Original article

A retrospective study of relationship between white
blood cell counts in cervical discharge and Chlamydial
cervicitis among young adults: is the simple microscope
an alternative method for diagnosing the disease?
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Abstract

Objectives This retrospective study aimed to examine the relationship between white blood cell
counts and Chalmydial infection of the uterine cervix among young adults in the STI Clinic, Office
of Disease Prevention and Control, region 10 Chiang Mai.

Methods Two hundred and twenty women, who were aged less than 25 years and attended the STI
clinic in 2011 Fiscal year, had their cervical discharge collected and examined in the laboratory
by microscopic examination (gram stain) and the In-house PCR Chlamydia test, which already
compared to a standard commercial method. The result of the In-house PCR Chlamydia test was
acceptable at 95 percent confident interval. The target population was classified into two groups:
sex workers (140 people) and non-sex workers (80 people). The white blood cell count in their cer-
vical discharge and the result of the In-house PCR Chlamydia test were examined via Chi-Square
tests for a significant correlation in each group.

Results A significant correlation between white blood cell count in cervical discharge and
Chlamydial cervicitis was presented in the sex worker group; with the cutoff point of the leukocyte
count being >5 cells/1,000X microscopic power field (p value: < 0.001). Sensitivity of the “white
blood cell” gave a positive diagnostic result for Chlamydial cervicitis (at least 5 cells/1,000X
microscopic power field) in 74.29 percent of the sex worker group with 72.38 percent specificity.

In contrast, there was no significant relationship between the white blood cell count in cervical
discharge and Chlamydial cervicitis among the non-sex worker group. Sensitivity of the “white
blood cell” gave a positive diagnostic result for Chlamydial cervicitis (at least 5 cells/1,000X mi-
croscopic power field ) in 79.17 percent of the non-sex worker group with 41.07 percent specificity.

Conclusions The white blood cell count criterion of >5 cells/1,000X microscopic power field in a
cervical smear provides an alternative diagnostic method for Chlamydial cervicitis detection in sex
workers aged less than 25 years. Chiang Mai Medical Journal 2013;52(1-2):1-10.
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Introduction

Chlamydial infection of the genital tract is
caused by Chlamydia trachomatis. The infection
is a worldwide Sexually Transmitted Infection
(STI) and common cause of genital discharge
(urethral, cervical and wvaginal). The World
Health Organization (WHO) estimated that the
global incidence of chlamydial infection in 2008
was 105.7 million cases. In Southeast Asia, 7.2
million new cases of the infection were estimated
[1]. In countries where public service makes
diagnosis widely available (in the UK and USA),
Chlamydial infection is the most common STI
in young adults [2,3]. Chlamydial infection is
curable with simple antibiotics such as Doxy-
cycline, Azithromycin, tetracycline and eryth-
romycin [4]. Most infected people, especially
women, are asymptomatic, but if the infection is
left untreated, it may persist for years, in which
time it can be transmitted to other people via
sexual intercourse and mother to child. It has
been estimated that up to 40 percent of untreated
women will develop Pelvic Inflammatory Di-
sease (PID) and a quarter of them will become
infertile [5]. The infection also can cause genital
tract infections (urethritis, orchitis, epididymitis)
and inflammation of the organs may develop to
infertility in men [5]. Infants who are delivered
by infected women are liable to present with
conjunctivitis and pneumonia; and these condi-
tions can cause morbidity and mortality [5].

Public STI clinics in Thailand have not per-
formed routine diagnosis of chlamydial genital
infection because the diagnosis is expensive and
needs advanced laboratory methods, for exam-
ple, Nucleic Acid Amplification Tests (NAATS)
and cell culture [4,6]. However, some hospitals
and clinics can provide services for people who
want NAATs for diagnosing Chlamydial infec-
tion. According to the Thai guideline on STI
diagnosis and treatment 2010 (latest version), a
microscopic examination is used primarily for
differential diagnosis of urethral and vaginal
discharge. Therefore, there is no diagnosis of
Chlamydial genital infection; as it is included in

Non-Gonococcal genital infection [7]. In the case
of urethral discharge, gram negative diplococcic
is a marker for diagnosing gonococcal urethri-
tis; and white blood cell counts, which are more
than 5 cells/1,000X microscopic power field,
are a marker for diagnosing Non-Gonococcal
Urethritis (NGU). Regarding vaginal discharge,
gram negative diplococcic also is a marker for
diagnosing gonococcal cervicitis, but there is no
white blood cell count criterion for diagnosing
Non-Gonococcal Cervicitis (NGC) in the Thai
guideline [7].

This retrospective study aimed to examine
the relationship between white blood cell count
and Chalmydial infection of the uterine cervix
among young adults in the STI Clinic, Office
of Disease Prevention and Control, region 10
Chiang Mai. The result of the study could act as
scientific evidence for alternative use of a simple
microscopic test for diagnosing Chlamydial cer-
vicitis among youth in areas with no molecular
laboratory. It also would help medical and public
health personnel to control the disease on a much
broader and more feasible scale.

