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Abstract:
BACKGROUND: Abortion is one of the most important factors

reducing lambing rate and consequently profitability of sheep
farms. In addition to financial losses, it is also important from a
zoonotic point of view. OBJECTIVES: The aim of this study was
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PCR assay to detect DNA from Coxiella burnetii, Chlamydophila
abortus, Salmonella enterica, Yersinia enterocolitica, Campylobacter
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fetus, Brucella ovis and Leptospira interrogans. RESULTS:
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Based on the results, only DNA of Campylobacter was detected
in the samples. A 266 bp fragment specific for Campylobacter
was amplified from 51.52% and 34.12% samples belonging to
aborted and non-aborted ewes, respectively. CONCLUSIONS:
Significant presence of the bacterium in aborted ewes (p<0.001)
compared to the non-aborted groups with odd ratio of 3,
emphasizes that Campylobacter could be involved in the
outbreak of the abortion. Considering the importance of the
disease, prophylactic measures are needed to reduce the disease.
However, further investigations are required to determine the
impact of this bacterium in prevalence of abortion in sheep in
other areas.
against this bacterium. An epidemiologic survey
Introduction
from Fars, Chaharmahal bakhtiari and Yazd provinces indicated that 20 to 48% of abortion in sheep and
Two major groups of abortive agents are
goats is caused by Brucella melitensis in those areas
infectious and noninfectious factors. There are vari(Firouzi, 2005 and Ghosian moghadam et al., 2008).
ous infectious agents which cause abortion in sheep
Campylobacter is one of the most important agents in
and goats. The most common are Campylobacter
ovine and bovine abortion after brucellosis
fetus (also called Vibrio), Chlamydophila abortus
(Tajbakhsh et al.,2000).Campero et al. (2003) report(Abortion due to Chlamydophila abortus also called
ed Campylobacter to be the second most important
EAE (Enzootic Abortion in Ewes)), Coxiella
abortifacient agent in beef cattle. Infection with
burnetii, Salmonella enterica, Yersinia enterocolitica,
Campylobacter is known as zoonosis (Ertas et al.,
Brucella spp., Leptospira interrogans and Blueton2003 and Forouhesh Tehrani et al., 2003) and the
gue virus. In Iran, attention is focused on abortion
organisms can be transmitted to human via food,
caused by Brucella and most flocks are vaccinated
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water and through contact with farm animals and pets
(Salihu et al., 2009). When infection with Campylobacter occurs most of the bacteria can be found in
lungs and gastrointestinal tract (Campero et al.,
2005). Ewes infected with Campylobacter often
abort during the last weeks of gestation or give birth
to weak, stillborn or dead lambs (Salihu et al., 2009).
Abortions due to Campylobacter often emerge in a
flock by a purchased infected carrier animal (Hum et
al., 1997). Although there is no complete information
about epidemiology of this agent in sheep flocks in
Iran, the infection is possible in most areas (Firouzi,
2005). Campylobacter is one of the most common
bacterial agents of ewe abortion in the United States
with an overall abortion rate of 5 to 50% (average,
23.2%) in affected herds (Sahin et al., 2008). The
majority of Campylobacterial sheep abortion in New
Zealand is associated with Campylobacter fetus
while Campylobacter jejuni is more important in
United States (Mannering et al, 2006 and Sahin et al.,
2008 ). Firouzi (2005) has reported a prevalence of
7.5% for the infection in aborted fetuses of sheep
around Shiraz (Iran). Most of the epidemiological
studies performed previously were based on serologyical assays and culture methods, which are
difficult and time consuming procedures. Especially
in the case of Campylobacter spp. being biochemically less active, molecular techniques has become the
method of choice in diagnosis of the diseases in recent
years (Stoyanchev, 2004). In December 2010, an
outbreak of abortion was reported in sheep flocks of
Mahneshan areas in the Zanjan province. The initial
surveys indicated that in some flocks over 50% of
pregnant ewes were aborted (Half the pregnant
animals in each herd had abortion). The main
objective of this study was to determine the cause(s)
of the outbreak in Mahneshan.

