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Abstract
The objective of this study was to detect the percentage of Polymorph nuclear cells
(PMNs( from the uterine smears using the local manufactured uterine cytobrush
instrument, and to determine the echogenicity the intrauterine fluid by Ultrasonography.
Thirty (Arabian) repeat breeder mares were used. Animals were examined through rectal
palpation and ultrasound. Mares were divided into 4 groups depending on the results of: 1)
the amount of intrauterine fluid using ultrasound; 2) the endometrial samples were
collected during estrus cycles, 3) the numbers of uterine epithelial cells and PMNs using
locally manufactured cytobrush tool, 4) the number of lymphocytes. The results showed
that the incidence of endometritis had significantly related to that age of the animals. The
number of PMNs were significantly different between groups. The mean number of PMNs
was 1.63±0.23, 3.34±0.18, 4.78±0.26 and 5.26±0.46 in G1, G2, G3 and G4, respectively.
The echogenicity of the accumulated fluid in the endometrial lumen was significantly
associated with the percentage of lymphocytes. The mean number of lymphocytes was
1.02±0.42 and 1.84±0.37%, in G3 and G4 respectively. This study concluded that the
cytobrush technique is rapid, cheap, safe technique and easy to obtain samples from mare's
uterus in the field. Consequently, Ultrasound and cytological techniques could be
recommended for diagnosis of endometritis in mares.
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biopsy (5). Endometritis in mare usually associated with
accumulation of amount of fluid in the uterus (3). It has
been reported that Mares with the presence of intrauterine
fluids following inflammation had a shorter inter-ovulatory
interval which has been observed after premature regression
of the corpus luteum which results in the premature release
of prostaglandins (6,7).
In terms of echogenicity, it has been reported that the
presence of hyper echoic particles in the uterine lumen are
associated with endometritis in mares. The diameter of this
fluid area acts as an important method to distinguish
between uterine secretions and inflammatory fluids or
exudates (7).
In order to distinguish between the volume and
echogenicity of the different types of fluids accumulation in

Introduction
Endometritis is regarded as an important disease in
mares which lead to subfertility with reduced an
economical benefit by about 15% (1). In terms of microbial
factors, there is a great variance among microbes including
induction of inflammation, epithelial adherence, resistance
to phagocytosis, viscosity of secretions and the status of the
uterine defense mechanism (2).
The major bacterial causes of endometritis in mares are
E. coli and hemolytic streptococci from the vagina (3,4).
There are several methods have been used to diagnose
endometritis in mares such as clinical examination;
palpation
per
rectum;
ultrasonography,
vaginal
examination, uterine culture, cytology, and endometrial
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the uterine lumen is based on a system of grades (related to
the amount of debris or inflammatory cells), which could be
link to the fertility of the mare (6). On a transverse section
of a filled uterine horn with secretions, the folds of the
endometrium occasionally form projecting bulges into the
lumen with wavy or scalloped line which separates the
secretions and the uterine wall. The 6-8 folds of the
endometrial mucosa that normally present in the mare are
quite often identified. Secretions lead to the dilation of the
uterine cavity resulting in the penetration between the folds
and separating them, whereas the folds are closely
adjoining when the uterus is empty (6,8).
Cytological and bacteriological investigations have been
used for the diagnosis of the severity of endometritis (9). It
should be noted that a positive bacterial culture may not be
associated with endometritis and reduced fertility in mare
(10,11).
The cytological examination is regarded as a valuable
diagnostic tool with high sensitivity compared to the
bacteriological investigation. In addition, cytobrush has
been recognized as less aggressive methods by which
endometritis can be gauged. Endometrial cytology is used
as a fast technique for detection of the degree of
endometritis in the mare by calculation Polymorph nuclear
cells PMNs (12).
Furthermore, various methods have been used to
classify cytological grades; such as detection the number of
PMNs as a percentage of all cells noticed in a smear and
record actual numbers of cells show per microscopic field
(13). The advantage of cytology is the ability to obtain
results early with low cost and rapid availability of results,
while bacteriological examination takes 2-3 days until to
get the results (10,12-14). There are several methods used
to obtain samples form the uterus including cytology
brushes and uterine lavage (15). Previous studies have been
recorded that cytology brushes technique is better for
collecting samples than that collected with cotton swabs
(10). The percentage of neutrophils to endometrial
epithelial cells 0.5% to 2.5% was used by some authors as
an indicator of inflammation (10,11,16,17). Others count
the number of neutrophils observed in several 1000x fields
(11,12,18). The primary aim of the present study was to
detect of the numbers of PMNs and lymphocytes
percentage in the uterine smears by the locally
manufactured
uterine
cytobrush
instrument
and
echogenicity of the intrauterine fluid by Ultrasonography
for diagnosis of endometritis in Mares.

