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Summary: The aim of this study was to describe the inflammatory response after intrauterine inoculation with three different strains of E.
coli in the mare. Nine cyclic mares aged between 7 and 20 years old were selected and their estrous detected by transrectal palpation and
ultrasound. Only clinically normal mares with negative cytology and bacteriology were used. Three different strains of E. coli obtained from:
(UT) uterine swab of a mare with endometritis, (VE) vestibular swab from a healthy mare and (MA) from mare manure, were used. Subse-
quently, the mares were submitted to intrauterine inoculation with 3×109 E. coli of one of the three different strains. All mares were chal-
lenged with each strain of E. coli in a randomized order in the subsequent different cycles. One day after infection, clinical examination of
the genital tract by speculum, ultrasound, endometrial cytology and bacteriological cultures were performed. These procedures were repe-
ated daily until negative culture and negative cytology were diagnosed. All mares had slight (<10/field) to severe (>20/field) endometrial
neutrophils 24h after E. coli inoculation. In 25 of 27 mares (92.6%), vaginal clinical signs and intrauterine fluid (IUF) were detected. Severe
vaginal signs with purulent aspect and hyperemic mucosa were observed in 17 mares and 8 presented mild signs. Only 59.2% of the mares
(16/27) were E. coli positive 24h after the infection. The time needed for elimination of bacteria was in average 2.8 (±1.0) days. In con-
clusion, E. coli spp. provokes a positive cytology and most of the mares developed vaginal clinical signs of endometritis and IUF, with no
difference among E. coli strains. 
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Introduction

Endometritis is the most important cause of infertility in barren
mares (Hughes and Loy 1975, LeBlanc et al. 2010) and inflicts
major losses on the equine breeding industry. Bacterial uterine
infections occur in 25 % to 60 % of barren mares and the most
frequently isolated pathogens are Streptococcus zooepidemi-
cus and Escherichia coli (Dimock 1928, Collins 1964, Mattos
et al. 1984, Albihn 2003, LeBlanc et al. 2007 and LeBlanc
2011). Endometritis caused by Streptococcus sp has been
widely studied (Hughes and Loy 1975, Neves et al. 2010).
However, little is known about the mare’s endometrial respon-
se to E. coli (LeBlanc et al. 2007 and Eaton 2010). Focal
infection (LeBlanc et al. 2007) induced by E. coli (Eaton 2010)
was associated with less exudative uterine inflammatory
response than by Streptococcus zooepidemicus. In contrast
some studies have shown that uterine infections by E coli were
less likely to have cytological evidence of inflammation (Riddle
et al. 2007, Burleson 2010). The objective of this study was to
describe the uterine inflammatory response after intrauterine
inoculation with three different strains of E. coli in the mare. 

Materials and methods

Animals

The experiment was conducted at the Laboratory of Animal
Reproduction, UFRGS, Porto Alegre, Brazil. Nine cyclic mares
between aged 7 and 20 years old were used. Mares were

kept under similar conditions of management during all the
experiment, supplemented with oats and hay twice a day with
ad libitum access to water and mineral supplement. 

Bacteriological and cytological examinations

To obtain the endometrial samples, the mare’s perineum was
washed and the tail bandaged. A guarded swab (Minitube
GmbH, Tiefenbach, Germany) was passed through the cervix
into the uterine lumen, via a sterile speculum (Merkt and von
Lepel 1970). The swab was exposed into the uterine lumen to
obtain an endometrial sample without contamination. The
swab was retracted into the sheath, removed from the uterus
and immediately plated on ChromagarTM (McKinnon 2011).
A bacteriological culture was considered negative when no
growth was observed on the Chromogenic Agar dish or insig-
nificant contaminants were isolated. 

