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ABSTRACT

Post-partum uterine infections such as metritis, clinical endometritis and sub-clinical endometritis, are the
most common cause for decreased productivity and fertility in dairy cows. Being the least severe form
of endometritis, sub-clinical endometritis (SCE) is defined as the superficial inflammation of endometrium
with no signs of systemic illness and characterized by an increase in number of polymorphonuclear cells
(PMNGs) inside the uterine lumen. The impact of sub-clinical endometritis on fertility of dairy cows is
well known probably due to absence of any clinical signs and thus, difficulty in diagnosis and treatment.
Different techniques such as endometrial cytology, uterine biopsy, biochemical analysis of uterine fluid,
and measurement of acute phase proteins and inflammatory markers have been employed for the
diagnosis of SCE. Doppler and B-mode ultrasonography of middle uterine arteries and uterus have also
been used to diagnose the inflammation via assessment of uterine perfusion, respectively. Among all
methods, endometrial cytology via cytotape is one of the most advanced and frequently employed
methods for diagnosis of cytological endometritis based on the fact that proportion of PMNCs increase
during uterine inflammation. The review focuses mainly on current status of incidence and diagnosis of
post-partum sub-clinical endometritis in dairy cows.
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RESUMEN

Las infecciones uterinas posparto, como la metritis, la endometritis clinica y la endometritis subclinica,
son la causa mds comin de disminucién de la productividad y fertilidad en las vacas lecheras. Al ser la
forma menos grave de endometritis, la endometritis subclinica (SCE) se define como la inflamacién
superficial del endometrio sin signos de enfermedad sistémica y caracterizada por un aumento en el
nimero de células polimorfonucleares (PMNC) dentro de la luz uterina. El impacto de la endometritis
subclinica sobre la fertilidad de las vacas lecheras es bien conocido, probablemente debido a la
ausencia de signos clinicos y, por lo tanto, a la dificultad en el diagnéstico y tratamiento. Para el
diagnéstico de endometritis subclinica se han empleado diferentes técnicas como la citologia
endometrial, la biopsia uterina, el andlisis bioquimico del liquido uterino y la medicién de proteinas de
fase aguda y marcadores inflamatorios. La ecografia Doppler y modo B de las arterias uterinas medias
y el Utero también se han utilizado para diagnosticar la inflamacién mediante la evaluacién de la
perfusién uterina, respectivamente. Entre todos los métodos, la citologia endometrial a través de
cytotape es uno de los métodos mds avanzados y empleados con frecuencia para el diagnéstico de
endometritis citolégica basado en el hecho de que la proporcién de PMNC aumenta durante la
inflamacién uterina. La revisién se centra principalmente en el estado actual de la incidencia y el
diagnéstico de la endometritis subclinica posparto en vacas lecheras.
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INTRODUCTION

Uterine infections after parturition are the most common cause
for decreased productivity and fertility in dairy cows (Gilbert,
2011). For last 50 years, there has been a constant increase in
the incidence of uterine diseases due to post-partum uterine
infections which can be broadly classified into three types i.e.
metritis, clinical endometritis and sub-clinical endometritis. Sub-
clinical endometritis (SCE) is defined as the superficial
inflammation of endometrium with no signs of systemic illness
and characterized by an increase in  number of
polymorphonuclear cells (PMNCs) inside the uterine lumen
(Kasimanickam et al., 2004; Pascottini and Opsomer, 2016). In
cows diagnosed with SCE, scanty exudates often accumulate
inside uterus and result in lack of cervical discharge (Gilbert et
al., 2005). Sub-clinical endometritis has a detrimental effect on
reproductive performance of dairy cows after parturition
(Carneiro et al., 2014).

Etio-pathogenesis of sub-clinical endometritis

Etiological agents associated with occurrence of sub-clinical
endometritis and other post-partum uterine diseases such as
metritis and clinical endometritis are not common (Prunner et al.,
2014a). So there is a possibility that SCE occurs as the result of
prolonged inflammation of endometrium due to persistence of
bacterial contamination after parturition. However, exact
mechanism of the prolonged inflammation of endometrium is
not well understood yet. Although some researchers have
reported an increased endometrial mRNA expression along
with  tissue remodeling, acute phase response and
lipopolysaccharide signaling in cows diagnosed with SCE
(Kasimanickam et al., 2014; Gartner et al., 2015; Raliou et al.,
2019).

