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Subclinical endometritis in estrual buffaloes: diagnosis, prevalence
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Abstract
The study evaluated the reliability of polymorphonuclear (PMN) cell count in endometrial cytology by cytobrush technique as a
diagnostic for subclinical endometritis (SCE) at the time of estrus and its relationship with bacterial presence and fertility in
buffaloes. Healthy pluriparous buffaloes (n = 115) were subjected to endometrial sampling by cytobrush technique (for cytology
and bacterial isolation) and ultrasonography of genitalia prior to insemination at the time of spontaneous estrus. Buffaloes were
inseminated at the same estrus and were confirmed for pregnancy by ultrasonography at day 40 post-insemination. Growth of
aerobic bacteria was recorded in 26.1% (30/115) of estrual buffaloes. Bacteria of eight distinct genera (Staphylococcus spp.,
Bacillus spp., Proteus spp., Escherichia coli, Klebsiella spp., Streptococcus spp., Pseudomonas spp. and T. pyogenes) were
isolated. Presence of bacterial infection was considered as the standard, against which PMN threshold for SCE was calculated by
receiver operator curve (ROC). The PMN count of ≥ 5% with good sensitivity (66.7, 95% CI 50.9–81.4) and specificity (87.0%,
95%CI 78.0–94.6) with an overall high diagnostic accuracy (81.7%) for predicting SCEwas obtained. Based on calculated PMN
threshold, buffaloes were divided into subclinical endometritic (SCE; ≥ 5% PMNs) and control (< 5% PMNs) groups. Thirty-one
buffaloes (27.0%, 31/115) had ≥ 5%PMNs in the endometrial cytology at estrus. Ultrasonographic evaluation showed that size of
largest follicle, endometrial thickness, and uterine horn diameter did not differ significantly (P > 0.05) between the two groups.
Significantly, lower conception rate (22.58 vs 36.90%, P < 0.05) for first artificial inseminations (AIs) and significantly higher
number of AIs per pregnancy (2.81 ± 0.27 vs 1.75 ± 0.15, P < 0.05) were recorded in SCE compared to control group. The results
indicated that cytobrush based endometrial cytology with 5% PMN cut-off value has a good accuracy for predicting subclinical
endometritis at estrus in buffaloes.
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Introduction

Subclinical endometritis (SCE), also known as cytological
endometritis, is the inflammation of endometrium without
clinical manifestations or systemic illness (Kasimanickam
et al. 2004). Since subclinical endometritis remains

undiagnosed, it causes serious economic losses. Studies had
demonstrated the presence of SCE to be a key factor in preg-
nancy rate, with an increase in days open ranging from16 days
(Dubuc et al. 2011) to 50 days (Brodzki et al. 2014) and an
increase in number of services per conception (Brodzki et al.
2014) in subclinical endometritic cows. The extra days with-
out conception (Kasimanickam et al. 2004; Gilbert et al. 2005;
Barlund et al. 2008), extra artificial inseminations (Gilbert
et al. 2005; Barlund et al. 2008), and subsequent culling result
in economic losses. It is speculated that losses due to SCEmay
exceed billions of dollars annually for the global dairy indus-
try (Ghasemi et al. 2012). Therefore, there is a need to develop
feasible and reliable diagnostic tests to characterize SCE.

Polymorphonuclear (PMN) granulocytes represent the first
and principal immunologic defense mechanism in the uterus.
The elevated PMN count in endometrial cytology indicates an
endometrial inflammatory condition and is the most
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convenient method to diagnose SCE (Sheldon et al. 2006;
Barlund et al. 2008). The proportion of PMN cells to define
SCE decreases over time during postpartum period (Wagener
et al. 2017). Diverse time frames of examination (7–60 dpp;
days postpartum) with different % PMN thresholds (ranging
from 5% to > 25%) in endometrial cytology by cytobrush and
uterine lavage had been used to diagnose SCE during postpar-
tum period (Kasimanickam et al. 2004; Barlund et al. 2008;
Carneiro et al. 2014; Gahlot et al. 2017). During the last de-
cade, endometrial cytology by cytobrush method has
established its superior efficacy and acceptability for diagnosis
of SCE as it is non-invasive, easy, and a practical technique
generating good picture of various representative cells
(Sheldon et al. 2006; Ghasemi et al. 2012).

