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Abstract

Background: Endometritis is a common problem in a broodmare practice, often leading to infertility. The diagno-

sis is based on several methods such as cytology, bacteriology and histopathology; however the outcome of these
methods may be inconclusive even when used together. The objectives of this study were: (1) to investigate the
usefulness of acute phase proteins as an additional diagnostic tool for diagnosis of subclinical endometritis in mares
and (2) to evaluate the association between macroscopic changes in uterine flushes and inflammation of the uterus.
Materials were collected from 53 Icelandic mares with subclinical endometritis. Endometrial swabs and uterine lav-
age for cytological and bacteriological examinations and two endometrial biopsies were taken. Blood samples were
collected 12-24 h after ovulation to determine the concentrations of serum amyloid A and haptoglobin in the 53 sub-
fertile mares and, for comparison, from 20 non-pregnant mares that later conceived.

Results: Twenty-five mares were classified as positive for endometritis based on endometrial biopsy, which was used
as the ‘gold standard’ We observed a correlation between cloudy efflux in the lavage and (1) polymorphonuclear

cell (PMN) infiltration of the endometrium (P = 0.031), (2) positive cytology in samples obtained by cotton swabs
(P=0.019) and uterine lavage (P = 0.011), and (3) positive microbiology from samples obtained by cotton swabs
(P=0.001) and uterine lavage (P = 0.047). The degree of agreement between PMN infiltration and positive cytology
from samples taken by cotton swabs and uterine lavage was fair to moderate. We found no association between the
concentration of acute phase proteins and infiltration of the endometrium by PMNs, or with positive results of cyto-
logical and microbiological examinations.

Conclusions: Measurement of serum amyloid A and haptoglobin was not proven useful for diagnosis of subclinical
endometritis in Icelandic mares. Macroscopic changes in the fluid collected by lavage were not consistently indicative
of infection, but when present they indicate inflammation in the uterus with a high probability.
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Background published data, it is the third most important clinical
Inflammation of the endometrium is one of the main  problem in horses after colic and respiratory diseases [2].
causes of reduced fertility in the mare [1]. According to Traditionally, the diagnosis of endometritis is based

on history, clinical findings and results of microbiologi-
— : cal, cytological and histopathological examinations [3].
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abnormalities in the uterus [3]. Detection of intrauterine
fluid is an indicator for clinical endometritis, however
this sign may be absent in subclinical cases of endome-
tritis [3, 4]. Subclinical endometritis has been described
as a ‘hidden’ endometritis in mares, which did not show
the typical signs of endometritis such as accumulation of
fluid in the uterus [3].

The breeding season of mares is regulated by photoper-
iod because lengthening of days activates their reproduc-
tive system. Conditions for the domestic maintenance of
horses in Iceland are broadly very similar to the natural
situation. Foaling takes place in the field and should hap-
pen in the early summer to allow foals to reach a reason-
able size before winter. Therefore, the timely diagnosis
and effective treatment of infertility are very important
for successful breeding in Iceland.

Traditionally in Iceland, the mares are covered by a
stallion in a harem, without human intervention. In
recent times, artificial insemination and hand mating
have become popular, allowing deeper observation of
infertility in these mares; however, no report is available
on the causes of infertility in Icelandic horses.

One of many methods used both for treatment of
endometritis and to collect samples from the uterus for
cytological and microbiological examinations is uterine
lavage (UL). LeBlanc et al. [5] and Christoffersen et al.
[6] used a low volume flush, infusing 60 and 250 ml of
fluid, respectively, into the uterus. After centrifuging the
recovered fluid, the supernatant was decanted and the
pellets were used for cytological and microbiological
examinations.

Endometrial biopsy is internationally recognized as a
reliable, risk-free and meaningful method for diagnos-
ing endometritis and for prognostic evaluation of endo-
metrial conditions in the mare [7]. However, the long
waiting time for test results makes it inappropriate for
immediate treatments [4, 8, 9]. Routinely, in practice only
one biopsy is collected, but results obtained from a sin-
gle biopsy sample may be misleading. A study performed
after slaughter showed that a single biopsy is not enough
to determine the severity of degenerative changes in the
mare uterus with sufficient accuracy [10]. Another post
mortem study revealed that evaluation of inflammation
using both cytological and histological techniques does
not give the same results in different sampling sites [11].

