
Immune response to breeding

In!ammation and/or infection of the endometrium is the 
leading cause of subfertility in mares, resulting in persistent 
breeding-induced endometritis (PBIE), affecting 10 - 15% of the 
broodmare population.1 Deposition of sperm, seminal plasma, 
and/or bacteria in the reproductive tract elicits an in!ammatory 
response that leads to activation of the innate arm of the immune 
system. This begins with the stimulation of pattern-recognition 
receptors,2 induction of the complement system,3-5 increases 
in proin!ammatory signaling molecules,6-9 and recruitment 
of immune cells to the site of in!ammation.5,10-12 Release of 
prostaglandin F2α (PGF2α) from an in!amed endometrium and 
appearance of activated leukocytes coincide with an increase 
in myometrial contractility, leading to eventual expulsion of 
excess !uid and contaminants.13,14 

In reproductively sound mares that are resistant to PBIE, 
this in!ammation is resolved within 24 - 36 hours, whereas 
a subset of mares that experience prolonged in!ammation 
are considered susceptible to PBIE.9,13 This leads to uterine 
!uid accumulation, extended neutrophilia within the uterine 
lumen, and persistent in!ammation for > 96 hours, potentially 
impeding embryo viability upon migration from the oviduct. 
Although both susceptible and resistant mares experience this 
activation of the innate immune response, susceptible mares 
fail to mount the antiin!ammatory response required to 
mitigate the proin!ammatory signaling, and this is speculated 
to be the primary cause of persistent in!ammation in these 
mares. The critical period for the immune response is within 
6 hours after insemination.8 In this period, resistant mares 
experienced an upregulation of various antiin!ammatory and 
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immunomodulatory cytokines, including interleukin (IL)-1 
receptor antagonist, IL-10, and IL-6.8 In contrast, susceptible 
mares failed to upregulate these immunomodulating cytokines 
in this critical period, leading to prolonged in!ammation. This 
was speci"cally noted in increased expression of proin!ammatory 
cytokines (IL-1  and IL-8), both contributing to chemotaxis of 
various immune cells to sites of in!ammation, and speci"cally 
in recruitment of polymorphonuclear neutrophils (PMN).15 
Therefore, increased expression of these cytokines coincides 
with the pronounced neutrophilia noted in susceptible mares. 
Additionally, susceptible mares accumulated excessive nitric 
oxide (NO) in the uterus after breeding.14 This has also been 
noted via an upregulation of mRNA expression for inducible 
nitric oxide synthase (iNOS) in the endometrium of susceptible 
mares after breeding.16 Accumulation of NO in susceptible 
mares is believed to cause impaired myometrial contractions, 
resulting in delayed uterine clearance of in!ammation from the 
uterus.17,18 Differences in immune response between susceptible 
and resistant mares are summarized (Figure 1). 

Several therapeutics are utilized for the management of PBIE, 
with many targeting the resolution of this persistent in!am-
mation. Deemed immunomodulators, these therapeutics 
modify the immune response or the function of the immune 
system through a variety of pathways, including stimula-
tion or suppression of signaling molecules, recruitment of 
essential immune cell types, or activation of other aspects 
of immunity, including antigen recognition and processing. 
Critically evaluated immunomodulators available for PBIE 
treatment are reviewed.
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Immunomodulation of persistent endometritis

Selection of an immunomodulator for the treatment of PBIE 
must be considered carefully, as proin!ammatory signaling is 
necessary for the clearance of excess sperm, debris, and pathogen 
recognition, whereas antiin!ammatory signaling is crucial for 
a timely resolution of this in!ammation. Pivotal studies on 
the immune response to breeding indicate that activation of 
proin!ammatory pathways occurs as rapidly as 30 minutes 
after deposition of semen and is necessary for the chemotaxis 
of PMNs into the uterine lumen for proper degradation of 
nonviable sperm and bacteria.5,8,19 Therefore, antiin!ammatory 
or immunomodulating therapeutics either prior to breeding 
or immediately after breeding may impede a mare’s essential 
innate immune response. Consequently, results from studies 
must be interpreted critically regarding the time and route of 
treatment and observed downstream effects. 

Nonsteroidal antiin!ammatory drugs 

Nonsteroidal antiin!ammatories (NSAIDs) are routinely used 
with the intent to diminish persistent in!ammation noted in 
susceptible mares. Most NSAIDs inhibit cyclooxygenases (COX-1 
and COX-2), thereby decreasing production of prostaglandins. 
Since the primary activity of PGF2α is activation of myometrial 
contractility, inhibition of this lipid can lead to insuf"cient 
uterine contractions and luminal !uid accumulation if mares 

are not concurrently treated with an ecbolic to stimulate uterine 
contractions. Intravenous !unixin meglumine (1.1 mg/kg, 2 
hours after insemination) treatment, substantially increased 
the number of PMNs in the uterine lumen at 8 hours; however, 
they were decreased at 25 hours after insemination.20

In contrast, select COX-2 inhibitors (function solely through the 
inhibition of COX-2 with no effect on COX-1) had a positive 
effect on uterine clearance after breeding. When treated orally 
once in the periovulatory period, "rocoxib (Equioxx®, 0.2 mg/
kg) decreased the severity of neutrophilia. Additionally, "rocoxib 
treatment did not impact ovulation, embryo collection, or 
embryo mobility.21,22 Vedaprofen, an additional selective COX-2 
inhibitor, increased fertility in PBIE mares.23 Oral vedaprofen 
(2 mg/kg) administered twice during the periovulatory period 
improved pregnancy rates; however, only a limited number of 
mares were evaluated.23 It is emphasized that all NSAID treat-
ments of PBIE should be accompanied by ecbolic treatment to 
stimulate uterine contractions

