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Abstract

Low-volume uterine flush (n = 401) was performed in 308 infertile mares to diagnose endometritis. Mares evaluated were either
barren after three or more breedings or had two or more unsuccessful embryo recovery attempts during consecutive cycles. Culture
results were compared with cytological and histological findings, efflux clarity and pH to substantiate that the micro-organisms
recovered were truly pathogens. Cytological specimens were evaluated for presence of epithelial and inflammatory cells, bacteria,
yeast and debris. Endometrial biopsies (n = 110) were examined for the presence of neutrophils in the stratum compactum. Micro-
organisms were recovered in 282/401 (70%) of low-volume flushes; E. coli was most frequently isolated (42.2%), followed by 3
hemolytic Streptococcus (37.6%). Efflux clarity of 318 flushes was clear (n = 109), cloudy (n = 149), or mucoid (r = 60). Isolation
of micro-organisms was highly associated with cloudy and mucoid effluxes (P < 0.001), debris on cytological specimens
(P < 0.001), increased efflux pH (P < 0.003), and neutrophils on endometrial biopsy (P < 0.01). E. coli was associated with
debris on cytological smear (P < 0.002), whereas 3 hemolytic Streptococcus was associated with increased efflux pH (P < 0.002).
Using the presence of neutrophils in a tissue specimen as the ‘““best standard”’ for diagnosing endometritis, the sensitivity of flush
culture was 0.71 and for flush cytology was 0.8, whereas the specificity was 0.86 and 0.67, respectively. Neutrophils in uterine
flushes under-reported inflammation; only 86/282 positive cultures were positive on cytology. The clinical estimate of a
contaminated (false positive) flush culture was 11%, if a false positive was defined as positive culture with clear efflux and no
debris or neutrophils on cytology (26/228). In conclusion, a low-volume uterine flush was a rapid, accurate method for identifying
mares with chronic endometritis. When micro-organisms were recovered, endometritis was confirmed by efflux clarity, pH and
cytological findings of debris, bacteria, or neutrophils. E. coli was most commonly isolated and it appeared to differ in pathogenicity
from 3 hemolytic Streptococcus.
© 2007 Elsevier Inc. All rights reserved.
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1. Introduction on history, clinical findings, uterine culture and cyto-

logy and, in some cases, histology is mandatory if mares

Bacterial uterine infections occur in 25-60% of
barren mares [1-3] and inflict major losses on the
equine breeding industry. An accurate diagnosis based
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are to be treated successfully. Correct interpretation of
microbiological and cytological findings from the
equine endometrium requires consideration of possible
false positive and false negative culture results. False
positive cultures have been associated with contamina-
tion of the culture instrument from the environment,
external genitalia, and vagina [4-7], whereas false
negative cultures have been associated with inadequate
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sampling of the endometrium [4,8—12]. Although use of
a guarded culture swab in combination with identifica-
tion of neutrophils on cytological smear has decreased
the number of mares treated inappropriately, not all
mares with endometritis are identified, as the swab only
comes in contact with a 1-2 cm area of endometrium
directly cranial to the cervix. Neilsen (2005) recently
reported that only 38 of 84 mares (45%) with bacteria
isolated from the surface of an endometrial biopsy, had
bacteria isolated from a uterine culture swab [8]. In that
study, sensitivity of identifying bacterial growth from an
endometrial surface swab was 0.34, whereas specificity
was 1.0 when the presence of neutrophils in a tissue
specimen was used as the best standard for diagnosing
endometritis. Therefore, a major issue confronting
clinicians are the false negatives associated with
uterine swab cultures. Uterine flushes have been used
for microbiologic and cytological examination of the
mare’s endometrium and represent an alternative to
endometrial swabs [12-17]. In a small study, the low-
volume uterine flush improved the ability to diagnose
endometritis based on quantitative microbiologic and
cytologic findings, relative to the guarded swab tech-
nique [12]. The increased frequency of diagnosis of
endometritis with the flush technique was more evident
in subfertile than normal mares.

