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Pathological and molecular investigation of Mycoplasma agalactiae infection in aborted

fetuses of small ruminants northwest Iran
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Abstract

Introduction: Mycoplasma infection mainly affects small ruminants, leading to mastitis, arthritis,
keratoconjunctivitis, and abortion. This disease not only reduces reproductive efficiency but can
also negatively impact milk production and the overall health of the flock. Therefore, the present

study was carried out to recognize Mycoplasma infection caused by Mycoplasma agalactiae (M.


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

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

agalactiae) in aborted fetuses of small ruminants (sheep and goats) from East Azerbaijan province,
northwest Iran, using pathological and molecular studies.

Materials & Methods: A total of 62 aborted fetuses were collected from local sheep and goat
flocks in autumn and winter 2023. Tissue samples were collected during necropsy for molecular
(PCR) and pathological studies. A conventional PCR assay was carried out using specific primers
(MYC1and MYC2) to detect the genome of M. agalactiae genome (373 bp). Besides;the collected
tissue samples were routinely prepared for histopathological studies and stained with hematoxylin
and eosin (H&E).

Results: PCR results revealed the presence of the M. agalactiae.genome in 38 out of 62 samples
(61.29%, and 95%CI: 0.49 - 0.73). Histopathological examinations shewed multifocal hepatitis,
interstitial pneumonia, and multifocal nephritis in addition to vascular hyperemia and focal
hemorrhage in the heart and brain.

Conclusion: The high prevalence of Mycoplasma infection in aborted fetuses indicates that this
infection can play a remarkablesrole in causingabortions in small ruminants in East Azerbaijan
province. Therefore, rapidtdiagnesis of .these infections is necessary for effective prevention,
vaccination strategies;control and treatment of disease outbreaks in livestock herds.

Keywords: Abortion, Economic losses, Goat, Mycoplasmosis, Sheep.

1. Introduction
Mycoplasmas, which typically cause chronic endemic diseases, are the smallest microorganisms,
about 300 nm in diameter that can live independently and are classified under the class Mollicutes.
This class includes eight genera, five of which are typically associated with animals: Mycoplasma,

Acholeplasma, Ureaplasma, Anaeroplasma, and Asteroplasma. Among these, Mycoplasma and
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Ureaplasma are known to cause more diseases in animals compared to the others [1-3]. These
bacteria lack cell walls, rendering them resistant to antibiotics that target the cell wall [4, 5].
Numerous pathogenic species have been detected, some of which also affect humans [6].
Mycoplasma species are associated with economically important diseases in ruminants worldwide.
Since animal husbandry is one of the main pillars of developing countries and plays important
economic, social, and cultural roles, abortion caused by these bacteria leads tona significant
economic loss in this profession [7-9] Mycoplasma-induced abortion in sheep is. mainly-associated
with Mycoplasma ovis (M. ovis) and Mycoplasma agalagctiae (M. agalactiae) species, which are
non-zoonotic [4]. Mycoplasma agalactiae is one of the main causes of abortion in sheep, reported
in countries such as India, Egypt, Iran, and some European countries [0, 11]. Small ruminants
play an important role in Iran's agricultural economy [10], and abortion has a significant economic
impact on their herds [12], impacting reproductive efficiency, milk production, and the overall
health of the herd [13]. Mycoplasma agalactiae generally leads to contagious agalactia disease
(CA), characterized by mastitis in 60 to 80% of lactating females, along with pneumonia, arthritis,
keratoconjunctivitis, and abortion, in fewer than 10% of affected animals. These reproductive
health issues_manifest in, various ways, often linked to uterine inflammation and granular
vulvovaginitis in females, while"swelling of the testes in males contributes to 90% and 100% of
outbreaks in goats and sheep, respectively [13, 14]. The major risk factors linked to infection and
abortion include floek size and vaccination against M. agalactiae. Though it may seem illogical
for abortion to occur more frequently in vaccinated flocks, only flocks at risk of M. agalactiae
infections may be vaccinated [11, 14]. Poor livestock management, such as herd size, mixed
farming, grazing systems, and contact with other animals, also contribute to abortion rates.

Additionally, inadequate compliance with hygiene principles is known as one of the effective
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factors that lead to an increase in Mycoplasma infections and, as a result, abortion in ewes [15].
Herein, mycoplasmosis infection caused by M. agalactiae was evaluated in aborted fetuses of

sheep and goats in Iran.