Glucocorticoids

Glucocorticoids are a class of corticosteroids that modulate 
the immune system by activating downstream functions of 
the glucocorticoid receptor. Although various glucocorticoids 

Figure 1. Immune response to breeding in resistant and susceptible mares to persistent breeding-induced endometritis
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are available to the practitioner, only a few have been critically 
evaluated for their ef"cacy in treating PBIE. Dexamethasone 
functioned as an antiin!ammatory agent to both sperm and 
bacterial challenges.24,25 Additionally, dexamethasone decreased 
endometrial expression of positive acute phase protein, serum 
amyloid A (SAA),26 and similarly prednisolone treatment decreased 
expression of this protein.27 Clinically, a single intramuscular 
treatment of 50 mg dexamethasone at breeding improved 
pregnancy rates in mares with > 3 risk factors associated with 
susceptibility to PBIE.28

Although limited research has been conducted on the antiin-
!ammatory functions of corticosteroids, a subset was evaluated 
clinically. Treatment with acetate-9-Į-prednisolone (0.1 mg/
kg) twice daily also had a positive effect on pregnancy rates in 
mares with excessive in!ammation.29 Twice daily intramuscular 
treatment with iso!upredone acetate (Predef® 2X, 10 - 20 mg) 
24 hours prior to bacterial challenge in susceptible mares 
altered the immune response.27 Responses included reduction 
in immunoglobulin G (IgG) and increases in positive acute 
phase proteins’ (e.g. haptoglobin) concentrations. 

It is noteworthy that various glucocorticoids altered secretion 
of GnRH and LH, in addition to altering the function of hypo-
thalamic-pituitary-gonadal axis.30 Additionally, prolonged 
dexamethasone treatment has been associated with ovulation 
failure.31 Therefore, treatment of PBIE should be limited to a 
single dose of glucocorticoid.

Bacterial extracts

Extracts from nonpathogenic bacteria are utilized for their 
antiin!ammatory, antimicrobial, and anticancer functions in 
a variety of diseases and disorders. Of these bacterial extracts, 
only 2 have been evaluated for their ef"cacy in the treatment of 
equine PBIE: Mycobacterium cell wall fraction (MCWF; Settle®, 
NovaVive; Canada) and Propionibacterium acnes (Eqstim®, 
Neogen; US). In the research setting, Settle® has shown both 
antimicrobial and antiin!ammatory actions in susceptible 
mares. Settle® decreased endometrial expressions of IL-1 , a 
proin!ammatory cytokine and increased cytokine IL-10, an 
antiin!ammatory cytokine, after a bacterial challenge with gram 
positive Streptococcus equi.32 Additionally, Settle® substantially 
reduced in!ammation in several mares that cultured positive 
for bacteria. These antiin!ammatory effects were also noted 
after a challenge with gram negative Escherichia coli, wherein 
Settle® substantially decreased the endometrial expression of 
the positive acute phase protein SAA, decreased intrauterine 
!uid, and also decreased the number of mares that cultured 
positive for intrauterine bacterial growth.24 After a challenge 
with freeze-killed sperm in susceptible mares, Settle® substan-
tially reduced the endometrial expression of proin!ammatory 
cytokines IL-1  and IFN .25 Settle® was effective at 1.5 mg 
dose, either given intravenously or infused into the uterine 
lumen.33 Eqstim® treatment of endometritis along with other 
conventional therapies improved pregnancy rates in mares with 

clinical endometritis.1 However, effects of this therapeutic as a 
sole modality are unknown. 

Biologics

During the 1970s, naturally sourced biologics, were evaluated for 
the treatment of in!ammation/infection of uterus. Intrauterine 
infusion of equine colostrum was the "rst agent tested.34 Due to 
its high immunoglobulin content and potential antimicrobial 
action, colostrum was collected from mares immediately after 
parturition and 120 ml infused into the uterus of subfertile 
mares. Mares returned to normal cyclicity and uterine lumen 
had various immunoglobulins (IgG, IgM, and IgE). However, 
intrauterine de"ciency in IgG and IgA in susceptible mares was 
not likely the cause of susceptibility to persistent endometritis.4 

A key factor believed to distinguish resistant from susceptible 
mares is the innate immune system’s ability to degrade and 
digest bacteria and excess sperm from the uterine lumen. The 
addition of blood serum substantially increased opsonization 
potential in both resistant and susceptible mares, indicating 
an antimicrobial effect of blood plasma. Uterine-derived 
PMNs from susceptible mares were able to migrate toward a 
chemical gradient and phagocytosis was fully functional if a 
healthy environment was provided.35 However, phagocytosis 
was impaired in uterine secretions from susceptible mares. It 
was concluded that dysfunctions of PMNs from susceptible 
mares were due to a poor environment rather than the PMNs of 
susceptible mares. Nevertheless, it was suggested that addition 
of fresh blood-derived leucocytes to autologous plasma prior 
to post-breeding intrauterine infusions can improve pregnancy 
rates in barren mares.36 There was clinical improvement (24/29 
mares) and pregnancy rate (15/29 mares) in mares experiencing 
uterine in!ammation after intrauterine infusion of plasma.37 
However, it was ineffective in the treatment of either lympho-
cytic or infectious endometritis.38 These "ndings were further 
supported by the observation that intrauterine treatment with 
autologous blood plasma in susceptible mares was less effec-
tive than antibiotics, ecbolics, or uterine lavage in mares with 
acute infectious endometritis.39 It is noteworthy that there was 
a subgroup of individual susceptible mares that responded 
adequately to autologous plasma treatment. 