Contamination of a uterine catheter with vaginal
flora must be considered as a source of false positive
culture results because contamination occurs more
frequently in a semi-guarded (i.e. the flush technique)
than in a completely guarded (i.e. swab technique)
endometrial culture technique. False positives may be
screened out by incorporating additional indices of
inflammation, i.e. appearance of efflux, pH, or presence
of debris or neutrophils on cytological specimens
obtained from a low-volume flush. These indices of
inflammation have a further use, the potential detection
of false negative cultures. This study was conducted to
determine if a low-volume flush of the uterine lumen
improved the sensitivity of identifying endometritis in
chronically infertile mares.

2. Materials and methods
2.1. Mares and sample collection

Low-volume uterine flushes (n = 401) were collected,
regardless of stage of estrous cycle, from 308 mares
presented for infertility at Rood and Riddle Equine
Hospital between July 2004 and July 2006. Infertile
mares consisted of naturally mated Thoroughbred mares,
and artificially bred Saddlebred, Quarter Horse, Arabian,

or Warmblood mares, aged 5-24 years. Criteria for mares
to be included in the study were that they 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. The low-volume
uterine flush was conducted after a complete reproduc-
tive assessment, including transrectal manual and
ultrasonographic examinations of the reproductive tract,
and vaginal speculum examination, were performed.

Mares were examined either restrained in stocks or
backed out a stall door with a twitch applied to their
nose. After the ultrasonographic examination, the vulva
and perineum were scrubbed with providone-iodine
scrub! rinsed three times with water, and dried with a
paper towel. A vaginal speculum examination was
performed and then a uterine catheter” was passed per
vaginum into the uterus by an examiner whose arm was
covered by a clear sterile sleeve and surgical glove. Ten
to 12 cm of catheter were inserted into the uterus by
manually passing it through the cervix. The balloon on
the catheter was not filled with air or water. A sterile
60 mL catheter-tip syringe was used to infuse 60 mL
of sterile physiological saline into the uterus. The
uterus was manipulated by transrectal palpation for a
minimum of 30s to distribute the fluid throughout
the uterine lumen. The uterine horn containing the
catheter tip was then cradled by the veterinarian’s hand
(transrectal manipulation) and the saline drained into a
sterile 50 mL conical tube’ by gravity flow. The volume
recovered was recorded. Physiological saline was used
in lieu of lactated ringers, because changes in efflux pH
associated with bacterial isolation were greater with
saline in preliminary trials.

An aliquot (4 mL) of the sample was placed in a
5 mL sterile tube for measuring pH. The remaining
sample was centrifuged at 410 rpm for 10 min. All
but 5 mL of the supernatant was decanted and a
sterile culture swab was inserted into the pellet and
placed in Amie’s transport medium with charcoal® for
subsequent microbiologic culture. A second sterile
swab was placed in the pellet and the swab rolled
onto a glass slide and air-dried for cytological
examination.

! Betadine surgical scrub (Butler Animal Health Supply; Lexington,
KY 40511, USA).

2 Bivona uterine catheter EUF 80 (Butler Animal Health Supply;
Lexington, KY 40511, USA).

3 Fifty millilitre Tube (Fischer Scientific; Hanover Park, IL, USA).

4 Difco® Transport Medium Amies (Becton, Dickinson and Co.;
Sparks, MD, USA).
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2.2. Efflux clarity, pH and cytology

Efflux clarity of 318 samples was recorded by
holding the sample up to the light. Efflux clarity was
graded as clear, cloudy or clear with mucus strains
(mucoid efflux). For statistical analysis, cloudy or
mucoid efflux was graded as positive and clear efflux
was graded as negative. The pH of 184 samples was
measured from a 5 mL aliquot of efflux with a pH
meter’ and compared to the pH of the saline contained
in the 250 mL bottle used for the low-volume flush.

Cytological specimens were stained with Diff Quick
stain® and a minimum of 10 fields were evaluated
microscopically under oil immersion (1000x) by one of
the three medical technologists. Cytological smears
were evaluated for the presence of epithelial cells,
debris, inflammatory cells, bacteria, and yeast. Cyto-
logical specimens that contained scant epithelial cells,
no neutrophils, debris or bacteria were classified as
hypocellular. Smears were considered indicative of
inflammation if there were an average of one or more
neutrophils per 1000 x magnification in 10 fields. The
amount of debris in the smear was scored as: none = 0;
mild =1; moderate=2 or heavy=3. Debris was
defined as follows: mild debris, <25% of the smear
covered with debris; moderate debris, 25-75% of the
smear covered with debris; heavy debris, >75% of the
smear covered in debris.

