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Abstract. Infertility in sheep remains a significant concern in modern livestock production, with non-pregnancy
rates during the breeding season increasing considerably in recent decades. The present study was conducted in
a Kangal sheep flock with a documented history of reproductive failure, characterised by consecutive estrous
cycles without conception.

A total of 905 multiparous Kangal ewes (3—6 years old) and 44 Kangal rams (4-6 years old), all with doc-
umented fertility records, were enrolled at the beginning of the breeding season. Before mating, all ewes un-
derwent transrectal ultrasonographic examination and evaluation of vaginal discharge. Following this screening,
880 ewes with no ultrasonographic abnormalities and normal vaginal discharge were monitored throughout the
breeding season. Of these, 171 ewes that failed to conceive after the first mating underwent a second mating
cycle, resulting in 50 additional pregnancies. The remaining 121 non-pregnant ewes underwent a third mat-
ing, resulting in 36 additional pregnancies. Blood samples were subsequently collected from the 85 ewes that
remained non-pregnant after three consecutive mating attempts. Of these, 21 tested seropositive for Coxiella
burnetii and border disease virus (BDV) and were excluded from the study. Vaginal swabs were collected from
25 of the remaining 64 ewes that tested negative for Brucella spp., C. burnetii, and BDV. These animals were
classified as repeat breeders or clinically affected animals (Group 2). An equal number of ewes (n = 25) that
tested negative for these pathogens and conceived after a single mating cycle were assigned to the healthy con-
trol group (Group 1). Preputial swabs were also collected from 15 breeding rams to evaluate the potential for
venereal transmission.

All swab samples were subjected to microbiological culture and polymerase chain reaction (PCR) analysis fol-
lowing DNA extraction. The targeted pathogens included Brucella spp., Mycoplasma spp., Chlamydophila spp.,
Campylobacter spp., Coxiella burnetii, Salmonella Abortusovis, Trueperella pyogenes, and Klebsiella pneumo-
niae. Although Mycoplasma spp., T. pyogenes, and Campylobacter spp. were detected in swab samples from
both groups, the prevalence of Mycoplasma spp. (pag; < 0.001) and Mycoplasma bovigenitalium (padj = 0.05)
was significantly higher in Group 2 than in Group 1. The increased detection of these microorganisms in repro-
ductively compromised ewes suggests a potential role in the aetiology of ovine infertility, either through direct
pathogenic effects or by contributing to reproductive tract dysbiosis. However, further controlled studies are
warranted to establish a definitive causal relationship between these microorganisms and reproductive failure in
sheep.

Published by Copernicus Publications on behalf of the Research Institute for Farm Animal Biology (FBN).
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1 Introduction

To maximise meat and milk production in sheep, reproduc-
tive performance must be effectively maintained through ap-
propriate reproductive management (Abecia et al., 2012).
Compared with cattle, sheep are exposed to fewer factors
adversely affecting fertility because they experience a pro-
longed period of seasonal anoestrus between lambing and
the subsequent breeding season. The average conception rate
in ewes during the breeding season is approximately 90 %,
whereas the target pregnancy rate is 95 %. Similarly, al-
though the average lambing rate is around 80 %, the target
is 95 % (Kennedy, 2012; Ratanapob et al., 2020). Because
lambing rate is a key determinant of flock profitability, even
a small increase can substantially improve economic returns.
Achieving the target lambing rate is therefore essential for
the economic sustainability of sheep enterprises (Krupovd
et al., 2014). Despite these reproductive targets, several fac-
tors compromise pregnancy maintenance and the production
of healthy offspring. One of the most important is embry-
onic loss, defined as the termination of pregnancy for any
reason by day 34 after mating. Embryonic loss is classified
as early (days 0-12) or late (days 13-33). It is commonly
associated with impaired maintenance of progesterone con-
centrations resulting from either infectious or non-infectious
causes (Givens and Marley, 2008). Infectious causes, in par-
ticular, tend to occur at the flock level rather than as iso-
lated individual cases. Consequently, outbreaks of reproduc-
tive disorders can develop rapidly and lead to substantial eco-
nomic losses and reduced flock productivity (Menzies, 2007;
Mobini, 2007). Failure to establish pregnancy despite regular
estrous cycles and repeated mating may indicate embryonic
loss before day 12 of gestation. This is generally associated
with an inadequate uterine environment for embryo implan-
tation; and when it affects more than 5 % of ewes within a
flock, it represents a significant reproductive management
problem. In contrast, failure to conceive accompanied by a
prolonged return to oestrus after mating is considered indica-
tive of embryonic loss occurring after day 12 of gestation
(Menzies, 2011).

