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Abstract  

Chlamydophila is an important cause of in-utero infections in sheep and goats, resulting in 

abortion, stillbirth, and the birth of weak offspring. The disease in sheep caused by Chlamydia 

abortus (C. abortus) has been known as “ovine enzootic abortion”. Notably, it is recognized as 

a zoonotic disease, which can lead to abortion in humans. Therefore, the present study was 

carried out to recognize Chlamydia infection in aborted fetuses of domestic small ruminants, 

including sheep and goats in East Azerbaijan province, northwest Iran. For this purpose, a total 

of 62 aborted fetuses were obtained from sheep and goat flocks. At necropsy, the fetus was 

usually well preserved with few gross lesions. The tissue samples were collected for 

mailto:khordadmehr@tabrizu.ac.ir
http://orcid.org/0000-0002-4472-3847


Uncorrected proof

2 
 

histopathology and molecular studies. The conventional PCR method using specific primers 

was performed for detection of the Chlamydia genome. Additionally, the formalin-fixed tissue 

samples were routinely processed for histopathological studies. The genome of C. abortus was 

detected in 33.87% (95%CI: 0.32 ± 0.11) of the examined fetuses. Histopathological 

examinations presented multifocal hepatitis, pneumonia, and nonsuppurative 

meningoencephalitis associated with focal hemorrhage in the muscles. In conclusion, the 

investigation of the C. abortus genome in aborted fetuses with high prevalence rates indicates 

that this infection can play a notable role in the abortion of sheep and goats in East Azerbaijan. 

To prevent potential abortions in women who are in close contact with aborting ruminants, 

effective management and control measures for public health in the region are crucial.  

Keywords: Sheep, Goat, Abortion, Zoonotic infection, Public health 

Abbreviations: OEA: Ovine Enzootic Abortion; PCR: polymerase chain reaction; H&E: 

hematoxylin and eosin; CI: confidence interval.  

 

Introduction 

Abortion is a significant problem in small ruminants, particularly in sheep and goats, and it is 

responsible for major economic losses in the livestock industry due to the loss of fetuses. The 

cause of abortion can be infectious which is the most common or non-infectious [1]. Infectious 

causes can be bacterial, viral, fungal, and parasitic [2, 3]. Bacterial causative agents can be a 

more serious issue in small ruminants such as Chlamydia abortus [4]. One of the four families 

that make up the order Chlamydiales is the Chlamydiaceae family. At first, the family was 

divided into two genera, Chlamydia and Chlamydophila, but recent genomic and phylogenetic 

studies have resulted in the unification of all species under the genus Chlamydia [5, 6]. Besides 

the species currently known for the genus Chlamydia which includes 21 different species in 

various range hosts [7-11]. Among these species, some of them such as C. psittaci and C. 
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abortus, are known to cause zoonotic infections. C. abortus is a major cause of chlamydiosis 

in small ruminants, which can lead to reproductive problems such as abortions, stillbirths, and 

infertility [12, 13]. C. abortus in sheep is also known as Ovine Enzootic Abortion (OEA) or 

Enzootic Abortion of Ewes (EAE) [12, 13]. 

Chlamydia is transmitted through multiple routes, including aerosol transmission, horizontal, 

ingestion, and fecal-oral. Fomites and environmental agents can also be important in spreading 

the infection. These multiple transmission pathways are involved in making this zoonotic 

infection more serious [14]. Oronasal route has been considered as the primary way of 

transmission and it can happen from direct contact between animals or with abortion remnants. 

Dissemination of C. abortus to the placenta happens during pregnancy triggers inflammation 

and placental insufficiency, which leads to abortion or stillbirth [15]. The pathological lesions 

are detectable after day 90 of gestation and the first lesion can be seen as cytoplasmic 

chlamydial inclusions produced in the cells of cotyledon [16]. The lesions in the fetus can 

include primarily focal necrosis in the liver and additionally, small necrotic areas in the lungs, 

and spleen, and less commonly in the brain and lymph nodes, and sometimes a mild form of 

semipurulent focal interstitial nephritis in fetal kidneys [16].  