2.3. Microbiology

Endometrial cultures were plated on blood and
Levine Eosin-Methylene Blue plates at the medical
laboratory at Rood and Riddle Equine Hospital within
6 h of sample procurement. After 24 h incubation in
atmospheric air at 37 °C, plates were examined for
growth and were re-examined at 48 and 72 h for the
presence of bacteria or yeast. Bacteria were identified
with BBL crystals.” Antimicrobial sensitivities were
determined for all organisms by the Kirby Bauer
method. Primary identification of yeast was determined
by dark field microscopy. Specific yeast or fungal
cultures were further identified by the Microbiology
Laboratory at Cornell University, Ithaca, NY, USA.
Samples considered positive for growth had to have four
or more colonies of a pathogenic organism isolated.

3 Denver Instrument Benchtop pH Meter UB-5 Ultra Basic (Fischer
Scientific).

6 Diff Quik (Hemal Stain Co. Inc.; Danbury, CT, USA).

7 BBL crystals (Becton Dickinson and Co.; Sparks, MD, USA).

Culture plates with growth of more than three organisms
were considered to be contaminated and recorded as
negative growth. Bacillus, Micrococcus or a Strepto-
coccus were recorded only if isolated in pure culture.

2.4. Histology

An endometrial biopsy was obtained for histopatho-
logic examination from 110 of the 308 mares after
the uterine flush. Endometrial biopsies were fixed in
Bouin’s solution and stained with haematoxylin and
eosin. Slides were examined for the presence of
neutrophils within the epithelial luminal epithelium,
stratum compactum and stratum spongiosum [18].
Infiltration of three or more neutrophils per five fields of
high magnification (400x) was considered as evidence
of acute endometritis [19].

2.5. Prevalence of micro-organisms recovered by
culture swab

Uterine culture swabs were collected from a
population of Thoroughbred mares residing on farms
visited daily by the author and a second veterinarian in
the practice during the 2002 through 2006 breeding
seasons in order to determine if the prevalence of micro-
organisms recovered from farm mares in Central
Kentucky was similar to findings previously published.
Uterine swabs were obtained from maiden and barren
mares before their first mating and from maiden, barren
and foaling mares after their second natural mating.
Swab cultures were collected with a Kalajian guarded
culture instrument® that was either passed through a
sterile vaginal speculum into the cervix and uterus or
manually inserted by a veterinarian wearing a sterile
sleeve.

2.6. Statistical analysis

Categorical variables were compared using con-
tingency tables and Pearson Chi-square tests, whereas
continuous variables were compared using Student’s #-
tests; P < 0.05 was considered significant. All analysis
was done using JMP (SAS, Inc., Cary, NC, USA).
Data are presented as means (+S.E.M.). Presence of
neutrophils on endometrial biopsy was used as the best
standard for predicting endometritis. Sensitivity was
calculated as the proportion of mares with neutrophils in

8 Kalajian culture instrument (Kalayjian Industries, Inc. Signal Hill,
CA, USA).
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the endometrial tissue and a positive result from the
compared test or tests (flush culture or neutrophils on
cytological specimen). Specificity was calculated as
the proportion of mares without neutrophils in the
endometrial tissue and a negative result from the
compared test.

3. Results
3.1. Microbiology

Bacteria were isolated from 282 of 401 uterine
flushes (70%). E. coli was isolated most frequently,
either alone (27.6%) or in combination with another
micro-organism (14.6%; Fig. 1). Beta hemolytic
Streptococcus was the second most frequently isolated
organism (20.9% alone; 16.7% in combination with a
second organism). The two organisms were isolated
from 79.8% of the positive flush cultures. Mixed
infections were present in 71/282 (25%) uterine flushes
(Fig. 1). Isolation of 3 hemolytic Streptococcus and E.
coli (22/282, 7.8%) was most common. Beta hemolytic
Streptococcus was isolated with a pathogen other than
E. coliin 25 flushes (8.9%), whereas E. coli was isolated

80

with a pathogen other than § hemolytic Streptococcus
in 19 of 282 (6.7%) uterine flushes. Micro-organisms
considered not to be pathogens of the genital tract («
Streptococcus, Micrococcus and Bacillus) were recov-
ered from approximately 10.5% of the uterine flushes
(Fig. 1). Yeast was isolated from 17 flushes (alone n = 8§;
with B hemolytic Streptococcus, n=15; E. coli, n =3;
and with both organisms, n=1). Klebsiella was
recovered with proteus or Staphylococcus aureus once.

