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Journal of Etlik Veterinary Microbiology Publication Conditions

1. The Journal is a refereed, scientific publication of Republic of
Turkey Ministry of Food, Agriculture and Livestock, Directorate of
Etlik Veterinary Control Central Research Institute and is published
two issues in a year. The abbreviation of the journal is ““J Etlik Vet
Microbiol”.

2. In the Journal of Etlik Veterinary Microbiology, original research
articles, actual reviews, case reports, short communications on the
issue of veterinary medicine whose one part or whole have not been
published in any other place before, and news from the institute
are published. The review articles will be accepted only if they are
original, actual and not repeating the classical knowledge. The au-
thor of the review is asked to possess original publications or re-
searches on the subject at national or international levels.

3. Manuscripts that will be prepared in Turkish and English should
be typed as a full text, on A4 paper with 12 pt, in Times New Ro-
man typing character, double-spaced and with 30 mm space in both
sides of the paper. Manuscripts including figures and tables should
not exceed 16 pages for original research articles, 10 pages for re-
views, 6 pages for case reports and 4 pages for short communica-
tions.

4. Manuscript written in Microsoft Word format and figures in
JPEG format at minimum 300 dpi resolution should be submitted
to etlikvetmikrobiyolderg@gmail.com

5. Original research articles and case reports should include in fol-
lowing rank: title, name(s) of the author(s), their addresses, abstract
and key words in English, title, abstract and key words in Turkish,
introduction, material and method, findings, discussion and conclu-
sion, acknowledgements and references. In short communications
and reviews, divisions except summaries should be omitted.

6. Original research articles and case reports should be arranged
and composed as in the following.

Title should be brief, explanatory and written in small caps.
Explanation(s) about the study should be written as footnotes.
Author(s) should be mentioned by their names and surnames; their
surnames should be written in capital letters and author(s) title
should not be mentioned. ORCID numbers should be written.
Summary should be in Turkish and English, single paragraph and
composed of at most about 500 words.

Key words must be selected from Medical Subject Headings,
should be written in alphabetical order and should not exceed 5
words.

Introduction not exceeding two pages should include a short re-
view of the literature related with the subject and in the end para-
graph; the aim of the study should be mentioned.

Material and Method should be written in an essential and com-
prehensible manner without getting into details. Subtopics should
be mentioned first in bold and after in italic type.

Findings should be shortly explained and data should not be re-
peated within the text. Legends should be indicated at the top of
each table, whereas should be indicated at the bottom of each figure
and print. Vertical lines are not allowed in tables.

Discussion and Conclusion must include the evaluation and com-
parison of results with other researchers’ findings. The study’s con-
tributions to the existing literature should also be explained briefly.
Acknowledgements must be indicated before references if neces-
sary.

References should be listed alphabetically and chronologically by
numbers. In the body of text, reference must be shown by author’s
surname and list number or only by list number within square pa-
renthesis. If there is more than one reference that refers to the same
issue, these should be arranged by smallest to biggest reference list

numbers at the end of sentence. If the reference is more than two
authors, the surname of the first author should be written and other
authors should be mentioned with the abbreviation of “et al.”. For
the abbreviation of journals, the latest edition of the “Periodical
Title Abbreviations: By Abbreviation” should be taken as basis. If
the author(s) have more than one publication within the same year,
besides the publication date, it should be mentioned as “a” and “b”
in the list of references.

The writing of the references and their alignment should be as in
the following examples.

For articles:

Dubey JP, Lindsay DS, Anderson ML, Davis SW, Shen SK, (1992).
Induced transplacental transmission of N. caninum in cattle. ] Am
Vet Med Ass. 201, 709-713.

For books:

Fleiss J1, (1981). Statistical methods for rates and proportions.
Second edition. New York: John Willey and Sons, p.103.

For edited books:

Balows A, Hausler WJ, Herramann Kl, eds., (1990). Manual of
Clinical Microbiology. Fifth edition. Washington DC: IRL Press,
p-37.

For chapter in edited books:

Bahk J, Marth EH, (1990). Listeriosis and Listeria monocytogenes.
Cliver DD. eds. Foodborne Disease. Academic press Inc, San Di-
ego. p.248-256.

For congress papers:

Cetindag M, (1994). Pronoprymna ventricosa, a new digenic trem-
atoda from the Alosa fallax in Turkey. Eighth International Con-
gress of Parasitology (ICOPA VIII), October, 10-14, izmir-Turkey.
For dissertations:

Aksoy E, (1997). Sigir Vebasi hastaligimin histolojik ve Immuno-
peroksidaz yontemle tanist tizerine ¢alismalar. PhD Thesis, Ankara
University Institute of Health Sciences, Ankara.

Corresponding address, in multiple-author studies, as a corre-
spondence address, only one of the authors’ name/surname, address
and e-mail should be mentioned at the end.

7. Genus and species names in Latin should be written in italic. All
measures should be given according to the SI (Systeme Internatio-
nale) units.

8. The articles that are sent to be published in the journal should be
sent with a covering letter and “Publication Rights Transfer Agree-
ment” signed by all of the authors. The selected articles for the
publication, and if asked for, the decision of the editorial commit-
tee concerning the publication, are declared to the article’s author/
authors.

9. The wording of “Ethical Commission Permission is obtained”
should appear in scientific studies based on animal experiments,
which will be published in the Journal of Etlik Veterinary Micro-
biology.

10. As the edition of the sent articles are done in accordance with
the original text, all responsibility of the articles bear on the au-
thors.

11. Researches that aim at comparisons of the products with their
commercial names are out of the journal’s theme scope.

12. The trademarks of materials and products that are subject of the
research should not be mentioned.

13. If the research is supported by a foundation, name of the foun-
dation and project number must be mentioned.

14. The articles that are sent to the journal are published in line with
their coming date.

15. Unpublished papers are not returned to their author.
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Yayin Hakki Devri Sozlesmesi
Etlik Veteriner Mikrobiyoloji Dergisi - Ankara
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YAYIIIN QA1 ettt h et ettt a et bt bt e st et e e bt a e et b e bt ea b et bt st et et sbeententeerea
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Yukaridaki makalenin tiim haklar1 Etlik Veteriner Mikrobiyoloji Dergisi’ne devredilmistir.

Yazar ad/lar1 Imza Tarih

Copyright Release
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has not been previously published or that if has been published in whole or in part, any permission neces-
sary to publish it in the above mentioned journal has been obtained and provided to the Journal of Etlik
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tive upon acceptance for publication.
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Dual Infection of Sheep Aborted Foetus with Peste des Petits Ruminants Virus

and Brucella melitensis
Murat Sevik', Yasin Giilcii?, Miige Dogan'

! Department of Molecular Microbiology, Veterinary Control Institute, Konya, Turkey
? Department of Bacteriology, Veterinary Control Institute, Konya, Turkey

Gelis Tarihi / Received: 18.09.2017, Kabul Tarihi / Accepted: 01.11.2017

Abstract: In this study, we investigated the potential roles of Brucella melitensis and PPR virus (PPRV) infections in
a case of sheep abortion. Samples were collected from PPR-suspected ewe and its aborted foetus from a sheep flock in
the Antalya Province in the Mediterranean region of Turkey in 2016. The presence of Brucella spp. directly assessed
by bacterial isolation and detection of PPRV was carried by real time RT-PCR. Genetic characterization of the PPRV
field isolates was conducted by sequencing the fusion (F) gene of PPRV. Brucella strain was isolated from the samples
of aborted sheep foetus, and it was identified as Brucella melitensis by biochemical characteristics, agglutination with
monospecific A and M sera. PPRV RNA was detected in samples of PPR-suspected ewe and its foetus. Phylogenetic
analysis showed that the field isolate of PPRV obtained in this study was clustered within lineage IV. To the best of
our knowledge, this is the first report on the dual infection of aborted sheep foetus with PPRV and Brucella melitensis.

Key words: Sheep foetus, Peste des petits ruminants virus, Genetic characterization, F gene, Brucella melitensis

Abort Olmus Koyun Fotusunun Peste des Petits Ruminants Virus ve Brucella melitensis ile
ikili Enfeksiyonu

Ozet: Bu ¢alismada bir koyun abort vakasinda, koyun ve kegi vebasi virusu (PPRV) ile Brucella melitensis’in potansi-
yel rolleri arastirtlmigtir. Calismada kullanilan 6rnekler, 2016 yilinda Tiirkiye’nin Akdeniz Bolgesinde yer alan Antalya
flindeki bir koyun isletmesindeki PPR siipheli bir koyun ve bu koyunun fotusundan elde edilmistir. Brucella spp. varhg
bakteriyel izolasyon, PPRV ise real time RT-PCR yontemi ile arastirilmisti. PPRV’unun genetik karakterizasyonu,
PPRV’unun flizyon (F) geninin sekans analizi ile gergeklestirilmistir. Abort koyun fotusundan izole edilen Brucella susu
biyokimyasal karakteri ve monospesifik A ve M serumlari ile agliitinasyonuna bagl olarak Brucella melitensis olarak
identifiye edilmistir. PPR siipheli koyun ve fotusunda PPRV tespit edilmistir. Filogenetik analiz sonucu, bu ¢alismada
izole edilen PPRV saha susunun lineage IV’de yer aldig1 belirlenmistir. Bizim bildigimiz kadariyla, bu ¢alisma koyun
fotusunun PPRV ve Brucella melitensis ile ikili enfeksiyonu hakkindaki ilk rapordur.

Anahtar Kelimler: Koyun fotus, Koyun ve kegi vebasi virusu, Genetik karakterizasyon, F gen, Brucella melitensis

Olgu Sunumu / Case Report

Introduction

Peste des petits ruminants (PPR) is a highly conta-
gious disease of small ruminants, which is charac-
terised by high fever, pneumonia and enteritis. The
causative agent, peste des petits ruminants virus
(PPRV) belongs to the Morbillivirus genus of the
Paramyxoviridae family [6]. Transmission of PPRV
mainly occurs during close contact [3]. However,
vertical transmission of PPRV has been reported
[9,16].

B. melitensis, the main etiological agent of bru-
cellosis in small ruminants, is the most important
and pathogenic Brucella spp. with a worldwide
distribution [14]. B. melitensis is usually transmit-
ted both vertically and horizontally. It can cause

abortions and stillbirths [11]. Furthermore, border
disease virus (BDV) can be one of the causes of
abortion in small ruminants [12]. The current study
was conducted to investigate the potential roles of
B. melitensis, PPRV and BDV in a case of sheep
abortion.

Material and Methods
Collection of samples

An aborted sheep foetus was submitted to the Konya
Veterinary Control Institute from a sheep flock in
the Antalya Province in the Mediterranean region
of Turkey in 2016. According to farmer’ report, fe-
ver, ocular and nasal discharge and nodular lesions
around the mouth were observed in the ewe before
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abortion, and abortions occurred at 2 months of ges-
tation. The rate of abortion in this flock was 25%
(20/80). Foetal stomach contents and liver of the
aborted foetus were collected. Furthermore, nodular
lesions of ewe that had aborted and internal organ
specimens (spleen, lung and liver) of aborted foetus
were collected for PPRV detection.

Bacteriological examinations

Samples from stomach contents and liver of the
aborted foetus were inoculated onto Farrell’s me-
dium (5-10% v/v sterile inactivated horse serum)
(Oxoid, SR0035) supplemented with Brucella se-
lective supplement (Oxoid, SRO83A). After incuba-
tion of the plate at 37°C and 5% CO, conditions for
7 days, the observed colonies were investigated and
identified as Brucella spp. by morphological, cul-
tural and characteristics. The strain was biotyped by
agglutination with monospecific A and M antisera
[11].

Samples were also inoculated onto
Campylobacter agar base with selective supplement
(Oxoid, SRO69E) and 7% defibrinated sheep blood
and MacConkey agar for isolation of other bacterial
agents.

RNA extraction and real-time RT-PCR

Viral RNA extraction was carried out from the
nodular lesions of ewe that had aborted and organ
specimens of aborted foetus using a QlAamp Cador
Pathogen Mini Kit (Qiagen, Hilden, Germany) in
a QIAcube (Qiagen, Hilden, Germany). Real-time
RT-PCR was performed using PPRV nucleocapsid
protein (N) gene specific primers and probe de-
signed by Batten et al. [1].

Furthermore, aborted foetus samples were also
tested by real-time RT-PCR for detection of BDV.
The protocol described by La Rocca and Sandvik
[10] was used for detection of BDV RNA.

RT-PCR and sequencing of PCR products

One-step RT-PCR was performed with primers that
amplified 448 bp of the fusion (F) protein gene of
PPRV [5]. PCR products were purified from gels
and sequenced. Sequence analysis was performed
by using ChromasPro software (Version 1.7.5,
Technolysium Ltd.). Phylogenetic tree was con-

structed for the F gene of PPRV with additional se-
quences from GenBank.

Results
Bacteriological isolation

Brucella was isolated from stomach contents and
liver of the aborted foetus. Brucella strain was iden-
tified as B. melitensis by biochemical characteristics
and agglutination with monospecific A and M anti-
sera. Other bacterial agents were not detected in the
investigated foetus.

Detection of PPRV

PPRV RNA was detected in spleen, lung and liver
samples from foetus and nodular lesions of ewe that
had aborted. However, BDV RNA was not detected
in the investigated foetus samples.

Sequence analyses

Analysis of the PPRV F gene sequences revealed
the homology between the two isolates in the pres-
ent study was 100%, whereas the similarity among
the field isolate in this study and previously char-
acterized Turkish isolates ranged from 87.6% to
100%. The deduced amino acid homology among
the field isolate and previously characterised PPRV
isolates ranged between 96% and 100%.

Discussion

B. melitensis is the main aetiological agent of sheep
and goat brucellosis in Turkey. Previous investiga-
tions of abortion cases in sheep in different regions of
Turkey have shown that B. melitensis is responsible
for about 20-31% of sheep abortions [2,8]. Stomach
contents, spleen, liver, lung and foetal membranes
are useful for diagnosis of B. melitensis in aborted
foetuses [11]. In this study, Brucella was isolated
from stomach contents and liver of the aborted foe-
tus, and identified as B. melitensis. However, Ilhan
et al. [8] reported that using stomach contents for
diagnosis is better than using other foetal materials.
The rate of abortion in B. melitensis positive flock
was 25% (20/80). This rate is consistent with the
findings of previous studies in which it has been re-
ported that rate of abortion in B. melitensis positive
flocks ranged between 6% and 45% [4,7].
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PPRV can cause abortion in pregnant ani-
mals [16]. In this study PPRV RNA was detected
in spleen, lung and liver samples from foetus. This
finding in agreement with previous report that sug-
gest lung, liver, spleen and mesenteric lymph node
samples can equally be used for PPR virus detec-
tion [15]. To the best of our knowledge, this is the
first report on the dual infection of aborted sheep

foetus with PPRV and B. melitensis. The phyloge-
netic tree based on F gene sequences revealed that
field isolate obtained from investigated foetus clus-
tered within lineage IV (Figure 1). The circulation
of PPRV lineage IV in Turkey was also reported in
previous studies [13,16]. Results show that lineage
IV is in circulation in Turkey since the disease was
first reported.
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Figure 1. Phylogenetic tree constructed based on nucleotide sequences of the F gene (322 bp) showing the genetic
relationships between PPRVs of Turkey and other virus isolates. The sequence obtained in this study is marked with

round black spot (e).
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The results of this study indicate that dual in-
fection with PPRV and B. melitensis can occur in
abortion cases. Therefore, PPRV should be taken
into consideration in abortion cases in endemic ar-
eas.
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Abstract: In this study, we investigated the potential roles of BDV and Brucella melitensis infections in a case of sheep
abortion. Internal organ specimens from aborted sheep foetus and EDTA whole blood sample from mother of the foetus
were collected from a sheep flock in the Konya Province in the Central Anatolia region of Turkey in 2017. The presence
of Brucella spp. directly assessed by bacterial isolation and detection of BDV was carried by real time RT-PCR. Genetic
characterization of the BDV field isolate was conducted by sequencing the 5°- end untranslated region (UTR) region of
BDV. Brucella strain was isolated from the samples of aborted sheep foetus, and it was identified as Brucella melitensis
by biochemical characteristics, agglutination with monospecific A and M sera. BDV RNA was detected in EDTA whole
blood sample and aborted sheep foetus. Phylogenetic analysis in 5’-UTR region allocated the field isolate of BDV ob-
tained in this study into BDV-7 genotype. To the best of our knowledge, this is the first report on the dual infection of
aborted sheep foetus with BDV and Brucella melitensis.

Key words: Abortion, Border disease virus, Genetic characterization, Brucella melitensis, Sheep

Bir Koyun Abort Fotusunun Border Disease Virusu ve Brucella melitensis ile
Koenfeksiyonu

Ozet: Bu calismada, bir koyun abort vakasinda border disease virusu (BDV) ve Brucella melitensis enfeksiyonlarmin
potansiyel rolleri arastirlmistir. iki bin on yedi yilinda Tiirkiye’nin I¢ Anadolu Bélgesinde yer alan Konya {lindeki bir
koyun isletmesinden, bir abort koyun fotusuna ait i¢ organ drnekleri ve fotusun annesinden EDTA’l1 tam kan 6rnegi elde
edilmistir. Brucella spp. varlig1 bakteriyel izolasyon, BDV ise real time RT-PCR yo6ntemi ile arastirilmistir. BDV unun
genetik karakterizasyonu, 5°- translate olmayan bolge sonunun (UTR) sekans analizi ile gergeklestirilmistir. Abort ko-
yun fétusundan izole edilen Brucella sugu biyokimyasal karakteri ve monospesifik A ve M serumlari ile agliitinasyonu-
na bagl olarak Brucella melitensis olarak identifiye edilmistir. Koyun abort f6tusunda ve EDTA’l1 kan 6rneginde BDV
tespit edilmistir. Filogenetik analiz sonucu, bu ¢aligmada izole edilen BDV saha susunun BDV-7 genotipinde oldugu
belirlenmistir. Bizim bildigimiz kadariyla, bu ¢aligma koyun fotusunun BDV ve Brucella melitensis ile birlikte enfek-

Olgu Sunumu / Case Report

siyonu hakkindaki ilk rapordur.

Anahtar Kelimler: Yavru atma, Border disease virus, Genetik karakterizasyon, Brucella melitensis, Koyun

Introduction

Border disease (BD) is a reproductive disease of
sheep, and occasionally seen in goats. The clinical
manifestations of the disease are infertility, abor-
tion, mummified foetuses, stillbirths, and the birth
of ‘hairy-shaker’ lambs and persistent infections of
the offspring [9]. The causative agent of disease,
border disease virus (BDV), classified in the genus
Pestivirus of the Flaviviridae family, and is close-
ly related to bovine virus diarrhea viruses (BVDV
1, 2) and classical swine fever virus (CSFV) [6].
BDYV can also infect cattle, chamois and pigs [1,8].
Transmission of BDV mainly occurs by horizontal

and vertical routes, and weak lambs can be persis-
tently infected (PI) [2].

Ovinebrucellosis is another economically im-
portant disease of small ruminants that causes re-
productive problems such as infertility and abor-
tions. B. melitensis is the main etiological agent of
brucellosis in small ruminants. The main clinical
signs of B. melitensis infection in small ruminants
are abortion and stillbirths, which usually occur
during the last two months of gestation following
infection [3]. The current study was conducted to
investigate occurrence of BDV and B. melitensis in
the case of small ruminant abortion.
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Material and Methods
Collection of samples

An aborted sheep foetus was submitted to the Konya
Veterinary Control Institute from a sheep flock in the
Konya Province in the Central Anatolia region of
Turkey in 2017. According to farmer’ report, flock
had a history of barren ewes, birth of small weak
lambs with hairy fleeces, and abortions occurred at
2 to 3 months of gestation. The rate of abortion in
this flock was 15% (24/160). Foetal stomach con-
tents and liver of the aborted foetus were collected.
Furthermore, whole blood sample from mother of
the foetus and internal organ specimens of aborted
foetus were collected for BDV detection.

Bacteriological examinations

Samples from stomach contents and liver of the
aborted foetus were inoculated onto Farrell’s me-
dium (5-10% v/v sterile inactivated horse serum)
(Oxoid, SR0035) supplemented with Brucella se-
lective supplement (Oxoid, SRO83A). After incu-
bation of the plate at 37°C and 5% CO, conditions
for 7 days, the observed colonies were investigated
and identified as Brucella spp. by morphological,
cultural and characteristics. The strain was bio-
typed by agglutination with monospecific A and
M antisera. Samples were also inoculated onto
Campylobacter agar base with selective supplement
(Oxoid, SRO69E) and 7% defibrinated sheep blood
and MacConkey agar for isolation of other bacterial
agents.

RNA extraction and reverse transcription-
polymerase chain reaction (RT-PCR)

Viral RNA extracted from the buffy coat cells from
whole blood sample and organ specimens of abort-
ed foetus using a QIAamp Cador Pathogen Mini
Kit (Qiagen, Hilden, Germany). A quantitative real-
time RT-PCR described by La Rocca and Sandvik
[7] was used to detect BDV RNA. Amplification of
part of the 5’- end untranslated region (UTR) was
carried out for samples in one step RT-PCR using
primers 324 and 326 [11].

Sequence and phylogenetic analysis

PCR products were purified from gels with a
High Pure PCR Product Purification Kit (Roche
Diagnostics, Indianapolis, USA), and sequenced on

an ABI 3130x1 DNA Analyser (Applied Biosystems,
USA). Phylogenetic tree was constructed with the
programme MEGA software version 6, based on the
evolutionary distances between different sequences
calculated by Kimura two-parameter model. The
confidence of the neighbour-joining tree was as-
sessed by bootstrapping, using 1000 replicates, and
only values above 50% are reported.

Results
Bacteriological isolation

In this study, Brucella was isolated from aborted
sheep foetus. Brucella strain was identified as B.
melitensis by biochemical characteristics and ag-
glutination with monospecific A and M antisera.
Other bacterial agents were not detected in the in-
vestigated foetus.

Detection of BDV

BDV RNA was detected in the investigated foetus
and EDTA whole blood sample from mother of the
foetus

Sequence analyses

A 100% level of identity was observed between the
deduced amino acid sequences of the two isolates,
from foetus and its mother, in the present study,
whereas the similarity with sequences from differ-
ent regions ranged from 67.8% to 96%, lowest with
United States isolate (890) highest with Turkish iso-
late (Aydin-04).

Discussion

In this study, Brucella was isolated from aborted
sheep foetus, and identified as B. melitensis. The
rate of abortion in B. melitensis positive flock was
15% (24/160). This rate is consistent with the find-
ings of previous studies in which it has been re-
ported that rate of abortion in B. melitensis positive
flocks ranged between 6% and 45% [4,5].

Border disease virus can cause abortion in
pregnant small ruminants [9]. In this study BDV
RNA was detected in the investigated foetus. To the
best of our knowledge, this is the first report on the
dual infection of aborted sheep foetus with BDV
and B. melitensis. It has been reported that foetal
death may occur at any stage of gestation, but is
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more common during the first 2 months of gesta-
tion [12]. In this study abortion occurred at 2 to 3
months of gestation. This situation can be explained
by the period of infection, immune status of the host
and the virulence of virus.

Phylogenetic analysis has been used to deter-
mine the subgenotypes of field isolates from differ-
ent areas of the world. The most frequent genetic

100[

79

90

80

classification is based on a comparison of nucleo-
tide sequences from the 5’UTR [1,10]. The phylo-
genetic analysis of 5’UTR sequences typed the field
isolate in this study as BDV and clustered within the
BDV-7 isolates together previously characterized
Turkish isolates (Figure 1). The circulation of BDV-
7 genotype in Turkey was also reported in previous
study [10]. Results show that BDV-7 genotype is in
circulation in Turkey.
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Figure 1. Phylogenetic tree constructed based on nucleotide sequences of the S’UTR region (246 bp) showing the
genetic relationships between BDVs of Turkey and other virus isolates. The sequence obtained in this study is marked
with round black spot (@) and previous Turkish isolates are marked with black triangle (A).

The results of this study indicate that dual in-
fection with BDV and B. melitensis can occur in
small ruminant abortion cases. BDV and B. meli-
tensis infections cause important economic losses

due to reproductive failure in affected animals.
Therefore, abortion cases should be examined for
these two diseases.

Etlik Vet Mikrobiyol Derg,

http://vetkontrol.tarim.gov.tr/merkez

Cilt 28, Say1 2, 2017, 65-68



68 Sevik M et al. Co-infection with Border Disease Virus and Brucella melitensis in an Aborted Sheep Foetus

References

1. Becher P, Orlich M, Shannon AD, Horner G, Kénig M, Thiel
HJ, (1997). Phylogenetic analysis of pestiviruses from do-
mestic and wild ruminants. J Gen Virol. 78, 1357-1366.

2. Cabezén O, Rosell R, Velarde R, Mentaberre G, Casas-Diaz
E, Lavin S, Marco I, (2010). Border disease virus shed-
ding and detection in naturally infected Pyrenean chamois
(Rupicapra pyrenaica). J Vet Diagn Invest. 22, 744-747.