2. Materials and Methods

2.1. Study location and sample collection

The current study was conducted across 7 cities in the East-Azerbaijan province.where located in
northwest of Iran, which include Tabriz, Khoda Afrin, Charuymag,Jolfa, Bostan Abad, Heris, and
Mianeh. This study presents findings on Mycoplasma infection as\part of a broader investigation
into the infectious and non-infectious factors contributing to abortion tn small ruminants in East
Azerbaijan province, northwest Iran (under review or published.data in Supplementary file). To
achieve this, between November 2023 and February 2024, a total of 62 aborted fetuses were
collected in the mentioned regions, as reported by.the owners. In the area we studied, semi-
intensive production systems /are .the most common. These systems combine agricultural
production with small ruminant farming. From spring to mid-autumn, sheep and goats graze on
natural pastures, but duringithe winter months, they are kept indoors and fed mainly with forage
and cropresidues. We studied a total of 43 sheep flocks, which were classified into three categories
according to size: small flocks (1-100 sheep) (n = 7), medium flocks (101-300 sheep) (n = 19),
and large flocks (over 300 sheep) (n = 17).

Initially, the age of the aborted fetuses was calculated [16]. After a systematic necropsy, 50 mg of
abomasal contents was transferred in a 2 mL microtube and preserved at -70 °C for subsequent
molecular analysis. In addition, tissue samples from different organs were collected and fixed in

10% formalin solution for further histopathological examination.
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2.2. Pathological study

The tissue samples were fixed in a 10% neutral buffered formalin solution for a minimum of two
days. They were then processed routinely, embedded in paraffin, and sectioned at 4-5 pm
thickness. Finally, these sections were stained with hematoxylin and eosin (H&E) and examined

under a light microscope (Olympus, CH-30, Japan).

2.3. Molecular analysis (DNA extraction and PCR assay)

Genomic DNA (gDNA) was extracted from the abomasal,contents/utilizing a commercial DNA
extraction kit® (Pishgam Sanjesh, Iran) in accordance with the, manufacturer’s guidelines. The
DNA’s quality and quantity were assessed using a NanoPhotometer® NP80 (IMPLEN, Germany).
The PCR reactions were done in a final volume of 25 ul. containing Tag DNA Polymerase Master
Mix RED® (Ampligon, Denmark) and 3 plé template DNA. In addition, specific primers were
used for detection of M. agalactiae/genome using the PCR test: MYC1l (Forward: 5°-
AAAGGTGCTTGAGAAATGGC-3") and MYC2 (Reverse: 5’- GTTGCAGAAGAAAGTCCAATCA -
3”), targeting a 373 base pain(bp)Sequence. Subsequently, the reaction conditions (with 40 cycles
and an annealing temperature of 54°C) run (18, 19) using a T100 Thermal Cycler (Bio-Rad, USA).
Finallythe PCR products werewvisualized by electrophoresis on 1.5% agarose gels stained with a

safe DNA staip/(SinaClon, Iran).

2.4. Statistical analyses

The Chi-Square test was employed to assess the correlation between infection rate and fetal age
groups (four categories). A p-value less than 0.05 was considered statistically significant. All
statistical analyses were conducted using IBM SPSS Statistics software version 22, and results

were reported with a 95% confidence interval (ClI).



118 3. Results

119 3.1. Molecular findings

120  The PCR findings based on four age groups are shown in Figure 1 and Table 1. The genome of M.
121  agalactiae was detected in a 373 bp PCR product from 38 out of 62 samples (61.29%, 95%CI:
122 0.49 - 0.73) from the examined fetuses, with higher infection rates found in fetuses aged 4 to 5

123 months. However, there were no significant differences in infection rates among the four age

124  groups.
S6 S7
125 S2 S3 S4 S5
126 Figure 1. Molecular findings'for M..agalactiae genome detection in aborted fetuses. The PCR products
127 with a 373 bp band. L: ladder 100 bp; S1, S2, S3, S4, S5: the positive samples with a 373 bp band;
128 S6 and S7: represent negative results.
129
130