In many cases, despite negative results obtained from
cytology, microbiology and histopathology, the mare still
could not become pregnant.

Acute phase proteins (APP) are sensitive, but not spe-
cific, systemic markers of inflammation [12]. Serum
amyloid A (SAA) is a protein that increases rapidly, with
larger amplitude (>100-fold) changes after tissue injury,
infection or inflammation. The concentration of SAA in
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healthy horses is very low or undetectable and ranges
from <0.5 to 20 mg/1 [13, 14]. Haptoglobin (Hp) is already
present in blood plasma of healthy horses (0.2-1 g/l)
and its concentration increases only 1-10 times dur-
ing inflammation [14]. Tuppits et al. [15] found no dif-
ferences in the concentrations of APP before and after
artificial insemination. However, Christoffersen et al.
[16] observed a transient increase of SAA concentration
after intrauterine infusion with a high dose of Escheri-
chia coli during diestrus. In contrast to these results,
Christoffersen et al. [1] found no changes in plasma con-
centrations of SAA after inoculation with lower doses of
E. coli during estrus and these differences appear to be
both dose-dependent and cycle-related. Krakowski et al.
[17] suggested that high concentrations of SAA and Hp
prior to ovulation and insemination may be an indicator
of latent subclinical endometritis, which cannot be diag-
nosed by ultrasonography. This suggested to us the need
to examine the usefulness of APP levels as an additional
tool for diagnosing subclinical endometritis.

The aim of this study was to evaluate the usefulness of
uterine lavage with 1 1 physiological saline and measure-
ment of APP as a diagnostic tool for subclinical endome-
tritis in Icelandic mares. In this study, the concentrations
of SAA and Hp in blood collected from barren and fertile
mares were examined to evaluate the usefulness of this
test.

Methods

Mares

All samples were collected from Icelandic Horse mares,
in estrus, during one breeding season from May to
August 2014 in Dyraleeknir Sandholaferja Veterinary
Clinic, Hella in Iceland.

Our study group consisted of 53 mares, aged from 3 to
25 (12.34 £ 5.72) years, with a history of infertility. All
these mares were suspected for subclinical endometritis.
They were qualified for the study based on the following
criteria: they had been bred three or more times unsuc-
cessfully in the same breeding season, or had a history of
a minimum of 1 year’s reproductive failure. All the mares
were in estrus, ultrasound examination of the reproduc-
tive tract showed no intrauterine fluid and no discharge
from the vagina was observed. All were clinically healthy,
they were kept under the same conditions and none was
previously treated for endometritis.

Control group

The control group comprised 20 fertile mares of the Ice-
landic Horse breed, which became pregnant after insemi-
nation or natural covering. All these mares were clinically
healthy, kept under the same conditions and had no
history of infertility. In this group, blood samples were
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collected to determine the concentrations of SAA and Hp
in healthy, fertile mares that subsequently became preg-
nant after insemination. All of the mares were in estrus,
with no intrauterine fluid observed in the ultrasound
examination and no discharge from the vagina. All mares
were evaluated by transrectal palpation and ultrasonog-
raphy at intervals of 24 h to assess the time of ovulation.
Blood samples were collected 12-24 h after ovulation.
Fifteen days after ovulation, a pregnancy check was per-
formed with ultrasound. From the material collected,
only plasma samples that came from mares diagnosed
positively for pregnancy were used for determination of
SAA and Hp. Twenty mares were diagnosed as pregnant
15 days after ovulation, and in blood plasma from these
mares the concentrations of SAA and Hp were deter-
mined. The concentrations of SAA and Hp taken from 53
barren mares were compared with their levels in 20 non-
pregnant mares that later conceived. This comparison
was used to investigate differences in the concentrations
of APP in barren mares and in healthy, fertile mares that
achieved pregnancy at the first attempt.

Sample collection

All mares were examined while restrained in stocks.
The sample collections were performed after a complete
reproductive assessment of the mares, including evalua-
tion of the external genital tract and manual transrectal
palpation as well ultrasonography examinations (using
Ge Logiq Book XP, USA) of the reproductive tract to
determine cycle stage and to exclude intrauterine fluid.
During examination of the external genital tract, in all
of these mares 80 % of the labia lengths were below the
pelvic brim. Afterwards, the tail was bandaged, the vulva
and the perineum were cleaned with povidone-iodine
(Betadine®-Polyvidonum iodinatum, MEDA Pharma
S.p.A., Milan, Italy) and dried with a paper towel and
samples were always collected in the same order: swab,
lavage and biopsies.