The most frequently isolated micro-organism from
culture swabs was 3 hemolytic Streptococcus (39%;
Fig. 2), with E. coli being second most common (16%).
Together, the two organisms represented 55% of the
positive culture swabs. Two or more organisms were
recovered from culture swab in <2.3% of the positive
cultures.

3.2. Efflux clarity, pH and isolation of micro-
organisms

Mean volume recovered was 33.6 £ 0.3 (range, 7—
60 mL). Efflux clarity of 318 flushes was clear
(n=109), cloudy (n = 149) or clear with mucus strains
(n=60). Cloudy and mucoid effluxes were highly
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Fig. 1. Prevalence of micro-organisms isolated from 401 low-volume uterine flushes from mares. *Non-pathogens include a Streptococcus,
Bacillus, and Micrococcus; E + S#: number of cultures with E. coli and 3 hemolytic Streptococcus isolated; +: micro-organism was isolated with an
organism other than E. coli or 3 hemolytic Streptococcus; Yeast™: yeast was isolated alone in 8 of 17 cultures, with B hemolytic Streptococcus
(n=135), E. coli (n=3) or with both organisms (N = 1). Pseudo, Pseudomonas; Kleb, Klebsiella; Staph, Staphylococcus aureus.
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Fig. 2. Prevalence of micro-organisms isolated from culture swabs obtained from Thoroughbred mares residing on farms routinely visited in central
Kentucky (n = 498). *Non-pathogens include a Streptococcus, Bacillus, and Micrococcus; E + S: number of cultures with E. coli and 8 hemolytic
Streptococcus; +: micro-organism was isolated with an organism other than E. coli or $ hemolytic Streptococcus. Pseudo, Pseudomonas; Kleb,

Klebsiella; Staph, S. aureus.

associated with isolation of micro-organisms (P <
0.0001; Fig. 3). Micro-organisms were isolated from
86% (179/209) of cloudy or mucoid effluxes. E. coli and
B hemolytic Streptococcus were isolated most fre-
quently from cloudy or mucoid effluxes (144/209;
69%). Eighty-one of 100 E. coli positive flushes (81%)
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Fig. 3. Relationship between efflux clarity and isolation of micro-
organisms from low-volume uterine flushes of mares. More cloudy or
mucoid effluxes (strands) contained micro-organisms than clear
effluxes (P < 0.001).

and 64 of 81 3 hemolytic Streptococcus positive flushes
(79%) were cloudy or mucoid (P < 0.005). Isolation of
B hemolytic Streptococcus from the efflux was highly
associated with a rise in pH (5.99 £ 0.05; P < 0.003;
Table 3), whereas, recovery of E. coli was not associated
(Table 1).

Micro-organisms were isolated from 45% (49/109)
of clear flushes. E. coli and B Streptococcus were
recovered most frequently (35/49; 71%; n =19 and 16,
respectively). The remaining 14 cultures grew the
following: bacteria not considered to be a pathogen
(n=17),S. aureus (n = 3), Enterobacteria cloaca (n = 2)
or Pseudomonas aeroginosa (n=2). Twenty three of
the 49 clear effluxes (47%) with micro-organisms
recovered had additional indices of inflammation, i.e.

Table 1
Relationship between efflux pH and isolation of micro-organisms
from low-volume uterine flushes of mares

Category Mean £+ S.E.M. 95% CI"

No bacteria 5.64 £0.04 a 5.55-5.72
Bacteria 5.83+0.02b 5.78-5.89
B Streptococcus 5.99+0.05b 5.81-5.99
E. coli 5.78 £0.03 a 5.69-5.85

Within a column, means with different letters (a, b) differ (P < 0.002).
* CI: confidence interval.



408 M.M. LeBlanc et al./Theriogenology 68 (2007) 403—412

Table 2

Relationship between neutrophils on cytological specimens and iso-
lation of bacteria from low-volume flushes and efflux clarity from low-
volume uterine flushes of mares

Number of Number of Number of Efflux
neutrophils on positive positive clarity®
cytological smear® cytologies cultures

0-2 53 40 39/39
2-5 12 11 10/10
>5 40 35 28/28
Total 105 86 77177

% Number of neutrophils/field at a magnification of 1000x. A
minimum of 10 fields were evaluated.