Another swab was taken, in a similar manner, to make an
endometrial smear for cytological examination (Mattos et al.
1984). The swab was rolled back on a clean microscope sli-
de, fixed and stained with a Romanowsky stain (Panótico®,
Laborclin, Brazil) and evaluated under light microscopy 
(400× ). Cytology was considered negative when no PMNs
were detected in the slide. Positive cytology was classified
according to the number of PMNs in the observed fields as:
severe (>20), intense (15 –19), moderate (10 –14) and slight
(<10).
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Clinical examination of the genital tract

Mares were examined by transrectal palpation and ultrasono-
graphy to detect intrauterine fluid (IUF). The IUF was charact-
erized by hypoechoic areas larger than 10 mm in diameter in
the uterine lumen. Vaginal examination was performed to
observe mucosa aspect and the presence of secretion. Vagi-
nal clinical signs were classified as: severe (abundant fluid
accumulation), mild (little fluid accumulation) or absent
(without fluid accumulation). 

Preparation of bacteria 

Three different E. coli strains were obtained from: uterine swab
of a mare with endometritis (UT), vestibular swab from a heal-
thy mare (VE) and from mare’s manure (MA). After isolation,
bacteria were cultured for 24h in the brain heart infusion (BHI)
enrichment medium. Glycerol was added to the BHI medium,
stored in 20 mL sterile cryovials at -20 °C. A resistance test for
the three strains of E. coli was performed and demonstrated
differences in the antimicrobial susceptibility.

Before infusion, bacteria were thawed and incubated at 
37 °C for 24 h in BHI agar dishes in order to allow bacterial
growth. For uterine inoculation, colonies were suspended in
2 mL saline solution to a final concentration of 1.5×109 bac-
teria/mL, using the MacFarland scale (Neflobac®, Probac do
Brazil Ltda, São Paulo, Brazil). 

Experimental Design

Before each experimental infection, mares were examined for
reproductive soundness, including evaluation of perineal
conformation, palpation per rectum and ultrasound of the
genital tract, vaginal examination with speculum, bacteriolo-
gical cultures and cytology of the endometrium. Only clinical-
ly normal mares with negative cytology and negative cultures
were used. 
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When the presence of a dominant follicle (>35mm) and ute-
rine edema (2 – 3) were detected, mares were experimentally
infected with either one of the three strains of E. Coli (3×109

CFU) diluted in a 20 mL saline solution. Only clinically heal-
thy mares with negative cytology and bacteriology were used
for this experiment. All mares were free from intrauterine fluid
at the time of inoculation with E. coli. 

Clinical examinations of the genital tract, endometrial cytolo-
gy and endometrial cultures were conducted daily on all
mares, beginning 1 day after bacterial infusion. Clinical, bac-
teriological (Merkt and von Lepel 1970) and cytological (Mat-
tos et al. 1984) examination continued until negative culture
for E. coli from endometrial swabs and absence of neutro-
phils in cytology were detected. 

A Latin square design was used. All mares were challenged
with the three strains of E. coli in a randomized order in the
subsequent cycles. As nine mares were used and each one
was submitted to the three E. coli strains, a total of 27 infec-
tions were done. New infections were performed no sooner
than 14 days following complete elimination of bacteria pre-
viously inoculated. No mare was lost during the process.

Statistical analysis

Data were analyzed using general linear model procedure of
SAS (Statistical Analysis System). The model included the main
effects of mare, E. coli strain and sequences of experimental
groups and the dependent variables of time required to elimi-
nate bacteria after experimental infection, time between expe-
rimental infection and the first negative cytology and their
interactions. Means were compared using least square means.

Results

The percentage of mares with vaginal clinical signs, IUF
values, positive cytology and bacteriology 24 h after experi-

Table 2  –  Length of time (days) and standard deviation between experimental infection and the first negative cytology and bacteriology in mares  
experimentally infected with three different strains of E coli. / Zeitintervall (Tage mit Standardabweichung) zwischen experimenteller Infektion und 
der ersten negativen Zytologie und Bakteriologie bei Stuten nach experimenteller Infektion mit drei verschiedenen E. coli Stämmen 

 E coli strain Cytology (days) Bacteriology (days) 

UT 3.1a ± 0.9 3.2a ± 0.8 

VE 3.6a ± 0.7 2.8a ± 1.3 

MA 3.6a ± 0.9 2.2a ± 0.5 

Mean 3.4 ± 0.8 2.8 ± 1.0 

Different characters indicate significant difference in the column (P < 0.05) 1 
  

  

