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Abstract

Endometritis is a leading cause of sub- and infertility in domestic animal species.
The healthy uterus is colonized by commensal bacteria, viruses and yeast/fungi that
represent the nonpathogenic microbiota. A shift in the number or type of organisms
accompanied by immune dysfunction, however, may trigger uterine infection and in-
flammation. Metritis is associated with inflammation of all uterine layers (endome-
trium, myometrium and perimetrium), whereas endometritis is a more superficial
inflammation involving solely the endometrium. Endometritis generally occurs at two
time points in domestic animal species, postpartum and postmating. Postpartum en-
dometritis may chronically persist, either as a low-grade disease that often manifests
as a vaginal discharge but not a systemic illness (in some species termed clinical en-
dometritis) or sometimes subclinical where features are only detected by endometrial
sampling. Contamination of the uterus at the time of mating occurs by direct deposi-
tion of semen (ejaculated or artificially inseminated) into the uterus. Improper drain-
age of the ejaculatory fluid or an inadequate immune response may result in persistent
mating-induced endometritis. Both postpartum and postmating endometritis inter-
feres with fertility by creating a suboptimal environment for embryo development
and placentation, and chronic endometritis may have an impact on sperm survival
and fertilization ability. In the postpartum animal, there may also be changes in milk
production and maternal behaviour, which can affect offspring health and survival.
Preventive strategies for endometritis largely depend on monitoring their known risk
factors, which are sometimes specific with regard to the species. Effective, nonantibi-
otic therapy for endometritis is not available to date. Overall, extensive research has
been performed in cattle and horses to unravel key aspects of endometritis, but in
sows and bitches, the available literature is scant. Thus, the need and opportunity to
investigate the condition vary considerably among domestic species and necessitate
their comparative assessment. This article reviews general and comparative aspects
of the diagnosis and classification, pathogenesis, preventive strategies and therapeu-
tics of endometritis in domestic species with a specific focus on cows, mares, sows
and bitches.
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1 | INTRODUCTION

The reproductive tract of the female is colonized by varying num-
bers of commensal organisms. These may be helpful for controlling
pathogenic organisms by competing with them and possibly by prim-
ing the immune systems against pathogens. The commensals them-
selves may cause disease if situations arise that allow them to persist
or penetrate tissues. Generally, there is a larger number of organisms
present on the perineum and vulva and fewer present at the cervix
and within the uterus. The vulval lips, vestibule-vaginal junction and
the cervix form the three principal barriers to the introduction of
bacteria. After parturition, however, these anatomical barriers are
disrupted, and the reproductive tract compartmentalization is tem-
porarily lost. Interestingly, in some domestic species, a shift in the
number or type of organisms may also be linked to mating (or depo-
sition of seminal plasma directly into the uterus), poor or inadequate
conformation of the vulva or iatrogenic events (England et al., 2021,
QO'Leary et al., 2004; Palm et al., 2008; Recuero et al., 2020).

Uterine inflammation associated with parturition is a physio-
logically relevant event in all domestic animal species. Postpartum
uterine inflammation should trigger robust taxis and function of
immune cells (notably phagocytic cells such as polymorphonu-
clear leukocytes [PMN] and macrophages) to control the potential
overgrowth of pathogenic bacteria and prevent uterine dysbiosis
(Gilbert & Santos, 2016; Pascottini & LeBlanc, 2020). Subsequent
uterine debris elimination in the form of a discharge from the uterus,
modulation of inflammation and endometrial tissue remodelling
is necessary to accomplish uterine involution (Kolaczkowska &
Kubes, 2013). Poor hygiene, prolonged or traumatic parturition, ob-
stetrical intervention and retained placenta may all increase the risk
of uterine contamination. Endometritis that occurs after parturition
may persist for some time, either as a low-grade disease that often
manifests as vaginal discharge without systemic iliness (in some spe-
cies termed clinical endometritis) or may remain subclinical where
features are only detected by sampling the uterus.

In several species, the contamination of the uterus at the time
of mating is prevented by the presence of a significant cap of mucus
that covers the cervix and forms a barrier to introduced organisms
but does allow the entrance of motile sperm. In other species, nota-
bly the horse, pig and dog, there is no significant cervical barrier, and
arelatively large volume of ejaculate is deposited into the uterus. The
normal mechanism for restoring the uterine microbiome includes
uterine contractions and the female's immune response; effectively
there is a short-term physiological endometritis following each
mating. In certain circumstances where drainage of the introduced
microorganisms and ejaculatory fluid is impaired or the immune re-
sponse is inadequate, the uterine microbiome remains disturbed,
resulting in a persistent breeding-induced endometritis (PBIE). It is

also possible at least in the mare and bitch that microorganisms may
enter the uterus during oestrus without the need for breeding; this
may be a significant problem in the mare with poor perineal con-
formation. This condition may perhaps be best described as a pos-
toestrous endometritis.

When writing a review providing information on endometritis in
the four important domestic animal species—cattle, horse, pig and
dog—it becomes apparent that research that has been undertaken
on this topic varies considerably among the species regarding the
number of studies that have been published over the years. When
searching Scopus for the keyword combinations endometritis and
cattle, endometritis and horse, endometritis and pig or endometritis
and dog for the years 2014 to 2023, there were 766, 190, 51 and 48
hits, respectively. Although endometritis is considered among the
most important reasons for sub- and infertility irrespective of spe-
cies, the need and opportunity to investigate the condition clearly
vary considerably. This depends on the economic impact, the value
of the individual animal and the importance of achieving pregnancy,
as well as the approaches available to assess the genital tract for in-
depth diagnosis (for example uterine sampling is difficult in the bitch
and sow). The objective of this article is to review general and com-
parative aspects of the diagnosis and classification, pathogenesis,
preventive strategies and therapeutics of endometritis in domestic
species with a specific focus on cows, mares, sows and bitches.

2 | IMPORTANCE AND CLASSIFICATION

Endometritis has been described to be one of the leading causes
of infertility in cows, mares, sows and bitches (England et al., 2021,
Grahofer et al., 2020; Morris et al., 2020; Pascottini & LeBlanc, 2020).
It interferes with fertility by creating suboptimal conditions for
sperm transportation and storage, oocyte maturation and ovulation,
zygote development, implantation, as well as embryonic and foetal
growth (Gilbert, 2011). The term ‘endometritis’ is often misused
and indistinctively referred in veterinary practice as ‘endometro-
sis’, ‘endometriosis’ or ‘metritis’. From the histopathological point of
view, endometritis is the superficial inflammation of the endome-
trium that encompasses disruption of luminal epithelium, vascular
congestion, oedema and infiltration with inflammatory cells (active
inflammation), no deeper than the stratum spongiosum (Figure 1;
Bondurant, 1999). Endometrosis connotes a wide range of chronic,
often degenerative changes characterized by fibrosis and cystic
dilatation of endometrial glands (Allen, 1993). Endometriosis is the
extra-uterine implantation of endometrial tissue (Bulun, 2009), a
condition which largely occurs in primates. Metritis, on the other
hand, is a more severe condition where all the layers of the uterus
namely the endometrium, lamina muscularis and serosa are inflamed
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FIGURE 1 Holstein cow endometrial biopsies collected in the fifth week postpartum, stained with haematoxylin and eosin and evaluated
by light microscopy. (a) Healthy endometrium with intact columnar epithelium. Endometrial glands can be seen in the lower third section

of the image, this section is known as the stratum spongiosum. The section located between the epithelium and the stratum spongiosum

is denominated as stratum compactum as no endometrial glands are present there (x200 magnification). (b) Superficial endometrial
inflammation (endometritis) that encompasses disruption of luminal epithelium, vascular congestion, oedema and infiltration with
inflammatory cells, mostly PMN (x400 magnification). Scale bar=50pum.

(Sheldon et al., 2006). In the following section, we will elaborate on
the importance and classification of endometritis in cows, mares,

sows and bitches.

2.1 | Cow endometritis: Importance and
classification

Uterine involution and mechanisms leading to uterine disease (and
infertility) are essentially different between dairy and beef cows.
Overall, there is limited peer-reviewed literature on beef cat-
tle endometritis, and the available information is often conflicting
(Machado Pfeifer et al., 2018; Ricci et al., 2015; Ricci et al., 2017;
Santos et al., 2009). This is because diagnostic criteria established
by dairy research are simply extrapolated to beef cows. This is inac-
curate, since environmental, genetic, managerial and physiological
differences exist between beef and dairy cows and even among dif-
ferent cattle breeds (Sartori et al., 2016). Therefore, this section will
elaborate on dairy cow endometritis research only.