University and Nineveh Equestrian Club in Mosul, Iraq.
Animals were aged from 6-18 years old; they were mated
by stallion of known fertility. Mares with history of
reproductive failure during the year 2018- 2019 where they
have been bred three times unsuccessfully in the current
breeding season, during the period between March and July
were used.
Clinical examination
All gynecological examinations and sampling were
carried out by hands with stock-restrained mares. The
dominant ovarian follicle 30 mm in diameter had been
recognized by gynecological examinations including
palpation per rectum and ultrasonography in the Mares.
Ultrasonography examination
The mare's reproductive tract was examined via two
types of Trans-rectal ultrasonography first real time Bmode scanner, Medison CO., Korea and second Mindray,
DP-6900Vet, China with probe 7.5 MHz trans rectal
transducer) for the evaluation of mature ovarian follicle,
presence or absence of uterine fluid and for determination
of uterine wall thickness (19). Ultrasound scanning used to
quantify the mean gray value which used as an indicator of
the changes in the echogenicity of the endometrium and the
intra-uterine fluid and these changes were classified into:
Small amount of an intrauterine anechoic fluid, Moderate
intrauterine slightly echogenic fluid, High intrauterine
echogenic fluid, Huge amounts of an intrauterine echogenic
fluid (8). Mares were grouped according to ultrasound
scanning only to identify the amount of intra uterine fluid
into: Group 1 (G1; n=5) had small amount of an
intrauterine anechoic fluid. Group 2 (G2; n=8) had
moderate intrauterine slightly echogenic fluid. Group 3
(G3; n=13) had high intrauterine echogenic fluid. Group 4
(G4; n=4) were characterized by the presence of huge
amounts of an intrauterine echogenic fluid with thickness of
uterine wall.
Sample collection
Endometrial sample were collected at the studs’
appearance immediately as the mares were behaviorally in
estrus, the mare tail was wrapped with band, the vulva and
perianal area were washed with a non-residual solution and
cleaned three times with water to remove all external debris
and dried by towel a paper (12). Cytobrush tool was locally
manufactured from stainless steel plunger without a knob
handle; (artificial insemination gun) and connected with
new mascara brush, and then was covered with a thin
sheath of aluminum (exterior tube). The brush tool was
covered with glove to prevent vaginal contamination and
then sterilized by autoclave before collection of samples.
The endometrial cytology (EC) samples were collected,
using a new cytobrush tool with application of small
amount of sterile lubricant. This new tool was introduced

Materials and methods
Animals
Current study was carried out on a total of 30 repeat
breeder (Arabian) multiparous mares without foals.
Animals were obtained from Teaching Veterinary Clinical
Service at the College of Veterinary Medicine, Mosul
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manually through the vulva, vagina, and cervix and
advanced into the uterine body and then the glove was
pierced to expose the tool to collect the sample.
At this stage the aluminum sheath was retracted far
enough to expose the cytobrush to collect endometrial
samples by rotating the tool in a circular direction in
contact with the uterine wall to collect enough cells within
few minutes. Finally, after the tool was removed from the
uterus gently endometrial cytology smears were prepared
immediately by gentle rolling the cytobrush on a pair of a
new glass microscope slide for each mare. Smears were airdried on a warming tray cytobrushing and for a few
minutes, then smears were fixed with methyl alcohol and
then stained rapidly by Leishman's stain, Stained smears
were air dried and mounted (9,18) (Figure 1).