Failure to achieve pregnancy after three or more consec-
utive matings in farm animals is suggestive of the repeat
breeder phenomenon. Despite considerable advances in re-
productive management, repeat breeding remains a major
challenge to achieving optimal reproductive performance in
livestock. Although this condition has not been fully investi-
gated in sheep, it is defined in dairy and beef cattle as the
failure to achieve pregnancy after three consecutive regu-
lar estrous cycles and inseminations using fertile semen or
mating with a fertile male, in the absence of anatomical ab-
normalities or clinically apparent infectious disease (Pérez-
Marin and Quintela, 2023). In sheep, both specific and non-
specific pathogens may increase the return-to-oestrus rate by
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disrupting the embryonic environment. Specific pathogens —
including bacteria, viruses, protozoa, and mycoplasmas — are
believed to reach the uterus via hematogenous or ascending
vaginal routes. In contrast, non-specific pathogens, predom-
inantly bacteria, are thought to enter the uterus through as-
cending infection. These pathogens may induce embryonic
loss through endometritis or direct cytolytic effects without
producing overt clinical signs. Less frequently, they may con-
tribute to embryonic loss through systemic effects in the ewe.
Nevertheless, the microorganisms responsible for infertility
in sheep have not been fully characterised, largely because
infertility in this species has received relatively limited at-
tention (Shah, 2019). Accordingly, rather than screening for
bacteria commonly isolated from the healthy genital tract
(Cassas et al., 2024), the present study focused on pathogens
known to be associated with uterine diseases in ruminants,
including metritis and endometritis, namely Brucella spp.,
Mycoplasma spp., Chlamydophila spp., Campylobacter spp.,
Coxiella burnetii, Salmonella Abortusovis, Trueperella pyo-
genes, and Klebsiella pneumoniae (Nicholas et al., 2008;
Reinoso-Peldez et al., 2025; Rzewuska et al., 2019).

Based on this background, the present study was con-
ducted to investigate the causes of the increasing incidence
of infertility in sheep. Estrous cycles were monitored, and
mating records were maintained throughout a single breed-
ing season in a sheep flock with a history of infertility. Ewes
that failed to conceive and the rams used for natural mating
were subsequently sampled and examined for the presence
of potential causative pathogens.

2 Material and methods

2.1 Location

The study was conducted on a sheep farm located in
Gokeeyazi Village, Giiriin District, Sivas Province, Tiirkiye
(latitude: 38.871021° N; longitude: 37.306164° E; altitude:
1790 m). The farm is situated in a mountainous steppe region
characterised by extensive natural pastureland.

2.2 Animals and study protocol

To comprehensively investigate the causes of infertility, a
sheep flock with a history of reproductive failure in previ-
ous years was selected for the study. At the beginning of
the breeding season, a total of 905 multiparous Kangal ewes
(aged 3-6 years, weighing 58-66 kg, with a documented his-
tory of fertility) and 44 Kangal rams (aged 46 years, weigh-
ing 112-128 kg, with proven fertility) were included. Prior
to mating, all ewes underwent ultrasonographic examination
and evaluation of vaginal discharge. Discharge characteris-
tics were assessed. Ewes with purulent, mucopurulent, or
serosanguineous discharge were excluded from the study.
Ewes with odourless discharge free of particulate content
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were included in the study. Following this screening, 880
ewes with normal vaginal discharge and no pathological ab-
normalities of the ovaries or uterus were monitored through-
out the breeding season. Matings were recorded. Following
each mating, pregnancy examinations were performed on the
ewes via transrectal ultrasonography at intervals of 16-21d.
After the first mating, 171 ewes that failed to conceive un-
derwent a second mating, resulting in 50 additional pregnan-
cies. The remaining 121 non-pregnant ewes were mated for a
third time, resulting in 36 further pregnancies. Blood samples
were collected from the 85 ewes that remained non-pregnant
after three consecutive matings. Of these, 21 tested positive
for Coxiella burnetii or border disease virus (BDV) and were
sent to slaughter. Vaginal swab samples were randomly col-
lected from 25 of the remaining 64 ewes that tested negative
for Brucella spp., Coxiella burnetii, and BDV. These animals
were classified as repeat breeders and designated as Group
2. In addition, 25 multiparous ewes of similar age and body
weight that conceived after a single estrous cycle were clas-
sified as healthy and assigned to the healthy control group
(Group 1). These animals were randomly selected from the
fertile ewes in the flock that conceived following a single es-
trous cycle. Preputial swab samples were collected from 15
of the 44 breeding rams used during the breeding season. The
study population comprised 25 fertile control ewes, 25 repeat
breeder ewes, and 15 breeding rams selected from the same
flock according to the sampling procedures described above.

2.3 Samples

Vaginal swab samples were collected from 25 of the 64 ewes
that tested negative for Coxiella burnetii, Brucella spp., and
BDV. In addition, preputial swab samples were collected
from 15 breeding rams. Duplicate swab samples were trans-
ported to the microbiology laboratory at approximately 4 °C
immediately after collection.

2.4 Culture

Swab samples were serially diluted in Mycoplasma broth
(PPLO broth without crystal violet; Becton, Dickinson and
Company (BD), Franklin Lakes, NJ, USA) and incubated un-
der microaerophilic conditions with 10 % CO, for 1 week.
The broth cultures were examined daily for turbidity before
being subcultured onto Mycoplasma agar (BD, USA), fol-
lowing general culture procedures described by Nicholas and
Baker (1998) and WOAH (2018).

2.5 DNA isolation

Following inoculation of each swab sample into a microcen-
trifuge tube containing 1 mL of sterile saline solution, DNA
was extracted using a phenol : chloroform : isoamyl alcohol
(25 :24: 1; Fluka) extraction procedure, based on the gen-
eral DNA extraction methodology described by Bashiruddin
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(1998). The extracted DNA was subsequently diluted with
distilled water and stored at —20 °C until further analysis.

