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ABSTRACT

The present study was conducted to evaluate Whiteside test (WST), endometrial cytology and uterine lavage sample optical density
(ULSOD) for diagnosis of endometritis in postpartum crossbred cows. A total of 34 cows between 30-45 days in milk were screened under
field conditions. Endometrial cytology samples collected using cytobrush technique were examined for polymorphonuclear neutrophil
(PMN) cells, and samples with >10% PMNs were considered positive. Whiteside test was performed using cervico-vaginal mucus and
5% sodium hydroxide solution, while uterine lavage samples were analysed spectrophotometrically at 620 nm. Optical density (OD)
values >0.052 were considered positive for uterine inflammation. The incidence of endometritis recorded by cytology, WST and ULSOD
was 73.53, 73.53 and 58.82%, respectively. Based on WST, 23.53, 35.29 and 14.71% cows showed mild, moderate and strong positive
reactions, respectively. Sensitivity, specificity, positive predictive value, negative predictive value, diagnostic accuracy and kappa value
for ULSOD were 72, 77, 90, 50, 73.52% and 0.46, respectively, while corresponding values for WST were 92, 77.8, 92, 77.8, 88.23% and
0.72.The findings indicated that endometrial cytology remains a reliable diagnostic method, while WST serves as a rapid and economical
field screening test and ULSOD provides an objective quantitative assessment of uterine inflammation.
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INTRODUCTION

Maintenance of optimal reproductive efficiency in dairy
animals is essential for sustaining dairy productivity
and profitability. Postpartum uterine disorders, particularly
metritis and endometritis, are among the major reproductive
problems affecting dairy cattle worldwide. These disorders
adversely affect fertility, prolong calving-to-conception
interval and increase economic losses due to repeat breeding
and reduced milk production (LeBlanc, 2008; Galvao, 2018).
During the postpartum period, bacterial contamination of
the uterus is common; however, the normal uterine defence
mechanisms generally eliminate invading microorganisms.
Failure of uterine clearance results in persistent inflammation
of the endometrium leading to clinical or subclinical
endometritis (Sheldon et al., 2006). Endometritis interferes
with ovarian cyclicity and reproductive performance through
the action of inflammatory mediators and bacterial toxins,
which impair luteinizing hormone secretion, follicular
development and steroidogenesis (Sheldon et al.,, 2002).
Early diagnosis of uterine inflammation is therefore essential
for timely therapeutic intervention and improvement of
reproductive efficiency in dairy herds.

Several diagnostic techniques have been employed for
detection of endometritis in cattle. Whiteside test (WST)
is a rapid, inexpensive and practical cow-side diagnostic
method based on colour reaction produced by interaction
between sodium hydroxide and cellular components present
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in cervico-vaginal mucus. The test has been successfully used
for detection of nonspecific uterine infections and subclinical
endometritis under field conditions (Gupta et al,, 2011; Bhat et
al.,, 2014). Endometrial cytology is considered one of the most
reliable methods for diagnosis of subclinical endometritis
based on the proportion of polymorphonuclear neutrophils
(PMNs) present in endometrial samples, and is widely used in
both research and field practice (Kasimanickam et al., 2004;
Dubuc et al,, 2010; de Boer et al., 2015). However, cytology
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requires sample preparation, staining and microscopic
evaluation, which may limit its field applicability. Recently,
uterine lavage sample optical density (ULSOD) has emerged
as a quantitative and objective diagnostic approach for
assessment of uterine inflammation. Machado et al. (2012)
demonstrated that optical density of uterine lavage fluid
measured at 620 nm was significantly higher in cows with
endometritis and showed good diagnostic sensitivity and
specificity. Considering the importance of early diagnosis
of postpartum uterine inflammation and the need for
practical field-level diagnostic methods, the present study
was undertaken to comparatively evaluate Whiteside test,
endometrial cytology and uterine lavage sample optical
density for diagnosis of endometritis in postpartum
crossbred cows.

MATERIAL AND METHODS
Experimental Animals

The present study was conducted on 34 postpartum
crossbred cows maintained under field conditions. Cows
between 30 and 45 days in milk (DIM) with history of normal
calving and without any systemicillness were included in the
investigation. Animals were screened irrespective of visible
clinical signsin order to include both apparently healthy and
suspected cases of endometritis.