One out of two intensively managed, high-producing dairy cows
will develop reproductive tract infection and inflammatory disease
within 6 weeks after calving (LeBlanc, 2014). Red-brown and watery
or purulent and viscous foetid vulvar discharge (with or without
fever) within 3weeks after calving is defined as metritis and occurs
in 10%-20% of dairy cows (Sheldon et al., 2006). Between 4 and
6weeks after calving, approximately 30% of dairy cows may have
signs of delayed uterine involution, characterized by the presence
of a uterine exudate found within the vagina (Sheldon et al., 2006).
If the origin of this exudate remains unknown, the condition is re-
ferred to as purulent vaginal discharge (PVD) (Dubuc et al., 2010a).
Remarkably, half of PVD cases occur without endometrial inflamma-
tion (vaginitis, cervicitis or both combined) (Deguillaume et al., 2012;
Dubuc et al., 2010a). Thus, the current classification of reproduc-
tive tract inflammatory disease in dairy cows is as follows: vaginal
exudate without endometrial inflammation (diagnosed via endo-
metrial cytology) is referred to as PVD. Purulent vaginal discharge

accompanied by endometrial inflammation is clinical endometritis
(CE). Cows that do not show signs of PVD are, however, not neces-
sarily healthy because 10%-40% of ‘apparently healthy’ dairy cows
may have subclinical endometrial inflammation (diagnosed via cytol-
ogy) (Wagener et al., 2017). This condition is referred to as subclini-
cal endometritis (SCE) or cytological endometritis.

Dairy cattle operations aim to have cows pregnant at a biolog-
ically optimal and economically profitable time after parturition.
Plentiful data have documented that dairy cows with endometri-
tis have a reduced probability of pregnancy at first insemination,
greater pregnancy losses or reduced pregnancy rate through lacta-
tion (Denis-Robichaud & Dubuc, 2015a, 2015b; Dubuc et al., 2010a3;
Bogado Pascottini et al., 2017). Taking it all together, the detrimen-
tal effect of endometritis on time to pregnancy is somehow similar
among studies and is reported to be approximately 30 days (affected
cows need on average 30days longer to become pregnant than unaf-
fected cows) (Dubuc et al., 2010a; LeBlanc et al., 2002). Importantly,
endometritis causes no direct loss of milk production or mortality.
Although the impact of endometritis on culling is not well studied,
recent preliminary data showed that poorer reproductive perfor-
mance associated with SCE may be linked with a greater culling risk
(Valdmann et al., 2022).

2.2 | Mare endometritis: Importance and
classification

Endometritis in the mare can be divided into acute infec-
tious, chronic infectious or post-mating-induced endometritis.
Endometritis that is not associated with parturition or the post-
partum period compromises exclusively the endometrium and no
other parts of the uterine wall. It therefore occurs without sys-
temic effects. In most cases, infectious endometritis develops
from endometrial infection as a cause of PBIE. Infection of the
endometrium, however, can also occur in mares that have never

been bred, but where anatomical defects together with impaired
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uterine clearance allow bacteria to enter the uterus and contami-
nate the endometrium. Endometritis is considered a major cause
of infertility in horses affecting 25%-60% of barren mares (Traub-
Dargatz et al., 1991) and contributing considerably to economic
loss. Uterine infection is the reason for conception failure, early
pregnancy loss, abortion due to bacterial placentitis, birth of sep-
tic foals and postpartum metritis.

Postpartum inflammation of the uterus in mares does not only
compromise the endometrium but the whole uterine wall often
including the perimetrium. This condition is therefore referred
to as metritis. It is often considered a life-threatening condition
because it is associated with septicemia and endotoxemia and
may be followed by complications such as laminitis (Frazer, 2003).
Postpartum metritis in mares occurs within 7-10days after deliv-
ery and has normally a low incidence. This, however, increases in
cases with dystocia and/or retained placenta. Immediate recog-
nition and treatment cannot only prevent complications and se-
quelae but also rapidly restore fertility.

2.3 | Sow endometritis: Importance and
classification

Uterine disorders, especially endometritis, lead to reproductive
failure in sow herds. This pathological state can occur after far-
rowing and during the puerperium but also following artificial
insemination or natural mating. The within-herd prevalence of
endometritis varies between 1.4% and 60% (Biksi et al., 2002;
Heinonen et al., 1998; Kauffold et al., 2005a, 2005b; Monteiro
et al., 2022) and commonly a chronic form of uterine inflammation
occurs in sows (Kauffold et al., 2005a, 2005b). Endometritis is one
of the main reasons for the culling of a breeding sow (Heinonen
et al., 1998). The condition has a major impact on the economic
output of a farm, due to reduced reproductive performance
(Koketsu et al., 2017), but also decreases the health and welfare
of sows and their offspring (Bjérkman & Grahofer, 2020; Grahofer
et al., 2020).

The clinical diagnosis of endometritis in sows is challenging.
Until now, no consistent clinical or histopathological nomenclature
for endometritis in breeding sows is available (Grahofer et al., 2020).
The classification of endometritis is largely dependent upon the
time point of occurrence in the reproductive cycle, and this seems
to be an appropriate way that helps to evaluate risk factors and to
define preventive measures on sow farms. Hence, a classification in
puerperal and nonpuerperal endometritis is often used (Kauffold &
Wehrend, 2014). In addition, endometritis can be categorized de-
pending on the clinical signs into subclinical vs. acute, subacute and
chronic occurrence (De Winter et al., 1994; Muirhead, 1986). The
severity of endometritis can be evaluated histologically according
to the percentage of tissue containing inflammatory cell infiltrate
(Kauffold et al., 2005a, 2005b). For the interpretation of histology,
the stage of the oestrous cycle should be considered to avoid misin-
terpretation (Dalin et al., 2004).

2.4 | Bitch endometritis: Importance and
classification

In the bitch, it was recognized in the 1950s that acute endome-
tritis was most commonly identified in the early part of the luteal
phase (Dow, 1959), and although this was likely a mating-induced
or postoestrous endometritis, that was not recognized at the time.
The relationship between endometritis and infertility has only re-
cently been demonstrated (Fontaine et al., 2009; Garcia Mitacek
et al., 2017; Gifford et al., 2014; Mir et al., 2013). Most recently,
England et al. (2021) provided a commentary on the likely aetio-
pathology of postmating and postoestrous endometritis in the
bitch and some suggestions on the possibility of persistence of
chronic endometritis. The lack of detailed work makes it difficult
to ascertain the importance of the disease as a cause of infertility
and the suggested classifications of (1) mating-induced, (2) pos-
toestrus and (3) chronic endometritis are yet to be fully debated.
Most cases of postpartum infection involve the whole of the uter-
ine wall and the condition is therefore referred to as metritis. This
condition is usually associated with significant clinical disease re-
lated to septicaemia. Fortunately, it has a low incidence but may
occur following prolonged parturition, dystocia, retained foetal
membranes or also likely where there is an unhygienic whelping
environment. Information on the persistence of postpartum infec-

tion beyond the acute metritis phase is lacking.

2.5 | Importance and classification:
Comparative aspects

All domestic species reviewed here experience some degree of
postpartum or puerperal endometritis that may perdure after the
normal time of uterine involution to chronic or pathological endo-
metritis (Table 1). The typical clinical sign for this type of ‘clinical’
endometritis is the presence of purulent vaginal exudates. The ori-
gin of this purulent material, however, often remains undiagnosed.
In cows, endometritis may occur without clinical signs (not visible
with the naked eye) and therefore it is named SCE. Subclinical en-
dometritis has been described in the mare, but it has not yet been
described in sows and bitches. This is because, in the latter two spe-
cies, it is more challenging to collect endometrial specimens due to
difficulties in accessing the uterine lumen. The occurrence of SCE
in sows and bitches cannot be discarded. In the horse, pig and dog
where ejaculation occurs effectively directly into the uterus, PBIE
may occur. In natural mating, the deposition of semen into the for-
nix of the cow may trigger mild inflammation, but because of the
small volume of the bull ejaculate (typically 4-8 mL) and lack of direct
contact of seminal fluids with the endometrium, bovine postmating
endometritis is not a relevant clinical condition. In this context, it is
interesting to note that sperm can induce changes in the endome-
trial gene expression profile of the cow, but these changes are only
modest (Recuero et al., 2020). Despite the extensive use of artificial
insemination in dairy cattle, the low sperm concentration (10 x 10°
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TABLE 1 Comparative aspects of endometritis in domestic animal species.

Cow Mare Sow Bitch
Prevalence CE and PVD: 20-30% 60% in barren mares 1-60% differing Mating-induced endometritis
SCE: 9-76% but most within herds largely relates to age
commonly between changes, with up to 40%
25 and 35% of older bitches having
endometrial hyperplasia
Time point Postpartum Postpartum but most frequently Postpartum and Postbreeding and postpartum
after breeding postbreeding
Clinical sign PVD: Presence of Discharge from the vulva, cervical Most often Postbreeding there is
purulent (at the discharge (speculum examination) subclinical, delayed uterine fluid
fourth week and uterine fluid accumulation unspecific clinical clearance and there may
postpartum) or (transrectal ultrasound signs such as be a postmating vaginal
mucopurulent examination) vaginal discharge, discharge
(from the fifth fever, reduced
week postpartum) feed intake
discharge in the
vagina
SCE: >5% PMN
between the fourth
and fifth week
postpartum
CE: PVD+SCE
Diagnosis PVD: vaginoscopy, Gynaecological examination Analysis of Persistence of uterine fluid
gloved hand or including bacterial culture and reproductive detected with ultrasound,
metricheck. cytology performance increased PMNs on
SCE: endometrial characteristics, endometrial sampling
cytology ultrasound
(cytobrush, low- examination,
volume lavage or Evaluation of
cytotape) urogenital tract
at culled sows,
Bacteriological
investigation
Life threatening No Postpartum: yes No No

Otherwise: no

Abbreviations: CE, clinical endometritis; PVD, purulent vaginal discharge; SCE, subclinical endometritis.

to 30x10°) used and the small volume (0.25-0.5mL) of a frozen-
thawed semen straw results in PBIE being insignificant following
insemination.