® Efflux clarity—number of cloudy or mucoid effluxes divided by
the total number of samples graded for clarity. Presence of neutrophils
on cytological specimens was associated with positive culture results
(P < 0.001) and with a cloudy or mucoid efflux (P < 0.001).

heavy debris (n=17), a pH > 5.8 (n=3), or both
(n=73).

3.3. Cytological findings—neutrophils, micro-
organisms and debris

Presence of neutrophils on cytological specimens
was associated with positive culture results (P < 0.001)
and with a cloudy or mucoid efflux (P < 0.001).
However, neutrophils were present in only 105 of 401
cytological smears (26%; Table 2). Eighty-six of the
105 positive cytologies had micro-organisms isolated
from the paired culture. All but three effluxes contain-
ing neutrophils were cloudy or mucoid. Bacteria or
yeast were identified in 49 of 401 (12%) cytological

specimens and were isolated from 45 of the 49 (92%;
P < 0.003) paired cultures.

Debris on cytological specimens was associated with
isolation of micro-organisms in flushes (P < 0.0001).
Fifty percent (141/282) of flushes with micro-organisms
isolated had moderate or heavy debris on cytological
specimens while 26% (31/119) of flushes with no
micro-organisms recovered had debris. E. coli was
highly associated with debris (70/119 positive E. coli
flushes; P < 0.0002), whereas, recovery of B Strepto-
coccus was not associated. Debris was present in 119 of
209 (57%) cytological smears obtained from cloudy or
mucoid effluxes, whereas only 3 of 60 clear flushes
(5%) without bacteria had debris. Debris was most
common in cytological specimens with 0-2 neutrophils/
field (142/245 cytological specimens; 58%; P < 0.003)
and was observed in only 29% of the smears with >2
neutrophils/field (15/52).

3.4. Histological findings

Isolation of bacteria from the uterine flush was
highly associated with the presence of neutrophils in the
stratum compactum (P < 0.007; Table 3). Micro-
organisms were recovered from the uterus of 70 of
the 110 mares from which an endometrial biopsy was
procured. Sixty-eight of the 70 endometrial biopsies
(97%) had histological evidence of acute endometritis.
Five of the 40 mares with negative cultures had
eosinophils and neutrophils in endometrial samples.
Three of the five mares had urine in the vagina.
Relationships between clear efflux, histology and
culture results are presented in Table 3. All culture

Table 3
Relationships between histological findings, flush culture, flush cytology and clear efflux from low-volume uterine flushes of mares
Histology+ (PMN+) Histology— (PMN—) Total Sensitivity Specificity
Culture+ 68 (62%) 2 (2%) 70 (64%) 0.71 0.86
Culture— 28 (25%) 12 (11%) 40 (36%)
Total 96 (87%) 14 (13%) 110 (100%)
Cytology+ 81 (74%) 3 (3%) 84 (76%) 0.80 0.67
Cytology— 20 (18%) 6 (5%) 25 (23%)
Total 101 (92%) 9 (8%) 110 (100%)
Clear efflux
Culture+ 16 (48%) 0 (0%) 16 (48%) 0.60 1.0
Culture— 11 33%) 6 (18%) 17 (52%)
Total 27 (82%) 6 (18%) 33 (100%)

Growth of micro-organisms (culture+) or no growth (culture—) from uterine flushes and the presence of neutrophils on cytology (+ is > 1 neutrophils/
field at 1000x) tested against histological examination of endometrial biopsy specimen (+: >3 neutrophils/5 fields at high magnification 400x).