3. Diaz Aparicio E, (2013). Epidemiology of brucellosis in do-
mestic animals caused by Brucella melitensis, Brucella suis
and Brucella abortus. Rev Sci Tech. 32, 43-51, 53-60.

4. European Commission, Health & Consumers Directorate-
General (2012). Eradication programme for Sheep and
Goat Brucellosis (B. Melitensis). Erisim adresi: https://
ec.europa.eu/food/sites/food/files/safety/docs/cff_animal
vet-progs 2012 dec-2011-807-ec_ov-cap-brucellosis_grc.
pdf, Erisim tarihi: 08.08.2017

5.Hawari AD, (2012). Epidemiological Studies, Seroprevalance
and Some Risk Factors of Brucellosis in Sheep and Goats
in the South Province of West Bank. Asian ] Anim Vet Adv.
7, 535-539.

6. Heinz FX, Collett MS, Purcell RH, Gould EA, Howard CR,
Houghton M, Moormann RJM, Rice CM, Tiehl HJ, (2000).
Family Flaviviridae, Virus Taxonomy. Seventh Report of
the International Committee on Taxonomy of Viruses. San
Diego: Academic Pres, p. 859-878.

7. La Rocca SA, Sandvik T, (2009). 4 short target real-time
RT-PCR assay for detection of pestiviruses infecting cattle.
J Virol Methods. 161, 122-127.

8. Marco I, Lopez-Olvera JR, Rosell R, Vidal E, Hurtado A,
Juste R, Pumarola M, Lavin S, (2007). Severe outbreak of
disease in the southern chamois (Rupicapra pyrenaica) as-
sociated with border disease virus infection. Vet Microbiol.
120, 33-41.

9. Nettleton PF, Gilray JA, Russo P, Dlissi E, (1998). Border
disease of sheep and goats. Vet Res. 29, 327-340.

10. Oguzoglu TC, Tan MT, Toplu N, Demir AB, Bilge-Dagalp
S, Karaoglu T, Ozkul A, Alkan F, Burgu I, Haas L, Greiser-
Wilke 1, (2009). Border disease virus (BDV) infections
of small ruminants in Turkey: a new BDV subgroup? Vet
Microbiol. 135, 374-379.

11. Vilcek S, Herring AJ, Herring JA, Nettleton PF, Lowings
JP, Paton DJ, (1994). Pestiviruses isolated from pigs, cattle
and sheep can be allocated into at least three genogroups
using polymerase chain reaction and restriction endonucle-
ase analysis. Arch Virol. 136, 309-323.

12. Office International des Epizooties (OIE), (2017). Border
Disease. In Manual of Diagnostic Tests and Vaccines for
Terrestrial Animals. OIE, Paris, 1-13. Available at: http://
www.oie.int/fileadmin/Home/eng/Health_standards/
tahm/2.07.01 BORDER _DIS.pdf (accessed on 25 August
2017).

Etlik Vet Mikrobiyol Derg,

http.//vetkontrol.tarim.gov.tr/merkez

Cilt 28, Say1 2, 2017, 65-68



Etlik Vet Mikrobiyol Derg, 2017; 28 (2): 69-72

Detection of a Mixed Infection of Lumpy Skin Disease Virus and Foot and
Mouth Disease Virus in a Calf

Murat Sevik!

! Department of Molecular Microbiology, Veterinary Control Institute, Konya, Turkey

Gelis Tarihi / Received: 18.09.2017, Kabul Tarihi / Accepted: 08.11.2017

Abstract: In this study, [ investigated the possibility of dual infection with LSDV and FMDYV in a 6-month-old Holstein
calf which had fever, limping, nasal secretions, and lesions on the skin and vesicles on mucous membranes of the mouth.
To assess presence of LSDV DNA in skin lesions, swab samples from skin were collected, and were analysed by real
time PCR. Epithelium samples were collected from vesicular lesions, and were tested by the Sap Institute, Ankara
for FMDV infection. Genetic characterization of the LSDV field isolate was conducted by sequencing the G-protein-
coupled chemokine receptor gene segment. LSDV DNA was detected in swab samples and calf was diagnosed with
FMD, serotype A. Phylogenetic analysis showed that the field isolate in this study was clustered together with other
Africa, Europe and Middle East isolates. To the best of my knowledge, this is the first report on the dual infection of a
calf with LSDV and FMDV.

Key words: Lumpy skin disease virus, Foot and mouth disease virus, Dual infection, calf

Bir Buzagida Lumpy Skin Disease Virusu ve Sap Hashgi Virusunun Miks Enfeksiyonunun
Tespiti

Ozet: Bu calismada ates, burun salgilari, topallik, deride lezyonlar ve agiz mukoz membranlarinda vezikiiller olan 6
aylik bir Holstayn buzagida LSDV ve FMDV’nin dual enfeksiyon olasilig1 arastirilmistir. Deri lezyonlarinda LSDV
varligini arastirmak i¢in svap 6rnekleri toplanmis ve real time PCR yontemi ile analiz edilmistir. Vezikiiller lezyonlardan
epitelyum ornekleri toplanmis ve Sap Enstitiisii (Ankara) tarafindan sap hastalig1 yoniinden test edilmistir. LSDV unun
genetik karakterizasyonu, G-proteine bagli kemokin reseptorii gen segmentinin sekans analizi ile gerceklestirilmistir.
LSDV DNA’s1 svap drneklerinde tespit edilmis olup, buzagiya sap hastaligt (serotip A) tanist konmustur. Filogenetik
analiz sonucu, bu ¢alismada izole edilen LSDV saha susunun, Afrika, Avrupa ve Orta Dogu izolatlar1 ile birlikte grup-
landig: goriilmiistiir. Bildigim kadariyla, bu ¢alisma bir buzaginin LSDV ve FMDV’lart ile dual enfeksiyonu hakkindaki

Olgu Sunumu / Case Report

ilk rapordur.

Anahtar Kelimler: Lumpy skin disease virusu, Sap hastalig1 virusu, Dual enfeksiyon, Buzagi

Introduction

Lumpy skin disease (LSD) is an emerging viral dis-
ease of cattle, which is characterised by fever, en-
larged lymph nodes, and nodules on the skin, mu-
cous membrane and internal organs [5,10]. LSD is
caused by a double stranded DNA virus, classified in
the genus Capripoxvirus of the family Poxviridae,
and is antigenically closely related to sheep and goat
poxviruses [10]. The most effective route of LSDV
transmission is mechanical via biting flies [4].

Foot and mouth disease (FMD) is highly con-
tagious disease of cloven-hoofed livestock includ-

ing cattle, swine, sheep and goats, and wild animals
[1]. Foot-and-mouth disease virus (FMDYV), the

etiological agent, is a single-stranded RNA virus
belonging to the genus Aphthovirus in the family
Picornaviridae, and it has seven immunologically
distinct serotypes, O, A, C, SAT 1, SAT 2, SAT 3
and Asia 1 with a large number of subtypes [6].
Infection with one serotype does not confer immu-
nity against another [9]. Transmission of FMDV
mainly occurs via respiratory aerosols and direct or
indirect contact with infected animals and contami-
nated fomites [2]. Serotypes A, O, and Asia-1 have
predominated in Turkey [11]. The current study was
conducted to investigate the possibility of dual in-
fection with LSDV and FMDV in a calf which had
clinical symptoms of LSD and FMD.
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Material and Methods

Collection of samples

A six month old Holstein calf was submitted to the
Konya Veterinary Control Institute from a herd in
the Antalya Province in the Mediterranean region
of Turkey in 2016. The observed clinical signs were
fever (40°C), nasal secretions, limping, and lesions
on the skin and vesicles on mucous membranes of
the mouth. According to farmer’ report, calf was not
vaccinated against LSD and FMD. Firstly, epithe-
lium samples were collected from vesicular lesions
of calf, and were sent to Sap Institute, Ankara for
confirmatory diagnosis of FMD and serotype de-
termination. Furthermore, swab samples from skin
were collected for LSDV detection.

DNA extraction and real-time PCR

Viral DNA extraction was carried out from the swab
samples using a QIAamp Cador Pathogen Mini Kit
(Qiagen, Hilden, Germany) in a QIAcube (Qiagen,
Hilden, Germany). Real-time PCR was performed
using P32 protein, encoded by open reading frame
(ORF) 074, specific primers and probe designed by
Bowden et al. [3].

PCR and sequencing of PCR products

PCR was performed with primers that amplified
1158 bp of the G-protein-coupled chemokine re-
ceptor (GPCR) gene of Capripoxviruses [7]. PCR
product was purified from gels with a High Pure
PCR Product Purification Kit (Roche Diagnostics,
Indianapolis, USA) and sequenced with the BigDye
Terminator v3.1 Cycle Sequencing Kit (Applied
Biosystems, USA) on an ABI 3130x] DNA Analyzer
(Applied Biosystems, USA). Sequence analysis was
performed by using ChromasPro software (Version
1.7.5, Technolysium Ltd.). Phylogenetic tree was
constructed for the GPCR gene of LSDV with ad-
ditional sequences from GenBank. The confidence
of the neighbour-joining tree was assessed by boot-
strapping, using 1000 replicates, and only values
above 50% are reported.

Results
Confirmatory diagnosis of FMD

Clinical submission of the epithelium samples was
identified as FMDYV serotype A by Sap Institute.

Detection of LSDV
LSDV DNA was detected in swab samples.

Sequence analyses

Analysis of the GPCR gene sequences revealed that
the homology between the field isolate in the pres-
ent study and LSDV isolates from different regions
ranged from 98.8% to 100%. The deduced amino
acid homology among the field isolate and previ-
ously characterised LSDV isolates ranged between
98.5% and 100%.

Discussion

Lumpy skin disease was first reported in Turkey
in 2013, and then the disecase becomes endemic
in Turkey [8]. LSDV is thought to be transmitted
primarily by blood-feeding vectors [4]. Antalya
Province is located in the Mediterranean region;
this region has a subtropical Mediterranean climate
characterised by mild and rainy winters and hot,
dry summers that are suitable for the sustenance of
blood-feeding insect activity and spread of arbovi-
ral infections. Therefore, the Antalya Province has a
higher risk of LSDV infection.

In this study, LSDV was detected in a calf.
According to farmer’ report, infected calf was not
vaccinated against LSD, whereas other animals in
the herd were vaccinated against LSD and clini-
cal symptoms were not observed in vaccinated
animals. In Turkey, vaccination was carried out us-
ing the sheep and goat pox vaccine. Vaccination is
the most effective way to control further spread of
LSDV. Calves from vaccinated mothers should be
vaccinated between 3 to 4 months of age [14]. The
characteristic clinical signs of LSD are fever, nasal
and pharyngeal secretions, loss of appetite, nodules
in the skin and enlarged lymph nodes [5,10]. In this
study, fever of 40°C, nasal secretions, and lesions
on the skin were observed in infected calf. Clinical
signs can change depend on age, breed of cattle and
immune status at the time of infection [15].

The phylogenetic tree based on the GPCR gene
sequences revealed that the field isolates in this
study clustered together with other isolates from
Africa, Europe and the Middle East (Fig. 1). This
result is in agreement with previous report [12].
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Figure 1. Phylogenetic tree constructed based on nucleotide sequences of the GPCR gene (1074 bp) showing the ge-
netic relationships between LSDV isolate in this study and other virus isolates. The sequence obtained in this study is
marked with round black spot (®) and previous Turkish isolates are marked with black triangle (A).

Foot and mouth disease remains an important
disease in Turkey, and its control is mainly based on
vaccination. Routine FMD vaccination is performed
using quadrivalent vaccine which incorporates sero-
types O, A and Asia 1 (O Tur 07, A Tur 16, A NEP
84 and Asia-1 Tur 15 strains). In this study, infect-
ed calf had not been vaccinated against FMD, and
calf was diagnosed with FMD, serotype A by Sap
Institute. According to farmer’ report, mother of the
infected calf was vaccinated against FMD, and this
infected calf received colostrum. Antibodies against
FMDV transmitted through maternal colostrum pro-
tect calves until 2 months of age [13]. However, in
this study infected calf was 6 months of age. Calves
from vaccinated mothers should be vaccinated at 2
months of age, whereas calves from unvaccinated
mothers should be vaccinated at 2 weeks of age [11].

The results of this study indicate that dual in-
fection with LSDV and FMDV may have occurred.
Young animals are more susceptible to these infec-
tions than adults, because their immune systems
aren’t fully functional. Vaccination is the most
effective way to control the spread of LSDV and
FMDV. Therefore, young animals should be vacci-
nated against LSDV and FMDYV infections.
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Ozet: Bu calismada, Orman ve Su Isleri Bakanlig1, Doga Koruma ve Milli Parklar Osmaniye Sube Miidiirliigii’ne bagl
Rehabilitasyon Merkezine tedavi amaciyla getirilen yarali iki Beyaz Leylek (Ciconia ciconia) ve bir Sahin (Buteo bute-
0)’de yara miyazi tespit edildi. Lezyonlu bélgeden toplanan canli larvalar tizerine %70’lik sicak etanol ilave edildikten
sonra %30’luk Potasyum Hidroksit (KOH) ile seffaflandirildi. Tiir tanis1 igin gerekli olan kisimlar diseke edilerek CM
medium ile lam iizerine monte edildi ve incelendi. Calisma sonucunda larvalarin Lucilia sericata’ya ait oldugu tespit
edildi.

Anahtar Kelimeler: Beyaz Leylek, Lucilia sericata, Miyaz, Sahin.

Wound Myiasis Caused by Lucilia Sericata in two White Storks (Ciconia ciconia) and in a
Common Buzzard (Buteo buteo)

Abstract: In this study, traumatic myiasis was detected in two White Storks (Ciconia ciconia) and in a Common
Buzzard (Buteo buteo) brought for treatment to the Rehabilitation Centre affiliated to the Nature Conservation and
National Parks Osmaniye Branch Office of the Ministry of Forestry and Water Affairs. 70% hot ethanol was added on
to the living larvae that were collected from wounded area and then larvae were cleared with 30% potassium hydroxide
(KOH). For species identification, the relevant parts of larvae were dissected, mounted on slides with CM medium and

Arastirma Makalesi / Research Article

examined. At the end of this study, the collected larvae were identified as Lucilia sericata.

Keywords: Common Buzzard, Lucilia sericata, Myiasis, White stork.

Giris

Miyaz, konak hayvanlarin organ ve dokularinin
Diptera larvalari tarafindan enfestasyonudur. Sinek
larvalar1 direkt olarak konaklarin 6lii ve canli do-
kular1 ile beslenir. Konaklar genellikle memeliler,
ara sira kuslar nadiren de amfibi ve siirlingenler-
dir. Hastalik larvalarin konak hayvan {izerinde ya
da icerisinde yerlestigi yere (dermal, subdermal,
nazofarengeal, okiiler, intestinal, lirogenital), go¢
durumuna (kriping), beslenme 6zelliklerine (sangu-
inivoroz), olusturduklart lezyonlarin sekline (trav-
matik, frunkiiler) ve konak parazit iligkisine (obli-
gator, fakiltatif, aksidental) gore farkli sekillerde
isimlendirilir [5,9,10].

Yabani  kanathilarda  hastalik  genellikle
Calliphoridae, Muscidae ve Neottiophilidae aile-
sinde bulunan hematofaj tiirler tarafindan olusturu-

lur ve yavrularda erigkinlerden daha yaygin olarak
goriilii. Ancak Calliphoridae ve Sarcophagidae
ailelerde bulunan baz tiirlerin olusturdugu kutanoz
ve subkutanoz vakalara da rastlanir [3,6].

Yabani kanatlilarda yara miyaz etkenleri kana-
ma, anemi, bityiik deri alt1 kistlerine, yaralarin etra-
finda epidermal nekrozlara, bazen de karmn, gogiis,
nazal ve okiiler bosluklara kadar ilerleyip toksemi
ve sepsis sonucunda oliimlere neden olur [3,6].

Bu calisma iki beyaz leylek (Ciconia ciconia)
ve bir sahin (Buteo buteo)’de yara miyazina neden
olan larvalarin hangi diptera tiiriine ait oldugunu be-
lirlemek amacryla yapildi.

Materyal ve Metod

Calismanin  materyalini Orman ve Su Isleri
Bakanlig1, Doga Koruma ve Milli Parklar Osmaniye

*: Bu calisma 18-21 Ekim 2017 tarihleri arasinda Alanya’da diizenlenen Il. International Academic Research Congress de sozlii

bildiri olarak sunulmustur.
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Sube Miidiirliigiine bagli Rehabilitasyon Merkezine
tedavi amaciyla getirilen iki beyaz leylek (Ciconia
ciconia) ve bir sahin (Buteo buteo)’nin kanat ve
sirtindaki lezyonlu bolgelerden elde edilen diptera
larvalari olusturdu [Figiir 1, 2, 3].

Figiir 1. Tedavi amaciyla getirilen sahin (Buteo bute-
0)’de lezyonlu bdlgenin goriiniimii

Figiir 2. Tedavi amaciyla getirilen 1 no’lu leylek (Cico-
nia ciconia)’te lezyonlu bolgenin goriiniimii

Calisma icin gerekli izinler Orman ve Su Isleri
Bakanligi, VII. Bolge Miidiirliigii'nden 177733 sa-
yili yaz1 ile alindi. Larvalar lezyonlu bolgeden bir
pens vasitasi ile uzaklastirilarak numune kaplari-
na konuldu. Canli olarak laboratuvara ulastirilan
larvalar tizerlerine %70’lik sicak etanol dokiilerek
tespit ve muhafaza edildi. Her bir yarali hayvandan
elde edilen larvalardan 20 adedi %30’luk sodyum
hidroksit (NaOH) igerisinde seffaflandirildi. Tiir
tanisinda kullanilacak kisimlar diseke edildikten
sonra CM medium ile kalict preparat haline getiril-
di [2,7,8]. Ilgili referanslar yardimu ile larvalarin tiir
tanilar1 yapildi [10]. Enfekte hayvanlara antipara-
ziter, antibiyotik ve destekleyici ila¢ uygulamalari
yapilarak iyilesinceye kadar rehabilitasyon merke-
zinde hospitalize edildi.

Figiir 3. Tedavi amaciyla getirilen 2 no’lu leylek (Ciconia
ciconia)’te lezyonlu bolgenin goriinimi

Bulgular

Calisma sonucunda lezyonlu bdlgeden uzaklastiri-
lan larvalarin Lucilia sericata’ya ait oldugu belir-
lendi (figiir 4).

1\ _‘//'

R

S

Figiir 4. Lucilia sericata’nimn lgiincli donem larvasmin
anterior spiracle, cephalo-pharyngeal sceleton ve poste-
rior spiracle (X10) goriiniimii

Tartisma ve Sonug¢

Miyaz evcil ve yabani memelilerde oldukga yaygin
goriilen bir hastaliktir. Ulkemizde insanlar ile sigir,
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koyun, keci, kedi ve kopek gibi memelilerde miyaz
vakalarina siklikla rastlanir [4]. Hastalik kanatlilar-
da memeliler kadar yaygin degildir [9]. Diinyada
yapilan ¢aligmalarda kartal, dogan, sahin, kerkenez,
baykus, turna, beyaz leylek, kaz, baz1 6rdek tiirleri,
agac¢ kakan, biilbiil ve makavlarda miyaz vakalari
tespit edilmistir [1,6]. Ulkemizde ise sahin, baykus
ve kargalarda hastalik bildirilmistir [4,8].

Diinyaya genelinde yapilan ¢alismalarda kanat-
lilarda tespit edilen miyaz etkenleri Calliphora vici-
na, Lucilia sericata, Wohlfahrtia vigil, W.magnifica,
W.opaca, Cuterebra buccata ve Dermatobia homi-
nis’tir [1,3,6]. Ulkemizde ise yabani kanatlilarda
tespit edilen tiir L.sericata’dir [4,8].

Bu ¢alismada iki beyaz leylek (Ciconia ciconia)
ve bir sahin (Buteo buteo)’in kanat ve sirtindaki lez-
yonlu bolgelerden elde edilen larvalarin L.sericata
oldugu tespit edildi. Diinyada ve iilkemizde kanat-
lilarin miyaz etkenleri ile ilgili fazla literatiir bilgi-
sine rastlanilmadigindan mevcut vakalarin konu ile
ilgilenen aragtirmacilarin bilgisine sunulmasi uygun
goriildii.

Miyaz vakalar1 sigir, koyun ve kegilerde et, sit,
yapagi ve deri kayiplarina, kedi ve kopeklerde teda-
vi ve hospitalizasyon masraflarina bagli olarak ciddi
ekonomik kayiplara neden olur [4, 5,9]. Ozellikle
kesimhanelerin atiklarin1 usuliine uygun olarak
imha etmemesi, belediyelerin topladiklar1 ¢opleri
acik alanlarda biriktirmesi, hala bir¢ok belediyenin
hayvan barmaklarinin bulunmamasi, olanlarin ise
fiziksel kosullarinin ve veteriner hizmetlerinin ye-
tersiz olusu, halkimizin, pet sahiplerinin, yetistirici-
lerin bilingsizligi ve ekolojik dengelerin bozulmasi
gibi bir¢ok faktdr miyaz vakalari ile birlikte birgok
enfeksiyoz hastaliga zemin hazirlayarak hayvan
sagligini, halk sagligini ve yaban hayatini tehdit et-
mektedir [5,7,9,10].

Bu gibi olumsuzluklart en diisiik seviyeye in-
dirmek i¢in toplumun her kesiminden insanin bi-
linglendirilmesi, belediyelerin barinak ve kesim-
hanelerinin fiziksel kosullarini diizeltmesi, bu gibi

ortamlarda yeterli sayida veteriner hekim ve yar-
dimcr personel istihdam edilmesi gerekmektedir.
Ayrica ¢ok genis bir cografya, farkli iklim bolgeleri
ve zengin bir biyocesitlilige sahip olan iilkemizde
yaban hayvanlarinin paraziter hastaliklar ile ilgili
daha fazla calisma yapilmasi, bu hastaliklarin epi-
demiyolojisinin daha iyi anlagilmasina ve daha et-
kin miicadele yontemleri gelistirilmesine katki sag-
layacaktir.
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Abstract: Infectious Bursal Disease Virus (IBDV) is one of the most important immunosuppressive diseases of poultry
which classified in Avibirnavirus genus belonging to Birnaviridae family. In this study, two different vaccination sched-
ules were compared in the aspect of protectivity. For this purpose, blood serum samples was collected from 6 flocks
of layer chickens in the postnatal period on days 0, 7, 14, 21, 28, 35, 42, 49, 56, 63 and 70. Samples were randomly
selected from 10 chicks in every sampling. Flock 1 was sampled two more times due to acute clinical infection. The total
of 680 serum samples was tested for IBDV specific Antibody (Ab) presence and titers using ELISA. Maternal derived
antibody (MDA) was found to be protective for 6-8 days. Standard vaccination schedule (one inactive and three live
intermediate vaccines) was carried out at three flocks (2, 3 and 5). In other flocks, one live, one inactive and additional
more live vaccine were administered to the chicks into water. Despite regular vaccination, IBD epidemic was seen in
flocks 1 and 2. In flock 1, an outbreak was reported with 23% mortality in previous breeding period. This proportion was
reduced to 4.5% in this enterprise by applying initially live vaccine, and then any sign of clinical infection has not been
detected. Antibody titers were entered augmentation trend in flocks 1 and 2 until day 21. probably due to viral load, this
turning point was detected on day 14 in other flocks. Statistical analysis clearly showed that MDA titers showed a sharp
decrease in the initially live vaccine given flock. In conclusion, to stimulate cellular immune response using initial live
dose as soon as possible is more influential. It means, changing standard vaccination schedule was found to be more
effective on protection of animals in the critical period of infection, especially in the presence of viral load in the field.

Keywords: Infectious bursal disease, Maternal derived antibody, Virus, Vaccination.

Yumurtaci Tavuklarda Infectious Bursal Disease ile Miicadelede iki Farkl Asilama
Programinin Karsilastirilmasi

Ozet: Infectious Bursal Disease Virus (IBDV) Birnaviridae familyasinin Avibirnavirus genusunda siniflandiriimis olan
kanatlilarin en 6nemli immunsupresif hastaliklarindan biridir. Bu calismada, iki farkli agilama programi koruyuculugu
acisindan karsilastirildi. Bunun i¢in, 6 yumurtact siiriiden portnatal 0, 7, 14, 21, 28, 35, 42, 49, 56, 63 ve 70. giinlerde
kan 6rnekleri alindi. Her 6rneklemede rastgele secilmis 10 civeiv 6rneklendi. Akut klinik enfeksiyon gelismesi tizerine
stirli 1 iki kez daha 6rneklendi. Toplam olarak 680 serum 6rnegi IBDV spesifik Ab varligi ve titresi agisindan ELISA
ile test edildi. Maternal Antikorlarin (MA) 6-8. giinlere kadar koruyucu oldugu belirlendi. Standart asilama program (1
inaktif ve 3 canli intermediate as1) 3 siiriide uygulandi (2, 3 and 5). Diger 3 siiriide, civcivlere bir canli bir inaktif ve ek
olarak bir canlt as1 igme suyuna karistirtlarak verildi. Diizenli agilama yapilmasina ragmen siirii 1 ve 2’de IBD salgini
gorildii.

