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Validation of a simple method for the interpretation
of uterine cytology in cows
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ABSTRACT: One of the main drawbacks of using endometrial cytology in cows is the time required for sample
collection and interpretation. It is recommended to count a large number of polymorphonuclear neutrophils (PMN)
and to calculate their overall percentage. However, since counting a large number of cells is a laborious method, it
would be preferable to simplify the analysis by counting the number of PMN in few microscopic fields. Therefore, the
aim of this study was to assess whether a simple test, based on calculating the average number of PMN in 10 fields at
1000x, could be a reliable technique for the diagnosis of endometritis. Two hundred and sixty endometrial samples
were taken from Holstein cows at different postpartum stages using an adapted cytobrush. Smears obtained were
air-dried for fixing and stained with a Romanowsky-type procedure. To evaluate the counting method, the percentage
of PMN in 150 cells was calculated as well as the average number of PMN in 10 fields at 1000x. Receiver operating
characteristic (ROC) curves was constructed to evaluate both methods, the percentage of PMN (used as reference)
and the average number of PMN. It was observed that the area under the curve is (regardless of cut-off used) higher
than 0.99 and the correspondence between both methods were 1.58 PMN/field for the cut-off value of 15% and 2.40
PMN/field for the cut-off value of 20%. These results show that this simple method could be used to determine the
percentage of PMN in endometrial cytological samples and to diagnose endometritis in cows.
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Subclinical endometritis is defined as an inflam-
mation of the endometrium without systemic illness
or signs, and it is associated with delayed uterine
involution (Kasimanickam et al. 2004). There could
be several causes for an increase in the susceptibility
of the uterus to trauma and infections resulting in
syndromes ranging from mild endometritis to toxic
metritis (Kasimanickam et al. 2005). Numerous risk
factors are implicated in the occurrence of uterine
disease in dairy cows, including retained placenta,
dystocia, twins, parity, management, environment,
and genetic influence (Coleman et al. 1985). Such
pathologies have a negative effect on reproduc-
tive performance because they increases services

per conception, the calving to first-service interval
and the calving to conception interval, thereby re-
ducing the conception rate (Fourichon et al. 2000;
Heuwieser et al. 2000; Leblanc et al. 2002).

There are several techniques for the diagnosis of
the subclinical endometritis that will be discussed
here briefly, but only some of these can be applied
to the collection of the endometrial cells. In these
techniques, endometrial and inflammatory cells
may be collected by using a guarded cotton swab
(Studer and Morrow 1978), uterine biopsy (Bourke
etal. 1997), uterine lavage (Hammon et al. 2001), or
cytobrush (Glenthoj et al. 1986). Both uterine lavage
and cytobrush are less invasive techniques than uter-
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ine biopsy (Kasimanickam et al. 2005). Cytobrush
is a less harmful technique for the endometrium
than the uterine lavage, since the fluid produces en-
dometrial irritation (Brook, 1993). Saline solution
also increases the time required to obtain samples,
causes a 17% of failure in attempts to recover fluid
and increases the distortion of cells harvested by the
lavage technique (Kasimanickam et al. 2005)

Endometritis in dairy cows is one of the most con-
troversial topics among practitioners due to the lack
of a diagnostic gold standard (Kasimanickam et al.
2005). Multiple bacterial species have been isolated
from more than 90% of cows during the early post-
partum period, but the prevalence of endometritis
decreases over time (Elliot et al. 1968). Neutrophils
constitute the first defensive barrier against invad-
ing pathogenic organisms postpartum, resulting
in an increase in the PMN population within the
uterine lumen (Butt et al. 1993). Investigators have
reported differing findings about the percentage of
neutrophils that indicates subclinical endometri-
tis in cows. Hammon et al. (2006) established as
subclinical endometritis-positive those cows with
counts of PMN > 25% performed at 28 + 3 days
postpartum, while others established percentages
higher than 18% or 10% in endometrial samples col-
lected between days 21 to 33 or 34 to 47 after calving,
respectively (Kasimanickam et al. 2004; Sheldon et
al. 2006). On the other hand, it has been reported
that more than 5% of PMN:ss is a significant cut-off
point for the endometrial inflammatory response in
cows sampled using uterine lavage between 40 and
60 days postpartum (Drillich et al. 2005; Gilbert et al.
2005). Differences have been observed when samples
are evaluated by different technicians (Santos et al.
2009), and it could be recommended to control these
between-technician variations.

