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ABSTRACT 

 

 

 DIAGNOSTIC ASPECTS AND PROTEOMIC ANALYSIS OF UTERINE FLUSH 

FLUID FROM MARES WITH ENDOMETRITIS 

Mariana Diel de Amorim Advisor: 

University of Guelph, 2014 Professor Tracey Chenier 

 

 

Endometritis is a common cause of infertility and early embryonic death in mares. Many 

mares fail to be diagnosed with endometritis despite different diagnostic tests available, 

especially in subclinical cases. The purpose of this study was to compare diagnostic 

methods for endometritis and identify the major proteins in endometrial flush fluids of 

mares with endometrial disease. Endometrial swab, low volume lavage, culture and 

biopsy were obtained in estrus and diestrus mares, and Kappa coefficient was used to 

determine the level of agreement among tests. Final diagnosis of endometritis was 

performed using a checklist where mares with two or more of five criteria (1. uterine 

fluid on ultrasound or excessive edema or history of subfertility; 2. one or more 

neutrophils per high power field on cytology; 3. cloudy LVL; 4. positive bacterial 

culture; and 5. active endometrial inflammation on biopsy) were considered positive. 

Proteins in supernatant were identified by LC-MS/MS after in-solution trypsin digestion 

and ranked in amounts based on spectral counting using Scaffold software. Endometritis 

was diagnosed in 35/44 mares by biopsy, and 33/51 based on the endometritis checklist. 

Endometrial culture was the least sensitive test (29.71%), and endometrial biopsy was the 

most sensitive method (85.71%) when the endometritis checklist was used as the Gold 

Standard.  The optimal cut off-value was ≥1 neutrophils to epithelial cell ratio for 

classifying mares with endomodetritis on cytology.  Over 2000 proteins were identified, 



 

and a subset was compared among the groups by 2-way ANOVA with SAS 9.3 software. 

Proteins that were decreased (p ≤ 0.05) in mares with endometritis included vanins 1-3, 

and connective tissue growth factor (CTGF). Major proteins that increased significantly 

in diestrus but were not associated with endometritis included P19 lipocalin (uterocalin), 

uteroferrin (TRAP5), secretory phospholipase A2 (sPLA2), and secretoglobin 1A1 

(uteroglobin).  These studies have shown that no single diagnostic test is sensitive enough 

to reliably diagnose mares with endometritis, and that we have identified several changes 

in the protein composition of uterine flush fluids in mares with endometritis. Some of 

these might become useful biomarkers in the clinical and biopsy assessment of uterine 

health in mares.
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CHAPTER ONE  

 

INTRODUCTION AND LITERATURE REVIEW 

1.1 INTRODUCTION 

  

Endometritis is a common cause of infertility in mares (Varadin, 1975), causing 

early embryonic death, and leading to shortened interestrus intervals (LeBlanc and 

Causey, 2009). This inflammatory process may arise from repeated breeding, infusion of 

irritating compounds, aspiration of air or urine, bacterial infections that could be 

attributed to poor perineal conformation, delayed uterine clearance of bacteria and debris, 

or an inherent immunological deficit. 

Post-breeding inflammation is a normal physiological phenomenon and rapidly 

resolves in the normal mare (Katila, 1995). However, in some mares inflammation 

persists and the embryo is unable to survive. These so-called “susceptible mares” have a 

defective reproductive defense mechanism that is unable to prevent infections (Hughes 

and Loy, 1969; Peterson et al., 1969). These defects allow bacteria to colonise the uterus 

and cause endometritis, which impairs embryo development. There are also highly 

pathogenic bacteria that will overcome the uterine defenses in healthy mares (Causey, 

2006).  

Endometritis has a significant economic impact. Affected mares often have 

irregular estrous cycles, require intensive clinical breeding management, and need more 

cycles to become pregnant, incurring additional costs to the owner. One estimate of the 

cost of producing a Thoroughbred foal through its sale as a yearling is $85,142. This cost 
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includes the cost of keeping a broodmare, stud fee, weanling cost, and yearling cost 

(Thalheimer and Lawrence, 2001).  This estimated high expense is the result of low 

reproductive efficiency. Only about 50–60% of mares are expected to produce a live foal 

after a single breeding (Bosh et al., 2009). 

 

1.2 LITERATURE REVIEW 

1.2.1 Prevalence 

The prevalence of endometritis is estimated to be quite high (Varadin, 1975), 

accounting for the cause of infertility in 25-60% of barren mares (Dimock and Edwards, 

1928; Bain, 1966; Collins, 1964; Traub-Dargatz et al., 1991; Morris and Allen, 2002).  

Approximately 15% of a Thoroughbred broodmare population developed post-mating 

induced endometritis (Zent & Troedsson, 1998). In a survey completed by 1149 equine 

practitioners, endometritis ranked in the top three medical problems in equine adult 

patients (Traub-Dargatz et al., 1991). 

1.2.2 Mare Reproductive Anatomy  

The mare is seasonally polyestrous. During the breeding season (spring and 

summer), the nonpregnant mare has recurring estrous cycles. The estrous cycle consists 

of a follicular phase (estrus) and a luteal phase (diestrus).  The average length of the 

estrous cycle in mares is 21 to 22 days (range, approximately 18 to 24 days), with estrus 

being 4 to 7 of these days (Brinsko et al., 2011). 
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Developmentally, the mesoderm gives rise to the cranial part of the reproductive 

tract (ovaries, uterine tube, uterus, cervix and vagina), and the ectoderm gives rise to the 

caudal part, which includes the vulva, vestibule, labia and clitoris. The vaginal transverse 

fold marks the division of these tissues from different origins (Samper, 2009). 

Most uterine infections are due to bacteria that ascend through the cranial vagina, 

so the mare’s perineum should be evaluated thoroughly. There are three barriers that 

prevent organisms from entering the uterus – the vulvar seal, the vestibulovaginal fold, 

and the cervix. Damage to any of these barriers can lead to endometritis.  Good perineal 

conformation consists of a vertical vulva (  10  degrees of inclination) and two-thirds or 

more of the vulvar labia located below the pelvic floor. The vulvar labia should form a 

tight seal (McKinnon et al., 2011). 

The uterus is formed of a uterine body and two uterine horns and is classified as a 

simplex bipartitus uterus. The corpus-cornual junction is important since it is where the 

embryo becomes fixed (Samper, 2009). Thus this is the place where endometrial biopsies 

are procured.  

The uterus of the mare is composed of endometrium (mucosa), which is 

nondeciduate, the myometrium (muscular layer) and perimetrium (the outer layer) 

(Kenney, 1978). The myometrium consists of longitudinal (outer) and circular (inner) 

smooth muscle layers with a vascular layer in between. The endometrium is highly 

glandular and covers the gland-free connective tissue that is arranged in longitudinal 

folds (Samper, 2009). The endometrium has two layers, the luminal epithelium and 

lamina propria that extend from the basement membrane of the epithelium to the 
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myometrium. The lamina propria has two layers, the stratum compactum (with high 

stromal cell density) and stratum spongiosum (low cellular density), and it also has the 

presence of numerous glands (Kenney, 1978).   

1.2.3 Classification of mares regarding endometritis 

Mares have been categorized as susceptible or resistant to endometritis. 

Susceptible mares fail to clear inflammation and debris after foaling or breeding. On the 

other hand, the resistant mares easily clear any uterine inflammation or offending agent 

that may colonize the endometrium (Hughes and Loy, 1969). 

Uterine defenses that clear uterine infections have been studied for well over 40 

years. The use of an intrauterine inoculation of Streptococcus equi subsp. zooepidemicus 

has been the model for studying the pathogenesis of susceptibility of mares and their 

clearance mechanisms (Christoffersen et al., 2012). Hughes and Loy (1969) and Peterson 

et al. (1969) described the uterine response to infusion with S. zooepidemicus.  By 5h 

after the bacterial challenge the middle uterine artery beat with increased force, the cervix 

was enlarged, the uterus was turgid, and fluid filled, and vaginal mucopurulent discharge 

was observed. By 12 h the reaction began to decrease and it was over by 96 hours. This 

study by Hughes and Loy used only three young healthy mares, and no susceptible or 

older mares were used for comparison. However, Peterson et al. in 1969 showed delayed 

elimination of bacteria and neutrophils from the uterus of barren mares compared to 

foaling or maiden mares. They also showed that intrauterine neutrophils phagocytize 

streptococci, but no difference in phagocytosis between resistant and susceptible mares 
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was found, disproving the hypothesis that an underlying defect in this cellular defense 

mechanisms was to blame.  

Impaired uterine physical clearance has been associated with susceptibility in 

several studies. Evans et al. in 1986 and 1987 were the first to identify differences in 

mechanical clearance of the uterus associated with hormonal manipulation, age and 

parity. They reported delayed physical clearance of streptococci and chromium-labelled 

microspheres in progesterone-supplemented mares. Younger mares were reported to be 

more efficient at uterine clearance (elimination of bacteria, microspheres, charcoal and 

free fluid within 5 hours) than older ones when having an estrogen-dominated uterus. 

Evans et al., in 1987 used 12 acyclic mares of various ages with pairwise comparison 

among the groups, giving strong evidence of increased physical clearance in younger 

(resistant) mares. Later studies have indicated that physical clearance of uterine contents 

during estrus is different between fertile and infertile mares (Allen and Pycock 1988; 

LeBlanc et al., 1989; Troedsson and Liu, 1991). 

In 1989 LeBlanc et al. reported that resistant mares cleared intrauterine fluid 

within 24 hours and susceptible mares still had presence of fluid for up to 5 days after 

ovulation. Others studies showed that susceptible mares retained microspheres for 96 h, 

while resistant mares cleared them within 24 h (LeBlanc et al. 1989; Troedsson and Liu 

1991), again contributing to the theory of a physical clearance defect in susceptible 

mares. A defect of the myometrial activity leads to delayed uterine clearance and 

intrauterine fluid accumulation, so continuous inflammation seems to be the key factor in 

the pathogenesis of persistent endometritis (Troedsson and Liu, 1993a). According to 
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Troedsson and Liu in 1991, resistant mares are those mares capable of clearing a bacterial 

challenge within 48 hours.  Note that in these various studies, the definition of susceptible 

and resistant mares varied depending upon the time frame selected for the uterine 

environment to return to normal following challenge. 

Old and multiparous mares are more likely to become susceptible to endometritis. 

Because susceptibility to endometritis is seen in a wide range of clinical presentations, 

Pycock et al., 1997 stated that mares should not be firmly labeled as ‘resistant’ or 

‘susceptible’.   

The term ‘susceptible to endometritis’ has been replaced by the term ‘delayed 

uterine clearance’ (DUC), in order to classify those mares that take more time to 

eliminate intrauterine fluid or content rather than being confused with those having a 

susceptibility to becoming infected (Coombs et al., 1996).   DUC mares have been 

diagnosed in studies by the delayed clearance of intrauterine infusions, e.g., bacteria 

(Hughes and Loy., 1969), radiocolloid (LeBlanc et al., 1994a), microspheres, or charcoal 

(LeBlanc et al., 1989; Evans et al., 1987). Even though these studies have contributed 

greatly to the knowledge of the uterine defense mechanism, none of these diagnostic 

challenge tests can be applied in clinical practice. The inflammatory response peaks from 

4 hours up to 24 hours after insemination of 600 million concentrated spermatozoa, and 

healthy mares should be able to clear the inflammatory cells, debris, bacteria and sperm 

within 48 hours after breeding (Katila, 1995). Most mares should not have intrauterine 

fluid 48 hours after mating (Pycock and Newcombe, 1996). Brinsko et al. in 2003 

compared different clinical  methods for determining susceptibility to endometritis: (1) 
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presence of free uterine fluid during diestrus, (2) presence of uterine fluid 72 h after 

insemination, (3) presence of uterine fluid 96 h after bacterial challenge with 

Streptococcus zooepidemicus, (4) positive uterine culture 96 h after bacterial challenge 

with Streptococcus zooepidemicus, and (5) positive scintigraphy after intrauterine 

inoculation with a radiocolloid in order to differentiate resistant from susceptible mares. 

They found that the presence of intrauterine fluid (>2cm) in height detected by ultrasound 

during estrus and presence of fluid 72 hours after insemination was the best method to 

predict a mare as being susceptible. This study has given a practical solution to classify 

mares in clinical practice. 

1.2.4 Uterine Defense Mechanism 

Endometritis can be a transient process, existing as just the normal physiological 

process that occurs after breeding, or it can be more prolonged when there is incomplete 

removal of opportunistic bacterial infection due to a defect of the defense mechanism. 

The innate immune response, such as opsonins and uterine neutrophil function, 

was the focus of the early studies to identify mares that are susceptible to endometritis. 

Research emphasis shifted away from further investigation of the uterus as a mucosal 

immune system (Lyle, 2011) after several studies implicated impairment of physical or 

mechanical drainage to be a cause of susceptibility to endometritis (Evans et al., 1986; 

LeBlanc et al., 1989; Troedsson et al., 1991; Troedsson et al., 1993a). 

A defective immune response was not confirmed to be the cause of susceptibility 

to endometritis in studies on immunoglobulins, opsonins, and uterine neutrophil function 

(Allen et al., 1989).  Evans and co-workers in 1986 were the first ones to suggest 
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susceptible mares have delayed uterine clearance. LeBlanc in 2003 also implicated 

endometrial vascular degeneration as a contributing factor to delayed uterine clearance. 

Uterine contraction, cellular, immunological and other defense mechanisms, such 

as lymphatic drainage, play a role in the elimination of uterine bacteria, making 

susceptibility to endometritis multifactorial (Katila, 2011). 

1.2.4.1 Uterine immunological defense mechanism 

In 1975, Kenney et al., using immunodiffusion, identified the presence of 

globulins IgA, IgGa, IgGb and IgGc in the uterine flush of mares. IgA was detected in the 

stratum compactum of the equine endometrium by indirect immunofluorescence. 

Significantly more IgA in the uterus than in serum was identified (Mitchell et al., 1982). 

Secretory IgA comprises a mean of 60% of the total IgA present in the uterine secretion 

(Widders et al., 1984).  Due to the presence of secretory IgA and higher Ig to albumin 

ratios in uterine secretions, the endometrium has been considered a secretory immune 

system (Lyle, 2011). 

Asbury and coworkers showed in 1980 that higher amounts of IgA, IgG and 

IgG(T) were found in the uterine secretions of susceptible mares compared to resistant 

mares. IgM was not detected in enough samples to suggest any differences, which may 

have been due to the small sample size in this study. Mitchell et al., in 1982 evaluated the 

immunoglobulin concentrations in 17 mares in estrus and diestrus, and further divided 

them into resistant and susceptible mares determined by endometrial biopsy (group I was 

considered resistant and mares with a biopsy grading III were classified as susceptible). 

They found that the total concentration of immunoglobulins and IgG were higher in 
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diestrus than in estrus. They also confirmed the previous study by Asbury that subfertile 

mares had higher concentrations of IgA and IgG than normal mares. 

In contrast, other studies with smaller sample populations showed no difference 

between susceptible and resistant mares in the levels of IgA, IgG, IgG(T) or IgM 

(Mitchell et al., 1982; Williamson et al., 1983; Watson, 1987a; Watson et al.,1990; 

Troedsson et al., 1993c,).   IgG levels were found to be decreased in susceptible mares 36 

hours after S. zooepidemicus intrauterine challenge (Troedsson et al., 1993c). 

LeBlanc et al. in 1991 using a direct ELISA to measure immunoglobulins during 

the early post-ovulatory period, found that susceptible mares had higher levels of IgG, 

IgA, IgGt and IgM. This study also demonstrated that the opsonic activity of susceptible 

mares was reduced compared to that of resistant mares, suggesting that the decrease of 

the opsonins due to usage might happen in those susceptible mares. Hansen et al., in 1987 

compared the opsonin values of fourteen resistant and susceptible mares taking into 

account their estrous cycle, and found that resistant mares had greater opsonin values in 

diestrus than estrus, while susceptible mares had greater values in estrus. Another study 

comparing the effect of ovarian hormones on opsonins used ovariectomized mares treated 

with estrogen or progesterone. They found that blood neutrophils suspended in uterine 

flush fluid had lower bactericidal activity in progesterone treated mares compared to 

estrogen treated mares (Watson et al., 1987c). 

Watson et al. in 1996 found that normal mares had more CD4+ (helper T cells) 

lymphocytes and CD8+ (cytotoxic T cells) cells in the stratum compactum than in the 

stratum spongiosum, and the number of these cells increased in mares with endometritis. 
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However, no difference was noted between normal mares and mares with endometritis in 

expression of major histocompatibility complex class II (MHCII). This study suggested 

an adaptive immune response of the endometrium. A more recent study using 32 mares 

found significantly more CD4+ and CD8+ in the uterine body than in the horns. 

Multiparous mares had lower expression of MHC class II than nulliparous or embryo 

donor mares (Tunon et al., 2000). 

Resistant mares were found to have reduced endometrial mRNA expression of the 

pro-inflammatory cytokines: interleukin-1β (IL-1β), interleukin-6 (IL-6), and tumor 

necrosis factor-α (TNF-α) than susceptible mares. After an intrauterine challenge with 

dead spermatozoa, resistant mares upregulated mRNA expression for pro-inflammatory 

cytokines.  Susceptible mares were found to have higher expression of IL-8 throughout 

the cycle and low expression of IL-10 (Fumuso et al., 2003; Fumuso et al., 2007). 

However, these studies lacked a susceptible mare control group without an infection 

component.  

A study evaluated mares that had an intrauterine treatment with frozen semen or 

with frozen extender, and found that mRNA for IL-8 and Toll-like receptor 4 (TLR-4) 

were expressed in the endometrium, but no difference was identified between the 

treatment groups (Nash et al., 2009).  Categorizing mares as resistant and susceptible, 

Eaton et al.  (2010a) found that resistant mares in estrus had increased Toll-like receptor 

4 (TLR-4) mRNA after seminal plasma or sperm intrauterine infusion, but the same was 

not noticed in susceptible mares to post-mating induced endometritis.  

http://en.wikipedia.org/wiki/Histocompatibility
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A more recent study using the classification system of resistant and susceptible 

mares looked at the endometrial gene expression of pro-inflammatory cytokines of mares 

that had been inoculated with Streptococcus zooepidemicus or Escherichia coli. This 

study showed that susceptible mares had higher and prolonged expression levels of IL-

1β, IL-8, IL-1ra and IL-1β:IL-1ra ratio 72 hours after E. coli infusion. These authors 

suggested an unbalanced expression of pro-inflammatory cytokines in susceptible mares 

(Christoffersen et al., 2012). Further studies on mares with non-infectious persistent 

endometritis should be procured. 

Research efforts were made to investigate neutrophils as part of the innate 

immune defence system in susceptible and resistant mares to endometritis. Neutrophils 

were found to marginate from the endometrial vessels in estrus but not observed to do the 

same in diestrus. This chemotactic activity of uterine fluid, which is influenced by 

ovarian hormones, was observed by Strzemienski et al., in 1984. Using forty uterine fluid 

samples for pairwise comparison out of the same four resistant mares no difference 

between neutrophil migration distances during estrus and diestrus was observed. 

However, chemotaxis tended to be higher in infected uterine fluid after intrauterine 

challenge with Streptococcus zooepidemicus (Blue et at., 1984). This study lacked a 

comparison group, such as susceptible mares, and even though there was large number of 

fluid samples being analysed, the animal sample population was small. In corroboration 

with this study, Watson et al., in 1990 found that supernatant from endometrial tissue that 

was minced and cultured in vitro for 24 h from susceptible mares was less effective at 

opsonizing bacteria than supernatant from resistant mares. 
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Asbury and Hansen in 1987 evaluated the phagocytic activity of uterine 

neutrophils in 7 susceptible and 7 resistant mares to induced bacterial endometritis. They 

found that chemiluminescence (a measure of the oxidative burst during neutrophils 

activation) from susceptible mares was greater than for resistant mares. They also found 

that resistant mares had greater neutrophil function in estrus than diestrus. A more recent 

study corroborated this finding and also concluded that phagocytosis but not chemotaxis 

of uterine neutrophils is impaired in mares susceptible to chronic uterine infection, 

demonstrating that uterine neutrophils from susceptible mares are functional (Troedsson 

et al., 1993b). 

Another study that looked at neutrophils of resistant and susceptible mares was 

performed emphasizing the deformability (functionality) of these cells. The uterine 

neutrophils from susceptible mares, defined in this study as those with Grade III uterine 

biopsy scores, were found to have no chemotactic responsiveness and were 

nondeformable (non-functional) 12 hours after an intrauterine bacterial challenge (Liu et 

al., 1985).  Liu et al. suggested in a subsequent study in 1986, that the neutrophils of 

susceptible mares might have a compromised ability to migrate.  In contrast to the study 

of Asbury and Hansen, the previous study by Liu and coworkers suggested a difference 

in functional competence of uterine neutrophils between resistant and susceptible mares. 

This difference may be attributed to the mare selection in the Liu’s study, since mares 

classified as being susceptible was based on a grade III uterine biopsy with history of 

chronic endometritis.  
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In 1987, Williamson et al. found that streptococcal numbers were the same in 

resistant and susceptible mares in the first six hours after intrauterine challenge. 

Susceptible mares had a rebound of the streptococcal numbers after 12 hours, declining 

again and reaching basal levels after 48 hours.  Together these studies show the 

importance of neutrophil function in endometritis and how they differ in susceptible 

mares compared to resistant ones.   

Regarding the function of neutrophils and breeding, seminal plasma has been 

suggested to act as an inflammatory modulator with suppressive effects on neutrophil 

phagocytosis and chemotaxis via complement activation in in vitro studies (Dahms & 

Troedsson, 2002; Troedsson et al., 2000; Troedsson et al., 2002). In vivo experiments 

have shown an increase of neutrophil numbers in the endometrium in response to seminal 

plasma (Kotilainen et al., 1994; Bollwein et al., 2003; Fiala et al., 2002). However, when 

seminal plasma was added to spermatozoa in an insemination dose, the inflammatory 

reaction was shorter than when the seminal plasma was replaced by semen extender 

(Troedsson et al., 2000).  It has also been shown that seminal plasma protects 

spermatozoa from neutrophil phagocytosis (Troedsson et al., 2000; Alghamdi et al., 

2004).  Troedsson in 2005 supported this finding with in vitro studies that showed not 

only that seminal plasma helps with the transport of viable spermatozoa and protects 

them from being phagocytized, but components of seminal plasma are also involved in 

the elimination of non-viable spermatozoa from the uterus by helping bind neutrophils to 

the non-viable spermatozoa or bacteria (Troedsson et al. 2005). 
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1.2.4.2 Contractility clearance mechanism 

A DUC mare may have one or a combination of factors leading to impaired 

uterine defenses.   There may be uterine or cervical abnormalities (anatomical or 

functional), and older and multiparous mares may have developed pathological changes 

in the endometrium, blood vessels (elastosis), nerves and muscles, that potentially could  

affect the hormone balance, e.g., deficient release of PGF2α (Katila, 2011). 

Degenerative and/or anatomical changes could cause mechanical clearance 

impairment. Defects of any of the three barriers against external contaminants (vulvar 

seal, vestibulovaginal seal and cervix), a pendulous uterus, degenerative changes, such as 

elastosis, lymphangiectasia, scarring, and atrophy of endometrial folds or abnormal 

function of the mucociliary apparatus can all add to a delay in uterine clearance (Evans et 

al, 1987; Allen & Pycock, 1988; Troedsson et al., 1993a; LeBlanc et al., 1995; Nambo et 

al., 1995; Schoon et al., 1999; Causey, 2006; Esteller-Vico et al., 2007; Ferreira et al., 

2008).  Subfertile mares with endometrial elastosis have reduced endometrial perfusion 

due to low blood flow (Esteller-Vico et al. 2007). This reduction of blood flow may 

contribute to abnormal hormones or inflammatory substances reaching the uterus 

(LeBlanc and Causey, 2009). 

To define a time frame for delayed uterine clearance in mares susceptible or 

resistant to endometritis, microspheres were infused into the uterus after inoculation with 

Streptococcus zooepidemicus, on the third day of estrus, and were found to be eliminated 

within 24 h in resistant mares, but only by 96 h in susceptible mares (Troedsson and Liu, 
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1991, 1992). These studies demonstrated the mechanical (contractile) ability that resistant 

mares have over susceptible ones. 

Using a scintigraphic study, LeBlanc et al. (1994b) compared the mechanical 

clearance in three groups of mares: resistant nulliparous, resistant multiparous, and 

susceptible multiparous by infusing radiocolloid into the uterus. More than 50% of the 

radiocolloid material was expelled within 2 hours by the resistant mares, while less than 

20% was expelled by the susceptible mares. One nulliparous mare failed to clear the 

material, but poor cervical dilation was noted at the time of intrauterine infusion. In a 

later study, LeBlanc et al. (1998) using 24 normal mares and 20 DUC mares, in estrus, 

infused intrauterine radiocolloid to study the influence of uterine position. Using 

scintigrams, these authors drew a horizontal line though the cervix and a second one 

through the cervix and the most ventral line of the uterine image, so an angle was created. 

Normal mares had a higher angle, with the uterus more horizontally positioned, than in 

mares with delayed uterine clearance. It was concluded that a uterus tilting ventrally in 

relation to the pelvic brim may contribute to the inability to clear uterine contents. This 

study suggested that parity and age were related to the uterine position in DUC mares, 

however due to the small sample size and animal variability the authors were unable to 

confirm these results.  

Ovarian hormones cause changes to the reproductive anatomy of the mares, thus 

they have influence on the mechanical uterine clearance (Causey, 2006). During estrus 

there is cervical relaxation and endometrial edema, whereas in diestrus there is a 

competent closed cervix and lack of edema (Bracher and Allen, 1992). Using 
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electromyography studies, myometrial contractions were found to be higher in duration, 

intensity and coordination in estrus than during diestrus (Troedsson et al., 1993d). In 

order to identify the difference between susceptible and resistant mares after an 

intrauterine bacterial challenge, Troedsson and coworkers (1993a) showed that 

susceptible mares had poorer synchronization activity and less intense myometrial 

contractions than resistant mares 12 hours or more after the uterine challenge. This study 

was only performed with 3 resistant and 3 susceptible mares. Uterine contractility, 

assessed subjectively, was maximal at the onset of luteolytic activity (days 13-14) 

(Griffin et al., 1993).This means that under the influence of progesterone uterine defenses 

are decreased, thus mares are more prone to infections at this time (Evans et al., 1986),  

acting more like susceptible mares (Causey, 2006). 

During diestrus, when the cervix is closed, the primary uterine clearance defense 

is via lymphatics.  LeBlanc et al. (1995) studied lymphatic clearance in normal and 

susceptible mares during diestrus. They injected 40 mls of India ink into the uterine wall 

or into the lumen and euthanized the mares 24, 48, or 72 hours later. All mares developed 

an acute endometritis. However, susceptible mares sustained the endometritis for longer 

and had a more severe reaction. Normal mares cleared the ink, which was visible in the 

aortic and medial iliac lymph nodes, while susceptible mares retained ink in the uterus. It 

was concluded that during diestrus the lymphatic vessels and lymph nodes are the 

mechanism of uterine clearance. Susceptible mares had a decreased efficacy of their 

lymphatic clearance mechanism. A pendulous uterus and elevated lymphatic hydrostatic 

pressure due to obstruction of flow contribute to an impaired lymphatic drainage 

mechanism. These authors also suggested that the presence of lymphatic lacunae in 
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endometrial biopsies is related to a delayed uterine clearance.  Later studies have failed to 

demonstrate this relationship between the lymphatic drainage and delayed uterine 

clearance (fluid accumulation or edema) (Reilas et al., 1997; Risco et al., 2009). A 

malfunctioning of the lymphatic system caused by angiopathies in lymph vessels may 

contribute to delayed clearance of the uterus (Schoon et al., 1999). The reduction of 

perfusion to the uterus and delayed uterine clearance caused by lymphatic impairment 

due to vascular degeneration (angiopathies) seems to decrease fertility (LeBlanc and 

Causey, 2009).  During estrus, endometrial edema develops, peaking around 24 hours 

before ovulation, and then it subsides with the beginning of diestrus in resistant mares 

that have functional uterine clearance mechanisms. However, once drainage is impaired 

or in post-mating induced endometritis, a persistent edema develops, which is 

characterized by persistent lymphangiectasia (Samper, 2009). 

Secretion of prostaglandin F2 alpha (PGF2α) by the equine endometrium ends 

diestrus (Neely et al. 1979).  Prostaglandin F2α is also responsible for myometrial 

contractions, clearing the uterine lumen of fluid and contaminants after breeding or 

inflammation (Penrod et al., 2013).  Intrauterine concentrations of PGF2α, 

ProstaglandinE2 (PGE2) and leukotriene B4 (LTB4) increased dramatically following 

intrauterine inoculation of 1% oyster glycogen in cycling (Watson et al., 1987b), and 

estrogen and progesterone supplemented ovariectomized mares (Watson et al., 1988a; 

Watson et al., 1988b),   Prostaglandin (PGF2α) release was greater in resistant than in 

susceptible mares only after the administration of exogenous oxytocin (Nikolakopaulos et 

al., 2000). These authors implicated a possible defect in PGF2α release at the oxytocin 

receptor or post-receptor level. However, in this study, the prostaglandin results were 
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variable and this was possibly due to the lack of uniformity among the groups. Nash et al. 

in 2009 looked into uterine PGF2α concentrations in mares that had been challenged with 

intrauterine infusion of frozen semen or frozen extender and found that in both groups 

mares had an increase in PGF2α 16 hours after the challenge which returned to basal 

levels after 72 hours. One limitation of this study is that they did not categorize mares 

into susceptible or resistant. 

Susceptible and resistant mares treated with oxytocin have increased uterine 

clearance (LeBlanc 1994a). Cadario and coworkers in 1995 showed that delayed uterine 

clearance was induced when phenylbutazone, a prostaglandin inhibitor drug, was given, 

suggesting a defect in contractility was the underlying cause for susceptibility, making 

oxytocin therapy an aid to mares with DUC. In a more recent study, Risco et al. in 2009 

compared the administration of flunixin meglumine, a prostaglandin inhibitor, or 

oxytocin after insemination on the effect of intrauterine fluid accumulation and uterine 

contractility. These authors found that the mares that received oxytocin treatment had less 

luminal fluid, thus fewer neutrophils in the lumen of histological specimens, but no 

difference was detected between the groups when uterine contractility was analysed 

subjectively by ultrasound videos. Further studies on oxytocin receptors in the 

endometrium of susceptible, resistant and aging mares are needed.  

Nitric oxide (NO) is a potent mediator of uterine smooth muscle relaxation 

(Demirkoprulu et al., 2005). Mares susceptible to persistent breeding-induced 

endometritis were found to have higher levels of NO in their uterine secretions than 

resistant mares (Alghamdi et al., 2002; Alghamdi et al., 2005). These authors have 
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suggested that the increase levels of NO may be a contributing factor to the delayed 

clearance due to uterine relaxation in susceptible mares. However, the reason for 

increased NO levels was not investigated. 

The pattern of uterine contraction may influence the development of persistent 

endometritis. In normal mares, uterine contraction patterns were found to start 

propagating in the uterine horn and progress towards the uterine body, whereas in DUC 

mares there was an inversion, with uterine contractions starting at the uterine body and 

then spreading to the horns, or simultaneous contractions of horns and body were 

identified. This difference in contractile pattern may make susceptible mares prone to 

prolonged fluid accumulation. The workers hypothesized that the uterus had pacemaker 

cells, but their locations would differ between DUC and normal mares (Von Reitzenstein 

et al., 2002). 

The difference between resistant and susceptible mares has been reviewed 

recently by Causey (2006). Causey et al. in 2000 suggested that mucociliary clearance is 

another mechanism involved in uterine defenses. He hypothesised that a mucus blanket 

propelled by cilia would not allow bacteria to adhere to the endometrium, and then 

bacteria and inflammatory debris would be eliminated via the cervix by this mucociliary 

clearance mechanism (Causey et al., 2000). In 2007, Causey indicated that the uterine 

mucociliary apparatus acts just like that of the respiratory system; it has a mechanical 

role, the mucus traps particles and together with the cilia creates an organized movement 

of the mucus and debris within it. However, changes of the mucus’ properties (elasticity 

and viscosity), would cause the mucus to function improperly, such as would happen in 
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mucus overhydration.  Causey suggested that a malfunction of the mucociliary defense 

mechanism could start from anatomical defects (poor perineal conformation, cervical 

abnormalities, and/or uterine contractility defect). Intrauterine fluid accumulation and 

lymphatic lacunae would cause mucus overhydration.  Bacteria type has been known to 

change the mucus properties as well. Streptococcus zooepidemicus decreases mucus 

viscosity, while Klebisiella pneumonia increases mucus viscosity, leading to 

malfunctioning of the mucociliary apparatus (Causey, 2006).  

Troedsson in 1999 hypothesized the streptococcal rebound in susceptible mares 

can be caused by excessive intraluminal fluid accumulation, leading to the separation of 

the endometrial folds, and that this increase in distance among the folds will impair 

neutrophils’ ability to phagocytize streptococci. Causey in 2006 also implicated a 

decrease in effectiveness of the mucociliary apparatus to this separation of the folds.  