Bir nolu siiriide bir 6nceki yetistirme doneminde %23 mortaliteli bir salgin kayit edilmisti. Bu oran ayni siiriide canli as1
uygulamasiyla %4.5a diisiiriildii ve higbir klinik enfeksiyon tespit edilmedi. Antikor titreleri 1 ve 2 nolu siiriide muhte-
melen viral yiik nedeniyle 21. giine kadar artis egiliminde iken diger siiriilerde bu doniis noktasinin 14. giin oldugu tespit
edildi. 11k olarak canl1 as1 uygulanan siiriilerde maternal antikor titrelerinde ani bir diisiis gerceklestigi istatistiksel ana-
lizlerle agik¢a gosterilmistir. Sonug olarak, as1 takvimini degistirmek anlamina gelen, hiicresel immun yaniti miimkiin
oldugunca erken bir sekilde uyarmak igin ilk dozun canli as1 olarak kullanilmasinin, enfeksiyonun kritik dénemlerinde
ve dzellikle de sahada akut viral enfeksiyon s6z konusu oldugunda etkili bir koruma saglayabilecegi belirlendi.

Anahtar Kelimeler: Asilama, Infectious bursal disease, Maternal Antikor, Virus

Introduction L . . o
Birnaviridae family. There are two viruses in this

Infectious Bursal Disease Virus (IBDV) was group; IBDV in chicken and Infectious pancreatic
classified in Avibirnavirus genus belonging to mnecrosis virus in fish [24]. Birnaviruses have ico-
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sahedral symmetry. Genome composes of linear
double stranded RNA with two segments.

There are two distinct serotypes of IBDV, only
type 1 is pathogenic. Both serotypes may infect fowl
[3] and ducks [28], but clinical findings may only
be seen in chicken. The primer replication site is B
lymphocytes and target organ is Bursa Fabricius.
Transient immunospression could be seen after
acute infection or vaccination with live vaccines.
Additionally, secondary infections and low level
of Antibody (Ab) formation are potential problems
in this period. Type 2 may be propagated the many
different tissue type but none of the isolates are im-
mune suppressive [35].

Immune suppression related problems are cause
to economic loss via increase in sensitivity against
other infectious agents [1,11,25] and low level Ab
responce to any kind of vaccines [42]. Chickens
need to be protected especially during first 6 week
of their life which is the most critical period in the
aspect of the infection.

The agent was in circulation in many regions
of America in 1960s [23], later on the infection was
reached to continental Europe between 1962 and
1971 [10] and continued to spreading. Today, the
presence of infection has been reported in many
parts of the world [22]. According to an investigation
conducted by Office of International des Epizooties
in 1995 in 65 countries, 95% have the infection [9].
After emerging of very virulent strains of type 1 in
America, Europe and Asia in 1990s, fighting with
the IBDV has become an obligation [33,39].

The IBDV may be survived in farm material
up to 122 day [5]. Resistant features of IBDV un-
der environmental conditions and wide geographi-
cal distributions are creates an obligation to con-
tinuously fight with IBDV. Hygienic measures are
quite advisable but generally not sufficient alone
[5]. Vaccination has been accepted as only effec-
tive method [26]. Protective level of Ab may be
achieved by with live or inactivated vaccines. The
type of vaccine and the vaccination programme
should be determined according to the potential
risk of transmission status, virus strain, maternal
antibody level (MDA) and heterogeneity of flocks.
Inactivated vaccines have been using widely and
successfully but not totally preventive against in-
fection with high virulent strains. Classical live

vaccines creates lifelong protection but reactivation
possibility and immunosuppression risk are limiting
the usage of hot vaccines [15,29]. Intermediate type
vaccines have been preferred due to providing ef-
ficient Ab level and relatively low side effects. As a
common apply, hens has been vaccinating with an
oil-emulsion vaccine before laying to create passive
immunity at the offspring [42].

The IBDV was initially detected in a broiler
flock in 1978 in Turkey [21]. Later on, the virus was
isolated during an outbreak [8]. Serologic studies
were revealed presence of up to 78% proportions
from different parts of Turkey [2,4,34]. Tiire ve
Coven [41] were determined antigenic similarities
among field isolates. Mortality was nearly 2-5% in
1983-1992, after 1993, up to 50% and 80% mortal-
ity was observed in broiler and layer hens. IBDV is
still among most important problem disease in fowl
in Turkey.

Vaccination is a routine application for the
prevention of IBDV infection by live or inactive
vaccines. However, routine vaccinations schedule
apply and hygienic precautions were not totally pre-
ventive. Therefore, aim of this study was to inves-
tigate the effect of different vaccination strategies
in the prevention of IBDV infection in both healthy
and outbreak detected flocks via monitoring MDA
and vaccine related Ab titer alterations.

Materials and Methods

Study design and sampling

In this study, blood serum samples were collected
from 6 different layer flocks in Afyonkarahisar
province, Central Anatolia. Every flock were sam-
pled 11 times on 0, 7, 14, 21, 28, 35, 42, 49, 56, 63
and 70 days. Blood samples have been drawn from
randomly selected 10 chicks. Flock 1 was sampled
two more times on 33. and 80. days. Total of 680
samples was obtained.

Vaccination schedule was started with inactive
vaccine and continued with live intermediate on
flocks 2, 3 and 5. In other three flocks, live vaccine
was administered initially, and then one inactive
and two live vaccinations have been applied (Table
1). Same vaccines have been used in whole studied
flocks. Inactive vaccine was administered via injec-
tion as subcutan (0.5cc/per chiken). Live interme-
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diate vaccines have been given via drinking water.
Before the vaccinations, drinking water was with-
hold for two hours to allow animals to get thirsty.
The dosages were counted according to the number
of chickens and mixed into the de-chlorinated tap
water in a consumable quantity within 2 hr.

Table 1. Vaccination programme of the flock (Day/

Vaccine Type)
Flock no Firstdose Second dose Third dose Fourth dose

1 6. L* 7. I+* 14.L 21.L
2 7.1 14.L 21.L 27.L
3 8.1 13.L 20.L -

4 7.L 10.1 15.L 22.L
5 7.1 11.L 18.L 26.L
6 8.L 11.1 15.L 21.L

"L; Live vaccine, “I; Inactive vaccine

Typical IBDV clinical symptoms were ob-
served in flocks 1 and 2 during sampling period.
Clinical disorders and postmortem findings were
determined in chicks such as watery white diar-
rhoea, depression, haemorrhagie in legs and pectoral
muscules, and proventriculus-vetriculus transition
and enlargement in Bursa fabricius. Cross-section
of Bursa fabricius was oedematous and petechial
haemorrhagies covered with yellowish transudate.

Serological Examination

To examine of the serum samples for IBDV specific
antibodies and titer, ELISA was preferred due to

high sensitivity and specifity [7, 20, 27]. The ob-
tained samples (n=680) were examined for IBDV
specific antibodies using an indirect ELISA test kit
(Synbiotics, USA). Test was performed according
to the producer’s instructions and plates were read
in 405nm filter. Obtained Optic Density (OD) data
were evaluated in accordance with manual.

Statistical Analysis

Analysis of Covariance (ANCOVA) was used to
compare the different vaccination procedure. This
test has been used to determine the variability of de-
pendent variable, that explained by both categorical
and continuous independent variables. Because of
starting Ab titres are different on a flock basis, day 0
values were accepted as covariate.

Results

Serological test results

In flock 1, vaccination was started with live vaccine
administration on day 6, inactive applied on day 7
and continued with live vaccine on days 14 and 21.
IBDV epidemic was detected on day 33 and lasts for
6 days with 4.5% mortality. As can be seen in figure
1, a sharp decrease was observed on MDA level as
a result of live vaccine but an uptrend shown after
day 28.

12000

Figure 1. Mean Ab
titer data according to
the days of sampling

Mean Ab Titer

1 7 14 21 28 33 35 42
—+—Flock 1: Ab titer levels

of Flock 1

49 56 63 70 80
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In flock 2, inactive vaccine was applied on day
7, whereas live vaccine was given on day 14. Then,

the way, clinical disorders have been observed be-
tween days 8 and 37. Mortality was 8.5% and the

live vaccine was administered on day 21 and 28. By ~ Abs turning point was detected on day 21.

10000 -

8705

9000 -

Mean AbTiter

1000 -

1 7 14 21 28 35 42
—o—Flock 2: Ab titer levels

8475 8653

Figure 2. Mean Ab
titer data according to
the days of sampling
of Flock 2

49 56 63 70

Schedule began with inactive vaccination on
day 8 in flock 3 and two more live vaccine adminis-

trated on days 13 and 20. Ab titer was entered into
the rising trend after day 35.

Mean AbTiter

1 7 14 21 28 35 42
—o—Flock 3: Ab titer levels

5547 5593
5200 5193

Figure 3. Mean Ab
titer data according to
the days of sampling
of Flock 3

49 56 63 70

Flock 4 were vaccinated using live type on day
7. One inactive and two live vaccines were in sub-
sequent days 10, 15 and 22, respectively. Ab level
was entered regular increase trend after day 35 like

other flocks (1 and 6) that initially live vaccine ap-
plied. A small transient decrease was determined on

10. sampling in day 63.
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Inactive vaccine was administered in day 7 in flock 5, program was continued
with three more live vaccine administration in days 11, 18, and 26.
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Figure 5. Mean Ab
titer data according to
the days of sampling
of Flock 5
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The most regular changes were detected in figure 6, a rapid decrease was observed on day 63.
flock 6, live vaccine usage on 8. day caused to rapid  Chickens were separated to two groups on day 56
decrease in titer level. Vaccination program was for lessen the flock intensity. Ab levels showed in-
continued with inactive on day 11 and live vaccine crease again after day 70.
administered on days 15 and 21. As can be seen in
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Figure 6. Mean Ab
titer change according
to the days of sam-
pling of Flock 6
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Statistical Analysis

As a result of ANCOVA analysis, differences was
determined between two groups, Ab titer level was
lower in three flock (1, 4, 6) with live vaccine used
initially (p<0.05).

Discussion

After first isolation in Gumboro district in Delaware
in 1957 [6], IBDV infection was disseminated to
many parts of the world but has been taken under
control by regular vaccinations. However, the out-
breaks are still being reported and causes to eco-
nomic loss. To achieve enough level Ab titer via im-
munisation under field condition has been accepting
as a main strategy [12].

In this study, Ab titer changes was monitored
via regular sampling in different vaccination sched-
ule applied 6 layer hens flock in this study.

IBDV infection was detected clinically with
23% mortality in previous breeding season in flock
1. Typical clinical disorders were observed again in
the sampling performed breeding season on day 33.
and lasts for 6 days but mortality reduced to 4.5%.
Live intermediate vaccine was used as initially con-
trary to previous breeding season in 6. day, 1 day
later inactive and live vaccine was applied again on
14. and 21. days. Ab was continued the decrease up
to 21. day and a sharply turned to up continuously
except in 49-56. days interval. The flock was vacci-
nated for Sa/monella gallinarum via injection in 46.

days, later on a transient immunosuppression was
observed probably due to handling stress. As can be
seen in fig 1., a permanent increase and highest titer
level was detected in this flock on 70. day. Both vac-
cination and natural infection seems stimulated the
immune response strongly (Fig 1).

There has been no clinical IBDV history of
flock 2 but an epidemic was arosen on 37. day.
Clinical infection process was recorded as 8 days
and mortality value was 8.5%. Despite quite high
Abtiter (8.705) presence on day 35, two days before
onset of the epidemic, happening mortality value
was not low. Probable reason would be immune
heterogeneity of the flock. Vaccination was started
with inactive and continued with administration of
live doses on days 14., 21. and 28. Titer level turn
point was observed on day 21 like in flock 1, later
on fluctuated in the course of clinical disorders ob-
served period due to viral load (Fig 2).

IBDV infection was not observed in other stud-
ied flocks. One dose inactive and two live vaccines
were applied in flock 3 (Fig 3). Turn point was de-
tected in 3. sampling on day 14 and a sudden de-
crease observed sampling day 28. There would be
two probable reason; flock would be exposed the
virus and lost their antibodies or presence of un-
detected stress factor. However, there is no data to
prove the both probability.

Vaccination was started with live intermedi-
ate in flock 4. Despite ordinary titer changes was
observed in this flock, as can be seen in fig. 4, a
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transient decrease was determined in day 63 of sam-
pling just after injectable vaccination apply in day
58 for Salmonella gallinarum.

Ab level changes were detected as expected in
flock 5 until day 35 (Fig 5). However, inadequate
Ab increase observed from this point. On the con-
trolling farm records, rise in temperature was de-
tected in the middle of sampling period (end of the
July). Heat stress would have been created immu-
nosuppression.

Live vaccine was applied as first vaccination in
flock 6, after a short rapid decrease, titer entered the
augmentation trend from 14. days but a sharp tran-
sient downturn shown in 63. day sampling (Fig 6).
This decrease was eventuated after dividing flock as
two distinct groups to make rarefy. It is obvious that
handling stress was effected the immune response.

Main factors of the epidemics in poultry farm-
ing are inappropriate disinfection, deficiency in
management practises, wrong vaccine type and
wrong timing applies are The infection may be seen
more severe and earlier in next breeding period
[5,36].

The most feasible method for prevention of
IBDV infection in the field is vaccination. However
a unique vaccination programme cannot be propos-
ing due to variability of MDA, and other factors
related to management and environmental condi-
tions. Vaccination would be unnecessary in broiler
flocks keeping in strictly controlled closed breeding
management conditions. Additionally, have high
level MDA seems sufficient in their short life span.
However, active immunoprotection is quite neces-
sary in layer hens. To determine the right vaccina-
tion schedule is the most critical decision and has
vital importance. The most important parameter
on the successful immunisation is to get obtain ho-
mogeny in MDA titer at the beginning. In the field,
controlling of Ab titer level is a routine work but,
in most of the time, not gives enough information
in the aspect of flock homology due to arbitrarily
sampling style.

Main aim of the vaccination is to supply opti-
mal Ab titer level in the critical period of IBDV in-
fection (25-45 days). MDA is protective in the first
6-8 days of life, and end of first week of life was
regarded as suitable time for initial vaccination.

Inactive vaccines have been preferred as first
vaccination due to in case of no viral challenge risks.
Live vaccines are stimulates the cellular immune
system and stronger Ab level may be achieved.
Commonly using schedule is 1 inactive and 2 or
3 doze live vaccine apply but this schedule may
not be feasible in the presence of the virus in and
around the farm. In the flock 1, 23% mortality was
recorded in previous breeding period despite stan-
dard vaccination program. After changing schedule,
this proportion was reduced to 4.5% in the sampling
performed course and no infection was aroused in
the subsequent breeding period. Considering pres-
ence of the virus in the farm and resistant character
of the agent under field conditions, rearranging of
vaccination style seems effective on prevention of
economic looses. IBDV Ab titer decrease has been
continued to day 14 of postnatal period on 4 flocks
(3, 4, 5 and 6). After live vaccine apply in day 14,
trend was entered the increase. Turn point was de-
tected as 21. day on the flocks 1 and 2, probably due
to environmental viral load. Two dose live vaccine
has been administration in days 15 and 26. resulted
with fast and ordinary titer increase in all of the
flocks. In this period, statsistical difference was not
determined between different schedule used flocks.

Goddard et al. [13] was vaccinated the four
group of chicks with different combinations of com-
mercial inactivated and live vaccines. Only a dose
of live vaccine administered group was detected as
susceptible to the viral challenge up to seven week
of life. Besides, bot vaccination schedule were
found to be protective against experimental viral
challenge.

However, initially live vaccine administered
groups were found to be safer in this study. Decrease
in mortality was observed in flocks 1 and 2 that clin-
ical infection emerged accidentally.

The most of the experimental studies for de-
termining optimal vaccination period were carried
out in broiler. Half life of MDA has been evaluated
differently according to breeding aim and manage-
ment conditions. To determine the right schedule
for vaccinations is not easy under field conditions.
Interference of vaccine virus by MDA is the greatest
risk and cause to retardation or prevention of im-
mune response to the vaccine [40,43]. MDA level,
half life of MDA, breeding aim, sampling days, the
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Ab titer uniformity of the flock and vaccine type
like factors have to be considered to determine the
most suitable vaccination schedule using Deventer
formula [7].

Correlation among stress factors and immune
response is a well known phenomenon. Cortisone
is one of the best known immune suppressor sub-
stances. Fear stimulates the amygdala and leads to
cortisone secretion. This correlation was proved
in more than 20 species. As can be obviously seen
in this study, human manipulations have transient
but strong negative effect on the immune response.
Even though there was no clear description on this
issue, stress related growth retardation [17,18], im-
pairment in immune response [14,16,30], productiv-
ity problems were reported before [17,38]. To avoid
from manipulative performances after the vaccina-
tions is a necessity to obtain expected results.

Epidemics could be emerged despite routine
vaccination programme and disinfection precau-
tions. Any risk factors would not be detected in some
cases. In this kind of situations, management condi-
tions and other less important factors for transmis-
sion should be taken into consideration like birds,
fly (Aedes vexans) [19], mealworm (Alphitobius
diaperinus) [37], dogs and rodents [25,31,32].

In conclusion, IBDV Ab titer changes were
monitored in two different vaccination programs
applied groups of flocks. Prevention of epidemics
and eliminate the economic losses could be more
feasible via stimulating cellular immune response
as soon as possible with initially live vaccine ad-
ministration considering half-life of MDA.
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Ozet: Bu calismamin amaci, Veteriner Kontrol Merkez Arastirma Enstitiisii (VKMAE), Bakteriyolojik Teshis
Laboratuvar1 sorumlulugunda 2009-2011 yillar1 arasinda Salmonella Prevalans ¢alismasi kapsaminda, Kauffmann-
White serotiplendirme semast ile tiplendirmesi yapilan toplam 907 Salmonella izolatinin, serogrup Sa/monella multip-
lex- PZR, Faz 1 Salmonella multiplex-PZR ve Faz 2 Salmonella multiplex-PZR kullanarak sahada yaygin olarak sirkiile
olan Salmonellla serovarlari igin dizayn edilen primerler ile maksimum 2-3 giin gibi kisa siirede, diisiik maliyetle tiplen-
dirmesini yapabilmektir. Bu ¢alismayla, konvansiyonel yontemle faz 1 ve faz 2 antijenlerinin es zamanli sergilenmemesi
sonucunda ekstra laboratuvar is yiikii, olasi ¢arpraz reaksiyonlar sebepli ekstra antiserum harcanmasi dolayisiyla yasani-
lan zaman kaybi ve yiiksek maliyetin Gistesinden gelinecegi ongoriildii. Ayrica, 2 testin (multiplex-PZR ve konvansiyel
serotiplendirme) ortiismedigi durumlar bakterilerin 6.5 kb operonunu inceleyen ribotiplendirme destegiyle ¢oziilmesi
yoluna gidilmistir. Caligmada kullanilacak primerler ile 907 izolatin % 29.32’sinin (266 izolat; 15 farkli serovar) ii¢ an-
tijenik yapist da tam olarak identifiye edilip, isimlendirilebilmistir. incelenen izolatlarin somatik, flagellar 1 ve flagellar
2 antijenlerinin sirasiyla; %54.56 (490), %90.95 (825) ve %78.94 (716)’ii tespit edilebilmistir. izolatlarm en azindan %
50’sinin tam olarak isimlendirilebilecegi ongdriilmiistiir ancak Salmonella Infantis (S. Infantis) ve S. Mbandaka susa-
rinda somatik antijeni amplifiye eden primer olmasina ragmen somatik antijen tespit edilememistir. Bu suslar ribotip-
lendirmeye alinmistir. Konvansiyonel seroloji, multiplex-PZR ve ribotiplendirme degerlendirildiginde; ribotiplendirme
ve multiplex-PZR’larin gold standart metoda destek metodlar olarak kullanabilecegi tespit edilmistir. Ozet olarak;
calismada mevcut olan primerler sadece sahada yaygin olan serovarlarin somatik, faz 1 ve faz 2 antijenlerine spesifik
olduklari i¢in PZR tiim serovarlar identifiye etmekte yetersiz kalmistir. Sonug olarak ucuz, hizli ve duyarli metot olan
multiplex-PZR’larin belirli somatik, flagellar 1 ve 2 antijenlerinin tespitinde konvansiyonel serolojik yonteme destek
olarak kullanilabilecegi kanisina vartlmistir.

Anahtar kelimeler: Salmonella serovarlari, Multiplex-PZR

Molecular Typing of Common Salmonella Serovars

Abstract: The purpose of this study was to identify total 907 Salmonella isolates had been formerly identified by us-
ing Kauffmann-White serotype scheme on the scope of Salmonella Prevalance Study between 2009-2011 under the
responsibility of Veterinary Control Central Research Institute, Bacteriological Diagnosis Laboratory; by performing
serogroup Salmonella multiplex-PCR, phase-1 Salmonella multiplex-PCR, phase-2 Salmonella multiplex-PCR with
the specific primers designed for the common Salmonella serovars circulating around the field, in maximum 2-3 days,
relatively short time, with a low cost. With this study, extra laboratory work load due to phase 1 and phase 2 flagellar
antigens not being expressed synchronously, dilution of time and high cost due to probable cross-reactions requiring
extra antiserum usage are envisaged to have been overcomed. Moreover, the occasions where 2 tests (multiplex-PCRs
and conventional serotyping) are not overlapped was resolved with the support of ribotyping which examine the 6.5 kb
operone of bacteriae. Consequently, identification by both methods, and evaluating the results comparatively is thought
to be beneficialWith the primers used in the study, three antigenic structures of 29.32% (266 isolates; 15 different se-
rovars) of the 907 isolates were fully identified. Somatic, phase 1 and phase 2 antigens were deterrmined with a percent-
age of 54.56 (490 isolates), 90.95 (825 isolates) and 78.94 (716 isolates), respectively. At least 50% of the isolates were
preasumed to be fully identified. However, the somatic antigen of Salmonella Infantis (S. Infantis) ve S. Mbandaka were
not detected altough the primers amplfying somatic antigen were present. These two sereovars were ribotyped. When
conventional serology, multiplex-PCRs and ribotyping were evaluated, multiplex-PCRs and ribotyping were found to be
supportive to conventional serology. In a summary, due to present primers, specific to somatic, phase 1 and phase 2 of
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the only common Sal/monella serovars in the field, PCR has deficiencies for identifying whole serovars. Consequently,
the multiplex-PCRs termed cheap, sensitive, and rapid were decided to be supportive to conventional serology for defin-

ing specific somatic, phase 1 and 2 antigens.

Key words: Salmonella serovars, Multiplex-PCR

Giris

Salmonella, hayvanlarin ve insanlarin en 6nemli
patojenlerinden biri olup, ayn1 zamanda zoonozdur.
Giiniimiize kadar tiplendirilen toplam 2700’ ¢ ya-
kin Salmonella serovari mevcuttur. Bunlardan 2587
adedi Salmonella enterica, 23 adedi Salmonella
bongori alt grubunda bulunmaktadir (8). Salmonella
enterica alt1 alt tiirden olusmaktadir; Salmonella en-
terica subsp. enterica, Salmonella enterica subsp.
salamae, Salmonella enterica subsp. arizonae,
Salmonella enterica subsp. diarizonae, Salmonella
enterica subsp. houtenae ve Salmonella enterica
subsp. indica veya sirasiyla Salmonella enterica
subsp. I, 11, IlIa, IIIb, IV ve VI (17). Salmonella en-
terica subsp. I genellikle insanlardan ve sicak-kanli
hayvanlardan izole edilir. Klinik laboratuvarlarda
izole edilen serotiplerin biiyilk ¢ogunlugu; 1547
adedi bu alt tiire aittir (8, 17).

Salmonella serovarlarinin isimlendirir-
ken, Kauffmann-White serotiplendirme sema-
st, Salmonella izolatlarinin  tiplendirmesinde

bircok laboratuvar tarafindan kullanilmaktadir.
Serotiplendirme, Salmonella’nin hiicre duvarinda
bulunan somatik (O) ve flagellar (H) faktor antijen-
leri temel alinarak yapilir. H faktorii Sa/monella su-
sunun serotip kimligini belirlerken, O faktorii grubu
tespit eder (8). O antijenleri, gram negatif bakteri-
lerin 6nemli komponentlerinden olan lipopolisak-
kariti (LPS) olusturan spesifik polisakkaritlerdir. O
antijen sentezinden sorumlu genler, b diye isim-
lendirilen bir gen kiimesinde, kromozom iizerinde
grup halinde bulunurlar (2). rfb genleri niikleotid
seker biyosentez yolunu ve tekrarlayan iinitelerin
bir arada bulunmasi igin gerekli olan transferazla-
r1 kodlamaktadir. Oniki potansiyel transmembran
segmentini igeren proteini kodlayan ve daha On-
celeri 7/bX, simdi ise wzx olarak adlandirilan gen,
tim Salmonella O antijen gen kiimelerinde bulun-
maktadir. Farkli O antijen kiimelerinden wzx pro-
teinin yapisal homoloji gosterdigi fakat aminoasit
sekans seviyesinde cok az bir benzerligin oldugu
ongoriilmektedir (15). Wzx’in sitoplazmik memb-
ranin sitoplazmik kismindan periplazmik kismina

O-tinitelerinin transferinden sorumlu oldugu bildi-
rilmistir (20).