3 | DIAGNOSIS

Due to the complexity of uterine involution and the thin line be-
tween physiological and pathological inflammation, it is challenging
to establish solid diagnostic criteria for endometritis. In cows, horses
and sometimes in pigs, cut-off values are established based on the
detrimental impact of an indicative sign of endometritis on subse-
quent reproduction. The most used sign to diagnose endometritis is
the evaluation of the nature (e.g. colour, consistency, odour and lo-
cation) and duration of vaginal discharge postpartum or postmating.
Postpartum, the origin of vaginal discharge may be associated with
endometritis, cervicitis, vaginitis, cystitis or any of those combined
(described in cows and sows). Postmating, the volume of uterine
exudate is generally low, and it often goes unnoticed in sows and

dogs, but in mares, PBIE can produce large amounts of free intrau-
terine fluid easily visualized via ultrasonography. Similarly, uterine
fluid may be detected with ultrasound in sows and dogs, and in the
latter species, endometrial hyperplasia may be distinguished by the
presence of small cysts; this condition may predispose to postmat-
ing endometritis. Thus, accurate diagnostic methods should be im-
plemented to precisely determine the origin and nature of vaginal
discharges. In cattle and horses, the diagnostic criteria are well es-
tablished and complementary techniques such as ultrasound, cy-
tology, histopathology and bacteriology are often implemented. In
sows and bitches, histopathology has been described, but the litera-

ture is scant.
3.1 | Cow endometritis: Diagnosis
Uterine disorders are one of the most studied conditions in dairy

cows in the last 20years; plentiful information on this topic can thus
be found in current literature. The overall quality of reporting of
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definitions, validation and diagnostic methods is, however, inconsist-
ent and generally low (de Boer et al., 2014). For the present review
only well-designed, large-scale epidemiological studies were consid-
ered for the basis of PVD, CE and SCE definitions (Denis-Robichaud
& Dubuc, 2015a, 2015b; Dubuc et al., 2010a; Pascottini et al., 2017).

Transrectal palpation of the genital tract is a common approach to
evaluate for an enlarged uterus with fluctuating content or an indu-
rated uterine wall (Callahan & Horstman, 1993). This practice is, how-
ever, subjective and its diagnostic outcome has no or little association
with reproductive performance (Sheldon et al., 2006). Still, a cervical
diameter of >7.5cm in the fourth week postpartum has predictive
value for infertility (LeBlanc et al., 2002), but cervicitis may not be
primarily associated with endometritis. Most field veterinarians use
transrectal ultrasound for routine clinical examination of the repro-
ductive tract of dairy cows. Transrectal uterine ultrasonographic eval-
uation can distinguish the diameter of the uterine content (0 to <2cm,
>2 to <5cm or >5cm) and its echogenicity (anechoic, mixed echoge-
nicity or hyperechoic). In this regard, field studies demonstrated that
the presence of fluid (>2cm with mixed echogenicity or worse) in the
uterine lumen between 4 and é6weeks postpartum has a significant
effect on the reduction in the relative pregnancy rate in comparison
with cows that appeared ‘clean’ at examination (Kelly et al., 2020; Savc
et al., 2016). The measurement of the endometrial thickness as indic-
ative of endometritis has also been proposed (Barlund et al., 2008).
Yet, endometrial thickness is dependent on the oestrous cycle stage
(follicular or luteal phase) and no standardization has been done to
validate this procedure (Barlund et al., 2008). In general, transrec-
tal ultrasound is a fair technique to detect the presence of purulent
material in the uterine lumen. However, we hypothesize that the di-
agnostic accuracy can be influenced by the size and position of the
cow and the location of the probe on the uterine horn, the stage of
the oestrous cycle and the experience and skills of the operator. For
a greater diagnostic accuracy, a combination of ultrasound, vaginal
mucus scoring and endometrial cytology has a higher predicting ca-
pacity than either method used alone (Barlund et al., 2008; Denis-
Robichaud & Dubuc, 2015a, 2015b; Savc et al., 2016).

The gold standard to diagnose PVD is the visual evaluation of
vaginal exudates (Sheldon et al., 2006). Although useful this evalu-
ation is not always reliable because purulent secretions may remain
in the uterine lumen or the vaginal floor and require careful exam-
ination to detect. Purulent vaginal discharge diagnosis should be
performed by vaginoscopy, a gloved hand or the metricheck device
(McDougall et al., 2007; Pleticha et al., 2009). Although a slightly
higher proportion of cows are diagnosed PVD-positive when using
the metricheck device (Pleticha et al., 2009), the use of any of these
3 techniques provides similar outcomes (Pleticha et al., 2009). Thus,
the choice of diagnostic approach for PVD is merely based on prac-
tical aspects, such as ease of use and hygiene. The visual evaluation
of vaginal discharge is standardized and classified in a O to 3 score
(Williams et al., 2005). A score 0 is the absence of or clear mucus, a
score 1 is mucus containing flecks of pus, a score 2 is discharge con-
taining less than 50% of pus (mucopurulent material) and a score of
3is discharge composed of more than 50% of pus (purulent material)

or sanguineous material. The cut-off for PVD at the fourth week
postpartum is score 3 (purulent discharge) and from the fifth week
postpartum on is score 2 (mucopurulent discharge). For both cases,
cut-off points were developed based on worse reproductive per-
formance when compared to healthier scores (Dubuc et al., 2010a;
LeBlanc et al., 2002).

Subclinical endometritis is the superficial inflammation of the en-
dometrium (no deeper than the stratum compactum), evidenced by a
relative increase in the number of PMN in the uterine lumen (relative
to endometrial epithelial cells) (Kasimanickam et al., 2004). Subclinical
endometritis is not visible by the naked eye, hence complementary
examinations are necessary for its diagnosis. Histopathology, ultra-
sound and cytology (and its surrogate tests) are described as available
methods for the diagnosis of SCE (Kasimanickam et al., 2004; Meira
Jr et al., 2012; Pascottini et al., 2016a). Histopathology allows for the
direct evaluation of acute and chronic changes within the endome-
trium (Figure 1), but biopsy sampling is invasive and potentially harm-
ful to fertility, its processing and evaluation are technically complex,
and its predictive value for fertility is inexistent (Bonnett et al., 1991;
Chapwanya et al., 2009; Pascottini et al., 2016b). On the other hand,
by using ultrasonography, the presence of small amounts of fluid in the
uterus between 4 and 6 weeks in the absence of clinical signs is asso-
ciated with a significant reduction in pregnancy risk when compared
to ‘clean’ cows (Gobikrushanth et al., 2016; Kasimanickam et al., 2004;
Lopez-Helguera et al., 2012). Ultrasonography has, however, a lower
predictive value for fertility when compared to endometrial cytology
(Kasimanickam et al., 2004). Although ultrasonography is an easy and
rapid technique to implement in practice, it is not accurate enough to
diagnose SCE when it is not accompanied by endometrial cytology.

Transcervical endometrial cytology is the most popular
method for the diagnosis of SCE and its diagnostic potential has
been validated in numerous large-scale studies (Denis-Robichaud
& Dubuc, 2015a, 2015b; Dubuc et al.,, 2010a, 2010b; Pascottini
et al., 2017). Endometrial cytology samples can be collected using
the cytobrush or low-volume lavage techniques in the postpartum
period (Gilbert et al., 2005; Kasimanickam et al., 2004). The cyto-
tape technique allows for endometrial cell collection at the time of
artificial insemination (Pascottini et al., 2015). Endometrial sampling
using cytobrush or low-volume lavage yields similar outcomes, but
cytobrush sampling is easier, provides results faster (no centrifuga-
tion is needed), and the quality of the slides is better (less distorted
cells) in comparison with low-volume lavage (Pascottini et al., 2016a;
Van Schyndel et al., 2018). Cytotape sampling is as easy as perform-
ing artificial insemination (Pascottini et al., 2017). Subclinical endo-
metritis is typically characterized by >5% PMN to epithelial cells
in cytobrush or low-volume lavage samples collected between 4
and 6weeks postpartum (Figure 2; Wagener et al., 2017). If sam-
ples are collected at insemination using the cytotape, a21% PMN
to epithelial cells cut-off should be implemented (Bogado Pascottini
etal., 2017). The above-mentioned cut points were developed based
on worse reproductive performance when compared to lower PMN
percentage scores in large-scale epidemiological studies. Although
endometrial cytology provides consistent results, it is not a cow-side
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FIGURE 2 (a-c) Holstein cow endometrial cytology smears collected in the fifth week postpartum using the cytobrush technique, stained
with Wright Giemsa and evaluated by light microscopy (x400 magnification; scale bar=50pum). (a) Healthy endometrial cytology sample,
only endometrial epithelial cells are visualized. (b) Presence of endometrial epithelial cells and polymorphonuclear leukocytes, indicative

of subclinical endometritis. (c) High amounts of polymorphonuclear leukocytes with some fragmented epithelial cells and erythrocyte
contamination, indicative of clinical endometritis. (d) Leukocyte esterase is a surrogate test for subclinical endometritis. Colour intensity
represents the proportion of polymorphonuclear leukocytes in an endometrial sample and is classified as 0=none or trace number of
leukocytes (image not shown), 1=small number of leukocytes, 2=moderate number of leukocytes and 3=Ilarge number of leukocytes.

test. Leukocyte esterase is a surrogate test, and it has been validated
on cytobrush and low-volume lavage samples providing reasonable
accuracy without the necessity of slide staining and microscopic
evaluation (Figure 2; Van Schyndel et al., 2018). Furthermore, to
date, there is not a truly cow-side test for SCE (e.g. blood or milk
biomarker) because endometrial sampling requires passage through
the cervix, which involves time and skills to collect a sample.