2.6 PCR analysis

To identify the causative agents associated with repeat
breeder cases, PCR analyses were performed using the
primer sets listed in Table 1. Briefly, SOuL PCR reaction
mixtures were prepared containing 5 uL. of 10x PCR buffer
(500 mM KCl, 100 mM Tris-HCI (pH 9.1), and 0.1 % Triton
X-100; Vivantis, ViBuffer A), 5 uL of 25 mM MgCl, (Vivan-
tis), 250 uM of each dNTP (Vivantis, NP2406, 100 mM), 20
pmol of each primer pair (Macrogen, South Korea), 1.25 U
of Taqg DNA polymerase (Vivantis PL.1202, 500 U), and 5 uL
(25 ng) of template DNA. DNA amplification was performed
using a T100 Thermal Cycler (Bio-Rad Laboratories, USA),
following the amplification conditions reported in the corre-
sponding methodological references listed in Table 1.

PCR products were separated by electrophoresis on a
1.5 % (w/v) agarose gel, stained with ethidium bromide for
30 min, and visualised using a Quantum ST4 gel documenta-
tion system (Vilber Lourmat, France), following the general
procedure described by Lee et al. (2012).

2.7 Statistical method

Vaginal swab PCR results were coded as binary out-
comes (positive = 1, negative =0). Culture results recorded
as “antibiotic-resistant growth” or fungal contamination were
considered indeterminate and excluded from the correspond-
ing denominators. Between-group differences in pathogen
prevalence were assessed using two-tailed Fisher’s exact test.
Because eight separate pathogen-specific comparisons were
performed between repeat breeder and fertile control ewes,
the Bonferroni correction was applied to control the fami-
lywise type I error rate associated with multiple hypothe-
sis testing. Bonferroni-adjusted p values (paqj) are reported
throughout. Odds ratios (ORs) with 95 % confidence inter-
vals (CIs) were estimated using the Haldane—Anscombe cor-
rection by adding 0.5 to each cell to accommodate zero-
cell contingency tables. For each animal, the total number of
PCR-detected pathogens was used as a co-infection burden
score. Differences in this score among the three groups were
evaluated using the Kruskal-Wallis test, followed by a post-
hoc Mann—Whitney U test for pairwise comparison between
Group 2 and Group 1. Wilson’s score method was used to
calculate 95 % Cls for individual proportions. All statistical
analyses were performed using Python (version 3.12; Python
Software Foundation, USA), with SciPy (version 1.13) and
statsmodels (version 0.14).

3 Results

The ewes with infertility problems exhibited oestrus at regu-
lar intervals (17 £ 1 d). Estrous behaviour was characterised
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Table 1. List of primers for PCR of swab samples obtained from sheep and rams.

Agent Primer sequence Amplicon  Reference

Brucella spp. iigéi%fgf GC,? Cq&%i%%g A 905 bp Romero et al. (1995)
Mpycoplasma spp. gggifl} AAAT(? g CG";“I‘"I%AC%rﬁé g’[?\(’:l"((}} 464 bp ‘Wong-Lee and Lovett (1993)
M. canis I}/G\”?ijqéz?}r?}gé%ﬁg%%%gjérACT 434 bp Nicholas et al. (2008)

M. alkalescens ig;g;ﬂl(;ACTl{\CG GG AGC/??[?}ié? g g cT 704 bp Kobayashi et al. (1998)

M. arginini gg?g??é?;ggg&i?ﬁgigg C 545bp Timenetsky et al. (2006)
P GCTGATAGAGAGGTCTAICG by Kobayeshictal (1999
M. bovigenitalium gi;?g:zg:&%%gg CG ;ﬁ;}z%%G 312bp Kobayashi et al. (1998)
M. agalactiae gigé::é\? GTijc":GAgi”?éS&AAGC 1627 bp Subramaniam et al. (1998)
M. putrefaciens igiggggiégggg%%?géi 389 bp Le Grand et al. (2004)

M. ovipneumoniae 2ié?§g§%§,? ggzg?g?g; 361 bp McAuliffe et al. (2003)
Mpycoplasma capricolum subsp. capripneumoniae (Mccp) ’/;Zg?;[‘rgzg'xl‘ii?["cfgl‘l:i? A?[’iT GCAA 318bp Woubit et al. (2004)

M. dispar g%:?gg AC:/SGC/C\gg:CA?ﬁ:A 433 bp Marques et al. (2007)

M. mycoides cluster gé:égf GAtrAGAC%gé"? géggggéTGTAG 785 bp Le Grand et al. (2004)

C. burnetii zﬁzi?ggﬁgggg;éggf :[,(;,Ec 687 bp Berri et al. (2000)
Chlamydophila spp. izg?ggggggg?ffgg?:ﬁgg CC CG GT 110bp Kemmerling et al. (2009)
— CTCACCATTGTCTCAGGTO0A Sibp  Bometal 2009

Cp. pecorum iéi(:é?\ZFCCGGACGT gACIIXé%iS C 526 bp Berri et al. (2009)
Campylobacter spp. ’?(?(/?CG((}} é?gﬁ‘%%%r; (;r; SIST(P}I:?}(;(;? ATGC 840bp Vanniasinkam et al. (1999)
C. fetus subsp. fetus ?fgg?fgfi&i%zi%?ﬁgﬁ T 964 bp Hum et al. (1997)