The susceptibility to endometritis is most likely multifactorial. Immunological 

factors, contractile defects, anatomical pathologies such as defects of perineal 

conformation, pendulous uterus and vascular degeneration can all contribute to persistent 

inflammation, making it difficult to identify one individual factor responsible for the 

decrease in uterine defense. 

1.2.5 Classification of Endometritis 

Endometritis in the mare can be divided into acute infectious, chronic infectious 

and post–mating-induced endometritis (LeBlanc, 2010). According to Samper (2009) the 

classification system for equine endometritis consists of (1) Acute infectious 

endometritis; (2) Chronic infectious endometritis; (3) Endometrosis (chronic degenerative 
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endometritis); (4) Persistent mating-induced endometritis (PMIE; also referred to as 

delayed uterine clearance). 

Acute endometritis is characterized by an influx of neutrophils in the 

endometrium stroma and uterine lumen (Vanderwall and Newcomb, 2007). The 

physiological (normal) acute endometritis is a transient inflammation process post-mating 

(Kotilainen et al. 1994; Katila 1995). This physiological inflammation serves to clear the 

uterus of excessive spermatozoa, debris and inflammatory products before the embryo 

descends into the uterus at 5.5 days after ovulation (LeBlanc and Causey, 2009).  

However, persistent inflammation leads to an influx of lymphocytes and plasma cells into 

the endometrium. This will cause fibrous tissue accumulation, which contributes to 

chronic degenerative changes, impairing the full use of the uterine clearance defense 

mechanisms (Kenney 1978; Causey et al., 2008).  During the inflammatory process, 

neutrophils release oxygen free radicals, which can lead to cell damage. Thus, in response 

to the inflammation the endometrium will secrete matrix metalloproteinases (MMPs).  It 

has been hypothethised that MMP-9 and -2 would lead to collagen deposition in cases of 

persistent inflammation, and this would be the cause of endometrial fibrosis (Oddsdottir 

et al. 2008a). 

Chronic infectious endometritis is most commonly seen in multiparous and older 

(>12 years of age) mares that have reproductive anatomical abnormalities (fibrotic cervix, 

poor perineal conformation, pendulous uterus). Persistent acute endometritis, lack of 

treatment of susceptible mares after breeding, repeat embryo flush in donor mares, repeat 

breeding, uterine pooling, intrauterine treatment with irritating compounds, and persistent 
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inflammation even after treatment in mares that have biofilm producing bacteria, can all 

contribute to the development of a chronic process due to the long standing inflammation 

(McKinnon & LeBlanc, 2011; LeBlanc, 2010). 

Chronic degenerative disease or endometrosis is another classification of 

endometritis. The term endometrosis was introduced by Kenney (1992) and was modified 

by Schoon et al. (1992). It is defined by the presence of active or inactive periglandular 

and/or stromal endometrial fibrosis including glandular alterations in fibrotic foci. It can 

affect a single uterine gland or a collection of uterine glands, known as nests (Schoon et 

al., 1995). Periglandular stromal cells undergo an atypical morphological and functional 

differentiation as the first sign of endometrosis (Hoffmann et al., 2009b).  

Hoffmann and coworkers have implicated this epithelial differentiation with a partial 

thickening of the basal lamina as an initial first sign seen in endometrosis. Focal 

endometritis, angiopathologies that may decrease oxygen delivery to part of the tissue, 

mechanical or physiological clearance disorders have all been speculated to be etiological 

contributing factors for this degenerative process. These authors concluded that the 

inflammatory process caused by endometritis seems to influence the progress of the 

disease. And, hormonal or seasonal changes do not contribute to the disease progress. 

However, more studies are required with a wider mare population (mares with chronic 

degenerative disease with active endometritis and mares without an active endometritis) 

to try to understand the pathogenesis of endometrosis. 
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The last classification but not the least important, persistent-mating induced 

endometritis are refered to those susceptible mares that accumulate intrauterine fluid after 

breeding, which is believed to be due to a delayed uterine clearance (Katila, 2012). 

1.2.6 Clinical Signs 

Excessive endometrial fluid is the cardinal sign of clinical endometritis, especially 

post-mating induced endometritis. Other signs that may be encountered in mares with 

clinical endometritis might be: vaginitis, vaginal discharge, shortened interestrous 

interval, positive endometrial cytology and/or culture.  However, mares with subclinical 

disease will lack clinical signs and may be classified falsely as reproductively healthy 

mares (LeBlanc and Causey, 2009). 

Susceptible mares accumulate more intrauterine fluid post-ovulation than resistant 

mares. This abnormal fluid collection may be due to bacterial multiplication and 

subsequently closure of the cervix, or due to lymphatic drainage failure such as in 

pendulous uterus due to multiple pregnancies (LeBlanc et al., 1991). Chronic 

endometritis may have a wide range of clinical signs with the presence or absence of 

intrauterine fluid, excessive or abnormal pattern uterine edema, or hyperechoic lines in 

the endometrial lumen visualized on ultrasound, suggestive of biofilm. Mares may also 

have longer or shortened cycles and sometimes appear to be in anestrus (McKinnon & 

Leblanc, 2011).   

1.2.7 Diagnosis 

Diagnosis is made through the detection of clinical signs (intrauterine fluid, 

inappropriate or excessive endometrial edema, vaginitis, vaginal discharge, abnormal 
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estrous cycles, and cervicitis), inflammatory endometrial cytology and positive 

endometrial culture. However, some or all of these signs may be absent in subclinical 

cases. Uterine biopsy can also be used to detect chronic inflammation and degenerative 

changes, such as elastosis or fibrosis, and to give a prognosis for the mare’s breeding 

career. Focal endometritis can be diagnosed with the use of hysteroscopy (LeBlanc & 

Causey, 2009). 

1.2.7.1 Vaginoscopy 

The presence of vaginal exudate, changes of vaginal color and moisture, 

discrepancies between the stage of estrous cycle and degree of cervical relaxation, and 

presence of any cervical or vaginal adhesion or acquired pathology can be evaluated by 

vaginoscopy.  Vaginal and cervical palpation can be used to determine the functionality 

of the vaginovestibular seal and cervical competency as barriers against infection. 

Pneumovagina is diagnosed by observation of an inrush of air upon parting the vulvar 

lips, or by identification of the pathognomonic sign of vaginal hyperemia and frothy 

exudate upon vaginal speculum examination (Pycock, 2009).  Older, barren, pluriparous 

mares in poor body condition during estrus, recent foaling mares, or mares with a history 

of dystocia, commonly present with urine pooling in the cranial vagina. It is important to 

differentiate this urine pooling from the exudate of mares with bacterial endometritis to 

institute proper treatment (McKinnon & Leblanc, 2011). 
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1.2.7.2 Ultrasound 

Susceptible mares are easily identified by intrauterine fluid accumulation 

(Causey, 2006). The presence of uterine fluid or excessive edema 18 hours after 

ovulation is used to diagnose a DUC mare (Samper, 2009; Bucca, 2008). 

Decreased pregnancy rates have been attributed to the presence of intrauterine 

fluid after ovulation (Barbacini et al., 2003; Malschitzky et al., 2003; McKinnon et al., 

1988; Pycock and Newcombe, 1996), an edema pattern that does not extend throughout 

the uterine wall (Samper 2009) or the presence of short, thick, hyperechoic lines in the 

uterine lumen signifying either air or exudate (LeBlanc, 2010). The use of ultrasound has 

been advocated 24 hours after breeding to diagnose mares with delayed uterine clearance 

(susceptible mares). However, examinations 6-12 hours after breeding are preferred to 

permit earlier intervention if needed (Troedsson, 1997). Though frequent ultrasound is 

more labour intensive and increases the expense to the owner, the differences between 

resistant and susceptible mares will be more readily identified at these earlier 

examinations (Causey, 2006). 

The detection of uterine fluid was seen more frequently (45–55% of the 

ultrasonographic examinations), when β-haemolytic Streptococcus, Klebsiella 

pneumoniae, Enterobacter cloacae, or yeast were isolated (Burleson et al. 2010).  

1.2.7.3 Cytology 

Cytological specimens have been collected from a gloved finger, a uterine culture 

swab or cap attached to the end of a guarded culture instrument, a cytology brush, uterine 

biopsy tissue or low volume lavage (Wingfield-Digby & Ricketts, 1982; Asbury, 1983; 



 

26 

 

Brook, 1985; Bourke et al., 1997; Ball et al., 1988; Brook, 1993; Aguilar et al., 2006; 

LeBlanc et al., 2007; Riddle et al., 2007). The purpose of cytology is to aid in the 

diagnosis of endometritis. 

The most abundant inflammatory cells found on endometrial cytology of mares 

with endometritis are neutrophils.  Lymphocytes, eosinophils, and macrophages are not 

commonly seen. Endometrial inflammation has been quantified by a number of methods 

(Card, 2005), and cut off values for inflammation vary across studies.  A summary of 

quantitative methods for the interpretation of endometrial cytology was prepared by Card 

in 2005 and updated with more recent literature (Table 1). These studies looked at 

number of neutrophils per high power field (hpf), neutrophil to epithelial cell ratio or 

percentage of neutrophils. However, guidelines for each different cytological collection 

method while taking into consideration the stage of the estrous cycle when collected and 

the mares’ status (barren, foaling, nulliparous or multiparous) needs to be standardized. 
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Table 1 Quantitative methods for the interpretation of equine endometrial cytology 

samples (adapted from Card, 2005) 

Parameters Author Year 

> 1 neutrophil in five fields (x240) Knudsen  1964 

Ratio of neutrophils to epithelial cells Digby and Ricketts 1978 

Ratio of epithelial cells to neutrophils > 10:1 Asbury 1984a 

> 1 neutrophil per high powered field Asbury 1984b 

Neutrophils to epithelial cells eight fields Couto and Hughes 1984 

> 5 neutrophils in 10 fields Brook 1985 

Ratio of neutrophils to epithelial cells LaCoeur and Sprinkle 1985 

< 15 endometrial cells to 1 neutrophil Ley 1986 

≥ 3-10% of cells are neutrophils Crickman and Pugh 1986 

≥ 2% of cells are neutrophils Ball et al 1988 

≥ 1 neutrophil per field (X 400) Purswell 1989 

> 0.5% neutrophils Ricketts and Mackintosh 1989 

Ratio of neutrophil to epithelial cells of 1:20 Bourke et al. 1997 

>2 PMNs per high power field (X400)   Riddle et al. 2007 

≥ 1 neutrophil per field (X 1000) LeBlanc 2007; 2011b 

≥ 0.5% of all cells are PMNs (in 200 cells) Nielsen et al. 2005;2010 

>2 PMNs per high power field (X400 or 

x1000);  or  ≥ 0.5% of all cells are PMNs 

Cocchia et al. 2012 

 

Recently, the most common technique to quantify inflammation is counting the 

number of neutrophils per high power field (X400) and expressing the result as a 

percentage of neutrophils to epithelial cells (LeBlanc, 2011a). A cut off value of ≥ 2% 

(1:40 neutrophil to epithelial cells) has been used by many to classify mares with 

endometritis. However, the cut off values to classify mares in the endometritis group 

varies between 0.5% to 5% neutrophils depending on the study, making comparison 

across studies difficult (Wingfield-Digby, 1978; Couto & Hughes, 1984; LaCour & 

Sprinkle, 1985; Ricketts et al., 1987; Ball et al., 1988 Wingfield-Digby, 1978).  LeBlanc 

et al., in 2007 evaluated chronically infertile mares using a cut off value of 1 or more 

neutrophils per 1000X field in endometrial flush fluid. These authors selected mares that 

had been bred three or more times unsuccessfully in the same breeding season, had a 
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history of ≥ 2 years of reproductive failure, or had two or more unsuccessful embryo 

recovery attempts during consecutive cycles. They found the presence of neutrophils in 

only 26% of cytological smears (105 out of 401). The authors have speculated that the 

low detection of neutrophils may be associated with the amount of debris, dilution and 

centrifugation of the efflux. 

Studies also vary regarding the method employed to collect cytology samples. 

When a cytology brush was employed, neutrophil to epithelial cells of 1:20 was used to 

classify inflammation. Cytology brushes harvest more epithelial cells per hpf compared 

to endometrial swabs (44.5±11.2 versus 21.0±12.4, respectively); however there was no 

difference in the number of neutrophils per high power field between these two 

techniques (Bourke et al., 1997). 

A clear connection exists between endometrial inflammation and fertility.  In a 

large field study, Riddle and co-workers in 2007 observed that mares with <2 PMNs per 

high power field (X400) had significantly higher pregnancy rates (60% per cycle) 

compared to mares with 2-5 PMNs (49% per cycle). Pregnancy rate per cycle declined 

further (23%) when >5 PMNs per hpf were present.  In general, mares can be classified 

as normal when 0-2 neutrophils/hpf are found; moderate inflammation consists of 3 to 5 

neutrophils/hpf, and mares with a severe endometritis are the ones that have more than 5 

neutrophils/hpf (Riddle et al., 2007; LeBlanc, 2011a).   

The type of bacteria involved in endometritis influences cytological changes.  E. 

coli was found to be less likely associated with a positive cytology when compared to 

mares infected with Streptococcus zooepidemicus (Riddle et al., 2007; LeBlanc, 2011a; 
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Nielsen et al., 2010).  This may complicate diagnosis further as E. coli infections become 

difficult to detect in some mares.  E. coli isolated from small volume flushes obtained 

from chronically infertile mares was highly associated with debris in the cytological 

smear (70/119), while Streptococcus zooepidemicus was not (LeBlanc et al, 2007).   

Mares positive for E. coli, more than 2 organisms, S. aureus and Pseudomonas spp. had 

fewer positive cytologies (range 19–33%) than mares positive for β-haemolytic 

Streptococcus or Klebsiella (range 50–71.4%) (Riddle et al., 2007; Burleson et al., 2010). 

Mares harboring bacteria that are known to produce uterine exudate like Streptococcus 

were more likely to have a positive cytology than mares that tended not to produce 

uterine fluid, suggesting that the each pathogen can produce a different inflammatory 

response (LeBlanc, 2010). 

Cytology specimens prepared from endometrial swabs, caps and brushes have the 

advantage of being quick, accurate and easily performed in the field.  However, the use of 

these techniques might not be representative if focal endometritis is present, since the 

sample is taken from only a small area of the endometrium, and the affected area may be 

missed (LeBlanc, 2011a).  

A small volume uterine flush (50 to 100 mL) is more representative of the entire 

uterine surface due to the sampling technique, however additional skills and extra time 

for sampling and processing is required (Ball et al., 1988; LeBlanc et al., 2007). The 

uterine flush that is recovered needs to either be centrifuged or be left standing in a tube 

for a few hours until sedimentation occurs. Furthermore, there is a dilution effect, 

especially when centrifugation is not possible, and the amount of debris and cell damage 
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can make identification of neutrophils more difficult (LeBlanc, 2011a). Only 22% of 

positive cultures had neutrophils on cytology performed from a low volume lavage 

technique. This could be due to the presence of debris in cytology slides, dilution and 

centrifugation of the recovered fluid, type of bacteria isolated, or if there is an active or 

chronic process involved (LeBlanc et al, 2007).  For these reasons, the low volume 

lavage technique was suggested to be not as sensitive as an endometrial swab or cytology 

brush, and reserved for mares with chronic infertility by the author (LeBlanc, 2011a). 

The method of collection of the cytological sample may affect interpretation of 

the results.  Cocchia et al., in 2012 compared three commonly used techniques (guarded 

cotton swab, uterine lavage, and cytobrush) to diagnose chronically infertile mares. The 

background content of the slides prepared by cotton swab appeared proteinaceous, while 

the background of slides prepared from recovered uterine fluid appeared contaminated by 

red blood cells or debris, and the background of slides prepared by cytobrush appeared 

clear. More intact cells were found in cytology specimens prepared from cotton swabs 

than from cytobrush and low volume lavage. Acute endometritis was diagnosed in 50% 

(10/20) of the mares by cotton swab, 25% (5/20) by cytobrush, and 75% (15/20) by low 

volume lavage. 

Cut off values of inflammatory cells and cytological slide evaluation of the 

different cytological methods (cotton swab, cap, cytobrush, low volume lavage) need to 

be evaluated against pregnancy rates and histological evidence for mares that have been 

correctly identified with acute or chronic endometritis. This would allow creation of 

guidelines to assist clinicians in the diagnosis of endometritis in the mare. 
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1.2.7.4 Culture 

Endometrial cytology appears to be more sensitive in diagnosing endometritis 

compared to culture.  Almost twice as many mares (20%) with acute endometritis were 

diagnosed by cytology using the cap of a guarded endometrial swab than by bacterial 

culture (11%) in a large study of 2128 paired cultured and cytology samples (Riddle et 

al., 2007). This is in agreement with Wingfield-Digby in 1978 who showed that 91% of 

mares (n= 9) with clinical evidence of persistent endometritis had cytological evidence of 

acute endometritis but only 45% had significant bacteriological findings. There was no 

definitive method to diagnose endometritis, such as evidence of inflammatory cells in 

histology specimens, used in this study. The possible explanation for the negative culture 

results and positive cytology could be partially explained by the antimicrobial therapy in 

the uterus, and in case of chronic infections where bacteria are deep-seated. 

The most common bacteria to be cultured from the endometrium of mares are 

beta-hemolytic streptococci (Streptococcus equi ssp. zooepidemicus), Escherichia coli, 

Pseudomonas aeruginosa, and Klebsiella pneumoniae. Other aerobic bacteria isolated 

from mares’ reproductive tracts are alpha-hemolytic streptococci, Corynebacterium spp., 

Staphylococcus spp., Enterobacter spp., Acinetobacter spp., Proteus spp., and 

Citrobacter spp (Troedsson, 2011). 

One study evaluating  401 endometrial flush samples from chronically infertile 

mares, found that E. coli was the most common bacteria isolated (27.6%), while 

Streptococcus was the second most frequent (20.9%) isolated organism. When an 

endometrial swab was used as a technique for culture submission, the most common 
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bacteria isolated was β-hemolytic Streptococcus (39%), with E. coli being second most 

common (16%) (LeBlancet al., 2007). The discrepancy in these findings could possibly 

be due to the fact that E coli is known to tightly adhere to the epithelium preventing 

physical removal, and in chronic infections where this organism is known to produce 

biofilm, the sensitivity of culture results may be lower when a swab is used compared to 

uterine flush. 

When bacteria were isolated from endometrial swabs of mares, a decrease in 

pregnancy rate (36%) was associated with it, even if the mares were negative for 

endometritis based on cytology (0-2 neutrophils/400X field), while mares negative for 

endometritis and with a negative culture had a 60% pregnancy rate.   Escherichia coli 

were less likely to be associated with a positive cytology, than when Streptococcus equi 

spp. zooepidemicus was the organism cultured (Riddle et al., 2007; Nielsen et al., 2010; 

Bindslev et al., 2008). Again, the results support the idea that E. coli is tightly adhered to 

the epithelia and is capable of producing biofilm which makes it harder to diagnose by 

culture or cytology than other microorganisms.  

Cloudy efflux from low volume lavage was associated with the presence of 

bacteria. Eighty-one percent of flushes that cultured E. coli were characterized as cloudy 

or mucoid, and 79% of β hemolytic Streptococcus were cloudy or mucoid (LeBlanc et al., 

2007). Thus, using additional indices will improve the clinical detection of inflammation 

or infection.   

Nielsen (2005) compared cultures obtained from endometrial swab to those from 

endometrial biopsy. Only 38 of 84 (45%) barren mares with bacteria cultured from the 
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biopsy had bacteria isolated from an endometrial swab. Endometritis was diagnosed by 

the presence of neutrophils in histology (gold standard) in 212 endometrial biopsies. He 

compared culture of endometrial biopsy, culture of guarded endometrial swab, and 

cytology prepared from smearing the endometrial biopsy on a slide against the gold 

standard (neutrophils visualized in histological preparation). Of the three techniques 

(biopsy culture, swab culture and cytology), sensitivities were 0.82, 0.34 and 0.77, and 

specificities were 0.92, 1.0 and 1.0, respectively.  

In 2010, Nielsen et al. looked at mares from two different practices, in Denmark 

and Kentucky. He compared cytology and culture results both prepared from endometrial 

biopsy (Denmark) and from swabs (Kentucky). The cut off value used to consider the 

mares positive for endometritis was ≥ 0.5% PMNs.  They found higher numbers of 

culture-negative, cytology-positive mares in Kentucky (26%) than in Denmark (3%). 

They also had a higher proportion of positive-cytology samples in Kentucky than in 

Denmark (45% vs. 25%). These workers suggested a possible higher sensitivity of 

endometrial biopsy cultures compared to the ones from endometrial swabs. Due to the 

nature of the study being retrospective, the mare population being from two different 

locations, and also the higher percentage of positive-cytology in Kentucky, inferences on 

which diagnostic test is more sensitive cannot be made based on this study.  

These studies have shown the importance of using laboratory data in light of 

clinical findings, since they have found that the relationship between cytology and culture 

can be different depending on the bacterial isolate. They also have shown that no test by 
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itself (cytology, culture, or uterine flush characteristics) is sensitive enough to diagnose a 

mare with subclinical endometritis (LeBlanc and Causey, 2009).  

1.2.7.5 Endometrial Biopsy 

Endometrial biopsy is useful in the diagnosis of mares that failed to get pregnant 

or are suspected to have endometrial pathology (Ricketts, 1975).   Subfertile mares, 

mares with a palpable uterine abnormality on rectal examination, mares with chronic 

inflammation or repeated early embryonic death, are all candidates to have endometrial 

biopsy performed.  Histological evaluation of the endometrium can also be used to help 

choose appropriate treatment and evaluate its success (McKinnon & LeBlanc, 2011). 

Biopsies are graded on the degree and chronicity of inflammation, fibrosis, and 

glandular activity. The Kenney-Doig biopsy classification system (Kenney & Doig, 

1986) has been shown to be highly correlated to the probability of a mare to carry a foal 

to term.  

Three categories (I, II, and III) were introduced by Kenney in 1978 based on the 

degree of pathological change in the endometrium, and later a revision of the grading 

system subdivided the category II, into IIA and IIB (Kenney & Doig, 1986). Category I is 

composed of an endometrium that is neither hypoplastic or atrophic and if any changes 

(fibrosis or inflammation) is present it should be very minimal and not affect this mare’s 

ability to carry a foal to term. Category III being the worst grade for a mare to have 

(lowest probability a mare will carry a foal to term) is composed of widespread, diffuse, 

severe inflammatory changes in the endometrium with five or more fibrotic nests per 5.5 

mm of linear fields and severe lymphatic lacunae. The endometrial fibrotic changes are 
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irreversible. Category II is a broad category including those mares close to category I and 

those close to category III. Therefore, it was subsequently modified (Doig et al., 1981; 

Kenney & Doig, 1986) to include two categories, category IIA (close to I) and category 

IIB (close to III) (Love, 2011). Mares with slight to moderate histological changes, such 

as mild inflammation, are placed under category IIA, while inflammatory changes that 

are widespread diffuse and with moderately severe foci, and with fibrotic changes more 

severe and extensive than those in category IIA will place these mares in category IIB. 

Mares that are classified under grade IIA and IIB that are treated appropriately and 

eliminate inflammatory or lymphatic changes are allowed upward classification, while 

mares that have been barren for two years or more are placed in a downward category 

(Kenney & Doig, 1986). The probability of a mare to carry a foal to term according to the 

histological grading was summarized by Kenney & Doig in 1986 in table 2. 

Table 2 – Expected Foaling rates of mares according to categorization of endometrium 

(Kenney & Doig in 1986) 

Category Degree of endometrial change Expected foaling rate (per cent) 

I Absent 80-90 

IIA Mild 50-80 

IIB Moderate 10-50 

III Severe 10 

 

Barren mares that have been diagnosed free of endometritis by cytology and 

culture cannot have a negative final diagnosis until it is confirmed by a uterine biopsy 

(Love, 2011).  A single biopsy may not always be totally representative of the entire 

uterus (Blanchard et al., 1987), but a sample taken at the site of embryonic fixation is the 

most accurate way to identify inflammation  (McKinnon & LeBlanc, 2011). 
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The endometrium has short cuboidal epithelium and sparse density of glands 

during anestrus, becoming tall during estrus with ‘proestral nests’. When biopsies are 

taken in diestrus, the lack of edema appears as an increase in gland density. The 

inflammatory cells are more commonly present in the stratum compactum than in the 

stratum spongiosum. The presence of these cells outside of vessels is indicative of 

inflammation.  Acute inflammation is defined by the presence of neutrophils in the 

biopsy, while a chronic process will have lymphocytes, and sometimes with a continuous 

antigenic stimulation, plasma cells (Kenney, 1978; Love, 2011).  

Excessive collagen from chronic insults to the endometrium can form around 

endometrial glands and lead to the formation of nests. This periglandular fibrosis (PGF) 

represents the degree of ‘scar tissue’ in the endometrium (Kenney, 1978; Love, 2011).  

Kenney in 1978 hypothesized that glandular secretion is abnormal in mares with 

advanced periglandular fibrosis, since he suggested that periglandular fibrosis is 

associated with pregnancy loss between 35 and 80 days of gestation. 

In a study that compared susceptible and resistant mares, lymphatic lacunae 

and/or glandular nesting were observed in all 4 susceptible mares that had delayed uterine 

drainage verified by India ink intrauterine infusion, while only one resistant mare 

exhibited glandular nesting (LeBlanc et al., 1995). This study also showed the importance 

of evaluating histological samples and determining the degree of periglandular fibrosis 

and the presence of lymphatic lacunae.  

It is important to note that other endometrial changes such as angiosis (Schoon et 

al., 1999 & Schoon et al., 2003), endometrial maldifferentiation, epithelial hyperplasia, 
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and the amount of mucus on the luminal side of the epithelium have not been considered 

in Kenney and Doig grading scheme. These more recently identified endometrial changes 

also affect the clinical and prognostic outcome (McKinnon & LeBlanc, 2011).  Different 

cytochemical and immunohistochemical staining have been investigated to evaluate 

fibrosis, blood vessels and inflammatory cells, among others, in the endometrium. 

However, these techniques are not routinely performed when evaluating endometrial 

biopsies due to additional expense (Schlafer, 2007).  Furthermore, with our current 

understanding it is not clear how these additional stains would alter treatment plans. Once 

again, it must be stressed that the complete clinical picture and diagnostic tools must be 

taken into account when assessing the barren mare. 

1.2.8 Endometrial Proteins and Their Possible Roles in Endometritis 

A collective effort has been made in the last few years to characterize uterine 

proteins that may be involved in embryonic demise or may have some role in equine 

endometritis. Hayes and coworkers in 2008 compared the major proteins in the normal 

equine embryonic capsule and endometrial secretions around the period of fixation with 

those from pregnancies that were induced to fail by the administration of an analogue of 

prostaglandin F2α (PGF2α).  This study suggested that failure of pregnancy using PGF2α 

was associated with an increase in secretory phospholipase (sPLA2) in the capsule and a 

change in the forms of uteroglobin in the uterine secretions.  

Secretory phospholipase A2 is one of several phospholipase A2 (PLA2) enzymes 

that cleave glycerophospholipids at the sn-2 position and release arachidonic acid, the 
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precursor of prostaglandins involved in luteolysis, inflammation and hemostasis (Tithof 

et al. 2007). 

Lillie et al. (2010) used Reverse Transcription Polymerase Chain Reaction (RT-

PCR) to show that sPLA2 is expressed in the endometrium.  Another study done by 

Ababneh et al. in 2011 also used RT-PCR and immunohistochemistry to determine 

transcription and cellular distribution of cytosolic PLA2 (cPLA2, a member of the PLA2 

family which is responsible for PGF2α secretion) in the equine endometrium during the 

estrous cycle and early pregnancy. They found that cPLA2 is highly expressed in the 

endometrium at the expected time of luteolysis. 

Hayes and coworkers continued their efforts in 2012 to describe endometrial 

proteins and their potential roles in embryonic development and/or in uterine defenses. 

They used proteomic analysis and expression microarray comparisons from pregnant 

mares on day 20 after they had received a luteolytic dose of cloprostenol on day 18, and 

compared them to cycling mares that were not pregnant on days 17-20.  Endometrial 

proteins that decreased in normal pregnancy included secretory phospholipase A2 

(sPLA2), cathepsin L1 (CTSL1), secretoglobin 1A1 (SCGB1A1), epididymal secretory 

protein E1 (NPC2) and vanin 1 (VNN1). They have suggested that sPLA2, lipocalin 2 

(LCN2), SCGB1A1 and interleukin-1 receptor antagonist (IL1RA) have potential roles in 

mucosal innate immunity but their production is reduced during early pregnancy. 

However, this study did not investigate mares with endometritis or mares that are 

grouped according to resistance or susceptibility to endometritis. Another factor to take 

into account is that many of the proteins identified in the proteomic analysis have no 
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known function, so further investigations are warranted for a better understanding of the 

molecular events in those mares with endometrial disease. 

A study involving 15 mares experiencing naturally occurring early embryonic 

death showed a significant increase in acute phase proteins: serum amyloid A and 

haptoglobin in blood serum determination. These authors suggested that determinations 

of serum amyloid A (SAA) and haptoglobin in early pregnancy were useful for 

monitoring normal development of pregnancy and for the diagnosis of subclinical 

inflammation (Krakowski et al., 2011). However, this study lacked the endometritis 

diagnosis by either histological, cytological or bacteriological tests, making it difficult to 

infer that early embryonic death was due to inflammation (endometritis) in those mares 

that had increased levels of their acute phase proteins.  

Another study looking at serum amyloid A (SAA), found that SAA peripheral 

concentrations did not increase 24 hours after intrauterine treatment with frozen-thawed 

semen or frozen extender. The authors speculated that the treatments only produced a 

local immune response. However, samples were measured only up to 24 hours after the 

challenge (Nash et al., 2009). 

With the objective to correlate some acute phase proteins from the systemic 

circulation to the local immune response in the uterus after an inflammatory insult, in 

2010, Christoffersen et al. obtained blood and endometrial biopsies after a uterine 

inoculation with 10
9
 CFU Escherichia coli. They found a significant increase in serum 

amyloid A and fibrinogen in plasma, with the peak concentration rise in 48 and 24 hours, 

respectively. SAA concentrations in plasma and endometrial expression were correlated. 
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Expression of SAA was significantly up-regulated, and a significant up-regulated 

expression of IL-1β, TNFα, IL-8 and IL-10 was observed. In this study the mares 

presented systemic signs of endotoxemia, so it is not surprising the SAA were elevated in 

plasma and that there was an upregulation of the aforementioned cytokines.  

Lactoferrin, a glycoprotein with antibacterial and immune modulatory properties, 

is higher (550 times) during estrus than diestrus and early pregnancy. Susceptible mares 

to PMIE (DUC mares) exhibited higher lactoferrin transcription compared to normal 

mares, especially in proestrus. Since these authors demonstrated that lactoferrin was 

expressed in glandular and luminal epithelium and also in neutrophils, this elevated 

transcription could also be contributed by the glandular epithelia or by neutrophils, or 

both of them (Kolm et al., 2006).    

Walter and coworkers in 2005 determined that matrix metalloproteinase (MMP-2) 

and tissue transglutaminase (TG-2) are involved in the extracellular matrix regulation in 

areas of periglandular fibrosis. Further studies are needed on biopsy specimens of mares 

with endometritis. 

The expression of secretoglobin (uteroglobin), a lipophilic carrier molecule which 

is involved in blastocyst implantation, has been demonstrated in the lung, uterus and 

prostate gland in horses by Northern blot analysis (Müller-Schöttle, et al. 2002). Côté et 

al (2012) identified three SCGB1A1 gene copies on equine chromosome 12, two of 

which were expressed and coded for different proteins.. These authors found strong 

expression of SCGB1A1 and SCGB1A1A in equine lung, uterus, uterine tube and 

mammary gland. 
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Uterocalin, a member of the lipocalin protein family, is the most abundant 

progesterone-dependent protein in the mare’s endometrium (Stewart et al., 1995; Crossett 

et al., 1996). Stewart et al. in 2000 and Hoffmann et al. in 2003 both showed an abnormal 

and asynchronous secretion of uterocalin in the epithelium of distended glands and also 

in aging mares with chronic degenerative disease (endometrosis) (Schoon et al., 1997).  

In agreement with others (Stewart et al., 2000 and Hoffmann et al., 2003),  Ellenberger et 

al., in 2008 found different secretion patterns of 3 proteins (uteroglobin, uterocalin and 

uteroferrin) in endometrial glands of mares with chronic degenerative changes. These 

affected glands had asynchronous (weaker or more intense) secretions of these proteins, 

which may disturb the uterine environment causing fertility problems in mares. 

Hoffmann et al. (2009a) obtained 48 endometrial biopsies from mares suffering 

from various types of endometrosis (active and inactive, destructive and non-destructive 

and mild to severe).  They performed immunohistochemistry and analyzed expression 

patterns of uteroglobin, uteroferrin, calbindinD9k and uterocalin. They concluded that, 

compared to non-affected glands, there was a decrease of immunostaining intensity in 

mares that had destructive endometrosis. Uteroferrin staining was stronger in the areas of 

destructive endometrosis.  

Together, these studies show potentially important roles of various proteins 

throughout the equine estrous cycle, pregnancy and in uterine disease such as 

endometritis. However, studies are lacking on the characterization of other proteins in 

different groups of mares, such as the ones that have chronic degenerative disease with 

active endometritis and mares with normal healthy endometrial biopsies that are positive 
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and negative for endometritis. Clearly more research is needed into the role and potential 

diagnostic value of these proteins in the mare. 