Methods

Study subjects

This retrospective study comprised young female
subjects, who were aged less than 25 years. They under-
went pelvic examination, and their cervical discharge was
collected for microscopic examination and Chlamydia
testing in the STI Clinic, Office of Disease Prevention and
Control, region 10 Chiang Mai in 2011 Fiscal year. The
medical records of 220 cases were reviewed. The subjects
were classified into two groups: sex workers and non- sex
workers. Each individual volunteered to identify themselves
to the Clinic and give personal details including a history of
risky behavior. Laboratory results of the white blood cell
count, and Polymerase Chain reaction (PCR), which is a
subset of NAATs, were collected and analyzed from each

group.

Specimen collection

None of the subjects had menstruation during the speci-
men collection. They underwent standard pelvic examination
with speculum, and their cervical discharge was collected
fromthe cervical ostiumofthe uterus. Anurseinthe STIclinic
used ametal loop to collect specimens for the white blood cell
count. A sterile swab (with plastic handle) was used to collect
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the discharge for detecting DNA of Chlamydia trachomatis
via the PCR method in the Department of Medical Techno-
logy, Faculty of Associated Medical Sciences, Chiang Mai
University. Each specimen was separated and labeled with a
code to prevent an identification error. Microscopic exami-
nation was performed immediately after specimen collec-
tion. The collection swabs from the PCR test were kept at
room temperature overnight until dry; with their plastic han-
dle planted in clay in an upright position to keep them sepa-
rate and prevent contamination. The dry swab was sealed in
a plastic zip-up bag before being sent to the laboratory for
the Chalmydia test.

Laboratory diagnosis
1. White blood cell count:

The white blood cell count in the cervical discharge
was examined by standard gram stain procedure. Grading of
the white blood cell count was defined as follows:

Negative result: the number of white blood cells is
less than 5 cells per 1,000X microscopic power field.

Grade 1 (1+): the number of white blood cells ranges
from 5 to 10 cells per 1,000X microscopic power field.

Grade 2 (2+): the number of white blood cells ranges
from11 to 20 cells per 1,000X microscopic power field.

Grade 3 (3+): the number of white blood cells ranges
from 21 to 40 cells per 1,000X microscopic power field.

Grade 4 (4+): the number of white blood cells is
more than 40 cells per 1,000X microscopic power field.

Grade 1 and 2 were identified as a “low level of
white blood cell count” group, while grade 3 and 4 were
seen as a “high level of white blood cell count” group.

2. PCR:

In-house Tagman-based multiplex real time PCR,
for detecting N. gonorrhoeae and C. trachomatis, was se-
lected for diagnosing gonoccoccal and chalmydial infection.
This study focused on detecting C. trachomatis and therefore
excluded the isolation of gonococcal infection. This method
was developed by the Department of Medical Technology,
Faculty of Associated Medical Sciences, Chiang Mai Uni-
versity [8]. It used two pairs of primers, which were specific
to the cryptic plasmid DNA sequence of each organism, and
produced 147 and 118 base pairs of N. gonorrhoeae and C.
trachomatis, respectively. Two Tagman labeled probes were
used simultaneously for DNA detection of the two microor-
ganisms.

This technique was compared with a standard com-
mercial method (Roche Multiplex AMPLICOR CT/NG
PCR) and the result is shown in Table 1 [8].

According to Table 1, the specimens were exam-
ined simultaneously by the two methods, with the Roche
Multiplex AMPLICOR CT/NG PCR identified as the gold
standard in this case. There were 184 specimens from 188
samples (97.87 percent), which showed common results. As
shown in Table 1, the approximate large-sample confidence
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interval was examined for proportion, which was the same
in both methods, with a 95 percent confidence interval of
between 0.96 and 0.99. The 97.87 proportion of the “In-
house Tagman-based multiplex Real Time PCR for detect-
ing N. gonorrhoeae and C. trachomatis” was in the range
of the 95 percent confident interval. Therefore, in the case
of chlamydia laboratory diagnosis, the method of “In-house
Tagman-based multiplex Real Time PCR for detecting N.
gonorrhoeae and C. trachomatis” can be used as a substitute
for the “Roche Multiplex AMPLICOR CT/NG PCR”.

Data analysis

The data in each group (sex workers or non sex workers)
were analyzed separately. Results of the white blood cell
count were classified into 3 groups: “negative result”, “low
level of white blood cell count”, and “high level of white
blood cell count”. The PCR results were classified into 2
groups: negative and positive. The sensitivity and specific-
ity of the leukocyte count criteria were calculated, and the
relationship between the white blood cell count and PCR
diagnosis were examined by Chi-Square tests. The OpenEpi
version 3 [9] is a free and open source software for epide-
miologic statistics, and was used for the data analysis. The
95 percent confident interval was used as a cutoff point for
determining statistical significance.

