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Abstract

The objectives of this study were to determine:
a) the agreement between postmortem endometrial
cytology, uterine biopsy and presence of intrauterine
fluid in apparently normal genital tracts collected from
culled dairy cows; b) the agreement between results
obtained from paired uterine horns using the different
diagnosis methods; and c) the microorganisms isolated
from uteri with cytological endometritis. One hundred
grossly normal genital tracts from Holstein cows were
collected at a local slaughterhouse. Samples for
cytology, histopathology and bacteriology were
obtained from both uterine horns, and presence of any
intrauterine content was determined after opening the
tracts. Cut-off values used for positive cytology were
>5% PMN (polymorphonuclear neutrophils). Data were
analyzed by ROC curve analysis, Cohen’s Kappa
method and Chi-square tests. Presence of inflammatory
infiltrate and its endometrial distribution were the only
histological parameters significantly correlated with
cytology results (AUC: 0.780 and 0.694, respectively).
Agreement between histology and cytology was
moderately high for presence of infiltrate (kappa = 0.55)
and low for infiltrate distribution (kappa = 0.33). Other
histological parameters (status of endometrial
epithelium, endometrial glands or fibrosis), intrauterine
content or bacteriology were not correlated with
cytology. Presence of intrauterine content was
significantly (P = 0.036) related with biopsy results.
Moderately high agreement was observed between
paired uterine horns for cytology (kappa = 0.65) and
biopsy (kappa = 0.74). Bacteriology was not related
with cytology or biopsy, but different bacteria were
isolated from cytology negative or positive uteri. It was
concluded that endometrial cytology, although less
sensitive than biopsy, is a useful tool for diagnosing
subclinical endometrial inflammation.
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Introduction

Reproductive efficiency of dairy cattle is of

utmost importance for milk production as it
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significantly affects its profitability. The main objective
of reproductive management in dairy farms is to get the
cows pregnant in an optimal interval after calving
(Plazier et al., 1997; Walsh et al., 2011). During the last
decades a progressive and worrying decrease in fertility
of dairy cows has been detected in many countries,
being estimated to decline around 0.5-1% per year
(Royal et al., 2000; Lopez-Gatius, 2003). Fertility
decrease in dairy cows may be caused by numerous
factors, such as genetic background, inadequate feeding,
bad reproductive management, poor welfare conditions
or reproductive diseases, and not entirely associated to
an increase in milk production (Lucy, 2001).

Among reproductive diseases, postpartum
uterine pathologies are the main causes of poor
reproductive  performance and economic losses
(Sheldon et al., 2006) due to infertility, higher culling
rates, reduced milk production and increased costs for
treatments (Bartlett ef al., 1986; Guard, 1994). Several
studies have shown that subclinical endometritis (SCE)
is a common disease in the postpartum of dairy cows
and that is highly associated with poor reproductive
performance (Kasimanickam et al., 2004; Gilbert et al.,
2005; Barrio et al., 2015).

Subclinical endometritis is defined as
inflammation of the endometrium in the absence of
clinical signs of endometritis (Sheldon et al., 2006) and
characterized by an infiltrate of polymorphonuclear
neutrophils (PMN) without or with minimal intrauterine
exudate (Foldi et al., 2006). Uterine cytology is the
most used tool for SCE diagnosis (Kasimanickam et al.,
2005) and cytobrushing is considered the best technique
for endometrial sample collection as it is easy and quick
to perform (Barlund et al., 2008), and it is also safe and
effective (Oral et al., 2009). Evaluation of endometrial
cytology has been done based on the number of PMN
counted per 100 nucleated cells (Melcher et al., 2014)
or the mean number of PMN observed in 10
microscopic fields (Prieto et al., 2012). Discrepancies
exist in relation to the cut off values of PMN that should
be considered as diagnostic of SCE depending on the
days in milk (DIM; Melcher et al., 2014).

