 1b). Though the Thrace region was free
of PPR for 3 years (2015-2017), the disease reappeared in the
Thrace region of Turkey again; one PPR outbreak was reported in
Istanbul in May 2018 (http://www.oie.int/wahis_2/public/wahid.
php/Diseaseinformation/statusdetail).

The presence of PPR in Turkey is significant because of the
unique geographical position of the country and the threat to bor-
dering countries where large population of naive animals exist (Par-
ida et al., 2016). Following the continuous outbreaks in Turkey since
1999 the General Directorate of Food and Control division of Tur-
key's Ministry of Food, Agriculture and Livestock was engaged in a
European Union funded project titled “Tagging and Vaccination of
Sheep and Goats (project no: TR 0802.08)". The project continued
for 3 years starting in spring of 2010 and aimed at (a) identification/
registration of the entire sheep and goat populations nationwide;
and (b) control of PPR by means of efficient vaccination policies.
During this project (a) approximately 65 million small ruminants (both
existing and new populations) were ear tagged and registered in a
database in order to be able to trace their movements in line with
the EU requirements; (b) 90 million small ruminants were vaccinated
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against PPR over 3 years. Although the project did not succeed in
eliminating PPR from the region, it significantly reduced the PPR
outbreaks in Turkey including the Marmara region.

Among the 111 sheep sampled for nasal swabs and blood in this
study, 66 sheep (59.45%) exhibited PPR like clinical symptoms such
as respiratory distress, purulent ocular and nasal discharges, weak-
ness and diarrhoea. Similarly amongst 100 sheep sampled for lung
tissue at post-mortem, pneumonia and haemorrhages in the lungs
were observed in 48 (48%) sheep.

Out of 111 sheep sera analysed in this study, antibodies to PPRV
were detected in 11.7% sheep. These sera originated from 4 differ-
ent farms in the Marmara region, one from Kocaeli, two from Istan-
bul and one from Canakkale (Table 1), but none from the provinces
(Edirne, Kirklareli and Tekirdag) immediately bordering Greece and
Bulgaria. This indicates prior circulation of PPRV in the region as
these animals have not been previously vaccinated. This is not sur-
prising as PPR outbreaks have been reported continuously in the
Thrace region of Turkey from 2006 to 2014 (Figure 1b). Both low
and high PPR antibody sero-prevalence (2.75%-74%) have been
reported in many countries by using ELISA (Al-Naeem, Elzein, & Al-
Afaleq, 2000; Singh, Saravanan, Sreenivasa, Singh, & Singh, 2004;
Zahur et al., 2008; Balamurugan etal., 2011). The percent of
seropositive animals found in this study is lower than that (14.9%
and 87.9%) previously reported in Turkey (Tatar & Alkan, 1999;
Ozkul et al., 2002; Tatar et al., 2002; Albayrak & Alkan, 2009). Com-
parison of antibody sero-prevalence results of this study and previ-
ous studies in Turkey shows that the prevalence of PPR in the
Marmara region, especially in Thrace is much less in comparison to
other areas in Turkey.

All the samples collected in this study were subjected to gRT-
PCR in order to detect presence of PPRV nucleic acid. Of the 211
sheep samples tested in this study 22 (10.4%) were found to be pos-
itive with threshold cycles values (Cy) values ranging from 22 to 38.
Of these nine (9) samples (blood: 2, nasal swabs: 4 and both blood
and nasal swabs: 3) were biological samples collected from live ani-
mals whereas the remainder 13 were from the lung tissue samples
(out of 100 samples) collected during necropsy (Table 1). All the bio-
logical samples (n = 38) collected from the provinces (Edirne, Kirk-
lareli and Tekirdag) immediately bordering Greece and Bulgaria were
found to be negative in gRT-PCR; however five lung samples (out of
29 samples), two from Kirklareli and three from Tekirdag, were posi-
tive albeit with very high C; values (above 35). All the samples posi-
tive in gRT-PCR (n = 22) were subjected to conventional RT-PCR to
amplify a 351 bp product of C-terminus of the N gene. A total of
nine amplified products were obtained that originated from five lung
tissues, two nasal swabs and two blood samples. The C; value of the
samples that were amplified in conventional PCR was between 22
and 32 while the remainder that could not be amplified ranged from
33 to 38.

A total of nine (9) partial N-gene sequences were generated in
this study and submitted to NCBI (GenBank accession number
KJ764831, KJ764832, KJ764833, KJ797011, KJ797012, KJ797013,
KJ797014, KJ797015, KJ797016). All the partial N-gene sequences
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(n = 7) from the lungs and blood samples were identical. However,
the two samples from the nasal swabs had two nucleotide differ-
ences (synonymous changes) compared to the sequences from the
lungs and blood samples resulting in 99.2%-100% identity at nucleo-
tide level among the viral sequences generated in this study. Further,
all the viral sequences (available in NCBI database) from the Mar-
mara region (n = 26) collected between 2010 and 2011 were anal-
ysed, and found to be 98.8%-100% identical at nucleotide level. The
partial N-gene sequences generated in this study were further com-
pared to the sequences of the historic strains from Turkey (Turkey
96 and Turkey 2000). Compared to the first virus characterized from
Turkey available in NCBI (Turkey 96 - DQ840184) the sequences
from samples isolated in 2011 (this study) were 4% different at
nucleotide level whereas they were 2.4% different to Turkey 2000
(AJ563705) sequence.