Materials and Methods
Sampling: Samples were taken from 217 ewes
(129 samples were taken from aborted ewes, 3
samples from ewes with the crippled and deformed
lambs, and 85 samples from animals that had given
birth to healthy lambs) from 11 flocks of villages
around Zanjan province where high prevalence of
abortion was reported by farmers in December 2010
(see Table 2). In the area, animals were reared indoors
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and with high density in this time of year. Sterile, dry
and cottontip swabs were used for sampling of aborted or ewes with alive and apparently healthy delivered lambs. Vaginal and blood samples were taken for
nucleic acid and serological detections, respectively.
Sera and swab samples were stored at -20°C until
tested. During sampling, information including ear
tag number, age, time of abortion, vaccination status,
and pregnancy time of sampled animals and type of
diet were collected. Most farmers vaccinate their
herds against Brucella in this province every year.
DNA extraction: First, DNA extraction for swab
samples was optimized using a gram-negative
bacterium, Pectobacterium carotovorum, which is
not a pathogen for animals. This bacterium was
cultured in Nutrient agar medium. Several protocols
were tested on samples spiked with Pectobacterium
carotovorum to evaluate the efficiency of DNA
extraction and test for the presence of inhibitors.
Extractions were evaluated by PCR and using
specific primers. Finally, a modified phenol-chloroform extraction method was used for DNAextraction
from vaginal swabs. Briefly, swab samples were
defrosted and one mL of STD buffer ((0.01 M TrisHCl [pH 8.3], 0.05 M KCl, 0.0025 M MgCl2.6H20,
0.5% Tween20) was added in a 2 mLmicrocentrifuge
tube. Samples were shaken for one minute and
centrifuged at 16000 x g and pellet was dissolved in
200 µL of TE (Tris- EDTA) containing 10% SDS
(sodium dodecyl solfate). The specimens were
incubated at 56°C for one hour and subsequently
conducted to phenol-chloroform DNA purification
procedure.
PCR assay: Specific primers were designed for
Coxiella burnetii, Yersinia enterocolitica, Campylobacter fetus, Brucella ovis and Leptospira interrogans. The primer sequences for Chlamydophila
abortus and Salmonella enterica were obtained from
previous studies (Table1). The primers were designed in a way whereby they can produce amplicons with
different length (except for Brucella and Leptospira)
that can be easily distinguished on agarose gel electrophoresis. Furthermore, the primers can be used for
detection of DNAof these bacteria by real-time PCR.
Sensitivity and specificity of the primers were tested
using the abovementioned pure bacteria purchased
from Persian Type Culture Collection (PTCC), swab
samples and sequencing of PCR products. However,
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Chlamydophila and Leptospira organisms were not
available to be used as positive control or for testing
the sensitivity. PCR assay was performed in a final
volume of 25 µLcontaining 50 mM KCl, 20 mM TrisHCl (pH 8.3), 2 mM MgCl2, 0.1% Tween20, 200 μM
each dNTP, 1.25 μM each primer (Table 1) and 0.8 U
Taq polymerase. After an initial denaturation at 95°C
for 5 minutes, 30 cycles of one min for each temperature at 95°C, 52-55°C and 72°C, with a final extension
at 72°C for 5 min were performed. Annealing
temperature was approximately the same for all
primers pairs in multiplex PCR. Amplification
products were then visualized by electrophoresis in
1.5% agarose gel in 1X TBE buffer (Tris-borateEDTA) and ethidium bromide staining. Purification
of PCR products on agarose gel was done using
phenolchloroform extraction procedure and sequencing was performed on the ABI 3730XL DNA
Analyzer (Bioneer, South Korea).
Test of sera: The sera samples of 20% of aborted
ewes (25 samples from 129 aborted ewes randomly)
were tested for Brucella infection using Rose Bengal
Test (RBT) and any visible agglutination and/or the
appearance of a typical rim was taken as a positive
result.
Statistical analysis: Based on type of data
(categorical) in this study, non-parametric binary
logistic regression and Mann-Whitney test were
employed for statistical analyses. The results were
considered significantly different at the level of
p<0.05.