The PCR methods are frequently used for detecting chlamydia species due to their high 

specificity and sensitivity, quick results, and ability to handle large volumes [17]. Due to the 

presence of the organism in different organs such as the abomasum and jejunum, as well as the 

possibility of the fetus swallowing the infected amniotic fluid, chlamydia can be diagnosed 

using the abomasal content of aborted fetuses [18]. This study was conducted to detect 

Chlamydia infection in the aborted fetuses of sheep and goats flocks in east Azerbaijan 

province (Iran) using conventional PCR method, due to the high prevalence of infectious 

abortion in the region. Also, it investigated the main histopathological changes associated with 

this infection to improve diagnostic accuracy.  
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Results  

Molecular findings  

The molecular study results associated with the age groups are presented in Figure 1 and Table 

1. Briefly, the genome of C. abortus was detected in 21 out of 62 samples (33.87%%, 95%CI: 

0.32 ± 0.11) from the examined fetuses. Of note, the higher infection rates were found in fetuses 

aged 4 to 5 months. However, the four age groups had no significant difference in infection 

rates.  

 

Table 1. 

 PCR results for detection of Chlamydia in the aborted fetuses (N = 62).  

Age groups No. of the positive samples (%) 95% CI 

2-3 m 
5/62 (8.06%) 

0/5 (0%) 0.0±0.0 

3-4 m 
14/62 (22.58%) 

2/14 (14.28%) 0.1428±0.1813 

4-5 m 
36/62 (58.06%) 

17/36 (47.22%) 0.472±0.162 

5-6 m 
7/62 (11.29%) 

2/7 (28.57%) 0.2857±0.3242 

Total 21/62 (33.87%) 0.3387±0.114 

 

Pathological findings 

There were focal areas of cellular necrosis in the liver and spleen, which were variably 

surrounded by mononuclear cells. An increase in mononuclear cells was observed throughout 

the liver and concentrated in portal areas. In the lung, alveolar septa were thickened by 

mononuclear cells associated with hyperemia of the pulmonary vessels. Additionally, there 

were mild to moderate hemorrhages in the muscles and spleen. In the brain, mild 

meningoencephalitis accompanied by hyperemia and focal hemorrhage were found.   
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Discussion 

In this study, out of the 62 samples, 21 (33.87%) tested positive for Chlamydia infection using 

Chlamydia genus-specific primers for conventional PCR. In pathologic studies, the main 

lesions of Chlamydia infection were observed in the examined aborted fetuses. Due to the 

importance of Chlamydia in the discussion of abortion in small ruminants and also zoonotic 

aspects, various studies have been conducted within Iran to estimate the prevalence of this 

infection. Based on some studies conducted in Iran from 2015 to 2023, the prevalence of 

Chlamydia infection in individual animals varied between 5.71% and 56.41%. This variation 

was attributed to the differences in geographical areas, the detection methods used, and the 

types of samples taken from the animals. For example, a previous study found a seroprevalence 

of 25.6% using the ELISA test in individual animals across seven provinces in Iran [19]. In 

contrast, another study reported a higher prevalence of 56.41% in samples of aborted material 

from sheep and cattle in Shahr-e-Kord and Bagh-e-Malek, using Chlamydiales order-specific 

primers in PCR testing [20].  A recent study used cell culture for chlamydia detection, which 

differs from methods used in other studies. Chlamydial inclusion bodies were seen with an 

optical microscope in 14.28% of samples [21]. In contrast, other researchers reported a 

significantly lower prevalence of 5.71% as evaluated by an ELISA assay among 16 non-

vaccinated goat flocks in Khuzestan province [22]. In another ELISA assay investigation, 9.7% 

of the samples were positively reported for sheep and goats in Khorasan Razavi province [23]. 

Moreover, the prevalence of Chlamydia infection in vaginal and ocular swab samples of small 

ruminants was 24.1% by real-time PCR [24]. Besides, the results of the nested-PCR of the milk 

samples showed 8.61% of milk samples were infected [25]. The seroprevalence of 

chlamydiosis in sera samples from sheep and goats with a history of abortion was 4.3% in 

sheep and 21.7% in goats, respectively, as determined by the indirect ELISA assay in Fars 

province [26]. Also, it was reported a prevalence of 21.6% in vaginal swab samples of sheep 
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and goats by PCR method in Kerman province [27]. In studies in which samples were from 

aborted fetuses, similar variability in prevalence was reported. In this regard, evidence indicates 

infection rates of 0%, 11%, and 23.5% in aborted fetuses of small ruminants from southeast 

[28], south [29], and northwest [30] Iran, respectively, as determined by the PCR method. 