Cotton swabs

First, for cytological and bacteriological examinations,
material from the uterus was collected using a double-
guarded uterine cotton swab (CS; Minitube, Tiefenbach,
Germany). The cotton swab was inserted into the uterus
by manually passing it through the cervix. The tip of the
swab was hidden in the hand and the labia were spread
by additional staff to minimize infection by vaginal and
vulvar skin flora. The procedure for sample collection by
cotton swabs was carried out as described by Walter et al.
[18].

Page 3 of 10

Uterine lavage

Then, uterine lavage (UL) was performed using a com-
mercial sterile uterus flushing tube (EQUIVET Uterine
Flushing Tube Sterile; Kruuse, Denmark). The sterile
catheter for UL was manually passed into the uterus and
11 of sterile physiological saline warmed to 38 °C was
infused from a bag into the uterus. The fluid was allowed
to become distributed within the uterus and then col-
lected into the same bag by gravity flow. The recovered
fluid volume and color were recorded as described below
and the bag was hung for sedimentation by gravity for at
least 1 h. The clarity of the recovered fluid was recorded
according to LeBlanc et al. [5] and was graded as clear,
cloudy, efflux with debris (mucus stains) and efflux with
blood (from pink to red coloration). Then, 50 ml of
efflux was aspirated from the bottom of the bag, which
was previously disinfected with alcohol, by puncturing
it with a sterile needle into a 50 ml tube and centrifuged
at x400g for 10 min. The supernatant was decanted and
the sediment was used for cytological and bacteriological
examinations.

Endometrial biopsies

After lavage, two endometrial biopsies (EB) were taken
from the dorsal wall of the base of each uterine horn
(left and right) and fixed in 10 % formalin for histo-
pathological examination. The biopsies were collected
using a sterilized biopsy punch (Equi-Vet, Kruuse, Den-
mark) that was manually passed through the cervix and
then directed into the left and right horns with a finger
and through rectal manipulation with the other hand.
The biopsies were always taken in the same order: first
from the left and then from the right horn. The endo-
metrial biopsies were immediately fixed and sent to the
Department of Pathology at the Wroclaw University of
Environmental and Life Sciences in Poland, where histo-
pathological examination for inflammation of the endo-
metrium was performed.

Blood sample collections

Blood samples were collected once from 12 to 24 h after
ovulation from the external jugular vein into 10 ml hep-
arinized tubes. From each mare, 10 ml of blood was col-
lected into heparinized tubes and centrifuged at x800g
for 10 min. Then the serum was transferred to 2 ml
microcentrifuge tubes, stored at —20 °C and sent on dry
ice to the Department of Immunology, Pathophysiol-
ogy and Veterinary Preventive Medicine at the Wroclaw
University of Environmental and Life Sciences in Poland,
where the concentration of APP was determined.
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Examination of samples

Cytological smears were performed on cellular mate-
rial collected using cotton swabs and from a sterile swab
that was placed into the sediment obtained from uterine
flushing. The swabs were rolled onto a sterile microscope
glass and air-dried. The smears were stained using Dift-
Quick stain (Medion Diagnostics AG, Duedinden, Swit-
zerland) and examined with light microscopy under oil
immersion (1000x magnification) for the presence of
polymorphonuclear cell (PMN). We counted 300 cells
in each sample. When PMN cells represented more than
2 % of all cells in the sample, it was considered positive
for endometritis [11, 19-21]. The samples collected by
CS and UL were evaluated according to the same criteria.

Next, the same samples that had been used for cytology
were placed on a blood agar (bioMérieux, France, supple-
mented with 5 % defibrinated sheep blood), MacConkey
Agar (bioMérieux) and Sabouraud Dextrose Agar (Oxoid,
UK) for microbiological examination. The media were
incubated aerobically at 37 °C for 24 h and the growth
of microorganisms was recorded. Negative plates were
incubated further and re-examined after 48 and 72 h for
the presence of bacteria and yeasts. Then the plates were
stored in a refrigerator and sent chilled to the Depart-
ment of Pathology at the Wroclaw University of Environ-
mental and Life Sciences, Poland, where microbiological
examination was conducted. Isolated bacteria were pre-
liminarily identified based on colony characteristics and
cell morphology, Gram staining, hemolytic activity and a
catalase test. Gram-positive and catalase-positive cocci
were further examined using the ID 32 STAPH identifica-
tion system (bioMérieux). Gram-positive rods were iden-
tified by means of the API CORYNE kit (bioMérieux),
and Gram-negative ones using conventional biochemical
reactions (acid production from glucose and lactose, and
indole, urease and H,S tests).