Results
PCR: In some cases reported abortion in sheep
flocks of villages around Zanjan province exceeded
more than 50% of pregnant ewes. PCR based nucleic
acid detection of the bacteria revealed presence of
Campylobacter DNA in 68 vaginal swab samples of
132 aborted ewes (51.52 %). None of the samples
were detected for DNA from the other six bacteria
tested in this study. However, 29 samples of 85 nonaborted ewes (34.12 %) were positive by PCR using
Campylobacter specific primers. In positive samples
an expected DNA band with correct molecular size
product of 266 bp was observed on agarose gel
stained by ethidium bromide (Figure 1). Sequencing
results of this DNA band confirmed our finding as
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Campylobacter when blasted in biological databases
and aligned against sequences of 16s rRNA gene of
Campylobacter. The presence of this bacterium in
samples from aborted ewes was significantly
(p<0.001) higher than those of non-aborted group
with odd ratio (OR) of 3.
Young animals at first till third time of pregnancy
were more likely to be aborted due to Campylobacter
infection than elder animals (OR= 1.15). Of 68 PCR
positive samples for Campylobacter in different
ages, 32.35 %, 20.59% and 17.65% were animal at
third, first and second time of pregnancy, respectively. However, number of the aborted ewes and
contaminated with Campylobacter at fourth and
higher time of pregnancy was 19 for 4th and 5th time
of pregnancy while those for animal at first, second
and third time were 14, 12 and 34 respectively (see
diagram 1).
The sera of 20% of aborted ewes were randomly
tested for presence of Brucella antibody and all were
negative in RBT. This result was in accordance with
PCR results where DNAof Brucella was not detected
in the tested samples.

Discussion
The most important source of income for sheep
farmers comes from selling the lambs, while abortion
which occurred mostly in the last months of gestation
caused reduction in total number of lambs per farm.
In Mahneshan, where the outbreak of abortion in
some flocks was more than 50% of pregnant ewes
caused a serious economic loss to sheep rearing
farmers. From 85 samples of aborted ewes 61
(71.76%) were PCR positive for Campylobacter
while from other bacteria that have been tested for in
this study no DNA were detected. Sampling of these
aborted ewes was done by the investigator of this
study at the time of visiting the flocks, therefore all
the animals were not at immediate day(s) of post
abortion. Consequently, it was not expected that all
the animals would shed the bacterium, so this
percentage of detection may be reasonable. Furthermore, it is possible that the number of the bacterium
was very low or presence of inhibitor might prevent
PCR reactions. However, several vaginal swabs were
spiked with different number of P. carotovorum and
in all cases DNA of this bacterium was detected by
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Table1. Primer sequences used in PCR amplification. bp*: base pair.
Primers
ATAATGACTTCGGTTGTTATT F:
R: TGTTTTAGATGCCTAAACAT
F: GACGCCATCCAGGAACAG
R: GTATACGATCTGGTCCTGC
F: ACGGTAACAGGAAGMAG
R: TATTAACCACAACACCT
F: ACTGTCGAATAACCGGCTTC
R: GTTACAGTTACTACTAATGGG
F: TTTGTTAGGGAAGAACCATG
R: CGCAATGGGTATTCCTGGT
F: CTCTTCTACTTATGATATCGG
R: ACATTACAGCCAGGTATACGT
F: GGTCCCGAGAGATCATAAG

Gene
16s rRNA

Product length
127 bp*

Microorganism
Chlamydophila abortus

Reference
Messmer et al, 1997

ompA

200 bp

Brucella ovis

this study

16s rRNA

402 bp

Salmonella enterica

Trkov and Avgus?tin ,2003

ompA

bp 304

Coxiella burnetii

this study

16s rRNA

265 bp

Campylobacter fetus

this study

ompA

166 bp

Yersinia enterocolitica

this study

16s rRNA

199 bp

Leptospira

this study

Table 2. The number of aborted (A) and not aborted (NA)
samples the separation of positive (C+) and negative (C-)
Campylobacter for villages in the province.
Non aborted samples
( NA)
NA- CNA- C+
Ebrahim Abad
0
0
Ghale jugh Sadat
0
2
Mianaj
14
4
Haji inak
0
0
Angouran
0
1
Arze khuran
15
10
Zanjan
10
0
Sansyz
10
0
Eich
0
0
Aspirin
6
3
Hasan abad
8
0
Name of village