3.2 | Mare endometritis: Diagnosis

The reproductive stage and history of the mare require considera-
tion with a specific focus on her age, parity, reproductive status,
foaling history, history of previous uterine infection or associated
treatments. Clinical signs of endometritis in horses include discharge
from the vulva, cervical discharge (speculum examination) and free
uterine fluid accumulation (transrectal ultrasound examination).
The clinical findings should be supported by laboratory-based ex-
aminations including endometrial cytology and bacterial culture that
allows for the identification of bacteria involved and their antimi-
crobial sensitivity (Scott et al., 2022). Depending on the case, en-
dometrial histology (biopsy) or hysteroscopy should be considered.
Because endometritis in horses is exclusively a localized problem,
blood parameters are not of diagnostic value (Katila, 2016).
Endometrial cytology may help to identify SCE (e.g. Riddle
etal., 2007). Cytology results may be biased by the bacteria involved,

as for example, E. coli infections can suppress the PMN response,
or latent infection with so-called dormant Streptococci spp. is not
associated with an increased number of PMN in cytology slides
(Christoffersen et al., 2015a; Christoffersen et al., 2015b; LeBlanc
et al., 2010; Petersen et al., 2015).

Whereas the collection of endometrial swabs is the most fre-
quent approach for bacterial culture, culture of cytobrush samples,
endometrial biopsies or (low) volume uterine lavage fluid increases
the sensitivity and specificity of bacterial isolates (Christoffersen
et al.,, 2015a; Christoffersen et al., 2015b; Katila, 2016; Ravaioli
et al., 2022). The cytotape provides sample smears of greater
quality and less blood contamination than the cytobrush (lbrahim
et al., 2021). A leucocyte-esterase reagent strip that was developed
as a stall-side test for the diagnosis of endometritis in mares, how-
ever, proved useful to diagnose endometritis in severe cases but was

not sensitive enough to rule out endometritis (Kelley et al., 2019).

3.3 | Sow endometritis: Diagnosis

Sows with endometritis might be presented with various unspe-
cific clinical symptoms including decreased feed intake, fever, vul-
var discharge, anestrus or irregular oestrus and infertility (Wang
et al., 2020). However, endometritis in sows is often subclini-
cal (Kauffold et al., 2005a, 2005b). Therefore, a complementary
diagnostic procedure is needed. In this regard, analyses of the
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reproductive performance characteristics can help to identify af-
fected animals and perform further diagnostics.

Sows with impaired fertility associated with vaginal discharge
are more likely to have bacterial infections compared to sows with
chronic endometritis (De Winter et al., 1995). Furthermore, vaginal
discharge more than 6 days after farrowing is indicative of puerperal
endometritis but vaginitis, cystitis and pyelonephritis should be
ruled out (Waller et al., 2002). A cervical swab in sows with vag-
inal discharge for bacteriological investigation can be taken, but
the results can be misleading due to contamination. Intrauterine
fluid and retained foetal and placental parts can be used as an in-
dicator for endometritis by ultrasonography (Bjérkman et al., 2018;
Grahofer et al., 2020, 2022; Kauffold et al., 2005a, 2005b; Monteiro
etal., 2022). Postmortem examination of genital organs from slaugh-
tered sows with reproductive failure is a valuable diagnostic tool to
identify reproductive disorders on farms (Dalin et al., 1997). For re-
liable interpretation of endometrial histology, information about the
time point of the reproductive cycle is important (Dalin et al., 2004).
Bacteriological investigation from uteri after slaughter provides bet-
ter results because contamination during the sampling procedure is
less likely (Sipos et al., 2014). In a recent study, where 24 uteri with
macroscopical signs of endometritis were sampled for bacteriologi-
cal investigation, 45.8% of the samples yielded mixed infections with
E. coli (Monteiro et al., 2022).

3.4 | Bitch endometritis: Diagnosis

Bitches with mating-induced endometritis seem largely to present
with a reduced chance of pregnancy or a small litter size (England,
Burgess et al., 2012; Fontaine et al., 2009; Mir et al., 2013). Although
only a small number of studies have been described and they involve
few bitches, the observations are quite interesting. For example, Mir
et al. (2013) found that of 14 bitches that were recently mated but did
not get pregnant, four (28%) had endometritis diagnosed histologically.

A proportion of bitches that develop mating-induced endo-
metritis also have a concomitant endometrial hyperplasia (Gifford
et al., 2014), which can be diagnosed using an ultrasound examina-
tion of the uterus (Moxon et al., 2016). In these cases, indirect di-
agnosis of endometritis may also be made by ultrasound detection
of delayed fluid clearance after mating and in more detailed studies
by detection of decreased uterine contractions and increased accu-
mulation of PMNs following transcervical sampling from the uterus
(England, Burgess et al., 2012; England, Moxon et al., 2012). Precise
diagnosis of mating-induced and postoestrous endometritis requires
uterine biopsy (Gifford et al., 2014; Mir et al., 2013). Cases of chronic
endometritis which persists through the luteal phase and anoestrus
to the next oestrous cycle may be diagnosed by the persistence of
uterine luminal fluid detected with ultrasound (Lyman et al., 2018).
The author has also identified a number of cases of chronic endome-
tritis using ultrasounds following postwhelping metritis; presumable
a persistence of postpartum infection similar to that seen in other
species (GE, unpublished observations).

3.5 | Diagnosis: Comparative aspects

Due to the shorter time required to complete uterine involution in
the mare and sow in comparison with the cow and bitch, the physi-
ological discharge after parturition and intrauterine fluid accumula-
tion varies among species and must be considered in the diagnosis
of endometritis. In all species, persistency of fluid in the uterine
lumen, which can be diagnosed using ultrasonography, is a valid
indicator for endometritis. Further diagnostic procedures vary con-
siderably among cows, mares and bitches in comparison with sows,
due to the economic impact and the value of the individual animals.
Endometrial cytological examinations are routinely conducted in
cows and mares but are difficult in the bitch and performed only in a
few clinics. Endometrial biopsy is a popular diagnostic tool in mares
but is only occasionally used in cows and bitches. In sows, in vivo, en-
dometrial cytology or biopsy have not been described. Again, this is
merely based on economic reasons, because sows that are not timely
pregnant after farrowing are rapidly remitted to the slaughterhouse.
In this species, postmortem examinations of the urogenital tract of

‘problem’ sows will be conducted to get a herd-level diagnosis.

4 | PATHOGENESIS

Genesis of puerperal and mating-induced endometritis lies within
the balance of three key components: immune function, uterine
microbiota and metabolic stress. Robust innate immune function
is essential to timely clear bacteria and inflammatory products but
without harming the endometrium. This should be accompanied by
adequate myometrial contractions, to eject postpartum and post-
mating debris. A balanced uterine microbiota is essential to impede
the overgrowth of potentially pathogenic bacteria and thus infec-
tion. Adequate heat detection and hygienic insemination techniques
are also indispensable to avoid the introduction of contaminants or
pathogenic bacteria into the uterine cavity (Table 2). In dairy cows,
the commencement of lactation and in consequence, metabolic
stress weakens the immune function and therefore is key for the
pathogenesis of endometritis. In sows, the metabolic challenge be-
gins already in late gestation due to high energetic demands for the
growth of the large litters and continues in the early stage of lac-
tation, leading to an improper function of the immune system and
therefore increase the prevalence of endometritis in our hyper pro-
lific sows (Oliviero et al., 2019; Peltoniemi et al., 2021).

41 | Cow endometritis: Pathogenesis

Artificial insemination that resulted in nonpregnancy can trigger SCE
in nulliparous heifers, probably due to the introduction of contami-
nants into the uterine lumen (Pascottini et al., 2016). Though, apart
from that unique finding, endometritis almost exclusively happens in
the postpartum period of dairy cows. After calving, the endometrium
and the birth canal of dairy cows are commonly traumatized, and it
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TABLE 2 Comparative aspects of bacteria involved in
endometritis in domestic animal species (+++ great importance
and frequently isolated, ++ moderate involvement, + and (+) rare
involvement).