C. fetus subsp. venerealis ggﬁgéiégiig:zﬁi%i%f% 142bp Hum et al. (1997)

S. Abortusovis g,lc.} ggg{?&ﬁ%&%ﬂ%ﬁ%ﬁl‘?ﬁfg 900 bp Beuzon et al. (1997)
Trueperella pyogenes /(\}ig"(l;ggg CAg"(I:J gg:((}j CC é} g 270bp Ochi et al. (2020)

K. pneumoniae gé?ACCG C?:AG(F}F"? (? ggég{g?g CG 108 bp Chander et al. (2011)

by surrounding the ram, following mating animals, and sniff-
ing the scrotum of the ram. Of the 85 ewes that remained
non-pregnant despite three consecutive matings, nine were
biparous, whereas the remaining animals were multiparous
ewes that had previously lambed three, four, or five times.
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A total of 40 swab samples, including samples from 25
ewes and 15 rams, were analysed in the present study. Based
on the culture results, 15 swab samples produced turbidity
in Mycoplasma broth, indicating presumptive positivity. Fol-
lowing subculture on Mycoplasma agar, colonies exhibiting
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the characteristic “fried-egg” morphology of Mycoplasma
spp. were observed in 12 samples. PCR analysis of DNA
extracted from the Mycoplasma broth cultures detected My-
coplasma spp. in samples from 12 ewes and three rams.
Based on direct PCR analysis, Campylobacter spp. DNA
was detected in swab samples from 10 ewes and five rams.
However, all samples tested negative for C. fetus subsp. fe-
tus, C. fetus subsp. venerealis, and C. jejuni. Trueperella
pyogenes was detected in swab samples from 13 ewes and
two rams. In addition, Mycoplasma spp. were detected in
swab samples from 21 ewes and four rams, whereas My-
coplasma bovigenitalium was identified in 10 ewes and one
ram. However, M. canis, M. alkalescens, M. arginini, M.
bovirhinis, M. agalactiae, M. putrefaciens, M. ovipneumo-
niae, Mycoplasma capricolum subsp. capripneumoniae, M.
dispar, and the M. mycoides cluster were not detected in
any of the samples analysed. Likewise, DNA of Brucella
spp., Coxiella burnetii, Chlamydophila spp., Cp. abortus,
Cp. pecorum, Salmonella Abortusovis, and Klebsiella pneu-
moniae was not detected in any of the swab samples.

3.1 Pathogen prevalence by group

A total of 65 genital swab samples were examined by PCR,
including 25 from Group 2 (repeat breeder ewes), 25 from
Group 1 (clinically healthy ewes), and 15 from breeding rams
used for natural mating. The proportions of PCR-positive an-
imals for each of the eight target pathogens are presented in
Table 2 and illustrated in Fig. 1.

3.2 Detection in rams

Among the 15 rams, Campylobacter spp. was detected most
frequently (5/15; 33.3 %), followed by Mycoplasma spp.
(4/15; 26.7 %), T. pyogenes (2/15; 13.3 %), and Staphylo-
coccus spp. (2/15; 13.3 %). The detection of Mycoplasma
spp. in more than one-quarter of the breeding rams is epi-
demiologically noteworthy. Although the difference in My-
coplasma spp. prevalence between rams and healthy ewes
did not survive Bonferroni correction (p,gj = 0.12), the mag-
nitude of positivity (26.7 %) and the biological plausibility
of venereal transmission suggest that rams may serve as a
reservoir and transmission vector for Mycoplasma spp. in this
flock. Individual heatmap profiles (Fig. 2) confirm that sev-
eral rams were positive for the same pathogen combinations
identified in diseased ewes.

In summary, the findings provide strong statistical evi-
dence that Mycoplasma spp., particularly M. bovigenitalium,
is the pathogen most significantly associated with reproduc-
tive tract disease in ewes (Fig. 4). Direct PCR performed on
vaginal swab samples is the most sensitive single diagnostic
modality and should be considered the method of choice for
field investigations of ovine vaginal discharge.
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3.3 Organisms not significantly differing between groups

The prevalences of Campylobacter spp. (40.0 % vs. 32.0 %),
Staphylococcus spp. (16.0 % vs 36.0 %), Streptococcus spp.
(8.0% vs 20.0 %), Salmonella spp. (4.0% vs 24.0 %), and
E. coli (16.0% vs 40.0 %) did not differ significantly be-
tween Group 2 and Group 1 after correction (all pagj > 0.78).
Notably, Staphylococcus spp., Salmonella spp., and E. coli
were numerically more prevalent in healthy ewes than in dis-
eased ewes, consistent with their role as commensal mem-
bers of the ovine genital tract microbiota rather than primary
pathogens in this context.

3.4 Comparison of Mycoplasma diagnostic methods in
diseased ewes

Among Group 2 ewes, direct swab-based universal PCR-
detected Mycoplasma spp. in 21/25 animals (84.0 %), sub-
stantially outperforming both Mycoplasma broth culture
(12/25; 48.0 %) and agar culture (12/25; 48.0 %). Of the
12 broth culture-positive samples subsequently subjected to
PCR, all 12 (100 %) yielded a positive universal PCR result,
and 11/12 (91.7 %) were confirmed as M. bovigenitalium by
species-specific PCR (Fig. 3A). These findings indicate the
near-complete dominance of M. bovigenitalium among cul-
turable mycoplasma isolates from diseased ewes, whereas di-
rect swab-based PCR identified an additional nine cases that
were missed by culture alone. These data demonstrate that
conventional culture underestimates the true prevalence of
mycoplasmal infection in sheep with reproductive disease.