Aborted samples
(A)
A- CA- C+
4
20
6
9
4
4
4
10
6
24
1
1
0
0
20
0
17
0
2
0
0
0

PCR. The presence of the infection in several nonaborted ewes may be the result of postpartum
contamination that in turn resulted from close contact
with aborted animals' secretions because animals are
kept indoors in the season of lambing and they are
more often closely confined in unhygienic conditions
in such situations.
The step of pregnancy plays an important role in
the prevalence of infection in herd. For example, it
has been reported that if the infection happens at 105
the day of gestation abortion will happen in all of the
ewes, but if infection happens at 126 the day of
gestation abortion will be found in only about 20
percent of ewes (Skirrow et al, 1994). It is therefore
possible that non aborted animals be contaminated
with Campylobacter after 126 days of gestation (in
this study). In addition, only in infected herds have
infected ewes without abortion been observed, which
probably happened due to contact with infected
animals or contamination after 126 days of gestation.
54

But in healthy herds no case of the Campylobacter
infection was found. In the case where the
Campylobacter was present naturally in the vagina of
pregnant animals, it was expected that in healthy
herds cases of Campylobacter nucleic acid must be
detected, but not even one case of infection was found
in these flocks.
When an abortion occurs it is essential that
aborted ewes be separated immediately and any
excretion of the abortion disposed of to avoid further
contamination of the environment, but this is something that is rarely done accurately in these sheep
farms. In addition, there are immunological differences among animals and not all infections lead to
abortion. Gürtürk et al. (2002) in an epidemiological
study using serological tests (Elisa and Complement
fixation test) found that Campylobacter caused 38%
abortion in a sheep flock in Turkey. Prevalence of
Campylobacter infection is also reported in 23.2 % of
all aborted animals in United State (Sahin et al.,
2008), whereas the prevalence of the infection was
even higher in previous years and Ertas et al. (2003)
reported that 66 % of all abortions in the United States
are due to contamination with this bacterium. Zahra'i
Salehi (1999) reported Campylobacter fetus as a
cause of abortion in one of the farms around Tehran.
Fenwick et al. (2000) reported that vaccination with
a vaccine strain of Campylobacter cannot essentially
protect animals against all other strains and abortion
may occur. Results of this study showed that younger
animals were more likely to be aborted due to
infection with this bacterium than elders. It is possible
that elder animals had experienced the infection
previously and there was some level of immunological protection (in this study). Nonetheless, this is
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Diagram 1. the percent of animals with different ages of the total
sample, the percentage of abortion in each age group (A) and the
percentage of positive samples for Campylobacter in aborted
ewes at any age (A +).

Figure 1. Specific amplification of target DNA from
Campylobacter by PCR using specific primers, and Lanes: a:
DNA Ladder 100 bp (company), b: negative control (no DNA in
the PCR reaction mix), c: sample of healthy animal, d, e and f:
aborted ewes samples.
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something to be tested to address the question. This
outbreak caused a high economic loss to sheep farms
of the area and tracing the cause of the outbreak is the
first step in preventing such events. The results of this
study indicated that infection with this organism as
reported in other countries can cause outbreak of
abortion in sheep farms in Iran. Therefore, it is
essential that hygienic and prophylactic measures be
implanted by farmers to avoid these kinds of infections. Especially in closed places, sick and aborted
ewes must be isolatedfrom healthy animals and
pregnant ewes have to deliver their lambs in a
separate place. Also, delivery fluid (discharges) and
dead fetus have to be immediately removed and be
disposed of in a lime pit. None of the ewes showed any
specific clinical signs of campylobacteriosis at the
time of sampling but after dissection of a few lamb
carcasses by veterinary staff, they diagnosed abnormally enlarged liver and yellow spots on the liver
that indicated vibriosis (Figure 2).
In this investigation, to examine whether ewes in
early ages have a higher number of abortions they
were split into two groups and the results were
compared. One group was three years old and less and
the other group four and five years. The ratio of
aborted ewes when the positive and negative results
were considered separately, indicated the two groups
Odd ratio=1.15 with 95 % confidence interval between 0.5-2.5 which was not statistically significant.
However, further investigations on outbreaks of
other areas and provinces are necessary to have
comprehensive information about epidemiology of
the infection with this bacterium.
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ÿoBzÖA lñ×uõâok xõPÖpPÞBGõéýLíÞ þèBíPcA þâkõè@úXýPð ok òýñW ÈÛu Ñ õýy
þðBíéu lýcô 2|QÖpÏì BÂpýéÎ *1|kAtð|þÞpø pøBÆ lídì 1eèB¾ úìõ¿Ïì