high-power field 100x and graded (12) into: Normal (no
PMNs to rare PMNs / HPF); Mild inflammation (1-2%
PMNs / HPF); Moderate inflammation (3-5% PMNs /
HPF); Severe inflammation (>5% PMNs / HPF. In addition,
some cytobrush samples contained a moderate to high
amounts of debris that is presumed to be cellular materials
from broken cells, extracellular bacteria or dead sperms.
The diagnostic value of cell morphology was categorized as
follows: The neutrophil index was considered according to
Card, 2005 which was then calculated depending on the
numbers of the two cell types. Smears with over 0.5%
PMNs were classified as positive. The number of red blood
cells per high-power field was assessed semi quantitatively
and classified as none, few, numerous and massive numbers
(10,12).
Statistical analysis
Data information are presented as mean ± standard
error. The recorded data of Statistical analyzed using Chisquare test with P value was significant at P<0.05 by using
Statistical Analysis program (SPSS Ver. 16).
Results
The results of this study showed that the incidence rate
of endometritis in mare was 16.66, 26.66, 43.33 and
13.33% in G1, G2, G3 and G4, respectively (Table 1). The
degree of endometritis was significantly associated with the
age at 10-14 years of animals (Table 1). Ultrasonography
outcome form inflamed uterus revealed that the presence of
an echogenic accumulated intra-uterine fluid considered as
an indicator of clinical inflammation of the uterine wall.
Grading of the uterine inflammatory fluid echo pattern was
performed by gray scale echogenicity, which showed that
the mean uterine fluid echogenicity was proportioned with
increased thickness of endometrial wall in cases of
endometritis grade G1, G2, G3and G4, respectively (Table
1) (Figures 2 and 3). Cytological examination revealed that
the mean number of neutrophil was significantly different
between grades (Table 1). The mean number of neutrophil
were 1.63±0.23, 3.34±0.18, 4.78±0.26 and 5.26±0.46 per
high-power field (HPF), in G1, G2, G3 and G4,
respectively (Table 1).

Figure 1: New cytobrush tool was locally manufactured
from stainless steel plunger without a knob handle;
(artificial insemination gun) adhered with new mascara
brush.
Uterine cytology
Cytological smears were examined using light
microscope at 40x field lens to check the presence of
uterine epithelial cells and Polymorph nuclear cells
(PMNs). Then high-power field 100x (HPF) was used to
count the PMNs and epithelial cells from each smears. The
average number of PMNs / HPF (high power field) was
quantified from at least ten fields in multiple areas of each
smear. The degree of the inflammation was evaluated at

Table 1: Descriptive and endometrial cytological findings in Arabian mares associated with endometritis
Groups
Group 1
Group 2
Group 3
Group 4
Number of mare
5
8
13
4
Age of mare (year)
6.9±0.17a
10.32±0.29b
13.47±0.11c
16.74±0.23d
Incidence of endometritis
16.66%
26.66%
43.33%
13.33%
PMNS cells /HPF
1.63±0.23a
3.34±0.18b
4.78±0.26c
5.26±0.46c
Lymphocyte cells /HPF
0.00±0.00a
0.00±0.00a
1.02±0.42b
1.84±0.37c
Values with different superscripts within the same row were significantly different at P<0.05. HPF: high-power field.
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3). Group 3 had low number of lymphocytes at average of 01 lymphocytes/HPF (Figure 3). It should be noted that the
number of lymphocytes was significantly different between
G3 and G4 (Table 1). Group 4 had highest number of
lymphocytes which was association with the high number of
neutrophil cells.

Figure 2: Ultrasound images for the Mares enrolled in this
work. The image (A) shows a small amount of an
intrauterine an echoic fluid with the folds of the
endometrium bulges projecting into the lumen. The image
(B) shows moderate amount of an intrauterine an echoic fluid
of indicating endometritis in the mares.
Figure 4: Photomicrographs of equine endometrial cytology
smear. Smear of group 2 (A) shows PMN cells (orangs’
arrow), columnar epithelial cells (green arrow), bacterial
colony (yellow arrow) and spermatozoa (blue arrow) while
smear of group 1 (B) shows PMN cell, the smear of group 3
(C) illustrates show high PMN cells, while the smear of
Group 2 (D) shows PMN cells indicating features
endometritis in the mares stained by Leishman's stain (100
x).