The lack of a standard test necessitates the use of reproduc-
tive performance as a reference for evaluating diagnostic
methods for SCE. Consequently, this has resulted in different
PMN cut-offs as reproductive performance is affected by mul-
tiple factors viz. estrus detection efficiency, length of voluntary
waiting period, use of synchronization programs etc. (Wagener
et al. 2017). Endometrial sampling especially during estrus
could be ideal in this perspective as it offers the opportunity
to determine the uterine health status at the time when the
animal is fertile and thus allow to study the effect of SCE on
the subsequent conception rate (Pascottini et al. 2016; Singh
et al. 2018). Estrus could also provide a standard time for the
use of an universal cut-off point without interference of normal
uterine involution process, thus further increasing sensitivity
and specificity of the diagnostic test (Kaufmann et al. 2009).
Objective of present study is the diagnosis of SCE by endome-
trial cytology and to evaluate its relationship with reproductive
performance in estrual buffaloes.

Materials and methods

Healthy (body condition score = 2.5 to4) normal cyclic buffa-
loes in spontaneous estrus presented for artificial insemination
(n = 115) were enrolled in the present study. The selected buf-
faloes were in the second to fifth parity with mean age of 6.4 ±
1.7 years. Animals were stall-fed or managed under a loose
housing system and identified with ear tags. All animals were
evaluated for reproductive health by trans-rectal ultrasono-
graphic examination and quality of cervico-vaginal discharge
at the time of enrollment. Healthy buffaloes (> 60 days post-
partum) with normal spontaneous estrus without clinical en-
dometritis or any reproductive problem were enrolled into this
experiment and subjected to uterine bacterial isolation and
endometrial cytology by cytobrush method. All the buffaloes
were inseminated following sampling at the same estrus
(twice as per AM/PM rule) and pregnancy diagnosis was car-
ried out at 40 days post-insemination.

Ultrasonography of reproductive organs

Ultrasound scanning was carried out to record the size of
largest follicle, endometrial thickness, and horn diameter of
both the uterine horns prior to insemination. Real-time B-
mode ultrasonography using 7.5 MHz frequency transducer
(Z5 Model, Mindray, Shenzhen Mindray Biomedical
Electronics Co. Ltd., Germany) was used for imaging repro-
ductive organs. Uterine horn at about 2.0 cm from internal
uterine bifurcation was used to serve as a consistent landmark
to obtain valid measurements of endometrial thickness and
uterine horn diameter. The average of two measurements of
diameter and endometrial thickness (ET) of both horns was
taken for each buffalo. Both ovaries in each buffalo were
scanned gently on several planes to identify various ovarian
structures and record diameter of largest follicle.

Endometrial cytology

A cytobrush assembly was fabricated by modification of bo-
vine uterine swab catheter to collect cellular material from
bovine endometrium, aseptically. Briefly, the modification
consisted of replacing the swab stylette with sharpened tip
stylette so that pap smear brush for human use (Hi-
Cytobrush, HI-MEDIA Laboratories Limited, India) can
snuggly fit on the tip of stylette. Prior to use, cytobrush units
(metallic catheter and stylette) were sterilized by hot air oven.
The cytobrush assembly was passed through cervix aseptical-
ly and guided past the uterine bifurcation into uterine horn
ipsilateral to dominant follicle. Two cytobrush samples were
collected at each occasion by this technique (Barlund et al.
2008). The first cytobrush was aseptically put into a sterile
15 ml tube containing 2.0 ml of autoclaved Brain Heart infu-
sion (BHI) broth media and used for bacterial isolation. The
second brush was used to make smears for cytological exam-
ination. The slides were fixed with methanol and stained with
modified Wright Giemsa stain (Sigma-Aldrich Inc., USA) as
per the guidelines. Slides were examined using light micros-
copy under oil immersion with 100× objective to identify
endometrial epithelial and PMN cells. A total of 300 cells
per slide were counted (Melcher et al. 2014).