131  Table 1. Molecular detection of Mycoplasma agalactiae in aborted fetuses (N = 62).

Age groups No. of the positive samples (%) 95% ClI
2-3 m: 5/62 (8.06%) 3/5 (60%) 0.17-1.03
3-4 m: 14/62 (22.58%) 4/14 (28.57%) 0.05-0.51
4-5m: 36/62 (58.06%) 27136 (75%) 0.16-0.89
Over 5 m: 7/62 (11.29%) 417 (57.14%) 0.21-0.93
Total: 62 38/62 (61.29%) 0.49-0.73

132
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3.2. Pathological findings
At necropsy, there was notable interstitial pneumonia with various patterns, associated with pale
foci and hyperemia in the liver and kidneys (Figures 2A and B). Also, there was vascular
hyperemia in the brain and meninges. Microscopic examinations primarily showed interstitial

pneumonia characterized by infiltration of various inflammatory cells with a predominance of

neutrophils in the lungs. Additionally, there were focal areas of cellular necr
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Figure 2. A and B: Lung with interstitial pneumonia associated with diffuse hyperemia. C: Lung: the
presence of mixed inflammatory cells in the parenchyma and airways (arrow), associated with hyperemia
in the pulmonary vessels (arrowhead). D: Liver: there are focal areas of hepatocyte necrosis, surrounded by
mononuclear cells (arrow) and vascular hyperemia (arrowhead). E: Kidney: infiltration of inflammatory
cells (arrow) associated with focal hemorrhage (arrow). F: Brain: there are diffuse gliosis and notable

hyperemia (arrowhead). H&E.

4. Discussion

In the present study, Mycoplasma infection was detected in 61.3%0f dead fetuses across various
ages by PCR and pathology, indicating a very high/infection rate. Given the rapid and highly
contagious nature of this infection, this rate is.expected.“Inythis regard, a cross-sectional study
conducted in southern Iran found M. agalactiaefromin 3% of samples from 183 sheep and 117
goats using PCR, highlighting its_status as aneglected abortifacient in small ruminants [6].
Similarly, another study detected Mycoplasma in 14 out of 33 (42.4%) sheep samples in Tehran
province in both PCR and bacterial culture [17]. Kheirabadi et al examined milk and conjunctiva
samples fram ewes using PCR technique and reported 19.8% (20 out of 101) of the samples
positive for Mycoplasma agalactiae [18]. Additionally, recent research in Turkey identified a
4.47% positivity rate for Mycoplasma in aborted fetuses of cows and sheep. A recent research in
Turkey reported @ 4.47% positive sample for the Mycoplasma genome in aborted fetuses of cows
and sheep by PCR [19]. Another similar study conducted in the United States found an average
prevalence of M. ovis in the blood samples of domestic sheep herds at 73.3% in 2001, decreasing
to 23.2% in 2011, with higher prevalence rates observed in sheep flocks experiencing abortions

and grazing with other breeds [11]. Moreover, a previous study in the Ili region of northwest China
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reported an overall seroprevalence of Mycoplasma infections in sheep at 6.42%, with abortion
rates identified as 30.40% among seropositive cases [15]. Growing evidence indicates that the
economic impact of Mycoplasma infections is significant, resulting in losses due to complications
such as pneumonia, arthritis, keratoconjunctivitis, and abortion, accompanied by reduced

reproductive efficiency (in males and females), and milk production [10-14].

In the present study, the lungs were firm on palpation with marked interstitial"pneumania at
microscopic evaluation. Also, there were multifocal necrotic hepatitis and nephritis associated with
lymphocytic mononuclear cell infiltrates, consistent with previous reports,[20]. Herein, we did not
take samples from conjunctiva or placenta.

The present results with a significantly higher infection rate are in agreement with previous
findings. Variations in the results of the studies_can be due te differences in sample type, sample
size, testing method, herd size, vaccination practices, management, geographic location, and the
presence of other infections in the area. The high infection rate observed in the present study may
be attributed to the fact that all samples were collected.from aborted fetuses, and not from blood
or vaginal samples of adults. Takenitesgather, Mycoplasma is one of the main causes of abortion
in small ruminants, feading, to significant economic losses for the affected farms. Therefore,
diagnosis, of this infection is necessary for preventing and controlling outbreaks and developing

vaccination strategies.

Acknowledgments

The authors express their gratitude to Dr. J. Vatankhah, Mr. S. Babazadeh, and A. R. Hakimnejad
for collecting the samples.