If more than 90 % of the colonies on a given plate were
identical, they were considered as a positive and pure cul-
ture [22]. Mixed cultures of three or more microorgan-
isms were regarded as contaminations and recorded as a
negative growth result [21, 23]. Non-pathogenic bacteria
were recorded only if isolated in pure culture [5].

Formalin-fixed biopsies were cut into 4 um sections
and stained with eosin and hematoxylin. Evaluation was
performed under light microscopy for infiltration by
PMN and eosinophils of the endometrial luminal epi-
thelium and the stratum compactum. Samples were con-
sidered positive for acute endometritis if three or more
PMN per five fields (400x magnification, BX53 optical
microscope Olympus, Tokyo, Japan) were found in at
least one of the biopsies [5, 6, 24] and we also evaluated
the infiltration of the stratum compactum and stratum
spongiosum by eosinophils using similar criteria.
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The concentrations of SAA were assessed using the
Multispecies SAA ELISA Kit (Tridelta Development, TP
802, Ireland) according to the manufacturer’s instruc-
tions. All samples were analyzed in duplicate. The absorb-
ance was read at a wavelength of 450 nm using 630 nm
as a reference with a Biotek pQuant reader (BioTek
Instruments Inc., Winooski, VT, USA). The intra- and
inter-assay CVs were 2.1 and 5.2 %, respectively. The con-
centration of Hp was determined by the guaiacol method
according to Jones and Mould [25]. The intra-assay CV
was 10.4 % and the inter-assay CV was 13.5 %.

Statistical analysis

For statistical analysis, we used Fisher’s Exact test and the
Chi square test. The significance level was set at P < 0.05.
Sensitivity and specificity were calculated using the PMN
infiltration in endometrial biopsies as the ‘gold standard.
Sensitivity was calculated as the proportion of mares with
PMN infiltration in biopsies and a positive result from
the compared tests (CS and UL). Specificity was calcu-
lated as the proportion of mares with no PMN infiltration
of the endometrium and a negative result from the com-
pared tests (CS and UL). A positive predictive value was
calculated from the proportion of mares with PMN infil-
tration of the endometrium among the positive results
in the compared tests (CS and UL). A negative predic-
tive value was calculated as the proportion of mares with
negative histology among the negative results in the com-
pared tests (CS and UL) [23]. Cohen’s coefficient (k) was
calculated to evaluate the agreement of PMN infiltration
in biopsy samples taken from the left and the right horn
and the positive results of cytology and bacteriology from
samples obtained by CS and UL as well as changes in the
appearance of the efflux. Agreement was designated as
follows: poor if k < 0.2, fair if 0.21 < k < 0.41, moderate
if 0.41 < k < 0.6, substantial if 0.61 < k < 0.8; and good if
k>0.8[11,26].

Results

Histopathology

A total of 106 endometrial biopsies obtained from two
locations were examined and PMN infiltration of the
endometrium was present in 25 of 53 mares (47.2 %).
Only 10 of the 25 mares with PMN infiltration of the
endometrium (40 %) exhibited an increase of PMN in
both biopsies that were collected from the base of each
horn. Fifteen mares (60 %) had infiltration of PMN in
only one horn (12 mares—left horn, 3 mares—right
horn). We also observed that 25 of the subfertile mares
had an eosinophil infiltration (three or more eosinophils
per five high magnification fields at x400) in at least
one biopsy but only in 14 mares was this correlated with
PMN infiltration of endometrium. Eleven mares had
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eosinophilic infiltration of the endometrium, but without
PMN infiltration.