Isolation and identification of bacteria

Samples in broth media were first incubated at 37 °C for 6–8 h
and then cultured for aerobic bacteria by gently streaking
broth onto sterile culture media (Brain Heart Infusion agar,
Mannitol Salt agar, Eosin Methylene Blue agar, MacConkey
Lactose agar, and Blood agar) plates and incubated at 37 °C
for 24 h as described by Quinn et al. (1999). The plates were
examined for growth at 24 h post incubation. If no growth was
present, the plates were further incubated for 48 h at 37 °C
before declaring a sample bacteriologically negative. Plates
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with one or more colony-forming units were designated as
positive for bacterial growth, and those with more than three
species or with mixed culture of moderate or higher degree
were considered contaminated. Isolation and identification of
bacteria were further carried out based on the morphology,
cultural characters, Gram staining, and biochemical tests in
the positive samples as described by Quinn et al. (1999).

Statistical analysis

All statistical analyses were carried out using IBM SPSS
Statistics 16.0 (SPSS, Chicago, IL). The diagnostic potential
of PMN cell threshold was compared against presence of
bacterial infection of uterine bacteria by using receiver opera-
tor characteristic (ROC) curve analysis and the optimum PMN
cell cut-off was taken as a point at which the Youden’s index
(Se + Sp − 1) was maximum (Habibzadeh et al. 2016). The
sensitivity (Se) of cytobrush cytology is defined as the prob-
ability of having ≥ 5% PMN cells in animals with presence of
infection, whereas the specificity (Sp) is the likelihood of <
5% PMN in an animal without the presence of infection.
Ultrasonographic parameters of two groups were compared
using student’s t test. pValue of less than 0.05 was considered
as statistically significant. The effect of subclinical endome-
tritis on fertility parameters was analyzed by Kaplan-Meier
survival analysis, and median values were compared by
logrank test. Conception rates were compared by chi-square
test.

Results

Uterine bacterial profiles

The bacteria of seven distinct genera were isolated viz.
Staphylococcus spp., Bacillus spp., Proteus spp.,
Escherichia coli, Klebsiella spp., Streptococcus spp.,
Pseudomonas spp., and T. pyogenes. Bacterial infection was
observed in 26.1% (30/115) of estrual buffaloes. The cut-off
value of PMN cells was calculated by receiver operating char-
acteristic (ROC) against presence of uterine bacterial infec-
tion. The area under the curve (AUC) was 0.73 (95% CI
0.68 to 0.82) (Fig. 1). The PMN value ≥ 5%, with highest
Youden’s index, was selected as optimum cut-off value. The
sensitivity and specificity of ≥ 5% PMN cut-off was used for
predicting SCE in relation to bacterial isolation. The sensitiv-
ity of 66.7 (95% CI 50.9–81.4) and specificity of 87.0% (95%
CI 78.0–94.6) was obtained. The overall diagnostic accuracy
of ≥ 5% PMN cut-off as reference test for SCE was 81.7%.
Based on the calculated PMN cell threshold (≥ 5%), preva-
lence rate of 27.0% (31 out of 115) was recorded for SCE.
Buffaloes positive for SCE had mean PMN% of 13.62 ± 1.52

and buffaloes negative for SCE had mean PMN of 3.44 ±
0.25 at the time of estrus. Bacterial infection was recorded in
20 out of 31 buffaloes positive for SCE as compared to 10 out
of 84 negative buffaloes. Presence of T. pyogenes was ob-
served only in four buffaloes positive for SCE.

Effect of subclinical endometritis at estrus
on utero-ovarian parameters

The mean endometrial thickness did not vary significantly
(P > 0.05) between buffaloes with (7.13 ± 0.18 mm) and with-
out (6.72 ± 0.13 mm) SCE (Table 1). Similarly, the buffaloes
positive for SCE had similar (P > 0.05) uterine horn diameter
(21.67 ± 0.49 versus 20.83 ± 0.71 mm) at estrus as of control
group. The size of largest follicle at estrus also did not differ
(P > 0.05) between the buffaloes of the SCE and the control
group (Table 1).