Whiteside Test

Cervico-vaginal mucus samples were collected aseptically
and equal volumes of mucus and 5% sodium hydroxide
(NaOH) solution were mixed in a clean test tube. The mixture
was heated until boiling and subsequently allowed to cool.
Development of yellow to dark brown colour was considered
indicative of uterine inflammation. Depending upon intensity
of colour change, reactions were categorized as mild,
moderate or strong positive (Bhat et al., 2014).

Endometrial Cytology

Endometrial samples were collected aseptically using
cytobrush technique. The collected material was rolled onto
clean glass slides, air dried and stained using Leishman'’s
stain. Stained smears were examined microscopically under
oil immersion objective and at least 100 cells were counted
for determination of polymorphonuclear neutrophil (PMN)
percentage. Samples containing >10% PMNs were considered
positive for endometritis as described by Kasimanickam et
al. (2004).

Uterine Lavage Sample Optical Density

Uterine lavage samples were collected by low-volume uterine
flushing technique using approximately 20 mL sterile normal
saline. The recovered lavage fluid was processed and optical
density was measured spectrophotometrically at 620 nm.
Samples with OD values >0.052 were considered positive for
uterine inflammation as per Machado et al. (2012).
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Statistical Analysis

The prevalence of endometritis was determined based of
results of different tests as per cent frequency. The sensitivity,
specificity, positive predictive value (PPV), negative predictive
value (NPV), diagnostic accuracy, likelihood ratio and kappa
coefficient were calculated for Whiteside test and ULSOD
using endometrial cytology as the reference diagnostic
method.

ResuLts AND Discussion

Atotal of 25 out of 34 cows (73.53%) showed positive reaction
to Whiteside test, indicating uterine inflammation. Based
on colour intensity, 23.53, 35.29 and 14.71% cows exhibited
mild, moderate and strong positive reactions, respectively,
while 26.47% animals showed negative reaction (Table 1, Fig.
1). The colour reaction observed during WST is attributed
to interaction of sodium hydroxide with leukocytic cellular
components present in cervico-vaginal mucus, reflecting
inflammatory exudation. Previous workers including Raja et
al. (2012), Purohit et al. (2013) and Bhat et al. (2014) reported
incidence of endometritis ranging from 62.8 to 72.4% using
WST in cattle, which corroborates the present findings. Lower
incidences reported by Zarekar (2014) and Guruvandana et al.
(2025) may be attributed to differences in postpartum stage,
herd management, diagnostic interpretation and selection
criteria. In the present investigation, moderate to strong
WST reactions corresponded more closely with clinically
significant uterine inflammation.

Table 1: Endometritis based on Whiteside test in postpartum crossbred
cows

Whiteside Test Reaction No. of cows Per cent
Negative (No colour change) 9 26.47
Mild (Light yellow colour) 8 23.53
Moderate (Distinct yellow colour) 12 35.29
Strong (Deep yellow to brown colour) 5 14.71
Total 34 100
= = =2 -

Fig. 1: Whiteside test reactions in postpartum cows (1 — No colour
change, 2 - Mild colour change, 3 - Moderate colour change and 4 -
Strong colour change)
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Endometrial cytology revealed that 25 out of 34 cows
(73.53%) had =10% PMN cells and were considered positive
for cytological endometritis (Fig. 2). The PMN threshold
of =10% was selected based on the recommendations of
Kasimanickam et al. (2004), who demonstrated its association
with impaired reproductive performance in postpartum
cows. The present findings were comparable with those
of Gilbert et al. (2005), Oral et al. (2009), and Singh et al.
(2016), who reported prevalence of subclinical endometritis
ranging from 51.2 to 80.64% using cytological evaluation.
However, lower incidences have been reported by Dubuc et
al. (2010), Madoz et al. (2014), Barrio et al. (2015) and Pascottini
(2016). Such variation among studies may be attributed
to differences in postpartum period at examination, herd
management, environmental conditions, sampling technique
and PMN cut-off values. Cytology remains one of the most
dependable diagnostic methods because it provides direct
evidence of inflammatory cell infiltration within the uterine
endometrium. In the present study, Papanicolaou staining
showed superior nuclear clarity and cellular differentiation
compared to Leishman staining, particularly in borderline
inflammatory cases.