Serum concentrations of pro-inflammatory mediators such as IL-
1B, IL-6 and TNF-a, serve as the molecular markers for
assessment of sub-clinical endometritis (Kasimanickam et al.,
2013; Elsayed et al., 2020). Prolonged inflammation of
endometrium persists due to high production of eicosanoids
along with inadequate levels of anti-inflammatory substances
like IL-10 and TGF-B owing to delayed restoration of
homeostasis at tissue level (Fischer et al.,, 2010; Mattmiller et
al., 2013). Some researchers have reported an unbalanced
production of pro-inflammatory to anti-inflammatory cytokines
leading to delayed clearance of bacterial contamination and
subsequent development of sub-clinical endometritis after
parturition (Galvao et al., 2011; Ghasemi et al., 2012). In
other words, a low ratio of pro-inflammatory to anti-
inflammatory cytokines can disrupt the process of uterine
inflammation and vice-versa as pro-inflammatory cytokines
have been involved actively in uterine immune cascade via their
upregulation in the endometrium (Loyi et al., 2013; Brodzki et
al.,, 2015).

INCIDENCE OF SUB-CLINICAL ENDOMETRITIS

Dairy industry has witnessed a constant increase in the incidence
of sub-clinical endometritis over the last two decades which can
be due to better understanding of the concept related to it.
However, usage of advanced diagnostic techniques has also
contributed towards the increase in incidence of SCE. Incidence
of sub-clinical endometritis in dairy cows at different days after
parturition has been reported in Table 1.

Table 1. Incidence of sub-clinical endometritis in dairy cows at different days post-partum.

# Incidence (%) Days post-partum (d) Avuthor and year of research
38.00 18-38 d

1 19.00 32.52 d Plontzke et al. (2010)

2 25.90 38-49d Cheong et al. (2011)
35.00 26-34d

3 7.00 3549 d Lopdell et al. (2011)
29.00 29 d

4 23.00 43 d McDougall et al. (2011)

5 14.00 35-49d Senosy et al. (2012)

[ 18.90-75.40 21-28d Baranski et al. (2012)

7 13.50 32-35d Heidarpour et al. (2012)

8 13.40 21-27d Sens and Heuweiser (2013)

9 13.40 46-52d Ribeiro et al. (2013)
21.50 28-35d

10 16.00 >49 d Madoz et al. (2013)
27.59 30-39d
28.00 40-49 d .

11 27.66 5059 d Carneiro et al. (2014)
19.05 >60d
27.80 >49 d in cows .

12 7.86 >49 d in heifers Pascottini (2016)

13 33.33 43d Sharma (2017)
11.30 28d .

14 9.40 35d Salah and Yimer (2017)

15 15.70-64.10 28 d Lee et al. (2018)

16 19.27 30d Vallejo et al. (2018)

17 18.75 42d Rana (2019)

18 56.00 43 d Sharma and Singh (2019)

19 50.00 35d Escandon et al. (2020)
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DIAGNOSIS OF SUB-CLINICAL ENDOMETRITIS

Cows suffering from sub-clinical endometritis do not show any
clinical signs for diagnostic purpose but continues to affect the
economics of dairy industry in a substantial way for the last
decade. Different techniques such as endometrial cytology,
uterine biopsy, biochemical analysis of uterine fluid, uterine
lavage sample optical density test (ULSOD), bacterial culture,
white side test, leucocyte esterase test and measurement of
acute phase proteins and inflammatory markers have been
employed for the diagnosis of SCE (Pascottini et al., 2016q;
Vinita et al., 2018; Nehru et al., 2019). Doppler and B-mode
ultrasonography of middle uterine arteries and uterus have
also been used to diagnose sub-clinical endometritis,
respectively (Dourey et al., 2011; Debertolis et al., 2016). All
the methods have been discussed in the literature below.

Endometrial cytology

Endometrial cytology is one of the most accurate and
frequently employed methods for diagnosis of sub-clinical
endometritis based on the fact that proportion of
polymorphonuclear cells (PMNCs) increase during uterine
inflammation (Dubuc et al., 2010; Pascottini and Opsomer,
2016). Being semi-invasive and not much costly, it is very much
preferred and can be done by different technique such as
Cytobrush (CB), Cytotape (CT) and Low volume uterine lavage
(LVUL). All the techniques used for endometrial cytology have
different sets of advantages and disadvantages, thus, drawing
a comparison can be helpful in selection of the most reliable,
accurate and practically feasible method for diagnosis of sub-
clinical endometritis. Some of the comparative aspects of these
techniques have been mentioned in Table 2.