Effect of subclinical endometritis at estrus on fertility
parameters

Buffaloes positive for SCE has lower (P < 0.05) conception
rate at the first examined spontaneous estrus as compared to
buffaloes negative for SCE (22.58 vs 36.90%). However, the
overall pregnancy rate (up to 100 days from the time of diag-
nosis of SCE) was similar in both the groups, i.e., 77.38% (65/
84) in control and 74.19% (23/31) in SCE group. Buffaloes
affected by SCE took twice the median number of days to
conception as compared to control (Table 2). By 50 days
post- diagnosis of SCE, approximately 57% of buffaloes were
pregnant in the control group compared to only 42% in SCE
group (Fig. 2). Moreover, the mean number of AIs per preg-
nancy was significantly (P < 0.05) higher in the SCE group as
compared to the control group (Table 2).

Discussion

The present study evaluated the applicability of endometrial
cytology samples for diagnosis of SCE and its relationship
with reproductive performance in estral buffaloes.
Endometritis has been reported as the most common patho-
logical abnormality affecting reproductive tract in buffaloes
(Azawi et al. 2008). Based on calculated PMN cell count
threshold value (more than or equal to 5 percent PMN cells),
a prevalence of 26.9% (31/115) was recorded for SCE at es-
trus in buffaloes. The results of the present study were in
agreement with Gahlot et al. (2017), who reported prevalence
of 23.08% in postpartum buffaloes based on the cytobrush
cytology (5% PMN cut-off). A higher prevalence of 41.7%
at 30–31 days postpartum (dpp) in Murrah buffaloes was re-
ported by Dar et al. (2015) employing uterine lavage cytology
technique. The prevalence of SCE recorded in the present
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experiment was lower than reported by most of other studies
at different postpartum periods in cows (34%, Kasimanickam
et al. 2004; 53%, Gilbert et al. 2005; 38%, Galvao et al. 2009;
31%, Ricci et al. 2015). This discrepancy can be due to in-
variable presence of bacterial contamination and inflamma-
tion during the postpartum period, different PMN thresholds
used, and species differences (buffalo versus cow). Another
reason for comparatively low SCE prevalence in the present
study could be the use of endometrial cytology as an exclusive
diagnostic criterion, whereas some researchers had considered
any amount of echogenic fluid in the postpartum uterus to be
associated with SCE (Kasimanickam et al. 2004; Barlund
et al. 2008).

The PMN% profiles (mean and its range) of estrual buffa-
loes were almost similar to those reported by Brodzki et al.
(2014) during follicular phase in cows. It was proposed that
high estrogen concentration at estrus stage might incite a

physiological PMN infiltration into the endometrium that
might lead to false-positive SCE results for samples taken at
AI (Subandrio et al. 2000). However, Madoz et al. (2013)
studied the normal (healthy) endometrial PMNprofile in cattle
and reported far below values during different stages of es-
trous cycle, i.e., estrus (1.26%), metestrus (1.78%), diestrus
(1.95%), and prestrus (1.07%). PMN infiltration recorded dur-
ing different stages of estrous cycle was always below the
minimum thresholds reported for SCE diagnosis and hence
risk of false-positive cases as a consequence of physiological
PMN infiltration is low (Madoz et al. 2013). It remains debat-
able, as in one study (Pascottini et al. 2016), no PMN cells
were reported in > 92% of samples harvested during AI in
dairy heifers.

Limited reports were available about the relationship of
bacterial findings and the proportion of PMNs (Galvao et al.
2009), and none was available for estral buffaloes. Recently,

Fig. 1 Receiver operator curve
for percent polymorphonuclear
(PMN) cells in relation to pres-
ence of uterine bacterial infection.
The sensitivity = 66.0 (95% CI
50.9–81.4); specificity = 87.0
(95% CI 78.0–94.6); area under
curve = 0.73 (95% CI 0.68–0.82)

Table 1 Ultrasonographic parameters in healthy buffaloes and buffaloes with subclinical endometritis (≥ 5% polymorphonuclear cells) at estrus