Although endometrial cytology in cows is not a
complicated technique, an easier procedure could
be implemented. In the present study, the corre-
lation between the number of inflammatory cells
(PMN) using two different procedures is evaluated,
and it is hypothesised that the average number of
PMN in 10 fields could be as efficient as the total
percentage of PMN.

MATERIAL AND METHODS
For this study, 260 endometrial samples were ob-

tained from apparently healthy, mature cows. All
animals were subjected to an exhaustive examina-

tion including rectal palpation, vaginoscopy and

ultrasonography to rule out clinical endometritis.

Samples were taken from milking cows around day

35 to 45 postpartum.

The endometrial cytology was taken with an
adapted cytobrush over a stainless rod with a sani-
tary plastic sleeve. It was introduced throughout the
cervix as far as the uterus corpus. Then, the brush
was rotated over the uterine wall and withdrawn.
Samples were prepared by rolling the brush onto a
clean prelabelled glass slide, followed by air-drying.
The smears were stained with a Romanowski stain
(fixant, eosin and blue solutions for fast staining,
Panreac, Barcelona, Spain) before microscopic ex-
amination.

The evaluation was carried out following two dif-
ferent procedures:

(A) Determination of a total of 150 cells at 1000x
and assessment of the percentage of PMNs.
This procedure was considered as the refer-
ence proof.

(B) Determination of PMNs in 10 fields at 1000x
and assessment of the average number of PMN
per field. This was considered as the procedure
for validation.

A pearson correlation between both procedures
was carried out. The cut-off points correspond-
ing to 5% and 30% of two differential PMN counts
for subclinical endometritis diagnosis were deter-
mined using the receiver operating characteristic
(ROC) curve.

ROC curves were used to determine similarities
of the different cut-off values. Only one specific
cut-off value was not used because it varied ac-
cording to the interval from calving to sample col-
lection.

ROC curves are an important and unifying tool
in the process of assessment and diagnosis in di-
chotomic variables (prevalence or absence of dis-
ease). The equivalence between the test method
(percentage PMN in the sample) and the specificity
and sensitivity of the cut-off point of the test to
validate (mean PMN per field in 10 fields) for the
different cut-off points was evaluated. All statisti-
cal analyses were performed using the SPSS 15.0
statistical software package.

RESULTS AND DISCUSSION

The correlation between the reference (percent-
age of PMNs) and the proposed (average number
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Table 1. Cut-off points corresponding to two different PMN counts, obtained with ROC (receiver operating charac-

teristic) analyses

Percentage of PMN Area under the curve

Mean of PMN in 10 fields

Sensitivity (%) Specificity (%)

(procedure A) (procedure B)

30 0.995 7.70 100 98.4
25 0.993 2.40 100 96.8
20 0.994 2.40 100 97.2
15 0.997 1.58 100 98.0
10 0.996 1.13 100 97.5
5 0.992 0.52 100 95.3

of PMN) procedures was significant (r = 0.843,
P <0.01).

As shown in Table 1, the highest sensitivity was
always obtained, and the specificity was also high
(over 0.95). The obtained results demonstrate that
all positive samples could be diagnosed and nega-
tive samples were undetected only in a very low
proportion. The reference procedure (A) needed
a longer time period for smear evaluation, due to
the high number of cells for counting. However,
less time was necessary for cell recounting when
the proposed procedure (B) was used. In spite of
the time required for making the diagnosis, the
critical point is the establishment of a procedure
that can be carried out in farms. Procedure B has
been demonstrated to be a fast, easy and accurate
technique for subclinical endometritis diagnosis.

Other attempts to simplify the evaluation of
endometrial cytology consisted in the subjective
assessment of subclinical endometritis, used by
Santos et al. (2009) in beef cattle. A subjective tech-
nique using 5.5% of PMN as a cut-off point was
validated, obtaining a correlation of 0.83, specificity
of 100%, sensitivity of 78% and area under the curve
of 0.951. The mentioned values were lower than
the ones obtained in the present study. The time
required for a subjective assessment used by Santos
et al. (2009) and for the count of PMN in 10 fields
is very similar. The better results and similar time
necessary in the procedure proposed here affirm
the suitability of the method for the diagnosis of
endometrial cytology in cows. Moreover, subjec-
tive assessments should be validated with each ob-
server, and results could be biased.

In summary, it can be concluded that endometri-
tis (clinical or subclinical) diagnosis can be carry
out determining the average of PMN in 10 fields,
which results in the same efficiency as that ob-
tained by calculating the total percentage of PMN.
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Importantly, the proposed method gives results
faster and is easier to carry out.