Decades later, plasma treatment protocols were modi"ed with 
intrauterine treatment of platelet-rich plasma (PRP). A concentrate 
of PRP protein derived from whole blood, contained several 
growth factors and cytokines released from the intracytoplasmic 
granules when cells are activated.40 PRP is utilized in several 
tissues and disorders for its antiin!ammatory, antimicrobial, and 
angiogenic properties, including joint disease, soft tissue injury, 
and skin wounds.41-43 PRP functioned as an antiin!ammatory 
agent when infused within the uterine lumen by decreasing the 
expression of proin!ammatory cytokines (COX-2, IL-1ȕ, and 
TNF).44-45 Although a small number of mares were investigated, 
this study demonstrated an increase in fertility rates in susceptible 
mares receiving PRP, without a detected change in intrauterine 
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!uid. Furthermore, time of treatment (24 hours preinsemination 
or 4 hours postinsemination) had similar effects. Although 
PRP did not increase antiin!ammatory cytokine expression, it 
decreased mRNA expression of proin!ammatory cytokines.46 
Clinically, intrauterine PRP treatment at insemination decreased 
the amount of intrauterine !uid and improved pregnancy rates, 
indicating that time of treatment may cause variable outcomes.47 

Intrauterine infusion of lactoferrin, expanded our understan-
ding of its immunomodulation. Lactoferrin, present in high 
concentrations in both milk and seminal plasma, has been 
described as both antiin!ammatory and antimicrobial in a 
variety of species.48-52 However, its bactericidal properties have 
not been elucidated in the horse. In a periovulatory susceptible 
mare, 150 µg/ml human recombinant lactoferrin (Re-LF) treat-
ment, suppressed endometrial expression of pleiotropic TNF.52 
Lactoferrin treatment along with arti"cial insemination in 
healthy resistant mares also substantially decreased expression 
of various proin!ammatory cytokines (including IL-1ȕ and 
IL-8).53 In susceptible mares, Re-LF treatment, 6 hours after 
insemination, decreased endometrial expression of proin-
!ammatory IFN  and simultaneously increased expression of 
antiin!ammatory IL-1RN.51 Additionally, Re-LF substantially 
decreased the number of neutrophils in the uterine lumen. 
Further work is necessary to assess bactericidal properties of 
Re-LF and its ef"cacy in treatment of infectious endometritis. 

Mesenchymal stem cells (MSCs) have also been investigated 
for their antiin!ammatory and regenerative effects.54 For the 
past 2 decades, MSCs have been utilized in a variety of diseases/
disorders in humans; however, research in their capabilities 
for horses is more limited. Intrauterine infusion of bone 
marrow-derived MSCs at 24 hours pre-insemination in normal 
mares decreased the number of neutrophils in the uterine lumen 
in addition to increasing the expression of antiin!ammatory 
IL-1RN.55 Antiin!ammatory effects of MSCs in the treatment 
of endometritis were compared between adipose tissue and 
endometrium.56 Both adipose tissue and endometrial-derived 
MSCs decreased concentrations of pleiotropic IL-6 and TNF in 
the luminal !uid. Within the endometrium, adipose-derived 
MSCs signi"cantly decreased expression of proin!ammatory 
IL-1a and IL-8 in addition to IL-6 and TNF. In contrast, endo-
metrial-derived MSCs signi"cantly decreased proin!ammatory 
IL-8 and simultaneously increased endometrial expression of 
antiin!ammatory IL-10. No cellular in"ltration within the 
endometrium was noted 24 hours following infusion of MSCs 
had no cellular in"ltration, although there was a substantial 
decrease in luminal neutrophilia.57 This study concluded that 
MSCs are a safe and effective antiin!ammatory option for 
the uterine lumen without invading or implanting within the 
endometrium. 

Immune response to pregnancy

The immune system of pregnant females exists in a delicate 
balance between protection and recognition, as it must both 

tolerate the semi-allogeneic fetus while still defending the body 
from pathogens that can impede the health of both mother 
and fetus. It is now understood that this phenomenon is due 
to !uctuating adaptive immune system, speci"cally effector and 
regulatory T lymphocytes.58 These immune cells are both crucial 
for pregnancy maintenance and proper embryo development, and 
also essential for responses to pathogen detection.59-61 However, 
many of the signals necessary for pathogen recognition and 
elimination are similar to the proin!ammatory mechanisms 
preceding parturition, leading to an increased risk of preterm 
labor or abortion after detection of microbes in the reproductive 
tract during pregnancy.

Involvement of regulatory T cell (Treg) in pregnancy mainte-
nance is a topic of interest in the development of therapeutic 
options within this "eld. In human medicine, several immuno-
modulators that heighten or mimic Treg function are currently 
investigated for their ability to support pregnancy in addition 
to preventing placental infection and/or preterm labor. Tregs 
are both antiin!ammatory and antiapoptotic, and therefore 
critical in the prevention of effector-type immune responses 
to paternal antigens present in feto-placental tissues. Limited 
research has been done in this "eld in equine reproduction, 
but it is a topic of interest for future research. We review the 
therapeutic options currently available for equine practitioners 
and identify potential future targets. 

Immunomodulators for pregnancy maintenance 

Immunomodulation for improvement of pregnancy maintenance 
has been attempted through a variety of avenues, including 
transplanting lymphocytes from donor stallions, in addition 
to stimulation of naïve lymphocytes towards Treg development 
through various cytokines and biologics treatment.62 Many of 
these immunomodulators (e.g. recombinant granulocyte-macro-
phage colony-stimulating factor [Filgrastim]) or intravenous 
immunoglobulin (plasma) improved success of pregnancy in 
the human.62-67However, the authors are not aware of similar 
studies in the horse. 