Observation (mm) Control (n = 84) Subclinical endometritis (n = 31) P value

Mean ± SEM Range Mean ± SEM Range

Endometrial Thickness (mm) 6.72 ± 0.13 5.8–8.7 7.13 ± 0.18 5.6–9.2 P > 0.05

Uterine horn Diameter (mm) 20.83 ± 0.71 17.4–23.1 21.67 ± 0.49 17.9–24.7 P > 0.05

Size of largest follicle (mm) 13.15 ± 0.26 8.7–15.3 13.23 ± 0.23 8.5–14.2 P > 0.05
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Ricci et al. (2015) observed 8% of SCE cows to be bacterio-
logically negative whereas Madoz et al. (2014) failed to iso-
late bacteria in postpartum cows positive for SCE. Similarly,
no correlation between proportions of PMN cells with bacte-
riological growth density on the agar plates was reported,
suggesting that not all the cases of SCE were caused by infec-
tion with culturable bacteria or that the inflammation lasts
longer than the infection (Westermann et al. 2010; Baranski
et al. 2012). However, in cows with clinical endometritis,
Westermann et al. (2010) had observed a significant positive
correlation between PMN% and the presence of T. pyogenes.
The low level of agreement between the presence of intrauter-
ine pathogens and endometrial PMN% was also reported by
McDougall et al. (2011), as in some SCE cows, no bacteria
were isolated, possibly due to resolution of bacterial infection
by uterine defense mechanism while inflammatory response
was still underway (Madoz et al. 2014). However, bacterial
presence in uterine samples displayed a significant positive
correlation with PMN % (r = 0.295; < 0.01) and endometrial
thickness (r = 0.208; P < 0.05), whereas correlation with horn
diameter and size of largest follicle was not significant.

A good accuracy and strong validation of 5% PMN thresh-
old as a diagnostic criterion for endometrial inflammation

(and in turn SCE) at estrus in buffaloes was recorded in this
experiment. This is in agreement with McDougall et al.
(2011), who suggested the percentage of PMN cells as a better
predictor of reproductive performance than either intrauterine
bacteriology or gross inflammation score. The present inves-
tigation is perhaps the first to study prevalence of subclinical
endometritis at estrus in buffaloes as majority of available
reports are in cattle, during mid or late postpartum period.

In recent years, several publications had reported a negative
impact of SCE on subsequent reproductive performance in
dairy cattle (Gilbert et al. 2005; Barlund et al. 2008;
Kaufmann et al. 2009; McDougall et al. 2011). However,
similar studies on buffalo are lacking in literature. The only
study that analyzed the effect of SCE immediately prior to AI
on conception in cows observed a very low conception rate
17.8% based on ≥ 5% cut-off (Pascottini et al. 2016).
Kaufmann et al. (2009) prepared cytosmears 4 h post-
insemination and reported a significant reduction in first ser-
vice conception rate in cows with high PMN count (15%
PMN) as compared to medium PMN count (0–15% PMN)
(29.6 vs 57.6%). Supporting the present finding, reduction in
proportion of pregnant cows at 300 dpp (63.0 versus 89.0%,
respectively) in SCE compared to healthy cows had been

Fig. 2 Kaplan-Meier survival
curves for proportion of pregnant
buffaloes up to 100 days from
diagnosis of subclinical
endometritis at estrus

Table 2 Fertility parameters of healthy buffaloes and buffaloes with subclinical endometritis

Observation (n = 115) Control (n = 84) Subclinical endometritis (n = 31) P Value (statistical test used)

Median time to pregnancy (days from first AI) 29 74 0.0086 (Logrank test)

No. of AI per conception (mean ± SEM) 1.75 ± 0.15 2.81 ± 0.27 0.0144 (Logrank test)

Conception rate at first AI 36.90% (31/84) 22.58% (7/31) 0.047 (χ2 test)

Overall pregnancy rate (up to 100 days from first AI) 77.38% (65/84) 74.19% (23/31) 0.389 (χ2 test)
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reported previously (Gilbert et al. 2005). Likewise, Barrio
et al. (2015) found that 60% of cows with SCE were pregnant
within 200 days postpartum as opposed to 80% of healthy
cows. In contrast, Carneiro et al. (2014) failed to arrive at an
association between presence of subclinical endometritis (32–
70 dpp) and first service conception rate and pregnancy rate at
150 days postpartum in cows. Recently, Plöntzke et al. (2010)
also reported no effect of SCE on days to first service, FSCR,
days open and pregnancy rate in grazing dairy cows in
Argentina.