Bacteria Cow Mare Sow Bitch
Escherichia coli + +++ +++ ++
Streptococcus sp. 1r SRt +4++ ++
Staphylococcus sp. ++ ++ ++ ++
Trueperella sp. +++ - ++ =
Proteus sp. + + + -
Klebsiella sp. + ne s -
Corynebacterium spp + (+) (+)
Pseudomonas spp. aF =
Chlamydia spp. + _

will largely depend on the robustness of the immune system to main-
tain eubiosis within the uterine cavity (Pascottini & LeBlanc, 2020;
Sheldon et al.,, 2019). Although potentially pathogenic bacteria
are commonly present in the genital tract of healthy cows (Galvao
et al., 2019), they are maintained at relatively low numbers by ad-
equate modulation of inflammation, and probably by signalling mol-
ecules of ‘beneficial bacteria’ within the same ecosystem (Pascottini
& LeBlanc, 2020). Nevertheless, maladaptation to metabolic stress
driven by the high milk production (notably high circulating fatty
acids and p-hydroxybutyrate) in the postpartum period of dairy cows
weakens the innate immune function, and consequently, uterine
diseases may occur (Pascottini et al., 2022). Thus, current evidence
indicates that the genesis of uterine diseases in postpartum dairy
cows lies in the unbalance of the following trifecta: immune func-
tion, shifts in the microbiota and metabolic stress. The role of viruses
and other microorganisms is less explored, although the co-action of
bovine herpesvirus 4 and Histophilus somni has been suggested to
play a role in the pathogenesis of PVD (Szenci et al., 2016).
Culture-dependent, as well as culture-independent (16s
rRNA gene and shotgun metagenomics sequencing) methods,
found causalities between pathogenic bacteria and CE (and PVD)
(Galvao et al., 2019). In other words, uterine microbiota dysbiosis
with increased abundances of Bacteroides, Ureaplasma, Helcoccus,
Fusobacterium, Trueperella and/or Porphyromonas are responsible
for the purulent uterine discharges seen in cows with CE (and PVD).
Notably, Trueperella pyogenes is the most commonly recovered bac-
teria in uterine samples collected and cultured from cows with CE
(and PVD) (Carneiro et al., 2016; Gilbert & Santos, 2016; Williams
et al.,, 2005) and often appears in greater relative abundance (com-
pared with healthy uteri) in culture-independent based studies
(Machado et al., 2012; Miranda-CasoLuengo et al., 2019; Pascottini
et al., 2020). Conversely, SCE has not been associated with bacte-
rial dysbiosis (Pascottini et al., 2020; Wang et al., 2018). Current
data support the hypothesis that SCE is the result of maladapta-
tion to negative energy balance and dysregulation of inflammation
rather than uterine infection (Pascottini & LeBlanc, 2020; Wagener
et al., 2017). Briefly, excessive negative energy balance and systemic

57
Reproduction in Domestic Animals W] LEY

inflammation in the second week postpartum characterized by
high circulating nonesterified fatty acids, p-hydroxybutyrate and
haptoglobin are the main risk factors for SCE (Cheong et al., 2011;
Dubuc et al., 2010b). Circulating PMNs exposed to this ‘unhealthy’
environment becomes dysfunctional when reaching the postpartum
uterus (Lietaer et al., 2022). By neutrophil dysfunctionality, we refer
to altered function capacities such as oversensitivity to degranulate
and form extracellular traps, which have secondarily harmful ef-
fects on surrounding tissues, and insufficient phagocytic capacity.
Moreover, dysfunctional PMN are unable to undergo apoptosis and
abandon the genital tract to accomplish uterine clearance (Lietaer
et al., 2023). This dysregulation of the innate immune function is be-
lieved to cause aseptic persistent inflammation of the endometrium

also known as SCE.

4.2 | Mare endometritis: Pathogenesis

In mares after mating or insemination, there will be an inflamma-
tion of the endometrium, which typically ceases within 24-36h
(Christoffersen et al., 2012; Fedorka et al.,, 2018; Katila, 1995;
Watson et al., 2001). This inflammation is characterized by free fluid
in the uterine lumen and an influx of PMNs. If a mare fails to clear
the uterine lumen from the physiological inflammatory response
within 36-48h, the condition is referred to as PBIE. This makes the
mare susceptible to a secondary endometrial infection (Pycock &
Allen, 1990). By contrast, a mare capable of removing all the inflam-
matory associated uterine contents within 24-36h after mating is
usually resistant to such infection and will have her uterine environ-
ment prepared for the arrival of a conceptus at approximately 6 days
after ovulation.

Myometrial contractions together with an adequate innate im-
mune response at the endometrial level are responsible for elimi-
nating excess spermatozoa and cells, bacteria and inflammatory
debris from the uterine lumen. During the first 24 h after the breed-
ing of a mare, there is a rapid increase in the pro-inflammatory
cytokines, interleukin (IL)-1B3, IL-8 and interferon-X, as well as ac-
tivation of PMNs (Christoffersen et al., 2012). The PMNs release
lytic enzymes and phagocyte bacteria. The timely cessation of the
inflammatory response to mating requires a balance between both
pro- and anti-inflammatory factors (Marth et al., 2018; Woodward
& Troedsson, 2015), whereas in susceptible mares, endometrial ex-
pression of pro-inflammatory cytokines is inadequate and prolonged,
the abundance of mRNA expression for the anti-inflammatory cyto-
kines is reduced but that of pro-inflammatory cytokines increased.
This imbalance is associated with increased numbers of PMNs in
the uterine lumen (Christoffersen et al., 2012; Christoffersen &
Troedsson, 2017; Woodward et al., 2013).

In mares, the uterine mechanical clearance mainly depends on
myometrial contractions that are induced and maintained by oxy-
tocin and further stimulated by prostaglandin-F, produced by
PMNs (Troedsson, 1999). Myometrial contractions remove uterine
contents through the relaxed cervix into the vagina (Campbell &
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England, 2004; Risco et al., 2009). Intrauterine fluid is, however, also
removed by lymphatic drainage (LeBlanc et al., 1995). Anatomical
defects of the female genital tract (e.g. poor perineal conformation,
vaginal stretching, incomplete cervical opening, a pendulous uterus
or myometrial and endometrial degeneration) are detrimental to
uterine clearance. It has been assumed that repeated foaling but also
increasing age in mares that never foaled contribute to the develop-
ment of such defects (Evans et al., 1987, LeBlanc et al., 1989). In addi-
tion, myoelectrical activity may be impaired especially in aged mares
(Rigby et al., 2001) and is further reduced by intrauterine accumula-
tion of nitric oxide in susceptible mares (Alghamdi et al., 2005; Khan
etal., 2017).

In mares with PBIE, prolonged inflammation challenged by
pathogenic bacteria may progress to infectious endometritis
(Christoffersen & Troedsson, 2017; Hughes & Loy, 1969). Bacteria
are introduced into the female genital tract at mating, ascend from
the vagina or may be activated from a dormant state within the
endometrium (Davis et al., 2013; Petersen et al., 2015). The most
common bacteria isolated from the uteri of mares are E. coli and
S. zooepidemicus (Christoffersen et al., 2015b; Davis et al., 2013;
LeBlanc & Causey, 2009). Streptococcus zooepidemicus is one of
several B-haemolytic streptococci associated with infectious en-
dometritis. Specific reproductive strains of S. zooepidemicus are
opportunistic and reside in the caudal reproductive tract until they
produce disease in response to tissue damage (Timoney, 2004).
They belong to a genetically distinct subpopulation (Christoffersen
et al., 2015b; Rasmussen et al., 2013) and persist deep in the endo-
metrial tissue (Petersen et al., 2015; Skive et al., 2017) in chronically
infected mares. They are not detectable by standard bacterial cul-
ture techniques but can be activated by PBIE and acute infectious
endometritis may develop (Petersen et al., 2015).

Despite the frequent isolation of E. coli from mares with endo-
metritis, no uterine-specific strains have been identified in horses so
far. This suggests that E. coli are most likely contaminants and do not
reside in the equine uterus. In addition to E. coli and S. zooepidemicus,
other bacteria, fungi and yeasts may also cause infectious endome-
tritis. They may be iatrogenically introduced environmental contam-
inants, venereal pathogens or occur secondary to over-treatment
with antibiotics.

In mares. contagious equine metritis (CEM) is caused by a mi-
croaerophilic gram-negative coccobacillus, Taylorella equigenitalis,
also known as CEM organism (CEMO). Mating by stallions where
the external genitalia are colonized with CEMO will almost always
result in acute endometritis as will insemination with contaminated
semen. The condition is considered a venereal disease (Timoney &

Powell, 1988) and will not be discussed here.
4.3 | Sow endometritis: Pathogenesis
Most often, endometritis in sows is bacterial-induced, due to a delay

in uterine involution, unhygienic insemination or contaminated

semen, obstetrical intervention, dysfunction of the immune system

and/or inadequate myometrial contractility (Micinski et al., 2022).
In addition, an association between urinary tract infection and
endometritis has been described (Glock & Bilkei, 2005; Grahofer
et al., 2013; Sipos et al., 2014).