 

1.3 RESEARCH OBJECTIVES 

The general objective of this research was to contribute to the general knowledge 

of endometritis in mares by comparing the different diagnostic methods, identifying 

novel proteins that may play a role in endometritis and demonstrating the expression of 

these proteins in uterine biopsies. 

The objective of the first study was to compare the different methods employed to 

diagnose endometritis (endometrial swab, low volume lavage, biopsy and culture) and to 

compare agreement of the results among them. 

Finally, the objective of the second study was to identify the proteins in the 

uterine flush of normal mares and mares suffering from endometritis, and demonstrate 

the presence of a subset of proteins of interest in the endometrial biopsies by 

immunohistochemistry. 
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CHAPTER TWO  

 

COMPARISON OF DIFFERENT DIAGNOSTIC METHODS IN EQUINE 

ENDOMETRITIS 

2.1 INTRODUCTION 

 

Endometritis was ranked in the top three medical problems in equine adult 

patients in a survey completed by 1149 equine practitioners (Traub-Dargatz et al., 1991). 

This inflammatory process of the endometrium is a common cause of infertility in mares 

(Varadin, 1975), leading to early embryonic death, and a shortened luteal phase (LeBlanc 

and Causey, 2009). Endometritis has a significant economic impact, since affected mares 

often have irregular estrous cycles, require intensive clinical breeding management, and 

require more cycles to become pregnant, incurring additional costs to the owner 

(Thalheimer and Lawrence, 2001). 

Endometritis can be divided into acute infectious, chronic infectious, post–

mating-induced (LeBlanc, 2010), and endometrosis or chronic degenerative endometritis 

(Samper, 2009).  Several studies have defined mares as susceptible or resistant to 

endometritis, based on the time frame for the uterine environment to return to normal 

following challenge, which ranged in various studies from 48 to 96 hours (LeBlanc et al., 

1989; Troedsson and Liu, 1991; Troesdsson and Liu, 1993a). Susceptible or ‘delayed 

uterine clearance’ (DUC) mares have been defined in studies by the delayed clearance of 

intrauterine infusions of  bacteria (Hughes and Loy, 1969), radiocolloid (LeBlanc et al., 

1994a), microspheres, or charcoal (LeBlanc et al., 1989; Evans et al., 1987). These 

studies have brought a better understanding of the clearance mechanism of the uterine 
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environment, however none of these diagnostic challenge tests are practical in a clinical 

practice situation. With this in mind, other studies (Brinsko et al.2003) have tried to 

provide a practical solution for classification of mares in a clinical setting, defining 

susceptibility to endometritis as the presence of intraluminal fluid >2cm in height 

detected by ultrasound during estrus. 

Endometritis is typically diagnosed through the detection of clinical signs, which 

may include intrauterine fluid, inappropriate or excessive endometrial edema, vaginitis, 

vaginal discharge, abnormal estrous cycles, and cervicitis. In addition, inflammatory 

endometrial cytology and a positive endometrial culture are features of endometritis. 

However, some or all of these signs may be absent in subclinical cases (LeBlanc and 

Causey, 2009). Clinical signs may change depending on the type of bacteria involved. 

For example, Escherichia coli adhere to the endometrial epithelium, complicating 

removal during sampling for culture (LeBlanc, 2010). E. coli are also less likely to be 

associated with a positive cytology (defined as having > 2 neutrophils/ field) than 

Streptococcus spp., Staphylococcus spp., or Klebsiella spp. (Riddle et al., 2007). 

Therefore, diagnosis and treatment of endometrial E. coli infection can be difficult. Other 

bacteria, such as Pseudomonas aeruginosa and some yeast and fungi are known to form 

biofilms (LeBlanc, 2010), resulting in persistent, chronic infections (Costerton et al. 

1995; Donlan and Costerton 2002; Otto 2006). The persistence of endometrial 

inflammation will lead to an influx of lymphocytes and plasma cells, and cause 

irreversible degenerative change in the endometrium by the deposition of fibrous tissue, 

worsening the endometrial biopsy grading and decreasing the prognostic chance of those 

mares to carry a foal to term (Kenney 1978; Causey et al., 2008).  Endometrial biopsy 
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can also be used to detect chronic inflammation and degenerative changes, such as 

elastosis or fibrosis, and to give a prognosis for the mare’s breeding career. However, 

focal endometritis can be better diagnosed with the use of hysteroscopy (LeBlanc and 

Causey, 2009). 

Endometrial cytology is a readily available diagnostic test to identify mares with 

endometritis. Samples have been procured from a gloved finger, an endometrial swab or 

cap attached to the end of a guarded swab instrument, a cytology brush, endometrial 

biopsy tissue or low volume lavage (LeBlanc et al., 2007; Aguilar et al., 2006; Asbury, 

1983; Ball et al., 1988; Bourke et al., 1997; Brook, 1985; Brook, 1993; Riddle et al., 

2007; Wingfield-Digby & Ricketts, 1982).  Endometrial inflammation has been 

quantified by a number of methods (Card, 2005), and cut off values for inflammation 

vary across studies.  

Each diagnostic test for classification of endometritis has advantages and 

disadvantages. Low volume lavage (50 to 100 mL) evaluates a larger endometrial surface 

area (LeBlanc et al., 2007; Ball et al., 1988), while swabbing the endometrium only 

samples a small focal area, potentially resulting in false-negatives (LeBlanc et al, 2007). 

On the other hand, chronic degenerative changes and deep inflammation can be 

diagnosed by uterine biopsy (LeBlanc and Causey, 2009). In a study using 2128 paired 

cultured and cytology samples Riddle et al., in 2007 found that endometrial cytology was 

twice as sensitive as endometrial swab cultures, in diagnosing mares with acute 

endometritis. This is in agreement with Wingfield-Digby in 1978, who showed that only 

45% of mares with a history of clinical evidence of persistent endometritis had positive 
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cultures, while 91% were shown to have endometritis based on the presence of 

polymorphonuclear cells (PMNs) on endometrial cytology. 

The overall aim of this study was to compare the different methods employed to 

diagnose endometritis (endometrial swab, low volume lavage, biopsy and culture) in a 

clinical referral hospital setting.  A second objective was to establish a cut off value for 

the number of PMNs found in cytology samples, in an effort to improve our ability to 

diagnose endometritis. 

2.2 MATERIALS AND METHODS 

2.2.1 Animals 

Fifty-four light breed mares, 3 to 19 years of age, were examined during the 

physiological breeding seasons of 2011 and 2012. Mares selected for the study included 

those admitted to the Ontario Veterinary College for breeding soundness evaluation, 

breeding services or infertility work up, as well as research and teaching mares with 

previously known reproductive histories. Based on their reproductive history, the mares’ 

status were classified as: 1) Maiden (M) if they had not been bred or had a foal before the 

research was conducted; 2) Foaling (F) if the mares had a foal during the same year she 

was examined; 3) Barren (B) if the mare had been bred the previous year but failed to 

conceive; 4) Not bred (NB) if the mare had previous foal(s)  but was not bred the year 

before, nor the year of, examination ; 5) Teaching (T) if the mare was part of the teaching 

herd (these are mares used to teach students procedures including trans-rectal palpation 

and ultrasound, acquisition of endometrial swabs, artificial insemination, embryo 

flushing, and which receive PGF2α to induce early abortion); 6) Maiden Embryo Transfer 
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Donor (M – ET) if the mare was part of an embryo transfer research herd, composed of 

young maiden mares and known to have produced at least one embryo during the same 

year of examination. All procedures were approved by the Animal Care Committee, 

University of Guelph.  

2.2.2 Reproduction Examination 

Mares were examined by trans-rectal palpation and ultrasound (Aloka 500, 

Tokyo, Japan) with a 5MHz linear transducer upon presentation to determine stage of the 

estrous cycle, ovarian structures, follicle measurements, uterine edema and intra-uterine 

fluid. Uterine edema was graded as 0 (no edema), 1 (slight), 2 (moderate), 3 (slightly 

heavy), or 4 (excessive edema). Since many mares were client-owned, and presented on 

one occasion for a Breeding Soundness Evaluation, mares were examined and samples 

taken irrespective of stage of cycle. 

Diestrus was confirmed by visual identification of corpus luteum by ultrasound 

(CL), lack of uterine edema and uterine tone. If a CL was not easily identified, a serum 

sample for progesterone level was sent to the Animal Health Laboratories (AHL) at the 

University of Guelph. Mares with progesterone levels ≥ 6 nmol/L were considered to be 

in diestrus. Mares were classified as being in estrus by identification of endometrial 

edema on ultrasonographic examination, a follicle > 25 mm diameter on an ovary, a 

flaccid uterus and a soft cervix upon vaginoscopy or vaginal palpation. 

2.2.3 Sample collection 

Abnormalities including excessive edema, presence of fluid, endometrial cysts 

and ovarian structures were noted during palpation and ultrasound examinations. The 
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vulva and perineum were then washed with a gentle soap (Jergens®, Cincinnati, OH, 

USA) rinsed three times with water, and dried with paper towels. In each mare, 

diagnostic samples were collected, first by a guarded endometrial swab, then by a low 

volume lavage and finally by a biopsy as described below. 

2.2.3.1 Endometrial Swab 

Using a long sterile sleeve and sterile gel (Muko®, Cardinal Health Canada Inc, 

Mississauga, ON, Canada) a guarded swab (Equine Culture Swab, Partnar Animal 

Health, Ilderton, ON, Canada) was guided manually through the vulva, vagina and cervix 

and into the uterine body. The swab was rolled over the endometrial surface for 60 

seconds, retracted into the sheath and removed from the mare. The contents of the cap  

were pressed onto a glass microscope slide which was air dried and sprayed with a 

cytofixative (Cytoprep®, Fisher Scientific Ltd., Nepean, Ontario,  Canada). The slides 

were then stained with a modified Giemsa stain (Protocol Wright Giemsa Stain, Fisher 

Science, Ottawa, ON, Canada).  

2.2.3.2 Low Volume Lavage 

A low volume lavage (LVL) was performed as previously described (LeBlanc et 

al., 2007). A uterine catheter (Bivona, Partnar Animal Health, Ilderton, ON, Canada) was 

passed per vaginum through the cervix and into the uterine body. The balloon of the 

catheter was inflated with air to prevent fluid escaping through the cervix, the catheter 

then seated into the cervical os, and in estus mares, a hand was placed around the open 

cervix and catheter. Two hundred and fifty ml of 0.9% sodium chloride solution (0.9% 

NaCl, Baxter, Mississauga, ON, Canada) was infused into the uterus. Uterine massage 
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was not performed during LVL to avoid irritation and influx of red blood cells that may 

interfere with further analysis of proteomics. The fluid was left in the uterus for two 

minutes and then 20 IU of oxytocin (Oxyto-Sure™, Vétoquinol, Lavaltrie, QC, Canada) 

were administered intravenously to assist in recovery of the fluid by gravity into the 

sterile bag. The retrieved fluid was measured and a 3 ml aliquot submitted for cytospin 

preparation at AHL with Wright’s stain for further cytological analysis. The remaining 

fluid was placed into four sterile 50 ml conical tubes (Corning® Centrifuge Tubes, 

Corning Incorporated Life Science, Tewksbury, MA, USA).The gross character of the 

LVL fluid: normal (clear) or abnormal (cloudy, discoloured, debris) was recorded prior to 

centrifugation at 400g for 10 min. After centrifugation, two tubes were retrieved for 

preparation of a cytology smear and for culture of the pellet. The centrifuged fluid for 

preparation of the cytology had the supernatant removed and the remaining pellet was 

resuspended  in 1ml of phosphate buffered saline (PBS) (Invitrogen, Burlington, ON) and 

1 to 2 drops were placed on a slide, air dried, and  sprayed with a cytofixative 

(Cytoprep®, Fisher Scientific Ltd., Nepean, Ontario,  Canada). The slides were then 

stained with a modified Giemsa stain (Protocol Wright Giemsa Stain, Fisher Science, 

Ottawa, ON, Canada).  

The supernatant was removed from the second tube, and the pellet retrieved with 

a sterile culturette (BBL
TM

 Culture Swab
TM

, BD, Mississauga, ON, Canada) and plated 

onto MacConkey Agar (Oxoid, Thermo Scientific, Nepean, ON, Canada) and Blood Agar 

with 5% Sheep Blood (Oxoid, Thermo Scientific, Nepean, ON, Canada) with bacterial 

growth recorded at 24 and 48 hours. If any growth (> 1 colony) was recorded, the culture 

plate was submitted for culture and sensitivity to AHL for confirmation. The remaining  
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two tubes were centrifuged for another 10 minutes (20 minutes total), and the supernatant 

was transferred to another sterile 50 ml conical tube and stored at -20  C for further 

proteomic analysis. 

2.2.3.3 Cytology 

Endometrial cytology slides (cap of the endometrial swab, LVL pellet 

resuspended in PBS, and LVL fluid submitted for cytospin) were assessed for 

background mucus and debris. The mean of the number of neutrophils per high power 

field (X400) (hpf) across ten fields was recorded, as well as the neutrophil to epithelial 

cell ratio, after evaluating 100 total cells. 

2.2.3.4 Biopsy 

An endometrial biopsy sample was obtained transcervically using a Pilling-Weck 

biopsy punch (Jorgensen Laboratories, Loveland, Co, USA) as described by Kenney 

(1978). Endometrial samples were bisected  half was flash-fro en in liquid nitrogen and 

stored at - 0  C, the other half fixed in methacarn (methanol-Carnoy fixative), processed 

routinely by paraffin embedding, sectioned at 3–4μm and stained with haematoxylin and 

eosin (H-E). The histopathological examination of the biopsies was based on the grading 

scheme of Kenney and Doig (1986) and performed by a reproductive pathologist in a 

blinded fashion. The biopsy was analyzed for the stage of estrous cycle, the number of 

fibrotic nests in a 5.5mm field, and presence of neutrophils, plasma cells and lymphoid 

follicles. The presence of inflammatory cells in the endometrium was graded as 0 if no 

inflammatory cells were seen; 1 if there were low number of cells; 2 if there were 

moderate numbers; and 3 if there was an abundance of cells. Mares that had the 
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inflammatory cells graded as 0 or 1 were classified as negative for endometritis based on 

the biopsy, while grade 2 or 3 placed mares under the category of positive for 

endometritis. Under this system, mares were classified as having acute endometritis if the 

inflammatory cells were mainly composed of neutrophils, while if inflammatory cells 

were mostly plasma cells or lymphocytes, the mares were classified as having chronic 

endometritis. If mares were positive for endometritis on biopsy and had a mix of 

inflammatory cells (neutrophils and plasma cells or lymphocytes), mares were classified 

as having a chronic endometritis with active inflammation. 

2.2.4 Criteria for the diagnosis of endometritis 

A mare was classified positive for endometritis if she demonstrated two or more 

of the following 5 criteria on a checklist:  1) abnormal clinical findings (any of: uterine 

fluid on ultrasound, or excessive edema for follicular size, or history of subfertility); 2) 

abnormal gross character of the LVL fluid: (cloudy, discoloured, debris) prior to 

centrifugation; 3) positive endometrial cytology ( ≥ 1 neutrophil per high power field, or 

≥1% (1:100) neutrophil to epithelial cell ratio on cytology); 4) bacterial growth on 

culture; and 5) inflammation detected on endometrial biopsy. Endometrial edema was 

considered excessive if the mare had a follicle ≤ 25 mm and uterine edema ≥ grade 2.  

Out of the 54 mares examined, 54 mares had clinical findings observed, only 44 mares 

had endometrial biopsy samples taken, 47 had flush character noted, 51 had endometrial 

cytology performed either by swab and/ or low volume lavage, 32 mares had cultures 

performed and 51 mares had the final diagnosis of endometritis on the checklist. 
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2.2.5 Statistical analysis 

Data analysis was performed in 3 steps:  

Step 1) To determine a cut off value for the number of neutrophils per high power 

field, and the ratio of neutrophils to epithelial cells from the endometrial cytologies 

performed from the endometrial swab, LVL and the cytospin, the data were analyzed via 

Kappa coefficient (Cohen, 1960) in order to evaluate the agreement between the different 

cut-off values reported in the literature (Card, 2005). The endometrial biopsy result was 

used as the Gold Standard for the definitive diagnosis of endometritis. The cut-off values 

examined for the number of neutrophils/hpf were 5, 3, 2 and 1. The cut-off values 

examined for the ratio of neutrophils to epithelial cells were 10%, 6%, 3%, and 1%. 

Frequencies were calculated for sensitivity, specificity, positive predictive value (PPV) 

and negative predictive value (NPV). The frequencies and agreement results were 

compared among the different cut-off values for each of the three different cytological 

methods, and the cut-off value that had better sensitivity, PPV and agreement was chosen 

for the remainder of the analysis. 

Step 2) Data were analyzed via Kappa coefficient (Cohen, 1960) to evaluate the 

agreement between the gross appearance of the flush fluid and the culture result, using 

the biopsy as the Gold Standard.  

Step 3) Each of the 5 criteria from the mares’ endometritis checklist [ a) abnormal 

clinical findings; b) abnormal gross appearance of endometrial flush; c) positive culture; 

d) positive endometrial cytology; and e) positive inflammation on biopsy] was evaluated 

using the Kappa statistic, as a diagnostic test for endometritis, using two other criteria for 
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comparison as a “New Gold Standard”. Each criterion was analyzed as a dichotomous 

(“yes” or “no”) variable in 2 x 2 tables to examine the strength of agreement with the 

“New Gold Standard”. The agreement was considered: poor if k ≤ 0.2, fair if 0.21   k 

<0.4, moderate if 0.41 < k < 0.6, substantial if 0.61 < k < 0.8, good if it exceeds k >0.8 

(Landis and Koch, 1977). Significance was set at P ≤ 0.05, and the computed p-values 

were exact one-sided.  For all analyses, the frequencies were calculated for sensitivity, 

specificity, positive predictive value (PPV) and negative predictive value (NPV). All 

analyses were performed using SAS 9.3. 

 

2.3 RESULTS 

The mares’ average age was 9.57 ± 4.41. They were classified according to their 

status, and were composed of 5 foaling mares, 15 teaching mares, 9 maiden mares, 10 

maiden-embryo transfer, 4 not bred, and 11 barren mares. 

Endometritis was diagnosed in 35 out of 44 mares by biopsy. Out of the 35 mares, 

5 were diagnosed with acute endometritis, 12 with chronic endometritis, and 18 mares 

with chronic endometritis with an active process (mixed).   

Based on the endometritis criteria (mares positive for 2 of 5 items on the 

checklist), 33 out of 51 mares were diagnosed to be positive for endometritis. Appendix 

2.1 shows the descriptive data (age and status) of all 54 mares used in the research, and 

the 5 criteria on the checklist that were used to make final diagnoses of endometritis. All 

11 of the barren mares were diagnosed with endometritis based on the 2/5 criteria 
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approach; in only 2 of these 11 mares there was no evidence of endometritis in the 

biopsy, however these mares demonstrated both abnormal clinical findings and abnormal 

LVL fluid character, suggesting acute clinical endometritis, which may have been focal 

in nature.  

Twenty four of 54 mares had abnormal clinical findings, however 11 of the mares 

with endometritis diagnosed by the endometritis criteria had no outward clinical signs, 

consistent with subclinical disease.  Ten of 32 cultures submitted were positive,  24 of 51 

mares were considered positive on cytology, and 19 out of the 47 mares in which LVL 

was performed had abnormal flush fluid character. 

The results of coefficients of agreement (kappa) and frequencies of the different 

cut-off values for neutrophils/hpf and neutrophil to epithelial cell ratio for each of the 

three different cytology methods are shown in Table 1 and Table 2, respectively.  

The optimal cut-off values were determined to be ≥1 neutrophil/hpf, or ≥1 

neutrophils to 100 endometrial cells (ratio) (Tables 2 and 3). The sensitivity and positive 

predictive value (PPV) for LVL at ≥1 neutrophils per hpf were 37% and 85%, 

respectively (kappa = 0.087) and 74% and 72% when a ratio of ≥1 neutrophils to 100 

endometrial cells was used (kappa = 0.27).  The sensitivity and PPV of the endometrial 

swab were 60% and 100%, respectively for ≥1 neutrophils per hpf (kappa = 0.158), with 

sensitivity increasing to 93% when the ratio of neutrophils to endometrial cells was used 

(kappa = 0.63).  
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Table 1: Agreement coefficient (Kappa), the confidence intervals (C.I) and frequencies of 

cut off value of neutrophils per high power field (x400) in cytologies performed from 

endometrial swab caps (NSF), low volume lavage (LNF), and low volume lavage 

cytospin (CNF) when compared against the endometrial biopsy as the Gold Standard. 

 

 

 

 

 

 Neutrophils per high power field (hpf) 

1 2 3 5 

N
S

F
 (

n
=

1
6
) 

Sensitivity % 60 53 47 20 

Specificity % 100 100 100 100 

PPV % 100 100 100 100 

NPV % 14 13 11 8 

Kappa* 0.159 0.1250 0.0986 0.0303 

p-value 0.4375 0.500 0.5625 0.8125 

Lower C.I. -0.1294 -0.1104 0.0973 -0.0367 

Upper C.I. 0.4452 0.3604 0.2898 0.0973 

L
N

F
 (

n
=

3
9
) 

Sensitivity % 37 20 17 14 

Specificity % 78 89 100 100 

PPV % 85 86 100 100 

NPV % 27 25 26 26 

Kappa* 0.0870 0.0469 0.0845 0.0663 

p-value 0.3527 0.4798 0.2475 0.3332 

Lower C.I. -0.1125 -0.0884 -0.0020 -0.0079 

Upper C.I. 0.2864 0.1822 0.1710 0.1405 

C
N

F
 (

n
=

7
) 

Sensitivity % 17 17 17 17 

Specificity % 100 100 100 100 

PPV % 100 100 100 100 

NPV % 17 17 17 17 

Kappa* 0.0541 0.0541 0.0541 0.0541 

p-value 0.8571 0.8571 0.8571 0.8571 

Lower C.I. -0.0897 -0.0897 -0.0897 -0.0897 

Upper C.I. 0.1978 0.1978 0.1978 0.1978 

* Kappa values and strength of agreement – 0.00-0.10 (poor); 0.11-0.20 (slight); 0.21-0.40(fair); 0.41-0.60 

(moderate); 0.61-0.80 (substantial); 0.81-1.00(excellent). 

Positive predictive value (PPV); Negative predictive value (NPV) 
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Table 2: Agreement coefficient (Kappa), the confidence intervals (C.I) and frequencies of 

cut off value of neutrophil to epithelial cell ratio in 100 cells (x400) (Ratio) in cytologies 

performed from endometrial swab caps (SN), low volume lavage (LN), and low volume 

lavage cytospin (CN) when compared against the endometrial biopsy as the Gold 

Standard. 

 

 

 

 

 Ratio 

1% 3% 6% 10% 

S
N

 (
n
=

1
6
) 

Sensitivity % 93 73 67 60 

Specificity % 100 100 100 100 

PPV % 100 100 100 100 

NPV % 50 20 17 14 

Kappa* 0.6364 0.2558 0.2 0.1579 

p-value 0.1250 0.3125 0.3750 0.4375 

Lower C.I. -0.0065 -0.1661 -0.1489 -0.1294 

Upper C.I. 1.0000 0.6777 0.5489 0.4452 

L
N

 (
n
=

4
0

) 

Sensitivity % 74 61 52 39 

Specificity % 0 56 78 89 

PPV % 72 83 89 92 

NPV % 0 29 32 30 

Kappa* -0.2687 0.1281 0.1943 0.1614 

p-value 0.1026 0.3007 0.1183 0.1227 

Lower C.I. -0.3930 -0.1550 -0.0391 -0.0190 

Upper C.I. -0.1443 0.4111 0.4278 0.3418 

C
N

 (
n
=

7
) 

Sensitivity % 83 50 17 17 

Specificity % 0 100 100 100 

PPV % 83 100 100 100 

NPV % 0 25 17 17 

Kappa* -0.1667 0.2222 0.0541 0.0541 

p-value 0.857 0.5714 0.8571 0.8571 

Lower C.I. -0.3944 -0.1960 -0.0897 -0.0897 

Upper C.I. 0.0611 0.6404 0.1978 0.1978 

* Kappa values and strength of agreement – 0.00-0.10 (poor); 0.11-0.20 (slight); 0.21-0.40(fair); 0.41-

0.60 (moderate); 0.61-0.80 (substantial); 0.81-1.00(excellent). 

Positive predictive value (PPV); Negative predictive value (NPV) 
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Endometrial flush character was 45% sensitive, 63% specific and had an 82% 

PPV for diagnosis of endometritis (kappa = 0.046), while culture was 22% sensitive, 33% 

specific and had a PPV of 71% (kappa = -0.1354) when compared to endometrial biopsy. 

Table 3 shows the results of the coefficient of agreement and frequencies when 

comparing the gross aspect of the endometrial fluid (flush) and the endometrial cultures 

against the endometrial biopsy as a Gold Standard. The 2x2 tables comparing the 

abnormal and normal LVL flush character and culture results against diagnosis by 

endometrial biopsy can be found in Appendix 2.2. 

Table 3: Agreement coefficient (Kappa), the confidence intervals (C.I) and frequencies of 

gross appearance of the low volume lavage fluid (flush) and the endometrial culture when 

compared against the endometrial biopsy as the Gold Standard. 

 Flush (n= 39) Culture (n=26) 

Sensitivity % 45 22 

Specificity % 63 33 

PPV 82 71 

NPV 23 11 

Kappa* 0.0465 -0.1354 

p-value 0.5083 0.1669 

         Lower C.I. -0.1844 -0.3607 

         Upper C.I. 0.2773 0.0900 

 

 

When each criterion for endometritis was compared against the New Gold 

Standard (NGS; 2 of 5 criteria positive) endometrial biopsy was the most sensitive 

diagnostic method (Sensitivity = 86%), however it was not very specific (Specificity = 

26%, kappa = 0.12, p value = 0.28). Endometrial culture had the best specificity and PPV 

(88% for each one), but was the least sensitive method (Sensitivity = 30%) for diagnosis 

* Kappa values and strength of agreement – 0.00-0.10 (poor); 0.11-0.20 (slight); 0.21-0.40(fair); 0.41-0.60 

(moderate); 0.61-0.80 (substantial); 0.81-1.00(excellent). 

Positive predictive value (PPV); Negative predictive value (NPV) 
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of endometritis.  Abnormal clinical findings showed moderate agreement with the NGS 

(kappa = 0.4138), with a sensitivity of 62% and p value = 0.0019. Positive endometrial 

cytology showed similar agreement (kappa = 0.3761), and sensitivity (Sensitivity = 64%, 

and p value = 0.0069).   The kappa statistic for LVL flush character was 0.30 and the p 

value = 0.03.  Frequencies and agreement coefficients are presented in Table 4. The 2x2 

tables with the positive and negative criteria (clinical findings, flush, culture, cytology, 

and biopsy) against the positive and negative cases diagnosed by the New Gold Standard 

can be found in Appendix 2.3. Cultures were taken from the LVL pellet. 

Table 4: Agreement coefficient (Kappa), the confidence intervals (C.I) and frequencies of 

each of the five criteria (clinical findings, flush, culture, cytology, and biopsy) used in the 

endometritis checklist compared against the Gold Standard (at least two criteria positive 

for endometritis, excluding the variable in question). 

 

 

 

 

Clinical 

Findings 

(n=54)
a
 

Flush 

(n=47)
b
 

Culture 

(n=32)
c
 

Cytology 

(n=51)
d
 

Biopsy 

(n=44)
e
 

Sensitivity %  62 54 30 64 86 

Specificity % 80 79 88 74 26 

PPV     78 79 88 75 51 

NPV     65 54 29 63 67 

Kappa*  0.4138 0.3022 0.100 0.3761 0.1147 

p-value     0.0019 0.0256 0.3332 0.0069 0.2777 

Lower C.I. 0.1782 0.0531 -0.0859 0.1256 -0.1138 

Upper C.I. 0.6494 0.5513 0.2859 0.6267 0.3431 

* Kappa values and strength of agreement – 0.00-0.10 (poor); 0.11-0.20 (slight); 0.21-0.40(fair); 0.41-

0.60 (moderate); 0.61-0.80 (substantial); 0.81-1.00(excellent). 

a
 5 frequencies missing; 

b
 12 frequencies missing; 

c
 27 frequencies missing; 

d
 8 frequencies missing; 

e
 15 

frequencies missing 
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2.4 DISCUSSION 

The prevalence of endometritis is estimated to be quite high (Varadin, 1975), 

accounting for the cause of infertility in 25-60% of barren mares (Dimock and Edwards, 

1928; Bain, 1966; Collins, 1964; Traub-Dargatz et al., 1991; Morris and Allen, 2002). In 

the Thoroughbred broodmare population it is estimated that 15 % of mares will develop 

post-mating induced endometritis (Zent & Troedsson, 1998). By the criteria employed in 

our study, we found a much higher prevalence of endometritis in our population of mares, 

since 35 out of 44 mares (79%) were diagnosed based on biopsy, and 33 out of 51 (64%) 

when we used the 2/5 criteria checklist as the new gold standard.  In addition, a high 

percentage of mares diagnosed with endometritis on endometrial biopsy had chronic 

endometritis or chronic endometritis with an active process. This high prevalence is not 

surprising, given the nature of our clinical setting as a referral hospital, since 23 out of the 

54 mares enrolled in the study were client animals referred for frozen semen breeding or 

infertility work up. This might also be attributed to the fact that 15 of the mares sampled 

were teaching mares used for teaching reproductive procedures to veterinary students, 

including insemination, swabs and lavage.  Many of these mares develop clinical 

endometritis at some point during the teaching year, and many have been in the herd for 

many years.  In addition, 11 barren mares presented to the hospital for a fertility work up 

were included in the study. While our population of mares with high prevalence of 

endometritis does not represent a typical broodmare herd, found in a traditional equine 

practice, the broad range of mares from normal to acute, chronic and mixed endometritis, 

was considered useful for the purposes of this study, namely to compare various 

endpoints for the diagnosis of endometritis.  
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A variety of definitions have been applied to determine what constitutes equine 

endometritis based on endometrial cytology, and unfortunately no consensus exits in the 

literature (Wingfield-Digby, 1978; Couto & Hughes, 1984; LaCour & Sprinkle, 1985; 

Ricketts et al., 1987; Ball et al., 1988 Wingfield-Digby, 1978; Card, 2005; Riddle et al., 

2007; LeBlanc, 2007).  A cut off value of ≥ 2% (1:40 neutrophil to epithelial cells) has 

been used to classify mares with endometritis (Ball et al., 1988). However, the cut off 

values to classify mares in the endometritis group varies between 0.5% to 5% neutrophils 

depending on the study, making comparison across studies difficult (Wingfield-Digby, 

1978; Couto & Hughes, 1984; LaCour & Sprinkle, 1985; Ricketts et al., 1987; Ball et al., 

1988).  Riddle et al. (2007) used a cut-off value of >2 PMNs per high power field (X400) 

to diagnose mares with endometritis by endometrial swab cap. This study used pregnancy 

rate per cycle as the Gold Standard, and found that mares had a significant decrease in 

pregnancy rate greater than 2 neutrophils/hpf were identified on cytology. However 

LeBlanc et al. (2011b) used  a more strict cut off of ≥ 1 neutrophil per field (X 1000) in 

low volume lavage due to the fact that these authors were using chronically infertile 

mares, and also because the sampling technique is speculated to cause a dilution effect. 

The optimal cut-off may vary with the cytological collection method. With this in 

mind, the present study compared the cytologies prepared with the cap of an endometrial 

swab, the resuspension of the pellet after collecting low volume lavage fluid, and by 

submitting the low volume lavage fluid for cytospin preparation. We used the 

endometrial biopsy result as a gold standard and evaluated different cut-off values to 

determine the presence of endometritis. Endometrial biopsy has been used as a gold 

standard in previous experiments to compare diagnostic tests (Nielsen et al, 2005; 
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Nielsen et al., 2010; Overbeck et al., 2011). While pregnancy rate might be preferred as 

a gold standard, the population of mares used in this research did not permit this. Many of 

the mares (both teaching and client mares) were not bred in the year of the study.  In 

addition, a variety of endometritis treatments were employed depending on the diagnosis, 

and mares were bred by a variety of methods, including frozen semen.  Thus pregnancy 

rates in our study would have been an unreliable statistic.  

In the present study the percentage of true positives (sensitivity) increased when a 

lower  neutrophil/hpf or ratio was used in all three forms of cytology assessed, therefore 

the highest sensitivity was found when a cut-off value of ≥ 1 neutrophil/hpf or ≥ 1% 

neutrophils ratio was used. Meanwhile, the precision rate had a slight decrease when the 

cut off value for the neutrophils was reduced. These finding is not surprising, since when 

using a lower cut-off value, more mares will be identified and classified in the 

endometritis category.  However, the data was not analysed against a pregnancy rate to 

determine how much inflammation, if any, is acceptable to allow a mare to get pregnant. 