Studies in other countries have also reported different prevalences. In Sulaimani province, Iraq, 

a low prevalence of 3.33% was detected in aborted fetus samples of sheep [31]. While in north-

western Italy, a higher seroprevalence was observed, with 56.6% of sheep and goat flocks 

testing positive for C. abortus antibodies. Sheep flocks had a higher prevalence of 71.4%, 

compared to 44.8% in goat flocks [32]. A study conducted in Africa found a much lower 

prevalence of 2% for C. abortus in small ruminants using an indirect ELISA assay [33]. This 

shows the correlation between prevalence and geographical differences. Emerging evidence 

shows that the global prevalence of C. abortus is 20.1% in sheep and 14.4% in goats, with 

notable regional differences. The highest prevalence has been reported in South Asia, at 30.6%, 

while East Asia and Oceania have the lowest rate at 14%. European countries like Romania, 

Hungary, and Germany reported high prevalences, ranging from 53.3% to 87%. In contrast, 

lower rates were found in Costa Rica, Australia, and Zimbabwe, ranging between 4.7% and 

5.2% [34]. In Chlamydia infection, abortion is likely the result of several factors, including 

tissue destruction by Chlamydia, vasculitis, thrombosis, and a fetal inflammatory response, 

such as the production of TNF-α by fetal macrophages [16], In the present study, the main 

pathological lesions included focal necrotic hepatitis, mild interstitial pneumonia, and mild 

meningoencephalitis associated with focal hemorrhage in the muscles, spleen, and brain. 

Similar pathological findings previously described by others [16], are in agreement with our 

results.  

Conclusion    
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In conclusion, the prevalence of Chlamydia infection in small ruminants shows significant 

variation across different regions, affected by other factors such as management practices and 

environmental conditions. Studies have reported prevalence rates ranging from as low as 2% 

in Africa to over 70% in some flocks in Italy, with significant regional differences existing 

globally. PCR and ELISA are common methods used for detecting infections in most studies, 

each with its benefits. The type of samples collected, like sera, aborted fetuses, and milk, also 

affects detection. Our study showed that 33.87% of the samples tested positive for Chlamydia 

using genus-specific primers in PCR. This significant prevalence highlights the need for more 

effective strategies to manage this infection and emphasizes the importance of increasing 

efforts toward prevention in the region for public health.  

Materials and Methods 

Study area  

The present study was performed in seven cities in the East-Azerbaijan province in northwest 

Iran, including Tabriz, Charuymaq, Khoda Afrin, Jolfa, Heris, Bostan Abad, and Mianeh. This 

study presents findings on Chlamydia infection as part of a larger investigation into the 

infectious and non-infectious causes of abortion in small ruminants in East Azerbaijan 

province, northwest Iran. for this purpose, from November 2023 to February 2024, a total of 

62 aborted fetuses were collected from sheep and goats flocks in the mentioned regions, as the 

owners had contacted for abortions on their farms. We studied a total of 43 sheep flocks, 

documenting the history of the sampled herds, which included details such as herd size and 

abortion rate. The sheep flocks studied were categorized by size: 7 small flocks (1–100 sheep), 

19 medium flocks (101–300 sheep), and 17 large flocks (over 300 sheep). 
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Ethical approval 

All relevant international, national, and institutional guidelines for the care and use of animals, 

including the protocol approved by the University of Tabriz's Animal Research Ethics 

Committee (ID: IR.TABRIZU.REC.1403.049), were followed.  

Sampling  

All samples of dead fetuses belonged to the herds with the traditional conditions. At first, the 

age of the aborted fetuses was estimated using the formula (X + 17) × 1/2, where X is the size 

of the fetus in centimeters, which were measured from forehead to tail. Then, a systematic 

necropsy was performed and the pathological lesions were recorded. Next, 50 mg of the 

abomasal contents was placed in a 2 mL microtube and stored in a freezer at -70 °C for further 

molecular studies. Additionally, tissue samples of the various organs including the liver, kidney, 

lung, muscles, spleen, and brain were collected and transferred to 10% formalin solution for 

histopathology purposes. 

Pathological study 

The tissue samples were kept in a 10% neutral buffered formalin solution for at least 48 hours. 

After that, they were routinely using a DS2080/H tissue processor (Didsabz, Iran), embedded 

in paraffin, and cut into 5 µm thick sections. These sections were stained with common 

hematoxylin and eosin (H&E) and studied under a light microscope (Olympus, CH-30, Japan), 

with the observed lesions recorded.  