Faz 1 ve faz 2 flagellar H antijenleri alternatif
olarak, sirasiyla f7iC ve fliB genleri sorumlulugun-
da faz varyasyon mekanizmasi tarafindan eksprese
edilirler. Bu genler kromozom {izerinde farkl iki
lokalizasyonda bulunurlar. f/jBA operonu, Hin re-
kombinazi kodlayan hin genini igerir; f/jB geni pha-
se 2 flagellinlerini, fljA geni de fiC i¢in reprosorii
kodlamaktadir. Hin rekombinaz geni, f[/BA operonu
icin promotor iceren kromozomun 993 bp’lik seg-
mentinin reversible inversiyonunu katalize eder. Bir
oryantasyonda, promotor fiC geninin represyonu-
na yol agarak, fljA ve fljB genlerinin transkripsiyo-
nunu saglar. Hin’in diger oryantasyonunda fjA ve
/1B genleri eksprese edilmez, faz 2 flagellinin {istii
kapanir, bu da faz 1 flagellinin eksprese edilmesini
olanakli hale getirir. (13, 25). Bu allelerden bazilari
tek bir faktorle (i, d veya r), digerleri ise bircok alt
faktorle (1,v, g,m, e,n,x) tanimlanir. Sa/monella fla-
gellinlerinin aminoasit sekanslarinin karsilagtirmasi
ile 8 farkli bolge tanimlanmistir. Amino ve karboksi
terminal sekanslar1 (sirastyla bolge I ve I ve bol-
ge VIII) olduk¢a korunmustur. Polimerizasyon ve
transport i¢in ¢ok 6nemli olduklar1 diistintilmekte-
dir. Bolge IV, V ve VI’dan olusan merkez bolge ise
hem sekanslarda hem de flagellar antijenler arasi
uzunluklarda ¢ok fazla ¢esitlilik gosterir ve genelde
H antijeninin epitopunu belirledigi diistiniilmekte-
dir (16, 23).

Yukarida Salmonella somatik ve flagellar an-
tijenlerinin ekspresyonu ile ilgili agiklamalar ya-
pilmistir. Flagellar 1 ve flagellar 2 antijenlerinin es
zamanli sergilenmemesi dolayisiyla konvansiyonel
yontemde, flagellar antijenlerin ayr1 ayr1 agiga ¢ika-
rilmasiyla Salmonellarin karakterizasyonu yapila-
bilmektedir (17). Bu ¢ergevede, konvansiyonel yon-
temle bu iglem, her sey yolunda giderse, minimum 5
is giinii gibi bir zaman dilimini, ¢apraz reaksiyonlar
sebebiyle bazen tekrarlar ve gerek besiyeri gerekse
antiserum harcamalar1 dolayisiyla yiiksek bir mali-
yeti gerektirmektedir.
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Uzun yillardir, Salmonellalarin  Polimeraz
Zincir Reaksiyonu (PZR)-tabanli yontemlerle ka-
rakterizasyonu {izerine c¢aligmalar yapilmaktadir.
Salmonella serotipleri arasinda veya 6zel bir sero-
tip icerisinde ayrim yapmak i¢in tanimlanan mo-
lekiiler PZR tabanli metotlar mevcuttur (1, 7, 12).
Calismamizda, serogruplandirmada; O:B (0:4),
0:C1(0:7), 0:C2-C3 (0:8),0:D (0:9, 0:9.46,
0:9,46,27), O:E (0:3,10, 0:3,19), O:D1(0:9) ve
0:E1(3,10) somatik antijenlerini (10, 11), faz 1’in
tiplendirilmesinde; H:i, H:z10, H:b, H:e,h, H:Lv, H:r,
H:G kompleks flagellar antijenlerini ¢ogaltan spesi-
fik primerler kullanilacaktir (9). Salmonella enteri-
ca subsp. enterica serovar Enteritidis (Salmonella
Enteritidis)’in 2. faz1 sergilenmedigi i¢in bu serova-
11 spesifik cogaltan sdfl primerlerinden faydalani-
lacaktir (9). Faz 2’nin tiplendirilmesinde ise; H:1,5,
H:1,6, H:1,7, H:1,2, H:l,w, H:e,n,z15 flagellar anti-
jenleri spesifik primerler ile ¢ogaltilacaktir (5).

Cok  uzun  yillardir, Kaufmann-White
Salmonella serotip semasinin kullanimi ile elde
edilen epidemiyolojik verilerin oldukga yararli ol-
dugu kanitlanmistir (8, 17). Bu nedenle hem PZR-
tabanli molekiiler tiplendirme hem de Kaufmann-
White Salmonella serotip semasinin kullanimi ile
yapilan serolojik tiplendirme paralel gotiiriilerek,
PZR-tabanli tiplendirmenin bilinen, kabul gérmiis
geleneksel yontemle Ortiisiir sonuglar vermesi arzu
edilendir.

Bu c¢alismada amagclanan, Salmonella sero-
varlarinin tanisina ek, destek, alternatif olabilecek,
daha hizli, ucuz ve duyarli olan molekiiler yontem-
lerin gelistirilmesi ve optimizasyonudur.

Materyal ve Metot
A) Materyal

1. Salmonella suslari: Veteriner Kontrol Merkez
arastirma  Enstitlisi  (VKMAE) Bakteriyolojik
Teshis Laboratuari’nda 2009-2011 yillan yiiriitiilen
Salmonella Survey’de izole ve identifiye edilen 907
adet Salmonella izolat1 ¢alisild.

2. Salmonella Standart suslar: Pozitif kont-
rol olarak, laboratuvarin katildigi Uluslararasi
Kargilastirma Yeterlilik Testleri’nde tiplendirme
amaciyla gonderilen Salmonella serovarlar1 optimi-
zasyon sirasinda pozitif kontrol sus olarak kullanil-
di

3. Primerler: Multiplex-PZR’larda kullanilan
primer ciftleri bazdizilimleri ayrintili olarak veril-
mistir.

a) Multiplex-PZR  serogruplandirma
(Herrera-Leo'n Silvia ve ark. 2007) (10)

i¢in

Primer ad1 Baz Dizilimi (5°-3°)
F-tyvD 5’-GAGGAAGGGAAATGAAGCTTTT-3’
R-tyvD 5’-TAGCAAACTGTCTCCCACCATAC-3’
F-wzxB 5’-GGCATATATTTCTGTATTCGCG-3’
R-wzxB 5’-GCCTTAATTAAGTAAGTTAGTGGAAGC-3’
F-wzxCl1 5’-CAGTAGTCCGTAAAATACAGGGTGG-3’
R-wzxCl1 5’-GGGGCTATAAATACTGTGTTAAATTCC-3’
F-wzxC2-C3 5’-ACTGAAGGTGGTATTTCATGGG-3’
R-wzxC2-C3 5’-AAGACATCCCTAACTGCCCTGC-3”
F-wzxE 5’-TAAAGTATATGGTGCTGATTTAACC-3’
R-wzxE 5’-GTTAAAATGACAGATTGAGCAGAG-3’

b) D1 ve El serogruplarmin ayirimi igin
Multiplex-PZR (Hong Y ve ark. 2008) (11)

Primer ad1 Baz Dizilimi
F-D1 5’-ATGGGAGCGTTTGGGTTC-3’
R-D1 5’-CGCCTCTCCACTACCAACTTC-3’
F-E1l 5’-GATAGCAACGTTCGGAAATTC-3’
R-El 5’-CCCAATAGCAATAAACCAAGC-3°

¢) Multiplex-PZR Faz-1 igin (Herrera-Leon
Silvia ve ark., 2004) (9)

Primer ad1 Baz Dizilimi
Sense-60 5’-GCAGATCAACTCTCAGACCCTGGG-3’
Antisense-i 5’-ATAGCCATCTTTACCAGTTCC-3’

Antisense-z10 5’-CGTCGCAGCTTCTGCAACC-3’

Antisense-b 5’-CGCACCAGTCYWACCTAAGGCGG-3’

Antisense-ch 5’-AACGAAAGCGTAGCAGACAAG-3’

Antisense-lv 5’-CCTGTCACTTTCGTGGTTAT-3"

Antisense-r 5’-AAGTGACTTTTCCATCGGCTG-3’

Forward-G 5’-GTGATCTGAAATCCAGCTTCAAG-3’

Reverse-G 5’-AAGTTTCGCACTCTCGTTTTTGG-3’
Forward-Sdf-1 5’-TGTGTTTTATCTGATGCAAGAGG-3’

Reverse-Sdf-1 5’-CGTTCTTCTGGTACTTACGATGAC-3’
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d) Multiplex-PZR Faz-2 i¢in (Echeita MA ve
ark., 2002) (5)

Primer ad1 Baz Dizilimi

Sense-F1 5’-CTTATGCCRATAATGGTACTACACTG-3’

Antisense-R5 5’-GGTTACAGVAGCCGTACCAG-3’

Antisense-R6 5’-CTCCTGTACTTCTGTTTTGGTTGTA-3’

Antisense-R7 5’-TAATCGCCATTTTTGTCGAG-3’

Antisense-R1 5’-TTTGACCAAYKYMGCGSCAT-3’

Sense-Fw 5 5’-GTGGGGCAACMCTCAATACTG-3’

Antisense-Rw 5 5’-CCTGCCACTTTCGTGGTTGC-3’

Sensen-Fe 5’-GGCAACCCGACAGTAACTGGCGATAC-3’

Antisense-Rx 5’-CCATCCTTAAAGGATACGGC-3’

Antisense-Rz15 5’-ATCAACGGTAACTTCATATTTG-3’

3.Taq DNA Polymerase: Tag DNA Polymerase
(Thermo Scentific Tag DNA Polymerase, Cat no:
EP0402) kullanildi.

4. DNA Ekstraksiyon Kiti: DNA ekstraksi-
yonlar1 ticari DNA ekstraksiyon kiti ile (DNeasy
Blood & Tissue Kits, Qiagen, Cat No 69504) ya-
pildi.

5. Besiyerleri: Dokuzyedi izolatin canlan-
dirtlmas1 ve stoklanmasi igin sirasiyla XLT4
agar (Oxoid;CM106), XLT4 supplement (Oxoid;
SR0237) ve Brain Heart Infusion Broth (Oxoid;
CM1135) kullanildi.

5. Ribotiplendirme kiti: PVU II (Dupont;
Riboprinter ~System DNA Prep Reagents,
PN:D10734575) enziminin kullanildig: ribotiplen-
dirme kitinin prosediiriine gore tiplendirme yapildi.

B) Metot

1. izolasyon ve canlandirma: Dokuzyedi izolat
XLT4 Agarda (Oxo0id;CM106) ile yeniden izo-
le edildi. Reizolasyon sonrasi suslar, Brain Heart
Infusion Broth’ta (Oxoid; CM1135) stoklar1 yapilip
-20°C’de saklandi.

2. DNA Ekstraksiyonu: Tekrar izolasyonu ya-
pilan izolatlarin ekstraksiyonu, ticari DNA ekst-rak-
siyon kitinin (DNeasy Blood & Tissue Kits, Qiagen,
Cat No 69504) prosediiriine gore yapildu.

3. Serogrup Multiplex-PZR icin Reaksiyon Hacmi ve Parametreler

Reagent Miktar
10X PCR buffer (without MgCl12) 2.5 ul
MgCl2 (25 mM) 3l
dNTP (10 mM) 0.5ul
F-tyvD (5 pmol/ul) 1 pl
R-tyvD (5 pmol/ul) 1 ul PARAMETRELER
F-wzxB (5 pmol/pl) 1 pl
R-wzxB (5 pmol/ul) 1 ul 94°C 5 dk Baslangi¢ denaturasyonu
F-wzxC1 (5 pmol/ul) 1 ul 94°C 30 sn Primerlerin baglanmasi
R-wzxC1 (5 pmol/pl) 1l 57°C 40 sn (30 siklus)
F-wzxC2-C3 (5 pmol/ul) 1 ul 72°C 30 sn
R-wzxC2-C3 (5 pmol/ul) 1 ul 72°C 10 dk Final uzama
F-wzxEl (5 pmol/ul) 1 pl
R-wzxEl (5 pmol/ul) 1l
Taq DNA Polymerase 0.5 pl
Deionize su 7.5 ul
Template 1 ul
Total hacim 25 ul
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4. D1 ve E1 i¢in Serogrup Multiplex-PZR icin Reaksiyon Hacmi ve Parametreler

Reagent Miktar
10X PCR buffer (without MgCl12) 2.5 ul 94°C 5 dk
MgCI2 (25 mM) 3l 94°C 30 sn PARAMETRELER
dNTP (10 mM) 0.5 ul 57°C 40 sn
F-D1 (5 pmol/ul) 1 ul 72°C 30 sn Baslangi¢ denaturasyonu
R-DI (5 pmol/ul) 1 ul 72°C 10 dk Primerlerin baglanmast
F-E1 (5 pmol/pl) 1l (30 siklus)
R-E1 (5 pmol/ul) 1 ul
Taq DNA Polymerase 0.5 pl Final uzama
Deionize su 13.5 ul
Template 1 pl
Total hacim 25 ul

5. Faz-1 Multiplex-PZR icin Reaksiyon Hacmi ve Parametreler

Reagent Miktar
10X PCR buffer (without MgCl12) 4 ul
MgCI2 (25 mM) 3l
dNTP (10 mM) 0.5 ul
Sense-60 (35 pmol/ul) 1l
Antisense-i (5 pmol/ul) 1l
Antisense-z10 (5 pmol/ul) 1l
Antisense-b (7 pmol/pl) 1 ul PARAMETRELER
Antisense-eh (7 pmol/ul) 1 ul
Antisense-1v (5 pmol/ul) 1 ul 94°C 5 dk Baslangi¢ denaturasyonu
Antisense-t (5 pmol/pl) 1 pl 94°C 30 sn Primerlerin baglanmasi
Forward-G (5 pmol/ul) 1 ul 58°C 40 sn (30 siklus)
Reverse-G (5 pmol/ul) 1l 72°C 30 sn
Forward-Sdf-1 (5§ pmol/pl) 1 ul 72°C 10 dk Final uzama
Reverse-Sdf-1 (5 pmol/ul) 1l
Taq DNA Polymerase 0.5 ul
Deionize su 5
Template 1 ul
Total hacim 25 ul
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6. Faz-2 Multiplex-PZR icin Reaksiyon Hacmi ve Parametreler

Reagent Miktar
10X PCR buffer (without MgCl12) 2,5 ul
MgCI2 (25 mM) 3l
dNTP (10 mM) 0.5ul
Sense-F1mod (20 pmol/ul) 1 pl PARAMETRELER
Antisense-R5mod (5 pmol/ul) 1 ul
Antisense-R6 (5 pmol/pul) 1 ul 94°C 5 dk Baslangi¢ denaturasyonu
Antisense-R7 (5 pmol/ul) 1 ul 94°C 30 sn Primerlerin baglanmasi
Antisense-R 1mod5 (5 pmol/pl) 1 pl 61°C 40 sn (30 siklus)
Sense-Fw 5 (5 pmol/ul) 1l 72°C 30 sn
Antisense-Rw 5 (5 pmol/ul) 1 pl 72°C 10 dk Final uzama
Sensen-Fe (5 pmol/ul) 1 ul
Antisense-Rz15(5 pmol/pl) 1 ul
Deionize su 9
Template 1 pl
Total hacim 25 ul

7. Agaroz- Jel Elektroforez

Elde edilen PZR firiinlerinden; 5’er pl alinarak,
1 ul 6X loading dye solusyonu ytiklenecek, 0.5 pl/
ml ethidium bromide ile boyanan % 2’lik agaroz
jelde 100 V elektrik akiminda 120 dk ytritiilerek
elektroforez iglemi yapildi. Agaroz jel, uv-translu-
minatore transfer edilerek olusan bantlar DNA mar-
ker ve pozitif kontroller yardimiyla UV 15181 altinda
degerlendirilip ve jel goriintiileme sistemi ile dokii-
mantasyonu yapildi. Serogrup Multiplex-PZR ile
B, C1, C2-C3, D ve E gruplar icin beklenen DNA
bant1 biiyiikliikleri sirastyla; 230 bp, 483 bp, 154
bp, 615 bp ve 345 bp olarak tespit edildi. D1-E1
Serogrup Multiplex-PZR i¢in beklenen DNA banti
biiytikliikleri sirastyla; 624bp ve 281 bp’dir. Fazl
Multiplex- PZR ile H:G, H:z10, H:l,v, H:r, H:i,
H:e,h, H:b antijenleri i¢in dizayn edilen primerler
ve Salmonella Enteritidis i¢in spesifik olan Sdfl
primerleri ile beklenen DNA bant1 biiytikliikleri si-
rastyla; 500 bp, 400 bp, 300 bp, 275, 250 bp, 200
bp, 150 bp ve 300 bp’dir. Faz 2 Multiplex-PZR ile
H:1,2, H:1,5, H:1,6, H:1,7, H:lLw ve H:e,n,z15 an-
tijenleri i¢in dizayn edilen primerler ile beklenen
DNA bant1 biiytikliikleri sirasiyla; 400 bp, 100 bp,
300 bp, 200 bp, 250bp, 150 bp’dir.

8. Ribotiplendirme: Ribotiplendirme, PVUII
enzimi ile kit prosediiriine gore yapilda.

Bulgular

Daha 6nce gold standart bir metot olan serotiplen-
dirme ile isimlendirilen 36 farkli serovardan olusan
toplam 907 izolat, somatik, fazl ve faz2 antijenleri-
nin multiplex-PZR ile tiplendirilmesi agisindan tek-
rar degerlendirildi. Multiplex-PZR sonuglar1 asagi-
da ayrintisiyla anlatilmaktadir.

S. Heidelberg (1 adet), S. Richmond (15 adet),
S. Bsilla (1 adet), S. Abony (3 adet), S. Israel (1
adet), S. Otmarschen (1 adet), S. Potsdam (1 adet),
S. Kapemba (1 adet), S. Typhimurium (10 adet),
S. Braenderup (27 adet), S. Breedeney (7 adet),
S. Anatum (14 adet), S. Enteritidis (132 adet), S.
Virchow (60 adet), S. Sandiego (2 adet) olmak iize-
re 15 farkli serovardan olugan toplam 266 izolat tam
olarak identifiye edilmistir.

Toplam 392  izolatin; S. Mbandaka
(6,7,14:z10:enz15) (68 adet) ve S. Infantis
(6,7,14:r:1,5) (324 adet) suslarinin tam olarak iden-
tifiye edilmesi bekleniyordu. Ancak iki izolatinda,
somatik, fazl ve faz 2 antijenlerini kodlayan pri-
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merler mevcut olmasia ragmen, O:7 somatik an-
tijeni kodlayan primer her iki izolatta da somatik
antijeni amplifiye etmemistir. Bu nedenle mevcut S.
Mbandaka ve S. Infantis suslarinin sadece fazl ve
faz 2 antijenleri tespit edilebildi. Tiplendirilemeyen
S. Mbandaka ve S. Infantis suslari ribotiplendirme-
ye alindiginda sonuglar su sekildedir: Altmissekiz
adet S. Mbandaka ve 324 adet S. Infantis suslarin-
dan; 68 adet S. Mbandaka tam olarak tiplendirile-
bilirken, 392 adet S. Infantis susunun 20 adedi S.
Bareily (6,7,14:y:1,5) olarak tiplendirilmistir.

Toplam 159 izolatin somatik ve faz 1 anti-
jenleri tespit edildi. S. Kentucky (8,20:i:z6) (150
adet), S. Tumadi (1,4,12:1:z6) (1 adet), S. Hadar
(6,8:210:e,n,x) (8 adet), suslarinin somatik antijen
ve faz 1 antijenleri tespit edilirken, z6, enx faz 2 an-
tijenlerini kodlayan primerler mevcut olmadigi i¢in
faz 2 antijenleri tespit edilememistir.

S. Sao (5 adet) serovarimin multiplex-PZR ile
tiplendirilmesi degerlendirildiginde, fazl ve faz 2
antijenlerini kodlayan primerler ile faz 1 ve faz 2
antijenleri identifiye edildi. S. Sao izolatoinin soma-
tik antijeni E4 grubunda yer almaktadir. Caligmada
sadece E grubu ve E1 grubunu kodlayan primerler
mevcut oldugu i¢in, S. Sao susunun ancak E gru-
bunda oldugu belirlenebildi, E4 grubunda oldugu
tespit edilemedi.

Yedi farkli serovar olmak iizere toplam 45 izola-
tin somatik ve faz 2 antijenleri tespit edildi. S. Agona
(1,4,[5]: f.g,s: [1,2]) (15 adet), S. Schwarzengrund
(1,4,12,27:d:1,7) (6 adet), S. Coeln (1,4,5,12:y:1,2)
(5 adet), S. Dabou (8,20:z4,z23:1,w) (4 adet), S.
Orion (3,10,[15], [15,34]:y: [L,5]) (9 adet), S.
Bareilly (6,7,14:y: 1,5) (1 adet), S. Livingstone
(6.7,14:d:1,w) (5 adet) suslarinin somatik ve faz 2
antijenleri tam olarak identifiye edilmistir. Ancak
faz 1 antijenini kodlayan primerler mevcut olmadigi
icin multiplex-PZR ile tespit edilememistir.

Toplam 9 serovar olmak iizere 32 adet izolatta
iic antijenden sadece biri tespit edildi. Tek bir an-
tijenik yapisi tespit edilen seovarlar sunlardir: S.
Bispebjerg (1,4:a:e,n,x) (3 adet), S. Oranienburg
(6.7,14:m,t:z57) (1 adet), S. Hvittingfoss (16, b,
e,n,x) (1 adet), S. Amoutive (28:d:1,5) (1 adet), S.
Derby 1,4, [5],12:f,g: [1,2] (1 adet), S. Liverpool
(1,3,19:d:enz15) (3 adet), S. Oakey (6,7:m,t:z64) (1
adet) S. Duisburg (1,4, 12,27:d: enz15) (4 adet), S.

Montevideo (6,7,14:g,m,[p],s:[1,2,7]) (5 adet), S.
Molade (8,20:210:z6) (2 adet).

Incelenen &rneklerde, herhangi bir antijenik ya-
pimin tespit edilemedigi 2 serovar toplam 8 izolat;
S. Kingston (1,4, [5],12,27:g,s,t:[1,2]) (1 adet) ve S.
Senftenberg (1,3,19:g,[s],t:-) (7 adet)’dir.

Projenin baginda H:d flagellar 1 ve H:e,n,x fla-
gellar 2 antijenlerini amplifiye eden primerler faz 1
ve faz 2 multiplex-PCR’larda 6ngoriilmiistii. Ancak
bu primerlerin ilgili antijenleri amplifiye etmedigi
tespit edilince reaksiyon dis1 birakildilar.

Resim 1. Serogrup mPZR jel goriintiisii : 100 bp
marker (Fermentas; 100bp), 1 mnolu kuyucuk: S.
Typhimurium [O:B (0:4)]= 230 bp, 2 nolu kuyucuk: S.
Liverpool [O:E (0:3,10, O0:3,19) ]=345 bp, 3 nolu kuyu-
cuk: S. Hadar [0:C2-C3(0:8)]=154 bp, 4 nolu kuyucuk:
S. Typhimurium [O:B (0:4)]= 230 bp, 5 nolu kuyucuk:
S. Enteritidis [O:D (0:9, 0:9,46, 0:9,46,27) =615 bp, 6
nolu kuyucuk: S. Braenderup [O:C1(0:7) ]=483bp

Resim 2. DI1-E1 Serogrup mPZR jel goriintii-
sii: Marker (Fermentas; 100bp), 1 nolu kuyucuk: S.
Enteritidis [O:D (0:9)]=624 bp, 2 nolu kuyucuk: S.
Anatum O:E1(3,10)=281 bp

Etlik Vet Mikrobiyol Derg,

http://vetkontrol.tarim.gov.tr/merkez

Cilt 28, Say1 2, 2017, 85-95



92 Ginaydin E ve ark. Yaygin Salmonella Serovarlarinin Molekiiler Tekniklerle Tiplendirilmesi

Resim 3. Faz 1 mPCR jel goriintiisii: Marker
(Fermentas; 100 bp), 1 nolu kuyucuk: S. Typhimurium
(H:1)=250 bp, 2 nolu kuyucuk: S. Enteritidis (g,m
ve sdf)=500 bp ve 300 bp, 3 nolu kuyucuk: S. Hadar
(H:z10)= 400 bp, 4 nolu kuyucuk: S. Typhimurium
(H:1)=250 bp, 5 nolu kuyucuk: (H:L,v)=300 bp, 6 nolu
kuyucuk: S. Infantis (H:r)=275 bp,

8 9 100bp

Resim4.Faz2 mPCRjel goriintiisii: Marker (Fermentas;
50bp), 1 nolu kuyucuk: S. Infantis (H:1,5)=100bp, 2
nolu kuyucuk: S. Livingstone (H:L,w)=250 bp, 3 nolu
kutu:deionized water (negative control), 4 nolu kutu:
S. Liverpool (H:e,n,z15): 150 bp, 5 ve 7 nolu kuyucuk:
S. Typhimurium (H:1,2)=400 bp, 6 nolu kuyucuk: S.
Bariely (H:1,5), 8 nolu kuyucuk: S. Schwarzengrund
(H:1,7)=300bp

Tartisma

Son ¢eyrek ylizyil i¢erisinde; Salmonellalarin PZR-
tabanli yontemlerle tiplendirmesi iizerine ¢aligma-
lar yapilmaktadir. Salmonella serotipleri arasinda
veya 0zel bir serotip igerisinde ayrim yapmak i¢in
tanimlanan PZR-tabanli metotlar optimize edilmis-
tir. (1, 7, 12, 18, 19, 24). PCR-tabanli metotlar ile
direk somatik antijenlerin (10, 11, 14, 21), ve/veya
flagellar antijenlerin (4, 5, 9) tespit edilmesine yo-
nelik calismalar da mevcuttur.