Cytology

Positive results of cytological examination were observed
in nine of 53 samples collected by lavage (17 %) and in
five of 53 obtained by swabs (9.4 %, Table 1). Six samples
showing the presence of PMN on cytology slides were
correlated with positive results of the bacteriological
examination. We observed a statistically significant rela-
tionship between PMN infiltration of the endometrium
and positive cytology in samples collected by cotton
swab (P = 0.02) and those obtained from uterine lavage
(P = 0.0001). The sensitivity, specificity, positive predic-
tive values (PPV) and negative predictive values (NPV)
and the agreement (k) between PMN infiltration of the
endometrium in samples obtained from the left and right
uterine horns are shown in Table 1. The agreement (k)
between PMN infiltration and positive cytology in sam-
ples obtained from CS was fair and we did not find dif-
ferences between biopsies taken from the left and right
uterine horns. However, the agreement between positive
cytology obtained from UL and PMN infiltration of the
endometrium was moderate in biopsies taken from the
right uterine horn and only fair in biopsies obtained from
the left horn.

Microbiology
Microorganisms were isolated from six of 53 uterine lav-
ages (11.3 %) and from nine of 53 swabs (17 %, Table 1).
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In three mares, positive bacteriological results were con-
firmed in samples collected by both CS and UL: in two
cases we found Staphylococcus spp. and in one case E.
coli. The most frequently isolated bacteria in samples
collected by endometrial swabs were f-hemolytic strep-
tococci isolated from five of nine (55.5 %) and Staphy-
lococcus spp. in three of nine (33.3 %). E. coli as well as
Micrococcus spp. were isolated from one of nine uter-
ine swabs. The most common micro-organisms isolated
from uterine lavages were Staphylococcus spp. isolated
from three of six lavages (50 %) and E. coli from two of six
(33.3 %). These two organisms were isolated from 83.3 %
of the positive flush cultures. In one lavage we isolated
Corynebacterium spp. (one of six lavages). The presence
of bacteria and its relationship to positive cytology and
histology results are presented in Table 2. We observed
no significant relationship between PMN infiltration of
the endometrium and positive results of microbiological
examination from samples obtained by CS and UL, but
there was a statistically significant relationship between
positive cytology and positive microbiology in samples
collected by endometrial swabs (P = 0.03). The Cohen’s
(k) coefficient between positive bacteriology results from
samples obtained by CS and UL and PMN infiltration
of the endometrium in samples obtained from both the
left and right uterine horns was usually only poor or fair,
and we observed differences between the biopsy samples
taken from the left and right uterine horns. The sensitiv-
ity, specificity, PPV, NPV and k agreement are presented
in Table 1.

Table 1 Results of cytology and bacteriology in relation to PMN infiltration of the endometrium

Sampling tech- Histo+ Histo— Total Sens Spec PPV NPV k left horn kright
nique horn
CS Cul+ 6 3 9 0.24 0.893 0.667 0.568 0.192 0.204
Cul— 19 25 44
Total 25 28 53
uL Cul+ 5 1 6 0.20 0.964 0.833 0.574 0.131 0315
Cul— 20 27 47
Total 25 28 53
(@) Cyt+ 5 0 5 0.20 1.00 1.00 0.583 0.256 0.228
Cyt— 20 28 48
Total 25 28 53
uL Cyt+ 9 0 9 0.360 1.00 1.00 0.636 0277 0431
Cyt— 16 28 44
Total 25 28 53

Positive cytological result from smears => 2 % PMNs of 300 cells (x 1000); positive histological results from biopsies => 3 PMNs/5 fields (x400)

PMN polymorphonuclear cells, Cul+ culture positive/negative, Cyt+ cytology positive/negative, Histo+ histopathology positive/negative (PMN infiltration in
endometrium/no PMN infiltration in the endometrium), CS cotton swab, UL uterine lavage, Sens sensitivity, Spec specificity, PPV positive predictive values, NPV
negative predictive values, k left/right horn- agreement between the number of PMN in biopsies samples taken from the left/right horn and the positive cytology and

bacteriology in the compared tests (CS and UL)



Sikora et al. Acta Vet Scand (2016) 58:50

Page 6 of 10

Table 2 Presence of bacteria according to results of cytological examination and PMN infiltration of the endometrium

Microorgan- Cotton swab Uterine lavage Total
isms

Cyt+ Cyt— Histo+ Histo— Cyt+ Cyt— Histo+ Histo—
Staphylococ- 1 2 2 1 1 2 2 1 6
cus spp.
B-hem. Strep- 3 2 3 2 0 0 0 0 5
tococcus
Escherichia 0 1 1 0 1 1 2 0 3
coli
Micrococcus 0 1 1 0 0 0 0 0 1
spp.
Corynebacte- 0 0 0 0 1 0 1 0 1
rium spp.