Table 2. Comparison between different techniques of endometrial cytology used for diagnosis of sub-clinical endometritis

Parameters for

Techniques

Low volume uterine

comparison Cytobrush (CB) Cytotape (CT) lavage (LVUL)

Red blood cells High Low Low

contamination (Due to laceration caused by brush bristles)

Representative Low Low High
sample percentage (1.5-2.5 cm? area) (1.5-2.5 cm? areaq)
Amount of PMNCs Low Low High

collected
Cellular details Moderate High Low
Moderate High

Distortion of cells (During smear formation due to brush Low

(Due to centrifugation)

bristles)

Accuracy level Good Good Very good
Time consumption Less Less More
Practically feasible Yes Yes Yes
Monitoring purpose Yes Yes Yes

Cow side test No No No

Low Low High
Sensitivity o - (Test is limited to a (Test involves a larger
(Test is limited to a specific area) .
specific area) area)
Specificity High High High
Skilled personnel is Skilled personnel is

Common constraint Skilled personnel is required

required required

Source: Kasimanickam et al. (2004); Barlund et al. (2008); LeBlanc et al. (201 1); Dini et al. (2015); Pascottini et al. (2015); Wagener

et al. (2017)

Polymorphonuclear cells threshold values (%) to diagnose sub-
clinical endometritis

Diagnosis of sub-clinical endometritis is based on the threshold
level of PMNCs at different days post-partum, however, the
cut-off value for diagnosis of SCE is still under discussion due to
different level of immune response and PMNCs population to
uterine contamination occurred during the process of parturition
(Wagener et al., 2017; Rana, 2019). Threshold valuves for
PMNCs used for the diagnosis of SCE at different days post-
partum have been discussed in Table 3.

Endometrial histopathology

Endometrial histopathology is considered the gold standard
test as it allows visualizing the changes in endometrial
epithetlium, stratum compactum, endometrial glands and blood
vessels directly during acute and chronic inflammation (Bonnett

et al,, 1991; Ahmadi et al., 2005). High specificity (92%) and
not very low sensitivity (44%) associated with endometrial
histopathology has made it reliable for use in understanding
the uterine pathology (Meira Jr et al., 2012). Histopathology
also allows the examination of examination of endometrial
epithelium along with stratum compactum, therefore, helps in
collection of more PMNCs as they are present more in deeper
stratum compactum (Pascottini et al., 2016a). Histologically,
disruption of surface epithelium, leucocytic infiltration, cystic
dilatation of endometrial glands, varying degree of glandular
degeneration and endometrial fibrosis provides clear details
about the stage of inflammation (Hartmann et al., 2016;
Fuentes et al., 2017). This method has been an integral part of
breeding soundness evaluation in mares (Snider et al., 2011),
however, its use in cows is questionable due to time consumption,
invasive nature and potential threat to future fertility (Pascottini
et al., 2016a; Coto and Lucy, 2018).
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Table 3. Threshold values for polymorphonuclear cells (%) with different techniques to diagnose sub-clinical endometritis at different

days post-partum.