Figure 3: Ultrasound images for the Mares enrolled in this
work. The image (C) with high amount of an intrauterine an
echoic fluid, while image (D) showed an accumulation of
high amounts of an intrauterine huge echogenic fluid with
thickness of uterine wall of the indicating endometritis in the
mares.
Figure 5: Photomicrographs of equine endometrial cytology
smears. The smears of group 2 (E) show PMN cells (orangs’
arrow), while that of group 4 (G) show PMN cells (orangs’
arrow), epithelial cells with lymphocyte cell (red arrow), The
smears of group 4 (H) show PMN cells (orangs’ arrow),
epithelial cells (green arrow) with lymphocyte cells (red
arrow) indicating presence of the endometritis in the Mares
stained by Leishman's stain, (100 x).

In all examined samples, there was an obvious increase in
the number of neutrophils or more than one neutrophil was
observed per field, at the same time, neutrophils were
observed in the vast majority of fields (Figure 4). There was
also one sample taken by swab revealed a few small areas
containing increased number of neutrophils, the results of the
cytological evaluation were reported in (Table 1) (Figures 4
and 5). The results from cytological examination showed that
there were not lymphocytes noticed in the G1and G2 (Figure
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number of neutrophils increased with severity of
endometritis. The same studies reported that cytological
smears with less than 1 poly morph nuclear cells (PMNs)
/hpf regarded as normal; mild uterine inflammation often is
indicated when smears have 1-2 PMN/ HPF; while 3-4 PMN/
HPF and 5-6 PMN/ HPF refer to moderate and sever
inflammation, respectively with presence of microbial
organisms by using of a guarded uterine brush. These
findings suggested that cytological smears collected from
endometritis mares contain large amounts of debris and may
contain inflammatory cells. This debris may denote
degenerated neutrophils, sloughed epithelial cells, sperms,
and inflammatory residues. Smears with large quantities of
debris were recorded as non-inflammatory if there were <0.5
neutrophils/field. Anaerobic bacteria may have domicile in
the uterine lumen and were recognized by endometrial
cytological samples (14,26). It has been suggested that
susceptibility to cytological evaluation for uterine infection
associated with an impaired local uterine chronic reaction;
lymphocytes are frequently accompanied by PMNs. It has
been documented that chronic endometritis associated with
lymphangiectasia (secondary to vascular degeneration),
resulting in impaired cervical drainage, and loss of
epithelium, excessive exudate and epithelial hyperplasia in
uterine mares (18). Nielsen (10) considered that the presence
of PMNs infiltration of the luminal epithelium regarded as a
good indicator for endometritis in mares. Interestingly, in
both Ultrasound and cytological technique could have a
significant value associated with percentage of PMNs.

Discussion
Endometritis is regarded an important disease and causes
infertility in mares, which comes as third in rank following
colic and respiratory tract diseases in equine (20). The
present study reported that there was a significant
relationship between age of animals and the incidence of
endometritis, due to poor uterine contraction after natural
service in older mares recorded highest rate of severe grade
of endometritis. In accordance to (21) reported that the
incidence of endometritis increased with increased parity of
animals (22). Previous studies mentioned that reproductive
performance and fertility in mares is increased at age 12-13
years (23,24). The current study showed intrauterine fluids
accumulate rarely at different periods at estrous cycle and
causes infertility in mares; however, accumulation of uterine
fluid has been reported in mares with endometritis at estrous
cycle. The results of this study were in agreement with (22),
they suggested that a history of infertility associated with
uterine fluid accumulation during the reproductive period can
be considered the most useful practical indicator of a
sensitive mare to endometritis by clinical examination.
The study reported that the accumulation of uterine fluid
echogenicity (8,25) who graded the intra-luminal uterine
fluid (Graded I to IV) according to the degree of
echogenicity i.e. the more echoic the fluid, the more likely
the fluid is contaminated with debris including white blood
cells. The results founded that the amount of intrauterine
fluid accumulated was related with the grades of
endometritis and this in agreement with (20) who reported
that the existence of >2 cm depth of fluid during estrus was
considered as a predictor of susceptibility the uterus to get
infection. However, small volume (<2 cm) of intrauterine
fluid during estrus which didn’t have an effect on pregnancy
rate. Furthermore, (20,21) stated that the presence of large
volume (1-3 cm or greater) of anechoic fluid during estrus or
immediate post-ovulation period could have negative impact
on fertility. All sampling methods were achieved by the same
operator; the manufactured brush technique by cytobrush
tool recorded the highest quality of samples and was
considered as an easy and quick method for collection of
samples. In agreement with previous study (8) who using a
human uterine cytobrush inserted into an artificial
insemination gun. Therefore, the diagnostic sample by
uterine cytobrush tool that is cheap and performs rapidly
(24). A recent research showed that a value of ≤1 PMNs
/400× field regarded normal mares as routine cytological
evaluation (25). The endometrial cytology used as a good
diagnostic indicator for endometritis in mares (12). Results
presented in this study showed that the cytological
examination of mares diagnosed to have different grades of
endometritis were positive in all mares. The current study
showed that there was a relationship between number of
neutrophils (PMNs) /HPF and the grades of endometritis.
These results were agreed with (13,18) they reported that the