Results from histological examination were used as the best standard.
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Table 4

Contingency tables showing relationships between flush culture, flush cytology and efflux clarity from low-volume uterine flushes of mares
Culture+ Culture— Total Clinical estimate of false +

Flush PMN+ 86 (22%) 19 (5%) 105 (26%) 70%*

Flush PMN— 196 (49%) 100 (25%) 296 (74%)

Total 282 (70%) 119 (30%) 401 (100%)

Efflux+ 179 (56%) 30 (9%) 209 (66%) 21%°

Efflux— 49 (15%) 60 (19%) 109 (34%)

Total 228 (72%) 90 (28%) 318 (100%)

Efflux+; debris+ 202 (64%) 30 (9%) 232 (73%) 11%¢

Efflux—; debris— 26 (8%) 60 (19%) 86 (27%)

Total 228 (72%) 90 (28%) 318 (100%)

Growth of micro-organisms (culture+) or no growth (culture—) from uterine flushes tested against the presence of neutrophils (PMN) in cytological
specimens (+: one or more neutrophils/field evaluated at 1000x) efflux clarity (+: cloudy or mucoid, —: clear) or efflux clarity and cytological debris

(moderate or heavy).
4196/282 = 70%.
© 49/228 =21%.
€ 26/228 =11%.

positive mares with clear efflux had neutrophils on
biopsy. Six of 17 culture negative mares had negative
biopsy results.

3.5. Sensitivity and specificity

Using the presence of neutrophils in a tissue
specimen from the uterus as the “best standard” for
diagnosing endometritis, the sensitivity of bacterial
growth from uterine flush was 0.71 and the sensitivity
for neutrophils on cytology was 0.80. The specificity for
diagnosing endometritis on flush culture or neutrophils
on cytology was 0.86 and 0.67, respectively (Table 3).
Table 4 shows relationships between flush culture and
cytology results and efflux clarity. The clinical estimate
of the number of contaminated (false positive) flush
cultures was 70% (196/282), if a false positive was
defined as culture positive/cytology negative. The
clinical estimate of contaminated (false positive) flush
cultures was 21% (49/228) if a false positive was
defined as positive culture/clear efflux. The clinical
estimate of contaminated (false positive) flush cultures
was 11% if a false positive was defined as positive
culture/clear efflux and no debris.

4. Discussion

Using the presence of neutrophils in a tissue
specimen as the “best standard” for diagnosing endo-
metritis, Neilsen reported the sensitivity of bacterial
growth from an endometrial biopsy was 0.82, whereas

growth from an endometrial guarded culture swab was
only 0.34 [8]. In the present study, flush culture was
twice as sensitive as swab culture estimated by Neilsen
(0.71 versus 0.34) when the same “‘best standard” was
used. Therefore, flush culture doubled the ability to
detect infected mares based on culture alone. The
improved sensitivity appeared to result from improved
detection of gram negative organisms as recovery of 3
hemolytic Streptococcus from uterine flush did not
differ from previous reports nor from swab results
presented here (38% of positive flush cultures; 39% of
positive swab cultures; Figs. 1 and 2 [2,4,6,11,20-22]).
Recovery of E. coli, however, was significantly higher
from uterine flushes (42%) than from culture swabs
taken in this (16%) and previous studies [2—4,6,11,20—
22]. Differences in pathogen—host relationships and
types of mares presented for infertility may have
contributed to the findings.

Using the biopsy data, our best estimate of the
number of false positives (contaminated effluxes) was
3% (2/70; Table 3). However, clinicians would identify
a disproportionately high number of positive cultures as
contaminated (70%) if the presence of neutrophils
detected in the efflux cytology was used as the only
index of inflammation (Table 4). By using additional
flush indices, the number of false positives can be
dropped to 21% using flush appearance, or 11% using a
combined index of flush appearance and debris on
cytology (Table 4). A flush sample should be regarded
as contaminated if bacteria are isolated but the efflux is
clear, there is no change in pH, cytology is either
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hypocellular or non-inflammatory, and no neutrophils
are present in the endometrial tissue (if biopsy is
obtained).

Only 86 of 282 positive cultures (22%; Table 4) had
neutrophils on cytology. Therefore, endometrial cytol-
ogy from a low-volume uterine flush may not reflect
the degree of inflammation in the endometrium. Palm
recently reported a pronounced rise in neutrophil
numbers within the stratum compactum when endo-
metrial biopsies were obtained 12h after uterine
infusions with semen extenders, saline or seminal
plasma, however, neutrophil numbers in cytological
smears obtained from low-volume uterine flushes
did not change [17]. The poor association between
endometrial inflammation and cytological inflammation
may result from debris in cytological specimens,
dilution and centrifugation of the efflux, type of
micro-organism recovered, or the duration of the
infection. Debris contains mucus, damaged epithelial
cells, and inflammatory by-products. Debris was most
commonly seen in cytological specimens that had
either no neutrophils or 0-2 neutrophils/field (142/245
cytological specimens; 58%; P < 0.003; Table 2);
however, it was uncommon in smears with >2 neutro-
phils. Centrifugation of the flush may have disrupted
cell walls, thereby increasing cellular debris. The
type of micro-organism isolated may have influenced
cytology results; E. coli was highly associated with
debris, whereas (3 hemolytic Streptococcus was not
associated. Type of organism recovered by culture swab
in a large clinical investigation also influenced cytology
results [22]. In that study, positive cytologies were less
common when gram negative bacteria were isolated
(52-55%) from culture swab than when gram positive
bacteria were isolated (67-82% [22]).