# PMNCS(;/L‘;eShOId Ted‘:;:;ﬁ::;d for E:r);:n’:o(j) Avuthor and year of research
1 >5.00 Cytobrush 18-38 d Plontzke et al. (2010)
32-52d
2 >10.00 Uterine lavage 38-49d Cheong et al. (2011)
3 >18.00 Cytobrush gg:ig j Lopdell et al. (2011)
4 i;gg Cytobrush jz j McDougall et al. (2011)
5 >10.00 Cytobrush 21-28d Baranski et al. (2012)
[¢) >18.00 Cytobrush 32-35d Heidarpour et al. (2012)
7 >5.00 Cytobrush 35-49d Senosy et al. (2012)
8 >18.00 Cytobrush 21-27d Sens and Heuweiser (2013)
9 >5.00 Cytobrush 46-52 d Ribeiro et al. (2013)
>8.00 21-35d
10 >6.00 Cytobrush 35-49d Madoz et al. (2013)
>4.00 >49 d
11 >18.00 Cytobrush 21-35d Barrio et al. (2014)
30-39d
12 >5.00 Cytobrush gg:gz j Carneiro et al. (2014)
>60d
13 >5.00 Cytobrush 35-49d Barrio et al. (2015)
>1.00 Cytotape >49 d in cows ..
14 >1.00 Cytotape >49 d in heifers Pascottini (2016)
15 ijgg Cytobrush 22 j Singh et al. (2016)
16 i:gg Cytobrush ;g j Salah and Yimer (2017)
17 >14.00 Cytobrush 28 d Lee et al. (2018)
18 >5.00 Cytobrush 30d Vallejo et al. (2018)
19 >5.00 Cytobrush 29-35d Van Schyndel et al. (2018)
Cytobrush
20 >10.00 Cytotape 42d Rana (2019)
Uterine lavage
21 >10.00 Cytobrush 43 d Sharma and Singh (2019)
22 >10.00 Cytobrush 35d Escandon et al. (2020)

Trans-rectal ultrasonography

Trans-rectal ultrasonography has been an indispensable part
of routine examination of reproductive tract of dairy cows for
diagnosis of various physiological and pathological changes in
uterus and ovaries (Ribeiro et al., 2019). Considering the
importance of post-partum period, an early diagnosis based
on a non-invasive technique is very helpful in determining the
future fertility of dairy cows (Vinita et al., 2018). Various
important events such as uterine involution, endometrial
regeneration and resumption of ovarian activity occur during
post-partum period and their occurrence is mainly affected by
persistent uterine infections (Coto and Lucy, 2018; Sharma and
Singh, 2019). The B-mode of trans-rectal ultrasonography
detects the amount of fluid inside uterine lumen (Meira Jr et al,,
2012), thickened endometrial wall (Purohit et al., 2013),
cervical measurement (=5.0 cm; Salah and Yimer, 2017) and
alterations in the endometrial echotexture, i.e. contrast change
based on cellular density and homogeneity for ascertaining the
uterine inflammation in absence of any clinical signs of illness
after 4-5 weeks of parturition (Silper et al., 2016). Many
researchers have validated a correlation between the amount
of intra-luminal uterine fluid (ILUF) and proportion of PMNCs

diagnosed through trans-rectal ultrasonography and cytology,
thus, making ILUF a potential diagnostic marker for sub-clinical
endometritis (Dourey et al.,, 2011; Marino et al.,, 2017)., has
also been used as an important marker for diagnosis of sub-
clinical endometritis (Polat et al., 2015).

Doppler mode of ultrasonography still remains an unexplored
tool for diagnosis of endometritis in dairy cows (Arias et al.,
2018) although some latest research have focused mainly on
assessment  of inflammation based on
haemodynamic indices such as Pulsatility index (Pl), Resistance
index RI), Timed average mean and maximum velocity
(TAMEAN and TAMAX, respectively), volume of blood flow to
the uterus and diameter of middle uterine artery (Bollwein et
al., 2002; Sharma et al., 2019). Reduced PI, Rl and increased
TAMEAN, TAMAX and volume of blood flow to the uterus along
with diameter of middle uterine artery has been considered as
an important indicator for assessment of uterine inflammation
and subsequent reproductive performance in dairy cows post-
partum (Heppelmann et al, 2013; Rawy et al., 2018).
However, lack of standardization and less knowledge of
Doppler ultrasonography among practitioners makes it less
popular for diagnosis of uterine inflammation in dairy cows

uterine various
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(Debertolis et al, 2016; Sharma, 2020). Therefore, a
comparison must be drawn between endometrial
histopathology, cytology and ultrasonography to decide the

suitability of methods used for diagnosis of sub-clinical
endometritis (Table 4).