Other methods used for the diagnosis of
clinical endometritis in cows and that could be also
valid for diagnosing SCE are: a) ultrasonography, by
evaluating the presence of fluid in the uterine lumen,
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horn and cervical diameters (Kasamanickan et al., 2004;
Meira et al., 2012) and ecotexture of the uterine walls
(Kiiclikaslan et al., 2014); b) uterine biopsy, by
histologic evaluation of the endometrium (Meira et al.,
2012; Madoz et al., 2014); and c) bacteriology, by the
isolation and identification of microorganisms present in
the uterus (Lazzari et al., 2011; Madoz et al., 2014).
Although endometrial cytology, from a
practical point of view, is considered the best tool for
diagnosing SCE, its efficiency to detect inflammatory
lesions remains to be established. Agreement with other
diagnostic methods has been evaluated only in a few
studies and it has been found to be low (Kasamanickan
et al., 2004; Meira et al., 2012; Madoz et al., 2014). On
the other hand, uterine samples for cytology or biopsy in
live animals are usually collected from one horn, but
whether they are representative of both uterine horns
has not been investigated. Also the relationship between
presence of endometrial inflammation and bacterial or
viral infection has not been extensively evaluated.
Therefore, the objectives of this study were to
determine: a) the agreement between endometrial
cytology, uterine biopsy and presence and type of
uterine content in macroscopically normal uteri; b) the
agreement between the results obtained from the two
horns of a uterus using the different diagnosis methods;
and c) the presence and type of microorganisms isolated
from uteri with or without cytological endometritis.

Materials and Methods
Postmortem collection of reproductive tracts

Between February and May 2014, 395 genital
tracts from dairy cows were collected at a local
slaughterhouse (Novafrigsa, Lugo, Spain). Before
excision from abdominal and pelvic viscera, the cranial
end of each uterine horn and the cervix were closed with
nylon ties to avoid subsequent contamination of uterine
lumen.

Excised genital tracts were examined by visual
inspection and palpation. Reproductive tracts with
gravid uterus, gross lesions in ovaries, oviducts, uterus
or vagina, with palpable intrauterine fluid or vaginal
discharge, and reproductive tracts with signs of
incomplete postpartum involution (asymmetric horns,
uterine wall striations, palpable caruncules, etc) were
discarded. After examination, 100 apparently normal
reproductive tracts were selected for the study and
transported to the laboratory of Reproduction &
Obstetrics at the Veterinary Faculty of Lugo.

Data on reproductive performance of the cows
or reasons for culling were unknown, and considered
irrelevant for the study, as the objective was to evaluate
agreement between diagnosis methods irrespective of
potential causes or consequences of SCE.

Collection of samples
Ovarian structures (corpora lutea, follicles and

dominant follicles) present in the ovaries of each
reproductive tract were recorded. Samples for
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microbiological exam were taken from the cranial
portion of each uterine horn, samples for histological
evaluation were taken from the medium third of each
horn and samples for endometrial cytology were taken
from the caudal third of each uterine horn. Different
uterine regions were used for the different samples to
avoid potential artifacts induced by the sampling
procedures.

Microbiological samples

On the cranial part of each horn, the external
surface of the uterine wall was sterilized using a flame
heated spatula in order to prevent external
contamination of the endometrium. On the sterilized
area, the uterine wall was incised using a sterile surgical
scalpel and a sterile swab was introduced and rolled
against the endometrial surface. Swabs were placed in
plastic tubes without transport medium (Eurotubo,
Deltalab SL, Barcelona, Spain) and immediately
delivered at the laboratory of Infectious Diseases of the
Veterinary Faculty of Lugo. Bacteriological samples
were cultured for aerobic and anaerobic bacteria by
routine methods of bacteriological testing (Carter and
Cole, 1990; Koneman, 2006). Bacteria were identified
based on colony characteristics, Gram staining, hemolytic
ability, and biochemical profile. For virus identification,
swabs were eluted in 1 ml of PBS. DNA/RNA was
extracted from eluates by using commercial extraction
kits and following the manufacturer’s instructions:
Nucleospin RNA (Macherey-Nagel, Germany) and
Nucleospin tissue (Macherey-Nagel, Germany). DNA
extracts were tested by real time PCR for detecting
BoHV-4, BoHV-1 by using the following commercial
PCR kits: TaqVet Bovine Herpesvirus 4 (Life
technologies, USA), TaqVet IBR (Life technologies,
USA); similarly, RNA extracts were used to test the
presence of RNA of BVDV by using TagVet BVDV
Screening (Life technologies, USA).