Table 1  –  Percentage of mares with positive cytology and bacteriology, with vaginal clinical signs and IUF 24h after experimentally infection with 
three different strains of E coli. / Prozentualer Anteil der Stuten mit positiver Zytologie, vaginal klinischen Symptomen und intrauteriner 
Flüssigkeitsansammlung 24 Stunden nach experimenteller Infektion mit drei verschiedenen E. coli Stämmen 

 E coli strain Vaginal  IUF * Positive Cytology Positive Bacteriology 

UT 78 %a 89 %a 100 % 67 %a 

VE 100 %a 89 %a 100 % 67 %a 

MA 100 %a 100 %a 100 % 44 %a 

Mean 92.6 % 92.6 % 100 % 59.3 % 

Different characters indicate significant difference in the column (P < 0.05)   * Intrauterine Fluid 
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mentally infection with three different strains of E coli are
depicted in Table 1. In 25 of 27 mares (92.6 %), vaginal cli-
nical signs and IUF were observed in the inoculated mares.
Severe vaginal signs with purulent aspect and hyperemic
mucosa were observed in 17, and the remaining 8 presented
mild signs. However, one of the mares without clinical signs
of endometritis presented IUF. At the third day, the number of
mares presenting mild or severe clinical signs was reduced to
11 (40.7 %) (Figure 1).

All mares had slight (<10/field) to severe (>20/field) end-
ometrial neutrophilia 24h after E coli inoculation and the
cytology remained positive 3.4 days in average (table 2). UT
E. coli had a tendency (P< 0.09) to produce a higher neutro-
philia than the VE and MA E. coli. Only 16 out of 27 mares
(59.3 %) were positive for E coli culture 24h after E coli inocu-
lation. The time needed for E. coli elimination was in average
2.81 days (table 2).

Discussion

After 24 hours of intrauterine infection with three different
strains of E. coli, all mares (100 %) presented slight to severe
positive endometrial cytology. Twenty-five (92.6 %) out of 27
mares presented vaginal clinical signs and intrauterine fluid
accumulation. This is in agreement with recent studies, where
the presence of PMNs was observed in all mares and clinical
signs of endometritis and IUF were present in 83 % (Christof-
fersen et al. 2010) and in 100 % (Christoffersen et al. 2012)
of the cases at 3 h, 24 h and 72 h after E. coli infection.
However, most of the authors have reported that not all posi-
tive cultures of E. coli were associated with positive cytology
(Riddle et al. 2007, Bindslev et al. 2008, Nielsen et al. 2010,
Overback et al. 2011).

In the present study, positive bacterial culture was detected in
59.2 % of the infected mares after 24 h of E. coli inoculation.
In this study the E. coli isolation rates were lower than the
obtained with experimental infection with Streptococcus sp
(Neves et al. 2007), using the same technique. Uterine exuda-
te in E. coli infections may be tenacious, similar to that repor-
ted for Klebsiella infections (Dimock and Edwards 1928,
Beachey 1981), making it difficult to isolate on a culture swab.
In chronic infections E. coli secrete a biofilm, a hydrated matrix
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of polysaccharide and protein, providing an adhesive matrix
for micro-colonies (Costerton 1995, Freeman 1990). 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 et al. 2007). A low
volume flush technique may identify more pathogenic orga-
nisms than the swab technique, as the saline solution comes
in contact with a larger surface area (LeBlanc et al. 2007). The
uterine flushing technique seems to have a higher sensitivity for
the detection of gram-negative microorganisms, whereas for
b-haemolytic Streptococcus, it did not differ when compared
to swabs (Wingfield 1982 and Riddle 2007).