Calismada, gold standart bir metot olan kon-
vansiyonel serotiplendirmeyle optimize edilen
multiplex-PZR’larinin dogru tiplendirme agisindan
gecerliligi sorgulandiginda toplam 907 izolatin,
490’ninda (%54.56) (28 farkli serovar) somatik
antijen tam olarak tespit edilmistir. Benzer bir se-
kilde, Herrera-Leon ve ark. (10), yaptiklar calig-
mada, multiplex-PZR ile 500 Sa/monella izolatinin
423’nl serogruplandirabildiklerini bildirmislerdir.
Ayni aragtirmacilar, 6zellikle O-antijenini kaybe-
dip rough susa doniisen veya flagellar antijenleri-
ni eksprese etmeyen ve monofazik veya hareketsiz
duruma gegen Salmonellalariin konvansiyonel yon-
temle tanisina gidemezken, multiplex-PZR ile tes-
pit edebildiklerini bildirmislerdir. Konvansiyonel
serotiplendirme ile karakterize edemedikleri 1 oto-
aglutinasyon veren, 4 tane de hareketsiz Salmonella
Enteritidis susunu tiplendirdiklerini ortaya koymus-
lardir. Geleneksel tiplendirme metodu ve molekiiler
serotiplendirme arasinda korelasyon % 99.2 olarak
bildirlmistir (10). Bu ¢alismada benzer 6rnekleri ¢a-
lisma olanagimiz olmasa da, mukoid bir Salmonella
susunun konvansiyonel yontemlerle tiplendirmesi-
nin yapilamadigi bir olguda multiplex-PZR ile tip-
lendirdigimiz ve S. Enteritidis olarak isimlendirdi-
gimiz izolatla Leon ve ark. (2007)’nin (10) yaptik-
leri ¢alismay1 destekler sonuglar elde edilmistir (3).

Fazl multiplex-PZR’nun tiplendirmede randi-
mani degerlendirildiginde, 825 (%54.56) izolatin faz
1 antijenlerinin tam olarak belirlenebildigi saptan-
di. Calismamizla ortligtir sekilde; Herrera-Leon ve
ark. (9), optimize ettikleri Faz 1 multiplex-PZR nda
Ispanya’daki Salmonella izolatlarmin % 80’ninin
faz 1 antijenini dogru olarak tespit edebildiklerini
ortaya koymuslardir. Ancak, ¢aligmada faz-1 mul-
tiplex-PZR’nda reaksiyonda yer alan primer ¢iftle-
rinden H:d primer ¢iftinin amplifiye olmadigi tespit
edildiginden reaksiyon dis1 birakilmistir. 82 izolatta
flagellar 1 antijeninin tespit edilememesi, ya flagel-
lar 1 antijeninin H:d olmasi1 veya H:G, H:z10, H:l,v,
H:r, H:i, H:e,h, H:b antijenleri disindaki flagellar 1
antijenine sahip olmasi kaynaklidir. Clinkii mevcut
primer giftleri ancak 7 adet faz 1 antijenini tiplendi-
rebilmektedir.

Incelenen izolatlardan 716’sinmn  (%78.94)
faz 2 antijenleri belirlenebilirken, faz2-multip-
lex-PZR’da H:e,n,x faz 2 antijenini kodlayan primer
cifti amplifiye olmadig i¢in reaksiyon dis1 birakil-
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di. Calismamiza benzer sekilde, Echeita ve ark. (5),
10 primer cifti ile 49 farkl serotipe ait toplam 140
Salmonella izolat1 ile yaptiklar1 ¢alismada, multip-
lex-PZR ile % 100 sensitivite ve spesifite ile Faz
2 antijenlerini belirlediklerini bildirmislerdir. Bu
calismada tiplendirilemeyen 191 izolatin flagellar 2
antijenleri ise ya H:e,n,x ya da H:1,2, H:1,5, H:1,6,
H:1,7, H:Lw ve H:e,n,z15 faz2 antijenleri disinda-
ki flagellar 2 antijenlerine sahip olmasi kaynaklidir.
Ciinkili mevcut primer ¢iftleri ancak 6 faz 2 antijeni-
ni tiplendirebilmektedir.

S. Infantis ve S. Mbandaka suslarinda ise faz 1
ve faz 2 antijenleri tam olarak tespit edilebilmistir.
Ancak, O:7 somatik antijeni amplifiye eden primer
mevcut olmasina ragmen, somatik antijenin bu iki
izolatta tiplendirilememesi nedeniyle, bu iki sero-
varin tam ismi verilememistir. Tiplendirilemeyen
bu iki izolat, ribotiplendirmeye alindiginda, 68 adet
S. Mbandaka izolat1 dogru olarak belirlenirken, 324
adet S. Infantis izolatinin 12 adedi (% 4) S. Bareilly
olarak isimlendirilmistir. Bu ¢alismadaki amaglar-
dan biri de multiplex-PZR ile tiplendirilemeyen
suslari, serotiplendirme digindaki baska bir metotla
tiplendirmekti. Hem Multiplex-PZR’larin hem de
ribotiplendirmenin dogrulugu gold standart me-
tot olan Kauffmman- White semasina gore antise-
rumlarla yapilan serotiplendirme sonuglarina gore
degerlendirildi. Oniki izolatin S. Bareilly olarak
bulunmasi konvansiyonel serotiplendirme metodu
ile ortismemektedir. Benzer duruma Sahan ve ark.
(22), 140 Salmonella izolatin1 klasik serotiplendir-
me ve pvull enzimi kullanarak ribotiplendirme pro-
tokolii uyguladiklar1 ¢aligmalarinda, S. Infantis sus-
larini her iki metotla karsilasilmistir. Arastirmacilar,
119 izolat1 konvansiyonel serotiplendirme metodu
ile uyumlu bulduklarini, 16 susun S. Infantis’e %
85’in altinda benzerlik gosterdigini ancak en yakin

tiir olarak S. Infantis’e dahil ettiklerini, ilk deneme-
de S. Infantis olarak belirlenemeyen 5 izolatin ikinci
denemede 3’iiniin S. Infantis olarak tespit edildigi-
ni, geriye kalan 2 izolatin ise S. Mbandaka olrak
identifiye edildigini bildirmislerdir. 324 izolatin
%96.3’1i seroloji ile uyumlu bulunurken, %3.70’lik
farkin ise istatistiki olarak anlamli bulunamadigini
raporlamislardir.

Tim izolatlarin % 29.32°sinin (266 izolat; 15
farkli serovar) ii¢ antijenik yapisi da tam olarak
identifiye edilip, isimlendirilebilmistir. Incelenen
izolatlarin somatik, flagellar 1 ve flagellar 2 anti-
jenlerinin sirastyla; %54.56 (490), %90.95 (825)
ve %78.94 (716)’1 tespit edilebilmistir. Multiplex-
PZR ve ribotiplendirme sonuglar1 degerlendirildi-
ginde, gold standart serolojik metoda alternatif de-
gil, ancak destek bir metot olarak kullanilabilecegi
sonucuna varilmistir.

Sonu¢

Bu calismayla daha diisiik maliyetle, daha kisa siire-
de, duyarlilig1 ve 6zgiinliigii yliksek destekleyici bir
metotla Salmonellalarin tiplendirmesi yapilabilmis-
tir. Gonderilen izolatlarin birden fazla Salmonella
serovari tasidigi durumlar ya da serovarlar arasi
capraz reaksiyonlar gibi olumsuzluklarin 6niine ge-
cilmesi saglanmis olacag: goriilmektedir. Ozellikle
O-antijenini kaybedip rough susa doniisen veya
flagellar antijenlerini eksprese etmeyen ve monofa-
zik veya hareketsiz duruma gecen Salmonellalarin
tiplendirmesinde seroloji ile yasanan aksakliklarin
ortadan kaldirilabilmesine olanak saglanmaktadir.

Tesekkiir

Bu calisma, TAGEM/ HSGYAD/13/407/P02/26
nolu proje ile desteklenmistir.

Resim 5. Numunelerin Serogrup mPCR
jel goriintiisii
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Resim 6. Numunelerin Faz 1 mPCR jel goriintiisii

Resim 7. Numunelerin Faz 2 mPCR jel goriintiisii
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Abstract: Canine parvovirus type 2 (CPV-2) is a highly contagious and lethal viral disease with acute gastroenteritis in
young dogs. After it first appeared in USA in 1978, continuous evolution of virus genome has arisen new genetic and
antigenic variants such as CPV-2a, CPV-2b, new CPV-2a, new CPV-2b and CPV-2¢ throughout the world. The aim of
the present study was to detect CPV-2 genetic variants from blood samples of clinically ill dogs and to characterize CPV-
2 genetic variants circulating in Mersin province (Turkey), by partial sequence analysis of VP2 gene. A total of 20 blood
samples were collected from dogs with gastroenteritis from local veterinary clinics between April 2017 to September
2017. Out of 20, 7 samples were positive for CPV-2 genomic DNA using conventional PCR. Amino acid comparisons
showed that Ile-324 mutation was detected in the VP2 of clinical CPV-2b samples, as differ previously studies Turkish
genetic variants. A phylogenetic tree constructed based on VP2 gene sequences indicated that CPV-2b sequences from
Mersin province were related to Indian genetic variants. Moreover, CPV-2b sequences from Mersin have clustered sepa-
rately from other Turkish CPV-2b genetic variants previously reported. The results show that CPV-2b genetic variant is
circulating among in dogs in Mersin province.

Key words: Canine parvovirus, dog, phylogenetic analysis, VP2 gene.

Tiirkiye’de Mersin ilinde Képeklerde Canine Parvovirus 2’nin Molekiiler
Karakterizasyonu ve Filogenetik Analizi

Ozet: Canine parvovirus 2 (CPV-2) geng kopeklerde akut kanli gastroenteritis ile seyreden oldukga bulasic ve Sliimciil
bir viral hastaliktir. 1978’de ABD’de ilk ortaya ¢iktiktan sonra, virus genomunun siirekli evrimi, tim diinyada CPV-
2a, CPV-2b, new CPV-2a, new CPV-2b ve CPV-2c gibi yeni genetik ve antijenik varyantlarin ortaya ¢ikmasina yol
acmustir. Bu ¢alismanin amaci, Mersin (Tiirkiye) ilinde klinik olarak hasta kdpeklerin kan 6rneklerinde CPV -2’yi tespit
etmek ve dolagimda olan CPV- 2 genetik varyatlarinin karakterizasyonunu saglamaktir. Bunun i¢in 2017 Nisan ve 2017
Eyliil aylari arasinda, yerel kliniklerden 20 adet kan 6rnegi gastroenteritisli kopeklerden toplandi. 20 6rnegin 7°si PZR
ile CPV- 2 yo6niinden pozitif olarak test edildi. Klinik CPV-2b 6rneklerinin VP2’sindeki amino asit karsilastirmalart
sonucunda daha once ¢alisilan Tiirk soylarindan farkli olarak Ile-324 mutasyonu tespit edildi. VP2 geni dizinlerinden
koken alarak yapilan filogenetik agac, Mersin ilinden gelen CPV-2b dizilerinin Hindistan genetik varyantlartyla iligkili
oldugunu gostermistir. Ayni zamanda Mersin ilinden elde edilen CPV-2b dizinleri daha 6nce tespit edilen Tiirk genetik
varyantlarindan farkli bir dal sekillendirmistir. Bu sonuglar Mersin ilinde CPV-2b genetik varyantinin képekler arasinda

Arastirma Makalesi / Research Article

dolastigini gostermistir.

Anahtar kelimeler: Canine parvovirus, képek, filogenetik analiz, VP2 gen.

Introduction

Canine parvovirus 2 (CPV-2) is small, non-envel-
oped, single-stranted DNA virus, belonging to genus
Parvovirus, the family Parvoviridea with genome
0f 5, 2 Kb in lenght. CPV-2 has two open reading
frames (ORFs). One of them encodes non-structural
proteins (NS1, NS2) and the other encodes struc-
tural proteins (VP1, VP2). Amino acid changes in
the VP2 protein, main viral protein of capsid, alter
the antigenic properties of the virus in determining
the viral host distribution and tissue tropism [6, 13].

After the emergence of the CPV-2 in 1978, two new
genetic variants (CPV-2a and CPV-2b) were charac-
terized in 1979 and 1984, respectively. Monoclonal
antibodies can distinguish as CPV-2a (426Asn)
and CPV-2b (426Asp) by amino acid substitution
in the capsid protein gene. In 2000, CPV-2c (Asp-
426 to Glu) is a new genetic variant was detected
in Italy [6, 11]. These three genetic variants occur
in dogs throughout the world; CPV-2a was found
in Nigeria, South Africa, Turkey, Greece and oth-
er European countries [14]. CPV-2b was reported
from USA, Turkey and China [6, 23]. Morever,
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CPV-2c has been reported in Italy, Spain, Germany,
the United Kingdom, the United States, Australia,
Portugal, Vietnam and some other European coun-
tries [1,5,7,10,12,13,19].

CPV-2 is a highly contagious disease that
causes acute hemorrhagic enteritis and myocardi-
tis in dogs with high fatality rate ranges from %24
to %43 [26, 27]. The virus is usually transmitted
through direct contact from dog to dog or acquired
indirectly environment contaminated with feces
[27]. Although CPV-2 is common in all dogs, pup-
pies between 6 weeks and 6 months are more sus-
ceptible to disease. The incubation period of disease
is between 3 and 7 days and main characteristics of
the disease are depression, loss of appetite, fever,
vomiting, hemorrhagic diarrhea and dehydration.
Vaccination is main method of protection from dis-
ease. Commercial vaccines are available for CPVs
genetic variants worldwide and are able to protect
against 4 genetic variants; CPV, CPV - 2a, CPV-
2b and CPV- 2¢ respectively [13]. CPV vaccines
(Vanguard, Pfizer; Nobivac, Intervet; Parvodog,
Merial; Quantum, Schering) used for dogs include
2a and 2b genetic variants in Turkey. However, anti-

genic changes occurring in the VP2 protein of CPV
reduce efficacy of vaccine in dogs [23]. Mutations
such as 87, 101 297, 300,305, 323, 324, 426, 440,
555 occurring of VP2 protein of CPV result in new
genetic variant and pathogenic features [21, 25].
Carmichael et al.,[3] reported that CPV -2 variants
were detected higher titres than original virus in fae-
ces of naturally infected dogs.

The aim of the present study was to detect CPV
from blood samples of dogs and to characterize
CPV genetic variants circulating in Mersin province
(Turkey), by partial sequence analysis of VP2 gene.

Materials and Methods

1. Sample collection

Blood samples (n=20) were obtained from local
veterinary clinics in Mersin province between April
and September 2017. Anticoagulated blood samples
were centrifuged at 3000 rpm for 7 minutes and the
buffy coat was collected and stored at -20°C until
use. Individual information such as age, gender,
breed, clinical symptoms and vaccination history
about the animals involved the study is given in
Table 1.

Table 1. Year, sample type, Age , gender, vaccination status, clinical sings of dogs infected and non - infected with

CPV - 2b (F: Famale, M: Male, NV: Non - vaccinated).

Year Sample type Age(month) Sex Vac;::zgon Clinical symptoms Type Breed
2017 Blood 1 1,5ay M NV Depression, vomiting - Mix

2017 Blood 2 2ay If NV Diarrhea CPV -2b Mix

2017 Blood 3 2ay F NV Anorexia,anemia depression - golden retriever
2017 Blood 4 3ay M NV Anorexia, vomiting - german shepherd
2017 Blood 5 1,5 F NV diarrhea CPV -2b  german shepherd
2017 Blood 6 Say M NV Anorexia, Diarrhea - Mix

2017 Blood 7 2ay M NV Diarrhea - Mix

2017 Blood 8 3ay M NV Diarrhea - rottweiler
2017 Blood 9 1,5 F NV Diarrhea - pointer
2017  Blood 10 3ay B NV Anorexia, vomiting - pointer
2017  Blood 11 2ay F NV Anorexia, vomiting CPV -2b Mix

2017  Blood 12 1,5 M NV Depression, vomiting CPV -2b Mix

2017  Blood 13 2ay M NV Diarrhea CPV -2b  golden retriever
2017  Blood 14 1,5 M NV Diarrhea - golden retriever
2017  Blood 15 2ay F NV Vomiting, diarrhea - Mix

2017  Blood 16 2ay M NV Anorexia, depression CPV -2b Mix

2017  Blood 17 3ay M NV Diarrhea - Mix
2017  Blood 18 1,5ay M NV Vomiting CPV -2b  golden retriever
2017  Blood 19 2ay F NV Vomiting - rottweiler
2017  Blood 20 Say M NV Anorexia, Diarrhea - rottweiler
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2. Template DNA Preparation and PCR

Nucleic acids were extracted from 200uL blood
samples using High Pure Viral Nucleic Acid Kit
(Roche Diagnostics, Mannhaeim, Germany) follow-
ing the manufacturer’s recommendations. Purified
DNAs were stored at -20°C until PCR. The PCR
targeting partial VP2 gene (629bp) was performed
as described elsewhere [2]. Amplified PCR products
were visualized under ultraviolet light via ethid-
ium bromide staining after electrophoresis using in
%1 agarose gel in TAE (Figure 1). Consequently,
100uL amplicon from each sample was purified us-
ing a commercial kit (GeneJET, Thermo Scientific,
Lithuania) according to manufacturer’s instruc-
tions. Purified DNA was used for DNA sequencing
and subsequent phylogenetic analysis.

«—629 bp

Figure 1. Agarose gel image of the PCR products (629 bp)
of Canine parvovirus DNA using by Hfor and Hrev prim-
ers. Lane M: 100bp DNA ladder (Thermoscientific, USA);
Lane: 1 - 7 positive samples; Lane 8: Negative control.

3. DNA sequencing and phylogenetic analysis

Sequencing was performed in ABI PRISM 310
Genetic Analyzer (Applied Biosystem, CA) us-
ing same primers that were used in the PCR. The

obtained DNA sequences were compared to other
CPV sequences available from GenBank Database
(http://www.ncbi.nlm.nih.gov). Alignment and
pairwise comparisons were carried out in CLC Main
Workbench v7.7 (CLCBio, Aarhus, Denmark).
Phylogenetic tree was drawn in MEGA software
v.6.06 using neighbor-joining (NJ) method and
bootstrap values were calculated with 1,000 repli-
cates [19].

Results and Discussion

Twenty dogs with clinically defined gastroenteritis
(especially vomiting and diarrhea) signs were test-
ed with conventional PCR assay for the presence
of CPV-2. Seven (35%) of the dogs were CPV-2
positive. Samples from negative dogs were not re-
investigated for the other etiological causes of gan-
troenteritis. CPV- 2 positive dogs were between 1,
5 and 5 months old. Four of the positive dogs were
male and three were female. According to the infor-
mation received from the pet clinics, no vaccination
was administrated to dogs. Breeds of dogs involved
the study were recorded as Rottweiler, Golden
Retriever, Pointer, German Shepherd and mix breed
(Table 1).

Conventional PCR was carried out using Hfor
and Hrev primers. Sequence analysis of PCR am-
plicons were performed with same primer sets. The
obtained sequence results were compared to gene
bank reference sequences (Figure 2). Phylogenetic
(NJ) analysis revealed that all CPV-2 detected in
the study were found to be CPV-2b. Other genetic
variants (CPV-2a and CPV-2c) were not identified
in the study. In order to investigate the variations
occurring on VP2 gene, reference strain (GenBank
Accession # M38245) was compared to amino acid
residues obtained from clinical samples (Table 2).

Table 2. Amino acid changes in VP2 partial gene of CPV - 2b type

Aa no. 297 300 305 324 336 375 426 440
M38245 S A D Y A N N T
P5 A G Y I G D D A
P12 A G Y I G D D A
P2 A G Y I G D D A
P13 A G Y I G D D A
P18 A G Y I G D D A
P11 A G Y I G D D A
P16 A G Y I G D D A
Aa change TCT—-GCT GCT-GGT GAT—TAT TAT—ATT GTA—GTG AAT— GAT ATT-GAT ACA—GCA

S—A* A—G* D—-Y*

Y—-I*

VoV N—D* N—-D* T—A*

Amino acid substitutions are indicated by asterisks (¥).
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Figure 2. Neighbor joining tree (Mega 6) was construct-
ed using canine parvovirus partial VP2 gene sequences
under study (consensus sequences are indicated filled tri-
angle in this study) and reference sequences.

Amino acid analysis revealed that all positive
specimens were had a substitution N426D, which
is characteristic of CPV-2b variant (A—G transver-

sion). Nucleotide variation at position 948 resulted
in A—G (synonymous mutation) codon change
from GTA— GTG, they both encode the same
amino acid (V—V). In this study, substitutions
were detected in S297A (nt3675), A300G (nt3685),
D305Y (nt3699), Y3241 (nt3757), N375D (nt3912)
and T440A (nt4104) (Table 2). The residue T440A,
which is known to be main antigenic site of the vi-
rus, locates at the three-fold spike on VP2 protein
[6]. Synonymous and non-synonymous mutations
have been described previous studies [6, 11, 17, 24,
26]. However, mutation in residue Y3241 was the
first reported in Turkey genetic variants (Table 2).
The Y3241 mutation has been reported in CPV ge-
netic variants in China, India, Korea and Japan [10,
16, 18, 22]. It was reported that residue 324 shows
strong positive selection all carnivore parvovirus.
[8, 9]. It is adjacent to residue 323, which is respon-
sible for host range like previously reported [6, 13,
23] .and residue 93, which determines the host dis-
tribution with binding canine transferrin receptor
(TrR) [16]. As a result, residue 324 mutation may
have a role on CPV host range together with residue
323 and 93. Although the function of the residue
324 is not fully known, Lin et al.,[9] reported that
[le324 mutation resulted in viral shedding up to 63
days in dogs. These mutations can lead to changes
in the VP2 protein of CPV and cause new genetic
variants. Moreover, the emergence of new genetic
variants reduces the efficacy of vaccines used in the
field [15].

Phylogenetic tree indicated that all CPV-2b
genetic variants in Mersin province were close-
related and allocated in a separate branch (Figure
2). Comparison of CPV-2b VP2 sequences obtained
from clinical samples were 99% identical to each
other and CPV-2b sequences detected in this study
were associated with 98% identical to Indian se-
quences.

CPV-2 is highly infectious and deadly viral
disease of dogs seen in many countries around the
world. Study performed in Greece showed that all
three CPV-2 genetic variants (CPV-2a, 2b and 2c)
are circulating in dogs [11]. In one of the most re-
cent investigation Dei Giudici et al., [6] performed
in dogs and cats, all variants CPV- 2a/2b/2¢c have
been shown to be in circulation by conventional
PCR. Another study carried out in Lithuania re-
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vealed CPV-2a and 2b genetic variants are present
in dogs [26]. Moreover, CPV-2a has been reported
in rectal swaps obtained from dogs in India [17]. In
Turkey, there is limited number of studies on CPV
genetic variants in dogs [21, 22, 23]. Timurkan et al.,
[20] carried out the first molecular characterization
of CPV-2a and CPV-2b genetic variants in Ankara
province. Results of the study showed presence of
CPV-2b genetic variant in dogs in Mersin province.
All of these investigations show that the CPV-2a
and CPV-2b are predominant strains in dog popula-
tion in Turkey and CPV-2c¢ variant has not yet been
identified in Turkey so far. Further molecular and
epidemiological studies are needed to determine on
CPV infections and to characterize circulating types
in dogs.