Results

The results of this study were classified into
two groups: sex workers and non-sex workers,
and those for the sex worker group are described
and analyzed comparatively in Table 2 and 3, re-
spectively.

According to Table 2, there were 140 sam-

Table 1. Accuracy of the “In-house Tagman-based multi-
plex Real Time PCR for detecting N. gonorrhoeae and C.
trachomatis” with the “Roche Multiplex AMPLICOR CT/
NG PCR” used as a gold standard [8]

Roche multiplex

! AMPLICOR CT/ |
Comparable test NG PCR Tota
Positive  Negative

In-house Positive 19 4 23
Tagman-based
multiplex Real
Time PCR for
detection of V. Negative 0 165 165
gonorrhoeae and
C. trachomatis

Total 19 169 188
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Table 2. Number and percentages of the white blood cell count and C. trachomatis detection in cervical discharge

via the “In-house Tagman-based multiplex Real Time PCR for detecting N. gonorrhoeae and C. trachomatis”

among the sex worker group

Results of the microscopic examination

Results of the In-house PCR test for C. trachomatis

(gram stain) Negative Column%  Positive  Column% Total Column%
Negative(less than 5 cells/oil power field) 76 72.4 9 25.7 85 60.7
Low white blood cell count

(5-20 cells/oil power field) 19 18.1 16 45.7 35 25
High white blood cell count

(more than 20 cells/oil power field) 10 9.5 10 28.6 20 14.3
Total 105 100 35 100 140 100

Table 3. Chi-Square tests of statistically significant relationships between the white blood cell count and C. tra-

chomatis detection in cervical discharge via the “In-house Tagman-based multiplex Real Time PCR for detecting

N. gonorrhoeae and C. trachomatis” among the sex worker group

Start Enter Examples Help

Single Table Analysis

Chi Square for R by C Table

Negative
Negative 76
The results of the microscopic examLow WBC count 19
High WBC count 10

105

The results of the In-house PCR test for C. trachomatis

Positive
9 85
16 35
10 20
35 140

Chi Square= 24.09
Degrees of Freedom= 2
p-value= 0.000005868

Cochran recommends accepting the chi square if:
1. No more than 20% of cells have expected < 5.
2. No cell has an expected value < 1.

In this table:
None of 6 cells have expected values < 5.
No cells have expected values < 1.
Using these criteria, this chi square can be accepted.

Expected value = row total*column total/grand total

Results from OpenEpi, Version 3, open source calculator--RbyC
Print from the browser with ctrl-P
or select text to copy and paste to other programs.

ples of cervical discharge. The prevalence of
Chlamydial cervicitis, diagnosed by the In-
house PCR Chlamydia test, was 25 percent in
this group. The negative results of microscopic
examination were the same as those in the In-
house PCR Chlamydia test, which accounted for
72.4 percent in the group. The low white blood
cell count had the maximum percentage of re-
lationship with positive results of the In-house
PCR Chlamydia test, which was 45.7 percent.

Rosner, B. Fundamentals of Biostatistics. 5th ed. Duxbury Thompson Learning. 2000; p. 395

The accuracy parameters of positive results for
the “white blood cell count”, regardless of the
“low or high white blood cell count” were cal-
culated; and the sensitivity and specificity was
74.29 percent (95% CI: 56.74% to 87.48%) and
72.38 percent (95% CI: 62.80% to 80.66%),
respectively. The data were analyzed and
examined for significant relationship between
the white blood cell count in cervical discharge
and results of the In-house PCR Chlamydia test
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Table 4. Number and percentages of the white blood cell count and C. trachomatis detection in cervical discharge via the
“In-house Tagman-based multiplex Real Time PCR for detecting N. gonorrhoeae and C. trachomatis” among the non-sex

worker group

Results of the microscopic examination

Results of the In-house PCR test for C. trachomatis

(gram stain) Negative Column%  Positive  Column% Total Column%
Negative(less than 5 cells/oil power field) 23 41.1 5 20.8 28 35
Low white blood cell count (5-20 cells/oil power
27 48.2 13 54.2 40 50
field)
High white blood cell count (more than 20 cells/
. 10.7 6 25 12 15
oil power field)
Total 56 100 24 100 80 100

Table 5. Chi-Square tests of statistically significant relationships between the white blood cell count and C. tra-
chomatis detection in cervical discharge via the “In-house Tagman-based multiplex Real Time PCR for detecting

N. gonorrhoeae and C. trachomatis” among the non-sex worker group

Start m Results Examples Help

Single Table Analysis

Negative
Low WBC count

High WBC
count

The results of the microscopic
exam

Chi Square for R by C Table

The results of the In-house PCR test for C.
trachomatis

Chi Square=
Degrees of Freedom=
p-value=

Cochran recommends accepting the chi square if:
1. No more than 20% of cells have expected < 5.
2. No cell has an expected value < 1.