In contrast, some effort has been made to determine the use of 
lymphocyte donation to improve pregnancy maintenance in 
women and mares. Women experiencing repeated spontaneous 
abortion during early pregnancy had improved pregnancy success 
after receiving lymphocyte donation from either the sperm donor 
or a third-party donor.68 In 1 meta-analysis, women receiving 
lymphocytes from the sperm donor had improved pregnancy 
success by 68%, whereas women that received lymphocytes 
from a third-party donor improved pregnancy success by 
36%. Lymphocyte donation has been attempted in mares.69 
Autologous lymphocyte treatment improved pregnancy rates 
in Thoroughbred mares that had previously experienced early 
embryonic loss.69 In a second study, lymphocytes had no effect 
on pregnancy outcome. However, neither study had a control 
group, so the results should be interpreted carefully. Additionally, 
it is unknown what proportion of this lymphocyte population 
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were effector or regulatory lymphocytes, and the responses 
noted could be mitigated or enhanced if these populations 
were altered. Lower percentage of Tregs during estrus strongly 
correlated with an increased risk of early embryonic loss,70 
further indicating the crucial role of these cells on pregnancy 
maintenance.

Immune response to pregnancy-related complications

In women, the balance between recognition of self and detection 
of pathogen becomes skewed preceding numerous pregnancy-re-
lated complications. This alteration in the adaptive immune 
response is most noted as an increase in activation/recruitment 
of the proin!ammatory Th17 cells alongside a diminished Treg 
response, leading to rejection of the semi-allogeneic tissue and 
eventual abortion.59,71-74 

In mares, the leading cause of infectious abortion is placental 
infection, and this contributes to 19% of all abortions in North 
America.75,76 We recently reported77 a comparable adaptive 
immune response to the experimental induction of ascending 
placentitis to what has been reported in women, with activa-
tion of effector functions of the adaptive immune system and 
suppression of the regulatory arm (Figure 2). This was observed 
both locally to the feto-placental unit with an increase in Th17-
related transcripts, alongside dysregulation of Treg-related 
transcripts. Additionally, induction of ascending placentitis led 
to immune alterations in circulation, including an increase in 
various proin!ammatory (IL-2, IFNȖ), antiin!ammatory (IL-5, 
IL-10) and pleiotropic cytokines (IL-6, TNF), with IL-6 having 
the highest fold change of among the cytokines investigated.78 
Further research conducted in our laboratory suggested that 

the fetus also had an active immune response to placentitis 
and it was primarily characterized by expression, production, 
and secretion of both antiin!ammatory (IL-10) and pleiotropic 
(IL-6) cytokines.79 Pleiotropic IL-6 was recently observed to 
function through the classical IL-6R signaling pathway during 
the pathophysiology of ascending placentitis, leading to various 
downstream antiin!ammatory effects, including inhibition of 
apoptosis and proliferation of epithelial cells.80 Further work 
in our laboratory had similar cytokines increase during both 
ascending and focal mucoid placentitis (the etiology included 
nocardioform placentitis.81) Since all mares investigated within 
this study produced a viable neonate, additional research is 
necessary to determine the pro"le of these cytokines preceding  
abortion.

Immunomodulation of pregnancy-related complications

A few experimental models exist for induction of pregnan-
cy-related complications, forcing inferences made from the 
experimental induction of ascending placentitis towards various 
etiologies in equine reproduction. For ascending placentitis, 
treatment commonly includes an antimicrobial, progestin 
(altrenogest; Regu-Mate®), and antiin!ammatory (pentoxifyl-
line and/or NSAID) agents.82 Pentoxifylline is considered both 
antiin!ammatory and anticytokine, due to its dual ability to 
inhibit the NFkȕ pathway while simultaneously acting as both 
antiTNF and antiIL-6, both of which have been found to elevate 
during the pathophysiology of ascending placentitis.83 However, 
no studies have investigated the role of pentoxifylline on the 
immune response of the horse. Additionally, although the oral 
dosage utilized in the present study was 8.8 mg/kg,84,85 no study 
has assessed the appropriate dose to use in the horse, with 

Figure 2. Overview of dysregulation Th17/Treg response after equine placental infection. Equine ascending placentitis begins by 
detection of extracellular S. zooepidemicus that is recognized by an antigen presenting cell. This combination stimulates naïve T cells to 
mature into Th17 cells through activation of various cytokines (IL-6 and IL-23), cell surface markers (IL-1R1, IL-6R, and IL-21R) and 
transcriptions factors (STAT3 and IRF4). Additionally, cytokines (TGF-B), cell surface markers (LRRC32/GARP), and transcription factors 
(FOXp3) that assist in the maturation of Tregs decreased after detection of pathogen, potentially dysregulating Treg production. This 
imbalance of Th17/Treg maturation precedes abortion in a variety of species and may activate preterm parturition or abortion in the 
horse after ascending placental infection.
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extrapolations being made from other species with differing 
placentation. 

Although other NSAIDs have been evaluated for their ef"cacy 
in treatment of placentitis, none has been assessed as a sole 
modality; therefore, results should be interpreted critically. 
Clinically, twice daily intravenous !unixin (1 mg/kg) and 
oral phenylbutazone (2.2 - 4.4 mg/kg), and once daily oral 
"rocoxib (57 mg) are routinely used, albeit with only limited 
data to support their treatment.84-88 Flunixin meglumine has 
been investigated in conjunction with TMS, altrenogest, and 
estradiol cypionate.88 While the addition of estradiol cypionate 
improved pregnancy outcomes, !unixin meglumine as a sole 
modality had limited positive effects. Firocoxib has also been 
used along with altrenogest and TMS.87 Following treatment 
with "rocoxib, a substantial decrease in both IL-1ȕ and IL-6 
secretion was observed. As IL-6 has a 4-fold increase following 
the induction of ascending placentitis, this suppression is intri-
guing and deserves further work.