A clear connection exists between endometrial inflammation and fertility.  In a large field 

study, Riddle and co-workers in 2007  observed that mares with <2 PMNs per high 

power field (X400) had significantly higher pregnancy rates (60% per cycle) compared to 

mares with 2-5 PMNs (49% per cycle). Pregnancy rate per cycle declined further (23%) 

when >5 PMNs per hpf were present.  The authors suggested that mares could be 

classified as normal when 0-2 neutrophils/hpf are found; moderate inflammation consists 

of 3 to 5 neutrophils/hpf, and a severe endometritis exists when more than 5 

neutrophils/hpf are present (Riddle et al., 2007; LeBlanc, 2011a).  Based on these 
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previous studies and our finding of improved sensitivity and positive predictive value in 

the present study, it was elected to classify a mare to be positive for endometritis for the 

remainder of the analysis, based on a cut-off value of ≥ 1 neutrophil/hpf or ≥ 1% 

neutrophil to epithelial cell ratio. High sensitivity is important so fewer false negatives 

are identified, since endometrial cytology is normally used as a screening test to identify 

mares with endometritis. 

Neutrophil to epithelial cell ratio was found overall to be more sensitive than the 

number of neutrophils per high power field.  This may, in part, be due to a difference in 

method of cytological slide assessment.  Ten fields were evaluated to count 

neutrophils/hpf, whereas counting 100 cells to determine neutrophil to epithelial cell ratio 

may have required evaluation of a larger number of fields.  In addition, excess mucous in 

some mares results in significant mucous deposition with the cells onto the slides. 

Neutrophils may be trapped in mucous and difficult to identify, or there is a possibility of 

dilution and/or density effect of the number of neutrophils. Unfortunately this study did 

not make note of how many fields were analyzed when counting 100 cells. This study 

was also not able to make a meaningful comparison of the different cut-off values for 

PMNs phf or ratio per epithelial cell on the cytospin preparation due to a lack of power 

(n=7). No previous reported studies have shown cytospin preparations of endometrial 

flush fluid from mares; further study is encouraged to create a guideline and cut off value 

in cytospin prepared cytologies since cell preservation was found to be excellent with this 

method (Appendix 2.4). This could potentially be a practical method whereby 

practitioners could submit a uterine fluid sample for preparation and interpretation by a 

laboratory facility.  
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The higher sensitivity of the endometrial swab over the low volume lavage might 

be due to the fact that the cytologies prepared from the LVL exhibit poorer preservation 

of cells and more debris, making interpretation more difficult. This was also suggested in 

a study by LeBlanc et al (2007), which evaluated chronically infertile mares using a cut 

off value of 1 or more neutrophils per 1000X field in endometrial flush fluid. These 

authors selected mares that had been bred three or more times unsuccessfully in the same 

breeding season, had a history of ≥ 2 years of reproductive failure, or had two or more 

unsuccessful embryo recovery attempts during consecutive cycles. They found the 

presence of neutrophils in only 26% of cytological smears (105 out of 401). The authors 

have speculated that the low detection of neutrophils may be associated with the amount 

of debris, dilution and centrifugation of the efflux. Cocchia et al., in 2012 compared three 

commonly used techniques (guarded cotton swab, uterine lavage, and cytobrush) to 

diagnose chronically infertile mares. The background content of the slides prepared by 

cotton swab appeared proteinaceous, while the background of slides prepared from 

recovered uterine fluid appeared contaminated by red blood cells or debris, and the 

background of slides prepared by cytobrush appeared clear. More intact cells were found 

in cytology specimens prepared from cotton swabs than from cytobrush and low volume 

lavage. In the present study, neutrophils were more degenerate, complicating 

interpretation of the LVL compared to the cytospin sample and the swab cap. The 

cytospin samples had well preserved cells that are easily identified. A visual comparison 

of the three different cytologies, their background and cellular integrity can be found in 

Appendix 2.4. 
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Even though this study did not evaluate the amount of time it took for the 

sampling and preparation of the endometrial cap swab, LVL, and cytospin cytology, it is 

known that the advantage of having cytology specimens prepared from endometrial 

swabs and caps is that they are quickly and easily performed in the field.  However, the 

use of these techniques might not be representative if focal endometritis is present, since 

the sample is taken from only a small area of the endometrium, and the affected area may 

be missed (LeBlanc, 2011a). Small volume uterine flush is more representative of the 

entire uterine surface due to the sampling technique; however additional skills and extra 

time for sampling and processing is required (Ball et al., 1988; LeBlanc et al., 2007), so 

this technique is normally reserved for chronically infertile cases (LeBlanc, 2011a).  

The endometrial biopsy was used as a Gold Standard to determine the ability of 

flush fluid and endometrial culture to diagnose endometritis. Cloudy flush fluid was 

45.16% sensitive in diagnosis of endometritis, while culture was poor, at only 21.74%.  

Both agreement coefficients were poor, and the p-values were not significant. This is 

likely due to the high number of chronic endometritis cases in the study, as mares with 

chronic inflammation usually are subclinical, do not show overt clinical signs, and 

typically culture negative. The present study is in agreement with other studies that have 

shown that endometrial cytology appears to be more sensitive in diagnosing endometritis 

compared to culture (Riddle et al, 2007 and Wingfield-Digby, 1978).   

The high rate of false-negative results for cytology and culture complicates 

diagnosis of endometritis. It has been suggested that barren mares negative for 

endometritis on cytology and culture should not be considered to have a negative final 
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diagnosis until it is confirmed by a uterine biopsy (Love, 2011).  However, a single 

biopsy may not always be representative of the entire uterus (Blanchard et al., 1987), and 

many owners elect not to have a uterine biopsy performed due to both cost and its 

invasiveness.   

In an effort improve our ability to diagnose endometritis, the present study used 

the 2/5 criteria checklist for endometritis as a ‘New Gold Standard’ and compared it to 

endometrial biopsy, cytology, culture, flush fluid, and the clinical findings alone. Using 

this approach, endometrial biopsy was found to be highly sensitive (86%), however the 

specificity was disappointingly low, at 26%. These finding are not surprising since 

chronic inflammatory cells can be identified deeper in the endometrium using biopsy, 

when compared to endometrial cytology for example.  However, p-value did not reach 

statistical significance and this could be due to the sample size. The results for 

endometrial culture and LVL fluid character were similar using the New Gold Standard 

to that found when biopsy was used as Gold Standard.  However, higher specificity was 

found when comparing against the new gold standard.  These results suggest that using 

multiple findings during reproductive examination may be just as good as an endometrial 

biopsy, in diagnosing endometritis. The advantage of using the New Gold Standard is 

that an endometrial biopsy is not required, allowing for less invasive options to diagnose 

mares with endometritis. Owners are not compliant with the procurement of an 

endometrial biopsy, especially when breeding is requested during the same estrus cycle 

as the diagnostic tests and possible treatment. However, the disadvantage of the New 

Gold Standard is that the mare cannot be reliably classified as having chronic 

endometritis or chronic with active inflammation. Therefore, the endometrial biopsy 
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remains an important tool in guiding the clinician in the classification of and the 

treatment plan for endometritis. 

A surprisingly low number of mares with endometritis were positive on culture, 

further highlighting the limitations of using culture results alone as a diagnostic criterion 

for endometritis. Only one mare was determined to have a false positive culture, 

demonstrating that care during preparation of the mare and procurement of the samples 

assist the clinician in obtaining reliable results. The low percentage of true positives 

identified by culture could be due to the fact the certain bacteria like E. coli tightly adhere 

to epithelium and are harder to be removed and cultured, while others will create a 

biofilm (LeBlanc, 2010).  Cloudy efflux from low volume lavage has been shown to be 

associated with the presence of bacteria. Eighty-one percent of flushes that cultured E. 

coli were characterized as cloudy or mucoid, and 79% of β hemolytic Streptococcus were 

cloudy or mucoid (LeBlanc et al., 2007). Even though the present study did not analyse 

the type of bacteria compared to the cloudiness of the low volume lavage, we found that 

gross appearance of LVL fluid had almost twice the sensitivity as endometrial culture in 

detecting a mare with endometritis. Thus, using additional indices will improve the 

clinical detection of inflammation or infection.  

Cytology was also twice as sensitive as culture in identifying mares with 

endometritis, which is in agreement with Riddle et al. (2007). They found twice as many 

mares (20%) with acute endometritis were diagnosed by cytology using the cap of a 

guarded endometrial swab than by bacterial culture (11%) in a large study of 2128 paired 

cultured and cytology samples. However, in the present study the pellet of the low 
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volume lavage fluid was used for culture, instead of the endometrial swab, due to the fact 

that the swab will sample only a small area of the uterus, and will miss some mares with 

focal endometritis.  

Nielsen (2005) diagnosed endometritis by the presence of neutrophils in 

histological samples (gold standard) of 212 endometrial biopsies. He compared culture of 

endometrial biopsy, culture of guarded endometrial swab, and cytology prepared from 

smearing the endometrial biopsy on a slide against the gold standard. Of the three 

techniques (biopsy culture, swab culture and cytology), sensitivities were 0.82, 0.34 and 

0.77, and specificities were 0.92, 1.0 and 1.0, respectively. In 2010, Nielsen et al. 

continued his efforts and compared cytology and culture results prepared from 

endometrial biopsy and from swabs. They found higher sensitivity of endometrial biopsy 

cultures compared to the ones from endometrial swabs. However this was a retrospective 

analysis and the mare population differed.  What becomes evident from the present study 

and previous ones is the need for creating pairwise comparison of cultures from 

endometrial swabs, low volume lavage and endometrial biopsies to try to identify which 

method would be the most sensitive. 

Decreased pregnancy rates have been attributed to the presence of intrauterine 

fluid after ovulation (Barbacini et al., 2003; Malschitzky et al., 2003; McKinnon et al., 

1988; Pycock and Newcombe, 1996), an edema pattern that does not extend throughout 

the uterine wall (Samper 2009) or the presence of short, thick, hyperechoic lines in the 

uterine lumen signifying either air or exudate (LeBlanc, 2010). With this in mind, the 

present study evaluated the ability to diagnose endometritis based on clinical findings 
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(presence of uterine fluid, excessive edema or history of subfertility), and found 62% 

sensititvity and 80% specificity, when compared to the New Gold Standard. This finding 

is not surprising and it emphasizes that history and more subtle signs such as excessive 

edema on ultrasound should be taken into account when a mare is under suspicion of 

having endometritis. 

 

2.5 CONCLUSION 

The ratio of 1% or more neutrophils to epithelial cells or ≥ 1 neutrophil/hpf could 

be a more sensitive diagnostic cut-off value to diagnose a mare with endometritis than 

previously used parameters. Endometrial swabs are more sensitive, easier and faster to 

perform and interpret than the endometrial low volume lavage cytologies from 

resuspended pellets. However, low volume lavage is more representative of the whole 

uterus, since endometrial swabs sample only a focal area. 

Cytospin cytologies should be further investigated for diagnostic purposes and to 

create guidelines that will help equine practicioners, since they might be easier to 

interpret than the low volume lavage cytologies. 

These studies have also shown the importance of using laboratory data in light of 

clinical findings, since they have shown that no test by itself (cytology, culture, or uterine 

flush characteristics) is sensitive enough to diagnose a mare with subclinical 

endometritis. An endometritis checklist could be used in cases where endometrial 

biopsies are not readily available, or declined by the owner, to aid in the diagnosis of 
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endometritis. It should be noted, however, that a prognostic value of carrying a pregnancy 

to term, classification of mares with chronic endometritis and specific treatment plans for 

this category cannot be given without the endometrial biopsy. 
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CHAPTER THREE  

 

PROTEOMIC ANALYSIS OF THE UTERINE FLUSH FLUID IN MARES WITH 

ENDOMETRITIS 

3.1 INTRODUCTION 

Endometritis is a common cause of infertility in mares (Varadin, 1975), causing 

early embryonic death and leading to a shortened luteal phase (LeBlanc and Causey, 

2009). A retrospective study from a survey of 1393 Thoroughbred mares found that of 

pregnancies diagnosed at day 15 after ovulation, 17.3% are lost, with the majority of 

losses (59.7%) between days 15 and 35 of pregnancy (Morris and Allen, 2002).  While 

the reasons for pregnancy loss were not examined in the study, the economic impact to 

the equine breeding industry is surely significant.  

Various clinical and laboratory findings are presently used to diagnose 

endometritis in mares, but still there are difficulties in recognizing subclinical disease.  

Mares with subclinical disease will lack clinical signs and may be classified falsely as 

reproductively healthy mares (LeBlanc and Causey, 2009). Excessive endometrial fluid is 

the cardinal sign of clinical endometritis, especially in post-mating induced endometritis 

(LeBlanc, 2010). Other signs that may be encountered in mares with clinical endometritis 

include: vaginitis, vaginal discharge, shortened interestrous interval, positive endometrial 

cytology and/or culture.   

Uterine samples have been obtained and analysed in various ways and each 

diagnostic test available to aid in the classification of endometritis has advantages and 

disadvantages. Endometrial cytology samples have been procured from a gloved finger, 

an endometrial swab or cap attached to the end of a guarded swab instrument, a cytology 
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brush, endometrial biopsy tissue or low volume lavage (LeBlanc et al., 2007; Aguilar et 

al., 2006; Asbury, 1983; Ball et al., 1988; Bourke et al., 1997; Brook, 1985; Brook, 1993; 

Riddle et al., 2007; Wingfield-Digby & Ricketts, 1982). In a study using 2128 paired 

cultured and cytology samples Riddle et al., in 2007 found that endometrial cytology was 

twice as sensitive as endometrial swab cultures, in diagnosing mares with acute 

endometritis. This is in agreement with Wingfield-Digby in 1978 who showed that 91% 

of mares (n= 9) with clinical evidence of persistent endometritis had cytological evidence 

of acute endometritis but only 45% had significant bacteriological findings. 

 Low volume lavage (50 to 100 mL) evaluates a larger endometrial surface area 

(LeBlanc et al., 2007; Ball et al., 1988), while swabbing the endometrium  only samples a 

small focal area, potentially resulting in more false-negatives (LeBlanc et al, 2007). On 

the other hand, chronic degenerative changes and deep inflammation can be diagnosed by 

uterine biopsy (LeBlanc and Causey, 2009), but a single biopsy may not always be totally 

representative of the uterus (Blanchard et al., 1987), and many owners opt for less 

invasive diagnostic tests. A significant percentage of mares fail to conceive after being 

diagnosed negative for endometritis possibly due to the high rate of false negatives, 

especially in chronic or subclinical cases. Other more sensitive diagnostic tests should be 

developed in order to identify those mares.  

Proteomic analysis might provide better diagnostic endpoints for less-invasive 

assessment of endometrial inflammatory or degenerative conditions (Salamonsen et al., 

2013; Edgell et al., 2013; Choe et al., 2010) Various protein changes in the equine uterus  

have been detected by LC-MS/MS proteomic analysis of uterine flush fluids (Hayes et 
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al., 2008, 2012)..  These studies compared numerous proteins that were expressed in the 

endometrium (based on expression microarray analysis of endometrial biopsies) of 

pregnant and cycling mares, and in mares with failure of pregnancy after luteolysis 

induced by cloprostenol. However, these studies did not investigate how the secreted 

proteome changes during cycling or inflammation, but it is expected that these new 

proteomic methods should reveal new biomarkers for the diagnosis of endometritis, and 

the assessment of endometrial health as proposed for cattle (Choe et al., 2010) and 

humans (Salamonsen et al., 2013).   

Protein mass spectrometry, expression microarrays and the release of the equine 

genome are new technologies that that have been recently used in molecular studies of 

feto-maternal interaction. These studies have greatly contributed to our understanding of 

the role of proteins and genes involved in equine pregnancy and those expressed in the 

endometrium (Klein et al., 2010; Merkl et al., 2010; Klein and Troedsson, 2011; Hayes et 

al; 2012).  However, there are still important gaps in knowledge regarding the roles of 

various uterine proteins and immune function in relation to both inflammatory and severe 

degenerative changes of the endometrium, and how these conditions prevent the 

establishment of a pregnancy.  

Our objective was to identify the major proteins from the endometrial flush fluid 

of mares that have endometritis and compare them to proteins found in reproductively 

normal mares. The long term goal is to identify specific proteins associated with 

endometritis, which could serve as a future diagnostic test.  
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3.2 MATERIALS AND METHODS 

3.2.1 Animals 

Thirty-eight light breed mares, aged 3 to 19, were examined during the 

physiological breeding seasons of 2011 and 2012. Mares selected for the study included 

those admitted to the Ontario Veterinary College for breeding soundness evaluation, 

breeding services or infertility work up, as well as research and teaching mares with 

previously known reproductive histories. All procedures were approved by the Animal 

Care Committee, University of Guelph. Trans-rectal palpation and ultrasound were 

performed on all mares to determine their stage of estrous cycle. Diestrus was confirmed 

by visual identification of a corpus luteum by ultrasound (CL), lack of uterine edema and 

uterine tone. If a CL was not easily identified, a serum sample for progesterone 

concentration level was sent to the Animal Health Laboratory (AHL) at the University of 

Guelph. Mares with progesterone levels ≥ 6 nmol/L were considered to be in diestrus. 

Mares were classified as being in estrus by identification of endometrial edema, a large 

follicle on an ovary, a flaccid uterus and a soft cervix. 

3.2.2 Sample collection 

Mares were restrained in stocks for examination. During palpation per-rectum and 

ultrasound to determine the stage of the estrous cycle, abnormalities including excessive 

edema, presence of uterine fluid, endometrial cysts and ovarian structures were noted. 

The vulva and perineum were then washed with a gentle soap (Jergens®, Cincinnati, OH, 

USA), rinsed three times with water, and dried with a paper towel. In each mare, samples 

to be used for the diagnosis of endometritis were collected, first by a cotton swab, then by 

a low volume lavage and finally by a biopsy as described below. 
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3.2.3 Endometrial Swab 

The operator placed a long sterile plastic sleeve (Ag-Tek®, Neogen, 

Lexington,KY) over the hand and arm and lubricated with sterile gel (Muko®, Cardinal 

Health Canada Inc, Mississauga, ON, Canada) for the collection of all the samples. Using 

this sterile gloved hand, a guarded swab (Equine Culture Swab, Partnar Animal Health, 

Ilderton, ON, Canada) was guided manually through the vulva, vagina and cervix to 

reach the uterine body. After the swab was positioned in the uterine body, it was rolled on 

the endometrial surface for 60 seconds. The swab was retracted into the sheath tube of the 

guarded swab, and removed from the mare. The contents of the cap of the swab were then 

pressed onto a glass microscope slide which was air dried and stained (Romanowsky 

stain™, Protocol Wright Giemsa Stain Fisher Science, USA). 

3.2.4 Low Volume Lavage 

A low volume lavage (LVL) was performed as previously described (LeBlanc et 

al., 2007). A uterine catheter (Bivona, Partnar Animal Health, Ilderton, ON, Canada) was 

passed per vaginum, and 10 to 12 cm of the catheter was inserted into the uterus by 

manually passing it through the cervix. The balloon of the catheter was inflated with air 

to prevent fluid escaping through the cervix, and in estrous mares, the hand was cupped 

around the open cervix and tube. The uterus was lavaged by infusing 250 ml of 0.9% 

sodium chloride solution (0.9% NaCl, Baxter, Mississauga, ON, Canada) solution into 

the uterus. Uterine massage was not performed during LVL to avoid irritation and influx 

of red blood cells that may interfere with further analysis of proteomics. The fluid was 

left in the uterus for two minutes and then 20 IU of oxytocin (Oxyto-Sure™, Vétoquinol, 
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Lavaltrie, QC, Canada) was administered intravenously to assist in recovery of the fluid 

by gravity into the sterile bag. The volume of the retrieved fluid was measured and a 3 ml 

aliquot submitted for cytospin preparation at AHL with Wright’s stain for further 

cytological analysis. The remaining fluid was placed into four sterile 50 ml conical tubes 

(Corning® Centrifuge Tubes, Corning Incorporated Life Science, Tewksbury, MA, 

USA), and gross character of the LVL fluid: normal (clear) or abnormal (cloudy, 

discoloured, debris) was recorded prior to centrifugation at 400g for 10 min. After 

centrifugation, two tubes were retrieved for preparation of a cytology smear and for 

culture of the pellet. The cytological smear were prepared by removing the supernatant 

and the supernatant and resuspending the remaining pellet in 1ml of phosphate buffered 

saline (PBS) (Invitrogen, Burlington, ON) and 1 to 2 drops were placed on a slide, air 

dried, and  sprayed with a cytofixative (Cytoprep®, Fisher Scientific Ltd., Nepean, 

Ontario,  Canada). The slides were then stained with a modified Giemsa stain (Protocol™ 

Wright Giemsa Stain, Fisher Science, Ottawa, ON, Canada). For culture, the pellet was 

removed from the second tube with a sterile culturette (BBL
TM

 Culture Swab
TM

, BD, 

Mississauga, ON, Canada) and plated onto  Macconkey’s Agar (Oxoid, Thermo 

Scientific, Nepean, ON, Canada) and Blood Agar with 5% Sheep Blood (Oxoid, Thermo 

Scientific, Nepean, ON, Canada) and growth was recorded at 24 and 48 hours.  If any 

growth (> 1 colony) was recorded, the culture plate was submitted for culture and 

sensitivity to AHL for confirmation. The remaining two tubes were centrifuged for 

another 10 minutes (20 minutes total), and the supernatant was transferred to another 

sterile 50 ml conical tube and stored at -20  C for further proteomic analysis. 
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3.2.5 Biopsy and Immunohistochemistry (IHC) 

An endometrial biopsy sample was obtained transcervically using a Pilling-Weck 

biopsy punch (Jorgensen Laboratories, Loveland, Co, USA) as described by Kenney 

(1978). Endometrial samples were bisected  half was flash-fro en in liquid nitrogen and 

stored at - 0  C, the other half fixed in Methacarn (methanol- Carnoy fixative), processed 

routinely by  paraffin embedding, sectioning at 3–4μm and staining with haematoxylin 

and eosin (H-E). The histopathological examination of the biopsies was based on the 

grading scheme of Kenney and Doig (1986) and performed by a reproductive pathologist 

in a blinded fashion. The biopsy was analyzed for the stage of estrous cycle, the number 

of fibrotic nests in a 5.5mm field, and presence of neutrophils, plasma cells and lymphoid 

follicles. The presence of inflammatory cells was graded as 0 if no inflammatory cells 

were seen; 1 if there were low numbers of cells; 2 if there were moderate numbers; and 3 

if there was an abundance of cells. 

The paraffin embedding endometrial biopsy section was also used for sPLA2, 

secretoglobin, Vanins 1, 2, and 3 IHC studies prepared and analysed in Dr. Hayes 

laboratory as previously described (Hayes et al., 2012), Appendix 3.5. 

3.2.6 Uterine flush for proteomics 

A 50 ml aliquot of the uterine lavage fluid (250 ml) was centrifuged to remove 

cells and particulates as described above and then soluble proteins were concentrated 50 

fold, by centrifugal ultrafiltration at a 3 kDa cut off (Amicon Ultra; Millipore 

Corporation, Bedford, MA, USA) before analysis.  Proteins in uterine flush fluid were 

analyzed by liquid chromatography–mass spectrometry (LC-MS/MS) after in-solution 
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trypsin digestion (performed at the Advanced Protein Technology Centre, Toronto, ON), 

as previously published (Hayes et al., 2012), Appendix 3.6. Identified Equus caballus 

proteins were ranked by amount by the spectral counting function using Scaffold 2 

software (Proteome Software Inc., Portland, OR; Searle, 2010). Various proteins 

including serum albumin, immunoglobulins and other plasma proteins that were present 

in uterine flush fluids, but not locally expressed by the endometrium  were not considered 

in this report.  Endometrial expression was based on raw signal levels observed in the 

Agilent 21322 E. caballus microaarray analysis of endometrial biopsies as described 

(Hayes et al., 2012).At the time of sample collection, mares were grouped according to 

their stage of estrous cycle (estrus or diestrus) and the endometritis classification was 

done using a checklist of five criteria, which included abnormal clinical findings (uterine 

fluid on ultrasound, or excessive edema for follicular size, or history of subfertility); one 

or more neutrophils per high power field on cytology; cloudy low volume lavage; 

positive culture; and active inflammation on biopsy.  Uterine edema was considered 

excessive if the mare had a follicle ≤ 25 mm and ≥ grade 2 out of 4 edema.  Mares with 

two or more items from the criteria checklist were classified as having endometritis. They 

were further grouped into four categories with an adaptation of their biopsy scores using 

the Kenney and Doig’s grading system. Groups were as follows: group 1E (biopsy 

grading I or IIA, mares in estrus that are negative for endometritis on the checklist) n = 6; 

group 2E (biopsy grading I or II, mares in estrus with endometritis based on the checklist) 

n = 7; group 3E (biopsy grading IIB or III, mares in estrus with endometritis based on the 

checklist) n = 7; group 4E (biopsy grading IIB or III, mares in estrus that are negative for 

endometritis on the checklist) n = 6. The same classification system as above was 
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considered for mares in diestrus: group 1D (n = 2), group 2D (n = 6 ), group 3D (n = 3) 

and group 4D (n = 1). 

3.2.7 Statistical analysis 

Mean and standard deviation were calculated for all proteins identified by LC-

MS/MS in each group.  After identification of a priority set of proteins from the 200 most 

abundant, proteins that were known to be expressed by the endometrium, 46 proteins 

were compared by Two Way ANOVA with the fixed-effects of status (mares positive for 

endometritis or normal mares) and stage of cycle (estrus or diestrus), including 

examination of the interaction between the main effects (status and cycle) (Proc MIXED, 

SAS 9.3). All analyses were performed on log- or square-root transformed data if not 

normally distributed. 

Spearman’s rank correlation was performed (SAS 9.3) to determine the 

relationship between  the number of neutrophils identified on cytology by endometrial 

swab or low volume lavage, and 12  proteins thought to be of relevance to inflammation 

or uterine defense.    

 

3.3 RESULTS 

Using the least stringent criterion (one identified peptide), the LC-MS/MS 

analyses identified as many as 2016 proteins (identified by Genbank GI accession 

number) in flush fluid samples, but many of these were in low amounts and found 

inconsistently among the samples.  The proteins (identified by Genbank GI accession 
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number) selected for comparisons among the groups were those with the highest number 

of identified peptides and the highest spectral counts.  The means of the 200 most 

abundant proteins identified from mares in estrus and diestrus are given in Appendix 3.1 

and Appendix 3.2, respectively.  Forty two of the 46 proteins that were statistically 

analysed were known to be expressed in the endometrium from previous literature. 

Twenty three proteins were known to be strongly expressed in the endometrium (Hayes 

et al., 2012; Côté et al., 2012; Merkl et al., 2010; Klein et al., 2010).    

Polymeric Immunoglobin Receptor (PIGR), Neutrophil Gelatinase-Associated 

Lipocalin 2 (LCN2), Annexin A1 (ANXA1), GM2 activator (GM2A), Lactotransferrin 

(LTF), Major Allergen Equ c1 (EQUC1), and Cathepsin S (CTSS) were identified in high 

quantities in the endometrial flush, however no significant difference (p-value > 0.05) 

was identified in endometritis compared to control mares nor were differences detected 

between estrus and diestrus.  

Mean spectral count of Uterocalin (p19), Secretoglobin 1A1 (SCGB1A1), 

Chitotriosidase-1 (CHIT1), WAP four-disulfide core domain protein 2- like (WFCD2), 

CD109 antigen (CD109), Secretory Phospholipase A2 (SPLA2), and Matrix 

Metalloproteinase 26-like (LOC100053810) were significantly different (P < 0.05) 

between mares in estrus and diestrus but no difference was identified in endometritis 

mares compared to without endometritis.  The difference between TRAP5 Uteroferrin 

(ACP5) in estrus compared to diestrus approached significance (P = 0.0515). All these 

proteins had a tendency to increase in the diestrus phase of the cycle. Table 1 shows the 

means and standard deviations of the subset of proteins with statistically significant 
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differences between estrus and diestrus. In general, all the proteins that were significantly 

different between stage of cycle were higher in diestrus. The reduced amounts of 

endometrial secreted proteins during estrus might be in part related to the relative 

increases in amounts of albumin (diestrus 704.5±201.1 for diestrus versus 1093.7±448.3 

for estrus). However, some of these proteins, including uterocalin P19 and uteroferrin, 

have previously been reported in the literature to be progesterone dependent (Stewart et 

al., 2000; Crossett et al., 1996). 

Vanin 1 (VNN1) and Vanin 3 (VNN3) had highly significant differences between 

endometritis and normal mares and also between estrus and diestrus (p-value < 0.05). 

Both proteins tended to decrease in mares with endometritis and increase in the diestrus 

phase (Table 2). 

Since there was no significant difference between estrus and diestrus for Vanin 2 

(VNN2), Stanniocalcin-1- like (STC1), Serine protease inhibitor Kazal-type 7- like – 

SPINK7 (LOC100630774), Connective tissue growth factor (CTGF) andAnnexin A2 

(ANXA2), the data were combined for analysis of the main effect of status (endometritis) 

which was significant (P < 0.05).  All proteins except Annexin A2 tended to decrease in 

endometritis (Table 3).  

Table 4 shows the Spearman’s correlation values between the number of 

neutrophils in 100 cells using an endometrial swab (SN) and low volume lavage (LN) 

technique.  

From the proteins known to be in flush fluid, we selected a subset of proteins 

(Appendix 3.3) that are suspected to be involved in the uterine defense mechanism and 
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might have some role in endometritis in mares. This table summarizes our findings with 

respect to whether the proteins increased or decreased with either stage of the cycle or 

presence of endometritis, and also describes the major function of each protein. 

 

 

 

 

 

Proteins Reference 

Estrus (n = 26) Diestrus (n = 12)  

Mean SD Mean SD p-value 

P19 lipocalin (uterocalin) gi|126723126 116.23 ± 153.79 225.75 ± 211.26 0.0373 

Vanin 1  gi|194216453 75.04 ± 46.84 165.08 ± 87.94 <.0001 

Vanin 3 gi|149722957 44.23 ± 49.42 142.75 ± 89.42 <.0001 

Uteroferrin (TRAP5) gi|350536031 47.96 ± 43.20 77.25 ± 52.90 0.0515 

Neutrophil gelatinase-assoc 

lipocalin (NGAL) 

gi|338720560 

 
37.11 ± 33.82 65.67 ± 67.46 0.0818 

Secretoglobin 

1A1/Uteroglobin–like  

10 Kb 

gi|126352306 

(+4) 
33.23 ± 13.05 50.92 ± 31.75 0.0373 

Secretoglobin 8Kb gi|58978613 0.88 ± 2.98 8 ± 16.54 0.0113 

Secretory phospholipase 

A2 
gi|153792451 10.61 ± 11.25 36.08 ± 40.84 0.0299 

Table 1.  Mean spectral counts and standard deviations of proteins that varied by stage 

of the cycle. P value <0.05 was considered significant. 
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Proteins 
Estrus Diestrus 

Group 1 (n=6) Group 2 (n=7) 
Group  3 

(n=7) 
Group  4 (n=6) Group 1 (n=2) Group  2 (n=6) Group  3 (n=3) 

Group  

4 (n=1) 

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean 

Vanin 1  

gi|194216453 
71.2

ab
 ± 16.7 48.6

a
 ± 45.9 66.4

a
 ± 51.3 119.8

b
 ± 38.6 255.0

a
 ± 17.0 108.3

bc
 ± 54.4 206.3

ac
 ± 118.4 202.0

ac
 

Vanin 3 

gi|149722957 
54.5

ab
 ± 52.2 16.1

a
 ± 25.1 25.0

a
 ± 41.3 89.2

b
 ± 50.2 283.5

a
 ± 57.3 115.2

b
 ± 73.1 100.3

b
 ± 64.4 154.0

b
 

Secretoglobin 

1A1/Uteroglobin–

like 10 Kb 

gi|126352306 

(+4) 

29.5
a
 ± 6.0 34.9

a
 ± 19.3 31.9

a
 ± 14.3 36.7

a
 ± 9.2 59.5

a
 ± 33.2 37.7

ab
 ± 26.1 78.3

ac
 ± 37.0 31.0

a
 

Secretoglobin 

8Kb 

gi|58978613 

0.0
a
 ± 0.0 2.6

a
 ± 5.6 0.0

a
 ± 0.0 0.8

a
 ± 1.0 32.0

a
 ± 36.8 2.3

bc
 ± 4.1 6.0

ac
 ± 8.7 0.0

bc
 

Table 2.  Mean spectral counts and standard deviations of the subset of proteins with statistical difference between stage of cycle 

(estrus and diestrus) demonstrating their differences by status group. Means within rows, within stage of cycle, with different 

superscripts are significantly different from one another (p < 0.05) 

Group 1: mares with biopsy grade I or IIA, and negative for endometritis using the criteria checklist; Group 2: mares with biopsy 

grade I or II, positive for endometritis using the criteria checklist; Group 3: mares with biopsy grade IIB or III and positive for 

endometritis using the criteria checklist; Group 4: mares with biopsy grade IIB or III, negative for endometritis using the criteria 

checklist. 
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Proteins 
Group 1 (n=8) Group 2  (n=13) Group 3 (n=10) Group 4 (n=7) 

Mean SD Mean SD Mean SD Mean SD 

Vanin 2 

gi|149722959 
63.25

a
 ± 60.93 44.77

a
 ± 37.96 26.1

ab
 ± 38.67 31.86

b
 ± 54.24 

Stanniocalcin-1 

gi|149746187 
27

ad
 ± 19.08 19.08

ab
 ± 26.91 11.6

ac
 ± 20.58 40

d
 ± 30.14 

Serine protease inhibitor 

Kazal-type 7 

gi|338713577 

14
a
 ± 15.43 6.61

a
 ± 9.92 1.5

b
 ± 4.74 4.71

a
 ± 3.68 

Connective tissue growth 

factor 

gi|194216449 

9
a
 ± 9.52 1.85

b
 ± 3.67 1.3

b
 ± 3.77 8.71

ac
 ± 7.04 

Annexin A2 

gi|183227696 
0.25

a
 ± 0.71 0.46

a
 ± 0.66 6.1

b
 ± 8.84 0

a
 ± 0 

Table 3.  Mean spectral counts and standard deviations of the subset of proteins not 

significantly different by stage of cycle, but with statistical differences by status group.  