Table 4. Comparison between endometrial histopathology, cytology and trans-rectal ultrasonography techniques used for the
diagnosis of sub-clinical endometritis

Parameters for
comparison

Techniques

Endometrial histopathology

Endometrial cytology Trans-rectal ultrasonography

Diagnostic criteria

Endometrial changes
(Disruption of uterine epithelium
and glandular changes)

Cervical measurement, intra-
luminal uterine fluid,
endometrial thickness and
echotexture

PMNCs proportion (%)

Nature of test

Invasive

Semi-invasive Non-invasive

Endometrial layers

Epithelium+ stratum compactum

Epithelium only Not applicable

sampled (superficial and deeper)
Distribution pattern of Uneven . .
PMNCs (Depends on the layer sampled) Uniform Not applicable
Very good Good

Accuracy level

(Detects low degree of
inflammation)

(Detects moderate to high Need to be investigated

degree of inflammation)

Time consumption More Less Less
T No
Menitoring purpose (Associated with high risk) Yes Yes
Cow side test No No Yes
Sensitivity (%) 44.00-85.00 60.00-78.00 30.80-57.00
Specificity (%) 87.00-96.00 80.00-93.80 66.00-93.80
Negative effect on High Low Low

future fertility

Disadvantage(s)

Injury to endometrium

Observer bias and vast
variety of cut-off values
available

Interpretation and validation of
results is difficult

Source: Kasimanickam et al. (2004); Nielsen (2005); Barlund et al. (2008); Meira Jr et al. (2012); Madoz et al. (2014); Moscuzza et al. (2015);
Pascottini et al. (2016a,b); Salah and Yimer (2017); Lee et al. (2018); Van Schyndel et al. (2018).

Uterine lavage sample optical density test (ULSOD)

Several diagnostic techniques have been used for diagnosis for
sub-clinical endometritis, however, some degree of invasiveness
is associated with each one of them. Therefore, Machado et al.
(2012) have developed a completely non-invasive test which
measures the optical density of uterine lavage sample.
Measurement of optical density provides an objective and
numerical value of the light absorbed based on the
concentration of cells and proteins in uterine fluid collected
after lavage (Metris et al., 2006). The ULSOD is basically
influenced by the high concentration of PMNCs and presence
of bacteria inside uterine lumen during endometrial
inflammation (Bondurant, 1999; Miller et al., 2007). 620 nm
wavelengths with a sensitivity and specificity of 85.70 and
73.80 per cent, respectively, has been reported to be a cut-off
value for diagnosis of sub-clinical endometritis (Nehru et al.,
2019) and the higher value of wavelength corresponds to
presence of bacteria, exudation of protein and PMNCs level
within the uterine lumen (Machado et al.,, 2012). Therefore,
ULSOD method, despite not being a cow side test, offers to be
a non-invasive option for diagnosis of sub-clinical endometritis
(Nehru et al., 2019).

Bacterial culture

Study of microflora associated with occurrence of sub-clinical
endometritis has been well established in the last two decades

(Coto and Lucy, 2018). The common pathogens isolated from
the reproductive tract of cows diagnosed with SCE are mainly
Escherichia coli, Trueperella pyogenes, Streptococcus spp.,
Staphylococcus spp., Corynebacterium spp. and Bacillus spp.
(Prunner et al., 2014b). Brodzki et al., (2014) also found the
same pathogens while comparing them in early and late post-
partum stage samples. However, the presence of T. pyogenes
in uterine discharge samples of all the cows with SCE has been
rejected (Duvel et al., 2014). Bacterial culture has been used
as a diagnostic method for SCE but split results have been
reported by many researchers on its comparison with other
diagnostic methods (Madoz et al., 2014). This happens
generally during sterile or non-infectious inflammation where
the prolongation of exaggerated immune response remains the
cause of SCE (Coto and Lucy, 2018). Therefore, time
consumption, false negative results and requirement of
laboratory facilities are some of the limitations for this method
(Madoz et al., 2014).

Biochemical analysis of uterine fluid

Uterine fluid composition tends to differ in its composition during
estrus and inflammatory changes of uterus in cows (Alavi-
Shoushtari et al., 2008). Different biochemical parameters such
as urea, urea nitrogen, creatinine, total protein, albumin,
glucose, cholesterol, triglycerides have altered concentrations
during sub-clinical endometritis (Gahlot et al., 2017). Of all
these, a negative relationship between urea concentrations and
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expression of genes associated with innate immunity and
inflammation in the uterus has been reported (Cheng et al.,
2015). High cholesterol concentration leads to its accumulation
in macrophages, promotes inflammatory responses via inducing
Toll-like receptor signalling and thus, results in clearing the
infection from the uterus (Tall and Yvan-Charvet, 2015).
However, creatinine, triglycerides, total albumin and alkaline
phosphatase levels have not been the suitable indicators for
diagnosis of sub-clinical endometritis (Gahlot et al., 2017). This
method of diagnosis is useful for assessment of uterine
inflammation but high cost and infra-structure facilities limit its
use for monitoring purpose (Patbandha et al., 2016).