Mycoplasma broth cultures from nine of the 15 rams
(60.0 %) were overgrown by antibiotic-resistant bacteria,
rendering them non-evaluable and precluding culture-based
assessment in the majority of the ram cohort. Direct PCR
performed on ram swab samples was therefore the only reli-
able diagnostic modality for this group.

3.5 Co-infection burden

The mean number of PCR-detected pathogens per animal dif-
fered significantly among the three groups (Kruskal-Wallis
H =9.52, p=0.009; Fig. 3B). Group 2 ewes harboured
the highest co-infection burden (mean= SD: 2.60 4+ 1.61;
range 0-6), followed by Group 1 healthy ewes (1.76 + 1.16;
range 0-5) and rams (1.13 £ 1.25; range 0—4). The pair-
wise difference between Group 2 and Group 1 approached,
but did not reach, statistical significance (Mann—Whitney
U =408, p =0.059), likely reflecting the broad variability
within both groups. Seven (28.0 %) diseased ewes were co-
infected with three or more pathogens simultaneously, com-
pared with three (12.0 %) healthy ewes.
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Table 2. PCR detection rates and between-group comparison (Group 2 vs Group 1; Bonferroni-corrected Fisher’s exact test).

Rams

Pathogen Group 2 diseased Group 1 healthy OR Padj
(n=25) (n=15) (n=25) (95 % CI)

Mycoplasma spp. (universal PCR)  21/25 (84.0 %) 4/15(26.7%) 0/25 (0.0 %) 00 [12.4-4786] <0.001
M. bovigenitalium 10/25 (40.0 %) 1/15 (6.7 %) 0/25 (0.0 %) 0o [1.89-632] 0.005
T. pyogenes 13/25 (52.0 %) 2/15(133%) 6/25(24.0%) 3.43[1.00-10.51 0.634
Campylobacter spp. 10/25 (40.0 %) 5/15(333%) 8/25(32.0%) 1.42[0.45-4.33] 1.000
Staphylococcus spp. 4/25 (16.0 %) 2/15(13.3%) 9/25 (36.0 %) 0.34 [0.10-1.32]  1.000
Streptococcus spp. 2/25 (8.0 %) 1/15 (6.7 %) 5/25 (20.0 %) 0.35[0.08-1.98]  1.000
Salmonella spp. 1/25 (4.0 %) 1/15 (6.7 %) 6/25 (24.0 %) 0.13[0.03-1.19] 0.786
E. coli 4/25 (16.0 %) 1/15 (6.7 %) 10/25 (40.0%)  0.29[0.09-1.11]  0.909

OR = odds ratio (Group 2 as numerator). oo indicates zero-cell table; OR estimated by Haldane correction. Bold font indicates statistically significant differences.

* Bonferroni-corrected Fisher's exact test vs. Group 1
Kk
100 i

80 1

Prevalence (%)

i

Mpycoplasma spp. Campylobacter
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T. pyogenes

M. bovigenitalium Staphylococcus

I Group 2 — Diseased Ewes (n=25)
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[ Group 1 — Healthy Ewes (n=25)
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Figure 1. PCR-based prevalence of reproductive pathogens across the three study groups. Grouped bar chart showing the proportion (%)
of PCR-positive animals for each of eight target pathogens in Group 2 — diseased ewes (red, n = 25), rams (blue, n = 15), and Group 1 —
healthy ewes (green, n = 25). Error bars represent 95 % Wilson score confidence intervals. Numbers inside each bar indicate the absolute
count of positive animals over the total number tested for that pathogen (positive/n). Bracketed significance annotations above bars reflect
Bonferroni-corrected two-tailed Fisher’s exact tests comparing Group 2 vs Group 1: ** pagj < 0.01; *** p,q; < 0.001; ns: not significant. M.

bovi. = Mycoplasma bovigenitalium; T. pyo. = Trueperella pyogenes.

3.6 Pathogens significantly associated with reproductive
disease

Mycoplasma spp. was the pathogen most strongly associated
with vaginal discharge. It was detected by universal PCR in
21 of 25 (84.0 %) diseased ewes (Group 2), whereas none of
the 25 healthy ewes (Group 1) tested positive (pagj < 0.001;
Fig. 4). M. bovigenitalium was identified in 10/25 (40.0 %)
diseased ewes and, likewise, was not detected in any of the
healthy ewes (pagj =0.005). Among the rams, Mycoplasma
spp. was detected by PCR in4/15 (26.7 %) animals, of which
one (6.7 %) tested positive specifically for M. bovigenitalium.

T. pyogenes was detected in 13/25 (52.0 %) Group 2 ewes
compared with 6/25 (24.0 %) Group 1 ewes (OR =3.43,
95 % CI 1.00-10.5; p,gj = 0.634; Fig. 4). Although this dif-
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ference did not reach statistical significance after Bonferroni
correction, reflecting the limited statistical power associated
with the sample size, the direction and effect size were con-
sistent with a pathological role for this organism in the repro-
ductive tract of diseased animals.