Means within rows with different superscripts are significantly different from one 

another (p < 0.05). 

 

 

 

Group 1: mares with biopsy grade I or IIA, and negative for endometritis using the 

criteria checklist; Group 2: mares with biopsy grade I or II, positive for endometritis 

using the criteria checklist; Group 3: mares with biopsy grade IIB or III and positive for 

endometritis using the criteria checklist; Group 4: mares with biopsy grade IIB or III, 

negative for endometritis using the criteria checklist. 
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  R Value R
 
Value 

Protein 

Genbank reference Endometrial 

Swab Method 

(n=22) 

Low 

VolumeLavage 

Method (n=48) 

Polymeric immunoglobulin receptor (PIGR) gi|261291941 -0.18042 -0.14452 

Vanin 1 (Pantetheinase) (VNN1) gi|194216453 -0.46425 -0.59562 

Vanin 3– like (VNN3) gi|149722957 -0.60793 -0.68846 

Uteroferrin (TRAP5) (ACP5) gi|350536031 -0.22882 -0.51085 

Neutrophil gelatinase-assoc lipocalin (NGAL) –

like (LCN2) 
gi|338720560 

-0.50881 -0.3969 

Vanin 2 (VNN2) gi|149722959 -0.68253 -0.2763 

Secretoglobin 1A1/Uteroglobin–like (SCGB1A1) gi|126352306 (+4)  0.28035  0.08031 

Stanniocalcin-1–like (STC1) gi|149746187 -0.09462 -0.41371 

Secretory phospholipase A2 (SPLA2 ) gi|153792451  0.34548 -0.29029 

Lactoferrin (lactotransferrin) (LTF) gi|255653068 (+1)  0.13809  0.324 

Connective tissue growth factor–like (CTGF) gi|194216449 -0.14449 -0.5055 

Annexin A1 (ANXA1) gi|126352349 -0.65567 -0.17633 

Annexin A2 (ANXA2) gi|183227696 -0.18675  0.03001 

 

 

 

 

 

 

 

3.4 DISCUSSION 

 

Table 4.  Spearman's Rank Correlation R values determining the association between 

specific proteins identified in lavage fluid and the number of neutrophils per 100 cells as 

detected by either the endometrial swab method, or the low volume lavage method. 

Group 1: mares with biopsy grade I or IIA, and negative for endometritis using the criteria 

checklist; Group 2: mares with biopsy grade I or II, positive for endometritis using the 

criteria checklist; Group 3: mares with biopsy grade IIB or III and positive for endometritis 

using the criteria checklist; Group 4: mares with biopsy grade IIB or III, negative for 

endometritis using the criteria checklist. 
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This survey examined major uterine proteins that were readily detectable in low 

volume lavage fluids in amounts that significantly differed in association with 

endometritis.  Of the large number of proteins in these samples, most were in amounts 

that were too low to be reliably identified (too few peptides identified) or quantified (low 

spectral counts) by the LC-MS/MS “shot-gun” proteomic methods employed.  However, 

by focusing on the most abundant proteins for which identification was reliable, we 

observed several that changed significantly with stage of cycle or grade of endometritis.  

It is likely that less abundant proteins could be further compared if the more abundant 

proteins were depleted (Jaros et al., 2013). However, suitable immunodepletion methods 

are not yet available for horse samples.  

Various differences were expected between estrus and diestrus samples because 

various progesterone- or estrogen-dependent genes are known to be expressed in the 

equine endometrium.  Such differences need to be taken into account in the future 

development of protein biomarkers for assessing uterine flush fluids. However, it was 

apparent that the proteomic methods used were able to detect the expected differences in 

uterocalin P19, uteroferrin and uteroglobin (secretoglobin 1A1) that are known to be 

increased during the luteal phase (Stewart et al., 2000; Crossett et al., 1996; McDowell et 

al., 1987; Ellenberger et al., 2008; Beier-Hellwig et al., 1995).  Some proteins of interest 

to our study were discussed further below. 

3.4.1 P19 lipocalin (Uterocalin) 

Originally referred to as P19, uterocalin (Crossett et al., 1996) is a major protein 

of the lipocalin family that is progesterone-dependent and secreted in the equine uterus 

(Stewart et al., 2000; Crossett et al., 1996). Its production can also be induced by the 
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administration of exogenous progestagen, and its expression correlates with the 

progesterone concentrations in serum until day 20 of pregnancy (Crossett et al., 1996). 

As expected, uterocalin was present in significant amounts in the uterine flush of 

all mares in our study and was significantly higher in diestrus mares. There was no 

significant difference between normal mares and mares with endometritis.  Hayes et al., 

2012 found that cloprostenol-induced pregnancy failure did not reduce P19 expression in 

the endometrium, but uterocalin was significantly increased in diestrus. Stewart et al. in 

2000 and Ellenberger et al. in 2008 found that uterocalin was synthesised and secreted 

during early pregnancy and again during the period of the endometrial cup reaction. 

Hence, they concluded that uterocalin has a role in the nutritional function of histotroph, 

and is secreted during stages of high progesterone concentration in the mare. 

Studies have shown an abnormal and asynchronous secretion of uterocalin by the 

epithelium lining the distended glands within ‘‘gland nests’’ in mares suffering 

endometrosis (Stewart et al., 2000 and Hoffmann et al., 2003). However, proteomics of 

the endometrial flush fluid did not show significance in group 4 (mares with chronic 

degenerative endometrial disease).  This lack of demonstrable difference could have been 

due to the fact that the sample size of mares in the diestrus groups were small, preventing 

differences from reaching statistical significance. An unexpected finding in the present 

series was the wide variation in the amounts of uterocalin present, ranging from 0-29% of 

all protein counts in a sample.  This variation suggests that it is difficult to assess the 

clinical significance of P19 levels. However, it will be important to determine the 

functions of P19, and how low levels during estrus or diestrus might contribute to 

infertility in barren mares.  
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3.4.2 Polymeric immunoglobin receptor (PIGR) 

Secretory IgA (SIgA) is the primary IgA and acts at the mucosal surface as the 

first line of defense. PIGR (Polymeric Immunoglobin Receptor) transports IgA from the 

epithelium to the mucosa (Lewis et al., 2010), and has been shown  in humans, cows and 

horses to  also be involved in the transport of IgM (Kaetzel et al., 2005; Braathen et al., 

2007; Lewis et al., 2010). High concentrations of PIGR were found in the endometrial 

flush, confirming the study of Hayes et al. in 2012. No significant differences in PIGR 

were found between endometritis versus normal mares, nor between stage of the estrous 

cycle. This result was surprising, since secretory IgA comprises a mean of 60% of the 

total IgA present in the uterine secretion (Widders et al., 1984).  However, in mares in 

group 4E (estrus mares with chronic degenerative disease but without endometritis), there 

were increased amounts of this protein in endometrial fluid compared to group 2E 

(biopsy grading I or II, mares in estrus with endometritis). The role and mechanism of 

PIGR in endometritis is unknown. An abnormal secretory pattern of the proteins in mares 

with degenerative endometrial changes might make this protein unusually abundant in 

uterine flush. The fact that mares with chronic degenerative disease and endometritis 

(group 3E) did not have a significant increase may indicate that endometritis may 

decrease this protein levels in the uterus, off-setting an increase due to chronic 

degeneration. The lack of statistical significant might be due to the fact of the small 

sample size in group 4E. 

In 2010, Ratajczak et al found that activated neutrophils increased human 

bronchoepithelial PIGR expression. In the present study, PIGR protein by LC-MS/MS 

was very weakly correlated to the numbers of neutrophils in 100 cells by both 
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endometrial swab and low volume lavage techniques (-0.18042; -0.14452, respectively).  

However, shotgun proteomic analysis of lavage fluid is not directly comparable to the 

levels of gene expression in the intact tissues, particularly when cells are removed from 

the fluid before analysis. Another consideration is that the chronic endometritis in the 

present study had few neutrophils and a predominantly lymphocytic infiltration on 

biopsy.  

3.4.3 Vanins (VNN) 

In humans and horses, the vanin gene family consists of three genes, vanin-1 

(VNN1), vanin-2 (VNN2) and vanin-3 (VNN3). In humans, they are located on 

chromosome 6q23–6q24 and in horses, on chromosome 10 (Galland et al., 1998; Martin 

et al., 200). Hayes et al., in 2012 demonstrated VNN3 on the epithelium of the equine 

endometrium by immunohistochemistry studies, agreeing with Klein et al., in 2010 who 

showed endometrial expression of this same gene by quantitative reverse transcriptase 

PCR in pregnant and cycling mares.  

Vanins are enzymes involved in synthesis of coenzyme A. They catalyze the 

conversion of pantetheine into pantothenic acid (vitamin B5, a coenzyme A precursor) 

and into the antioxidant cysteamine (Maras et al., 1999; Martin et al., 2001). Some 

studies have associated vanin genes with cancer (Huang et al., 2010) and others have 

indicated a functional role of vanins on inflammation (Min-Oo et al., 2007; Kaskow et 

al., 2012; Nitto et al., 2013).  It is apparent from our studies that vanins are among the 

most abundant proteins in the uterine flush, and all three are expressed in the 

endometrium (Hayes et al., 2012) (Appendix 3.4), but their roles in the uterus are still 

unknown.  
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Kakow et al., (2012) suggested an innate immunity role of vanin 1, since CD15+ 

granulocytes and CD14+ monocytes were found to contain large quantities of Vanin1, 

but CD4/8+ T-cells and CD20+ B-cells were identified to have low levels (Zhang et al., 

2011).  Vanins 1, 2 and 3 are known to be expressed in human leukocytes (Nitto et al., 

2008; Nitto et al., 2013).  It has been suggested that, in human neutrophils, one of the 

pantetheinase molecules has a role in modulating cellular adhesion (Nitto et al., 2013). 

However other studies need to be performed to show the role of vanins in inflammation. 

Hayes et al. in 2012 reported that the equine endometrium expresses substantial 

amounts of three vanin genes and these three proteins were identified in large amounts in 

the uterine flush. This is in agreement with our present study which found these proteins 

to be quite abundant in the uterine flush of all our mares regardless of their endometritis 

status or stage of estrous cycle. Hayes et al. (2012) found that VNN1 expression was 

reduced in the pregnant endometrium, and saw a 2.3- fold increase after cloprostenol 

treatment in pregnant mares. Klein et al., in 2010 found vanin 3 to have a 1.9 fold change 

in mRNA expression levels in the equine endometrium of pregnant mares compared to 

nonpregnant mares. Our study demonstrated that both vanins 1 and 3 significantly 

increased in diestrus compared to estrus. We also found that all three vanins had a highly 

significant decrease in mares that were positive for endometritis compared to mares that 

were normal. Vanin 1 and 3 were significantly increased in mares with chronic 

degenerative changes in in endometrial biopsy (Group 4). Compared to mares with only 

chronic changes, vanin 1 and 3 significantly decreased in mares that demonstrated 

endometritis (Group 2 and 3). These results suggest that an abnormal secretory pattern 

may exist in mares with chronic degenerative disease.  
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Vanin 1 knockout mice (vanin 1-/-) mice, which lack free cysteamine in tissues,  

demonstrated  increased resistance to oxidative stress, and down-regulation of tissue 

inflammation in response to oxidative stress (Martin et al., 2004; Berruyer et al., 2004; 

Berruyer et al., 2006). The role of the vanins in endometrial tissue inflammation should 

be procured, especially in mares with chronic degenerative endometritis. 

Overall, in the present study, the vanins showed moderate to strong negative 

correlation with neutrophils on cytology. The difference in correlation of vanin 2 between 

the swab and LVL technique might be attributed to the fact that neutrophils in the LVL 

technique sometimes are too degenerated to be identified on cytology. The role of the 

vanins on, and their relation to, neutrophils in the equine endometritis is still unknown, so 

further studies need to be carried out to understand the molecular mechanisms of the 

vanins in mares with endometritis.   

3.4.4 Uteroferrin (Tartrate-resistant acid phosphatase [TRAP] or ACP5) 

Uteroferrin is believed to be responsible for iron transport across the placenta 

(Wooding et al., 2000; Wooding et al., 2001). Ellenberger et al., in 2008 suggested 

another possible role of uteroferrin in immune defense. These authors were in agreement 

with Hoffmann et al., (2008) and Lehmann et al., (2011) who found higher intensity or an 

asynchronous secretory pattern of this protein in the areas of destructive endometrosis 

(within nested glands). In our study, both endometritis and normal mares had high 

quantities of uteroferrin in the uterine flush fluid detected by LC- MS/MS. However, no 

statistical difference was detected among the groups.  

Uteroferrin has previously been demonstrated to be a progesterone-induced 

protein (McDowell et al., 1987; Ellenberger et al., 2008). Hayes et al. (2012) found this 
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protein to be increased in the flush fluid of pregnant mares, but found almost no signal in 

the yolk sac wall. Ellenberger et al. (2008) detected uteroferrin in almost every 

endometrial gland throughout the equine pregnancy, however staining increased in 

intensity as the pregnancy advanced. The results of the present study are in agreement 

with the above studies, with higher amounts closely approaching significance, in diestrus. 

While it is clear that there is an important role for uteroferrin in pregnancy, it is also 

possible that uteroferrin is involved in endometrial functions in the non-pregnant state.  

Uteroferrin is expressed in the endometrium of all mammals examined (Padua et al., 

2012).  

3.4.5 Lipocalin 2 or Neutrophil gelatinase-associated lipocalin [NGAL]–like (LCN2) 

Neutrophil gelatinase-associated lipocalin (NGAL) is a lipocalin which is 

responsible for transporting small compounds and also seems to play a significant role in 

innate immunity (Tadesse et al., 2011; Flo et al., 2004; Kjeldsen et al., 2000). NGAL has 

been shown to have antibacterial properties due to the sequestration of iron (Flo et al., 

2004). NGAL knockout animals have been shown to have a decreased resistance to 

bacterial infections, since neutrophils from NGAL -/- mice had decreased bacteriostatic 

activity compared to the controls (Berger et al., 2006). It has also been investigated as a 

biomarker for acute kidney injury (Virzì et al., 2013; Singer et al., 2013), and has been 

implicated in intra-amniotic infection or inflammation – induced preterm birth in women 

(Tadesse et al., 2011). NGAL in an estrogen-responsive gene that increases during early 

pregnancy and it transports an iron-binding siderophore (2,5-dihydrobenzoic acid) into 

the embryo (Stuckey et. al, 2006) Hayes et al., showed that NGAL was the fourth most 

abundant protein in the uterine flush fluid from pregnant mares and ranked 14
th

 on the 
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amount of mRNA expression signal in microarrays. NGAL has the ability to trap 

bacterial siderophores and contribute to antibacterial defence by depriving bacteria of 

iron (Li and Chan, 2011). In the present study, no statistical difference in NGAL was 

identified between mares with endometritis compared to the normal mares. This non-

significant result could be related to the fact that some of the mares with endometritis had 

a chronic inflammatory or mixed process, and it has been shown that NGAL is expressed 

in neutrophils (Kjeldsen et al., 2000).  

NGAL had a moderate negative correlation with the amount of neutrophils per 

100 cells in cytology specimens collected by both the endometrial swab and LVL.  The 

difference in the Pearson rank correlation between the swab and LVL could be due to the 

fact that LVL cytologies are harder to interpret since neutrophils seemed to be more 

degenerate.  

3.4.6 Secretoglobin 1A1 (SCGB1A1) 

This protein was first called “Blastokinin” due to in vitro studies that showed it 

stimulated the growth of preimplantation rabbit embryos (Krishnan and Daniel, 1967).  It 

was later renamed uteroglobin (Beier HM, 1968), and it has also been called Clara cell 

secretory protein (CCSP) due to its expression in the non-ciliated Clara cells in the lungs 

(Singh G and Katyal SL, 1985). Then, in 2000, this protein was classified as the founder 

of a superfamily of proteins and renamed secretoglobin (Klug J et al., 2000). 

Secretoglobin interacts with hydrophobic ligands such as progesterone (Beato M, 

1976), polychlorinated biphenyls (Gillner M, et al., 1988), and retinoids (Lopez de Haro 

MS, et al., 1994).  Secretoglobin binds and sequesters prostaglandins, and has been 

speculated to be involved in the maintenance of pregnancy (Mukherjee AB, et al., 2007) 
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due to its ability to inhibit secretory phospholipase A2 (sPLA2) activity (Levin et al., 

1986; Singh et al., 1990).  Despite several studies in different species, its specific role 

remains unknown (Mukherjee AB, et al., 2007). 

In 2008, Hayes et al. found that there are at least two forms of secretoglobin in the 

equine uterus, corresponding to two SCGB1A1 genes in the equine genome.  Côté et 

al.(2012) characterized the three SCGB1A1 genes on equine chromosome 12, two of 

which coded for different proteins and one is a pseudogene. These authors found strong 

expression of SCGB1A1 and SCGB1A1A in equine lung, uterus, fallopian tube and 

mammary gland and recognized that the binding pockets differs between the two forms 

of equine SCGB1A1. However, the reasons for two forms in the horse, and their 

functional roles are still unknown. Secretoglobin has been described as a progesterone-

dependent protein in the horse (Beier-Hellwig et al., 1995). Maximal staining intensity 

was found through immunohistochemistry studies in endometrial glands of diestrus mares 

(Hoffmann et al., 2003).  In agreement with these studies, we found that the two forms of 

secretoglobin were increased in mares in diestrus.  

Secretoglobin was found in large amounts in the uterine flush fluids, but was only 

present in yolk sac fluid before the fixation period (Quinn et al., 2007). These authors 

suggested a possible role in delivery of lipid ligands through the equine embryonic 

capsule, and they also found that the secretoglobin did not bind to the capsule. 

Ellenberger et al., (2008) continued the efforts to try to understand the functional role of 

some uterine proteins in maintenance of pregnancy in the horse. These authors found that 

secretoglobin secretion was only detectable in trace amounts and only in individual 

glands throughout gestation, thereby suggesting that this protein does not contribute to 
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the maintenance of pregnancy. This protein might be involved in early stages of 

pregnancy, and not advanced gestation. However, in Ellenberger’s study, only 

immunohistochemistry of uterine biopsy tissue was used, which is a subjective method 

requiring further investigation for more conclusive results. Hayes et. al, (2012) showed 

that secretoglobin expression decreases during early pregnancy, but increases markedly 

after luteolysis, further suggesting that its role is more important in the cycling uterus.  

Low levels of CCSP/uteroglobin are associated with increased inflammation in the 

airways of horses with recurrent airway obstruction so it is thought to have anti-

inflammatory functions in the horse (Katavolos et. al, 2009). 

Secretoglobin, among other proteins, has been found to have an asynchronous 

secretory pattern in endometrial glands in mares suffering from chronic endometrial 

changes (endometrosis). This abnormal secretory pattern has been suggested to be a 

contributing factor in the pathogenesis of endometritis-induced infertility in mares 

(Stewart et al., 2000; Hoffmann et al., 2003; Ellenberger et al., 2008; Lehmann et al., 

2011).  

Hoffmann et al. (2009a) have theorized that a decrease in secretoglobin 

expression in mares with endometritis, may result in future increased susceptibility to 

endometritis, due to its known natural immunosuppressive effects. In contrast to 

Hoffmann et al. (2009a) we found no difference between mares with endometritis 

compared to mares without endometritis, for either Secretoglobin 1A1/Uteroglobin–like 

(10 Kb and 8Kb) in the uterine flush fluid.  Within diestrus mares, secretoglobin appeared 

to increase in mares with endometritis and some chronic changes (Groups 2D and 3D), 

although no differences were found among groups of estrus mares. Previous studies have 
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shown the role of secretoglobin in pregnancy in the mare, however our study was not able 

to elucidate any convincing role for secretoglobins in endometritis.  Hayes et al., (2012)  

(Appendix 3.4) has also shown the endometrial expression of this protein and strong 

staining of dilated endometrial glands using immunohistochemistry. A possible 

association of prostaglandin, sPLA2 and uteroglobin should be investigated to try to 

unveil the association of these proteins in relation to the endometrium inflammation and 

also to pregnancy maintenance. 

3.4.7 Annexins 

Annexins are a multigene family of Ca
2+

- regulated phospholipid and membrane-

binding proteins that have been extensively studied (Rescher and Gerke, 2004).  The 

members of this family have been shown to be expressed in animals, plants, fungi and 

protists, comprising more than 160 unique annexin proteins present in more than 65 

different species (Gerke and Moss, 2002).  Annexin-1 is regarded primarily as an anti-

inflammatory peptide (Perretti and D’Acquisto, 2009). Further studies are required to 

discover the true functional roles of the different annexins and their potential for clinical 

applications, especially in the equine endometrium. 

Hayes et al., in 2012 identified several annexins in the uterine flush fluid of mares by 

MS/MS analysis. Among them were: annexin 1 to 5 and annexin 8. They found that 

annexin 1 and 2 were most abundant, and these two were also found in the equine 

embryonic capsule. 

Annexin 1 has been proven to exert an antimigratory effect on leukocyte 

extravasation (Gerke and Moss, 2002). It is expressed in equine neutrophils, and has been 

theorized to help down-regulate equine neutrophil superoxide production (Pickles et al., 
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2010).  Brook and coauthors in 2011 showed in in vitro experiments that there was an 

increase in the percentage of annexin 1- positive neutrophils and mononuclear cells 1 

hour after dexamethasone administration (from 45 ± 5% to 93 ± 1% and 62 ± 14% to 87 

± 9% for neutrophils and monocytes, respectively) but no difference was seen after 4 

hours from the control cells. They theorized that this increase in annexin 1 might be 

related to the therapeutic value of anti-inflammatory therapy like dexamethasone. 

However, no in vivo studies were performed to confirm these speculations. However, it is 

also possible that the amounts of annexin A1 and A2 are related to the levels of 

expression in the endometrium itself. Annexin genes ANXA1-5 are locally expressed in 

equine endometrium, with ANXA1 and ANXA2 most abundant (Hayes et al., 2012). 

Several studies on annexin 2 (ANXA2) have been performed and this protein has 

been implicated to have antithrombogenic actions (Gerke and Moss, 2002).  In 2012, 

Garrido-Gómez et al. demonstrated that inhibition of ANXA2 expression decreased 

human embryo adhesiveness to the endometrium. They also implicated this protein in 

endometrial epithelial cell migration and trophoblast outgrowth. In agreement with 

Garrido-Gómez et al. (2012), Hayes and coauthors also speculated that annexin 2 might 

have some role in the fetomaternal interface, possibly involved in some transport process. 

Annexin 2 might have multiple functions, and further studies should try to investigate its 

association with the fetomaternal interaction.  

In the present study, annexin A1 was negatively correlated to neutrophils on 

cytology.  Annexin A2 was only weakly negatively correlated with neutrophils on 

cytology.   This finding could also be related to the fact that a large population of our 
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mares had a chronic endometritis, and/ or that the proteomic analysis is performed from 

cell-free flush fluid. 

In agreement with Hayes and coauthors (2012), our study identified annexin 1 to 

5 and 8 to be present in the uterine flush fluid of mares with endometritits and in normal 

mares, with annexin 1 and 2 the most abundant. Annexin 2 was significantly increased in 

mares with endometritis, however no significant difference was detected in Annexin 1 

quantities, although mares with endometritis (Groups 2 and 3) tended to have higher 

amounts than mares without endometritis.  As with NGAL, it is possible that the large 

proportion of our mares with chronic endometritis, or a combination of both acute and 

chronic changes, affected our ability to detect statistical differences.  

3.4.8 GM2 Activator 

GM2 Activator protein (GM2A) is a heat stable glycolipid -transport protein 

found in lysosomes (Rigata et al., 2009). It functions as the substrate specific co-factor 

with the lysosomal enzyme β- hexosaminidase A (Hex A), on its hydrolysis to GM2 

ganglioside.  GM2 is essential for life. Humans lacking, the GM2AP gene suffer from a 

severe neurodegenerative disease similar to one form of Tay-Sachs disease, and usually 

die by the age of 5 (Mahuran, 1998; Gravel et al., 1995). Another in vivo study has shown 

that a recombinant GM2AP treatment was able to inhibit the inflammatory process 

caused by platelet activating factors (PAF) when given to rats that were induced to suffer 

from necrotizing enterocolitis, decreasing the tissue destruction (Rigat et al., 2009). 

  GM2A protein was expressed in large amounts in the yolk-sac wall of the pre-

fixation equine embryo (Quinn et al. 2006). Hayes et al (2012) also demonstrated the 

presence of this protein in the endometrial glands of the equine uterus, and speculated to 
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be involved in lipid transport through the unique equine embryonic capsule (Hayes et al., 

2012; Klein et al., 2010).  In this same study, Hayes and coauthors found this protein to 

be much higher in the uterine flush fluid of pregnant mares than in nonpregnant mares by 

proteomic analysis.  

Our study found no difference in the large amounts of this protein in uterine flush 

fluids of estrous versus diestrus mares, suggesting that this protein unlikely to be 

progesterone or estrogen dependent. While it might have some function during early 

equine pregnancy as suggested in previous studies (Quinn et al. 2006, Hayes et al., 2012; 

Klein et al., 2010), the present findings indicate that it has other important but as yet 

unknown functions in the uterus of cycling mares.  No statistically significant difference 

was seen between mares with endometritis and normal animals. So it is not likely to have 

any diagnostic value for mares with endometritis, but further investigation of this protein 

on the association of the fetomaternal interaction should be conducted to understand how 

low levels might affect early equine pregnancy. 

3.4.9 Secretory phospholipase A2 (sPLA2) 

The most important isoforms of phospholipase A2 involved in the reproductive 

system are the cytosolic isoform (PLA2G4A or cPLA2), the calcium-independent 

isoform (PLA2G6) and the secretory isoform (PLA2G2A or sPLA2) (Farina et al., 2007).  

Phospholipase A2 (PLA2) catalyzes the hydrolysis of the sn-2 position of 

glycerophospholipids to release the unsaturated fatty acids, such as arachidonic acid 

(Murakami et al., 2011). The cytosolic isoform is considered to be involved in 

arachidonic acid release and prostaglandin synthesis, whereas the secretory 

phospholipase A2, acting outside the cell, has been shown to function as a potent 
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antimicrobial agent by lising their cell membranes (Burke and Dennis, 2009).  Therefore, 

various forms of phospholipase A2 have diverse functions and seem to be especially 

important in inflammation, pregnancy and parturition (Tithof et al., 2007). 

Secretory and cytosolic PLA2 are present in equine uterine flush fluid (Quinn et 

al. 2007; Hayes et al, 2008) and sPLA2 is expressed in the equine endometrium (Lillie et 

al., 2010; Hayes et al., 2012; Ababneh et al, 2013a) and it immunolocalizes to the 

endometrial glands (Appendix 3.4).  Expression of sPLA2 (PLA2G2A) decreases during 

early pregnancy, but increases in estrus and after luteolysis (Quinn et al. 2007; Hayes et 

al. 2008, Hayes et al., 2012).  

Ababneh et al. (2013b) used ovariectomized mares to examine the role of 

progesterone and estrogen on PLA2 isoform gene expression. They found that PLA2G4A 

(cytosolic) and PLA2G2A (secretory) were both upregulated as progesterone decreased 

two days following cessation of hormone treatment. Therefore, these authors suggested 

that these genes are involved in prostaglandin F2α sysnthesis and luteolysis (Ababneh et 

al., 2013b).   

Klein et al. (2010) found no difference between PLA2G4A mRNA levels between 

cycling and 13.5 day pregnant mares. Hayes et al., (2008, 2012) found elevated PLA2GA 

in equine embryonic capsules and the flush fluid of mares that received a prostaglandin 

injection in an induced-pregnancy failure model. These authors suggested PLA2GA is 

increased in inflammation and a potential contributor to pregnancy failure (Hayes et al., 

2008, Hayes et al., 2012).   

In the present study, secretory phospholipase A2 (sPLA2) was found in moderate 

amounts in the uterine flush fluid of mares, however  no significant difference was found 
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between mares with endometritis and normal healthy mares. The reason for higher 

amounts of sPLA2 in diestrus is thus opposite to what was expected if progesterone 

decreases its expression. This different finding could be related to the models used in the 

other studies, since Hayes and coauthors used cloprostenol to induce luteolysis (rather 

than normal cycling), and Ababneh et al used ovariectomized mares to assess the effects 

of progesterone.  Based on our findings that levels change during the cycle but not with 

inflammation, it is unlikely that sPLA2 can become useful for diagnosis of endometritis 

in mares.  

3.4.10 Lactoferrin (LTF) 

Lactoferrin is a glycoprotein that is highly expressed in the mammary gland, 

mucosal surfaces, exocrine glands, neutrophilic leucocytes, and uterus.  It is also present 

in milk, tears, saliva, and other bodily fluids (Levay and Viljoen, 1995, Teng et al, 1989, 

Shigeta et al, 1996).  Lactoferrin was first discovered in milk, and since it is homologous 

to serum transferrin and belongs to the transferrin family, it was named lactotransferrin 

(Legrand et al., 2005).  This protein has been described as having a wide variety of 

functions, including antibacterial and anti-inflammatory, iron homeostasis, cellular 

growth and differentiation, and cancer protection (Levay and Viljoen, 1995, Ward et al, 

2002, Brock, 2002). 

Small amounts of lactoferrin were identified in the endometrial flush fluid by LC-

MS/MS in the present study. No significant difference was identified between mares in 

estrus compared to diestrus. However, in human and monkey studies it was shown that 

the lactoferrin gene is estrogen responsive (Teng et al., 2002), and in the horse 

endometrium, lactoferrin mRNA levels were 5500-fold higher in estrus compared to 
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diestrus and early pregnancy (Kolm et al., 2006).  In our study, we used cell-free 

endometrial flush fluid for the shotgun proteomics, and since lactoferrin is expressed in 

neutrophils, this might account for our different results. However, our study did not find a 

difference in lactoferrin between mares with endometritis compared to normal healthy 

mares. We also found that there was a very weak correlation between lactoferrin and the 

number of neutrophils in cytology by swab technique, and a weak correlation in the LVL 

technique. As discussed above, the weak correlation could be due to the fact that 

lactoferrin is expressed in neutrophils and the proteomic analysis was performed from 

cell-free fluid.  Kolm et al. (2006) looked at mares with delayed uterine clearance and 

post-mating induced endometritis and found that lactoferrin transcription was increased 

in all stages of the estrous cycle. Levels of lactoferrin in flush fluids were highly variable 

with most having low amounts but in several in various groups the levels were high. This 

degree of variation makes it unlikely that lactoferrin levels in flush fluids would be useful 

for diagnosis of endometritis in mares.   

3.4.11 Connective Tissue Growth Factor (CTGF) 

CTGF is a multifunctional small cysteine-rich secreted protein which is part of the 

CNN family, and is also known as CNN2 (Shin-Wen et al., 2008, Leask and Abraham, 

2006, Ponticos, 2013). This protein appears to be involved in connective tissue formation 

during embryogenesis, wound repair, angiogenesis and neovascularization (Shi-Wen et 

al., 2009, Holbourn et al., 2008, Chen and Lau, 2009, Grote et al., 2007). It has also been 

suggested to play a role in human endometrial repair (Uzumcu et al., 2000, Maybin et al., 

2012) 
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CTGF is present during estrus and early pregnancy in pig and mouse uterine 

tissues (Ball et al., 1998; Surveyor et al., 1998). Uzumcu and coauthors in 2000 showed 

by immunohistochemistry and Northern blot studies that the CTGF gene is expressed in 

human uterine tissues and decidua. Since the decidua tissues used were from aborted 

cases and no normal decidua tissue was used, conclusions regarding normal CTGF role or 

expression levels could not be drawn. In contrast to Uzumcu et al. (2000) where minimal 

staining of stromal cells was found, Maybin and coauthors in 2012 immunolocalized 

CTGF to  glandular epithelial cells and macrophages in the stromal cell compartment. 

The difference between these two studies could be due to the specificity of the antibody 

used.  Connective tissue growth factor is increased in the human endometrium at the time 

of endometrial repair post-menses, and increases after incubation of endometrial cells 

with PGE2 and PGF2α leading the authors to speculate about the possible role of CTGF 

on endometrial repair (Maybin et al 2012). However, the in vitro nature of the 

experiments is a notable limitation.  

One study demonstrated increased in CTGF expression in  endometrium  of day 

20 pregnant mares 2 days after treatment with cloprostenol compared to control animals 

(Hayes et al. 2012), while another study found CTGF to be down- regulated in early 

pregnant mares (Klein et al., 2010). In the present study, we identified small amounts of 

CTGF in the uterine flush fluid of mares. We also found it to be significantly decreased 

in mares with endometritis compared to the mares without endometritis. This finding is 

interesting since endometritis is known to cause release of endometrial prostaglandins, 

and is in contrast to the previous research experiments cited above. However, this was an 

in vivo study of a natural disease process and seems to be a more physiological process, 



 

 103 

and the prostaglandin in the endometrium might act differently when given systemically. 