In conclusion, the presence of amino acid mu-
tations suggests that the virus has evolved continu-
ously. Although parvovirus is a DNA virus, it has
high genetic substitution rate, which causes emerg-
ing new genetic variants as well as RNA viruses [5].
Differences between field and vaccine strains are
the most important reason for some immune fail-
ures [17]. Periodic epidemiological survey and mo-
lecular studies can be identified new CPV-2 genetic
variants and mutations. In addition, comparison of
strains obtained from different geographical areas
can be provided the development of used vaccines
and CPV 2 infections can be effectively controlled
in the country.
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Ozet: Kistik ekinokokkoz (KE) son derece 6nemli bir paraziter zoonoz olup insan ve hayvanlarda ciddi ekonomik
kayiplara neden olur. Tiirkiye’de hastaligin sigir, koyun, keci gibi ¢iftlik hayvanlarinda oldukg¢a yaygin oldugu tespit
edilmistir. Ancak atlarda KE konusunda ¢ok az ¢alisma bulunmaktadir. Bu ¢alismanin amaci Nevsehir ilinde halk elinde
yetistirilen atlarda KE seroprevalansini belirlemekti. Bu amagla yaglari 3-24 arasinda degisen, farkli irklardan, 105 disi
attan kan alinarak serumlar ¢ikarildi. Enfekte koyun kistlerinden Antijen-B bakimindan zengin kismi purufiye kist si-
vis1 antijeni hazirlanarak enzyme-linked immunosorbent assay testinde (ELISA) kullanildi. Tarama sonucunda 7 yas ve
alt1 atlarda %4,54 (2/44), 7 yas lstii atlarda %6,55 (4/61) oraninda anti-Echinococcus granulosus antikorlari tespit edil-
di. Ki-kare (X?) testi ile yas gruplari ile seroprevalans arasinda istatistiksel agidan 6nemli bir fark bulunmad: (p > 0,05).
Genel seroprevalans ise %5,71 (6/105) olarak belirlendi. Elde edilen veriler bu bélgede atlarin da son konak kopekgiller
icin enfeksiyon kaynagi olabilecegini ve hastaligin epidemiyolojisi agisindan dnemli oldugunu ortaya koymustur. Bu
calisma ile Nevsehir ilindeki atlarda ilk defa KE seroprevalansi belirlenirken, tilkemizde konuyla ilgili cok sinirli sayida
bulunan literatiir bilgiye bir yenisi eklenmistir.

Anahtar kelimerler: At, ELISA, Kistik Ekinokokkoz, Nevsehir.

Seroprevalance of Cystic Echinococcosis in Horses in Nevsehir Province of Turkey

Abstract: Cystic Echinococcosis (CE) is a highly significant parasitic zoonosis and can cause dramatic economic losses
in humans and animals. In Turkey, the disease has been detected and highly prevalent in farm animals such as cattle,
sheep and goat; however, there is very little research on CE in horses. The aim of this study is to detect the seropreva-
lance of CE in horses bred by the locals in Nevsehir province. For this purpose, blood samples were taken from 105
female horses of different races, aged from 3 to 24 and their sera were obtained. Partially purified cyst fluid antigen from
sheep hydatid cysts was used as antigen in enzyme-linked immunosorbent assay (ELISA). At the end of the screening,
anti-Echinococcus granulosus antibodies were detected in %4,54 (2/44) of horses aged 7 and under, and in %6,55 (4/61)
of horses above 7 years of age. With the use of Chi-Square Test (X?), no statistically significant difference was found
between age groups and seroprevalance (p > 0,05). The overall seroprevalance rate was detected as %5,71 (6/105). The
data obtained indicate that the horses in this region may be a source of infection for the final host, the canidae and are
significant for the disease epidemiology. This study detects for the first time the seraprevalance of cystic echinoccocus
in horses in Nevsehir province and contributes to the limited amount of literature related to this topic in Turkey.

Key words: Cystic Echinococcosis, ELISA, Horse, Nevsehir.

Giris

Echinococcus granulosus son konaklar1 kdpek, til-
ki, cakal kurt gibi kanideler ara konaklari ise insan,
sigir, koyun, keci, deve, geyik, domuz, at ve esek
gibi memeliler olan taenid bir sestodtur. Ara konak-
lardaki metasestodlar hidatik kist, bu metasestod-
larin olusturdugu hastalik ise kistik ekinokokkoz

(KE) adim alir. Kistik ekinokokoz kozmopolit bir
yayilisa sahiptir. Hastalik ¢iftlik hayvanlarinda cid-
di ekonomik kayiplara neden olur. Insanlarda ise
anaflaktik reaksiyonlar, ¢esitli organ ve dokularda
yapisal ve fonksiyonel bozukluklar ve bazen 6lim-
ler goriiliir. Bu nedenle 6nemli bir helmintik zoonoz
ve halk sagligi problemidir [4,7].

*: Bu ¢alisma 18-21 Ekim 2017 tarihleri arasinda Alanya’da diizenlenen I1. International Academic Research Congress de sozlii

bildiri olarak sunulmugtur.

Yazisma adresi / Correspondence: Armagan Evdem Utiik, Cukurova Universitesi, Ceyhan Veteriner Fakiiltesi, Parazitoloji AD,

Adana, Tiirkiye  E posta: autuk@cu.edu.tr



102

Utiik AE ve ark. Tiirkiye’nin Nevsehir llindeki Atlarda Kistik Ekinokokkoz Seroprevalansi

Hidatidozun ara konaklardaki yaygimhgi ke-
simhane kontrolleri ve serolojik testler ile belir-
lenmektedir. Tiirkiye’de hastaligin sigir, koyun ve
kecilerdeki yayginlig1 iizerine ¢ok sayida ¢aligma
olmasina ragmen, at hidatidozu ile ilgili sinirl say1-
da veri bulunmaktadir [2,6]. Ekinokokkozun belirli
bir bolgede ara konaklardaki yaygmligmin belir-
lenmesi hastaligin epidemiyolojisi ve etkin kontrol
yontemlerinin gelistirilmesi agisindan Onem arz
eder. Bu ¢calismanin amaci Nevsehir ilindeki atlarda
kistik ekinokokkozun prevalansini indirekt ELISA
yontemi ile belirlemekti.

Materyal ve Metod

Calismanin materyalini halk elinde bulunan ve tu-
ristik amaglarla yetistirilen, yaglar1 3-24 arasinda
degisen, farkli irklardan 105 disi at olusturdu. Atlar
7 yas ve alt1 (<7) ile 7 yas listli (>7) olarak iki gruba
ayrildi. Yag gruplan ile seropozitiflik arasinda ista-
tistiksel agidan iliski bulunup bulunmadigini belir-
lemek i¢in Ki-kare testi (X?) yapildu.

Calisma ic¢in Etlik Veteriner Kontrol Merkez
Arastirma  Enstitiisii  Mudiirligii, Yerel Etik
Kurulundan 21.11.2015 tarih ve 2015/07 say1li yazi
ile izin alindi. Kan ornekleri atlarin Vena jugula-
ris’inden vakumlu serum tiiplerine alind1 ve oda 1s1-
sinda 2-3 saat pihtilagmasi beklendi. Pihtilagsan kan
5000 rpm’de 5 dk santrifiij edildi. Serumlar mikro-
santrifiij tliplerine ayrildi ve kullanilincaya kadar
-20 °C’de muhafaza edildi [16].

Mezbahada kesimler takip edilerek agir enfekte
oldugu tespit edilen bir koyundan elde edilen kara-
ciger laboratuara getirildi ve hidatik kist sivisindan
antijen B (AgB) bakimindan zengin kist sivist an-
tijeni hazirlandi. Bu amagla kist sivist steril kosul-
larda aspire edildi ve mikroskopta protoskoleklerin
varlig1 yoniinden incelendi. Fertil oldugu belirlenen
kistlerin sivis1 2000 g’de 15 dk santrifiij edilerek
protoskoleksler ve diger kat1 materyal ¢oktiiriildi.
100 ml siipernatant bir gece +4°C’de 0.005 M asetat
buffer (pH 5) igerisinde diyaliz edildi. Diyaliz sonu-
cunda elde edilen kist sivist +4°C’de 15,000 g’de
30 dk santrifiij edildi. Pelet toplanarak 10 ml 0.2 M
fosfat tamponunda (pH 8) ¢ozdiiriildii ve 15 dk kay-
natilarak +4°C’de 20,000 g’de 1 saat santrifiij edil-
di. AgB bakimindan zengin siipernatant porsiyon-

lanarak kullanilincaya kadar -20 °C’de muhafaza
edildi. Protein konsantrasyonu spektrofotometre ile
Olciilerek (NanoDrop ND-1000 Spectrophotometer)
ng /pl olarak belirlendi [6,10].

Test kiiciik modifikasyonlarla Simsek ve ark.
[14)a gore yapildi. ELISA plaklarinin (Dynatech
Laboratories, IA, USA) her bir kuyucuguna 5 pg/
ml antijeni ihtiva eden 0.1 M karnonat/bikarbonat
tamponundan (pH 9.6) 100 ul eklendi ve +4°C’de
bir gece inkube edildi. Inkubasyondan sonra plaklar
2 kere igerisinde 0.01% Tween-20 bulunan 130 ul
PBS (yikama soliisyonu) ile yikandi. Her kuyucuga
5% oraninda yagsiz siit tozu ihtiva eden 0.01 M PBS
(pH 7.4)’den 130ul eklendi ve 37°C’de 1.5 saat in-
kube edilerek bloklama islemi yapildi. Bloklamadan
sonra 3 kere yikama islemi yapildi. Serum 6rnekleri
0.05% Tween-20 ihtiva eden PBS ile 1:200 sulan-
dirild1 ve her kuyucuga 100 pl eklenerek 37°C’de
1.5 saat inkube edildi. Plaklar 5 kere PBS/Tween
ile yikandiktan sonra her kuyucuga 100 ul konjugat
eklendi [1:5000°1ik goat antihorse IgG HRP (Santa
Cruz Biotechnology, sc2906, Lot: B212)] ve pleyt-
ler 37°C’de 2 saat inkube edildi. Inkubasyon sonu-
cunda pleyler 5 kez yikandi ve her kuyucuga 100
ul substrat eklendi (sitrat/fosfat tamponu icerisinde
O-fenilen diamin ve hidrojen peroksit) ve oda 1s1-
sinda 15 dk inkube edildi. Inkubasyon sonucunda
her kuyucuga 50 ul durdurma soliisyonu (1 N siil-
firik asit) eklendi. Plaklar ELISA okuyucuda (Bio-
Tek instruments, USA) 450 nm dalga boyunda oku-
tuldu. Her 6rnek ¢ift olarak c¢alisildi. Her 6rnek igin
sonuglar 6rneklerin optik dansitelerinin ortalamasi
almarak degerlendirildi. Aralarinda %10’dan faz-
la optik dansite farki olan 6rnekler tekrar ¢aligildi.
Negatif kontrollerin absorbans degerinin aritmetik
ortalamas1 + 3 standart sapma (X-+3SD) degerinin
(cut-off) {istii pozitif olarak kabul edildi [6,14 ].

Bulgular

Calisma sonucunda 7 yas ve alti atlarda %4,54
(2/44), 7 yas Ustii atlarda %6,55 (4/61) oraninda an-
ti-Echinococcus granulosus antikorlari tespit edildi.
Ki-kare testi ile yas gruplari ile seropozitiflik ara-
sinda istatistiksel agidan 6nemli bir fark bulunmadi
(p>0,05). Genel seroprevalans ise %5,71 (6/105)
olarak belirlendi.
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Tartisma ve Sonug¢

Postmortem incelemeye dayali kontrollerde
Italya'min Sicilya bolgesinde kesilen 360 atin
%1,7’sinde [11] Sili’de 9391 atin %9’unda [1] Cin’in
Xinjiang bolgesinde kesilen 352 atin %4,3 {inde [12]
ve Fas’ta incelenen 455 tek tirnaklinin %17,18’inde
[5] hidatidoz tespit edilmistir. Seroprevalans calis-
malarinda ise Yunaninstan’da 753 atin %0,1’inde
ve Iran’da 193 atin %3,11’inde anti-E.granulosus
antikorlar tespit edilmistir [8,13].

Ulkemizde Ankara Universitesi Veteriner
Fakiiltesi Patoloji Anabilim Dalinda 1933-1961
yillar1 arasinda nekropsisi yapilan 1352 atin
%0,15’inde [3] ve Atatlirk Orman c¢iftliginde kar-
nivorlarin beslenmesi amaciyla kesilen 80 tek tir-
naklinin %2,5’inde hidatidoz tespit edilmistir [9].
Erzurum’da hidatidozun tek tirnaklilardaki seropre-
valansini belirlemek amacriyla yapilan bir calismada
250 hayvanin %31,2’sinde, atlarin %20,4, eseklerin
ise %33,5’inde seropozitiflik belirlenmistir [6].

Bu c¢alismada incelenen 105 disi atin
%5,71’inde, 7 yas ve alt1 atlarin %4,54’linde, 7 yas
iistii atlarin ise %6,55 ’inde anti-E. granulosus an-
tikorlar tespit edildi. Yas gruplar1 ve seropozitiflik
arasinda ise istatistiki agidan bir iliski bulunmadi
(p>0,05).

Diinyadaki postmortem incelemeye dayali ¢a-
lismalar ile karsilastirildiginda tilkemizde tek tir-
naklilarda hidatidoz prevalansi diinya ortalamasin-
dan daha yiiksek degildir. Ancak serolojik ¢alisma-
lara bakildiginda iilkemizdeki atlardaki hidatidoz
seroprevalansinin Yunanistan ve Iran’dan daha yiik-
sek oldugu goriilmektedir [6,8,13]. Hidatidoz se-
roprevalansini belirlemek amaciyla Yunanistan’da
ELISA, Iran’da ise Lateks Aglutinasyon Testi
(LAT) kullanilmigtir [8,13]. Serolojik ¢aligmalarda
kullanilan testlerin duyarliliklarinin farkli olmasi,
ayni test kullanilsa dahi cut-off degerlerindeki fark-
liliklarin sonuglart degistirebilecegi bilinmektedir
[17]. Dolayzst ile Yunanistan, Iran ve Tiirkiye’ deki
seroprevalans farkliliklart kullanilan test metodlari
ve cut-off degerlerindeki farkliliklardan kaynakla-
nabilecegi gibi hastaligin Tiirkiye’de daha endemik
olmasindan ya da bu ¢aligma kullanilan hayvanlarin
yetistirme ve beslenme 6zelliklerinden de kaynak-
lanabilir. Ancak bu c¢alismalarda kullanilan antijen,
test ve cut-off degerlerinin Balkaya ve Simsek [6]’in

calismasi ile ayn1 oldugu g6z oniine alindiginda hi-
datidozunun Erzurum yoresinde Nevsehir’den daha
endemik oldugu soylenebilir. Bu seroprevalans far-
k1 atlarin beslenme 6zelliklerine bagl olabilir nite-
kim Balkaya ve Simsek [6], atlarin en az bir donem
merada otladigini belirtmistir. Bu ¢alismada kulla-
nilan atlar daha cok turistik amaclarla kullanilmakta
ve merada otlama imkani bulamamaktadir. Bu da
parazit konak temasinin azalmasina bagl olarak
prevalansin diismesine neden olmus olabilir.

Atlarda hidatidozun genellikle asemptoma-
tik seyretmesi, modern goriintiileme tekniklerinin
hayvanlarda ¢ok sik kullanilmamasi ve kesimhane
kontrollerine dayali monitéring ¢aligmalarinin yapi-
lamamasi atlarda hidatidozun yayginligi konusun-
daki verilerin yetersiz kalmasina neden olmaktadir.
Bu gibi durumlarda serolojik testler hastaligin at-
lardaki yayginligini belirleme noktasinda 6n plana
¢ikmaktadir [15]. Bu c¢alismadan elde edilen veri-
ler Nevsehir yoresinde diger ¢iftlik hayvanlar gibi
atlarin da son konak kopekgiller i¢in enfeksiyon
kaynagi olabilecegini ve hastaligin epidemiyolojisi
acgisindan 6nemli oldugunu ortaya koymustur. Bu
calisma ile Nevsehir ilindeki atlarda ilk defa kistik
ekinokkokkoz seroprevalansi belirlenirken, iilke-
mizde konuyla ilgili ¢ok sinirli sayida bulunan lite-
ratiir bilgiye bir yenisi daha eklenmistir.
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Abstract: West Nile fever (WNF) is a zoonotic disease, occurring nearly globally. Birds are important host species of
West nile virus. West nile virus (WNV) is a mosquito-borne viral disease. Although West Nile Virus causes an asymp-
tomatic infection, especially it can cause neurologic disorders in humans, birds and horses. In this study, blood samples
were randomly collected from domestic birds (chicken, duck, goose and turkey). The material consisted of 736 domestic
birds, including 394 geese, 129 ducks, 117 turkeys and 96 chickens, from Samsun province in northern Turkey. The se-
rum samples were analysed for the presence of antibodies to WNV using a competitive enzyme-linked immunosorbent
assay (C-ELISA). Seropositivity rates in chickens, ducks, geese and turkeys were detected as 3.1%, 0.8%, 1.8% and
17.9% for WNV. Out of 736 serum samples examined, 32 (4.3%) were positive for WNV. The results, recorded for the
first time for WNV in Turkey, supported the hypothesis that domestic bird act as a potential reservoir of WNV, and thus
have a role in the epidemiology of these diseases.

Keywords: Domestic birds, ELISA, Turkey, West Nile virus.

Samsun Ilindeki Evcil Kanath Tiirlerinde Bat1 Nil Virusunun Serolojik Bulgular

Ozet: Bat1 Nil atesi hemen hemen kiiresel diizeyde goriilen zoonotik bir hastaliktir. Kuslar bati nil virusunun énemli
konakeilaridir. Bati nil viriisii (BNV) sineklerle tagian bir viriistiir. Bat1 Nil viriisii asemptomatik bir enfeksiyona sebep
olmasina ragmen, 6zellikle at, kus ve insanlarda nérolojik bozukluklara neden olur. Bu calismada, evcil kanatl: tiirlerin-
den(tavuk, 6rdek, kaz ve hindi) rastgele 6rnekleme yoluyla kan &rnekleri toplandi. Samsun ilinde 96 tavuk, 117 hindi,
129 6rdek ve 394 kaz olmak iizere toplam 736 kanatli kan serum 6rnegi toplandi. Serum 6rnekleri c-ELISA metodu
kullanilarak Bat1 nil virusu antikorlari yoniinden test edildi. Seropozitiflik orant Bat1 Nil viriisii i¢in tavuklarda %3,1,
ordeklerde %0,8, kazlarda %1,8 ve hindilerde %17,9 olarak tespit edildi. Toplamda 736 serum 6rneginin 32’si (%4,3)
Bat1 nil virusu antikorlar1 yoniinden pozitif bulundu. Sonuclar, Tiirkiye’de evcil kanatlilarda Batt Nil virusu igin ilk
veriler olup, kuslarn BNV yoniinden potansiyel rezervuar oldugu ve hastaliklarin epidemiyolojisinde énemli bir role
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sahip oldugu hipotezini desteklemektedir.

Anahtar kelimeler: Bat1 Nil viriisli, ELISA, Evcil kuslar, Tiirkiye.

Introduction

Domestic birds are important to public health be-
cause they can be infected by a number of patho-
genic microorganisms that are transmissible to hu-
mans. Among the most important of these diseases
are emerging infectious diseases that are newly
recognized or previously known diseases that ap-
pear in a new population or are rapidly increasing in
incidence or geographical area.

West Nile virus has a wide geographical range
that includes portions of Europe, Asia, Africa,

Australia (Kunjin virus) and North America [4,14].
West Nile virus (WNV), genus Flavivirus, family
Flaviviridae, is an “old-world” arbovirus, trans-
mitted mainly by infected mosquitoes. Wild birds
are the primary amplifying hosts of the virus, but a
number of species (amphibians, domestic poultry,
and mammals, including humans and horses) can be
infected through bites from WNV-infected mosqui-
toes, and disease will develop in some [11,14]. The
diagnosis of WNV infection is commonly achieved
using serological assays. While plaque reduction
neutralization tests are still considered the gold stan-
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dard for specific diagnosis, ELISA is now routinely
used [5], as it is less laborious and more suited to
high-throughput screening. WNV infection and an-
tibodies have been detected in humans and animals
in Turkey [10,19].

The objective of this study was to perform se-
rological investigation of WNV in domestic birds
(chicken, duck, goose and turkey) reared in rural
areas of the northern Turkey.

Materials and Methods

Ethical Committee Approval

The study protocols and experimental procedures
were approved by the Samsun Veterinary Control
Institute Scientific Ethics Committee (No: 20).

Sample collection and processing

Blood samples were randomly collected from do-
mestic birds, including 394 geese (Anser anser),
129 ducks (Anas platyrhynchos domesticus), 117
turkeys (Melagris gallopavo) and 96 chickens
(Gallus gallus domesticus), without clinical sig-
ns of the diseases from Samsun province and their
towns (Bafra, Kavak, Ladik, 19 Mayis and Terme)
in the northern part of Turkey between January and
May 2013 (Figure 1.). The age of the animals varied
from 11 months to 9 years. Blood samples were ta-
ken from the wing veins of the birds. Blood tubes
were centrifuged at 3,000xg for 10 min, and sera
were transferred to sterile tubes and stored at —20°C
until investigation.

ELISA (Enzyme Linked Immunosorbent
Assay)

The commercial ELISA kits were obtained from
ID.VET, Montpellier, France, and the tests were
performed according to the producer’s description.
This diagnostic kit is designed to detect avian IgG
antibodies directed against the West Nile Virus en-
velope protein (pr-E) by competetive ELISA. Plates
were read with an ELISA reader at 450 nm and re-
sults were calculated.

Statistical Method

The chi-square test was used to determine the sig-
nificance of obtained results.

Results

A total of 736 serum samples (chicken, duck, goose
and turkey) were examined for antibodies against
WNYV as detailed in Table 1. The overall seropreva-
lence was found to be 4.3% (32/736) for WNV.

No anti-WNV antibodies were detected in all
domestic birds in Bafra, Kavak and Ladik towns.
Seropositivity rates in chicken, duck, goose and tur-
key were detected as 3.1%, 0.8%, 1.8% and 17.9%
for WNV. The provincial distribution of WNV sero-
prevalence in this study was as follows: 19 Mayis
23.1% and Terme 4.1% . The highest rate of sero-
positivity (27.3%) was detected in 19 Mayis town of
Samsun province from turkey for WNV. The turkey
was more susceptible for WNV infection than other
domestic birds (chicken, duck and goose) (p<0.01).

Discussion and Conclusion

West Nile virus has a wide geographical range that
includes portions of Europe, Asia, Africa, Australia
and America [14]. Many serological test methods
were used in the diagnosis of WNV such as plaque
reduction neutralization test (PRNT) and ELISA.
While PRNT is still considered the gold standard
for specific diagnosis, ELISA is now routinely used
[6]. The C-ELISA has a higher specificity (99.4%)
and sensitivity (84.9%) for WNV infection [16].

West Nile virus has not affected commercial
chickens (Gallusgallus domesticus) or turkeys
(Meleagridis gallopavo), which are predominantly
raised indoors with low potential for exposure to
mosquito vectors [13]. However, natural WN virus
infections were associated with severe neurolog-
ic signs and death in 8- to 10-week-old domestic
geese from a flock in Israel [12]. The role of do-
mestic geese as a WN virus reservoir in the Israel
outbreak is unknown, but goose infection rates in
the Sindbis District of the northern Nile Valley were
27%, suggesting that geese may have a role in local
WN virus ecology [17]. West Nile virus antibod-
ies have been detected in humans and animals in
Turkey Albayrak and Ozan [2], Ergunay et al. [8],
Ozkul et al. [15] and antibodies and viruses have
been detected among mammals and vectors in the
neighbouring countries of Balkan peninsula [11]. In
addition, mosquito species known to transmit mos-
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quito-borne diseases have been observed in Turkey
[6]. Ozkul et al. [15] carried out a serological survey
in mammalian species. Positivity rates for the ani-
mals varied and were as follows: ass-mules 2.5%;
cattle 4%; dogs 37.7%; horses 13.5%; sheep 1% and

Table 1. The number and ratio of WNV seropositive birds

humans 20.4%. There is no study on the seropreva-
lence of WNV infection in domestic birds in Turkey.
The determined positivity in domestic birds in this
study (4.3%) was found to be very low comparing
to the reported value in dogs, humans and horses.

Total number of animals

Positivity (%) (for WNV)

City Chicken Duck Goose Turkey Total Chicken Duck Goose Turkey Total
Bafra 24 26 - - 50 0() 0() - - 0()
Kavak 4 - 175 - 179 0(-) - 0() - 0(-)
Ladik 12 38 118 40 208 0() 0() 0() 0() 0()

19 Mayis 27 - - 77 104 3(11.1) - - 21(27.3) 24(23.1)
Terme 29 65 101 - 195 0() 1(1.5) 7(6.9) - 8(4.1)
Samsun (Total) 96 129 394 117 736 3((3.1) 1(0.8) 7(1.8) 21(17.9) 32(4.3)

Vezirkopriu

Figure 1. The map of
the locations where
samples were collected
for serological assay

Albayrak and Ozan [2] carried out a serological
survey in mammalian species.