4 Discussion

In this naturally managed sheep flock, repeat breeding was
characterised by a distinct microbial signature dominated by
Mycoplasma spp., particularly M. bovigenitalium, rather than
by the classical abortifacient or systemic pathogens. In cat-
tle, repeat breeding has long been regarded as a multifac-
torial condition involving nutritional, endocrine, managerial,

https://doi.org/10.5194/aab-69-619-2026
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Figure 2. Individual-level PCR positivity profiles for all study animals by group and pathogen. Each row represents one animal; each column
represents one of the eight target pathogens. Coloured cells indicate a PCR-positive result (red = Group 2 diseased ewes; blue =rams;
green = Group 1 healthy ewes); light-grey cells indicate a PCR-negative result; medium-grey cells indicate samples that were not tested or
yielded an indeterminate result (culture contaminated with antibiotic-resistant organisms or fungi). The heatmap illustrates the pattern of
co-infections and pathogen co-occurrence within and between groups.
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Figure 3. Mycoplasma diagnostic method comparison and co-infection burden distribution. (A) Detection rates for Mycoplasma spp. in
Group 2 diseased ewes (n =25) obtained by six different diagnostic approaches: direct culture in mycoplasma broth, direct culture on
mycoplasma agar, direct swab-based universal PCR, culture broth-based universal PCR, culture broth-based M. bovigenitalium-specific PCR,
and direct swab-based M. bovigenitalium-specific PCR. Numbers inside each bar indicate the number of positive results over the number of
evaluable samples for that method. Error bars represent 95 % Wilson score confidence intervals. Culture-based PCR was performed only on
broth culture-positive samples (n = 12); the denominator therefore differs from that of direct swab-based methods (n = 25). (B) Distribution
of co-infection burden — defined as the total number of pathogens detected per animal by PCR — across the three study groups. Each cluster
of bars represents a given number of simultaneously detected pathogens (0 through 6). Bar height indicates the proportion (%) of animals
within each group carrying that number of pathogens. Group differences were assessed by the Kruskal-Wallis test (H = 9.52, p = 0.009).
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and infectious influences, with subclinical endometritis fre-
quently recognised as a common underlying pathway (Cum-
mins et al., 2012; Salasel et al., 2010; Sood et al., 2015;
Talukdar et al., 2016). In the present population, however, the
findings support a predominantly infectious framework. This
interpretation is strengthened by the study design, in which
all ewes were managed under identical conditions through-
out the breeding season, including continuous exposure to
breeding rams, a common nutritional regimen, and a shared
environment. By minimising variation attributable to non-
infectious factors, this approach allowed the microbial com-
ponent to be evaluated with minimal confounding. Moreover,
because subclinical endometritis is rarely detectable during
routine clinical examination and requires uterine cytology for
definitive diagnosis (Salasel et al., 2010), a microbiological
investigation was considered essential in the present study.
The association between parity and reproductive failure
reported in cattle (Pérez-Marin and Quintela, 2023) was
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also observed in the present flock, where 76 of the 85 non-
pregnant ewes were multiparous, having undergone three to
five previous parturitions. This pattern suggests that cumu-
lative uterine exposure to parturition-associated microbial
challenges may progressively compromise endometrial de-
fence mechanisms, a hypothesis that warrants further inves-
tigation in future longitudinal studies.

Before the microbial comparisons could be interpreted,
the contribution of systemic infectious diseases had to be
excluded. The detection of C. burnetii antibodies and BDV
antigen in 21 ewes with reproductive failure — but without
overt abortion — is consistent with the well-recognised sub-
clinical presentation of both pathogens in sheep. C. burnetii
has a more pronounced reproductive impact in goats than in
sheep (Dijkstra et al., 2012; Rousset et al., 2009); and its
subtle, often undetected persistence across consecutive lamb-
ing seasons represents an underestimated management risk
(Alvarez-Alonso et al., 2018). BDV, with a reported sero-
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prevalence of 5 %-50% in affected flocks (Monies et al.,
2004; Nettleton et al., 1998), was detected in approximately
2.3 % of animals in the present flock. Its co-occurrence with
C. burnetii seropositivity is consistent with previous reports
suggesting that co-infection may synergistically contribute to
reproductive failure (Feknous et al., 2018). Excluding these
co-infected animals before microbiological analysis ensured
that the subsequent comparisons between Group 1 and Group
2 reflected differences attributable to genital tract pathogens
rather than to systemic infectious diseases.

With these animals excluded, the remaining microbial
profile distinguished pathogens that discriminated between
groups from those that did not. Salmonella Abortusovis was
not detected in any vaginal or preputial swab sample, and
other Salmonella spp. were present at comparable preva-
lences across the groups, supporting a commensal rather
than pathogenic role for this genus in the present context.
Chlamydia spp. were likewise absent from all samples, de-
spite their well-documented association with urogenital in-
fections and reduced conception rates in small ruminants
(Bowen et al., 1978; Shewen, 1980; Wilsmore et al., 1990),
suggesting that chlamydial infection did not contribute to
reproductive failure in this flock. These negative findings
are informative in their own right. Against a background in
which Salmonella, Chlamydia, Staphylococcus, Streptococ-
cus, and E. coli showed no differential distribution between
the groups, the marked increase in Mycoplasma spp. and M.
bovigenitalium among diseased ewes emerges as a distinct
biological signal rather than the result of non-specific con-
tamination.