E. coli and B hemolytic Streptococcus appeared to
vary in their pathogen-host relationships. Streptococcal
uterine infections in the mare are watery [1] and intra-
uterine fluid is commonly visualized on ultrasono-
graphic examination of the uterus of infected mares.
Increased intra-luminal fluid and a rise in pH may be
due to Streptococcus releasing super-antigens, strepto-
kinases and other toxins, which attract pro-inflamma-
tory mediators into the uterine lumen [23-26]. Little is
known about the uterine inflammatory response to E.
coli in the mare. E. coli colonizes the genitourinary tract
in humans and tenaciously adheres to the epithelium,
preventing its physical removal [27]. In chronic
infections, it is known to secrete a biofilm, a hydrated
matrix of polysaccharide and protein, providing an
adhesive matrix for micro-colonies [28-32]. Biofilms
provide inherent resistance to antibiotics and both

cellular and humoral immune defenses. The heavy
debris on cytological smears seen in E. coli infections
in this study was likely associated with biofilms,
endometrial mucus and uterine inflammatory by-
products [29-32]. Uterine exudate in E. coli infections
may be tenacious, similar to that reported for Klebsiella
infections [1], making it difficult to isolate on a culture
swab. E. coli may also be associated with focal infection
as endoscopic evaluation of the uterine lumen of two
affected mares revealed focal, granulomatous plaques
(LeBlanc M, unpublished observations).

Mixed infections with either 3 hemolytic Strepto-
coccus or E. coli were two to four times more common
from culture of low-volume flushes than from culture
swabs in this or previous reports [8,22]. It is unlikely
that these mixed infections were contaminants as they
were associated with a rise in pH, cloudy or mucoid
effluxes and heavy debris on cytological smears. A low-
volume flush technique may identify more pathogenic
organisms than the swab technique, as the saline comes
in contact with a larger surface area. Mixed infections
may be more common with (3 hemolytic Streptococcus
and E. coli infections, as they have developed pathogenic
mechanisms that promote mixed infections. Streptococ-
cus resists phagocytosis by a combination of antigenic
variation [33], anti-phagocytic M-like proteins [34],
the hyaluronic acid capsule [35] and Fc receptors [36].
The Fc receptors on the streptococcal cell wall disrupt the
complement cascade, which may provide opportunities
for Gram negative organisms to also colonize the uterus
[37]. E. coli produces a biofilm in chronic infections that
protects itself and other micro-organisms from the host’s
inflammatory response [29-31].

Bacillus, Micrococcus, and o Streptococcus are not
considered pathogens of the equine uterus [4,6,8,11,
12,20-22,38]. However, a Streptococcus and Bacillus
have been associated with decreased 28-d pregnancy
rates (22% per cycle pregnancy rate [22]), positive
cytologies (56% [22]), and abortion due to both Mare
Reproductive Loss Syndrome [39] and allantocentesis in
the mare [40]. In this study, bacillus, o Streptococcus
and Micrococcus were isolated from 10.5% of the low-
volume flush cultures and the swab cultures. Seventy-
eight percent of the cytological specimens had debris or
neutrophils, both indices of inflammation. There are
indications that these organisms, in some cases, may be
associated with endometritis [22,39,40].

5. Conclusions

In summary, isolation of micro-organisms from low-
volume uterine flushes was associated with cloudy
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or mucoid effluxes, an increase in efflux pH, debris,
bacteria or neutrophils on cytological specimen, and
neutrophils in endometrial biopsies. The technique was
a rapid, accurate and practical method for diagnosing
endometritis in chronically infertile mares based on
sensitivity and specificity estimates approaching 0.75
and 0.9, respectively.
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