Uterine resistance to infection is highest at oestrus (or before
farrowing) when plasma levels of oestrogens are high and proges-
terone is low (Dalin et al., 2004). High concentrations of oestrogens
lead to an increased migration of PMNs (and enhanced phagocytosis)
into the endometrium and the lumen of the uterus thus enhancing
uterine clearance (de Winter et al., 1994). Therefore, insemination
after ovulation, which is considered untimely and incorrect, can
lead to endometritis in sows, because progesterone concentration
is increasing and hence detrimental to the uterine immune activity
(Dalin et al., 1997; Kaeoket et al., 2005). In addition, the peripartum
period is crucial for uterine health in sows. Particularly, prolonged
farrowing (> 300 min from first to last born piglet), manual obstetric
intervention, the number of stillborn piglets and retained placentas
are associated with intrauterine fluid and often, puerperal metritis
(Bjorkman et al., 2018; Grahofer et al., 2022). Furthermore, duration
of placental shedding (first to last placenta), obstetrical intervention
and fever after farrowing significantly increase the amount of vagi-
nal discharge in the puerperium and negatively influence the uterine
involution (Egli et al., 2022; Grahofer et al., 2021; Meile et al., 2020;
Trachsel et al., 2021). A seasonal effect for the development of en-
dometritis in sows is described with the highest incidence between
August and October (Dalin et al., 1997). Recently, two studies pro-
posed that the vaginal microbiota can impact uterine health and lead
to endometritis (Liang et al., 2022; Wang et al., 2017).

4.4 | Bitch endometritis: Pathogenesis

Although the pathogenesis of mating-induced endometritis in
bitches is unknown, England et al. (2021) recently proposed that,
at least for bitches with endometrial hyperplasia, there is delayed
clearance of fluid from the uterus after breeding, mediated by a
physical obstruction to fluid flow and reduced uterine contrac-
tions. They related these findings to a greater PMN influx follow-
ing mating and lower fertility; suggesting that a hostile uterine
environment affects the embryos when they enter the uterus.
Within the same hypothesis England et al. (2021) also remarked
on the early work from Dow (1959) and recent studies from Garcia
Mitacek et al. (2017) and Praderio et al. (2019) and proposed that
it was also feasible that bacterial contamination of the uterus oc-
curred through the open cervix in the absence of mating; sug-
gesting that both mating-induced endometritis and postoestrous
endometritis occur in the bitch.

It would seem probable that cases of chronic endometritis occur
where either mating-induced or postoestrous endometritis persists
throughout the luteal phase and anoestrus. Presumably also when
bacteria enter the uterus postpartum (and may cause metritis) it is
also possible that an endometritis is established, and that such en-
dometritis could become chronic. For chronic cases of endometritis,
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there are no data to suggest how many persisted following mating-
induced endometritis, postoestrous endometritis or postpartum

metritis/endometritis.

4.5 | Pathogenesis: Comparative aspects

The time point of occurrence of endometritis clearly differs among
the described domestic species. In mares and bitches, mating-
induced endometritis is most prevalent, whereas in cows and
sows, postpartum endometritis is most common. There are, how-
ever, similarities in the pathogenesis of endometritis among spe-
cies namely dysfunction of the immune response and overgrowth
of pathogenic bacteria within the uterine cavity. In the dairy cow,
immune dysfunction is more relevant due to the metabolic stress
associated with high milk production after calvingln this regard,
immune dysfunction itself has been associated with a form of ster-
ile endometritis or SCE. Metabolic stress due to high energetic de-
mands during late gestation and early lactation leading to immune
dysfunction of the urogenital tract is also described in hyperpro-
lific sows. In-depth knowledge of the mechanisms associated with
endometritis is available in cows and mares whereas the knowl-
edge on the genesis of endometritis in sows and bitches is rather
hypothetical and thus remains obscure.

5 | PREVENTION

Adopting preventive strategies for endometritis largely depends
on understanding their risk factors. Controlling for adequate feed-
ing, hygiene, prolonged or traumatic parturition, timely obstetrical
intervention, and monitoring for retained placenta is key to main-
tain a low prevalence of endometritis. Although immunomodulatory
(including NSAIDs) and ecbolic therapies can be applied to reduce
the incidence of endometritis, particularly in cows and horses, man-
agement is the most important factor for the avoidance of the dis-
ease in all domestic species. An interesting line of research that is
under development and is not implemented in practice yet (but has
a tremendous potential) is the adoption of pre-, pro- and postbiotics
therapy to control the incidence of uterine diseases. Probiotics are
live microorganisms that when administered to the host in proper
amounts confer a protective effect or a health benefit (Fuller, 1989).
Prebiotics promote the growth of beneficial microbes and postbiot-
ics are the metabolites that probiotics produce to promote health
(Scarpellini et al., 2021).

51 | Cow endometritis: Prevention

Purulent vaginal discharge and SCE are different manifestations of
reproductive tract diseases. Yet, there are common risk factors for
PVD and SCE such as metritis and excessive systemic inflammation
characterized by high blood haptoglobin (acute phase protein) in
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the first week following parturition (20.8g/L) (Cheong et al., 2011;
Dubuc et al., 2010b). Risk factors uniquely associated with SCE are
those linked with negative energy balance maladaptation such as
high circulating p-hydroxybutyrate or nonesterified fatty acids in
the postpartum period (Cheong et al., 2011; Dubuc et al., 2010b;
Pascottini & LeBlanc, 2020). Risk factors for PVD are those associ-
ated with trauma (e.g. dystocia, twins and retained placenta) that fa-
vour excessive bacterial growth and infection (Dubuc et al., 2010b;
Kelly et al., 2020). Although there may be unique risk factors for
PVD and SCE, the best way to control their incidence is by adopt-
ing general managerial practices such as adequate body condition
score before calving (between 3 and 3.5 on the scale from 1 to 5),
hygiene in the calving and fresh cow pens, ad libitum access to fresh
feed (timely delivered), provide space for lying, minimize social stress
(overstocking and constant pen moving), provide heat abatement
(adequate air circulation and water sprinklers), and monitor and con-
trol drastic BCS changes (LeBlanc et al., 2011; Pascottini et al., 2017;
Sheldon et al., 2020).

Modulation of the immune function is key to safeguarding uter-
ine health. In this regard, there are emerging lines of investigation
that aid to mitigate impaired immune function in the transition pe-
riod including preventive anti-inflammatory therapy, peripartum ad-
ministration of granulocyte colony-stimulating factor, intrauterine
recombinant IL-8 and modulation of calcium metabolism in the form
of anionic salts, among others. The action and potential applications
of these immune modulators were recently reviewed by Pascottini
& LeBlanc (2020). In terms of probiotics, although there is a lack of
dominance of lactogenic bacteria in the genital tract of dairy cows,
they may confer a local, beneficial immune modulatory effect. In
humans, it has been shown that probiotics-derived metabolites
and extracellular vesicles can interact with host cell receptors and
prime (or modulate) local immunity (Morishita et al., (2021; Perdigon
et al., 1995). In vitro studies with bovine endometrial epithelial cells
revealed that lactic acid bacteria alleviate inflammation induced by
E. coli infection by reducing the production of pro-inflammatory cy-
tokines (Genis et al., 2017). Proof of concept field studies showed
an association between intravaginal administration of probiotics
around calving and reduced incidence of uterine diseases (Ametaj
et al., 2014; Deng et al., 2016). It is, perhaps, still unclear whether
the vaginal administration of probiotics can gain access and perdure
in the uterine cavity in the later stages of the postpartum period.

5.2 | Mare endometritis: Prevention

In mares susceptible to PBIE, enhancing physiological mechanisms
of uterine clearance is the best method to prevent endometrial
bacterial infection. Ecbolic treatment may be combined with uter-
ine lavage to enhance mechanical clearance of the uterine lumen
from debris and inflammatory material (LeBlanc & Causey, 2009;
Pycock & Newcombe, 1996; Rose et al., 2018). Treatment with
anti-inflammatory drugs, mucolytic agents and immunomodulators

(Morris et al., 2020) aims at normalizing the immunological response
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of the endometrium. Antibiotic treatment should not be a treatment
option.

Ecbolic treatment in oestrous mares includes injection of oxy-
tocin, PGF, and analogues. In addition, the oxytocin analogue car-
betocin may be considered (Schramme et al., 2008). Treatment with
PGF,, and its analogues, however, should not be continued after
ovulation because of detrimental effects on luteal development (Nie
et al., 2003). The efficiency of ecbolic treatment is always limited in
mares whose anatomical conditions impair uterine clearance. In such
cases, uterine lavage may be beneficial (LeBlanc & Causey, 2009) and
should always be considered when transrectal ultrasound examina-
tion demonstrates intrauterine fluid accumulation that exceeds 2cm
in diameter. Sterile saline or lactated Ringer's solution is most ap-
propriate in such cases (Allen et al., 2007; LeBlanc & Causey, 2009).

Anti-inflammatory treatment may prevent excessive inflamma-
tion in mares with PBIE. There is evidence that both glucocorticoids
and nonsteroidal anti-inflammatory drugs (NSAID) reduce inflamma-
tion and may thus improve fertility when given at or prior to breeding
(dexamethasone: Bucca et al., 2008; Dell'Aqua et al., 2006; NSAIDs:
Friso et al., 2019; Rojer & Aurich, 2010). While treatment with the
NSAID flunixin meglumine during the periovulatory period may
inhibit ovulation and dexamethasone increase the inter-ovulatory
interval (Martinez-Bovi et al., 2023), application of the NSAID firo-
coxib reduced endometrial inflammation with no such adverse ef-
fects (Friso et al., 2019).