Inflammatory markers and acute phase proteins

Any process that leads to tissue damage results in activation of
the defence system and generates an acute phase response
(Mossallam et al., 2015) for re-establishing the homeostasis
and promoting the healing process (Boby et al., 2017). Acute
phase response is generally characterized by release of a
number of inflammatory mediators (pro-inflammatory
cytokines) such as interleukin-1 (IL-1), interleukin-6 (IL-6),
interleukin-8 (IL-8) and tumour necrosis factor-a (Ajevar et al,,
2014; Wang et al, 2018). The generation of pro-
inflammatory cytokines is mediated by activation of Toll like
receptors (TLRs) and recognition of infectious agents in the
endometrium (Kim et al, 2014). The pro-inflammatory
cytokines play a fundamental role in intracellular
communication among uterine cells and ovarian steroidogenesis
as their overproduction impairs these processes including low
concentrations of estradiol, slow growth of dominant follicle,
anovulation and delayed resumption of ovarian activity (Stassi
et al.,, 2017). IL-6, IL-8 and TNF-a are directly involved in the
recruitment of T-lymphocytes and polymorphonuclear cells for
eliminating the uterine pathogens and thus, play an important
role in uterine immune cascade via their upregulation in the
endometrium (Elsayed et al., 2020).

During inflammation, special group blood proteins known as
acute phase proteins (APPs) have altered concentrations and
thus, play an important role in diagnosis (Kaya et al.,, 2016).
Haptoglobin (Hp) and serum amyloid-A (SAA) are the main
acute phase proteins in cattle and help in initiating a response
against pathological damage of uterus induced by post-partum
bacterial contamination (Eckersall and Bell, 2010). Therefore,
the elevated concentrations of Hp and SAA i.e. 0.80 g/L and
85 mg/L, respectively, during first 3 weeks after parturition
have been used as the risk factors or early predictors of post-
partum endometritis (Chan et al., 2010; Dubuc et al.,, 2010).
Moreover, another important component of innate immune
system is C-reactive protein (C-RP), a non-glycosylated protein
(Du Clos and Mold, 2001), which also helps in tissue
regeneration and repair by protecting the tissues from damage
caused by pathogens (Krakowski and Zdzisinska, 2007; Kaya
et al., 2016). Serum C-RP and PMNCs have been reported to
share a significantly positive correlation in cows and buffaloes
diagnosed with sub-clinical endometritis during 5-7 weeks post-
partum (Li et al., 2010; Elsayed et al., 2020).

POST-PARTUM  SUB-CLINICAL ENDOMETRITIS AND
REPRODUCTIVE PERFORMANCE OF DAIRY COWS

Post-partum sub-clinical endometritis occurs mainly due to
alteration in inflammation regulatory mechanism (Arias et al,,

2018). As SCE is a chronic condition, it affects the reproductive
performance of cows and results in economic losses to dairy
farmers (Barrio et al., 2015). Various researchers have
reported a negative impact on reproductive parameters such
as first insemination conception rate (Gilbert et al, 2005;
Barlund et al., 2008), days to first insemination and calving to
conception interval (Barrio et al., 2015; Ricci et al.,, 2015;
Rinaudo et al.,, 2017; Sharma et al., 2018) and number of
inseminations per conception (Bacha and Regassa, 2010; El-
Rheem et al., 2019), thus, significantly affects the economy of
dairy farmers.

CONCLUSIONS

In peroration, the unavoidable contamination of uterus during
the process of parturition and suppression of immune system
often leads to persistence of infection/inflammation for longer
duration. Lack of any visible signs with SCE makes it difficult for
diagnosis and thus, requires the standardization of different
techniques such as Doppler ultrasonography of uterus and
estimation of serum inflammatory markers. However,
endometrial cytology still remains one of the confirmatory
methods for diagnosis of SCE. Therefore, this review will help
to make the better understanding about the current status of
incidence and an array of diagnostic methods employed for
sub-clinical endometritis in dairy cows after parturition.
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