Fig. 2: Cytological evaluation of uterine samples collected using
cytobrush technique.

Uterine lavage sample optical density measured at
620 nm identified 20 out of 34 cows (58.82%) as positive
for endometritis using an OD cut-off value of 0.052 with
sensitivity, specificity and Youden index of 0.72, 0.77 & 0.49,
respectively (Table 2). Increased optical density reflects
greater turbidity caused by inflammatory exudate, cellular
debris, leukocytes and bacterial contamination present within

the uterine lumen. The cut-off value of 0.052 was selected
because it yielded the highest Youden Index, indicating the
best balance between sensitivity and specificity. This value
was also biologically relevant as it closely corresponded
with the threshold reported by Machado et al. (2012), who
demonstrated that ULSOD measured at 620 nm had superior
diagnostic accuracy compared to other wavelengths. The
wavelength of 620 nm was selected because Machado et
al. (2012) observed the highest area under the ROC curve
at this wavelength, suggesting greater discriminatory
ability for detection of uterine inflammation. Increased
absorbance at 620 nm likely reflects elevated concentrations
of inflammatory cells, proteins and bacterial products in
uterine lavage fluid.

Table 2: Sensitivity and specificity of different optical density cut-off
values

OD Cut-off Sensitivity Specificity Youden Index
0.051 0.88 0.44 0.32
0.052 0.72 0.77 0.49
0.054 0.68 0.77 0.45
0.060 0.52 0.88 0.40
0.070 0.44 0.88 0.32

When compared with cytology as the reference
diagnostic test, ULSOD demonstrated sensitivity of 72%,
specificity of 77%, positive predictive value of 90%, negative
predictive value of 50% and diagnostic accuracy of 73.52%.
The kappa value of 0.46 indicated moderate agreement
between ULSOD and cytology (Table 3).

Whiteside test exhibited higher sensitivity (92%) and
substantial agreement with cytology (k=0.72), indicating
that it can serve as an effective field-level screening tool for
detection of endometritis (Table 3). Similar observations were
made by Habibzadeh et al. (2016) and Parikh et al. (2022). The
high sensitivity observed in WST suggests its usefulness in
identifying positive animals rapidly under field conditions,
whereas ULSOD provides a more objective and quantitative
assessment of uterine inflammation.

A progressive increase in mean optical density values
was observed with increasing intensity of Whiteside test
reaction, indicating greater inflammatory activity with
increasing severity of uterine infection, which concurred with
Habibzadeh et al. (2016). All samples showing negative WST
reaction exhibited OD values below the diagnostic threshold,
demonstrating good agreement between the two methods
in identifying healthy animals.

Table 3: Diagnostic performance of ULSOD and Whiteside test (WST) against cytobrush cytology

Likelihood ratio

Diagnostic Positive Negative Diagnostic
technique Sensitivity  Specificity Predictive Value Predictive Value efficacy Kappa (k) LR+ LR-
ULSOD 72.0% 77.0% 90.0% 50.0% 73.52% 0.46 3.13 0.36
WST 92.0% 77.8% 92.0% 77.8% 88.23% 0.72 4.14 0.10
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CONCLUSION

The present study demonstrated that postpartum
endometritis was highly prevalent in crossbred cows
between 30 and 45 DIM. Endometrial cytology remained
the most reliable diagnostic method for detection of uterine
inflammation. Whiteside test exhibited high sensitivity
and substantial agreement with cytology, indicating its
suitability as a rapid and economical field-level screening test.
Uterine lavage sample optical density measured at 620 nm
provided a quantitative and objective assessment of uterine
inflammation with moderate agreement to cytological
findings. The combined use of Whiteside test, cytology and
ULSOD may improve early diagnosis and management of
postpartum endometritis, thereby enhancing reproductive
efficiency in dairy cattle.
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