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INTRODUCTION

Mares have been classified as susceptible and resistant to endometritis based on their
ability to clear bacteria from the reproductive tract following experimental inoculation
through the cervix.1–6 Clinically, mares are classified as susceptible to endometritis
based on the persistent presence of intra-uterine fluid accumulation by 24 to 48 hours
post-breeding.7 For years, it was thought that post-breeding endometritis was solely
caused by infectious agents, particularly bacteria.5,8 However, a seminal study
demonstrated that estrous mares infused with either bacteria (Streptococcus zooepi-
demicus) or spermatozoa presented similar number of neutrophils in the uterine fluid
at 4 hours post uterine infusion.9 The results of this study established the concept that
post-breeding endometritis is a normal physiologic, transient inflammatory response
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KEY POINTS

� Susceptible mares have impaired uterine defense mechanisms.

� Persistent post-breeding induced endometritis is characterized by abnormal imbalance in
pro-inflammatory and anti-inflammatory cytokines.

� Diagnosis can be made through endometrial histology, culture, cytology, and/or ultra-
sound; each of which have differing advantages and disadvantages.

� The most common management strategies include combinations of therapeutic tech-
niques such as uterine lavage and ecbolic treatments that enhance drainage of the persis-
tent uterine fluid.

Vet Clin Equine 32 (2016) 465–480
http://dx.doi.org/10.1016/j.cveq.2016.08.004 vetequine.theclinics.com
0749-0739/16/ª 2016 Elsevier Inc. All rights reserved.

mailto:marco.dasilva@cvm.osu.edu
http://crossmark.crossref.org/dialog/?doi=10.1016/j.cveq.2016.08.004&domain=pdf
http://dx.doi.org/10.1016/j.cveq.2016.08.004
http://vetequine.theclinics.com


that serves the purpose to clear the uterus from excess of sperm cells, seminal
plasma, debris and bacterial contaminants.5,10

Persistent post-breeding endometritis is a prolonged (ie, longer than 48 h) inflamma-
tory response of the endometrium caused by spermatozoa and is estimated to affect
approximately 10% to 15% of mares.7 In some cases, bacterial contamination may
also be present. Therefore, the objectives of this article are to discuss some of the
most relevant literature concerning persistent post-breeding endometritis and the au-
thors’ clinical experiences managing this condition in ambulatory practice and refer-
ring hospitals.

UTERINE DEFENSE MECHANISMS
Reproductive Tract Barriers to Prevent Uterine Infection

Vulva, vestibule-vagina sphincter, and cervix represent three physical barriers or seals
in the mare reproductive tract to prevent uterine infections. If one of these barriers is
not functional, the mare will be prone to pneumovagina and pneumometra (physome-
tra), causing irritation of the uterus and potential aspiration of bacteria. The vulva, an
outward barrier against infection, should have perfectly apposed lips and be vertically
oriented withe 2/3 of the vulvar length located below the pelvic brim and 1/3 of the
vulvar length above the pelvic brim (Fig. 1).
The vestibule-vagina sphincter is the only barrier that remains functional while the

mare is in estrus and helps to prevent aspiration of air and debris into the cranial va-
gina. However, it is also a common site for lacerations during foaling, and its integrity
and competency should be assessed during breeding soundness examinations.
When performing vaginoscopy, the sphincter should offer some resistance to the pas-
sage of the speculum. While advancing or retracting the vaginal speculum, the
sphincter should close like curtains in front of the opening of the speculum. Another
method consists of physically separating the vulvar lips with hands and fingers as
wide as possible, and listening for any noise of air being aspirated into the cranial va-
gina, which would denote an incompetent vestibule-vagina sphincter. Additionally, if
the vestibule-vaginal sphincter is incompetent, the operator may be able to directly
visualize the vagina and cervix (Fig. 2). The cervix should be free from lacerations
and adhesions, relaxed and open during estrus, and be tight and closed during dies-
trus and pregnancy.

Uterine Immune Response

Following intrauterine deposition of semen, there is initiation of a complement system
which is responsible for chemotaxis and activation of polymorphonuclear neutrophils
(PMNs) to the uterine lumen as soon as 30 minutes after insemination.5,11 The acti-
vated PMNs then function to remove bacteria, debris, and sperm cells from the uterus
through phagocytosis.3,12 Neutrophil extracellular traps (NETs) (ie, extracellular fibers
of DNA) also begin to form and appear to play a major role in the uterine clearance
post-breeding by binding to pathogens but not sperm.13 Rebordão and collabora-
tors14 found that mares suffering from S zooepidemicus or E. coli endometritis formed
NETs in vivo, demonstrating a potential complementary mechanism by which mares
can resist endometritis.14 Further work is still warranted to determine if and how
impaired NET formation occurs in mares susceptible to infectious endometritis. While
NETs may play a crucial role in preventing bacterial endometritis, they also release in-
flammatory mediators that some speculate could lead to endometrial degenerative
disease.15 Overstimulation of NET formation and/or a decrease in NET degradation
have been postulated as potential causes for increased endometrial fibrosis and
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