Under experimental conditions, immunomodulatory treatment
with human recombinant lactoferrin (Fedorka et al., 2017), IL-6
(Coutinho da Silva et al., 2017) and endometrial mesenchymal stem
cells (Felipe et al., 2020; Rink et al., 2018) demonstrated immuno-
modulatory and even antimicrobial properties and thus reduced
the PMN influx during the endometrial response to mating. These
substances are, however, not commercially available for veterinary
treatment. Recently, plasma products have therefore gained increas-
ing attention for the treatment of PBIE because such substances can
be produced noncommercially. Among those, platelet-rich plasma
has become quite popular (Segabinazzi, Canisso, et al. 2021). It in-
cludes various growth factors that may help to reduce endometritis
in mares with PBIE (Reghini et al., 2016) and thus improve fertility
(Segabinazzi, Podico, et al., 2021). Alternatively, intrauterine treat-
ment with autologous conditioned serum (Ferris et al., 2014) or a
platelet lysate produced by freeze-thawing platelets after concen-
tration (Colombo et al., 2022) reduced the endometrial inflamma-
tion in mares. Similar success was reported after the treatment of
mares with mycobacterium cell wall extract (Fumuso et al., 2007;
Woodward et al., 2015). In conclusion, there is, apparently, a wide
range of immunomodulating substances that may prove valuable for
the treatment of PBIE in mares.

5.3 | Sow endometritis: Prevention

Reproductive disorders in swine are often related to suboptimal
management procedures and other noninfectious factors (Grahofer

et al.,, 2020). Although endometritis is often infectious, several man-
agement measures on a herd level can be established to reduce the
risk of uterine disorders in sows. Depending on the time point of
occurrence in the reproductive cycle, concepts of prevention and
control must be adapted. Proper housing hygiene, optimal air quality
and airflow are factors that should be established in problem herds.
Furthermore, mycotoxin contamination in feed and rooting material
should be considered because of their potential utero-pathogenic
effect (Kauffold & Wehrend, 2014).

Nonpuerperal endometritis is often related to an improper arti-
ficial insemination management (Carabin et al., 1995). Especially, a
proper hygiene standard of the insemination unit, clean storage of
the insemination equipment and dry cleaning of the vulva together
with parting of the vulva lips during insertion of the catheter are cru-
cial factors to reduce the risk for a vulvar discharge syndrome (Maes
et al.,, 1999). In addition, contamination of the semen with patho-
genic agents in artificial insemination and natural breeding must be
also considered as a risk factor and should be ruled out in herds with
endometritis (Arnold et al., 2021; Maes et al., 2008).

Puerperal endometritis is often associated with an improper
farrowing management (Bjérkman & Grahofer, 2020; Grahofer
et al., 2020). Especially, the prevalence of prolonged farrowing du-
ration should be decreased by improving the crude fibre in the diet
and water intake to reduce obstipation (Oliviero et al., 2010). In addi-
tion, an optimal body condition score and enough rooting material to
express the nest-building behaviour, which positively influences the
hormonal changes before farrowing, are measures that should be
implemented on the farm (Bjorkman & Grahofer, 2020). Obstetrical
interventions during farrowing should be limited and only applied
if indicated, because of increased the risk of fever, higher amount
of vaginal discharge and endometritis after parturition (Bjérkman
et al., 2018; Egli et al., 2022; Grahofer et al., 2021). Treatment with
oxytocin after farrowing seems to prevent endometritis in crated
sows, whereas no effect in free-farrowing sows could be established
(Bjorkman et al., 2018; Egli et al., 2022; Meile et al., 2020).

5.4 | Bitch endometritis: Prevention

There are no data describing methods for prevention or reduction
of cases of endometritis in the bitch. Presumably, though tech-
niques such as cleaning of the vulva and penis before mating, use
of artificial insemination and use of semen extenders containing
antimicrobial agents may reduce the risk of uterine contamination
at mating and therefore the risk of mating-induced endometritis.
While it might be suggested that not breeding from bitches with en-
dometrial hyperplasia would reduce the risk of them developing an
endometritis, it is worth noting that some bitches develop endome-
tritis when not mated. It would seem plausible that various ecbolic,
anti-inflammatory and immunomodulatory treatments could reduce
the impact of introduced bacteria and seminal components similar
to that described in the mare. These treatment options will no doubt
be investigated in the future. It would seem likely that ensuring good
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hygiene at whelping, avoiding prolonged or traumatic parturition
and rapidly treating cases of retained placenta would reduce the
risk of uterine contamination at parturition and therefore reduce the
number of cases of postpartum metritis/endometritis.

5.5 | Prevention: Comparative aspects

In all domestic species, preventive measures are dependent on under-
standing and controlling risk factors causing endometritis (Figure 3).
In livestock, housing and management conditions are essential for the
prevention of endometritis. Especially, the feeding regime, hygiene
level, insemination and birth management on herds are crucial for
lowering the prevalence of endometritis. In horses, postmating ultra-
sound examination to identify (and treat) mares susceptible to PBIE
is an important preventive strategy. In bitches, there are no research
data available for the prevention of endometritis, but monitoring for
vaginal discharge and uterine ultrasound postmating or postpartum is
highly recommended. Further understanding of postpartum microbial
dynamics that cause infections in the uterus will allow the develop-
ment of novel prebiotics, probiotics, postbiotics and herbal thera-
peutics as alternatives to antibiotics to prevent (and treat) infections
avoiding stimulating the threat of antibiotic resistance.

6 | THERAPY-WITH SOME EMPHASIS ON
NONANTIBIOTIC TREATMENT

Antibiotic resistance might naturally occur, but indiscriminate anti-
microbial use can exponentially accelerate the process. Nowadays,

antibiotic resistance is one of the major global threats to health

Uterine
dysbiosis

Dystocia and
cesarean section

FIGURE 3 Schematic presentation
of common risk factors associated with
endometritis in domestic animals.
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and food security. For the agricultural sector, the World Health
Organization (WHO) recommends avoiding antimicrobial use for
growth promotion or preventing disease, and in the case of clini-
cal disease, WHO actively promotes alternatives to antimicrobial
treatments when available. In the majority of cases, endometritis in
domestic animals is not a life-threatening disease, and antimicrobial
therapy is mostly based on improving reproductive performance in
future reproductive cycles. Yet, antimicrobial therapy is not the only
available option, there are multiple emerging lines of research aiming
to treat (and cure) endometritis in a more sustainable way.

6.1 | Cow endometritis: Therapy

Clinical endometritis and PVD result from dysbiosis with anincreased
relative abundance of pathogenic bacteria. So, it is understandable
that local antimicrobial treatment after an accurate diagnosis of CE
and PVD is a viable option. Indeed, there is evidence that cows with
CE or PVD have better reproductive performance when treated with
a single intrauterine infusion of cephapirin (first-generation cepha-
losporin) at the time of its diagnosis, relative to receiving no treat-
ment (Denis-Robichaud & Dubuc, 2015b; Lefebvre & Stock, 2012).
However, as neither CE nor PVD is life-threatening conditions and
due to the fact that antibiotic resistance is a serious public health
issue, it can be debatable whether the usage of antimicrobial ther-
apy for CE and PVD is a sustainable treatment. Some years ago, it
was reported that one or two injections of prostaglandin-F2a or its
analogues improved reproductive performance and accelerated the
healing of PVD; however, it was suggested that these trials lacked
clear case disease definitions (PVD is not CE) or statistical power
(LeBlanc et al., 2011). Further, review and meta-analysis studies did

Delayed uterine
clearance

Immune dysfunction

Risk factors for
endometritis

Contaminated
semen and

inadequate mating

management

Abortion and
retained
placenta
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not reveal healing nor improvement of reproductive performance
of cows with PVD or SCE after treatment with prostaglandin-F2a
(Haimerl et al., 2013; Lefebvre & Stock, 2012).

Nonantibiotic therapy for CE and PVD has been consid-
ered by numerous authors. Intrauterine infusion of 50% dextrose
(200mL) had controversial results in the cure rate of PVD (Ahmadi
et al.,, 2019; Brick et al., 2012; Machado et al., 2015) although in
one study, fertility improved after treatment (Ahmadi et al., 2019).
Intrauterine infusion of herbal extracts, ozone or analogous serum
was experimented in other studies (Escandén et al., 2020; Eshghi
et al., 2022; Heuwieser et al., 2000; Paiano & Baruselli, 2022), but
again, most of them lacked statistical power or a proper study design
(randomization and double-blinded design). Regarding SCE, surpris-
ingly, one large and well-designed study found a benefit from the
use of intrauterine cephapirin at SCE diagnosis on the first service
conception rate (Denis-Robichaud & Dubuc, 2015b). Potentially,
some cases of SCE may be associated with delayed uterine involu-
tion (cows recovering from metritis or CE) or simply because there
was low accuracy of SCE diagnosis when performing (or evaluating)
endometrial cytology (de Boer et al., 2014). Uterine flushing with sa-
line solution may help to cleanse the uterus and reduce the propor-
tion of inflammatory cells, but it is unpractical as a field treatment
(Dini et al., 2015). The use of probiotics as a co-adjutant following
intrauterine antimicrobials treatment (or any other treatment) to re-
store the uterine microbiota has not been explored yet. In short, a
validated nonantibiotic treatment for CE, PVD or SCE is currently

unavailable in practice.