Samples for histological evaluation

From the middle of each uterine horn, a slice
was cut with scissors and from that slice, a piece of
uterine wall of approximately 2 x 2 cm was fixed in
10% formaldehyde buffered solution and delivered at
the laboratory of Histopathology of the Veterinary
Faculty. Histological samples were processed by routine
methods (Lee and Luna, 1968). Briefly, formalin-fixed
tissues were dehydrated through a graded series of
ethanol solutions, paraffin-embedded, sectioned at 5-6
pm thickness, and stained with hematoxylin-eosin,
Mallory’s staining and periodic acid-Schiff technique.
All samples were evaluated by duplicate by the same
skilled pathologist, at 400X microscopic magnification,
and scored following the criteria specified in Table 1.

Intrauterine fluid, if any, was identified at the
time of removing slices of wuterine horns. The
characteristics of any intrauterine fluid were classified
as follows: 0= no fluid; 1= mucous (transparent and
crystalline mucus); 2= abnormal (mucopurulent,
purulent or bloody mucus).
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Table 1. Criteria used to score samples for histological evaluation.

Histological parameters

Values

Endometrial epithelium
status

Degree of endometrial
inflammation

Infiltrate distribution in the
endometrium

Endometrial gland
morphology

0= normal epithelium

1= epithelium with normal structure but with more than 5 inflammatory cells
along the epithelium

2= presence of a pyogenic membrane on the epithelium

0= no inflammatory infiltrate (<3 PMN per 400X microscopic field)
1=1low: 3-6 PMN per 400X field

2=moderate: 7-10 PMN per 400X field

3=severe: >10 PMN per 400X field

0= no inflammatory infiltrate

1= periglandular: inflammatory infiltrate in the stratum spongiosum

2= diffuse: inflammatory infiltrate in the stratum compactum

3= periglandular and diffuse: inflammatory infiltrate in the stratum spongiosum
and compactum

0= normal glands

1= dilated glands: >25% of the endometrial glands had a lumen higher than twice
the height of the glandular epithelium.

2= cystic glands: >25% of the endometrial glands had dilated lumen and
hypoplastic epithelium.

3= dilated and cystic glands: >25% of the endometrial glands were dilated or

cystic

Presence of endometrial 0= no fibrosis

fibrosis

1= presence of 1 or 2 concentric layers of fibroblasts

2= presence of 3-5 layers of fibroblasts
3= presence of >6 layers of fibroblasts

Fibrosis distribution 0= no fibrosis

1= periglandular fibrosis

2= diffuse fibrosis

3= periglandular and diffuse fibrosis

Samples for endometrial cytology

A cytobrush was introduced into the caudal end
of uterine horns, rolled against the endometrial surface,
and rotated on a microscopic slide. Smears were stained
with Diff Quick® staining (DMV, Barcelona, Spain),
and evaluated under a microscope at 400X
magnification, where 250 cells were counted to
determine the percentages of PMN. Cut-off value for
positive cytology was established at> 5% PMN. All
samples were evaluated by duplicate and by the same
person.

Statistical analysis

Statistical analysis was performed using the
SPSS 22.0 software package (IBM SPSS, Armonk, NY,
USA). First, bacteriology results (positive or negative
cultures), histological findings (epithelium status,
presence of infiltrate and infiltrate distribution, gland
morphology, presence of fibrosis and fibrosis
distribution), presence and type of intrauterine fluid, and
endometrial cytology (positive or negative) were
compared by means of Receiver/Response Operating
Characteristics (ROC) curve analysis using endometrial
cytology as the gold standard (cut-off value >5% PMN).
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Parameters for which ROC curves indicated significant
agreement (P < 0.05) with cytology were used to
classify samples as positive or negative, at cut-off
values of the highest sensitivity and specificity, and re-
compared with endometrial cytology by means of
Cohen’s Kappa analysis. Second, results from paired
uterine horns were compared using Cohen’s Kappa
(cytology and biopsy) and/or Chi-square methods.
Finally, the relationship between cytological,
histological and bacteriological findings was evaluated
by Chi-squared method.