4.1  Mycoplasma spp. as the dominant pathogen in
diseased ewes

The 84.0 % detection rate of Mycoplasma spp. in Group 2
ewes exceeds the 30 %—60 % prevalence reported in earlier
culture-based studies of ewes with vulvovaginitis or vaginal
discharge (Cottew, 1984; Nicholas et al., 2008). This dis-
crepancy is most likely attributable to the diagnostic lim-
itations of conventional culture rather than to a true dif-
ference in pathogen burden, as direct-swab PCR identified
nine additional positive cases that were not detected by cul-
ture. Mycoplasma bovigenitalium was first isolated from the
ovine genital tract in association with mild vulvovaginitis
and endometritis by Jones (Jones et al., 1985), and subse-
quent molecular surveys have identified it as one of the most
prevalent mycoplasmal pathogens of the sheep reproductive
tract across geographically diverse populations (Halium et
al., 2019; Stipkovits and Kempf, 1996). Its complete absence
from all 25 healthy control ewes, yielding an undefined odds
ratio, argues against a commensal or incidental carrier sta-
tus and supports a pathogenic role in ovine reproductive tract
disease.

Two features distinguish the present findings from those
of previous descriptive surveys. First, the pathogen was de-
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tected in both ewes and rams within a single infertile flock.
Second, it consistently co-occurred with Trueperella pyo-
genes in the diseased phenotype. Mycoplasmal species have
been reported to be entirely absent from microbiome pro-
files obtained throughout healthy ovine pregnancies (Cassas
et al., 2024), reinforcing the interpretation that their detec-
tion in non-pregnant ewes reflects a pathological rather than
a normal colonisation state. Collectively, these observations
provide, to the best of our knowledge, the first systematic
characterisation of M. bovigenitalium as a contributor to re-
productive failure in a naturally managed sheep flock under
field conditions.

The reservoir for this pathogen appears to extend to rams.
Mycoplasma spp. were detected in 26.7 % of rams, with one-
quarter of the positive animals confirmed as M. bovigeni-
talium, consistent with the well-established ability of rams
to harbour mycoplasmas within the prepuce and urogeni-
tal tract as long-term asymptomatic carriers (DaMassa et
al., 1992; Nicholas, 2002). The concordance between the
pathogen profiles of rams and ewes (Fig. 2), together with
the exclusive use of natural mating in this flock, suggests that
venereal transmission is a plausible route of infection. This
interpretation is further supported by an Australian study in-
volving 629 cattle, in which mycoplasmal colonisation, pre-
dominantly M. bovigenitalium, increased following natural
mating, consistent with venereal acquisition (Hazelton et al.,
2020). The same transmission dynamic is biologically plau-
sible in sheep and warrants further investigation in prospec-
tive studies.

4.2 Trueperella pyogenes and polymicrobial interactions

The co-occurrence of T. pyogenes and M. bovigenitalium
emerged as a consistent feature of the diseased phenotype.
T. pyogenes (formerly Arcanobacterium pyogenes) was de-
tected in 52.0 % of diseased ewes compared with 24.0 % of
healthy ewes (OR =3.43, 95 % CI 1.00-10.5). It is a well-
characterised opportunistic pathogen of the ruminant repro-
ductive tract and is routinely isolated from cases of metritis,
endometritis, and pyometra in cattle, sheep, and goats, where
it typically acts synergistically with other bacteria follow-
ing primary mucosal disruption (Jost and Billington, 2005;
Rzewuska et al., 2019). In cattle, its synergistic interaction
with M. bovigenitalium following a complicated puerperium
has been shown to sustain subclinical endometritis (Osawa,
2021). The present study identified a comparable pattern in
sheep, with the two organisms co-detected in the vaginal
swabs of most infertile ewes and jointly isolated from the
preputial swab of one ram. To the best of our knowledge,
this co-infection pattern has not previously been described in
ovine populations. The moderate prevalence of T. pyogenes
in healthy ewes (24.0 %) is consistent with commensal car-
riage within the normal genital microbiota, with pathogenic-
ity likely emerging under conditions of immunosuppression
or concurrent mycoplasmal infection that compromises mu-
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cosal barrier integrity, a model supported by the co-infection
data presented in the present study.

In contrast, Campylobacter spp., Staphylococcus spp.,
Streptococcus spp., Salmonella spp., and Escherichia coli
showed no significant differences in prevalence between the
groups, suggesting that these organisms were not associated
with repeat breeding in the present flock. Campylobacter spp.
were detected in approximately one-third of animals across
all groups, a prevalence comparable to that reported in appar-
ently healthy sheep populations. Although certain species,
particularly C. fetus subsp. fetus, remain important causes of
ovine abortion under specific flock conditions (Mshelia et al.,
2010; Sahin et al., 2017), species-specific PCR did not detect
C. fetus subsp. fetus, C. fetus subsp. venerealis, or C. jejuni
in the present study. These findings suggest that the Campy-
lobacter spp. detected were unlikely to have contributed to
the reproductive failure observed, although broader species-
level characterisation would be valuable in future investiga-
tions.