REFERENCES

Bourke M, Mills JN, Barnes AL (1997): Collection of
endometrial cells in the mare. Australian Veterinary
Journal 75, 755-758.

Brook D (1993): Uterine cytology. In: McKinnon AO,
Voss JL (eds.): Equine Reproduction. 2" ed. Lea and
Febiger, London. 246-254.

Butt BM., Senger PL, Widders PR (1993): Neutrophil
migration in the bovine uterine lumen following in-
trauterine inoculation with killed Haemophilus som-
nus. Journal Reproduction and Fertility 93, 341-345.

Coleman DA, Thayne WV, Diley RA (1985): Factors af-
fecting reproductive performance of dairy cows. Jour-
nal Dairy Science 68, 1793-1803.

Drillich M, Lincke A, Kersting S, Arlt S, Heuwieser W
(2005): Treatment of subclinical endometritis in dairy
cows with enzymes or PGF2a. In: ESDAR 9" Annual
Conference, Murcia, Spain, 185 pp.

Elliot L, McMohan KJ, Gier HT, Mrion GB (1968): Uterus
of the cow after parturition with bacterial content.
American Journal of Veterinary Research 29, 77-81.

Fourichon C, Seegers H, Malher X (2000): Effect of dis-
ease on reproduction in dairy cow: a meta-analysis.
Theriogenology 53, 1729-1759.

Gilbert RO, Shin ST, Guard CL, Erb HN, Frajblat M
(2005): Prevalence of endometritis and its effects on
reproductive performance of dairy cows. Theriogenol-
ogy 64, 1879-1888.

Glenthoj A, Bostofte E, Rank F (1986): Brush cytology
from the uterine endocervix. Acta Obstecticia et Gy-
necologica Scandinavica 65, 689-691.

Hammon DS, Holyoak GR, Jenson J, Bingham HR (2001):
Effects of endometritis at beginning of the breeding
period on reproductive performance in dairy cows.



Veterinarni Medicina, 57, 2012 (7): 360-363

Original Paper

In: Proc. 34" Annu. Conf. Am. Assoc. Bov. Pract.,
Vancouver, 142-143.

Hammon DS, Evjen IM, Dhiman TR, Goff JP, Walters JL
(2006): Neutrophil function and energy status in Hol-
stein cows with uterine health disorders. Veterinary
Immunology and Immunopathology 113, 21-29.

Heuwieser W, Tenhagen BA, Tischer M, Luhr J, Blum H
(2000): Effect of the three programs for the treatment
of endometritis on the reproductive performance of a
dairy herd. Veterinary Record 146, 338—341.

Kasimanickam R, Duffield TF, Foster RA, Gartley CJ,
Leslie KE, Walton JS, Johnson WH (2004): Endome-
trial cytology and ultrasonography for the detection
of subclinical endometritis in postpartum dairy cows.
Theriogenology 62, 9-23.

Kasimanickam R, Duffield TF, Foster RA, Gartley C]J,
Leslie KE, Walton JS, Johnson WH (2005) A compar-
ison of the cytobrush and uterine lavage techniques
to evaluate endometrial cytology in clinically normal
postpartum dairy cows. Canadian Veterinary Journal
46, 255-259.

Leblanc SJ, Duffield TF, Leslie KE, Bateman KG, Keefe
GP, Walton JS, Johnson WH (2002): Defining and di-
agnosing postpartum clinical endometritis and its
impact on reproductive performance in dairy cows.
Journal Dairy Science 85, 2223-36.

Santos NR, Lamb GC, Brown DR, Gilbert RO (2009):
Pospartum endometrial cytology in beef cows. Theri-
ogenology 71, 739-745.

Sheldon IM, Lewis GS, LeBlanc S, Gilbert RO (2006):
Uterine diseases in cattle after parturition. Theriog-
enology 65, 1516—-1530.

Studer E, Morrow DA (1978): Postpartum evaluation of
bovine reproductive potential: Comparison of findings
from genital tract examination per rectum uterine
culture and endometrial biopsy. Journal of American
Veterinary Medical Association 172, 489-494.

Received: 2011-10-23
Accepted after corrections: 2012-07-31

Corresponding Author:

Luis A. Quintela Arias, University of Santiago de Compostela, Unit of Reproduction and Obstetrics, Lugo, Spain

Tel. +34 982 822 605, E-mail: luisangel.quintela@usc.es

363