Conclusions
This study concluded that the cytobrush technique is
rapid, cheap, safe technique and easy to obtain samples from
mare's uterus in the field. Consequently, Ultrasound and
cytological techniques could be recommended for diagnosis
of endometritis in mares.
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الكشف عن التهاب بطانة الرحم باستخدام البرش
الخلوي واألمواج فوق الصوتية في األفراس
1

 و إيمان حياوي الزم2 عمار غانم الحائك،1محمد عبداالله رحاوي

 كلية الطب،فرع التشريح2 ،فرع الجراحة وعلم تناسل الحيوان1
 العراق، الموصل، جامعة الموصل،البيطري
الخالصة
هدفت هذه الدراسة إلى الكشف عن نسبة الخاليا متعددة النواة في
مسح الرحمية المأخوذة بواسطة آلة البرش الخلوي المصنعة محليا
وتحديد صدويه السوائل داخل الرحم بتقنية األمواج فوق الصوتية
 من األفراس العربية والتي تعاني30 لتشخيص التهاب بطانة الرحم في
 األفراس تم فحصها تناسليا من خالل الجس عبر،من تكرار العطاف
 قسمت األفراس إلى أربعة مجاميع.المستقيم وباألمواج فوق الصوتية
عبر معرفة كمية السوائل في التجويف الرحمي باألمواج الفوق الصوتية
وجمعت المسحات الرحمية من األفراس خالل ظهور سلوك العطاف
 المسحات الخلوية لبطانة الرحم جمعت بواسطة أداة البرش الخلوي،فيها
 والخاليا متعددة النواة،المصنعة محليا وحساب أعداد الخاليا الطالئية
 أظهرت النتائج أن نسبة حدوث اإلصابة.والخاليا اللمفية لبطانة الرحم
بالتهاب بطانة الرحم لها عالقة معنوية مع عمر األفراس وعند مستوى
.معنوية بين تقدم عمر األفراس ودرجة إصابتها بالتهاب بطانة الرحم
،0,23±1,63 وجد أن نسبة الخاليا متعددة النواة في العينات الرحمية
 و3 ،2 ،1  في المجاميع0.46±5.26 ،0.26±4,78 ،0,18± 3,34
 كما وجد فرق معنوي وعند مستوى معنوية بنسق الصدى. على التوالي4
لتجمع السوائل في التجويف الرحمي مترافقا مع نسبة الخاليا اللمفية في
 و%0.42±1,02 األفراس التي تعاني من التهاب بطانة الرحم وبنسب
 نستنتج. في المجموعتين الثالثة والرابعة على التوالي%0,37±1,84
 امنه،أن طريقة البرش الخلوي من الطرق السريعة الرخيصة التكاليف
وسهلة التطبيق في تشخيص التهاب بطانة الرحم األفراس حقليا وبالتعاون
مع مدى صدوية السوائل داخل تجويف الرحمي باستخدام تقنية األمواج
 ونوصي باستخدام الطريقتين لتشخيص التهاب بطانة،فوق الصوتية
.الرحم في األفراس
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