Molecular studies (DNA extraction and PCR assay) 

The genomic DNA (gDNA) of the abomasal contents was extracted, using a DNA extraction 

kit (Pishgam Sanjesh, Tehran, Iran) based on the manufacturer’s instructions. The genome’s 

quality and quantity were analyzed using NanoPhotometer® NP80 (IMPLEN, Germany). All 

PCR assays were performed in a final volume of 25 μL with Taq DNA Polymerase Master Mix 
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RED® (Ampliqon, Denmark) and 3 μL DNA/cDNA, using the T100 Thermal Cycler (Bio-

Rad, USA). The amplified products were detected through electrophoresis on 1.5% agarose 

gels stained with a safe DNA stain (SinaClon, Iran). To perform a PCR test, specific primers 

for Chlamydia abortus were used: CHLAMA1 (Forward: 5’-

CTCACCATTGTCTCAGGTGGA- 3’) and CHLAMA2 (Reverse: 5’-

ACCGTAATGGGTAGGAGGGGT-3’), targeting an 823 base pair (bp) sequence. Moreover, 

C. abortus ATCC VR656 was used as positive control. The reaction conditions included 35 cycles 

and an annealing temperature of 59°C. 

 Statistical analyses 

The Chi-Square test was used to determine the correlations between infections and age groups 

(four groups, including 2-3, 3-4, 4-5, and over 5 months old) of the fetuses. Differences were 

considered significant at P < 0.05. The analyses were performed with IBM SPSS Statistics v.22 

software. Also, the data was assessed using a 95% confidence interval (CI). 
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Figure legends: 

Figure 1. Molecular findings of the present study for detection of the Chlamydia genome in 

aborted fetuses. The PCR products with an 83 bp band were detected through electrophoresis 

on agarose gels stained with a safe DNA stain. L: ladder 100 bp; S1, S3, S5: the samples with 

negative results; S2 and S4; positive samples with an 823 bp band. 
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Figure 2. A: liver: there are focal areas of cellular necrosis, surrounded by mononuclear cells 

(arrows). B: lung:  The alveolar septa are thickened by mononuclear cells, which are associated 

with hyperemia of the pulmonary vessels. C: focal hemorrhage (arrow) in the cortex of the 

kidney. C: muscles: there are focal hemorrhages. D: spleen: there is lymphatic depletion with 

moderate hemorrhage E: brain: there are inflammatory cells in the meninges associated with 

notable hyperemia (arrowhead). F: brain: there is a focal hemorrhage (arrow). H&E. 
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 ربایجانآذ استان در پاتولوژیک و مولکولی مطالعات از استفاده با شده سقط های جنین در کلامیدیا عفونت بررسی

 ایران غرب شمال شرقی،

 رزندانف تولد و زایی مرده جنین، سقط به منجر که است بز و گوسفند در رحمی داخل های عفونت مهم علل از یکی لامیدوفیلاک

 این که است ذکر قابل. است شده شناخته "گوسفند انزوتیک جنین سقط" عنوان به گوسفند در بیماری این. شود می ضعیف

. ودش انسان در جنین سقط به منجر تواند می که است شده شناخته دام و انسان بین مشترک بیماری یک عنوان به بیماری

 ملهج از اهلی کوچک نشخوارکنندگان شده سقط های جنین در کلامیدیا عفونت شناسایی منظور به حاضر مطالعه بنابراین،

 از شده سقط جنین 62 از مجموع در منظور این برای. شد انجام ایران غرب شمالدر  شرقی، آذربایجان استان در بز و گوسفند

شده  فظح کمی ضایعات باهمراه  خوبی با وضعیت معمولاً جنین کالبدگشایی، در. نمونه برداری انجام شد بز و گوسفند های گله

 پرایمرهای از استفاده با معمولی PCR روش. شد آوری جمع مولکولی و هیستوپاتولوژی مطالعات برای بافت های نمونه. بود

 برای لمعمو طور به فرمالین با شده تثبیت بافت هاینمونه این، بر علاوه. شد انجام کلامیدیا ژنوم تشخیص برای اختصاصی

 بررسی مورد های جنین از( CI: 0.11 ± 0.32 %95) %33.87 در کلامیدیا ژنوم. شدند آماده سازی هیستوپاتولوژیک مطالعات

 ونریزیخ با همراه چرکی غیر مننگوآنسفالیت و پنومونی کانونی، چند هپاتیت هیستوپاتولوژیک معاینات. شد داده تشخیص

 این که دهد می نشان بالا شیوع با شده سقط های جنین در کلامیدیا ژنوم بررسی ،نتیجه در. داد نشان را عضلات در کانونی

 جنین قطس از جلوگیری برای. باشد داشته شرقی آذربایجان در بز و گوسفند جنین سقط در توجهی قابل نقش تواند می عفونت

 رایب موثر کنترلی و مدیریتی اقدامات هستند، جنین سقط نشخوارکنندگان با نزدیک تماس در که زنانی در احتمالی های

 .است مهم بسیار منطقه در عمومی سلامت

 اژگان کلیدی: گوسفند، بز، سقط جنین، عفونت زئونوتیک، بهداشت عمومی.و

 