Cyt+/- cytology positive/negative, Histo+ histopathology positive/negative, PMN polymorphonuclear cells

Relationships among

(i) macroscopic evaluation of the efflux and

(ii) PMN infiltration of the endometrium, and

(iii) positive results of cytological and bacteriological
examination.

The collected lavage fluid was assessed for its volume,
color and transparency as described earlier. On average
we recovered 960 £ 38 ml of fluid. We observed a sta-
tistically significant relationship between infiltration of
the endometrium by PMN and cloudy efflux (P = 0.031),
but there were no statistically significant relationships
between clear efflux, efflux with blood or with debris and
the presence of PMN in the endometrial biopsies. The
sensitivity, specificity, positive and negative predictive
values (PPV and NPV) and agreement (k) between the
infiltration of PMN in endometrial biopsies taken from
the left and right uterine horns are presented in Table 3.

Acute phase proteins (serum amyloid A and haptoglobin)
SAA concentrations are shown in Fig. 1. In the subfer-
tile group, the level of SAA varied widely, and in nine
mares it reached very high concentrations (from 37.26 to
595.71 mg/l), whereas in the other subfertile mares it did
not exceed 20 mg/1.

Table 3 Diagnostic evaluation of the efflux

In the healthy mares from the control group, the con-
centration of SAA was uniform and in most cases, its
level did not exceed the limit or was almost undetectable
(on average 1.85 £ 2.04 mg/l, maximum 6.49 mg/l). As
Fig. 2 shows, in the subfertile group 18.9 % of samples
were above the norm, compared to the fertile mares in
which no cases were reported.

The concentration of Hp was more constant than
SAA in both groups. The Hp concentration on aver-
age was 1.27 + 1.046 g/l in the subfertile mares and
1.13 £ 0.58 g/l in the fertile mares; these values were not
significantly different.

Twelve out of 53 subfertile mares showed positive
results in the bacteriological tests, but only in three
mares was this associated with increased levels of SAA
and Hp (E. coli, Staphylococcus spp., Micrococcus spp.).

Discussion
Uterine lavage with 1 1 of fluid or more is often per-
formed for treatment of endometritis. LeBlanc et al. [5]
and Christoffersen et al. [6] used a low-volume flush for
diagnosing endometritis (60 and 250 ml, respectively), but
the aim of our work was to demonstrate the usefulness of
flushing with 11 as a diagnostic method for endometritis.
In the present study, the sensitivity of cultures
from uterine lavage was 0.20, much lower than the

Efflux Sensitivity Specificity PPV NPV k left horn kright
horn

Clear 0.160 0.643 0.286 0462 Negative values

Cloudy 0.440 0.857 0.733 0.632 0.307 0322

With debris 0.680 0.607 0.607 0.680 0327 0.156

With blood 0.400 0.536 0435 0.500 Negative values

Sensitivity, specificity, positive and negative predictive values (PPV and NPV) and the agreement (k) between the number of polymorphonuclear cells (PMN) infiltrated

into the endometrial luminal epithelium and stratum compactum and type of efflux
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Fig. 1 The concentration of SAA in the subfertile and fertile mares. The subfertile mares are numbered from 1 to 53 and the fertile mares are num-
bered from 54 to 73. Permissible norm of serum amyloid A (SAA) is from 0.5 to 20 mg/!
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Fig. 2 Fractions in respect of serum amyloid A norms. Below the norm (<0.5 mg/I), within the norm (0.5-20 mg/l), or above the norm (>20 mg/l),
and as a group: subfertile and fertile mares

sensitivity levels reported by Christoffersen et al.
[6] and LeBlanc et al. [5], which were 0.75 and 0.72,
respectively. The lower sensitivity of the microbiology
tests in our study compared to results of those reports
could be due to the high dilution by fluid used for
uterine lavage in our work. The low isolation of cul-
tures may indicate either a natural resistance of Icelan-
dic mares to uterine infections, or the good conditions
for maintenance of these horses in a country involv-
ing very limited use of antibiotics in the treatment of
reproductive disorders.