1

óApüA–óBXðq ,óBXðq ûBãzðAk ÿqoôBzÞ ûlßzðAk ,þìAk ïõéÎ ûôpâ )|1
óApüA–óBXðq,óBXðq ûBãzðAk ÿqoôBzÞ ûlßzðAk ,þßyrK|ûBýâ ûôpâ )|2
| |)1391 ûBì om@ 21 :þüBùð }pünK| , 1391 ûBì pùì 5 :úèBÛì QÖBüok|(|

ûlýß^|
RAoBvgpG ûôçÎ .lyBG|þì Bø|ÿoAlìAko k þøkkõu{øBÞúXýPðo kô ûpG kAlÏO {øBÞêìAõÎ òüpPíùì qA þßü òýñW ÈÛu| |:úÏèBÇì úñýìq
lñ×uõâ òýñW ÈÛu þüBüpPÞBG êìAõÎ ÀýhzO úÏèBÇì òüA qA Ùlø :Ùlø .QuA QýíøA rüBc rýð þìõíÎ Qìçu úHñW qA òýñW ÈÛu ,þèBì
qA úðõíð 129( ÿoBzÖA {ýì 217 qA ëBñüsAô ÿBø|JAõu úðõíð :oBÞ }ôo .kõG óBXðq óBPuA þGpÒ ëBíy o k þðBùâBð Ñõýy àü o k ÿoBzÖA
ÿBø|úéâqA )lñPyAk îèBuûpG úÞþüBø|{ýì qA úðõíð 85 ô lðkõG ûkoô@Býðk úG xoBð ûpG úÞÿBø|{ýì qA úðõíð 3 ,lðkõG ûkpÞÈÛuúÞþüBø|{ýì
,xõOoõG@çýÖôlýìçÞ ,þPðoõG çývÞõÞ ÿBø|ÿpPÞBG |DNA| òýýÏO oõËñì úG Bø|JAõu .lükpâ ÿoô@|ÐíW Ñõƒýy ok pƒýâo k ÿ|ûlƒy }oArƒâ
.lñPÖpâoApÚ óõìq@koõì ,|PCR| úéýuô úG| |wðBâôpPñüA ApýLuõPLè| |ô wüôA çuôpG ,xõPÖpPÞBGõéýLíÞ,BßýPýèõÞôpPðA Býñýupü ,BßüpPðA çðõíèBu
IýOpO úG pPÞBG õéýLíÞ úG ÉõGpì 266 |bp| þ¾B¿PgA úÏÇÚ àü .lyûkAk ÀýhzO Bø|úðõíðokpPÞBGõéýLíÞ|DNA| ÈÛÖ YüBPð xBuApG| |:YüBPð
òüA oAk|þñÏì kõWô :þüBùð|ÿpýâ|úXýPð .lypýTßO lðkõG ûkoô@BýðlG îèBu ÿBø|ûpG úÞþüBùð@ô ûkpÞÈÛu ÿBø|{ýì qA %34/12 ô %51/52 ok
lðAõO|þì pPÞBGõéýLíÞ úÞkoAk òüApG lýÞBO 3 |odd ratio | BG îèBuÿBø|ûpG ÿAoAk ûôpâBG úvüBÛì o k )p<0/001( ûkpÞÈÛuÿBø|{ýì o k ÿpPÞBG
pø úG .QuA qBýð ÿoBíýG {øBÞÿApG ûlññÞ|ÿpýãzýK ÿBøoArGA úG ÿoBíýG òüA QýíøA úG úWõO BG .lyBGpýâo k ÑõýyòüA o k òýñW ÈÛuÑõýyok
.QuA ÿpPzýG ÿBø|þuopG úG qBýðpãük ÜÆBñì óAlñ×uõâo k òýñW ÈÛuÑõýypG ÿpPÞBG òüApýSBO òýÏO ÿApG ëBc
PCR ,ÿoBzÖA lñ×uõâ,pPÞBGõéýLíÞ,òýñW ÈÛu| |:ÿlýéÞÿBø ûsAô
|Email: |Taher.Harkinezhad@znu.ac.ir| | +98)241(5152546 :pGBíð +98)241(5152230 :ò×éO :ëôõövì ûlñvüõð)∗
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