In the present study little correlation was found between CTGF and presence of 

neutrophils. Since CTGF is involved in tissue remodeling, it is more likely to be 

important in the repair phase following resolution of endometritis.  

Nevertheless, further studies should be procured by means of RT-PCR and 

immunohistochemistry to understand the gene expression and the secretory pattern of 

CTGF in mares with endometritis. Rageh et al. (2001) used in situ hybridization and 

immunohistochemistry to localize CTGF in mouse endometrium. CTGF was expressed in 

ovariectomized mice treated with both estrogen and progesterone and in pseudopregnant 

mice. Very weak staining was found in the ovariectomized mice that had not received 

any hormonal treatment. These authors suggested a possible role of CTGF in modulating 

the effects of steroid hormones on endometrial function (Rageh et al., 2001).  In our study 

no significant difference in CTGF was seen between mares in different stages of their 

estrus cycle, on the proteomic analysis of the uterine flush fluid. 

3.5 CONCLUSION 

In the present study, more than 2000 proteins were identified by LC-MS/MS in 

the uterine flush fluid of mares. Uterocalin, chitotriosidase-1, WAP four-disulfide core 

domain protein 2- like protein, CD109 antigen, secretory phospholipase A2, and matrix 

metalloproteinase 26-like protein were shown to vary significantly by stage of the estrous 

cycle but no difference was identified in mares with endometritis compared to mares 

without endometritis.  Vanins 1, 2 and 3, and CTGF were present in lower amounts in the 

uterine flush fluid of mares with endometritis, while annexin A2 were significantly 
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increased. With larger numbers of mares with various grades of endometritis, it is 

expected that many other significant protein differences will be discovered.   

Shotgun proteomics is a useful technology that is readily available as a first step 

for the identification of proteins that might be involved in inflammatory processes, such 

as equine endometritis.  This technique was able to provide an inventory of proteins 

present in the mare, determine the influence of the estrous cycle on those proteins, and 

examine how they may change in the face of endometritis, without having any previous 

knowledge of specifically which proteins we were looking for. The limitations of this 

approach are that the amounts of only the more abundant proteins can be determined semi 

quantitatively in the flush fluid without further processing to remove the most abundant 

proteins derived from plasma. Also, the abundance of the proteins detected in low 

amounts means that there are many other proteins that might become clinically useful but 

at this stage the methods for removing the contaminating proteins have not been 

developed for the horse. However, this technique has given us the ability to identify 

proteins that may have a role in inflammation or in uterine immune defense, such as the 

vanins 1-3, CTGF and annexins.  Future studies could more closely examine individual 

proteins found in this initial study to be of significance, paying specific attention to acute, 

versus chronic endometritis, and to mares having only severe degenerative endometrial 

changes.  Preliminary immunohistochemistry (IHC) studies of some of these proteins 

(vanins, secretoglobin and SPLA2) were performed on the uterine biopsies to see if they 

might show differences associated with endometritis. While the studies demonstrated the 

different secretory patterns, they were not sufficiently sensitive to reveal difference 

patterns of expression in mares with endometritis. A selective increase in expression of 
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uteroglobin was apparent in nested glands typical of endometrosis and this might have a 

future diagnostic application, especially when methods to distinguish two forms of 

uteroglobin are developed.  However, the level of expression during the luteal phase 

(diestrus) was very low. Further studies using IHC are warranted to identify the secretory 

pattern of many other identified proteins in mares with different biopsy grades. A better 

understanding of their role in the innate immune system or anti-inflammatory function 

might explain how endometritis interferes with the establishment or success of early 

pregnancy.  Further comparisons of these and other members of the uterine proteome are 

needed to determine which proteins are most useful in the diagnostic assessment or 

treatment of barren mares.  
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CHAPTER FOUR  

 

GENERAL CONCLUSIONS AND FUTURE DIRECTIONS 

The general objective of this research was to compare different methods for 

diagnosis of endometritis, and identify novel proteins that may play a role in 

endometritis. The first part of this research gave us the tools to classify the mares in their 

respective groups for further proteomic analysis, and make comparisons amongst the 

different routinely used diagnostic tests. The second part of this research identified and 

quantified the major proteins found in the endometrial flush fluid of mares that have 

different grades of endometritis. 

A variety of definitions have been applied to determine what constitutes equine 

endometritis based on endometrial cytology, and unfortunately no consensus exists in the 

literature. The optimal cut off values in this study were determined to be  ≥1 

neutrophil/hpf, or ≥1 neutrophils to 100 endometrial cells (ratio) at 400X, with the latter 

cut-off  being the most sensitive value. Cell degeneration was noted to be a problem with 

low volume lavage samples, while the cytospin preparation was found to result in good 

cell integrity in the low number of samples observed. Further work to standardize cut-off 

values is needed for each different endometrial cytological sampling technique (swab, 

low volume lavage, cytospin, brush). Comparison against pregnancy rate will better 

define how much inflammation is tolerable by the endometrium while still resulting in 

pregnancy.  

None of the diagnostic tests used by itself was sensitive enough to diagnose a 

mare with endometritis.  However, when the endometritis checklist was created and used 

as the “New Gold Standard” and compared to endometrial biopsy, only two mares that 
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were diagnosed by the endometritis checklist were missed by the endometrial biopsy.  

Mares that are normally diagnosed negative for endometritis, without the procurement of 

an endometrial biopsy, could benefit from an endometritis checklist, in which history, 

uterine flush character, cytology, and culture would be taken into account. Further 

comparisons of the diagnostic tests across different mare populations (foaling, barren, 

maiden) should be evaluated against pregnancy rates so better guidelines are created to 

help equine practitioners with decisions on which diagnostics to perform.  

Shot-gun LC-MS/MS proteomic methods identified many proteins in flush fluids 

but most were in amounts that were low and inconsistently detected.  Among the most 

abundant proteins examined in this study, several proteins that were significantly 

different between cycles were increased in diestrus, were previously reported as 

progesterone-dependent proteins. The present study identified several major secreted 

proteins, including three vanins that were significantly decreased in mares with 

endometritis. The method provided an inventory of proteins present in equine 

endometrial flush fluid, but further progress with the less abundant proteins cannot be 

made by LC-MS/MS until the major blood proteins (albumin, haemoglobin, and various 

globulins) can be removed routinely.   However, we were able to recognize changes in 

association with endometritis for several abundant proteins that are expressed in the 

equine endometrium. Future studies should investigate whether the secretory pattern of 

these proteins in endometrial biopsies differs among the groups, and to determine how 

chronic inflammation, fibrosis and nested glands affect these proteins.  

In conclusion, this was a novel proteomic analysis of the endometrial flush fluid 

of mares with endometritis which has provided a large inventory of proteins, future 



 

 108 

investigation of which may lead to development of possible diagnostic markers to 

facilitate identification of mares with chronic endometritis where endometrial biopsy 

samples are not available. 
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APPENDICES 

 

Appendix 2.1 

 

Checklist of criteria used to diagnose a mare as positive (P) or negative (N) to 

endometritis 

 

Mare 

(n=54) 
Age 

(yrs) 
Status 

Clinical 

findings 

(n=54) 

Flush 

(n=47) 
Cytology 

(n=51) 
Culture 

(n=32) 
Biopsy 

(n=44) 
Decision 

(n=51) 

1 11 T √ √ √ 
 

M P 

2
a
 3 M 0 

 
0 

 
0 N 

3
a
 3 M √ √ √ 0 

 
P 

4 9 T 0 
 

0 
 

C N 

5 6 T √ √ √ 
 

M P 

6 5 T 0 0 0 
 

0 N 

7
b
 7 T 0 √ 0 

 
M P 

8
b
 7 T 0 √ √ 

 
0 P 

9 10 T 0 0 0 
 

C N 

10 14 T 0 √ 0 
 

C P 

11 10 T 0 √ √ 0 A P 

12 16 T 0 0 0 
 

C N 

13
c
 14 T √ 0 0 

 
A N 

14
c
 14 T 0 0 0 

 
A P 

15 7 T 0 
   

M 
 

16
d
 4 M-ET 0 0 0 

 
0 N 

17
d
 4 M-ET √ 0 √ √ M P 

18 5 M-ET 0 0 0 
 

0 N 

19
e
 8 M-ET 0 0 0 

 
0 N 

20
e
 8 M-ET 0 0 0 0 

 
N 

21
e
 8 M-ET 0 0 √ 0 

 
N 

22 12 M-ET 0 √ √ 
 

M P 

23
f
 15 T 0 0 √ 

 
M P 

24
f
 15 T √ 0 0 0 M P 

25 7 M-ET 0 √ 0 0 M P 

26 4 M 0 0 0 0 C N 

27 5 M-ET 0 0 0 0 0 N 

28 8 NB 0 0 0 0 C N 

29 6 M 0 0 0 0 C N 

30 4 M 0 √ √ 0 C P 

31 6 M-ET √ 0 √ 0 C P 

32 16 B √ 0 √ √ M P 

33 15 B √ √ √ 0 M P 

34 7 M √ 0 √ 0 A P 

35 17 B √ √ √ √ 0 P 
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36 17 B √ √ √ 0 
 

P 

37 9 B √ √ √ 0 M P 

38 8 M 0 
 

√ 0 M P 

39 19 F √ 0 √ 0 M P 

40 11 F √ 0 0 0 M P 

41 5 F √ √ 0 0 M P 

42 12 M 0 0 0 
  

N 

43 12 NB 0 0 0 
  

N 

44 12 NB √ √ 0 √ C P 

45 5 NB 0 0 √ √ 
 

P 

46 13 B √ 0 √ 0 
 

P 

47 9 F √ 
     

48 5 F 0 
     

49 3 M 0 
 

0 0 C N 

50 13 B √ √ 0 √ 0 P 

51 10 B √ 0 √ 0 A P 

52 16 B √ 0 √ 0 M P 

53 12 B √ √ 0 √ C P 

54 16 B √ √ √ √ M P 

Legend: a,b,c,d,e,f  (same animals sampled in different cycles); Status: M (maiden); F 

(foaling); B (barren);NB (not bred last year, but had foal/s before); T (teaching maiden 

mares which have ultrasound, swabs, insemination, and embryo flush, or pregnancy 

check); M - ET (maiden mares that were used for ET research programs; fertile mares) 

 

Criteria for endometritis (mares are classified positive if at least 2 of the following 

criterias are positive): 1) Clinical findings: If any of the following (√), if not (0): history 

of subfertility, or excessive endometrial edema for follicular size, or intra-uterine fluid 

detected by ultrasound; 2) Flush: gross appearance of low volume lavage fluid: Clear (0); 

Cloudy, discoloured, or debris (√)  3) Cytology: 1 or more neutrophils per high power 

field; or ≥1% neutrophils to epithelial cells were considered positive (√), if negative (0)  

4) Culture: positive culture (√)  negative culture (0); 5) Biopsy: Acute endometritis (A): 

presence of moderate or abundant amount of neutrophils; Chronic endometritis (C): 

presence of moderate or abundant amounts of lymphocytes or plasma cells; Mixed (M): 

Chronic inflammation with an active process (presence of plasma or lymphocytes and 

neutrophils). If A, C, or M it was considered a positive criteria and count as one item; If 

negative (0).           
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Appendix 2.2 

 

2x2 table comparing Low Volume Lavage Flush Character to diagnosis by endometrial 

biopsy 

 Biopsy positive Biopsy negative Total 

Flush Abnormal 14 3 17 

Flush Clear 17 5 22 

Total 31 8 39 

 

 

2x2 table comparing Endometrial Culture Result to diagnosis by endometrial biopsy 

 Biopsy positive Biopsy negative Total 

Culture positive 5 2 7 

Culture negative 18 1 19 

Total 6 20 26 
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Appendix 2.3 

 

 

2x2 table comparing Clinical Findings with New Gold Standard* (at least two positive 

criteria in the endometritis checklist). 

 New Gold Standard 

positive 

New Gold Standard 

negative 

Total 

Abnormal Clinical 

Findings  

18 5 23 

Normal Clinical 

Findings  

11 20 31 

Total 29 25 54 

* At least two or more of the following have to be positive: flush, cytology, culture, 

biopsy 

Missing 5 frequencies 

 

 

2x2 table comparing Flush with New Gold Standard* (at least two positive criteria in the 

endometritis checklist). 

 New Gold Standard 

positive 

New Gold Standard 

negative 

Total 

Abnormal Flush 15 4 19 

Normal Flush 13 15 28 

Total 28 19 47 

* At least two or more of the following have to be positive: clinical findings, cytology, 

culture, biopsy  

Missing 12 frequencies 

 

 

2x2 table comparing Culture with New Gold Standard* (at least two positive criteria in 

the endometritis checklist). 

 New Gold Standard 

positive 

New Gold Standard 

negative 

Total 

Positive Culture 7 1 8 

Negative Culture 17 7 24 

Total 24 8 32 

* At least two or more of the following have to be positive: flush, cytology, clinical 

findings, biopsy  

Missing 27 frequencies 
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2x2 table comparing Cytology with New Gold Standard* (at least two positive criteria in 

the endometritis checklist). 

 New Gold Standard 

positive 

New Gold Standard 

negative 

Total 

Positive Cytology 18 6 24 

Negative Cytology 10 17 27 

Total 28 23 51 

* At least two or more of the following have to be positive: flush, clinical findings, 

culture, biopsy  

Missing 8 frequencies 

 

 

2x2 table comparing Biopsy with New Gold Standard* (at least two positive criteria in 

the endometritis checklist). 

 New Gold Standard 

positive 

New Gold Standard 

negative 

Total 

Positive Biopsy 18 17 35 

Negative Biopsy 3 6 9 

Total 21 23 44 

* At least two or more of the following have to be positive: flush, cytology, culture, 

clinical findings 

Missing 15 frequencies 
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Appendix 2.4 

 

 

 
Fig 1. Endometrial swab cap. Note the clear background and integrity of cells. This mare 

was diagnosed negative based on cytology, but had a positive final diagnosis of 

endometritis on the checklist. 

 

 
Fig 2. Endometrial swab. Note integrity of epithelial cells, neutrophils and presence of 

bacteria. 
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Fig 3. Low Volume Lavage. Not that some cells are grouped together, and deformed. 

This mare was diagnosed negative based on cytology, but had a final diagnosis of 

endometritis based on the checklist. 

 

 

Fig 4. Low Volume Lavage. Note the debris, making interpretation of cells more 

difficult. 
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Fig 5. Cytospin. Note the integrity of the cells. 

 

Fig 6. Cytospin. Note the integrity of the endometrial cells and the presence of 

neutrophils with bacteria.
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Appendix 3.1 

Table 1. List of the proteins identified (>95% probability) in uterine flush fluid in mares in estrus, ranked in order of estimated amount in flush fluid. 

          
Group 

1E 
    

Group 

2E 
    

Group 

3E 
    

Group 

4E 
      

          (n=6)     (n=7)     (n=7)     (n=6)       

Gene Protein or Predicted (P)   Accession kDa Mean   SD Mean   SD Mean   SD Mean   SD 

Flush 

Protein 

Rank 

ALB Serum Albumin  

 

gi|126723507 

(+1) 69 954.5 ± 591.7 1263.9 ± 424.4 1188.4 ± 443.5 923.8 ± 302.7 1 

P19  P19 lipocalin (uterocalin) 

 

gi|126723126 21 137.7 ± 179.5 109.6 ± 178.8 56.1 ± 142.0 172.7 ± 118.2 2 

PIGR 

Polymeric immunoglobulin recep-

tor  

 

gi|261291941 83 62.0 ± 25.9 75.3 ± 40.7 133.6 ± 96.4 211.7 ± 160.4 3 

HBB Hemoglobin subunit beta 

 

gi|122614 (+1) 16 51.7 ± 28.3 158.1 ± 141.6 77.7 ± 50.8 91.5 ± 99.9 4 

TF Serotransferrin 

 

gi|126352628 78 143.0 ± 112.8 126.9 ± 80.5 144.3 ± 106.8 98.3 ± 69.4 5 

VNN1 Vanin 1 (Pantetheinase) P gi|194216453 52 71.2 ± 16.7 48.6 ± 45.9 66.4 ± 51.3 119.8 ± 38.6 6 

VNN3 

Vascular non-inflammatory 

molecule 3 (vanin 3)–like P gi|149722957 58 54.5 ± 52.2 16.1 ± 25.1 25.0 ± 41.3 89.2 ± 50.2 7 

IGHA  

Immunoglobulin alpha constant 

heavy chain 

 

gi|32331167 37 26.7 ± 8.9 38.0 ± 47.7 65.7 ± 73.2 79.0 ± 43.5 8 

ACP5  Uteroferrin (TRAP5) 

 

gi|350536031 38 58.0 ± 56.2 38.1 ± 31.4 24.6 ± 27.3 76.7 ± 45.7 9 

APOA1 Apolipoprotein A-I–like P gi|149716548 30 54.0 ± 42.7 69.4 ± 45.2 73.1 ± 48.6 54.7 ± 39.9 10 

LCN2  

Neutrophil gelatinase-assoc 

lipocalin (NGAL)–like P gi|338720560 23 53.7 ± 38.5 12.6 ± 17.2 22.9 ± 23.7 65.8 ± 27.5 11 

LAO  L-amino-acid oxidase –like P gi|338721758 52 43.7 ± 62.8 21.7 ± 39.0 22.4 ± 57.6 51.8 ± 34.6 12 

VNN2 Vanin 2 P gi|149722959 58 37.2 ± 43.9 26.3 ± 32.4 14.1 ± 18.6 37.2 ± 57.4 13 

SCGB1A1 

 Secretoglobin 1A1/Uteroglobin–

like 

 

gi|126352306 

(+4) 10 29.5 ± 6.0 34.9 ± 19.3 31.9 ± 14.3 36.7 ± 9.2 14 

IGHG7  Ig gamma 7 heavy chain 

 

gi|42528291 36 59.0 ± 48.4 54.7 ± 30.1 45.4 ± 26.4 28.0 ± 21.2 15 

ANXA1  Annexin A1 (Lipocortin 1) 

 

gi|126352349 39 15.2 ± 12.9 33.6 ± 36.8 72.4 ± 94.6 27.3 ± 27.8 16 

A2M  Alpha-2-macroglobulin–like P gi|194211675 164 68.0 ± 55.4 36.1 ± 28.4 43.6 ± 39.1 25.0 ± 32.9 17 

IGJ  Immunoglobulin J chain–like P gi|338723570 18 17.8 ± 8.7 27.9 ± 12.3 32.4 ± 15.9 37.0 ± 24.4 18 

CHIT1  Chitotriosidase-1 

 

gi|219689080 51 13.3 ± 22.5 18.4 ± 34.6 9.3 ± 22.4 27.0 ± 20.4 19 

HBA Chain - Hemoglobin subunit alpha 

 

gi|230479 15 12.3 ± 6.8 49.3 ± 57.9 20.7 ± 18.7 26.2 ± 36.4 20 

IGL 

Immunoglobulin lambda light 

chain V-J region 

 

gi|300387506 22 22.7 ± 25.6 35.4 ± 30.1 34.1 ± 24.9 35.8 ± 27.3 21 

CLU  Clusterin 

 

gi|126352584 52 17.7 ± 6.1 14.9 ± 5.6 28.6 ± 22.2 42.3 ± 16.0 22 

IGL  Lambda-immunoglobulin 

 

gi|291474 17 22.3 ± 9.9 35.1 ± 15.3 28.4 ± 17.4 23.8 ± 9.3 23 

HP  Haptoglobin–like P gi|149699777 38 52.2 ± 41.0 29.0 ± 28.1 28.4 ± 21.8 19.3 ± 28.1 24 

DMBT1  

Deleted in malignant brain tumors 

1 protein P gi|338716410 190 12.3 ± 11.8 23.7 ± 23.0 16.7 ± 29.0 48.0 ± 30.4 25 

WFCD2  

WFCD2 WAP four-disulfide core 

domain protein 2 –like P gi|149733303 13 22.5 ± 14.4 10.3 ± 8.7 15.4 ± 10.7 29.0 ± 10.2 26 

GM2AP  GM2 activator 

 

gi|126352460 21 22.8 ± 12.9 17.0 ± 21.9 13.7 ± 23.9 35.8 ± 25.3 27 

STC1  Stanniocalcin-1–like P gi|149746187 27 28.5 ± 18.2 20.7 ± 24.0 13.3 ± 24.3 33.0 ± 26.1 28 

CD109  CD109 antigen P gi|194216195 171 4.2 ± 6.0 6.9 ± 14.8 6.6 ± 15.7 30.7 ± 29.2 29 

HRG  Histidine-rich glycoprotein –like P gi|338715996 49 24.8 ± 22.0 31.3 ± 21.2 31.0 ± 20.7 17.3 ± 11.8 30 

SPLA2  Secretory phospholipase A2 

 

gi|153792451 13 12.8 ± 15.1 9.7 ± 12.1 5.6 ± 9.2 15.3 ± 7.6 31 

ACTB  Actin, cytoplasmic 1 

 

gi|4501885 (+1) 42 12.0 ± 3.5 18.7 ± 8.6 19.6 ± 17.3 20.3 ± 14.9 32 

A1BG  Alpha-1B-glycoprotein–like P gi|338710440 60 23.5 ± 17.6 24.7 ± 10.1 20.4 ± 16.5 18.3 ± 9.9 33 
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LTF Lactotransferrin 

 

gi|255653068 

(+1) 77 1.2 ± 1.3 5.9 ± 13.8 17.0 ± 36.3 27.3 ± 62.2 34 

IGHC1 

immunogobulin gamma-3 chain C 

region P gi|194228715 56 30.7 ± 24.4 21.9 ± 14.9 20.4 ± 16.4 14.2 ± 10.9 35 

CAPS1  Calcyphosin–like isoform 1 P gi|149716705 21 10.5 ± 9.9 18.6 ± 14.4 22.3 ± 20.5 12.8 ± 11.9 36 

QSOX1  Sulfhydryl oxidase 1 P gi|338724819 85 6.0 ± 10.6 11.6 ± 27.7 7.4 ± 19.7 19.7 ± 12.0 37 

CP  Ceruloplasmin P gi|149729967 122 13.8 ± 7.9 8.6 ± 5.4 7.9 ± 7.1 18.2 ± 14.5 38 

IGL Lambda-immunoglobulin 

 

gi|291464 23 8.5 ± 8.4 13.4 ± 7.9 23.4 ± 21.4 14.7 ± 11.1 39 

SERPINA14  Uterine serpin 

 

gi|334877907 49 11.3 ± 23.2 4.9 ± 6.4 2.3 ± 6.0 25.7 ± 29.7 40 

LOC100049983 Cationic trypsin-3-like P 

gi|149706544 

(+2) 26 8.0 ± 4.9 8.3 ± 7.5 12.6 ± 11.3 9.3 ± 6.4 41 

TUBA1A  Tubulin alpha-1A chain–like P gi|338726213 46 2.0 ± 3.6 13.3 ± 21.4 20.4 ± 25.3 14.2 ± 24.1 42 

SERPINA1-2  Alpha-1-antiproteinase 2–like P gi|194225326 47 24.2 ± 19.4 18.7 ± 21.6 12.4 ± 13.2 9.0 ± 14.8 43 

AHSGP  Alpha-2-HS-glycoprotein –like P gi|194222675 39 28.8 ± 22.9 15.9 ± 9.7 13.7 ± 11.9 5.2 ± 5.0 44 

LOC100053810 matrix metalloproteinase-26-like P gi|338727317 30 9.2 ± 12.0 7.4 ± 9.1 3.0 ± 7.1 14.2 ± 7.4 45 

CFI  Complement factor I P gi|194208524 64 8.5 ± 7.6 7.0 ± 7.4 5.6 ± 8.8 13.3 ± 5.6 46 

CALM  Calmodulin 

 

gi|4502549 17 7.0 ± 2.6 7.1 ± 7.9 9.6 ± 10.8 7.3 ± 4.5 47 

APOA2  Apolipoprotein A-II –like P gi|149759787 11 10.7 ± 8.3 13.9 ± 13.4 13.9 ± 12.8 8.3 ± 6.5 48 

IGHG6  

Ig gamma 6 heavy chain constant 

region 

 

gi|18996197 36 11.3 ± 11.0 10.1 ± 15.8 16.0 ± 18.8 5.8 ± 9.3 49 

LOC100060053 uteroglobin-like 

 

gi|392306959 10 4.8 ± 0.8 6.7 ± 7.5 3.7 ± 3.1 6.3 ± 2.2 50 

YWHAZ  

14-3-3 protein zeta/delta isoform 

3 P 

gi|338728575 

(+1) 29 2.0 ± 4.9 7.7 ± 15.2 18.9 ± 26.6 4.8 ± 5.5 51 

LGALS3BP Galectin-3-binding protein P gi|149723277 63 0.7 ± 1.6 9.0 ± 23.4 1.9 ± 4.5 5.3 ± 10.4 52 

NPC2  

Epididymal secretory protein E1 –

like P gi|149737373 16 8.5 ± 6.4 4.0 ± 4.6 1.9 ± 2.0 5.0 ± 4.2 53 

LOC100054939  

Vitamin D-binding protein (GC)–

like P gi|149701606 54 15.8 ± 13.9 11.6 ± 10.2 7.4 ± 7.6 4.5 ± 7.0 54 

COL4A2 

COL4A2 collagen, type IV, alpha 

2 P gi|338715332 166 6.3 ± 1.6 5.6 ± 2.9 6.3 ± 4.5 8.2 ± 2.8 55 

HBA Hemoglobin subunit alpha 

 

gi|146149272 15 3.5 ± 2.9 10.7 ± 9.8 6.0 ± 4.5 1.2 ± 1.6 56 

THY1  Thy-1 membrane glycoprotein P 

gi|149716599 

(+1) 18 4.5 ± 5.1 1.1 ± 2.6 5.6 ± 7.7 4.3 ± 8.4 57 

IGHG5  

Ig gamma 5 heavy chain constant 

region 

 

gi|18996195 36 11.3 ± 11.4 5.3 ± 5.5 12.6 ± 16.8 4.3 ± 6.7 58 

KATNAL2 katanin p60 subunit A-like 2 P gi|338727986 58 5.3 ± 7.5 3.9 ± 5.5 2.1 ± 5.7 11.0 ± 4.4 59 

LOC100630774 

Serine protease inhibitor Kazal-

type 7-like  P gi|338713577 9 11.7 ± 17.0 4.3 ± 7.4 2.1 ± 5.7 4.3 ± 3.9 60 

IGHM 

Ig mu heavy chain constant se-

creted form 

 

gi|51831151 49 2.8 ± 2.4 8.9 ± 8.1 9.3 ± 11.5 7.3 ± 5.0 61 

FGA2  Fibrinogen alpha chain isoform 2 P 

gi|338722639 

(+1) 68 13.5 ± 12.8 7.6 ± 11.6 13.3 ± 17.4 1.7 ± 3.6 62 

ALDH7A1 

aldehyde dehydrogenase 7 family, 

member A1 P 

gi|194219975 

(+1) 59 2.3 ± 2.7 4.7 ± 5.2 4.4 ± 6.6 2.3 ± 2.1 63 

RBP4  Retinol-binding protein 4 

 

gi|126352389 23 5.8 ± 5.9 4.7 ± 6.7 5.9 ± 9.9 10.8 ± 9.5 64 

GSTP1  Glutathione S-transferase P –like P gi|149725485 23 4.0 ± 4.4 7.0 ± 8.1 11.3 ± 13.8 4.0 ± 3.9 65 
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IGHG4  

Immunoglobulin gamma 4 heavy 

chain 

 
gi|42528293 36 14.7 ± 15.9 6.9 ± 12.1 8.7 ± 11.8 2.7 ± 5.1 66 

PIGR  

Polymeric immunoglobulin recep-

tor P gi|194210251 83 0.3 ± 0.8 0.6 ± 1.1 1.6 ± 2.8 17.8 ± 24.1 67 

FGG  Fibrinogen gamma chain P gi|338722637 50 15.0 ± 14.6 4.6 ± 6.3 10.3 ± 14.3 2.8 ± 6.9 68 

IGKL1  Ig kappa light chain 

 
gi|488146 25 6.5 ± 5.1 6.0 ± 6.5 7.7 ± 6.9 4.2 ± 3.6 69 

HSPA8  Heat shock 70kDa protein 8 

 
gi|5729877 71 2.2 ± 2.3 6.3 ± 8.7 9.6 ± 11.7 4.2 ± 3.5 70 

HSP90AA1 

Heat shock protein 90kDa alpha 

(cytosolic), class A member 1 

 
gi|255653030 85 0.8 ± 1.6 7.1 ± 16.3 13.9 ± 17.7 1.3 ± 2.8 71 

C3  Complement C3 –like P gi|194212541 186 5.2 ± 4.8 4.1 ± 5.0 3.7 ± 3.6 11.8 ± 19.0 72 

EQUC1  Major allergen Equ c 1 

 

gi|126723762 

(+1) 22 11.0 ± 23.1 5.9 ± 10.1 6.0 ± 12.4 1.2 ± 2.4 73 

HBA  Hemoglobin subunit alpha 

 
gi|122411 (+1) 15 1.5 ± 1.2 13.6 ± 23.3 0.6 ± 1.1 5.7 ± 13.9 74 

PRDX1  Peroxiredoxin-1 P gi|149693696 22 0.5 ± 0.8 6.7 ± 8.9 11.1 ± 15.0 3.5 ± 3.1 75 

Ezrin  Ezrin P gi|194227470 69 1.2 ± 1.0 3.6 ± 5.1 8.0 ± 10.0 5.8 ± 8.0 76 

HBE2  Hemoglobin epsilon-2 –like P gi|149719849 16 2.5 ± 2.4 5.4 ± 6.4 3.1 ± 3.8 4.7 ± 6.5 77 

TPPP3  

Tubulin polymerization-

promoting protein 3 –like P gi|194208704 19 3.7 ± 4.0 8.3 ± 9.8 4.9 ± 6.3 2.5 ± 3.2 78 

F5 

coagulation factor V (proac-

celerin, labile factor) P gi|338724604 232 7.5 ± 13.4 7.6 ± 20.0 0.6 ± 1.1 4.5 ± 6.4 79 

LOC100051065  liver carboxylesterase-like P 
gi|149699101 

(+3) 62 5.7 ± 4.6 6.1 ± 5.5 8.4 ± 10.7 3.0 ± 2.4 80 

IGLC  

Ig lambda light chain constant 

region 

 
gi|356494359 11 3.3 ± 4.1 6.0 ± 5.2 6.1 ± 3.6 5.7 ± 3.7 81 

IGLC  

immunoglobulin lambda light 

chain V-J region 

 
gi|300387684 23 3.3 ± 4.1 6.3 ± 4.8 6.1 ± 3.6 5.7 ± 3.7 82 

IGLC  

immunoglobulin lambda light 

chain V-J region 

 
gi|300387680 22 3.3 ± 4.1 6.0 ± 5.2 6.3 ± 3.8 5.7 ± 3.7 83 

IGLC  

immunoglobulin lambda light 

chain V-J region 

 
gi|300387670 21 3.3 ± 4.1 6.1 ± 5.2 6.1 ± 3.6 5.8 ± 3.7 84 

NES nestin P gi|338725192 162 2.7 ± 2.4 3.6 ± 3.0 0.6 ± 1.0 4.0 ± 1.5 85 

CTGF  

Connective tissue growth factor–

like P gi|338716028 162 1.0 ± 1.3 2.0 ± 4.1 0.9 ± 1.6 7.7 ± 11.0 86 

LOC100073098  

connective tissue growth factor-

like P gi|194216449 31 5.5 ± 8.2 1.3 ± 2.0 1.7 ± 4.5 8.8 ± 7.7 87 

ENO1  enolase 1, (alpha) 

 
gi|390125214 47 0.8 ± 1.6 5.7 ± 13.4 15.6 ± 23.9 0.3 ± 0.5 88 

VMO1  

Vitelline membrane outer layer 

protein 1 homolog P gi|149724889 22 0.0 ± 0.0 1.1 ± 1.3 4.6 ± 9.2 5.8 ± 3.1 89 

HPX  Hemopexin P gi|338727082 51 14.5 ± 13.2 3.1 ± 3.2 4.4 ± 4.3 2.2 ± 3.9 90 

ATP1A2 

ATPase, Na+/K+ transporting, 

alpha 2 polypeptide P gi|338724982 112 4.2 ± 1.8 4.6 ± 1.1 4.6 ± 2.6 4.0 ± 1.3 91 
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LOC100052500 

epithelial chloride channel pro-

tein-like P gi|149709406 100 5.0 ± 3.2 3.0 ± 1.9 3.6 ± 3.1 5.8 ± 2.7 92 

FGB1  Fibrinogen beta chain isoform 1 P 
gi|149698358 

(+1) 55 12.8 ± 13.1 3.1 ± 5.0 7.1 ± 9.0 2.2 ± 5.3 93 

LOC100057137   prothymosin alpha-like P gi|338725663 12 4.0 ± 3.5 4.4 ± 5.5 6.9 ± 5.6 1.2 ± 2.0 94 