Immune response to postpartum involution

Equine pregnancy lasts 340 ± 20 days;89 therefore, subse-
quent pregnancy must be established within the "rst month 
postpartum to achieve continued commercial success. In the 
mare, "rst postpartum estrus occurs from 7 - 16 days after 
parturition and is referred to as 'foal heat'. This coincides 
with the process of uterine repair needed after parturition. 
Uterine involution includes reduction of uterine size, 
removal of residual debris, contraction of endometrial 
glands, and elimination of lingering immune cell types. It 
takes approximately 13 - 15 days and is necessary to ensure 
a uterine environment that is not hostile to the impending 
embryo arrival. 

Recent research from our laboratory described the role of 
the immune system in postpartum involution. A signi"cant 
relationship was noted between the day postpartum and 
endometrial expression of pleiotropic (IL-6 and GM-CSF) and 
antiin!ammatory cytokines (IL-10).90 Expression was highest 
immediately postpartum and then declined as involution 
progressed. This coincided with a decline in both bacterial 
growth and neutrophilia, indicating signaling mechanisms 
required to disallow persistent in!ammation from occurring 
during this physiologic event. Several therapeutics have been 
attempted to hasten this physiological process to ensure 
pregnancy success, but with minimal success. We review the 
use of immunomodulation to alter involution and improve 
'foal heat' breeding success. 

Immunomodulation of postpartum involution 

Parturition enables immense bacterial invasion into the vaginal 
vault, through the relaxed cervical canal and eventual localization 
in the uterine lumen and endometrium. This leads to increased 
neutrophilia and the potential for persistent in!ammation/

infection that may hinder future fertility postpartum. Intravenous 
MCWF (1.5 mg ; Settle®) treatment administered 24 hours after 
parturition improved 'foal heat' breeding success and subs-
tantially decreased both bacterial presence and magnitude of 
neutrophilia.91 Additional studies (1.5 mg IV MCWF treatment 
at 24 hours and at 7 days postpartum) increased endometrial 
expression of proin!ammatory cytokines (IL-1  and IFN ).90 
As these cytokines are essential for the recruitment and chemo-
taxis of necessary immune cells for bacterial degradation and 
clearance, it was not surprising that this increase coincided with 
a reduction in the severity of bacterial growth, in addition to 
decreasing days required for a clean culture.

Conclusion

Reproductive immunology is constantly advancing our unders-
tanding of mare physiology. Continued work is necessary to 
further elucidate the pathophysiology of several diseases and 
disorders associated with equine reproduction, including 
breeding-induced in!ammation, immune tolerance of the 
semi-allogeneic fetus, immune responses to pregnancy-related 
complications, and immune-mediated response to parturition. 
As our understanding of this physiology broadens, inferences 
can be made towards several immunomodulators that may 
improve these processes, thereby advancing mare reproductive 
performance.

Con!ict of interest

Authors have no af"liations, memberships, funding, or "nancial 
holdings that might be perceived as affecting the objectivity of 
this review.

References

1. Rohrbach BW, Sheerin PC, Cantrell CK, et al: Effect of adjunctive 
treatment with intravenously administered Propionibacterium acnes 

on reproductive performance in mares with persistent endometritis. 
J Am Vet Med Assoc 2007;231:107-113.
2. Janeway CA, Jr., Medzhitov R: Innate immune recognition. Annu 
Rev Immunol 2002;20:197-216.
3. Troedsson MH: Uterine clearance and resistance to persistent 
endometritis in the mare. Theriogenology 1999;52:461-471.
4. Troedsson MH, Liu IK, Thurmond M: Immunoglobulin (IgG 
and IgA) and complement (C3) concentrations in uterine secretion 
following an intrauterine challenge of Streptococcus zooepidemicus 
in mares susceptible to versus resistant to chronic uterine infection. 
Biol Reprod 1993;49:502-506.
5. Troedsson MH, Loset K, Alghamdi AM, et al: Interaction between 
equine semen and the endometrium: the inflammatory response to 
semen. Anim Reprod Sci 2001;68:273-278.
5. Christoffersen M, Woodward E, Bojesen AM, et al: Inflammatory 
responses to induced infectious endometritis in mares resistant 
or susceptible to persistent endometritis. BMC Vet Res 2012;8:41.
7. Fedorka CE, Scoggin KE, Woodward EM, et al: The effect of select 
seminal plasma proteins on endometrial mRNA cytokine expression 