Results

From the 100 genital tracts used in this study,
73 were in luteal phase and 27 in follicular phase. The
phase of the estrus cycle had no significant influence on
endometrial cytology, microbiological results, or
presence of intrauterine content. The presence of an
endometrial inflammatory infiltrate diagnosed by
histology (biopsy positive samples, specified below),
was the only parameter influenced by the phase of the
estrus cycle (P < 0.001), with 16.4 and 39.9% positive
biopsies for the luteal and follicular phases,
respectively.

Presence of an inflammatory infiltrate and its

Anim. Reprod., v.14, n.4, p.1024-1033, Oct./Dec. 2017



DY

Fuentes et al. Diagnosis of subclinical endometritis in dairy cows.

distribution within the endometrium were the only
histological parameters that significantly agreed with
the results of endometrial cytology. Status of
endometrial epithelium, morphology of endometrial
glands or existence of fibrosis, as well as presence of
intrauterine fluid or positive culture, had no relationship
with cytological results. ROC curves analysis for the
parameters evaluated are shown in Table 2.

Uteri with an inflammatory infiltrate diagnosed
by histology, regardless of degree and distribution of

inflammation, were re-classified as biopsy positive
samples (cut-off values indicated by maximum values of
sensitivity and specificity by ROC curves analysis) and
re-compared with cytology results by using the Cohen’s
Kappa method. Moderate degree of agreement
(sensitivity: 69%; specificity: 87%; kappa = 0.55 + 0.07)
was observed between uterine cytology and biopsy in
relation to the presence of endometrial inflammation (Fig.
1) and low degree of agreement (kappa.=.0.30.4.0.06) in
relation to infiltrate distribution (Fig. 2).

Table 2. ROC curves analysis: endometrial histology, bacteriology and intrauterine content were compared with
endometrial cytology as gold standard (cut-off value >5% PMN per 400X microscopic field; n = 200).

Parameters compared AUC Error Significance

Histological findings

Epithelium status .507 .060 914

Glandular morphology 426 .055 229

Inflammatory infiltrate .780 .059 .000

Infiltrate distribution .694 .056 .002

Endometrial Fibrosis 557 .056 351

Fibrosis distribution 476 .056 .695
Bacteriology 495 .061 931
Intrauterine content .593 .064 131

AUC: Area under the curve
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Figure 1. Comparison between endometrial cytology and histology depending on the degree of inflammation.

When cytology results were compared between
paired uterine horns (Fig. 3) moderately high agreement
was observed (kappa = 0.65 + 0.10). In 92% of cases,
negative cytology of the left horn indicated negative
cytology of both uterine horns, whereas 20% of
cytology negative right horns corresponded to cytology
positive left horns. When comparing biopsy between
paired uterine horns, higher level of agreement was
observed (kappa = 0.74 £ 0.08), and again, the left horn
was more representative of both horns than the right one
(Fig. 4).

Concerning histological findings in paired
uterine horns, degree of inflammation and infiltrate
distribution were mostly coincident in both uterine

Anim. Reprod., v.14, n.4, p.1024-1033, Oct./Dec. 2017

horns (P < 0.01).

When none or low degree of endometrial
inflammation was observed in the left horn, in 83% of
cases, the same results were obtained for the right horn.
Severe endometrial inflammation was always observed
in the two horns. The highest discrepancies between
horns were observed in cases of moderate endometrial
inflammation, of which 58% were diagnosed in the two
horns (Fig. 5). In more than 85% of cases, the
inflammatory infiltrate was similarly distributed in the
endometrium of both uterine horns (Fig. 6).

There was no relationship between cytology or
biopsy and bacteriology results. Positive cultures were
obtained from 11.8% of horns with positive cytology
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and biopsy, and from 12.3% of horns with negative
cytology and  Dbiopsy. Interestingly, different
microorganisms were isolated from horns with negative
or positive cytology (Fig. 7). Paired horns were both
negative for bacteriology in 83% of cases and positive
in 7% of them. When positive, the same bacteria were
isolated from the two horns. In 10% of cases, the right
horn was negative and the left horn positive for
bacteriology, but all the negative left horns
corresponded to negative right horns. All the samples
were negative for IBR, BVDV or BoHV4.