Although they did not detected any WNV an-
tibodies from cattle, horse, sheep and water buffalo
samples, out of 70 goats, 2 (2.85%) were found to
be seropositive for WNV. Yazici et al. [20] stud-
ied a molecular study about presence of WNV in
horse blood samples in the Ardahan province of
Southern Turkey, but they did not detect any WNV
nucleic acid from these samples. Albayrak and
Ozan [1] performed a molecular study about pres-
ence of WNV in wild bird samples in the same re-
gion, although they did not detect any WNV nucleic
acid from these samples, in this study, seropreva-
lence of WNV in domestic birds (chicken and tur-

key) were most intense (23.1%) in 19 Mayis town
of Samsun. In this town there is a delta of a river
called Kizilirmak, diverse avian hosts from Asia,
Europe and Africa overlap in a region of interconti-
nental avifaunal mixing hypothesized to be an im-
portant zone of Europe- Asia-Africa virus transfer.
Non-migratory birds become infected when WNV-
infected mosquitoes feed on them. Evidence that the
virus is transmitted between resident and migratory
birds by infected mosquitoes can be obtained by de-
tecting WNV-specific antibody, infectious virus or
RNA in the non-migratory birds or in nearby ani-
mals.

It is commonplace knowledge that the result of
the seroprevalance studies are influenced by many
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factors such as the number of sampled animals, the
age of the animals, the time of sampling, the condi-
tions of care and feeding, individual differences.

It was concluded that, the results, recorded for
the first time for WNV in domestic birds in Turkey,
supported the hypothesis that domestic bird act as a
potential reservoir of WNV, and thus have a role in
the epidemiology of these diseases. To understand
better acute infection rates of WNV in domestic bir-
ds, additional studies focusing on field observations
are needed.
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Ozet: Mycobacterium avium subspecies paratuberculosis, hayvan sagligim etkileyen ve ciddi ekonomik kayiplara se-
bep olan dnemli bir patojendir. Etkenin mevcut immun sistemden kagma stratejileri nedeniyle bugiine kadar paratiiber-
kiiloza kars1 etkili bir a1 gelistirilememis ve uygun bir koruma ve kontrol stratejisi belirlenememistir. M. avium subsp.
paratuberculosis’e karst dogru kontrol stratejilerinin gelistirilebilmesi i¢in konakgi-patojen etkilesimini diizenleyen
hiicresel ve molekiiler mekanizmalar ile hastaligin patolojik temelinin detayl1 olarak anlasilmasi gerekmektedir. Bu der-
lemede; M. avium subsp. paratuberculosis ile konakei iliskisi ve konakg¢ida gelisen immunolojik reaksiyonlar {izerine
kapsamli bilgiler sunuldu.

Anahtar kelimeler: immiinoloji, konak¢1 savunmasi, Mycobacterium avium subspecies paratuberculosis

Immunological Characteristics of Mycobacterium avium subspecies paratuberculosis
Infection in Ruminants

Abstract: Mycobacterium avium subspecies paratuberculosis is an important pathogen that affects animal health and
causes serious economic loss. Due to the current strategy of escape from the immunity system, so far, an effective
vaccine against paratuberculosis has not been developed and no appropriate protection and control strategy has been
determined. In order to develop correct control strategies against M avium subsp paratuberculosis, cellular and molecu-
lar mechanisms regulating the host-pathogen interaction and the pathological basis of the disease must be understood
in detail. In this review M. avium subsp. paratuberculosis-host interactions and the information on the immunological

Derleme / Review Article

reactions developed in the host were presented.

Keywords: Host defense, immunology, Mycobacterium avium subspecies paratuberculosis

Giris

Paratiiberkiiloz (Johne hastalig1), Mycobacterium
avium subspecies paratuberculosis (Map) tarafin-
dan olusturulan, kronik graniilomatdz enterokoli-
tis, bolgesel lenfanjitis ve lenfadenitis ile karakte-
rize yavas gelisen hatta 6liimle sonuglanabilen bir
hastaliktir [36, 41]. Evcil ve yabani ruminantlar-
da (sigir, koyun, kegi, bizon, geyik, alpaka, lama,
deve, manda) ve ruminant olmayan yabani tiirler-
de (tavsan, tilki, maymun, porsuk, cakal, kus, kedi,
rakun) [3, 20, 23] hastaliga neden olmaktadir. Cok
eskiden beri bilinen bir hastalik olmasina ragmen,
patogenezi heniiz tam olarak ortaya konulamamis
ve dolayistyla hastaligin kontrolii i¢in etkili bir as1
veya uygun bir tedavi protokolii 6ngoriilememistir.
Hayvan saghigini tehdit eden ve biiylik ekonomik
kayiplara yol agan bu hastaligin 6nemi giiniimiizde
halen devam etmektedir [20]. Ekonomik zararimin

yani sira ruminant paratiiberkiilozu ile insanlarin
Crohn hastalig1 arasinda yakin bir iliskinin tespit
edilmesi, son zamanlarda paratiiberkiiloz hasta-
ligimin daha ¢ok ilgi ¢ekmesine yol agmistir [24].
Crohn hastalarinin ince barsaklarindaki histopatolo-
jik bulgularin paratiiberkiiloza biiyiik benzerlik gos-
terdigi ve vakalarin ¢ogunda paratiiberkiiloz hasta-
ligimin etkeni olan Map 'in izole edildigi bildirilme-
sine ragmen, Map’in hastaligin olusumundaki rolii
kesin olarak ortaya konulamamistir [4, 9]. Etkenin
enfekte hayvanlarin digkisinin yani sira siitleriyle de
atildig tespit edilmis ve enfekte hayvanlarin siit ve
siit iirlinlerinin insanlar i¢in potansiyel bir bulagma
kaynagi olabilecegi ileri stiriilmiistiir [4, 13, 16].

Hastaligin Gelisim Evreleri ve Konak¢1 Yamiti

Ruminantlarda paratiiberkiiloz farkli evrelerden
olugsmakta ve konak¢inin patolojik durumlara kar-
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st gosterdigi immun yanita bagl olarak bu evreler
erken, subklinik ve klinik enfeksiyon evresi olarak
siniflandirilmaktadir [23].

Erken Evre

Hastaligin erken evresi, 2 yastan kiiciik hayvan-
larda ya da Map’in diisik konsantrasyonlari-
nin (501.0x103CFU) sindirim [20] veya vertikal
[39] yol ile bulagtigi hayvanlarda goriilmektedir.
Konake1 tarafindan sindirim yoluyla alinan Map’in,
bagirsak ile iliskili lenfoid dokuya (gut-associated
lymphoid tissue, GALT) yerlestigi ve Payer plak-
larinda bulunan M hiicreleri ile fibronektin kop-
risli kurarak konakgiya girdigi bilinmektedir [20,
32]. Fibronektin kopriisiiniin yanisira, Map’in epi-
tel hiicrelerine invaze olabilecegi de bildirilmistir
[20, 30]. Map’in, viicuda girdikten sonra intestinal
makrofajlara invaze olma yetenegine sahip oldugu
ve cesitli stratejilerle konak¢1 savunmasini engelle-
yerek makrofajlarin i¢lerinde yasayip replike olabil-
digi agiklanmistir [20, 32]. Bakterinin makrofajlar
icinde hayatta kalma stratejisini farklt mekanizma-
lar olusturmaktadir. Bakterinin kullandig1 bu meka-
nizmalar arasinda; stres kosullarinda spor benzeri
yap1 olusturarak 1s1, lizozim ve proteinaz K’dan ko-
runmasi [20], fagozom olgunlagsmasini inhibe etme-
si, makrofaj apoptozisini ve fagozom asitlesmesini
engellemesi [3, 10, 32], MHC molekiiliiniin eks-
presyonunu azaltmasi [32] ve sinyal iletim yollarini
etkilemesi [1, 33] sayilabilir.

Map’e karst konak¢i tarafindan olusturulan
dogal savunma mekanizmast: Birgok mikroorga-
nizmada bulunan ve olduk¢a korunmus patojen
ile iliskili molekiiler yapilar1 (pathogen associa-
ted molecular patterns, PAMP) taniyan reseptorler
(pattern-recognition receptors, PRRs), PAMP’lari
baglayarak hiicrelerarasi sinyal yollarmi olustu-
rur ve boylece immun sistem hiicrelerinin yangiy1
uyaran molekiilleri salgilamasina ve immun yanitin
uyarilmasina yol agarlar [29, 35]. Map’in endosito-
zunda gorevli fagositik hiicrelerin {izerinde Map’i
baglayan onemli PRR’ler bulunmaktadir. Bu re-
septorler (PRR) arasinda komplement reseptorleri
(complement receptor, CR1, CR3, CR4), mannoz
reseptorii (MR), membran proteinini baglayan bir
fosfatidilinositol olan CD14 [32], CDl1la, CDI18
gibi B-integrin reseptdrleri [23], siirfaktan protein-

ler, mannoz baglayan lektinler (mannose-binding
lectins, MBLs), Clq, IgG ile kapli mikobakteriler
icin Fcy reseptorii [32], transferrin reseptdrleri, toll
benzeri reseptor (toll-like receptors, TLR) 2, TLR
4 [23] ve TLR 9 [2] bulunmaktadir. En 6nemli
PRR’lerden olan TLR’ler ile immun sistem uyarila-
rak sitokin yanit1 baglatilir [29]. Fagozomal olgun-
lasma gibi mikobakterilerin patogenezisinde 6nemli
hiicresel islemler TLR araciligiyla sekillenmektedir
[29]. TLR tiretimindeki artisin Map’e kars1 koruyu-
cu oldugu gosterilmistir [3]. TLR’lerin farkl etki-
ye sahip olmalar1 nedeniyle paratiiberkiiloza karsi
gelisen immun yanittaki rollerinin oldukca karisik
oldugu bildirilmis [3], TLR’lerde meydana gelen
mutasyonlarin mikobakterilere karst duyarlilig1 art-
tirdig ileri stirilmiistiir [23].

Mikobakterilerin oldiiriilmesinde etkili me-
kanizmalar: Mikobakterilerin odldiiriilmesinde en
o6nemli mekanizmanin makrofaj aktivasyonu oldu-
gu, makrofaj aktivasyonunda ise interferon gama
(IFN-y) ve tiimor nekrozis faktor-beta (TNF-f)
gibi proenflamatuar sitokinlerin rol oynadig: bildi-
rilmigtir [32]. Lipopolisakkaritleri taniyan TLR’ler
tarafindan aktive olan monosit ve makrofaj gibi mo-
noniiklear fagositler tarafindan mikroorganizmala-
rin sindirildigi, hiicre iginde ise otofaji uyarilarak
antimikrobiyal peptidler, reaktif oksijen/nitrojen
ara iriinleri araciligi ile mikroorganizmanin &ldi-
ruldigi agiklanmustir [31, 40]. D vitamininin aktif
metaboliti olan 1, 25- dihidroksikolekalsiferol (kal-
sitriol, [1, 25 (OH)2D3])’tin ise CD14 ve mannoz
reseptOrii gibi yiizey reseptOrlerinin iiretimini art-
tirarak makrofajlarin fagositoz yetenegini giiclen-
dirdigi, katelisidin ve defensinlerin ekspresyonunu
arttirarak makrofajlarin antimikrobiyal etkisine kat-
kida bulundugu ve ayrica antijen sunumunun yani-
sira bazi kemokin, sitokin ve makrofaj faktorlerinin
sekresyonunu da diizenledigi agiklanmistir [31].
Serbest yag asitlerinin ve graniilizinin de antimik-
robiyal aktiviteye sahip oldugu ve Mycobacterium
tuberculosis (Mtb)’in makrofajlar tarafindan 6ldii-
riilmesinde énemli rol oynadigi agiklanmistir [32].
Bunun yanisira apoptozisin de mikobakterinin yayi-
limin1 engelleyen diger bir mekanizma oldugu be-
lirtilmistir [32].

Konakgi tarafindan olusturulan kazanilmus im-
mun yanit: Mikobakteri enfeksiyonlarmin erken ev-
resinde hiicresel immun yanitin ¢ok dnemli oldugu
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bilinmektedir. Ancak Map, hayatta kalabilmek i¢in
erken gelisen bu hiicresel immun yaniti engelle-
yen stratejiler gelistirmektedir [23]. Ornegin, Map
makrofajlar1 enfekte ettiginde fagozom lizozom
flizyonunu engeller ve mitojen ile aktive edilmis
protein kinaz (mitogen activated protein kinase,
MAPK) diizeyini arttiri. MAPK, IL-10 sentezini
arttirarak ve fagozom-lizozom flizyonunu engel-
leyerek bakterinin yasamasina yardimci olur [38].
Ayrica TLR’lerde (TLR2 ve TLR4) de artig olur.
Aktive edilen makrofajlar interleukin-1 (IL-1),
tiimor nekrozis faktor-o (TNF-a ) ve IL-12 gibi
pro-enflamatuar sitokinleri iiretir. IL-6, IL-8 ve IL-
10°da artig gozlenir. IL-1in artis1 sonucunda IL-2
iireten T hiicreleri aktive olur ve CD4* yardimc1 T
hiicrelerinin ve CDS8" sitozolik T hiicrelerinin klonal
cogalmasina yol agar [32].

Paratiiberkiilozun erken asamasinda CD4'T
hiicreleri olduk¢a 6nemlidir. Map makrofajlar ta-
rafindan fagosite edildikten sonra makrofajlar ta-
rafindan antijen sunumu gerceklesir ve sitokinler
araciligiyla CD4'T hiicreleri aktive olarak hiicresel
immun yanit sekillenir [6]. CD4'T hiicrelerinin alt
tipleri intraselliller Map’e karst hiicresel immun
yanitt aktive etmede gorevlidir. Aktive edilmis
makrofajlar enfeksiyon bolgesine CD4'T hiicreleri-
ni toplayan IL-12 ve kemokinleri salgilamaktadir.
CD4'T hiicreleri ya Th1 ya da Th2 hiicrelerine fark-
lilagir. Thl hiicrelerinin aktivasyonu IFN-y, 1L-2
ve TNF-a sentezine neden olur [32]. Sentezlenen
IFN-y da makrofajlara IL-12 salgilanmasi ve yangi-
sal degisiklikleri tesvik etmek iizere etki eder [23].
Ayrica, B hiicreleri de CD4'T hiicrelerine antijen
sunarak daha fazla IFN-y sentezlenmesini saglar
[36]. IFN-y, Thl hiicreleri araciligiyla gelisen hiic-
resel immun yanitt da uyarir [23]. Diger taraftan
makrofajlar ve intestinal epitel hiicreleri tarafindan
iiretilen IL-18’in de IFN-y tiretimini arttirdig1 belir-
tilmistir [32].

Son yillarda paratiiberkiilozun erken asamasin-
da gama-delta T (yoT) hiicrelerinin rolii iizerinde ¢a-
lisilmaktadir. yoT hiicreleri 6 ayliktan kiigiik buza-
gilarda baskin olan T hiicreleridir [32]. Buzagilarda
sirkiilasyondaki periferal kan mononiiklear hiicrele-
rinin yaklasik %40’m1, yetiskin sigirlarda ise %10-
15’ini olusturmaktadir [23]. Deneysel yapilan bir
calismada; canlt Map igeren inokulumlarin enjekte
edildigi buzagilarda ydT hiicrelerinin hastaligm er-

ken doneminde enfeksiyon bolgesine goc ettikleri
gosterilmistir [26]. y0T hiicrelerinin antijenlerin
CDA4'T hiicrelerine sunulmasinda [23], canli miko-
bakteri veya mikobakteriyel hiicre duvarina karsi
IFN-y tiretiminde [15], [FN-y etkisi altinda TNF-a
salgilanmasinda [32], intraselliiler ve ekstrasellii-
ler Mtbh etkenlerini graniilizin salgilayarak oldii-
rilmesinde, enfekte dendritik hiicrelerden IL-17A
salgilanmasinda [21], IL-10 ve TGF-f {iretiminde
[5], Thl immun yanitinin diizenlenmesi ve diger
dokulardaki hasar1 engellemek icin graniilasyon
olusumunda [32] gorevli oldugu rapor edilmistir.
IL-15’in ise IL-12 reseptorlerini etkiledigi ve intra-
epitelyal yoT hiicrelerini stimiile ettigi agiklanmistir
[32]. Diger taraftan ydT hiicrelerinin, sistemik sir-
kiilasyonda strese oldukca duyarli olduklar1 ve bu
nedenle strese maruz kalan hayvanlarin paratiiber-
kiiloza daha duyarh olabilecekleri ileri stiriilmiistiir
[32].

Bazi arastirmacilar [10, 17], diski, siit, doku
gibi orneklerde az miktarda basil bulunduran pa-
ratiiberkiilozlu hayvanlarda Th1l (IFN-y) yanitinin,
cok miktarda basil i¢eren hayvanlarda ise Th2 tip
yanitinin daha agirlikta oldugunu bildirmistir. Fazla
sayida basil bulunan sigirlarda IL-2, IL-4 ve IL-10
diizeylerinde artis gozlendigi belirtilmistir [22].
Son yillarda yapilan bazi caligmalarda [27, 37], ise
deneysel olarak enfekte edilen hayvanlarda IFN-y
yanit1 gibi kisa bir siirede antikor yanitinin gelisti-
g1 saptanmustir. Begg ve ark. [8] koyunlar {izerin-
de yirittikleri deneysel calismalarinda; enfekte
koyunlarin %39’unda immun yanitin gii¢lii [FN-y
yanitindan antikor yanitina doniistiigiind, %50’sin-
de enfeksiyonun erken agamasinda IFN-y ve antikor
yanitinin birlikte oldugunu, %16’sinda ise antijene
spesifik antikor yanitinin engelledigini saptamislar
ve bu bulgulara gore enfekte koyunlarda Thl yani-
tinin Th2 yanitina donligmesinin yaygin olmadigini
ileri siirmiislerdir.

Subklinik Evre

Subklinik evre, paratiiberkiilozun 2-5 yila kadar sii-
rebilen uzun bir latent fazidir [23]. Bu fazda enfek-
te hayvan klinik bulgu gostermez, saglikli goriiniir.
Fakat bu fazin ge¢ agsamalarinda hayvanlar aralikli
olarak digki ile etkeni ¢ikarir ve antikor diizeyi ge-
nellikle distiktir [23, 36]. Bu evredeki hayvanla-
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rin yaklasik %10’unda IFN-y ve antikor diizeyleri
tespit edilebilir bir seviyeye yiikselir [7, 11]. Tan1
testlerinin yetersizligi veya Map’in aralikli olarak
cikarilmasindan dolay1 subklinik enfekte hayvanla-
rin tespit edilmesi zordur ve bu durum Johne hasta-
liginin kontroliinii zorlastirmaktadir [23, 36]. 1gG1
sinifi antikorlarin subklinik enfeksiyonun ozellikle
orta ve ileri asamalarinda tespit edilebilecegi bildi-
rilmistir [23].

Paratiiberkiilozun bilinen en &nemli ozelligi
ince bagirsagin orta ve alt segmentlerinde graniilom
olugturmasidir. Subklinik evredeki hayvanlarda kii-
¢iik graniilomlar gézlenmektedir [34]. Bu graniila-
matoz lezyonlarin, Map’in bagirsagin diger boliim-
leri ile lenf diiglimlerine yerlesmesini engellemek
ve kontrol etmek i¢in konakgi tarafindan olusturulan
ge¢ immun yanitla iligkili olabilecegi diisiiniilmiis-
tiir [14]. Ancak bu graniillomlarin mikobakteriler ta-
rafindan enfeksiyon yerine yeni makrofajlar1 topla-
mak ve yer degistirmek icin kullanabilecegi de ileri
stiriilmiistiir [ 14]. Kisacas1 Map’in bagirsagin baska
boliimleri ile meme bezleri ve mezenterik lenf dii-
glimleri gibi diger organlar1 enfekte etmek icin gra-
niillomlardan kdprii olarak yararlanabilecegi belirtil-
mistir [20]. Graniilomlarin i¢inde Map bulunduran
makrofajlar ve dev hiicreler bulunmaktadir. CD8'T
hiicreleri ve CD4'T hiicreleri bu graniilomlarin et-
rafin1 ¢evreler. Bu asamada en 6nemli sitokin, y6T
hiicreleri ve CD4'T hiicreleri tarafindan salinan
TNF-o’dir. TNF-0, makrofajlar1 toplayarak enfek-
siyonun kontrol altina alinmasina yardimci olur.
Ancak doku hasarina da neden olabilir. Makrofajlar
tarafindan salinan IL-10, CD4'T hiicrelerini bas-
kilayarak IFN-y {iretimini azaltir. IFN-y diizeyinin
azalmasi nedeniyle yeni toplanan makrofajlar kalici
enfekte olma egilimindedir. Bu asamada sitotoksik
T hiicre popiilasyonu (CD8" ve yoT hiicreleri) fark-
11 roller oynamaktadir. y8T hiicreleri CD4'T hiicre
proliferasyonunu baskilarken, CD8'T hiicre prolife-
rasyonunu korur. Ayrica yoT hiicreleri graniilasyon
olusumuna neden olur ve yangisal yaniti kisitlar.
Humoral immun yanit sinirlidir. y8T hiicrelerinden
ve CD4'T hiicrelerinden salinan IFNy, makrofajla-
rin hiicre i¢ci Map’i 6ldiirmesi igin yeterli degildir.
IFN-y yanit1 yeterli olmadig: i¢cin IgGl, 1gG2’ye
doniisemez ve IgG1 tip immunglobulin yaniti de-
vam eder [32].

Erken subklinik asamada olan hayvanlarin ile-
al dokularinda IFN-y, TNF-a, IL-1a ve IL-6 gibi
pro-enflamatuar sitokinlerin asir1 sentezine bagli
olarak CD4"T hiicrelerinin olduke¢a fazla ¢ogaldi-
&1 Thl tip hiicresel immun yanitinin baskin oldugu
gozlenmistir [12, 19]. Fakat hastalikta Th1 hiicresel
yanitin, artan antikor yanit1 ile birlikte azaldig1 bil-
dirilmis, ancak bu degisikligin arkasindaki nedenin
ve ne zaman oldugunun kesin olarak bilinmedigi
belirtilmistir [23]. Subklinik asamada diizenleyici
T (regulatory T, Treg) hiicrelerinin diisiik diizeyde
Map antijenleri ile uyarildig1 ve Map’e kars1 geli-
secek etkili bir T hiicre yanmitin1 kisitladigi agiklan-
mustir [15]. Ayrica bu donemin hastaligin subklinik
formdan klinik forma doniistiiglintin de gostergesi
oldugu ifade edilmistir [28]. Treg hiicrelerinin im-
munomodiilatdr etkilerini IL-10 ve TGF-f tireterek
gosterdikleri bilinmektedir [15]. Roussey ve ark.
[28], sigir Treg hiicrelerinin Map’e karsi spesifik
olmadigimi ve non-spesifik etkili bu Treg hiicrele-
rinin in vitro kosulda Thl sitokinlerinden IFN-y ile
sitotoksik T hiicrelerinin sitotoksik fonksiyonun-
da gorevli ve perforini kodlayan 6nemli bir prote-
in olan profilin-1’in iiretimini baskiladigin1 ortaya
koymuslardir.

Klinik Evre

Map ile enfekte hayvanlarda subklinik fazin ge¢ do-
nemi ile erken klinik faz doneminde siirekli ishal,
yem yemede azalma, halsizlik, kas erimesi ve siit
iiretiminde azalma gibi klinik belirtiler gozlenmekte
ve hastalik en son asamada 6liime neden olmakta-
dir [23]. Klinik bulgularn ilerledigi donemde, asi-
11 ishal, zayiflama ve kaseksi goriilmektedir [20].
Hayvanlar asir1 zayiftir ve bagirsakta fonksiyon
kayb1 nedeniyle 6zellikle albiimin basta olmak {ize-
re serum proteinlerinin konsantrasyonunun diisme-
si sonucu submandibular 6dem ortaya ¢ikmaktadir
[10, 20]. Subklinik evrede oldugu gibi bu evrede de
siit verimi azalir [23]. Ayrica klinik agamada Map,
stirekli olarak diski, siit ve kolostrum ile etrafa sa-
¢ilmaktadir. Bu durum ise Map’in siirii i¢inde yay1-
lim riskini arttirmaktadir [23].

Klinik belirti gosteren hayvanlarda intestinal
mukozada Map ylki yiiksek konsantrasyona ulas-
t1g1 icin digk kiiltiirii ile polimeraz zincir reaksiyo-
nu pozitif sonug verir ve bu hayvanlarda antikorlar
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ELIZA testi ile de tespit edilebilir [18]. Ayrica bu
donemde siit ve kolostrumda da etkenin tespit edi-
lebildigi [25] ve gebe hayvanlarin bakteriyi uterusta
yavruya gegcirebildigi [39] rapor edilmistir. Lenfosit,
epiteloid makrofaj ve dev hiicre infiltrasyonu ile ka-
linlasan intestinal mukozada villus ve mikrovillus-
larin fonksiyonlarmi kaybettigi saptanmistir [20].
Intestinal mukozadaki kalinlasma ile intestinal du-
varda graniilomat6z yangi gibi patolojik lezyonla-
rin varligi protein kaybina neden olan enteropatinin
kanit1 olarak belirtilmistir [23, 36]. Ayrica Map’in,
supramammar, karaciger ve akciger lenf diigtimleri
de dahil olmak tizere bagirsak disinda diger organ-
lara da yayilabildigi bildirilmistir [20].