ALDH1A1 

Retinal dehydrogenase (RALDH 

1) 

 
gi|118494 (+1) 55 1.3 ± 2.4 2.9 ± 4.0 7.9 ± 9.9 4.0 ± 5.6 95 

TUBB5  Tubulin beta-5 

 
gi|7106439 50 0.5 ± 1.2 4.0 ± 9.7 6.4 ± 8.8 8.0 ± 19.6 96 

SEC16A  SEC16 homolog A (S. cerevisiae) P gi|149738142 252 2.2 ± 1.0 2.0 ± 1.6 5.0 ± 2.9 3.3 ± 1.2 97 

CFL1 Cofilin 1 

 
gi|5031635 19 3.0 ± 4.0 4.6 ± 6.6 7.9 ± 10.7 2.2 ± 3.5 98 

PFN1  Profilin-1 –like P 
gi|194217532 

(+1) 15 2.5 ± 2.9 3.4 ± 5.9 8.6 ± 11.0 2.0 ± 3.3 99 

TMEM87A  transmembrane protein 87A P gi|194206750 63 2.8 ± 4.0 2.4 ± 3.3 1.3 ± 3.4 5.2 ± 3.1 100 

PSAP  

Proactivator polypeptide (pros-

aposin) P gi|149689950 59 1.8 ± 3.6 2.4 ± 6.0 2.3 ± 4.1 4.3 ± 4.8 101 

MCF2L 

MCF.2 cell line derived trans-

forming sequence-like P gi|194222059 135 3.2 ± 4.6 1.7 ± 3.3 1.6 ± 4.2 6.5 ± 4.0 102 

CFB  Complement factor B P gi|149732066 86 4.2 ± 5.0 3.4 ± 4.3 4.6 ± 4.8 7.7 ± 11.9 103 

EPG5  

ectopic P-granules autophagy 

protein 5 homolog P gi|194214639 292 4.8 ± 3.9 5.4 ± 4.4 5.7 ± 4.2 1.0 ± 2.4 104 

GAPDH  

GAPDH Glyceraldehyde-3-

phosphate dehydrogenase 

 
gi|255522848 36 0.0 ± 0.0 5.0 ± 9.4 6.4 ± 9.1 3.3 ± 4.8 105 

LOC100070106  

Interferon-induced very large 

GTPase 1-like P gi|194213733 160 2.0 ± 3.3 1.9 ± 3.5 1.3 ± 3.4 3.7 ± 2.6 106 

ARHGAP24  Rho GTPase activating protein 24 P 
gi|149701490 

(+4) 84 4.0 ± 3.2 5.3 ± 4.2 5.7 ± 4.3 1.0 ± 2.4 107 

SCGB1A1 Secretoglobin 

 
gi|58978613 8 0.0 ± 0.0 2.6 ± 5.6 0.0 ± 0.0 0.8 ± 1.0 108 

SERPINB11  Serpin B11  P gi|149721168 44 0.2 ± 0.4 1.7 ± 4.5 0.0 ± 0.0 1.2 ± 1.0 109 

RTTN  Rotatin P gi|149721185 248 3.2 ± 3.3 2.4 ± 3.3 2.3 ± 2.8 5.0 ± 2.3 110 

SERPINA1  Alpha-1-antitrypsin 

 
gi|197631775 47 5.8 ± 5.6 4.6 ± 6.5 2.1 ± 2.9 4.8 ± 10.9 111 

HBA 

Hemoglobin (Aquo Met) (Alpha 

Chain) 

 
gi|230632 15 0.8 ± 1.2 6.9 ± 11.4 0.3 ± 0.5 4.2 ± 10.2 112 

TF  Transferrin 

 
gi|3892521 7 5.3 ± 8.3 3.4 ± 6.8 2.0 ± 4.9 1.7 ± 2.7 113 

MME  

Membrane metallo-endopeptidase 

(neprilysin ) P gi|149729937 85 0.0 ± 0.0 0.3 ± 0.8 3.4 ± 9.1 1.3 ± 2.3 114 

LOC100055896  Forkhead box protein P2-like P 
gi|149705759 

(+2) 82 0.7 ± 1.2 3.1 ± 5.2 5.7 ± 8.1 2.5 ± 3.1 115 

GNPTAB  

N-acetylglucosamine-1-phosphate 

transferase P 
gi|338721098 

(+1) 144 2.8 ± 2.4 2.6 ± 1.9 3.4 ± 3.0 3.0 ± 1.3 116 

CHGA  

Chromogranin A (parathyroid 

secretory protein 1) 

 
gi|126352476 50 8.8 ± 12.0 1.1 ± 1.6 0.1 ± 0.4 5.5 ± 8.8 117 
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GSTM1  

Glutathione S-transferase Mu 1 

isoform 1 –like P gi|149708720 26 0.5 ± 0.5 1.6 ± 3.4 9.9 ± 15.9 0.7 ± 1.2 118 

IGL  Immunoglobulin lambda 

 
gi|291462 20 7.7 ± 6.2 2.7 ± 4.6 2.3 ± 3.6 0.8 ± 0.8 119 

ZKSCAN1  

Zinc finger with KRAB and 

SCAN domains 1 P gi|149757694 64 2.8 ± 2.5 1.7 ± 1.7 1.1 ± 2.3 3.2 ± 1.9 120 

PT Prothrombin –like P gi|338712085 70 3.3 ± 4.2 6.1 ± 5.5 3.9 ± 5.1 0.5 ± 1.2 121 

LOC100063307  Ephrin-A1-like P gi|338724996 24 1.2 ± 2.4 0.6 ± 1.1 1.3 ± 3.4 4.0 ± 3.1 122 

IGGH  Immunoglobulin G heavy chain 

 
gi|9858135 47 4.5 ± 3.9 5.1 ± 10.2 1.9 ± 2.9 2.2 ± 5.3 123 

YWHAE  

14-3-3 protein epsilon [Homo 

sapiens] 

 
gi|5803225 29 0.3 ± 0.8 2.1 ± 5.2 7.4 ± 11.8 0.3 ± 0.8 124 

LOC100068864  Uncharacterized LOC100068864 P gi|194226011 55 1.5 ± 3.7 0.1 ± 0.4 0.4 ± 1.1 3.2 ± 4.0 125 

FKBP5  

Peptidyl-prolyl cis-trans isom-

erase A–like isoform P gi|149704620 18 0.0 ± 0.0 2.9 ± 5.6 6.9 ± 8.6 1.3 ± 3.3 126 

GSN  Gelsolin 

 

gi|126352530 

(+1) 81 1.0 ± 1.3 1.3 ± 2.2 3.6 ± 2.6 0.0 ± 0.0 127 

LOC100050013  Ashwin-like P gi|149727119 26 2.2 ± 1.5 1.3 ± 1.6 1.6 ± 1.3 2.5 ± 1.6 128 

EqUC1-2  Major allergen Equ c 1–like P gi|149738827 21 3.7 ± 8.5 2.1 ± 4.8 1.7 ± 4.5 1.5 ± 2.3 129 

TRIOBP  TRIO and F-actin binding protein P gi|194226812 249 2.5 ± 4.0 1.1 ± 3.0 1.4 ± 3.8 1.8 ± 2.4 130 

LOC100060636  

N(4)-(beta-N-

acetylglucosaminyl)-L-

asparaginase-like P gi|194226545 47 0.0 ± 0.0 0.1 ± 0.4 0.0 ± 0.0 0.0 ± 0.0 131 

LOC100056230  Protein S100-A2-like P gi|149751286 11 1.5 ± 2.3 3.1 ± 4.0 4.6 ± 5.9 0.8 ± 2.0 132 

SPAG9  

c-Jun-amino-terminal kinase-

interacting protein 4 P gi|194217130 136 2.0 ± 3.1 1.3 ± 2.2 0.3 ± 0.8 2.2 ± 2.0 133 

TAGLN2  Transgelin-2 –like P gi|149755838 22 0.3 ± 0.8 3.3 ± 7.8 4.0 ± 5.2 1.0 ± 2.4 134 

LOC100066884  Hydroxyacid oxidase 2-like P 
gi|149708916 

(+1) 39 3.3 ± 5.2 1.3 ± 3.4 1.3 ± 3.4 3.2 ± 6.3 135 

TUBA1C  Tubulin alpha-1C chain isoform 1 P gi|149714278 50 0.0 ± 0.0 2.1 ± 5.7 5.4 ± 6.4 1.3 ± 3.3 136 

SELENBP1  Selenium binding protein 1 P gi|194210816 57 0.0 ± 0.0 1.6 ± 4.2 8.3 ± 12.7 0.0 ± 0.0 137 

FN  Fibronectin P gi|194211292 272 2.8 ± 4.2 3.0 ± 5.0 1.9 ± 2.0 1.5 ± 2.0 138 

SERPINC1  Antithrombin-III P gi|149708147 52 4.3 ± 5.4 3.0 ± 3.7 2.0 ± 4.4 0.7 ± 0.8 139 

PEBP1  

Phosphatidylethanolamine-

binding protein 1 –like P gi|149720563 21 0.8 ± 1.2 2.6 ± 6.0 5.1 ± 8.8 0.0 ± 0.0 140 

INHBA  Inhibin, beta A 

 
gi|126352436 48 0.5 ± 0.8 1.0 ± 1.8 0.7 ± 1.5 1.2 ± 1.2 141 

ANXA2  Annexin A2 

 
gi|183227696 39 0.3 ± 0.8 0.4 ± 0.8 6.1 ± 10.1 0.0 ± 0.0 142 

PPFIA2 Liprin-alpha-2 isoform 1 P 
gi|338721378 

(+5) 142 0.0 ± 0.0 1.6 ± 1.7 1.4 ± 2.0 2.0 ± 1.7 143 

LOC100070046  

Protein-glutamine gamma-

glutamyltransferase 2-like P gi|338719048 91 0.0 ± 0.0 0.9 ± 2.3 8.6 ± 14.8 0.0 ± 0.0 144 

CTSB  Cathepsin B P gi|149698064 38 0.0 ± 0.0 0.4 ± 1.1 0.0 ± 0.0 2.2 ± 2.9 145 

TPP1  Tripeptidyl-peptidase 1 –like P gi|194213729 57 3.0 ± 6.4 1.1 ± 2.6 1.1 ± 3.0 2.3 ± 2.0 146 

SERPING1  Plasma protease C1 inhibitor –like P gi|149758084 53 0.5 ± 0.8 0.3 ± 0.5 2.0 ± 2.2 3.5 ± 5.2 147 
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LOC100053148  

Epithelial cell adhesion molecule-

like P gi|194220752 35 1.0 ± 2.4 0.0 ± 0.0 0.3 ± 0.8 2.7 ± 3.5 148 

CLIC1  

Chloride intracellular channel 

protein 1 –like P gi|149732344 27 0.0 ± 0.0 1.4 ± 2.3 3.7 ± 5.5 1.2 ± 1.5 149 

GRN  Granulin P gi|149723703 63 1.0 ± 0.6 1.3 ± 1.9 0.7 ± 1.3 2.7 ± 2.8 150 

LOC100054700  Inversin-like P gi|194225543 119 0.3 ± 0.8 0.6 ± 0.8 1.3 ± 1.9 2.3 ± 0.8 151 

LOC100063721  Prostate stem cell antigen-like P gi|149757592 13 0.2 ± 0.4 1.4 ± 3.8 0.0 ± 0.0 1.5 ± 2.3 152 

CTSZ  Cathepsin Z –like P gi|338719460 34 0.0 ± 0.0 0.0 ± 0.0 0.9 ± 2.3 0.5 ± 1.2 153 

CTSA  Cathepsin A P gi|338719327 54 0.7 ± 1.0 0.7 ± 1.5 0.3 ± 0.8 1.3 ± 1.2 154 

EIF2AK4  

Eukaryotic translation initiation 

factor 2 alpha kinase 4 P gi|194206809 187 0.7 ± 1.6 1.7 ± 1.7 2.1 ± 2.7 2.3 ± 2.7 155 

RYR2  Ryanodine receptor 2 (cardiac) P gi|338717226 564 1.0 ± 1.5 1.3 ± 2.2 0.6 ± 1.5 1.0 ± 1.3 156 

LOC100063250  Beta-2-glycoprotein 1-like P gi|149723623 39 4.3 ± 3.8 2.4 ± 2.9 1.4 ± 2.1 0.3 ± 0.8 157 

TXN  Thioredoxin 

 
gi|126352340 12 1.0 ± 1.3 1.7 ± 3.0 3.1 ± 4.2 0.8 ± 1.2 158 

DSP  Desmoplakin P gi|338718239 325 1.2 ± 1.8 1.1 ± 1.1 0.9 ± 1.2 2.5 ± 2.9 159 

LOC100066683  Utrophin-like P gi|194227612 401 1.2 ± 2.4 0.7 ± 1.9 0.6 ± 1.5 2.0 ± 2.3 160 

ALDOA  Aldolase A, fructose-bisphosphate P 
gi|194219069 

(+1) 39 0.3 ± 0.5 1.4 ± 3.0 5.1 ± 7.9 0.0 ± 0.0 161 

B2M Beta-2-microglobulin 

 
gi|14456413 3 2.2 ± 1.5 1.3 ± 1.1 0.7 ± 1.0 1.5 ± 0.5 162 

ACSL5  

Acyl-CoA synthetase long-chain 

family member 5 P gi|338716568 82 2.0 ± 1.7 0.6 ± 0.8 2.0 ± 1.9 1.7 ± 0.5 163 

LOC100051728  

Melanoma-associated antigen B1-

like P gi|338728978 71 2.2 ± 3.5 1.0 ± 1.7 0.0 ± 0.0 0.5 ± 0.5 164 

LOC100053029  Osteopontin-like P 
gi|149701529 

(+2) 35 2.8 ± 2.6 1.4 ± 2.5 0.1 ± 0.4 0.7 ± 0.8 165 

LOC100146574  

Testis-specific serine/threonine-

protein kinase 6-like P gi|338718711 30 1.5 ± 2.5 0.4 ± 1.1 0.4 ± 1.1 1.8 ± 1.9 166 

LDHA  L-lactate dehydrogenase A 

 
gi|222080073 37 0.0 ± 0.0 1.3 ± 2.1 4.3 ± 9.3 0.5 ± 1.2 167 

NIPBL  Nipped-B homolog P gi|149732790 316 1.2 ± 1.5 0.3 ± 0.5 1.0 ± 1.0 1.2 ± 1.0 168 

TF  Transferrin, partial 

 
gi|6176197 6 2.5 ± 4.2 1.1 ± 3.0 1.6 ± 4.2 0.5 ± 1.2 169 

LOC100054948  Cathepsin S-like P gi|149751225 37 1.2 ± 1.6 0.7 ± 1.9 0.7 ± 1.9 1.7 ± 2.9 170 

TPI  Triosephosphate isomerase –like P gi|194211629 31 0.2 ± 0.4 2.0 ± 5.3 2.9 ± 4.3 0.3 ± 0.5 171 

PRX5_like  

Hypothetical protein 

LOC100055657 P gi|338712372 51 0.0 ± 0.0 2.4 ± 6.4 3.4 ± 5.5 0.0 ± 0.0 172 

LOC100053618  

Macrophage migration inhibitory 

factor-like P gi|149720186 12 0.2 ± 0.4 0.9 ± 2.3 3.6 ± 4.6 0.2 ± 0.4 173 

SCRN2 Secernin 2 P gi|149724526 47 0.0 ± 0.0 1.9 ± 1.8 1.1 ± 1.8 0.2 ± 0.4 174 

YWHAB  14-3-3 protein beta/alpha P gi|149733297 28 0.2 ± 0.4 1.3 ± 3.4 3.9 ± 6.1 0.0 ± 0.0 175 

KRT1 

 Keratin, type II cytoskeletal 1 –

like P gi|338726100 65 0.7 ± 1.2 0.1 ± 0.4 3.6 ± 6.7 0.2 ± 0.4 176 

MIA3  

Melanoma inhibitory activity 

family, member 3 P gi|338722850 212 1.2 ± 1.5 1.7 ± 1.5 1.1 ± 1.5 0.8 ± 1.6 177 

DSC2  Desmocollin 2 P gi|338727902 94 1.2 ± 2.4 0.3 ± 0.5 0.0 ± 0.0 1.0 ± 1.7 178 

IRX6  Iroquois homeobox 6 P gi|149699543 51 2.8 ± 2.2 0.7 ± 1.5 0.7 ± 1.3 1.0 ± 1.1 179 

LOC100061487  

Keratin, type II cytoskeletal 75-

like P gi|149714746 59 0.3 ± 0.8 0.0 ± 0.0 2.9 ± 5.6 0.3 ± 0.8 180 
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Group 

1E 
    

Group 

2E 
    

Group 

3E 
    

Group 

4E 
      

          (n=6)     (n=7)     (n=7)     (n=6)       

Gene Protein or Predicted (P)   Accession kDa Mean   SD Mean   SD Mean   SD Mean   SD 

Flush 

Protein 

Rank 

HECTD1  

HECT domain containing E3 

ubiquitin protein ligase 1 P gi|194207268 289 0.5 ± 1.2 0.4 ± 1.1 0.1 ± 0.4 0.0 ± 0.0 181 

TMSB4  Thymosin beta-4 

 
gi|10946578 5 0.2 ± 0.4 0.9 ± 1.5 1.6 ± 2.3 0.0 ± 0.0 182 

 

Immunoglobulin kappa light 

chain V-J region 

 

gi|300387177 

(+1) 19 2.8 ± 3.2 0.4 ± 1.1 1.0 ± 2.6 0.0 ± 0.0 183 

ABCB1  Multidrug resistance protein 1  P 
gi|194209588 

(+1) 176 0.0 ± 0.0 1.1 ± 3.0 0.7 ± 1.9 0.5 ± 0.8 184 

KRIT1  KRIT1, ankyrin repeat containing P 
gi|149705462 

(+1) 84 0.3 ± 0.5 0.4 ± 0.8 2.1 ± 4.8 0.3 ± 0.8 185 

LOC100072678   

Transcriptional regulator ATRX-

like P 
gi|338729324 

(+2) 282 0.2 ± 0.4 1.1 ± 0.9 0.3 ± 0.8 1.3 ± 1.2 186 

LOC100057715  

Phosphatidylethanolamine-

binding protein 4-like P gi|338722416 30 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 1.0 ± 0.9 187 

S100A6  S100-A6 (calcyclin) 

 
gi|126352590 10 1.2 ± 1.5 1.0 ± 1.8 1.3 ± 2.1 0.5 ± 0.5 188 

C4A  Complement component 4A P gi|149732359 192 2.3 ± 2.3 1.0 ± 1.5 1.0 ± 1.5 0.0 ± 0.0 189 

LOC100146232  Uncharacterized LOC100146232 P gi|194238841 80 1.2 ± 1.0 0.6 ± 0.8 0.6 ± 1.0 1.0 ± 0.0 190 

LOC100053260  

Transcription initiation factor 

TFIID subunit 11-like P gi|149732136 23 0.3 ± 0.8 0.3 ± 0.8 0.1 ± 0.4 1.5 ± 1.4 191 

LOC100060401  Dipeptidyl peptidase 1-like P gi|194213370 54 0.0 ± 0.0 0.1 ± 0.4 2.0 ± 5.3 0.0 ± 0.0 192 

LOC100060180  

Uncharacterized protein 

C13orf30-like P gi|338715314 16 1.7 ± 1.6 0.4 ± 0.5 0.6 ± 1.0 0.7 ± 0.8 193 

ZCCHC11 

Terminal uridylyltransferase 4 

isoform 2 P 
gi|149693612 

(+1) 186 1.5 ± 1.5 0.9 ± 1.2 1.1 ± 1.5 0.8 ± 1.6 194 

HSPA1A  Heat shock 70kDa protein 1A 

 
gi|379642967 70 0.0 ± 0.0 1.9 ± 4.9 2.0 ± 3.5 0.2 ± 0.4 195 

HSPB1  Heat shock protein beta-1 –like P gi|149755998 23 0.0 ± 0.0 0.4 ± 1.1 3.7 ± 6.3 0.0 ± 0.0 196 

LOC100629790   

LYR motif-containing protein 5-

like P gi|338725959 11 0.2 ± 0.4 0.7 ± 1.3 0.3 ± 0.8 1.2 ± 1.2 197 

SNX1  Sorting nexin 1 P gi|338717872 56 2.3 ± 2.0 0.6 ± 1.5 1.0 ± 1.7 0.2 ± 0.4 198 

LOC100065027 

 DNA-3-methyladenine glycosy-

lase-like P gi|338712985 31 2.8 ± 3.1 1.0 ± 2.6 0.0 ± 0.0 0.0 ± 0.0 199 

LOC100064873  Golgi membrane protein 1-like P gi|338719632 45 0.2 ± 0.4 0.0 ± 0.0 0.4 ± 1.1 1.2 ± 1.5 200 

Group 1E (biopsy grading I or IIA, mares in estrus that are negative for endometritis on the checklist); Group 2E (biopsy grading I or II, mares in estrus with endometritis based on the checklist);  

Groups 3E (biopsy grading IIB or III, mares in estrus with endometritis based on the checklist); Group 4E (biopsy grading IIB or III, mares in estrus that are negative for endometritis on the checklist) 
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Appendix 3.2 

Table 2. List of the proteins identified (>95% probability) in uterine flush fluid in mares in diestrus, ranked in order of estimated amount in flush fluid.  

          
Group 

1D 
    

Group 

2D 
    

Group 

3D 
    

Group 

4D 
  

          (n=2)     (n=6)     (n=3)     (n=1)   

Gene Protein or Predicted (P)   Accession kDa Mean   SD     SD Mean   SD   

Flush 

Protein 

Rank 

ALB Serum Albumin  
 

gi|126723507 

(+1) 
69 588.5 ± 78.5 714.0 ± 278.1 732.0 ± 82.4 797.0 1 

P19  P19 lipocalin (uterocalin) 
 

gi|126723126 21 528.0 ± 176.8 175.7 ± 189.7 87.7 ± 79.4 336.0 2 

PIGR 
Polymeric immunoglobulin recep-

tor   
gi|261291941 83 104.0 ± 84.9 128.7 ± 135.3 219.3 ± 107.9 97.0 3 

HBB Hemoglobin subunit beta 
 

gi|122614 (+1) 16 23.5 ± 3.5 153.5 ± 125.6 105.7 ± 54.0 180.0 4 

TF Serotransferrin 
 

gi|126352628 78 15.5 ± 19.1 48.7 ± 50.2 71.7 ± 40.8 82.0 5 

VNN1 Vanin 1 (Pantetheinase) P gi|194216453 52 255.0 ± 17.0 108.3 ± 54.4 206.3 ± 118.4 202.0 6 

VNN3 
Vascular non-inflammatory mole-

cule 3 (vanin 3)–like 
P gi|149722957 58 283.5 ± 57.3 115.2 ± 73.1 100.3 ± 64.4 154.0 7 

IGHA  
Immunoglobulin alpha constant 

heavy chain  
gi|32331167 37 73.5 ± 24.7 120.5 ± 168.6 135.3 ± 48.8 38.0 8 

ACP5  Uteroferrin (TRAP5) 
 

gi|350536031 38 80.5 ± 13.4 83.2 ± 72.9 51.0 ± 14.0 114.0 9 

APOA1 Apolipoprotein A-I–like P gi|149716548 30 9.5 ± 7.8 32.2 ± 25.1 29.0 ± 15.7 19.0 10 

LCN2  
Neutrophil gelatinase-assoc lipo-

calin (NGAL)–like 
P gi|338720560 23 54.0 ± 24.0 82.5 ± 95.6 46.3 ± 12.7 46.0 11 

LAO  L-amino-acid oxidase –like P gi|338721758 52 144.5 ± 2.1 46.8 ± 55.7 10.3 ± 12.1 92.0 12 

VNN2 Vanin 2 P gi|149722959 58 141.5 ± 6.4 66.3 ± 34.1 54.0 ± 63.5 0.0 13 

SCGB1A1 
 Secretoglobin 1A1/Uteroglobin–

like  

gi|126352306 

(+4) 
10 59.5 ± 33.2 37.7 ± 26.1 78.3 ± 37.0 31.0 14 

IGHG7  Ig gamma 7 heavy chain 
 

gi|42528291 36 13.5 ± 10.6 12.7 ± 8.5 13.0 ± 1.0 12.0 15 

ANXA1  Annexin A1 (Lipocortin 1) 
 

gi|126352349 39 7.5 ± 10.6 29.5 ± 20.6 40.3 ± 32.1 24.0 16 

A2M  Alpha-2-macroglobulin–like P gi|194211675 164 0.0 ± 0.0 6.7 ± 9.9 3.0 ± 4.4 1.0 17 

IGJ  Immunoglobulin J chain–like P gi|338723570 18 19.5 ± 7.8 32.3 ± 34.3 39.3 ± 14.6 18.0 18 

CHIT1  Chitotriosidase-1 
 

gi|219689080 51 100.0 ± 29.7 37.0 ± 53.6 54.7 ± 45.6 70.0 19 

HBA Chain - Hemoglobin subunit alpha 
 

gi|230479 15 0.0 ± 0.0 40.0 ± 41.5 19.3 ± 16.8 25.0 20 

IGL 
Immunoglobulin lambda light 

chain V-J region  
gi|300387506 22 8.5 ± 12.0 19.2 ± 25.4 21.3 ± 19.3 2.0 21 

CLU  Clusterin 
 

gi|126352584 52 26.5 ± 21.9 23.3 ± 16.9 42.0 ± 22.5 42.0 22 

IGL  Lambda-immunoglobulin 
 

gi|291474 17 13.0 ± 4.2 22.2 ± 13.4 33.0 ± 4.6 15.0 23 
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Group 

1D 
    

Group 

2D 
    

Group 

3D 
    

Group 

4D 
  

          (n=2)     (n=6)     (n=3)     (n=1)   

Gene Protein or Predicted (P)   Accession kDa Mean   SD     SD Mean   SD   

Flush 

Protein 

Rank 

HP  Haptoglobin–like P gi|149699777 38 0.0 ± 0.0 7.3 ± 6.1 13.3 ± 2.3 3.0 24 

DMBT1  
Deleted in malignant brain tumors 

1 protein 
P gi|338716410 190 3.0 ± 0.0 27.7 ± 30.0 21.3 ± 9.3 16.0 25 

WFCD2  
WFCD2 WAP four-disulfide core 

domain protein 2 –like 
P gi|149733303 13 44.5 ± 0.7 30.0 ± 17.3 30.3 ± 8.5 35.0 26 

GM2AP  GM2 activator 
 

gi|126352460 21 24.5 ± 29.0 30.2 ± 30.2 6.3 ± 11.0 46.0 27 

STC1  Stanniocalcin-1–like P gi|149746187 27 22.5 ± 29.0 17.2 ± 32.2 7.7 ± 10.0 82.0 28 

CD109  CD109 antigen P gi|194216195 171 156.0 ± 31.1 14.5 ± 17.6 29.0 ± 25.2 5.0 29 

HRG  Histidine-rich glycoprotein –like P gi|338715996 49 1.5 ± 2.1 13.5 ± 11.4 2.7 ± 2.1 2.0 30 

SPLA2  Secretory phospholipase A2 
 

gi|153792451 13 73.5 ± 58.7 22.8 ± 38.9 39.7 ± 41.2 30.0 31 

ACTB  Actin, cytoplasmic 1 
 

gi|4501885 (+1) 42 13.0 ± 8.5 19.2 ± 11.0 27.3 ± 16.3 16.0 32 

A1BG  Alpha-1B-glycoprotein–like P gi|338710440 60 4.0 ± 1.4 8.7 ± 7.2 18.3 ± 15.1 5.0 33 

LTF Lactotransferrin 
 

gi|255653068 

(+1) 
77 2.5 ± 3.5 24.0 ± 52.0 68.7 ± 99.0 0.0 34 

IGHC1 
immunogobulin gamma-3 chain C 

region 
P gi|194228715 56 2.0 ± 0.0 8.5 ± 9.2 13.7 ± 6.0 4.0 35 

CAPS1  Calcyphosin–like isoform 1 P gi|149716705 21 0.0 ± 0.0 14.5 ± 12.8 25.7 ± 32.7 20.0 36 

QSOX1  Sulfhydryl oxidase 1 P gi|338724819 85 73.5 ± 14.8 19.7 ± 21.1 8.7 ± 13.3 31.0 37 

CP  Ceruloplasmin P gi|149729967 122 30.0 ± 29.7 14.8 ± 7.4 18.0 ± 18.0 12.0 38 

IGL Lambda-immunoglobulin 
 

gi|291464 23 1.5 ± 0.7 8.5 ± 6.1 5.7 ± 1.5 2.0 39 

SERPINA14  Uterine serpin 
 

gi|334877907 49 0.0 ± 0.0 30.2 ± 68.6 0.0 ± 0.0 10.0 40 

LOC100049983 Cationic trypsin-3-like P 
gi|149706544 

(+2) 
26 22.5 ± 3.5 15.8 ± 7.3 16.0 ± 16.5 9.0 41 

TUBA1A  Tubulin alpha-1A chain–like P gi|338726213 46 1.5 ± 2.1 6.8 ± 6.8 19.3 ± 24.0 5.0 42 

SERPINA1-2  Alpha-1-antiproteinase 2–like P gi|194225326 47 0.0 ± 0.0 0.8 ± 1.2 4.0 ± 6.9 0.0 43 

AHSGP  Alpha-2-HS-glycoprotein –like P gi|194222675 39 0.0 ± 0.0 1.7 ± 2.7 1.7 ± 2.1 1.0 44 

LOC100053810 matrix metalloproteinase-26-like P gi|338727317 30 28.0 ± 0.0 11.7 ± 11.9 13.7 ± 9.0 23.0 45 

CFI  Complement factor I P gi|194208524 64 20.5 ± 14.8 5.0 ± 4.0 10.3 ± 8.1 16.0 46 

CALM  Calmodulin 
 

gi|4502549 17 3.5 ± 4.9 11.0 ± 5.9 13.3 ± 7.5 9.0 47 

APOA2  Apolipoprotein A-II –like P gi|149759787 11 0.0 ± 0.0 2.0 ± 2.8 0.7 ± 1.2 1.0 48 

IGHG6  
Ig gamma 6 heavy chain constant 

region  
gi|18996197 36 0.5 ± 0.7 3.0 ± 3.5 3.3 ± 0.6 0.0 49 



 

 147 

          
Group 

1D 
    

Group 

2D 
    

Group 

3D 
    

Group 

4D 
  

          (n=2)     (n=6)     (n=3)     (n=1)   

Gene Protein or Predicted (P)   Accession kDa Mean   SD     SD Mean   SD   

Flush 

Protein 

Rank 

LOC100060053 uteroglobin-like 
 

gi|392306959 10 41.5 ± 47.4 5.5 ± 6.3 8.3 ± 5.7 7.0 50 

YWHAZ  14-3-3 protein zeta/delta isoform 3 P 
gi|338728575 

(+1) 
29 1.5 ± 2.1 4.5 ± 7.0 7.3 ± 10.2 1.0 51 

LGALS3BP Galectin-3-binding protein P gi|149723277 63 1.5 ± 2.1 14.2 ± 16.9 23.0 ± 12.0 0.0 52 

NPC2  
Epididymal secretory protein E1 –

like 
P gi|149737373 16 23.5 ± 10.6 7.7 ± 7.1 14.0 ± 12.5 8.0 53 

LOC100054939  
Vitamin D-binding protein (GC)–

like 
P gi|149701606 54 2.0 ± 2.8 0.7 ± 1.0 0.3 ± 0.6 0.0 54 

COL4A2 
COL4A2 collagen, type IV, alpha 

2 
P gi|338715332 166 8.0 ± 0.0 5.8 ± 5.3 10.3 ± 7.2 4.0 55 

HBA Hemoglobin subunit alpha 
 

gi|146149272 15 0.5 ± 0.7 12.8 ± 13.3 7.3 ± 0.6 8.0 56 

THY1  Thy-1 membrane glycoprotein P 
gi|149716599 

(+1) 
18 0.0 ± 0.0 21.8 ± 39.7 7.3 ± 4.9 0.0 57 

IGHG5  
Ig gamma 5 heavy chain constant 

region  
gi|18996195 36 0.5 ± 0.7 2.5 ± 3.0 5.0 ± 2.0 0.0 58 

KATNAL2 katanin p60 subunit A-like 2 P gi|338727986 58 7.5 ± 9.2 6.5 ± 8.8 11.7 ± 12.6 16.0 59 

LOC100630774 
Serine protease inhibitor Kazal-

type 7-like  
P gi|338713577 9 21.0 ± 9.9 9.3 ± 12.4 0.0 ± 0.0 7.0 60 

IGHM 
Ig mu heavy chain constant se-

creted form  
gi|51831151 49 4.5 ± 6.4 2.8 ± 3.0 9.0 ± 5.6 0.0 61 

FGA2  Fibrinogen alpha chain isoform 2 P 
gi|338722639 

(+1) 
68 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 62 

ALDH7A1 
aldehyde dehydrogenase 7 family, 

member A1 
P 

gi|194219975 

(+1) 
59 2.5 ± 3.5 14.3 ± 8.5 11.7 ± 4.0 17.0 63 

RBP4  Retinol-binding protein 4 
 

gi|126352389 23 0.0 ± 0.0 6.0 ± 4.0 2.0 ± 2.0 13.0 64 

GSTP1  Glutathione S-transferase P –like P gi|149725485 23 0.0 ± 0.0 3.3 ± 4.9 10.0 ± 14.8 2.0 65 