4.3 Statistical interpretation of the marginal associations

Two of the principal associations — the difference in
Mycoplasma spp. prevalence between rams and ewes
(padj =0.12) and the increased prevalence of T. pyogenes in
diseased ewes (padj =0.634) — did not remain statistically
significant after Bonferroni correction. This outcome most
likely reflects the conservative nature of the correction in
combination with the moderate sample size, both of which
reduce the statistical power to detect effects of the observed
magnitude, rather than indicating a lack of biological rele-
vance. The effect size for T. pyogenes (OR~3.4) is com-
parable to associations considered aetiologically relevant in
the bovine endometritis literature, while the concordance be-
tween rams and ewes is further supported by the observed
co-infection patterns and the proposed venereal transmission
framework described above. These associations should there-
fore be regarded as biologically and clinically meaningful
findings that warrant confirmation in adequately powered co-
horts and are interpreted throughout the present study accord-
ingly, rather than as definitive evidence of causality.

4.4 Diagnostic superiority of direct PCR and co-infection
burden

The 36 percentage-point difference between the PCR
(84.0%) and culture (48.0 %) detection rates for My-
coplasma spp. represents the most clinically relevant diag-
nostic finding of the present study. Mycoplasmas present in-
herent challenges for culture, including fastidious growth re-
quirements, prolonged generation times, and susceptibility
to overgrowth by contaminating flora, all of which render
conventional culture unreliable under field conditions. This
limitation was reflected in the present study by the 60 %
non-evaluable rate among ram cultures due to overgrowth by
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antibiotic-resistant bacteria. This pattern is consistent with
findings in the bovine and caprine literature, where PCR-
based methods have repeatedly demonstrated superior sen-
sitivity compared with culture (Nicholas and Ayling, 2003;
Wisselink et al., 2019). Species-specific PCR confirmed M.
bovigenitalium in 91.7 % of the culture-confirmed broth sam-
ples, establishing this species as the predominant culturable
mycoplasmal isolate in clinically affected ewes and a clear
diagnostic target for future flock surveillance. These findings
indicate that direct-swab PCR should replace culture as the
first-line diagnostic method for field investigations of ovine
vaginal discharge and that negative culture results should not
be used to exclude a mycoplasmal aetiology.

Beyond detection sensitivity, the co-infection burden it-
self distinguished the diseased animals. Diseased ewes har-
boured a higher mean pathogen load than healthy ewes (2.60
vs 1.76 pathogens per animal; Kruskal-Wallis, p = 0.009),
and 28 % carried three or more pathogens simultaneously,
more than twice the proportion observed in the healthy con-
trols. These findings suggest that the most severe clinical
presentations are characterised by polymicrobial rather than
single-pathogen infections, consistent with a cascade model
in which primary mycoplasmal infection compromises mu-
cosal immune defences and facilitates secondary colonisa-
tion by opportunistic organisms such as 7. pyogenes and
E. coli — analogous to the mechanisms described in bovine
metritis (Sheldon et al., 2009). Clinically, this profile sug-
gests that antimicrobial regimens directed against a single
pathogen are unlikely to be sufficient; instead, combination
treatment strategies targeting both the mycoplasmal and op-
portunistic bacterial components should be evaluated in fu-
ture studies.

4.5 Limitations and future directions

Several limitations should be considered when interpret-
ing these findings. First, the cross-sectional study design
precludes temporal inference regarding the sequence of
pathogen acquisition and the onset of clinical disease and
does not permit definitive conclusions about causality. Lon-
gitudinal studies incorporating pre-mating and serial post-
mating sampling are therefore required to determine whether
mycoplasmal colonisation precedes reproductive failure or
develops as a secondary consequence of impaired uter-
ine immunity. Second, the single-flock design limits the
generalisability of the prevalence estimates to other geo-
graphic regions and production systems. Third, the absence
of sequencing-based strain characterisation or multilocus se-
quence typing (MLST) limited our ability to provide di-
rect molecular evidence of venereal transmission between
rams and ewes, and these approaches should be prioritised
in future investigations. Finally, the moderate sample size
(n = 65) reduced statistical power, contributing to wide con-
fidence intervals and preventing marginal associations from
reaching statistical significance after correction. Larger co-
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horts combined with whole-metagenome sequencing of the
reproductive tract microbiome throughout the mating cycle
would substantially enhance our mechanistic understanding
of host—pathogen interactions underlying ovine reproductive
failure.

5 Conclusions

The present study advances our understanding of ovine re-
productive failure by identifying Mycoplasma spp., particu-
larly M. bovigenitalium, as the pathogen most significantly
and consistently associated with reproductive tract disease in
ewes, while demonstrating that breeding rams may serve as
asymptomatic venereal reservoirs within affected flocks. The
concurrent detection of M. bovigenitalium and Trueperella
pyogenes as a characteristic co-infection pattern of the dis-
eased phenotype, together with the near-complete absence
of both organisms in healthy controls, suggests a polymi-
crobial pathogenic model that has not previously been de-
scribed in sheep and warrants prospective validation. Be-
yond its aetiological implications, the present study provides
clear evidence that direct-swab PCR substantially outper-
forms conventional culture for the detection of mycoplasmas
under field conditions and should be adopted as the first-line
diagnostic method in flock investigations. Pre-mating PCR
screening of breeding rams, combined with targeted treat-
ment and the isolation of PCR-positive animals, represents
the most evidence-based strategy currently available for re-
ducing the burden of mycoplasma-associated reproductive
failure in sheep flocks.
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