Clinical Theriogenology 2021; 13: 243



in mares susceptible to persistent mating-induced endometritis. 
Reprod Domest Anim 2016;52:89-96.
8. Woodward EM, Christoffersen M, Campos J, et al: Endometrial 
inflammatory markers of the early immune response in mares 
susceptible or resistant to persistent breeding-induced endometritis. 
Reproduction 2013;145:289-296.
 9.Woodward EM, Troedsson MH: Inflammatory mechanisms of 
endometritis. Equine Vet J 2015;47:384-389.
10. Alghamdi AS, Foster DN, Troedsson MH: Equine seminal plasma 
reduces sperm binding to polymorphonuclear neutrophils (PMNs) 
and improves the fertility of fresh semen inseminated into inflamed 
uteri. Reproduction 2004;127:593-600.
11. Alghamdi AS, Madill S, Foster DN, et al: Equine sperm-neutrophil 
binding. Biol Reprod 2015;92:94.
12. Troedsson MH, Desvousges A, Alghamdi AS, et al: Components 
in seminal plasma regulating sperm transport and elimination. Anim 
Reprod Sci 2005;89:171-186.
13. Troedsson MH, Woodward EM: Our current understanding of 
the pathophysiology of equine endometritis with an emphasis on 
breeding-induced endometritis. Reprod Biol 2016;16:8-12.
14. Woodward EM, Christoffersen M, Campos J, et al: An investi-
gation of uterine nitric oxide production in mares susceptible and 
resistant to persistent breeding-induced endometritis and the effects 
of immunomodulation. Reprod Domest Anim 2013;48:554-561.
15. Brooks AC, Rickards KJ, Cunningham FM: CXCL8 attenuates 
chemoattractant-induced equine neutrophil migration. Vet Immunol 
Immunopathol 2011;139:141-147.
16. Alghamdi AS, Foster DN, Carlson CS, et al: Nitric oxide levels 
and nitric oxide synthase expression in uterine samples from mares 
susceptible and resistant to persistent breeding-induced endometritis. 
Am J Reprod Immunol 2005;53:230-237.
17. Troedsson MH, Liu IK: Uterine clearance of non-antigenic markers 
(51Cr) in response to a bacterial challenge in mares potentially 
susceptible and resistant to chronic uterine infections. J Reprod 
Fertil Suppl 1991;44:283-288.
18. Troedsson MH, Liu IK, Ing M, et al: Multiple site electromyo-
graphy recordings of uterine activity following an intrauterine 
bacterial challenge in mares susceptible and resistant to chronic 
uterine infection. J Reprod Fertil 1993;99:307-313.
19. Katila T: Post-mating inflammatory responses of the uterus. 
Reprod Domest Anim 2012;47 Suppl 5:31-41.
20. Risco AM, Reilas T, Muilu L, et al: Effect of oxytocin and 
flunixin meglumine on uterine response to insemination in mares. 
Theriogenology 2009;72:1195-11201.
21. Friso AM, Segabinazzi L, Cyrino M, et al: Periovulatory admi-
nistration of firocoxib did not alter ovulation rates and mitigated 
post-breeding inflammatory response in mares. Theriogenology 
2019;138:24-30.
22. Okada CTC, Andrade VP, Freitas-Dell'Aqua CP, et al: The effect 
of flunixin meglumine, firocoxib and meloxicam on the uterine 
mobility of equine embryos. Theriogenology 2019;123:132-138.
23. Rojer H, Aurich C: Treatment of persistent mating-induced 
endometritis in mares with the non-steroid anti-inflammatory drug 
vedaprofen. Reprod Domest Anim 2010;45:e458-460.
24. Christoffersen M, Woodward EM, Bojesen AM, et al: Effect of 
immunomodulatory therapy on the endometrial inflammatory 

response to induced infectious endometritis in susceptible mares. 
Theriogenology 2012;78:991-1004.
25. Woodward EM, Christoffersen M, Horohov D, et al: The effect 
of treatment with immune modulators on endometrial cytokine 
expression in mares susceptible to persistent breeding-induced 
endometritis. Equine Vet J 2015;47:235-239.
26. Arlas TR, Wolf CA, Petrucci BP, et al: Proteomics of endometrial 
fluid after dexamethasone treatment in mares susceptible to endo-
metritis. Theriogenology 2015;84:617-623.
27. Wolf CA, Maslchitzky E, Gregory RM, et al: Effect of corticotherapy 
on proteomics of endometrial fluid from mares susceptible to persistent 
postbreeding endometritis. Theriogenology 2012;77:1351-1359.
28. Bucca S, Carli A, Buckley T, et al: The use of dexamethasone admi-
nistered to mares at breeding time in the modulation of persistent 
mating induced endometritis. Theriogenology 2008;70:1093-1100.
29. Dell’Aqua Jr. JA, Papa FO, Lopes MD, et al: Fertility rates with 
equine frozen semen after modulation of inflammatory uterine 
response. Journal 2004. p. 391.
30. Thompson DL, Jr., Garza F, Jr., St George RL, et al: Relationships 
among LH, FSH and prolactin secretion, storage and response to 
secretagogue and hypothalamic GnRH content in ovariectomized 
pony mares administered testosterone, dihydrotestosterone, estra-
diol, progesterone, dexamethasone or follicular fluid. Domest Anim 
Endocrinol 1991;8:189-199.
31. Ferris RA, McCue PM: The effects of dexamethasone and pred-
nisolone on pituitary and ovarian function in the mare. Equine Vet 
J 2010;42:438-443.
32. Fumuso EA, Aguilar J, Giguere S, et al: Immune parameters in 
mares resistant and susceptible to persistent post-breeding endome-
tritis: effects of immunomodulation. Vet Immunol Immunopathol 
2007:30-39.
33. Rogan D, Fumuso E, Rodriguez E, et al: Use of a Mycobacterial 
Cell Wall Extract (MCWE) in susceptible mares to clear experimen-
tally induced endometritis with Streptococcus zooepidemicus. J Eq 
Vet Sci 2007;27:112-117.
34. Dewes HF. Preliminary observations on the use of colostrum as 
an uterine infusion in thoroughbred mares. N Z Vet J 1980;28:7-8.
35. Troedsson MH, Liu IK, Thurmond M: Function of uterine and 
blood-derived polymorphonuclear neutrophils in mares susceptible 
and resistant to chronic uterine infection: phagocytosis and chemo-
taxis. Biol Reprod 1993;49:507-514.
36. Mattos RC, Malschitzky E, Mattos R, et al: Effects of different 
post-breeding treatments on fertility of thoroughbred mares. 
Pferdeheilkunde 1997;13:512-515.
37. Asbury AC. Uterine defense mechanisms in the mare: The 
use of intrauterine plasma in the management of endometritis. 
Theriogenology 1984;21:387-393.
38. Colbern GT, Voss JL, Squires EL, et al: Intrauterine equine plasma 
as an endometritis therapy: Use of an endometritis model to evaluate 
efficacy. Equine Vet J 1987;7:66-68.
39. Troedsson MH, Scott MA, Liu IK: Comparative treatment of mares 
susceptible to chronic uterine infection. Am J Vet Res 1995;56:468-472.
40. Andia I, Abate M: Platelet-rich plasma: combinational treatment 
modalities for musculoskeletal conditions. Front Med 2018;12:139-152.
41. Emer J: Platelet-Rich Plasma (PRP): Current Applications in 
Dermatology. Skin Therapy Lett 2019;24:1-6.