6.2 | Mare endometritis: Therapy

Treatment with antibiotics requires evidence of bacterial infection
by clinical signs, a positive bacterial culture plus an antimicrobial
sensitivity test (Nocera et al., 2021). In mares, identification of the
infectious agent is, perhaps, not always consistent with cytological
evidence of inflammation (Davis et al., 2013).

Among veterinarians, there is often a preference for intrauter-
ine antibiotic treatment of endometritis rather than a parenteral
approach (LeBlanc & Causey, 2009). Intrauterine infusions produce
high local concentrations of antibiotic in the uterine lumen (LeBlanc
& Causey, 2009) but the efficiency of such treatment may be limited.
An efficacy of systemic antibiotic treatment and the relationship
between plasma and tissue concentrations was meanwhile demon-
strated for several antibiotics in mares (Davolli et al., 2018; Scofield
et al., 2014; Witte et al., 2010, 2018). Biofilm-producing bacteria
may complicate an effective treatment and require disruption of
the biofilm. Therefore, in such cases, antibiotic treatment should
be combined with a treatment that disrupts biofilm, as for example,
tris-EDTA or dimethyl sulfoxide (DMSQO; Ferris et al., 2016, Loncar
et al., 2017). Any treatment with biofilm-disrupting agent must take
into account that the agent may reduce antibiotic activity.

Because of the growing awareness that any antibiotic treatment
may contribute to the development of resistant bacteria, alternatives

require consideration. Enhancing the mechanical uterine clearance
alone is unfortunately not always effective for the treatment of
bacterial endometritis in horses (Li et al., 2021). Different nonan-
tibiotic agents may have bacteriostatic properties in the uterus.
This includes DMSO (Guo et al., 2016; Santos et al., 2003; Yahya
et al., 2018), N-acetylcysteine (Caissie et al., 2020; Ferris et al., 2016;
Melkus et al., 2013) and hydrogen peroxide (Ferris et al., 2016). More
recently, the intrauterine application of ozone has gathered atten-
tion. Direct intrauterine ozone gas infusion was effective in treating
endometritis in mares, reducing both endometrial inflammation and
infection (Avila et al., 2022).

Predominance of hydrogen peroxide producing Lactobacillus
spp. in the vaginal flora may reflect a balance in natural immune
systems in maintaining a healthy microbiome (Heil et al., 2018). The
Lactobacillus spp. are present in the vagina of healthy mares and
demonstrated some promising features for their use as equine pro-
biotics (Fraga et al., 2008), but no recent information in this regard is
available for the treatment of endometritis in horses. Recently, ge-
nome sequencing has identified Proteobacteria as the predominant
species in the normal microbiota in fertile mares (Heil et al., 2018). In
this context, it was suggested that any shift in endometrial microbi-

ome of mares may lead to an increased risk of bacterial endometritis.

6.3 | Sow endometritis: Therapy

Treatment of endometritis in sows can be frustrating because the
response of antimicrobials may be limited, and therefore, the repro-
ductive performance will be still reduced (Ye et al., 2021). Hence,
culling affected sows is most often a cost-effective alternative. It
has been shown that administration of oxytocin after farrowing sup-
ports uterine involution in crated sows and therefore, might reduce
the incidence of endometritis (Bjorkman et al., 2018). Several studies
have evaluated the prophylactic treatment with NSAID during the
peripartum period (Claeyé et al., 2015; Plush et al., 2021; Schoos
et al,, 2020; Ward et al., 2022; Will et al., 2023). Anti-inflammatory
therapy can have a beneficial effect on the uterine health of the
sows, but the effect seems to be depending on the herd and the
management procedure. Recently, 400U dosage (lysostaphin/pill/
time) intravaginally applied in sows with endometritis showed a bet-
ter cure rate than treatment with oxytetracycline (82 vs. 72%) (Ye
et al., 2021). However, prevention measures to reduce the preva-

lence of endometritis on herd levels should be the goal.

6.4 | Bitch endometritis: Therapy

There is very limited work on the treatment of mating-induced en-
dometritis in the bitch. However, a small number of studies have
demonstrated that short-duration postmating administration of
systemic antibiotic may increase pregnancy rates (England, Burgess
et al., 2012; England, Moxon et al., 2012; England et al., 2021). It
seems likely that such ‘rescue’ of fertility by postmating antibiotic is
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possible because, in the absence of uterine inflammation at the time
of breeding, sperm are harboured ‘safely’ within the distal utero-tubal
junction and/or the uterine tube, and that the endometritis devel-
ops subsequent to sperm deposition and largely involves the uterus.
Sperm therefore remain available for fertilization, and as long as the
endometritis is resolved prior to the entrance of the fertilized em-
bryos into the uterus, the pregnancy will be maintained. The use of
antimicrobials in these cases has largely served to elucidate the role
of bacteria in the aetiology of mating-induced endometritis in this
species. Future work should focus on non-antimicrobial treatments
such as enhancing uterine clearance. It might be proposed for exam-
ple that uterine ecbolic agents may also help clear trapped uterine
fluid, but currently, there are no publications demonstrating such ef-
ficacy. Further work could also consider non-antibiotic agents, which
are bacteriostatic. One further treatment option in this species that
has received some anecdotal discussion, is the use of progesterone
receptor antagonists. These drugs may block the action of proges-
terone, which is the significant hormone causing endometrial hyper-
plasia. The proposal is that the uterus may return to a more normal
appearance if provided with rest from the action of progesterone.

Data for the treatment of chronic endometritis are scant. In a
single case report, prebreeding treatment with systemic antibiotics,
oxytocin and uterine lavage was successful in removing uterine fluid,
and that repeated treatments postbreeding allowed the establish-
ment of pregnancy (Lyman et al., 2018).

6.5 | Therapy: Comparative aspects

Significant differences in the therapeutic attempts in the described
species are present, and legal requirements and economic factors
also play a role. Especially, restrictions on antimicrobial usage in food
animal production (cows, mares and sows) are established by authori-
ties. Furthermore, the implementation of the ‘One Health’ approach
to reducing antimicrobial resistance also includes companion animals
(mares and bitches), and therefore, different alternative therapeutic
approaches have also been studied in these species. Local antimicro-
bial treatment after an accurate diagnosis of CE and PVD is a viable
option in cows. Alternatives have been studied but leading to con-
troversial results. In mares, different non-antibiotic agents are used
for treatment, but if antimicrobials are indicated due to the clinical
status of the mare, systemic treatment may be preferred. In sows, the
prophylactic usage of oxytocin and NSAID in the peripartum period
leads to promising results in reducing the incidence of postpartum
endometritis. Treatment concepts in bitches are rare and therefore

therapy is given upon symptomatology in affected animals.

7 | CONCLUSIONS AND FUTURE
PERSPECTIVES

Endometritis interferes with fertility in all domestic species and al-
though there are similarities, some unique features can also be found.

63
oo resc o RSV

For most cases, exudative discharge protruding through the vulvar
commissure that exceeds the normal time of uterine involution, or
several days after mating (or heat), is the most common indicative of
endometritis. After parturition, however, there is a thin line between
physiological and pathological endometritis and uterine involution
timing differs among domestic species. Uterine involution is faster in
mares and sows, which is mostly associated with the superficial type
of placentation (epitheliochorial). In cows and bitches, the type of pla-
centation is more invasive (synepitheliochorial and endothelichorial,
respectively) and upon placental detachment, it produces disturbance
to the integrity of the endometrium. Furthermore, in the cow, (mal)
adaptation to metabolic stress associated with milk production plays
a pivotal role in the modulation of immune function and proper uter-
ine involution. In mares and bitches, and to a lesser degree in the sow,
myometrial contractibility, genital tract and perineal conformation and
probably some other individual factors play a key role in the avoidance
of PBIE while this condition is not of clinical importance in the cow.

Prevention of endometritis largely depends on adequate man-
agement practices in cows and sows. This is directly associated with
the production intensity in these species in which feeding, (over)
stocking, environmental hygiene, air quality and ambient tempera-
ture may produce significant stress in the animals and compromise
their immune capacity to tolerate and resist bacteria. In the mare,
prevention is mostly linked with veterinary intervention in the form
of foaling assistance, ecbolic or uterine flushing therapy upon mating
and sometimes corrective surgeries (e.g. vulvoplasty). In the bitch,
preventive approaches are not well developed.

Antimicrobial usage should be minimized for the treatment of
endometritis, and antimicrobial-based preventive strategies should
be avoided in any case. Preventive and therapeutic use of immune
modulators are being developed for cows and mares, and although
some results are promising no conclusive data are supporting their
clinical use yet. Pre-, pro- and postbiotics usage is re-emerging
not only due to their capacity to inhibit the growth of potentially
pathogenic bacteria but also because of their interaction with host
tissues, thus immune modulatory properties. Even when good man-
agerial practices and other preventive strategies are applied, some
animals will still develop endometritis although to a lesser extent.
Furthermore, to date, effective non-antibiotic therapy is not com-

mercially available yet.
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