Christoffersen et al. [6] used a double-guarded lavage
system and compared the sensitivity of samples obtained
by CS, UL and biopsy. They found that the sensitivity
from lavages was much higher than that from biopsies for
microbiological evaluation but much lower for cytologi-
cal examination. In our study, the sensitivity of cytology
(0.36) obtained from UL was higher than the sensitivity
(0.08) reported by Christoffersen et al. [6] using double-
guarded lavage.

The bacteria most frequently isolated from UL
in the study from LeBlanc et al. [5] were E. coli and
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beta-hemolytic streptococci, however, in our study the
most common micro-organisms isolated from uterine
flushes were Staphylococcus spp. followed by E. coli. LeB-
lanc et al. [5] reported that bacteria were isolated from
about 45 % of the clear efflux samples and cloudy and
mucoid effluxes were highly associated with isolation of
bacteria. In our study, all of the clear effluxes had nega-
tive bacteriology and we did not find a correlation between
the macroscopic evaluation of the recovered fluid and the
type of microorganism. However, we found statistically
significant relationships between a cloudy efflux and PMN
infiltration of the endometrium, positive cytology and iso-
lation of bacteria.

LeBlanc et al. [5] considered that the flushing should be
regarded as contaminated if the bacteriological evaluation
was positive, cytology was negative and no PMN infil-
tration in the endometrial biopsies was observed. In our
study, all flushes from which bacteria were isolated had
clarity changes and eleven of 15 cloudy eftluxes (73.3 %)
were associated with PMN infiltration of the endome-
trium. Usually, if three or more cultures are isolated, the
sample is classified as having contamination [21, 23] and
is recorded as a negative. In our study, mixed infections
with beta-hemolytic Streptococcus and Staphylococcus
spp. were found only in one CS. Overbeck et al. [11] com-
pared five different sampling locations for collections with
cytological brushes and observed that eight of 10 positive-
scored uteri had both positive and negative locations for
endometritis. When a large volume of liquid is infused
into the uterus during lavage, it fills the entire interior of
the uterus and becomes exposed to a larger surface area.
Although we isolated more bacteria using CS than with
lavages, the sensitivity of cytology from samples using UL
was higher than from CS. Riddle et al. [27] reported that
endometrial cytology identified twice as many mares with
endometritis as did endometrial culture. In turn, Nielsen
et al. [22] who compared cytological and bacteriological
examination from two different laboratories, pointed out
the importance of performing both bacteriological and
cytological evaluation in diagnosis of endometritis. More-
over, Kozdrowski et al. [20] reported that the method
used for cytological evaluation influences the results, and
using criteria based on counting the numbers of PMN in
relation to epithelial cells they found that the best cut-off
point indicating endometritis is 2 % of PMN. The same
criteria were also used by Overbeck et al. [11, 21].

Infiltration by PMN into the luminal epithelium and
stratum compactum is used as the reference standard for
diagnosis of endometritis [4, 5, 11, 20, 21, 23, 28]. Nielsen
et al. [28] found that the infiltration of PMN into the
endometrium was correlated with the 70-day pregnancy
rates, in contrast to cytological evaluation, which was not
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correlated. Routinely in practice, only one biopsy sample
is collected. Fiala et al. [10] in their study performed after
slaughter concluded that only one biopsy is not enough to
verify the quantity of degenerative changes in the uterus.
Overbeck et al. [11], in a post mortem study using cyto-
logical brushes and endometrial biopsies, observed that
the inflammation process is not the same in different uter-
ine locations. In the present study, all of the mares were
in estrus and only 10 of 25 mares with positive histology
(40 %) showed increased PMN in both biopsies. Thus, fif-
teen of 25 mares with PMN infiltration (60 %) would not
have been diagnosed as positive for endometritis if only
one biopsy had been taken. The present authors agree with
the opinion of Overbeck et al. [11] that it is critical to take
more than one sample under clinical conditions.

Endometrial infiltration of eosinophils was found in
biopsies of 25 infertile mares. Blumenthal et al. [29] in
their study on endometriosis in women showed that
eosinophils are involved in tissue remodeling and wound
healing. They also pointed out that fibrosis is associ-
ated with eosinophil degranulation. Several older stud-
ies [30-33] affirmed that eosinophils are involved in
tissue remodeling in the uterus of estrogen-treated rats
and mice. Adegboyega et al. [34] observed a relationship
between eosinophils and chronic endometritis in women.
The authors showed that 73 % of endometrial biopsies
with eosinophil infiltration should have been diagnosed
as chronic endometritis, because immunohistochemi-
cal examination revealed the presence of plasma cells,
which is consistent with chronic endometritis, but they
did not find a statistically significant correlation between
the number of eosinophils and the presence of plasma
cells. In our opinion, eosinophilic infiltration is more
in line with the assumptions from the studies of Adeg-
boyega et al. [34] and Blumenthal et al. [29] than with the
estrogen hypothesis, because all of the mares in our study
were in estrus and only a few had increased eosinophils
in the endometrium. The lack of control biopsies from
fertile mares precludes us from explaining if the cycle
stage and inflammation of the uterus have an influence
on eosinophil infiltration in the mare endometrium.