IGHG4  
Immunoglobulin gamma 4 heavy 

chain  
gi|42528293 36 0.0 ± 0.0 1.0 ± 2.0 0.0 ± 0.0 0.0 66 

PIGR  
Polymeric immunoglobulin recep-

tor 
P gi|194210251 83 0.0 ± 0.0 9.2 ± 20.1 12.7 ± 21.9 0.0 67 

FGG  Fibrinogen gamma chain P gi|338722637 50 0.0 ± 0.0 0.0 ± 0.0 0.7 ± 1.2 0.0 68 

IGKL1  Ig kappa light chain 
 

gi|488146 25 2.5 ± 3.5 6.2 ± 5.9 3.0 ± 2.6 0.0 69 

HSPA8  Heat shock 70kDa protein 8 
 

gi|5729877 71 0.0 ± 0.0 5.2 ± 3.3 8.7 ± 11.7 5.0 70 

HSP90AA1 
Heat shock protein 90kDa alpha 

(cytosolic), class A member 1  
gi|255653030 85 0.0 ± 0.0 2.3 ± 3.7 11.7 ± 16.9 0.0 71 

C3  Complement C3 –like P gi|194212541 186 0.0 ± 0.0 4.8 ± 8.1 7.0 ± 9.6 0.0 72 
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Group 

1D 
    

Group 

2D 
    

Group 

3D 
    

Group 

4D 
  

          (n=2)     (n=6)     (n=3)     (n=1)   

Gene Protein or Predicted (P)   Accession kDa Mean   SD     SD Mean   SD   

Flush 

Protein 

Rank 

EQUC1  Major allergen Equ c 1 
 

gi|126723762 

(+1) 
22 7.5 ± 10.6 3.7 ± 9.0 2.3 ± 4.0 0.0 73 

HBA  Hemoglobin subunit alpha 
 

gi|122411 (+1) 15 0.5 ± 0.7 7.2 ± 17.6 0.3 ± 0.6 4.0 74 

PRDX1  Peroxiredoxin-1 P gi|149693696 22 0.5 ± 0.7 2.7 ± 3.2 8.3 ± 9.7 4.0 75 

Ezrin  Ezrin P gi|194227470 69 5.0 ± 5.7 5.8 ± 7.8 6.7 ± 3.1 0.0 76 

HBE2  Hemoglobin epsilon-2 –like P gi|149719849 16 0.0 ± 0.0 9.5 ± 9.2 4.7 ± 4.5 9.0 77 

TPPP3  
Tubulin polymerization-promoting 

protein 3 –like 
P gi|194208704 19 0.0 ± 0.0 3.7 ± 3.4 8.3 ± 11.2 2.0 78 

F5 
coagulation factor V (proaccelerin, 

labile factor) 
P gi|338724604 232 9.5 ± 7.8 4.5 ± 7.1 0.0 ± 0.0 2.0 79 

LOC100051065  liver carboxylesterase-like P 
gi|149699101 

(+3) 
62 0.0 ± 0.0 1.8 ± 2.6 2.0 ± 1.7 5.0 80 

IGLC  
Ig lambda light chain constant 

region  
gi|356494359 11 1.0 ± 1.4 3.3 ± 4.6 4.0 ± 4.6 3.0 81 

IGLC  
immunoglobulin lambda light 

chain V-J region  
gi|300387684 23 1.0 ± 1.4 3.3 ± 4.6 3.0 ± 5.2 2.0 82 

IGLC  
immunoglobulin lambda light 

chain V-J region  
gi|300387680 22 1.0 ± 1.4 3.5 ± 4.5 3.0 ± 5.2 2.0 83 

IGLC  
immunoglobulin lambda light 

chain V-J region  
gi|300387670 21 1.0 ± 1.4 3.3 ± 4.6 3.0 ± 5.2 2.0 84 

NES nestin P gi|338725192 162 0.5 ± 0.7 4.7 ± 9.1 17.0 ± 17.7 5.0 85 

CTGF  
Connective tissue growth factor–

like 
P gi|338716028 162 9.0 ± 9.9 9.7 ± 16.2 8.0 ± 9.8 0.0 86 

LOC100073098  
connective tissue growth factor-

like 
P gi|194216449 31 19.5 ± 0.7 2.5 ± 5.2 0.3 ± 0.6 8.0 87 

ENO1  enolase 1, (alpha) 
 

gi|390125214 47 0.0 ± 0.0 1.2 ± 2.4 1.3 ± 2.3 1.0 88 

VMO1  
Vitelline membrane outer layer 

protein 1 homolog 
P gi|149724889 22 10.0 ± 2.8 5.7 ± 5.6 11.3 ± 8.1 3.0 89 

HPX  Hemopexin P gi|338727082 51 0.0 ± 0.0 0.8 ± 2.0 2.3 ± 3.2 0.0 90 

ATP1A2 
ATPase, Na+/K+ transporting, 

alpha 2 polypeptide 
P gi|338724982 112 0.5 ± 0.7 4.7 ± 3.5 5.7 ± 2.1 6.0 91 

LOC100052500 
epithelial chloride channel protein-

like 
P gi|149709406 100 0.0 ± 0.0 5.5 ± 3.0 4.0 ± 3.5 5.0 92 

FGB1  Fibrinogen beta chain isoform 1 P 
gi|149698358 

(+1) 
55 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 93 

LOC100057137   prothymosin alpha-like P gi|338725663 12 0.0 ± 0.0 4.2 ± 4.5 6.3 ± 4.2 4.0 94 

ALDH1A1 
Retinal dehydrogenase (RALDH 

1)  
gi|118494 (+1) 55 0.0 ± 0.0 4.3 ± 7.7 7.3 ± 12.7 1.0 95 
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Group 

1D 
    

Group 

2D 
    

Group 

3D 
    

Group 

4D 
  

          (n=2)     (n=6)     (n=3)     (n=1)   

Gene Protein or Predicted (P)   Accession kDa Mean   SD     SD Mean   SD   

Flush 

Protein 

Rank 

TUBB5  Tubulin beta-5 
 

gi|7106439 50 0.0 ± 0.0 1.2 ± 2.9 4.3 ± 6.7 0.0 96 

SEC16A  SEC16 homolog A (S. cerevisiae) P gi|149738142 252 3.5 ± 2.1 5.2 ± 2.6 6.3 ± 4.5 3.0 97 

CFL1 Cofilin 1 
 

gi|5031635 19 0.0 ± 0.0 1.7 ± 2.9 4.0 ± 4.6 1.0 98 

PFN1  Profilin-1 –like P 
gi|194217532 

(+1) 
15 0.0 ± 0.0 2.8 ± 4.2 4.7 ± 7.2 0.0 99 

TMEM87A  transmembrane protein 87A P gi|194206750 63 8.5 ± 0.7 4.7 ± 5.2 3.7 ± 3.2 10.0 100 

PSAP  
Proactivator polypeptide (pros-

aposin) 
P gi|149689950 59 11.0 ± 0.0 3.0 ± 5.6 6.3 ± 8.5 9.0 101 

MCF2L 
MCF.2 cell line derived transform-

ing sequence-like 
P gi|194222059 135 8.0 ± 1.4 4.2 ± 4.7 1.0 ± 1.7 12.0 102 

CFB  Complement factor B P gi|149732066 86 0.0 ± 0.0 0.0 ± 0.0 2.0 ± 2.6 0.0 103 

EPG5  
ectopic P-granules autophagy 

protein 5 homolog 
P gi|194214639 292 0.0 ± 0.0 2.2 ± 3.1 1.3 ± 2.3 0.0 104 

GAPDH  
GAPDH Glyceraldehyde-3-

phosphate dehydrogenase  
gi|255522848 36 0.0 ± 0.0 2.2 ± 2.6 3.7 ± 5.5 4.0 105 

LOC100070106  
Interferon-induced very large 

GTPase 1-like 
P gi|194213733 160 8.5 ± 0.7 4.8 ± 4.4 4.3 ± 3.2 9.0 106 

ARHGAP24  Rho GTPase activating protein 24 P 
gi|149701490 

(+4) 
84 0.0 ± 0.0 2.0 ± 2.9 0.0 ± 0.0 0.0 107 

SCGB1A1 Secretoglobin 
 

gi|58978613 8 32.0 ± 36.8 2.3 ± 4.1 6.0 ± 8.7 0.0 108 

SERPINB11  Serpin B11  P gi|149721168 44 18.0 ± 12.7 6.8 ± 14.0 4.7 ± 2.1 4.0 109 

RTTN  Rotatin P gi|149721185 248 0.0 ± 0.0 2.8 ± 2.3 2.3 ± 2.1 8.0 110 

SERPINA1  Alpha-1-antitrypsin 
 

gi|197631775 47 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 111 

HBA 
Hemoglobin (Aquo Met) (Alpha 

Chain)  
gi|230632 15 0.0 ± 0.0 3.3 ± 7.7 1.0 ± 1.0 2.0 112 

TF  Transferrin 
 

gi|3892521 7 1.0 ± 1.4 2.7 ± 3.7 2.7 ± 4.6 0.0 113 

MME  
Membrane metallo-endopeptidase 

(neprilysin ) 
P gi|149729937 85 0.0 ± 0.0 11.7 ± 18.5 0.3 ± 0.6 0.0 114 

LOC100055896  Forkhead box protein P2-like P 
gi|149705759 

(+2) 
82 0.0 ± 0.0 2.5 ± 3.5 2.3 ± 4.0 0.0 115 

GNPTAB  
N-acetylglucosamine-1-phosphate 

transferase 
P 

gi|338721098 

(+1) 
144 0.0 ± 0.0 3.2 ± 2.2 3.0 ± 1.0 2.0 116 

CHGA  
Chromogranin A (parathyroid 

secretory protein 1)  
gi|126352476 50 0.0 ± 0.0 1.0 ± 2.0 0.0 ± 0.0 0.0 117 

GSTM1  
Glutathione S-transferase Mu 1 

isoform 1 –like 
P gi|149708720 26 0.0 ± 0.0 0.8 ± 2.0 2.3 ± 3.2 0.0 118 
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Group 

1D 
    

Group 

2D 
    

Group 

3D 
    

Group 

4D 
  

          (n=2)     (n=6)     (n=3)     (n=1)   

Gene Protein or Predicted (P)   Accession kDa Mean   SD     SD Mean   SD   

Flush 

Protein 

Rank 

IGL  Immunoglobulin lambda 
 

gi|291462 20 1.0 ± 0.0 0.5 ± 0.5 1.0 ± 1.0 0.0 119 

ZKSCAN1  
Zinc finger with KRAB and SCAN 

domains 1 
P gi|149757694 64 1.5 ± 2.1 2.0 ± 1.8 3.0 ± 2.6 5.0 120 

PT Prothrombin –like P gi|338712085 70 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 121 

LOC100063307  Ephrin-A1-like P gi|338724996 24 5.0 ± 2.8 4.2 ± 6.7 0.3 ± 0.6 8.0 122 

IGGH  Immunoglobulin G heavy chain 
 

gi|9858135 47 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 123 

YWHAE  
14-3-3 protein epsilon [Homo 

sapiens]  
gi|5803225 29 0.0 ± 0.0 1.2 ± 1.9 3.3 ± 5.8 0.0 124 

LOC100068864  Uncharacterized LOC100068864 P gi|194226011 55 13.5 ± 6.4 3.3 ± 3.7 0.0 ± 0.0 4.0 125 

FKBP5  
Peptidyl-prolyl cis-trans isomerase 

A–like isoform 
P gi|149704620 18 0.0 ± 0.0 0.2 ± 0.4 1.3 ± 2.3 0.0 126 

GSN  Gelsolin 
 

gi|126352530 

(+1) 
81 0.0 ± 0.0 7.0 ± 17.1 0.0 ± 0.0 0.0 127 

LOC100050013  Ashwin-like P gi|149727119 26 1.5 ± 2.1 1.5 ± 1.2 4.0 ± 1.7 3.0 128 

EqUC1-2  Major allergen Equ c 1–like P gi|149738827 21 1.0 ± 1.4 2.0 ± 4.9 2.7 ± 4.6 0.0 129 

TRIOBP  TRIO and F-actin binding protein P gi|194226812 249 9.0 ± 4.2 1.7 ± 3.1 0.0 ± 0.0 5.0 130 

LOC100060636  
N(4)-(beta-N-acetylglucosaminyl)-

L-asparaginase-like 
P gi|194226545 47 36.0 ± 17.0 0.5 ± 1.2 0.0 ± 0.0 0.0 131 

LOC100056230  Protein S100-A2-like P gi|149751286 11 3.0 ± 4.2 0.0 ± 0.0 1.0 ± 1.7 0.0 132 

SPAG9  
c-Jun-amino-terminal kinase-

interacting protein 4 
P gi|194217130 136 0.5 ± 0.7 3.8 ± 5.7 2.7 ± 2.5 2.0 133 

TAGLN2  Transgelin-2 –like P gi|149755838 22 0.0 ± 0.0 1.5 ± 2.1 2.0 ± 3.5 0.0 134 

LOC100066884  Hydroxyacid oxidase 2-like P 
gi|149708916 

(+1) 
39 0.0 ± 0.0 1.5 ± 2.5 0.0 ± 0.0 8.0 135 

TUBA1C  Tubulin alpha-1C chain isoform 1 P gi|149714278 50 0.0 ± 0.0 0.3 ± 0.8 3.3 ± 5.8 0.0 136 

SELENBP1  Selenium binding protein 1 P gi|194210816 57 0.0 ± 0.0 0.5 ± 1.2 0.0 ± 0.0 0.0 137 

FN  Fibronectin P gi|194211292 272 1.5 ± 2.1 0.2 ± 0.4 1.3 ± 2.3 2.0 138 

SERPINC1  Antithrombin-III P gi|149708147 52 0.0 ± 0.0 0.5 ± 0.8 0.3 ± 0.6 0.0 139 

PEBP1  
Phosphatidylethanolamine-binding 

protein 1 –like 
P gi|149720563 21 0.0 ± 0.0 0.8 ± 1.6 2.0 ± 1.0 0.0 140 

INHBA  Inhibin, beta A 
 

gi|126352436 48 13.5 ± 16.3 3.2 ± 4.3 0.0 ± 0.0 1.0 141 
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Group 

1D 
    

Group 

2D 
    

Group 

3D 
    

Group 

4D 
  

          (n=2)     (n=6)     (n=3)     (n=1)   

Gene Protein or Predicted (P)   Accession kDa Mean   SD     SD Mean   SD   

Flush 

Protein 

Rank 

ANXA2  Annexin A2 
 

gi|183227696 39 0.0 ± 0.0 0.5 ± 0.5 6.0 ± 6.6 0.0 142 

PPFIA2 Liprin-alpha-2 isoform 1 P 
gi|338721378 

(+5) 
142 0.0 ± 0.0 2.3 ± 1.8 0.7 ± 1.2 3.0 143 

LOC100070046  
Protein-glutamine gamma-

glutamyltransferase 2-like 
P gi|338719048 91 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 144 

CTSB  Cathepsin B P gi|149698064 38 4.0 ± 5.7 6.0 ± 10.3 0.7 ± 1.2 0.0 145 

TPP1  Tripeptidyl-peptidase 1 –like P gi|194213729 57 2.5 ± 0.7 1.2 ± 2.0 0.0 ± 0.0 3.0 146 

SERPING1  Plasma protease C1 inhibitor –like P gi|149758084 53 1.0 ± 1.4 0.5 ± 0.8 4.0 ± 6.1 4.0 147 

LOC100053148  
Epithelial cell adhesion molecule-

like 
P gi|194220752 35 0.0 ± 0.0 0.7 ± 1.2 10.7 ± 18.5 0.0 148 

CLIC1  
Chloride intracellular channel 

protein 1 –like 
P gi|149732344 27 2.0 ± 2.8 1.3 ± 2.0 1.3 ± 2.3 0.0 149 

GRN  Granulin P gi|149723703 63 5.5 ± 2.1 1.0 ± 1.7 0.3 ± 0.6 4.0 150 

LOC100054700  Inversin-like P gi|194225543 119 0.5 ± 0.7 2.7 ± 2.2 3.0 ± 0.0 1.0 151 

LOC100063721  Prostate stem cell antigen-like P gi|149757592 13 8.5 ± 0.7 2.3 ± 3.1 2.3 ± 4.0 0.0 152 

CTSZ  Cathepsin Z –like P gi|338719460 34 0.5 ± 0.7 7.5 ± 18.4 0.7 ± 1.2 0.0 153 

CTSA  Cathepsin A P gi|338719327 54 9.0 ± 4.2 2.3 ± 3.6 0.0 ± 0.0 5.0 154 

EIF2AK4  
Eukaryotic translation initiation 

factor 2 alpha kinase 4 
P gi|194206809 187 0.5 ± 0.7 0.5 ± 0.5 1.3 ± 0.6 2.0 155 

RYR2  Ryanodine receptor 2 (cardiac) P gi|338717226 564 3.0 ± 4.2 2.3 ± 2.9 1.3 ± 1.5 3.0 156 

LOC100063250  Beta-2-glycoprotein 1-like P gi|149723623 39 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 157 

TXN  Thioredoxin 
 

gi|126352340 12 0.0 ± 0.0 0.8 ± 1.3 1.3 ± 1.5 0.0 158 

DSP  Desmoplakin P gi|338718239 325 0.0 ± 0.0 1.5 ± 0.8 0.7 ± 1.2 1.0 159 

LOC100066683  Utrophin-like P gi|194227612 401 2.0 ± 2.8 3.0 ± 3.5 0.3 ± 0.6 2.0 160 

ALDOA  Aldolase A, fructose-bisphosphate P 
gi|194219069 

(+1) 
39 0.0 ± 0.0 0.5 ± 0.8 1.0 ± 1.7 0.0 161 

B2M Beta-2-microglobulin 
 

gi|14456413 3 4.0 ± 5.7 0.5 ± 1.2 1.3 ± 1.2 2.0 162 

ACSL5  
Acyl-CoA synthetase long-chain 

family member 5 
P gi|338716568 82 0.5 ± 0.7 1.0 ± 2.0 0.7 ± 1.2 1.0 163 

LOC100051728  
Melanoma-associated antigen B1-

like 
P gi|338728978 71 2.0 ± 2.8 3.0 ± 4.6 0.0 ± 0.0 4.0 164 
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Group 

1D 
    

Group 

2D 
    

Group 

3D 
    

Group 

4D 
  

          (n=2)     (n=6)     (n=3)     (n=1)   

Gene Protein or Predicted (P)   Accession kDa Mean   SD     SD Mean   SD   

Flush 

Protein 

Rank 

LOC100053029  Osteopontin-like P 
gi|149701529 

(+2) 
35 1.5 ± 2.1 1.3 ± 1.8 0.7 ± 0.6 4.0 165 

LOC100146574  
Testis-specific serine/threonine-

protein kinase 6-like 
P gi|338718711 30 2.5 ± 0.7 1.5 ± 2.3 0.0 ± 0.0 9.0 166 

LDHA  L-lactate dehydrogenase A 
 

gi|222080073 37 0.0 ± 0.0 0.5 ± 0.8 0.7 ± 1.2 1.0 167 

NIPBL  Nipped-B homolog P gi|149732790 316 0.0 ± 0.0 1.8 ± 2.3 2.0 ± 1.7 1.0 168 

TF  Transferrin, partial 
 

gi|6176197 6 0.0 ± 0.0 0.7 ± 1.6 1.3 ± 2.3 0.0 169 

LOC100054948  Cathepsin S-like P gi|149751225 37 2.5 ± 3.5 0.5 ± 1.2 0.7 ± 0.6 6.0 170 

TPI  Triosephosphate isomerase –like P gi|194211629 31 0.0 ± 0.0 0.2 ± 0.4 1.7 ± 2.1 0.0 171 

PRX5_like  
Hypothetical protein 

LOC100055657 
P gi|338712372 51 0.0 ± 0.0 0.2 ± 0.4 0.0 ± 0.0 0.0 172 

LOC100053618  
Macrophage migration inhibitory 

factor-like 
P gi|149720186 12 0.0 ± 0.0 0.0 ± 0.0 2.7 ± 4.6 0.0 173 

SCRN2 Secernin 2 P gi|149724526 47 2.5 ± 3.5 0.8 ± 0.8 0.7 ± 1.2 1.0 174 

YWHAB  14-3-3 protein beta/alpha P gi|149733297 28 0.0 ± 0.0 0.2 ± 0.4 0.7 ± 1.2 0.0 175 

KRT1 
 Keratin, type II cytoskeletal 1 –

like 
P gi|338726100 65 0.5 ± 0.7 1.0 ± 2.0 0.3 ± 0.6 0.0 176 

MIA3  
Melanoma inhibitory activity 

family, member 3 
P gi|338722850 212 0.0 ± 0.0 0.2 ± 0.4 0.0 ± 0.0 0.0 177 

DSC2  Desmocollin 2 P gi|338727902 94 8.5 ± 2.1 0.2 ± 0.4 2.0 ± 3.5 0.0 178 

IRX6  Iroquois homeobox 6 P gi|149699543 51 0.0 ± 0.0 0.7 ± 1.0 0.0 ± 0.0 1.0 179 

LOC100061487  
Keratin, type II cytoskeletal 75-

like 
P gi|149714746 59 3.5 ± 4.9 0.7 ± 1.0 1.3 ± 2.3 0.0 180 

HECTD1  
HECT domain containing E3 

ubiquitin protein ligase 1 
P gi|194207268 289 0.0 ± 0.0 0.8 ± 1.3 1.7 ± 2.9 0.0 181 

TMSB4  Thymosin beta-4 
 

gi|10946578 5 1.5 ± 2.1 1.0 ± 1.3 3.0 ± 3.6 0.0 182 

 

Immunoglobulin kappa light chain 

V-J region  
gi|300387177 

(+1) 
19 1.5 ± 2.1 1.0 ± 2.4 0.0 ± 0.0 0.0 183 

ABCB1  Multidrug resistance protein 1  P 
gi|194209588 

(+1) 
176 0.0 ± 0.0 1.2 ± 2.9 1.3 ± 1.5 0.0 184 

KRIT1  KRIT1, ankyrin repeat containing P 
gi|149705462 

(+1) 
84 0.0 ± 0.0 1.0 ± 2.0 2.0 ± 3.5 0.0 185 

LOC100072678   
Transcriptional regulator ATRX-

like 
P 

gi|338729324 

(+2) 
282 0.0 ± 0.0 1.2 ± 1.2 1.3 ± 2.3 1.0 186 

LOC100057715  
Phosphatidylethanolamine-binding 

protein 4-like 
P gi|338722416 30 8.5 ± 2.1 0.5 ± 1.2 0.0 ± 0.0 5.0 187 
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Group 

1D 
    

Group 

2D 
    

Group 

3D 
    

Group 

4D 
  

          (n=2)     (n=6)     (n=3)     (n=1)   

Gene Protein or Predicted (P)   Accession kDa Mean   SD     SD Mean   SD   

Flush 

Protein 

Rank 

S100A6  S100-A6 (calcyclin) 
 

gi|126352590 10 0.0 ± 0.0 0.3 ± 0.5 0.7 ± 0.6 0.0 188 

C4A  Complement component 4A P gi|149732359 192 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 189 

LOC100146232  Uncharacterized LOC100146232 P gi|194238841 80 0.0 ± 0.0 0.8 ± 1.0 0.0 ± 0.0 1.0 190 

LOC100053260  
Transcription initiation factor 

TFIID subunit 11-like 
P gi|149732136 23 0.0 ± 0.0 1.3 ± 1.5 0.7 ± 1.2 2.0 191 

LOC100060401  Dipeptidyl peptidase 1-like P gi|194213370 54 6.0 ± 8.5 0.0 ± 0.0 0.0 ± 0.0 3.0 192 

LOC100060180  
Uncharacterized protein C13orf30-

like 
P gi|338715314 16 0.0 ± 0.0 0.3 ± 0.5 1.0 ± 1.0 1.0 193 

ZCCHC11 
Terminal uridylyltransferase 4 

isoform 2 
P 

gi|149693612 

(+1) 
186 0.0 ± 0.0 0.0 ± 0.0 0.3 ± 0.6 0.0 194 

HSPA1A  Heat shock 70kDa protein 1A 
 

gi|379642967 70 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 195 

HSPB1  Heat shock protein beta-1 –like P gi|149755998 23 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 196 

LOC100629790   
LYR motif-containing protein 5-

like 
P gi|338725959 11 0.5 ± 0.7 1.5 ± 1.4 0.0 ± 0.0 3.0 197 

SNX1  Sorting nexin 1 P gi|338717872 56 0.0 ± 0.0 0.0 ± 0.0 0.7 ± 0.6 0.0 198 

LOC100065027 
 DNA-3-methyladenine glycosy-

lase-like 
P gi|338712985 31 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 199 

LOC100064873  Golgi membrane protein 1-like P gi|338719632 45 4.5 ± 3.5 0.7 ± 1.6 0.0 ± 0.0 3.0 200 

Group 1D (biopsy grading I or IIA, mares in diestrus that are negative for endometritis on the checklist); Group 2D (biopsy grading I or II, mares in diestrus with endometritis based on the checklist);  

Groups 3D (biopsy grading IIB or III, mares in diestrus with endometritis based on the checklist); Group 4D (biopsy grading IIB or III, mares in diestrus that are negative for endometritis on the checklist) 
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Appendix 3.3 

Summary of some functions of the statistically signficant proteins in regard to status (endometritis vs. normal mares), and estrous 

cycle (estrus vs. diestrus) 

Gene Protein Comments Major functions           

P19  P19 lipocalin (uterocalin) ↑ in diestrus Lipophilic molecule transport 
    

PIGR Polymeric immunoglobulin receptor  No statistical significance Immunoglobulin polymeric (poly-Ig) receptor that binds polymeric IgA and IgM 
 

VNN1 Vanin 1 (Pantetheinase) 
↑ in diestrus and ↓ with endo-
metritis 

Pantothenic acid recycling; protein dissulfide reduction; probably anti-inflammatory function 

VNN3 
Vascular non-inflammatory molecule 3 

(vanin 3)–like 

↑ in diestrus and ↓ with endo-

metritis 
Pantothenic acid recycling; protein dissulfide reduction; probably anti-inflammatory function 

ACP5  Uteroferrin (TRAP5) ↑ in diestrus Works on inflammatory response, phosphate hydrolisis and Nitric Oxide regulation 

APOA1 Apolipoprotein A-I–like ↑ in estrus 
Responsible in inflammatory regulation, phospholipids, cholesterol metabolism and sperm 

activation 

LCN2  
Neutrophil gelatinase-assoc lipocalin 

(NGAL)–like 
No statistical significance Immune function, sequestrating iron to limit bacterial growth 

  

VNN2 Vanin 2 ↓ in endometritis Neutrophil migration, pantothenic acid recycling; protein dissulfide reduction 
 

SCGB1A1  Secretoglobin 1A1/Uteroglobin–like 10 Kb ↑ in diestrus Potent inhibitor of phospholipase A2 (anti-inflammatory) 
  

ANXA1  Annexin A1 (Lipocortin 1) No statistical significance Regulates phospholipase A2 activity (anti-inflammatory) 
  

CHIT1  Chitotriosidase-1 ↑ in diestrus Chitotriosidase is secreted by activated human macrophages 
  

WFCD2  
WAP four-disulfide core domain protein 2 –

like 
↑ in diestrus Functions as a protease  

     

GM2AP GM2 activator No statistical significance Glycolipid transport, lysossomal glycan hydrolysis 
   

STC1  Stanniocalcin-1–like ↓ in endometritis Stimulates renal phosphate reabsorption 
    

CD109  CD109 antigen ↑ in diestrus Marker for tumors on the cervix and uterus of human 
   

SPLA2  Secretory phospholipase A2 ↑ in diestrus Phospholipid hydrolysis or arachdonic acid, antimicrobial 
  

LTF Lactoferrin (lactotransferrin) No statistical significance Antimicrobial activity 
     

LOC100053810 matrix metalloproteinase-26-like ↑ in diestrus Breakdown of extracellular matrix 
    

LOC100630774 Serine protease inhibitor Kazal-type 7-like  ↓ in endometritis Serine protease inhibitor 
     

EQUC1  Major allergen Equ c 1 No statistical significance Lipocalin family; Allergen responsible for about 80% of anti-horse IgE antibody 
 

CTGF  Connective tissue growth factor–like ↓ in endometritis  Promotes proliferation and differentiation of chondrocytes 
  

SCGB1A1 Secretoglobin 8Kb ↑ in diestrus Potent inhibitor of phospholipase A2 (anti-inflammatory) 
  

ANXA2  Annexin A2 ↑ with endometritis Calcium-regulated membrane-binding protein 
   

TPP1  Tripeptidyl-peptidase 1 –like ↓ in endometritis Lysosomal serine protease 
     

LOC100054948  Cathepsin S-like No statistical significance Key protease responsible for the removal of the invariant chain from MHC class II molecules 

↑ (increase protein levels in the uterine flush)  ↓ (decrease proteins levels in the uterine flush)  
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Appendix 3.4 

Figures of Immunohistochemistry of secretoglobin, SPLA2, Vanins 1, 2, and 3 of 

endometrial biopsies of mares demonstrating their expression in the endometrium 

 

 

Fig 1. Endometrial biopsy of mare in Group 3E showing Secretoglobin (uteroglobin) 

staining (20X) 

 

 

Fig 2. Endometrial biopsy of mare in Group 4E showing Secretoglobin (uteroglobin) 

staining (20X) 
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Fig 3. Endometrial biopsy of mare in Group 2E showing SPLA2 staining (40X) 

 

 

Fig 4. Endometrial biopsy of mare in Group 4E showing SPLA2 staining (4X) 
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Fig 5. Endometrial biopsy of mare in Group 2D showing VNN1 staining (20X) 

 

 

Fig 6. Endometrial biopsy of mare in Group 1E showing VNN1 staining (40X) 
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Fig 7. Endometrial biopsy of mare in Group 3E showing VNN2 staining (10X) 

 

 

Fig 8. Endometrial biopsy of mare in Group 4E showing VNN2 staining (10X) 
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Fig 9. Endometrial biopsy of mare in Group 4E showing VNN3 staining (10X) 

 

 

Fig 10. Endometrial biopsy of mare in Group 1E showing VNN3 staining (40X) 
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Fig 11 Negative control of vanins 1, 2, and 3, and secretoglobin (40X) 

 

 

Fig 12 Negative control of SPLA2 (X40) 
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Appendix 3.5 

Source of the Antibodies in the Hayes Lab used for immunohistochemistry studies 
 
Uteroglobin/CCSP 
Polyclonal rabbit antibody to peptide  
Katavolos, P. et al. Clara cell secretory protein is reduced in equine recurrent airway 

obstruction. Vet Pathol 46, 604-13 (2009). 

EPSKPDADMKAATTQLKTLV-C (NM_001081858, amino acids 26-45) 

 
SPLA2 
Polyclonal rabbit anti human PLA2G2A   
http://www.novusbio.com/Phospholipase-A2-IIA-Antibody_NBP1-87266.html 
HDCCYKRLEKRGCGTKFLSYKFSNSGSRITCAKQDSCRSQLCECDKAAATCFARNKTTYN 
KKYQYYSNKH 
 
Vanin 1 
Polyclonal rabbit anti-human vanin 1 IgG (PAC598Hu01; 1:200; Uscn Life Sciences 

Inc.) 
http://www.uscnk.com/uscn/Antibody-to-Vanin-1-VNN1-15235.htm 
 
Vanin 2 
Polyclonal rabbit anti-human vanin 2 (ABIN786500; 1:1000; Antibodies-Online) 
http://www.antibodies-online.com/antibody/786500/anti-Vanin+2+VNN2+C-
Term/ 
 
Vanin 3 
Polyclonal rabbit anti-human vanin 3 (NBP1-83201; 1:20; Novusbio) 

 http://www.novusbio.com/VNN3-Antibody_NBP1-83201.html 
 

EGQYYLQICALLKCQTTDLETCGEPVGSAFTKFEDFSLSGTFGTRYVFPQIILSGS

QLAPERHYEISRDGRLRSRSGAPLPVLVMALYGR VFEKDPPRLGQGSGKFQ 

  

 

 

Formalin-fixed tissues were embedded in paraffin and 6 µm sections attached to 

positively charged glass slides (Animal Health Laboratory, University of Guelph).  

Sections were deparaffinized and rehydrated, then quenched in 3% hydrogen peroxide to 

reduce non-specific peroxidase, after which IHC was performed using Dako Envision + 

System-HRP kits for rabbit primary antibodies. Negative controls included omission of or 

substitution for the primary specific antibody used. The Pierce Metal Enhanced DAB 

Substrate kit (Thermo Fisher Scientific, Nepean, ON) was used for detection and the 

solution was prepared according to the instructions provided.  The stained sections were 

dehydrated in through ethanol (70% to 100%) and then xylene and mounted in Permount.  

 

 

http://www.novusbio.com/Phospholipase-A2-IIA-Antibody_NBP1-87266.html
http://www.uscnk.com/uscn/Antibody-to-Vanin-1-VNN1-15235.htm
http://www.antibodies-online.com/antibody/786500/anti-Vanin+2+VNN2+C-Term/
http://www.antibodies-online.com/antibody/786500/anti-Vanin+2+VNN2+C-Term/
http://www.novusbio.com/VNN3-Antibody_NBP1-83201.html
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Appendix 3.6 

Summary of materials and methods of proteomic analysis 

 

 