No significant difference in endometrial thickness (ET)
was observed in the present study. Endometrial thickness
was reported to have the highest sensitivity and specificity
for diagnosing SCE in relation to pregnancy status at
150 dpp in Holstein cows (Barlund et al. 2008). However, a
recent study (Salah and Yimer 2017) found endometrial thick-
ness (≥ 5 cm) alone not to be a reliable indicator of cytological
endometritis (≥ 8% PMN). Information concerning morpho-
logic changes (particularly ET) of the bovine endometrium
during the estrous cycle is scanty, and no study was available
for buffaloes in the literature searched. Nevertheless, previous
findings in cows had indicated an increase in endometrial
thickness in uterine body 3 to 4 days prior to ovulation, a
decrease 1 to 3 days after ovulation, and constant ET during
diestrus in cows (Souza et al. 2011). However, in the present
study, correlation between PMN% and endometrial thickness
was low, since ultrasound and cytology measure two different
representations of SCE, i.e., clearance mechanism of the uter-
us (luminal fluid) and cellular response of the inflamed uterus
(PMNs in cytology slides), respectively (Kasimanickam et al.
2004; Barlund et al. 2008). However, use of ultrasonography
for SCE diagnosis has not been explored much, since it could
easily be influenced by location of probe on the uterine horn.
Consequently, ultrasonography alone was not considered ac-
curate unless accompanied by endometrial cytology (Barlund
et al. 2008). The buffaloes suffering from SCE in the present
experiment tended to have a larger uterine horn diameter at
estrus compared to control. Almost similar values for right
(19.8 ± 0.43 mm) and left horn diameters (18.7 ± 0.37 mm)
in buffaloes at estrus were reported, and the dimensions also
did not vary with respect to stage of estrus (Honparkhe et al.
2004). Abayawansa et al. (2012) also reported comparable
diameters of non-gravid uterine horn (on 56 dpp) in buffaloes
having calvings in winter (22.76 ± 0.94 mm) and summer
(21.43 ± 0.88 mm). No report regarding the uterine horn di-
ameter in subclinical endometritic-affected bovines was avail-
able in the literature searched.

The present finding contradicted the earlier reports in
which uterine infection was suggested to perturb ovarian fol-
licular growth and function in cows and buffaloes (Sheldon
et al. 2002, 2009). The contradiction may be attributed to less
severity of subclinical endometritis as compared to overt clin-
ical endometritis in aforesaid studies. Uterine infection and

associated bacterial products suppressed follicular growth, de-
creased estradiol production, and inhibited LH surge and ovu-
lation, thereby causing persistence of dominant follicle lead-
ing to interference with the estrous cycle (Peter et al. 1989;
Suzuki et al. 2001). The effect of uterine infection on follicle
growth and function was believed to be mediated through a
centralized effect by disruption of LH secretion or a direct
effect on the ovary (Battaglia et al. 2000). Sampling at insem-
ination may be ideal as it offers the opportunity to determine
the uterine health status at the moment when normal uterine
involution would not interfere with the cytological results.
Moreover, fertilization takes place at this point which allows
studying the precise effect of SCE on the resultant conception
rate, and hence, samples harvested at the time of AI may better
reflect the health of endometrium in relation to conception
(Pascottini et al. 2016). Whereas, SCE diagnosed during the
postpartum period could resolve before insemination at the
ensuing estrus. Furthermore, cytobrush sampling at estrus
(prior to AI) was comparatively easy, fast (due to open cervix),
and yields high-quality samples (due to absence of erythro-
cytes in cytosmears) as compared to postpartum sampling.

In conclusion, the present investigation indicated that use
of endometrial cytology (≥ 5 PMN% threshold) as an effective
technique for diagnosis of subclinical endometritis at estrus in
buffaloes and SCE has negative impact on reproductive
performance.
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