Author’s contribution

Study concept and design: M.Kh, H.S, J.Sh



188

189

190

191

192

193

194

195

196

197

198

199

200

201

202

203

204

205

206

207

208

209

210

Acquisition of data: M.Kh, H.S, J.Sh, AR.J, F.JA,Y.JKh, F.M, A M

Analysis and interpretation of data: M.Kh, H.S, J.Sh, AR.J, F.JAY.JKh, F.M, AM

Drafting of the manuscript: M.Kh, H.S, J.Sh, AR.J, FJA, Y.JKh, F.M, AM

Critical revision of the manuscript for important intellectual content: M.Kh, H.S, J.Sh, AR.J, F.JA,
Y.JKh

Statistical analysis: M.Kh, H.S

Administrative, technical, and material support: M.Kh

Study supervision: M.Kh

Ethics

All applicable international, national, and institutionaliregulations regarding the care and use of
animals, were adhered to, including the protocol sanctioned by the Animal Research Ethics
Committee of the University of Tabriz (ID; IR. TABRIZU.REC.1403.049).

Conflicts of Interest

There is no conflict of interest.

Funding Statement

This work . was supported by the University of Tabriz, Tabriz, Iran, and also the Veterinary
Organization, East Azerbaijan Province, Tabriz, Iran.

Data availability

The data that support the findings of this study are available from the corresponding author upon
reasonable request.

Al (artificial intelligence) statement

This paper does not use artificial intelligence.

References

10



211
212
213

214
215
216

217
218
219

220
221
222

223
224

225
226
227
228

229
230
231

232
233

234
235
236

237
238
239

240
241
242
243

244
245
246

1. Mousa WS, Zaghawa AA, Elsify AM, Nayel MA, lbrahim ZH, Al-Kheraije KA, et al.
Clinical, histopathological, and molecular characterization of Mycoplasma species in sheep and
goats in Egypt. Vet World. 2021;14(9):2561. https://doi.org/10.14202/vetworld.2021.2561-2567

2. Jensen J, Cusini M, Gomberg M, Moi H, Wilson J, Unemo M. 2021 European guideline
on the management of Mycoplasma genitalium infections. J Eur Acad Dermatol Venereol.
2022;36(5):641-50. https://doi.org/10.1111/jdv.17972

3. Shil PK, Wawegama NK, Browning GF, Noormohammadi AH, Marenda MS.
Mycoplasmas.  Pathogenesis of Bacterial Infections in  Animals,» 42022;667-700.
https://doi.org/10.1002/9781119754862.ch31

4. Didkowska A, Zmuda P, Liberska M, Anusz K. Current state of-knowledge regarding
bacterially-induced abortion in sheep. Ann Agric Environ Med." 2022;29(3):321-5.
https://doi.org/10.26444/aaem/146605

5. Faburay B, McVey DS. Mollicutes in Veterinary Microbiology. 2022:364-76.
https://doi.org/10.1002/9781119650836.ch38

6. Heidari S, Derakhshandeh A, Firouzi R, Ansari-Lari M, Masoudian M, Eraghi V.
Molecular detection of Chlamydophila abortus, Coxiella burnetii, and Mycoplasma agalactiae in
small ruminants’ aborted fetuses in southern Iran. Trop Anim Health Prod. 2018;50:779-85.
https://doi.org/10.1007/s11250-017-1494-2

7. Deeney AS, Collins R, Ridley AM. Identification of Mycoplasma species and related
organisms from ruminants in England and"Wales during 2005-2019. BMC Vet Res. 2021;17:1-
12. https://doi.org/10.1186/s12917-028=0303 7=y

8. Gojam A, Tulu D. Infectious‘Causes of abortion-and its associated risk factor in sheep and
goat in Ethiopia. Int J Vet Sei Technol. 2020;4:7-12,

9. Jonker A, Thompson PN, Michel AL. Approaches to increase recovery of bacterial and
fungal abortion agents “inhdomestic ruminants. Onderstepoort J Vet Res. 2023;90(1):2010.
https://der.org/10.4102/0jvrv90id.2010

10. EsmaeilisH, Shakeri AP, Rad ZN, Arani EB, Villanueva-Saz S, Ruiz H, Lacasta D. Causes
of abortionin ranian sheep flocks and associated risk factors. Vet Res Commun. 2022;46(4):1227-
38. https://doi.ore/10.1007/s11259-022-09986-5