intrauterine content did not significantly differ between
samples with positive or negative cytology. However, a
significant relationship (P = 0.036) was found between
intrauterine content and biopsy results. Absence of
intrauterine content was found in 67.1% of horns with
negative biopsy and in 55.8% of horns with positive
biopsy. Clean transparent mucus was found in 21.1% of
biopsy negative horns and in 16.3% of biopsy positive
horns and abnormal uterine content (mucopurulent,
purulent or bloody mucus) was found in 11.8% of
biopsy negative horns and in 27.9% of biopsy positive

The presence and characteristics of any horns.
Enegative endometrial cytology
Opositive endometrial cytology
60
50
40
3
S
« 30
S
X
20 —
10 - —
0 T T - T 1
no infiltrate periglandular diffuse periglandular and

diffuse

Infiltrate distribution as seen by histology

Figure 2. Comparison between endometrial cytology and histology depending on the infiltrate distribution.
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Figure 3. Comparison of cytology results between paired uterine horns.
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Figure 4. Comparison of biopsy results between paired uterine horns.
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Figure 5. Comparison between paired uterine horns for degree of endometrial inflammation as seen by histology.
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Figure 6. Comparison between paired uterine horns for distribution of endometrial infiltrate as seen by histology.
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Figure 7. Microorganisms isolated from positive cultures depending on cytology.

Discussion
Agreement between diagnosis methods

From the histological parameters evaluated in
uterine biopsies, the presence of an inflammatory
infiltrate and its endometrial distribution were
significantly correlated with the cytology results (Table
1). Such correlation seems rather obvious since the
inflammatory cells collected from the uterine surface by
cytobrushing come from the endometrium (Sheldon et
al., 2009; Shao et al., 2012) and, although a negative
cytology cannot exclude the existence of endometrial
inflammation, a high degree of agreement between
cytology and biopsy should be expected. However, the
present results showed that the degree of agreement
between the two methods was moderate for presence of
inflammation (kappa = 0.55) and low for infiltrate
distribution (kappa = 0.30). Meira et al. (2012) and
Madoz et al. (2014) also found moderate (kappa = 0.39)
and low agreement (kappa = 0.151), respectively,
between uterine cytology and biopsy for diagnosing
endometrial inflammation. The discordance between
diagnostic methods can be explained, at least in part, by
the finding that cytology failed to identify most of the
samples with low degree of inflammation (Fig. 1).
Moreover, because cytology only assesses the
superficial layer of the endometrium, a negative
cytology can be obtained from uterine samples with
inflammatory infiltrate in deeper layers. In fact, it was
observed that when the inflammatory infiltrate had a
periglandular distribution in the spongiosum stratum, in
about 66% of the cases the cytology was negative (Fig.
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2). On the other hand, the cut-off point of % PMN
established for positive cytology may have influenced
the agreement between the two techniques, since it was
found that about 15% of healthy uteri diagnosed by
histology were classified with positive cytology. As
previously reported by Madoz et al. (2013), in the
present study, cytology outputs were not influenced by
the phase of the estrus cycle at the time of diagnosis.
However, by using biopsy, a higher degree of
inflammatory infiltration could be detected during the
follicular phase of the cycle.

Other histological characteristics evaluated in
this study, such as for example cystic dilatation of
endometrial glands or endometrial fibrosis, showed no
correlation with cytology results. This was to be
expected as the majority of the inflammatory lesions
observed here did not involve the endometrial glands. In
the study of Meira et al. (2012) uterine biopsy showed a
better diagnostic efficiency for SCE as compared with
cytology, when the glandular inflammation status was
excluded from histological evaluation. This suggests
that cronic endometritis, typically involving cystic
glands and periglandular fibrosis (Ahmadi ef al., 2005),
may not be detected by cytology.

The presence of intrauterine fluid, either clean
or abnormal, had no relationship with cytology outputs.
In previous studies, the presence of uterine fluid
detected by ultrasound was associated to negative
effects on fertility (Kasimanickam et al., 2004; Barlund
et al., 2008), however, it had low sensitivity and
agreement with endometrial cytology was low, with
kappa values lower than 0.35 (Kasimanickam et al.,
2004; Barlund et al., 2008; Meira et al., 2012).