In a study involving microscopic examination of endo-
metrial biopsies from retired sports mares, Kilgenstein
et al. [35] found only 3 % of 189 mares exhibited eosino-
philic endometritis. Wehrend et al. [36] studied the dis-
tribution of eosinophils and mast cells in cervical tissue
in mares and observed that eosinophils are present in
the lamina propria mucosa and tunica muscularis. The
authors concluded that eosinophils are part of the local
cellular immune system of the equine cervix. We think
that eosinophils may perform similar functions in the
uterus as in the cervix. Kenney [37] and Schiemann et al.
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[38] suspected that pneumovagina and some other irrita-
tion causes infiltration by eosinophils. However, abnor-
mal formation of the vulva was not detected in mares in
our study, so in our opinion, the presence of eosinophils
in the mare endometrium is not always connected with
pneumovagina or with irritation of the endometrium.

The utility of APP as systemic markers of inflammation
in horses has been studied by many authors, in response
to EED, in mares with experimentally induced ascending
placentitis or influenza, or as prognostic indicators for
horses with inflammatory disease [17, 39—41]. Jacobsen
and Andersen [14] described diseases and disease states
accompanied by increased blood levels of SAA in horses.
In our study, SAA and Hp levels in blood samples were
examined as a potential indicator of uterine health in
mares with subclinical endometritis. Krakowski et al. [17]
suggested that high levels of APP already present before
ovulation may be an indication of infertility in mares and
could be used as an early indicator of subclinical endo-
metritis. In contrast to the above mentioned studies,
Tuppits et al. [15] did not find differences in SAA, Hp
and Fb concentrations over time before and after artifi-
cial insemination. Christoffersen et al. [1] showed that
plasma concentration of SAA in response to intrauter-
ine inoculation of E. coli appears to be dose-dependent.
Moreover, Christoffersen et al. [16] observed that during
diestrus all experimental mares had increased SAA in
blood samples 24 h post inoculation (pi). In our study, E.
coli was isolated from two mares but only one of these
mares showed a large increase in SAA. Tuppits et al. [15]
hypothesized that the ability of local inflammation in
the uterus to cause a systemic APP reaction depends on
the estrous cycle stage during the inflammation and on
the influence of progesterone and estrogens. The differ-
ent results of these studies may depend on different cycle
stages of the mares or different post-inoculation times
after which blood samples were collected. Brodzki et al.
[42] found that levels of SAA and Hp were higher in cows
with subclinical endometritis. Nash et al. [43] found no
increase of SAA 24 h after treatment but there was a high
level of SAA in two cases both before and after treat-
ment, which may be an indicator for another ongoing
disease in the mares.

In our study, the concentrations of SAA and Hp were
measured in blood samples collected once from 12 to
24 h after ovulation in subfertile and fertile mares and we
did not find an association between APP concentrations
and infertility of mares. Just as Nash et al. [43] described,
we also found high concentrations of SAA in a few mares,
which may perhaps suggest another inflammatory pro-
cess occurring in the mares that may or may not indi-
rectly affect infertility.
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Conclusions

The usefulness of SAA and Hp concentrations as a mark-
ers for subclinical endometritis in mares could not be
conclusively demonstrated. The high concentrations
found in a few cases were not associated with subclinical
endometritis. Probably, they are an indication of another
ongoing disease in the mares.

The association of cloudy lavage efflux and isolation of
bacteria may point to a practical aspect of uterine lav-
age. While changes in the fluids collected are not always
indicative of infection, they can indicate inflammatory
changes occurring within the uterus with a high prob-
ability. We conclude that if cloudy efflux or debris is seen
in the lavage fluid, when 11 of fluid is used, the mare has
endometritis and requires treatment.
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