Klinik bulgularin goriilmesiyle birlikte immun
yanitin Th1’den Th2 araciligiyla gelisen immun ya-
nita dondistiigii gozlenmistir [7]. Antikor lreten B
hiicrelerinin artti§1 ve bununla orantili bir sekilde
serum antikor diizeylerinin de tespit edilebilebilir
sekilde yiikseldigi ortaya konulmustur [23]. Immun
yanitta bu degisiklikler belirlenmis olmasina rag-
men, bu degisime neden olan faktorler heniiz ay-
dinlatilamamistir [23]. Immun yamitin  degisimi
ile periferal mononiiklear kan hiicrelerinde, ileum
ve ilgili lenf nodiillerinde 1L-10, TGF-f, IL-4 gibi
anti-enflamatuar sitokinlerin baskin oldugu gozlen-
mistir [ 12, 23]. Ayrica Treg hiicreleri (CD4+CD25+)
tarafindan IL-10 ve TGF-p sentezinin saglandig1 ve
boylece CD4'T hiicre popiilasyonun daha ¢ok bas-
kilandigi, Th2 hiicre yanitinin baskilanmasi nede-
niyle B hiicre yanitinin azaldigi bildirilmis, ancak
B hiicre yanitinin diger deyisle IgG1 yanitinin bu
asamada hala 6l¢iilebilir diizeyde kaldigi agiklan-
mustir [36].

Sonug olarak, bugiine kadar paratiiberkiiloz
icin etkenin mevcut immun sistemden kagma strate-
jileri nedeniyle uygun bir koruma ve kontrol strate-
jisi belirlenememis, etkili bir a1 gelistirilememistir.
Spesifik bir ag1 veya tedavinin bulunabilmesi icin
Map’in, immun sistemden kagig mekanizmalarinin
ve patogenezisinin anlasilmasi gerekmektedir. Bu
derlemede, Map’in enfeksiyon olusturma mekaniz-
malart ile immun sistemi nasil yanmlttigi ve kalici
enfeksiyonun nasil olustugu acgiklandi. Yapilan li-
teratlir taramalarinda detayli ¢aligmalarla karsila-
silmasina ragmen, hastaligin patogenezinde hala
aciklanamayan mekanizmalarin bulundugu ve has-
taligin olusum mekanizmasimin heniiz tam olarak

anlagilamadig1 gortilmektedir. Bu nedenle, Map’in
viriilens faktorleri ile hastaligin patogenezi ve ko-
nakeinin genetik duyarliligi gibi konularin daha iyi
anlasilabilmesi i¢in daha ayrintili ¢alismalara ge-
reksinim oldugu soylenebilir. Ancak bu detayli ca-
lismalar sonucunda, etkili bir tedavi veya as1 bulu-
narak ya da yeni tani testleri gelistirilerek hastaligin
kontrolii yapilabilir ve bdylece hayvan sagliginin
yanisira insanlar i¢in de gida glivenligi saglanabilir.
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Ozet: Hayvancilikta reprodiiksiyon sorunlari isletmelerin miicadele edecegi dnemli sorunlardan birisi olarak kabul
edilir ve erken teshisi edilmesi dnem tasir. Teratojen ajanlar ise, gebelik doneminde gelisimsel bozukluklara neden
olarak reprodiiktif sorunlar olusturan 6nemli etkenlerdendir. Enfeksiydz teratojen ajanlar igerisinde siniflandirilan viral
etkenler de reprodiiktif sorunlarmn 6nemli nedenlerinden birisi olarak kabul edilir. Teratojen viruslarin birgogu gebelik
doneminde asemptomatik seyreder ve latentlik periyodu nedeniyle teshisi zordur. Bu durum viruslarin sagilmasini ko-
laylastirdigindan siirii sagligini tehdit etmektedir. Bu derleme ile 6nemli viral teratojenler hakkinda yapilmis ¢alismala-
rin verileri toparlanip 6zetlenerek bu konudaki bilgilerin giincellenmesi amaglanmustir.

Anahtar kelimeler: Patogenez, teratogenez, virus,

Teratogenesis and Viruses

Abstract: Reproduction problems is one of the important problem for dairy farming and early diagnosis is important.
Teratogen agents are creates reproductive problems as the cause of developmental disorders in the pregnancy period.
Also, viruses classified as teratogen infectious agent are considered to be one of the major causes of reproductive prob-
lems. Many teratogen viruses are asymptomatic and is difficult to diagnose due to the latency period. This situation is
threatens herd health. In this review, we aimed to update the datas of the studies about the important viral teratogens.

Derleme / Review Article

Key Words: Pathogenesis, teratogenesis, virus.

Giris

Teratojenite, gebelik siiresince yavruda meydana
gelen gelisimsel bozukluklari (malformasyonlar)
ifade ederken, teratojen terimi ise bu bozukluk-
lar1 meydana getiren etkenleri tanimlamaktadir.
Hayvanlarda teratojenik olgularin 6nlenmesi repro-
diiksiyonun sorunsuz devam edebilmesi icin gerek-
lidir.

Malformasyonlar etiyolojlerine gore; kendi-
liginden veya genetik olarak gelisen kromozomal
bozukluklara bagli sekillenen farkli protein kodlan-
malariin neden olduklar1 gelisim bozukluklar ile
transplasental olarak yavruyu etkiyen enfeksiyonlar
ve toksik kimyasallar gibi teratojenlerin olusturdu-
gu gelisim bozukluklari olarak ikiye ayrilir. Viral
etkenler, teratojen enfeksiyoz ajanlar icerisinde si-
niflandirilirlar ve daha ¢ok sinir ve iskelet kas sis-
temini etkileyerek malformasyonlar meydana getir-
dikleri ortaya konmustur [20].

Fotal Sinir Sistemi Gelisimi ve Viral Terato-
jenlerin Etki Mekanizmalari: Embriyogenezisin
erken donemlerinde ektodermin {ist orta kisimlari

kalinlasip iceri dogru ¢okerek mezodermden ayrilip
noral tiipl sekillendirirken, noral tiipii sekillendiren
noroektodermal hiicreler ise disa dogru go¢ ederek
serebral ve serebellar dokular1 sekillendirmektedir.
Daha sonra, ndral tiipiin rostral kismindan serebrum
ve serebellum olusurken, kaudal kismi ise, omurili-
g1 olusturmak icin farklilasarak, ventrikuluslara ve
kanalis spinalise doniismektedir [13]. Her hayvan
tiirlinde noral tlipiin gelisimi, myelinizasyonu ve
sinir hiicrelerinin gocii farklilik gostermektedir. Bu
nedenle sinir sistemi gelisimini koyun, sigir, at ve
domuzlarda prenatal donemde tamamladig, kedi ve
kopekte ise postnatal donemde de gelisimin devam
ettigi bilinmektedir. Dolayist ile teratojenlerin he-
def aldig1 hiicrelerin, hayvan tiirlerine gore farklilik
gosterdigi bildirilmistir [20]. Enfeksiydz etkenlerin
gebelik sirasinda fotusa bulagsmasindan sonra, yav-
runun nétralizan antikorlar1 iiretebilme ya da an-
neden alabilme durumuna bagl olarak teratojenik
defektin biiyiikligiinlin sekillenebildigi de bilin-
mektedir. Baz1 hayvan viruslar1 bovine viral diyare
(BVD), border disease (BD) ve klasik domuz vebasi
(CSF), sinir sistemi dokularindaki teratojenik etki-
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lerini genellikle selektif hiicre 6liimi ile gercekles-
tirmektedir. Bu mekanizma, virusun hiicreyi nekro-
za ugratip nonspuratif yangi olusturarak hiicrelerin
gbclinli engellenmesi ve nekroza ugrayan dokuda
bosluklar olugmasi sonucu porensafali sekillenmesi
ile aciklanmistir. Hidranensefali gibi malformas-
yonlarin ise zamanla bu bosluklarin beyin sivisiyla
dolmasi1 sonucu sekillendigi bildirilmistir. Viral et-
kenler sinir sisteminde en ¢ok hidranensefali, poren-
sefali, hipomiyelinongenezis, demiyelinogenezis,
serebellar hipoplazi, serebellar displazi ve hidrose-
falusa, iskelet kas sisteminde ise noral tiip defektine
bagli olusan iskelet kasi atrofisine ve artrogrippozis
sendromuna sebep olmaktadirlar. Teratojen virus-
lar hiicre 6liimii olmadan da hiicrenin fonksiyonu-
nu bozabilmektedirler. Ornegin BVD, BD ve CSF
hiicrelerde yetersiz miyelin sentezlemesine neden
olarak hipomiyelinogenezis olusturduklart bildiril-
mistir [13].

Hayvanlar icin Onemli Teratojen Virus
Aileleri

1. Bunyaviridae ailesi: Bunyavirdae ailesi icinde
siniflandirilan iki genusda 6nemli teratojen viruslar
yer alir. Bunlar; phlebovirus genusuna ait rift vadisi
hummasi virusu (RVFV) ile orthobunyavirus genu-
suna ait akabane virus (AKAV), cache vadisi virusu
(CVV), aino virus (AIV) ve schmallenberg virus
(SMBV) olarak bildirilmistir [7, 12] Bunlardan,
akabane virus enfeksiyonlarinin siklikla kuzu, bu-
zag1 ve oglaklarda, aino virus enfeksiyonlariin
daha ¢ok buzagilarda, cache vadisi virusu’nun ne-
den oldugu enfeksiyonlarin ise daha ¢ok kuzularda
meydana geldigi belirlenmistir [12]. 2011 yilindan
itibaren bir ¢ok avrupa iilkesinde enfeksiyonlara
neden olan schmallanberg virusun ise sigir, koyun
ve kecilerde non spesifik semptomlarla seyrederek
abort ve anormal dogumlara sebep olmaktadir [7].

Akabane virusun sigirlarda gebeligin ikinci ya-
risinda (3 - 6. ay arasinda), koyun ve kegilerin ise
gebeligin erken donemlerinde (30 - 50. giin ara-
sinda) alinmasi durumunda, virusun subventrikii-
ler ¢izgilerde nekroza yol actig1 ve dlen néronlarin
gebeligin ilerleyen doneminde beyinin gri madde-
sine dogru go¢ edememesi nedeniyle de beyin do-
kusunun tamami ya da tamamina yakininin ortadan
kalkarak sadece zarla ¢evrili i¢i s1vi dolu bir kese-

ye doniiserek hidranensefaliye neden oldugu bil-
dirilmistir. Ayrica, gebeligin daha ge¢ doneminde
sekillenen enfeksiyonlarda beyindeki lezyonlarin
siddetinin azaldig1 ve porensefali sekillendigi, gec
sekillenen enfeksiyonlar sirasinda ise mikroensefali
ve serebellar hipoplazinin meydana gelebilecegi de
bildirilmistir [13].

Schmallanberg virus enfeksiyonlarinda ise
transplesental enfeksiyona az rastlandigi, sigirlarin
immun sistemi gebeligin 40 - 170. giinleri arasin-
da gelistiginden merkezi sinir sistemi lezyonlari-
nin genellikle gebeligin 60 - 180. gilinleri arasinda
olustugu belirlenmistir [6]. Ayrica, gebeligin erken
donemindeki enfeksiyonlarda siddetli merkezi sinir
sistemi bulgularinin, ge¢ donemindeki enfeksiyon-
larda ise ensefalomiyelitisin meydana geldigi de
bildirilmistir [17]. Akabane virus ile birlikte sch-
mallanberg virusu nun olusturdugu 6nemli bagka
bir sendrom ise virusun néral tiipiin kaudal kismi-
nindaki bozukluklarmin (Disrafizm) sebep oldugu
artrogrippozistir. Artrogrippotik hayvanlarda omur-
gada kifozis, lordozis ya da tortikolliz sekillendigi
ve ayak eklemlerinin ise fleksiyon durumda kaldig:
belirlenmistir. Ayrica medulla spinalisin ventral kol-
larindaki néronlarin 6liimiiniin sebep oldugu dener-
vasyona bagli iskelet kasi atrofisinin meydana gel-
digi ve kas dokusunun yerini yag ve fibréz dokunun
doldurdugu da bildirilmistir [3].

2. Flaviviridae ailesi: Flaviviridae ailesinin pes-
tivirus cinsine ait ve birbiri ile genetik yakinliga
sahip 3 6nemli virus olan BVDV, BDV ve CSFV’
nin ve flavivirus cinsinde yer alan wesselbron virus
(WBV)’ un da teratojenik etkiye sahip viruslar oldu-
gu bilinmektedir. Sigirlarda gebeligin yaklasik 100.
giiniine kadar sekillenen BVDV enfeksiyonlarinda
mumifikasyon veya abortlar sekillenir. 100 ile 125.
giinler aras1 sekillenen BVDYV enfeksiyonlarinda ise
immun sistem gelismesini henliz tamamlamadig:
i¢in, yavru dogsa bile zayif ve immun tolere persiste
enfeksiyon ile dogmaktadir. Malformasyonlarim ise
gebeligin yaklasik olarak 6. ayindan sonraki BVDV
enfeksiyonunu takiben ortaya ¢iktigi belirlenmistir.
BDV ve CSFV enfeksiyonlarindaki malformasyon-
larin ise, sirasiyla kiiglik ruminantlarin ve domuzla-
rin gebeliklerinin ge¢ doneminde (6zellikle 30-80.
giinde) olusan enfeksiyonlar sonucu sekillendigi
tespit edilmistir [12]. Bu ailedeki viruslar diger tera-
tojenik viruslara benzer malformasyonlara da sebep
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olmaktadirlar. Ornegin, BVDV sigirlarda, hastalik
icin karakteristik olan serebellar hipoplazinin yani
sira hidranansefali, hidrosefalus, microensefali,
perosomus elumbus, kistik septum pellisidum, hi-
pomiyelinogenezis ve retinopatiye sebep olabildigi
belirlenmistir [2, 10, 13]. Koyunlarda BDV enfek-
siyonunda ise bunlara ek olarak vertebra defektleri
tespit edilmistir [12].

3. Reoviridae ailesi: Bluetongue virusu (BTV),
ruminantlarda, 6zellikle koyun ve kegilerde vaskii-
litis, oral kavitede hiperemi, perikarditis, abort ve
anomali dogumlara sebep olan Orbivirus genusuna
ait bir virusdur. Virus, sigirlarda ve vahsi ruminant-
larda genelde asemptomatik seyreder [12]. Virusun
dis kapsit proteini-2 (VP2)’ nin yapisina bagl ola-
rak 27 farkli serotip tespit edilmistir [9]. BTV saha
suslarinin ¢ok az bir kisminin transplesental enfek-
siyona yol a¢tig1 bildirilse de laboratuvar kosullarin-
da hazirlanan canli atteniie asilarin ve virusun bazi
suslariin (6zellikle serotip 8) fotal enfeksiyona ne-
den oldugu bilinmektedir [12]. Sigirlarda gebeligin
ilk yarisinda (70 - 130. giinler arasinda) olusturulan
deneysel enfeksiyonlar sonucunda buzagilarda mal-
formasyonlar gozlemlenirken [11], yine koyunlar-
da 50 ile 55. giinler arasinda olusturulan deneysel
enfeksiyon sonucu, ensefalopati ve retinopati sekil-
lendigi saptanmistir. Ayrica virusun neden oldugu
beyin lezyonlariin hemen hepsinde serebellar hi-
poplazi de bildirilmistir [22]. BTV ile enfekte olan
gebe hayvanlarda beyindeki oncii glia hiicrelerinin
ve ndronlarin enfeksiyonu sonucu hidranensefali ve
porensefali sekillenmektedir. Calismalar porensefa-
linin hidranensefaliye gére daha az sekillendigini de
ortaya koymustur [11]. Ayrica virusun sebep oldugu
vaskiilitisin beyin lezyonlarini arttig1 ve ge¢ donem-
deki enfeksiyonlarin herhangi bir malformasyon
yapmadan sadece ensefalitise neden oldugu saptan-
mistir [21]. BTV ile enfekte gebe hayvanlarda bas-

kin semptom olarak ise hidranensefali goriilmekle
birlikte periventrikiiler doku kaybinin oldugu bazi
olgularda hidrosefalus da bildirilmistir [18]. Suana
kadar saptanan BTV-8’ in neden oldugu enfeksiyon-
larda ise beyin sap1, medulla ve spinal kord boyun-
ca bir bulgu saptanmamis ve bu enfeksiyonlar da
artrogrippozis ve vertebral kanal malformasyonlari
gibi iskelet kas sistemini etkileyen lezyonlar belir-
lenmemistir [1].

4. Parvoviridae ailesi: Feline Panlokopeni virus
(FPV), Parvoviridae ailesinin Parvovirinae alt ai-
lesinin Parvovirus cinsinde yer alir [8]. FPV, ¢ok
bulasict ve tiim diinyada oldukca yaygin enfeksi-
yonlara sebep olmaktadir. Hastalik direk kontak
yolla bulasir. insan ve fomitlerin ise enfeksiyonun
tasinmasinda mekanik vektor rolii oynayabildikleri
bildirilmistir [12].

Parvoviruslar enfekte ettikleri hiicreleri boliin-
mesini S fazinda yakaladiklarindan yiiksek mitotik
aktivite gosteren hiicrelere tropizmleri olduklar
disiiniilmiistiir [4]. Karnivorlarmm sinir sistemi ge-
lisimi dogumdan sonra da devam ettigi icin, daha
once bu virusla perinatal donemde enfekte olan ke-
dilerde serebellar hipoplazi lezyonlar1 ve beyindeki
noronlarda virusun varligl immunohistokimaysal
yontemlerle tespit edilmistir [5]. Gebelik siiresin-
ce plesentay1 gecen virus, fotusun serebellumdaki
extragraniiler tabakada nekroz olusturup serebellar
hipoplaziye sebep olmaktadir Ayrica, serebellum-
daki purkinje hiicrelerinde de virus tespit edilmis
ve enfekte fotuslarda hafif derecede renal hipoplazi
sekillendigi de bildirilmistir [16]. FPV ile enfekte
kedi yavrularinda kifozis de tespit edilmistir ama
bunun virus enfeksiyonu ile ilgili olup olmadig1 tam
olarak ortaya konulamamustir [13]. Tablo 1’ de hav-
yanlar i¢in teratojen olan viruslar ve neden olduklari
malformasyonlar gosterilmistir

Tablo 1. Teratojen viruslarin f6-

BVDV BDV AKAV BTV SMBV FPV

tusta meydana getirdigi malfor-

masyonlar. Hidranensefali

Porensefali
Hidrosefali

Microensefali

Serebellar hipoplazi
Vertebra defektleri

Arthrogripozis

+ + + + + +
+ + + + +
+ + + +
+ + + + +
+ + + + +
+ + +?
+ +
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Bulasma

Teratojen viruslar genel olarak vertikal bulagmaya
sahip olsalar da horizontal olarak bireyden bireye
farkli sekilde bulasabilmektedirler. Flaviviridae
ve Bunyaviridae ailesine ait teratojenler birer ar-
bovirustur. AKAV, SMB ve BTV sokucu sinekler-
le aktarildigi bildirilmistir. BTV ig¢in 6zellikle su-
lak bolgelerde, bahar aylarinda sokucu sineklerin
(Culicoides spp.) artmasiyla birlikte hayvanlar igin
risk artmaktadir. BTV 6zellikle ruminantlarin hari-
cinde, son yillarda kopek gibi diger memelilerde de
bildirilmistir [12, 15]. Bu yiizden bu virusun rezer-
vuar hayvan tiiriniin arttig1 géz 6niinde bulundurul-
malidir. BVDV, BDV, CSFV, FPV ve AEV ise direk
kontak yolu ile bulagmaktadir. Sigirlarla koyunlar
arasinda BVDV ve BDV enfeksiyonlarinin tiirler
arast nakli gézlemlenmistir ama kegilerden diger
hayvan tiirlerine aktarim tespit edilememistir [12].

Teshis

BTV virusunun damar endotel duyarliligindan
dolay1 direk teshisin de, kandan, yiiksek oranda
Polimaraz zincir reaksiyonu (PCR) ile virus tespit
edilebilir. Ayrica yine dalak, akciger, lenf yumrula-
rindan antijen tespiti yapilabilir. BTV, indirek ola-
rak ise antikor ELISA Kitleri ile de tespit edilebilir
[12]. BVDV, BDV ve CSFV viruslari hiicre kiiltii-
riinde sitopatojenik etki yapmadan da iireyebilecegi
icin identifikasyonda immunperoksidaz ve immunf-
loresan testleri hala “gold” yontem olarak kabul
edilmektedir [19]. Bununla birlikte antijen ELISA
kitleri ile de virus tespiti yapilmaktadir. Antikor
tespitinde ise en sik serum nétralizasyon ve antikor
ELISA testleri kullanilmaktadir [12].

SMBYV ve AKAV enfeksiyonlarmin yavru atik-
lar1, amniyon sivist ve kandan tespitinde real-time
ve konvansiyonel PCR teknikleri kullanilabilmekte-
dir. AKAV igin ayrica virus nétralizasyon ve ELISA
testleri sayesinde antikor tespiti de yapilabilmekte-
dir. SMBYV igin ise yine ELISA, virus notralizasyon
ve immunflorasan antikor teknigi ile antikor varligi
saptanmaktadir [14]

Korunma ve Miicadele

Tirkiye’de BVDV ve BDV hastalig1 ile miicade-
le igin iiretilen as1 bulunmamakla birlikte iki has-
taliga kars1 da ithal inaktif asilar kullanilmaktadir.

Sigirlarda BVD hastalig1 i¢in uygulanan as1 takvi-
mi, gebelikten 2 ay once, kuru donemde bir doz ve
antikor titresinin gebelikte koruyucu seviyeye gele-
bilmesi i¢in ise birinci dozdan 4 hafta sonra rapel
doz uygulanmasidir. BDV asis1 ise Tiirkiye’de rutin
olarak gebelikten dnce uygulanmaktadir. Koyunlar
yilda iki defa gebelik olusturulabilecegi i¢in birinci
gebelikte asilama uygulandiysa, ikinci gebelikten
once serum antikor titresi Ol¢iilerek as1 uygulama-
sina buna gore karar verilmelidir.

Tirkiye’de goriilen ve vektorler araciligi ile
aktarilan diger teratojen viruslar igin ise korun-
mada mevsimsel asilama onemli yer tutmaktadir.
SMBYV ve AKAV’ a karsi da ithal ya da yerli bir as1
bulunmazken, BTV ile miicadele i¢in Tirkiye’de
uretilen serotip 4’e karsi canli as1 bulunmaktadir.
Koyunlarda BTV agilamasinin yilda bir kez ilkba-
har aylarinda kog katimindan 1 ay 6nce uygulanma-
s1 uygundur.

Ulkemizde kedilerde goriilen FPV igin korun-
ma ise, uygulanmakta olan karma asilarla saglana-
bilmekte ve enfeksiyonla miicadelede bagar1 sansini
arttirmak i¢in agilamanin sokakta ve barinakta yasa-
yan kedilerede uygulanmasi 6nerilmektedir.

Sonug¢

Hayvancilikta 6zellikle siit ve damizlik isletmeler-
de, anaglardan diizenli yavru alim1 6nemli bir konu-
dur. Bu nedenle reprodiiksiyon sorunlart igletmele-
rin miicadele edecegi en 6nemli sorunlardan birisi
olarak kabul edilir.

Teratojen viruslarin  birgcogunun annelerde
asemptomatik seyretmesi ve bu enfeksiyonlardaki
latentlik periyodu nedeniyle hasta hayvanlarin ye-
tiskin donemlerinde teshis edilememeleri bu virus-
larin sagilmasini kolaylagtirip siirii saglhigini tehdit
etmelerine neden olmaktadir. Bu nedenle gebelik-
ten Once viral teratojenlerin teshisi ve bunlardan ko-
runmanin saglanmasi ve enfekte hayvanlarin tespit
edilip siiriiden ¢ikartilmasi bu viruslar ile miicadele
icin 6nem tasimaktadir. Bunun yani sira viral tera-
tojenlerin neden oldugu enfeksiyonlar ortak semp-
tomlarla seyrettiginden malformasyonlu dogan
yavrulara ve virusun neden oldugu makroskobik
lezyonlara bakarak enfeksiyonun etiyolojisi hakkin-
da tahmin yiiriitmek zordur. Bu nedenle siiriilerde
belirli araliklarla viral teratojenlerin varliginin arag-
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tirtlmas1 ve bu enfeksiyonlar i¢in etkili yerli asilarin
gelistirilmesi de teratojen viruslar ile miicadele ve
iilke ekonomisi acisindan 6nem tagimaktadir.
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