11. Urie NJ,; Highland MA, Knowles DP, Branan MA, Herndon DR, Marshall KL.
Mycoplasma ovis infection in domestic sheep (Ovis aries) in the United States: Prevalence,
distribution, associated risk factors, and associated outcomes. Prev Vet Med. 2019;171:104750.
https://doi.org/10.1016/j.prevetmed.2019.104750

12. Ramo MdIA, Benito AA, Quilez J, Monteagudo LV, Baselga C, Tejedor MT. Coxiella
burnetii and co-infections with other major pathogens causing abortion in small ruminant flocks
in the Iberian Peninsula. Animals. 2022;12(24):3454. https://doi.org/10.3390/ani12243454

11


https://doi.org/10.14202/vetworld.2021.2561-2567
https://doi.org/10.1111/jdv.17972
https://doi.org/10.1002/9781119754862.ch31
https://doi.org/10.26444/aaem/146605
https://doi.org/10.1002/9781119650836.ch38
https://doi.org/10.1007/s11250-017-1494-2
https://doi.org/10.1186/s12917-021-03037-y
https://doi.org/10.4102/ojvr.v90i1.2010
https://doi.org/10.1007/s11259-022-09986-5
https://doi.org/10.1016/j.prevetmed.2019.104750
https://doi.org/10.3390/ani12243454

247
248
249

250
251
252

253
254
255

256
257
258
259

260
261
262

263
264
265

266
267
268

269
270
271

272

13. Migliore S, Puleio R, Nicholas RAJ, Loria GR. Mycoplasma agalactiae: The Sole Cause
of Classical Contagious Agalactia? Animals. 2021;11(6):1782.
https://doi.org/10.3390/ani11061782

14. Kumar A, Rahal A, Chakraborty S, Verma AK, Dhama K. Mycoplasma agalactiae, an
etiological agent of contagious agalactia in small ruminants: a review. Vet Med Int.
2014;2014(1):286752. https://doi.org/10.1155/2014/286752

15.  Zhang H, Deng X, Cui B, Shao Z, Zhao X, Yang Q, et al. Abortion and various associated
risk factors in dairy cow and sheep in Ili, China. PLoS One. 2020;15(10):e0232568.
https://doi.org/10.1371/journal.pone.0232568

16. Edmondson MA, Roberts JF, Baird AN, Bychawski S, Pugh, DG. Chapter 8 -
Theriogenology of Sheep and Goats. In: Pugh DG, Baird AN, editors. Sheep.and Goat Medicine
(Second Edition). Saint Louis: W.B. Saunders; 2012. p. 150-230. https://doi.org/10:1016/B978-1-
4377-2353-3.10008-3

17. Mirian SJ. Isolation and identification of Mycoplasmaswhich cause contagious Aga-lactia
from sheep &  goats in Tehran province. NFVM. 2020;2(2):66-74.
https://doi.org/10.35066/J040.2019.273

18.  Kheirabadi KH, Ebrahimi A. Investigation of Mycoplasma agalactiae in milk and
conjunctival swab samples from sheep flocks “in west Central, Iran. Pak J Biol Sci.
2007;10(8):1346-8. https://doi.org/10.3923/pjbs.2007.1346.4348

19.  Yeni DK, Balevi A, Ashraf A, Shah'M;Buyik F. Molecular detection of bacterial zoonotic
abortive agents from ruminantssiny TurkeyasBraz J Microbiol. 2024;55(2):1997-2004.
https://doi.org/10.1007/s42770-024-04300-6

20. Maxie MG, Miller MA. Introduction to the diagnostic process. In: Maxie MG, editor. Jubb,
Kennedy, and Palmer's, pathology of domestic animals. Volume 1. 6th ed. St. Louis: Elsevier;
2016. p. 1-15, hitps://derorg/10.1016/B978-0-7020-5317-7.00001-1

12


https://doi.org/10.3390/ani11061782
https://doi.org/10.1155/2014/286752
https://doi.org/10.1371/journal.pone.0232568
https://doi.org/10.1016/B978-1-4377-2353-3.10008-3
https://doi.org/10.1016/B978-1-4377-2353-3.10008-3
https://doi.org/10.1016/B978-1-4377-2353-3.10008-3
https://doi.org/10.3923/pjbs.2007.1346.1348
https://doi.org/10.1007/s42770-024-01300-6
https://doi.org/10.1016/B978-0-7020-5317-7.00001-1