The partial N-gene sequences of the neighbouring countries
available in NCBI database were retrieved to be included in the
phylogenetic analysis. The sequences that contained the full 255
nucleotides at similar position of the N-gene (n = 56) were only
selected making it a total of 65 sequences. A phylogenetic analysis
of the partial N-gene sequences (Figure 3) indicated that all the
sequences generated in this study were of lineage IV, as described
previously (Ozkul et al., 2002; Yesilbag, Yilmaz, Golcu, & Ozkul,
2005; Guler, Sevik, & Hasoksuz, 2014; Sevik & Sait, 2015) and were
in the same sub-cluster of Turkey-2000. However, previously
reported Turkey 1996 strain clustered together with viral sequences
from lIsrael, India and Saudi Arabia. Recently, 13 viral sequences
originating between years 2014-2016 from central Anatolia and
Antalya province of Turkey were made available in GenBank, and
retrieved to be included in the analysis. The identical sequences
were excluded resulting in addition of only seven sequences in the
analysis. These sequences clustered within the Turkey cluster, but
separate to the sub-cluster of Marmara viruses. These 2014-2016
viruses were 2.8%-3.98% different at nucleotide level when com-
pared to the 2011 Marmara PPR viral sequences generated in this
study.

Live infectious virus was isolated from two lung samples on 3rd
day of inoculation using VDS cells and on 5th day using Vero cells
(data not shown). Culture supernatants from those cells were tested
in gRT-PCR and were found to be strongly positive.

No clinical symptoms were observed in cattle sampled in this
study. During necropsy at the slaughter house no PPRV-specific
pathological findings were observed. In serological tests no antibod-
ies to PPRV were detected in cattle sera. All the samples were also
negative in qRT-PCR assays. This indicates that the large ruminants
have not been infected with the PPR virus meaning there is no con-
tinuous circulation of PPR virus in cattle in the region. In comparison
to PPR virus circulation in cattle in other endemic countries i.e. Pak-
istan (10%; Abubakar et al., 2017) and India (11%; Balamurugan et
al., 2014) it is reassuring that the Marmara region of Turkey is not
yet intensely endemic for PPR. The occasional outbreaks of PPR in
the Thrace region could be due to the movement of infected sheep
and goats from other endemic regions of Turkey.
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JQ388646-TR/ICANAKKALE/2011/3934
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JQ388639-TR-BILECIK-2011-18
JQ519920-TR/KIRKLARELI2011/2
JQ519911-TR/BILECIK/2011/11
JQ519910-TR/BILECIK/2011/10
JX117878-TR/EDIRNE/2011/sheep
*KJ797016-TR/Biga/2011/blood-sheep
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JX117880-TR/TEKIRDAG-sheep
JQ519961-TR/ITOKAT/2011/1-sheep
JQ519920-TR/KIRKLARELI2011/2-sheep
JQ388648-TR/EDIRNE/2011/17-sheep
. JQ388648-TR/EDIRNE/2011/17
| *KJ797012-TR/IST05/2011/swab-sheep
80! *KJ797013-TR/IST06/2011/swab-sheep
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JQ388644-TR/ICANAKKALE/2010/341
JQ388660-TR/ASTANBUL/2010/583
— AJ563705-Turkey/00
KX781307-TR/NIGDE/2014/PPRV/616
KU987612-TR/NIGDE/2015/PPRV/1553
KU987610-TR/AKSARAY/2015/PPRV/1549
KU325487-TRIANTALYA/2015/PPRV/1531
KX781308-TR/KARAMAN/2015/PPRV/1813
8 KX781306 TR/AKSARAY/2016/PPRV/745
KU325485-TR/ANTALYA/2015/PPRV/1464
KY5§50670-Iran/BH11/16-2 /2015
DQ840198-Tajikistan/04
GQ122187-Dindori 08-goat
EU340363-Tibet0702-China

|z

B8

DQ840181-Israel-95/3

4— DQ840184-Turkey 96
DQ840197-Saudi Arabia 99/8

a0 DQ840176-India-94
DQB40177-India-Calcutta/95
KC152953-Iran/2011/Shiraz101

a8

JX398129-Eritrea/11-goat
DQ840185-Iran 98

8 KC594074-Morocco 2008-goat
DQ840195-Saudi Arabia 99/7
KY646062-Georgia/1/2016
JN202925-Egypt-goat-2010
KJ867541-Ethiopia 2010-sheep
HQ131931-EdDamar-NSUD08-ovine
JX312807-2/[EGY/2012-sheep