Clinical Theriogenology 2021; 13: 244



42. Etulain J: Platelets in wound healing and regenerative medicine. 
Platelets. 2018;29:556-68.
43. Harmon KG, Rao AL: The use of platelet-rich plasma in the 
nonsurgical management of sports injuries: hype or hope? Hematology 
Am Soc Hematol Educ Program 2013;2013:620-626.
44 Segabinazzi LG, Friso AM, Correal SB, et al. Uterine clinical findings, 
fertility rate, leucocyte migration, and COX-2 protein levels in the 
endometrial tissue of susceptible mares treated with platelet-rich 
plasma before and after AI. Theriogenology 2017;104:120-126.
45. Reghini MF, Ramires Neto C, Segabinazzi LG, et al: Inflammatory 
response in chronic degenerative endometritis mares treated with 
platelet-rich plasma. Theriogenology 2016;86:516-522.
46. Metcalf ES, Scoggin KE, Troedsson MHT: The effect of platelet-rich 
plasma on endometrial pro-inflammatory cytokines in susceptible 
mares following semen deposition. J Eq Vet Sci 2012;32:498.
47. Metcalf ES: The effect of platelet-rich plasma (PRP) on intralu-
minal fluid and pregnancy rates in mares susceptible to persistent 
mating-induced endometritis (PMIE). J Equine Vet Sci 2014;34.
48. Actor JK, Hwang SA, Kruzel ML: Lactoferrin as a natural immune 
modulator. Curr Pharm Des 2009;15:1956-1973.
49. Arnold RR, Cole MF, McGhee JR. A bactericidal effect for human 
lactoferrin. Science 1977;197:263-265.
50. Gonzalez-Chavez SA, Arevalo-Gallegos S, Rascon-Cruz Q: 
Lactoferrin: structure, function and applications. Int J Antimicrob 
Agents 2009;33:301 e1-8.
51. Fedorka CE, Scoggin KE, Boakari YL, et al: The anti-inflammatory 
effect of exogenous lactoferrin on breeding-induced endometritis when 
administered post-breeding in susceptible mares. Theriogenology 
2018;114:63-69.
52. Fedorka CE, Scoggin KE, Woodward EM, et al: The effect of select 
seminal plasma proteins on endometrial mRNA cytokine expression 
in mares susceptible to persistent mating-induced endometritis. 
Reprod Domest Anim 2017;52:89-96.
53. Coutinho da Silva MA, Darr CR, et al: Lactoferrin modulates 
uterine inflammation postbreeding in the mare. J Equine Vet Sci 
2017;56:63-67.
54. Shi Y, Wang Y, Li Q, Liu K, et al: Immunoregulatory mechanisms 
of mesenchymal stem and stromal cells in inflammatory diseases. 
Nat Rev Nephrol 2018;14:493-507.
55. Ferris RA, Frisbie DD, McCue PM: Use of mesenchymal stem cells 
or autologous conditioned serum to modulate the inflammatory 
response to spermatozoa in mares. Theriogenology. 2014;82:36-42.
56. Navarrete F, Saravia F, Cisterna G, et al: Assessment of the 
anti-inflammatory and engraftment potential of horse endometrial 
and adipose mesenchymal stem cells in an in vivo model of post 
breeding induced endometritis. Theriogenology 2020;155:33-42.
57. Rink BE, Aurich C, French H, et al: The fate of endometrial 
mesenchymal stem cells after application in the healthy equine 
uterus. In: Squires EL, editor. International Symposium on Equine 
Reproduction. Cambridge, UK2018. p. 108.
58. Collins MK, Tay CS, Erlebacher A: Dendritic cell entrapment 
within the pregnant uterus inhibits immune surveillance of the 
maternal/fetal interface in mice. J Clin Invest 2009;119:2062-2073.
59. Figueiredo AS, Schumacher A: The T helper type 17/regulatory T 
cell paradigm in pregnancy. Immunology 2016;148:13-21.
60. Saito S, Nakashima A, Shima T, et al: Th1/Th2/Th17 and regulatory 