In an unpublished study (Camozzato 2013) isolated E. coli
from the vulva and vestibule in 80 % of the mares after clea-
ning the perineum with water and soap. The author demon-
strated that is very easy to provoke a sample contamination
with a simple touch of the swab in the vulvar-vestibular area.
False positive cultures have been associated with contamina-
tion of culture instruments from the environment, external
genitalia and vagina (Ricketts 1981). Contamination of a ute-
rine catheter with vaginal flora must be considered as a sour-
ce of false positive culture results, because contamination
occurs more frequently in a semi-guarded (i.e. the flush tech-
nique) than in a completely guarded (i.e. swab technique)
endometrial culture technique (LeBlanc et al. 2007).

In this study, no difference in cytology, vaginal and uterine cli-
nical signs among the three different strains of E. Coli were
observed. In cows with metritis, E. coli was more adherent
and invasive to endometrial epithelial and stromal cells.
Bicalho et al. (2010) reported six genes: fimH, astA, cdt,
kpsMII, ibeA and hlyA to be mostly associated with bacterial
adhesion or invasion, in both metritis and clinical endometri-
tis. The fimH adherence gene was present in 87 % of the ute-
rine E. coli infections in cows and in 29 % was strongly asso-
ciated with increased risk of disease. In the present study,
despite the differences among the three different strains, the
bacteria used probably presented genes associated with
adhesion or invasion and caused the clinical signs of end-
ometritis and the positive cytology.

In conclusion, E. coli endometritis provoked a positive cytolo-
gy and most of the mares developed vaginal clinical signs of
endometritis and IUF, with no difference among E. coli strains.
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Endometritis bei mit drei unterschiedlichen Stämmen 
von E-coli experimentell infizierten Stuten

Das Ziel dieser Studie war es, Entzündungsreaktion bei der Stute
zu beschreiben, die nach intrauteriner Inokulation mit drei ver-
schiedenen Stämmen von E. coli auftreten. Neun zyklische Stu-
ten im Alter zwischen 7 und 20 Jahren wurden ausgewählt und
ihr Östrus durch transrektale Palpation und Ultraschall ermittelt.
Nur klinisch unauffällige Stuten mit negativer Zytologie und
Bakteriologie wurden verwendet. Drei verschiedene Stämme
von E. coli kamen zum Einsatz: (UT) aus einer Tupferprobe einer
Stute mit Endometritis, (VE) aus einem vestibulären Tupfer einer
gesunden Stute und (MA) aus Pferdemist. Anschließend wurden
die Stuten intrauterin mit 3× 109 E. coli einer der drei Stämme
inokuliert. Alle Stuten wurden mit jedem Stamm von E. coli in
randomisierter Reihenfolge in den folgenden Zyklen infiziert.
Einen Tag nach der Infektion erfolgte eine klinische Untersu-
chung des Genitaltrakts mittels Spekulum, sowie Ultraschall,
Endometriumzytologie und bakteriologische Kultur. Diese Ver-
fahren wurden täglich so lange wiederholt bis eine negative Kul-
tur und negative Zytologie diagnostiziert werden konnte. Alle
Stuten hatten 24 h nach der E. coli Inokulation wenige
(<10/Gesichtfeld) bis zahlreiche (>20/Gesichtsfeld) neutro-
phile Granulozyten im Endometrium. 25 von 27 Stuten (92,6 %)
zeigten vaginal klinische Anzeichen und eine intrauterine Flüs-
sigkeit (IUF). Schwere vaginale Symptome mit eitrigen Charak-
ter und hyperämischer Schleimhaut lagen bei 17 Stuten und
milde Erscheinungen bei 8 Stuten vor. Nur 59,2 % der Stuten
(16/27) erwiesen sich 24h nach der Infektion als E. coli positiv.
Die durchschnittliche Zeit für die Beseitigung der Bakterien lag
bei 2,8 (±1,0) Tagen. Abschließend ist festzustellen, dass E. coli
spp. eine positive Zytologie provozieren und die meisten Stuten
vaginal klinische Anzeichen einer  Endometritis und IUF entwik-
keln, wobei kein Unterschied zwischen den E. coli-Stämmen zu
erkennen ist.

Schlüsselwörter: Stute / Infektion / E.coli / Endometritis / Zyto-
logie / Bakteriologie / Reproduktion
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