DQ840165-Senegal-68 ]

9 DQ840199-Cote divoire 89
—  DQ840168-Oman/lbri/83

1wl—— KJ867543-Uganda 2012-goat ]

I
III

While this paper was at revision stage a PPR outbreak was
reported in Bulgaria (1st PPR outbreak in the EU) on 23rd June
2018 in sheep in Bolyarovo municipality in Jambol region on the
border with the Thrace region of Turkey (Supporting information
Figure S1). In a flock of 540 sheep (n = 380) and goats (n = 160), 2
sheep tested positive and one died, with disease confirmed by
national reference laboratory, Bulgaria and later on by the EU refer-
ence laboratory, CIRAD, France. Control and eradication measures
included stamping out of the infected herds, including preventive

culling of all other small ruminants reared in the village (about 800

KC207885-Pakistan/MM79/Camel/2012

JX079994-Gabon Aboumi1 2011-sheep

Marmara

Turkey

Anatolia

FIGURE 3 Neighbor-joining tree
constructed on the basis of partial N-gene

KM068122-Tunisia-Kairouan 2013-sheep sequences of peste des petits ruminants

virus (PPRV), showing relationships among
the PPRV isolates from Turkey. The
Kimura 2-parameter model was used to
calculate percentages (indicated by
numbers beside branches) of replicate

DQ840164-Nigeria 76/1
ﬂEOZDSO-SiermLeonelKabala11‘2009-goat 11 trees in which the associated taxa
%8 KJ466104-Ghana/NK1/2010-sheep

clustered together in 1,000 bootstrap
replicates. The sequences generated in this
study are indicated by an asterisk at the
begining of the taxon name. Scale bar
indicates nucleotide substitutions per site

sheep and goats, in total), the establishment of protection and
surveillance zones, movement restriction and intensified surveillance
in the municipalities located along the border of the country with
3rd countries not free from PPR (http://oie.int/wahis_2/public/wa
hid.php/Diseaseinformation/WI). The second outbreak of PPR was
confirmed in Kosti village in Burgas region on 28th June, 2018 (Sup-
porting Information Figure S1). Stamping out policy included culling
of all small ruminants reared in the village. Ten kilometre zones were
established and enhanced surveillance was implemented (http://oie.
int/wahis_2/public/wahid.php/Diseaseinformation/WI). Further, four
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new outbreaks of PPR were reported in Krainovo (n = 1), Strandzha
(n = 1) and Sharkovo (n = 2) in Bolyarovo on 9th July, 2018 in addi-
tion to the first two outbreaks. As with earlier outbreaks, stamping
out and preventive culling were carried out (http://oie.int/wahis_2/
public/wahid.php/Diseaseinformation/WI). The distance between
Turkish border and Bolyarovo, Bulgaria is about 20 km. Therefore it
is possible that the source of the outbreak could be from Turkey
because of either illegal movement of sheep and goats incubating
the disease due to free border between the countries including
transport of animals by less obvious route such as a boat returning
from Turkey to Bulgaria or the spread of the disease through wildlife
(Parida et al., 2016). The viruses currently causing PPR outbreaks in
Bulgaria have not been defined yet; however ongoing molecular epi-
demiological studies in reference laboratories, i.e. sequencing the
causative agent, could confirm the origin of the virus.

In conclusion, PPR is endemic in Turkey including the Marmara
region. There is a potential risk of spread of PPR to Europe as a large
number of small ruminants are transferred within Turkey, particularly
from areas of high endemicity to the Marmara region of Turkey. In
addition there is another potential route of transmission as Turkey is
directly connected to mainland Europe, and hosts the same community
of wild ruminants (susceptible to PPR virus) as Europe including, roe
deer and red deer. These animals are widespread and abundant wild
ruminants in Europe, including Bulgaria and Greece bordering Turkey,
and may serve as a bridging species for PPRV transmission between
distant populations of infected and healthy domestic sheep and goat
populations (Parida et al., 2016). There is also evidence of wild goats
and white-tailed deer being either clinically or experimentally infected
by PPRV (Hoffmann et al., 2012; Hamdy & Dardiri, 1976). Further from
our unpublished data we have recorded wild boars and warthogs in
Africa are positive for PPR antibodies. Recently, suids including wild
boar have been reported to be experimentally clinically infected with
PPRV (Schulz, Fast, Schlottau, Hoffmann, & Beer, 2018). However, at
the moment the role of wildlife in the spread of the disease is
unknown, and may warrant a survey in future. Therefore continuous
monitoring of the disease, tracing of movement of animals in the Mar-
mara region and maintaining a buffer zone in Thrace by regular vaccina-

tion is essential to prevent spread of the disease to Europe.
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