T-cell paradigm in pregnancy. Am J Reprod Immunol 2010;63:601-610.
61. Fedorka CE, Loux SL, Scoggin KE, et al: Alterations in T cell-re-
lated transcripts at the feto-maternal interface throughout equine 
gestation. Placenta 2020;89:78-87.
62. Carp H: Immunotherapy for recurrent pregnancy loss. Best Pract 
Res Clin Obstet Gynaecol 2019;60:77-86.
63. Tevkin S, Lokshin V, Shishimorova M, et al: The frequency of 
clinical pregnancy and implantation rate after cultivation of embryos 
in a medium with granulocyte macrophage colony-stimulating 
factor (GM-CSF) in patients with preceding failed attempts of ART. 
Gynecol Endocrinol 2014;30 Suppl 1:9-12.
64. Ahmadi M, Abdolmohammadi-Vahid S, Ghaebi M, et al: Effect 
of intravenous immunoglobulin on Th1 and Th2 lymphocytes and 
improvement of pregnancy outcome in recurrent pregnancy loss 
(RPL). Biomed Pharmacother 2017;92:1095-1102.
65. Ballow M: Mechanisms of immune regulation by IVIG. Curr 
Opin Allergy Clin Immunol 2014;14:509-515.
66. Jafarzadeh S, Ahmadi M, Dolati S, et al: Intravenous immunoglo-
bulin G treatment increases live birth rate in women with recurrent 
miscarriage and modulates regulatory and exhausted regulatory T 
cells frequency and function. J Cell Biochem. 2019;120:5424-5434.
67. Kessel A, Ammuri H, Peri R, et al: Intravenous immunoglobulin 
therapy affects T regulatory cells by increasing their suppressive 
function. J Immunol 2007;179:5571-5575.
68. Pandey MK, Thakur S, Agrawal S: Lymphocyte immunotherapy 
and its probable mechanism in the maintenance of pregnancy in 
women with recurrent spontaneous abortion. Arch Gynecol Obstet 
2004;269:161-172.
69. Mathias S, Allen WR: Immunization with stallion lymphocytes 
for treatment of recurrent spontaneous abortion in thoroughbred 
mares. J Reprod Fertil Suppl 2000:645-650.
70. Aurich C, Weber J, Nagel C, et al: Low levels of naturally occurring 
regulatory T lymphocytes in blood of mares with early pregnancy 
loss. Reprod Fertil Dev 2014;26:827-833.
71. Eghbal-Fard S, Yousefi M, Heydarlou H, et al: The imbalance of 
Th17/Treg axis involved in the pathogenesis of preeclampsia. J Cell 
Physiol 2019;234:5106-116.
72. Hao H, He M, Li J, Zhou Y, et al: Upregulation of the Tim-3/Gal-9 
pathway and correlation with the development of preeclampsia. Eur 
J Obstet Gynecol Reprod Biol 2015;194:85-91.
73. Maeda Y, Ohtsuka H, Tomioka M, et al: Effect of progesterone 
on Th1/Th2/Th17 and regulatory T cell-related genes in peripheral 
blood mononuclear cells during pregnancy in cows. Vet Res Commun 
2013;37:43-49.
74. Nakashima A, Ito M, Shima T, et al: Accumulation of IL-17-
positive cells in decidua of inevitable abortion cases. Am J Reprod 
Immunol 2010;64:4-11.
75. Hong CB, Donahue JM, Giles RC, et al: Equine abortion and 
stillbirth in central Kentucky during 1988 and 1989 foaling seasons. 
J Vet Diagn Invest 1993;5:560-566.
76. Giles RC, Donahue JM, Hong CB, et al: Causes of abortion, 
stillbirth, and perinatal death in horses: 3,527 cases (1986-1991). 
J Am Vet Med Assoc 1993;203:1170-1175.
77. Fedorka CE, El-Sheikh Ali H, Scoggin KE, et al: The imbalance of 
the Th17/Treg axis following equine ascending placental infection. 
Am J Reprod mmunol 2021;144:103268.

Clinical Theriogenology 2021; 13: 245



78. Fedorka CE, El-Sheikh Ali H, Walker OF, et al: The imbalance of 
the Th17/Treg axis following equine ascending placental infection. 
J Reprod Immunol 2021;144:103268.
79. Fedorka CE, Ball BA, Scoggin KE, et al: The feto-maternal immune 
response to equine placentitis. Am J Reprod Immunol 2019:e13179.
80. Fedorka CE, Scoggin KE, El-Sheikh Ali H, et al: Interleukin-6 
pathobiology in equine placental infection. Am J Reprod Immunol 
2020:e13363.
81. Fedorka CE, Ball BA, Walker OF, et al: Alterations of circulating 
biomarkers during late termp pregnancy complications in the horse 
part I: cytokines. J Equine Vet Sci 2020.
82. Bailey CS, Macpherson ML, Pozor MA, et al: Treatment efficacy 
of trimethoprim sulfamethoxazole, pentoxifylline and altrenogest 
in experimentally induced equine placentitis. Theriogenology 
2010;74:402-412.
83. Alijotas-Reig J, Esteve-Valverde E, Ferrer-Oliveras R, et al: Tumor 
necrosis factor-alpha and pregnancy: focus on biologics. An updated 
and comprehensive review. Clin Rev Allergy Immunol 2017;53:40-53.
84. Macpherson ML: Treatment strategies for mares with placentitis. 
Theriogenology 2005;64:528-534.

85. Macpherson ML, Bailey CS: A clinical approach to managing the 
mare with placentitis. Theriogenology 2008;70:435-440.
86. Macpherson ML: Diagnosis and treatment of equine placentitis. 
Vet Clin North Am Equine Pract 2006;22:763-776.
87. Macpherson ML, Giguere S, Pozor MA, et al: Evidence for 
anti-inflammatory effects of firocoxib administered to mares 
with experimentally induced placentitis. Am J Reprod Immunol 
2021:e13396.
88. Curcio BR, Canisso IF, Pazinato, et al: Estradiol cypionate aided 
treatment for experimentally induced ascending placentitis in mares. 
Theriogenology 2017;102:98-107.
89. Rossdale PD, Silver M: The concept of readiness for birth. J 
Reprod Fertil Suppl 1982;32:507-510.
90. Fedorka CE, Murase H, Loux SC, et al: The Effect of Mycobacterium 
Cell Wall Fraction on Histologic, Immunologic, and Clinical 
Parameters of Postpartum Involution in the Mare. J Equine Vet Sci 
2020;90:103013.
91. Fumuso E, Alvarez G, Bruno S, et al: Non-specific immunomo-
dulation at post-partum improves uterine condition and fertility in 
mares. Proc World Equine Vet Association 2003.

Clinical Theriogenology 2021; 13: 246