Anim. Reprod., v.14, n.4, p.1024-1033, Oct./Dec. 2017
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Ultrasonographic assessment of uterine fluid may lead
to some diagnostic errors as some fluid into the uterus
may be normal during the estrus period or when uterine
involution is incomplete, which might partially account
for the low agreement with cytology. In the present
study we could ascertain the lack of agreement between
presence of abnormal fluid into the uterus and cytology.
Kasimanickam et al. (2004) suggested that cytology and
ultrasound are measuring different causative factors,
cytology measuring the cellular response and ultrasound
the clearance mechanism of the uterus. However, in this
study, a significant relationship was found between
presence of intrauterine content and positive biopsy
samples, which suggests that cytology was not sensitive
enough.

In summary, the present results indicated that
cytology failed to detect cases of subclinical
endometritis with low degree of inflammation or with a
predominantly periglandular distribution of infiltrate.
The histopathological examination of biopsy samples
gives much more detailed information about the degree
of inflammation and the lesions that may exist (Meira et
al., 2012), and probably it should be considered the gold
standard for the diagnosis of SCE. However, uterine
cytology showed a moderately high degree of
agreement and is quicker and easier to perform and
probably safer, than uterine biopsy. Therefore, cytology
might be an alternative diagnostic tool for the SCE
diagnosis.

Comparison between uterine horns

Samples for endometrial cytology or biopsy are
usually collected from one uterine horn assuming the
sample is representative of both horns. The present
results showed that this assumption is generally true, but
not always. When the cytology or the biopsy was taken
from the left horn, a negative result indicated that, in
more than 90% of the cases, the right horn was also
negative. However, when the sample was obtained from
the right horn, in about 20% of the negative cases the
left horn was positive (Fig. 3). Certain disagreement
between cytology or biopsy from both uterine horns was
to be expected, as endometrial inflammation may be
local or diffuse, and it may not necessarily affect the
whole endometrium. However, the reason why a sample
from the left horn seems to be more representative than
one from the right one is not known. To our knowledge
there are no other studies comparing cytology or biopsy
between uterine horns. This may have been an
occasional finding, but if it were confirmed in further
studies, it should be taken into account for the diagnosis
of SCE.

Uterine microbiology

Bacterial isolation had no significant
correlation with cytology or biopsy results. Only a few
studies investigated bacterial populations present in the
uterus of cows with SCE (Lazzari et al., 2011,
McDougall et al., 2011; Madoz et al., 2014) and in
general, low level of agreement was observed between

Anim. Reprod., v.14, n.4, p.1024-1033, Oct./Dec. 2017

the presence of intrauterine pathogens and cytological
endometritis. The negative effects of SCE on fertility
are believed to be more the consequence of uterine
inflammation rather than of uterine bacterial infection
(Green et al., 2009; Burke et al., 2010; McDougall et
al., 2011).

Different bacterial species were isolated from
uteri with negative or positive cytology. Whereas from
cytology negative horns some recognized pathogens
were isolated, such as E. coli and T. pyogenes (Sheldon
et al, 2002, 2010; Amos et al., 2014) or S. uberis, the
major causative agent for bovine mastitis (Schunkken et
al., 2013), from cytology positive horns nonspecific or
low pathogenic bacteria were found. These findings
agree with previous studies showing that large microbial
diversity can be identified in the uterus of dairy cows,
irrespective of their uterine health status (Santos ef al.,
2011). The natural defense mechanisms eliminate many
of the microorganisms but the efficiency of elimination
depends on the bacterial load and pathogenicity as well
as on the immune status of the cow (Sheldon er al.,
2002). Concerning bacteriology results from paired
uterine horns, again the left horn was more
representative of the infectious status of the uterus than
the right one. As previously discussed for cytology and
biopsy, there was not an obvious explanation for this
finding, which should be further investigated.

In conclusion, although endometrial biopsy
may be the most accurate method for the diagnosis of
SCE, cytology and biopsy results agreed moderately
well (kappa = 0.55), which confirmed the usefulness of
cytology. Positive endometrial cytology and/or biopsy
did not indicate the existence of bacterial infection. In
most cases, but not in the 100%, cytology, biopsy and
bacteriology results were the same for both uterine
horns. Whether the left horn is more representative of
the uterine health status than the right one still has to be
confirmed.
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