In this table:
17% of 6 cells have expected values < 5.
No cells have expected values < 1.

Using these criteria, this chi square can be accepted.

Expected value = row total*column total/grand total

Results from OpenEpi, Version 3, open source calculator-—-RbyC
Print from the browser with ctrl-P
or select text to copy and paste to other programs.

via Chi-square tests. The OpenEpi version 3 [9]
is a free and open source software for epidemio-
logic statistics, and was used as a tool.

As shown in Table 3, the Chi-Square value
was 24.09, degree of freedom 2, and the p value
less than 0.001. These figures mean that the
white blood cell count in cervical discharge and
result of the In-house PCR Chlamydia test have
a statistically significant relationship in the sex

Negative Positive
23 5 28
27 13 40
6 6 12
56 24 80
4.371
2
0.1124

Rosner, B. Fundamentals of Biostatistics. 5th ed. Duxbury Thompson Learning. 2000; p. 395

worker group, provided the negative and posi-
tive cutoff point for the number of white blood
cells is less than and at least 5 cells per 1,000X
microscopic power field, respectively, regard-
less of the “low or high level of white blood cell
count”.

The results of this study in the non-sex worker
group are described and analyzed comparatively
in Table 4 and 5, respectively.
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As shown in Table 4, there were 80 speci-
mens of cervical discharge. The prevalence
of Chlamydial cervicitis, diagnosed by the In-
house PCR Chlamydia test, was 30 percent in
this group. The negative results of microscopic
examination were the same as those in the In-
house PCR Chlamydia test, which accounted for
41.1 percent. The low white blood cell count had
the maximum percentage of relationship with
negative results of the In-house PCR Chlamydia
test, which was 48.2 percent. In addition, the
low white blood cell count also had the maxi-
mum percentage of relationship with positive re-
sults of the In-house PCR Chlamydia test, which
was 54.2 percent. The accuracy parameters of
positive results for the “white blood cell count”,
regardless of the “low or high white blood cell
count” were calculated; and the sensitivity and
specificity was 79.17 percent (95%CI: 57.84%
t0 92.79 %) and 41.07 percent (95% CI: 28.10%
to 55.02%), respectively. The data were analyzed
and examined for significant relationship between
the white blood cell count in cervical discharge
and results of the In-house PCR Chlamydia test
via Chi-square tests. The OpenEpi version 3 [9]
is a free and open source software for epidemio-
logic statistics, and was used as a tool.

As shown in Table 5, the Chi-Square value
was 4.371, degree of freedom 2, and the p value
0.1124 (more than 0.05). The figures mean that
the white blood cell count in cervical discharge
and result of the In-house Chlamydia test had no
statistically significant relationship in the non-
sex worker group.

Discussion

The diagnosis of Chlamydial infection has
been limited in the Thai public STI service
because it needs expensive molecular tests and/
or a cell culture laboratory, unlike diagnos-
ing Gonococcal infection, which is easier and
cheaper. Gonococcal infection can be diagnosed
immediately by microscopic examination and
confirmed by culture, which takes a few days
for culture turnaround. According to the latest

Thai Guideline 2010, there is no diagnosis of
Chlamydial infection; however, the disease is
a subset of Non-Gonococcal infection [7]. The
diagnosis of Non-Gonococcal Urethritis (NGU)
has a white blood cell count criterion, whereas
the diagnosis of Non-Gonococcal Cervicitis
(NGC) has not [7]. Therefore, simple alternative
methods for diagnosing the disease, for example
microscopic examination, have been studied. An
initial report of the relationship between C. tra-
chomatis and microscopic results was reported
decades ago. Brunham et al reported this corre-
lation in 1984, and their result showed that C.
trachomatis isolated by cell culture was associ-
ated statistically with the presence of 10 cells or
more from white blood cell counts in cervical
discharge, in new female patients attending the
STI clinic in Seattle [10]. Since then, a number
of similar the studies have been reported on the
leukocyte cutoff point, gold standards used and
varied populations, as shown in Table 6.

According to the studies shown in Table 6, the
prevalence of Chlamydia cervicitis ranges from
12% to 20.9% and the two significant leukocyte
cutoff points were >5 and >10 cells/1,000X
microscopic power field. Surprisingly, the result
in study number 2 and 5 in Table 6 showed that
the highest sensitivity of the white blood cell
count criterion was >5 cells/1,000X microscopic
power field, whereas the >10 cell criterion in
study number 2, and >10, >15, >20 and >25 cell
criteria in study number 5 had lower sensitiv-
ity than the >5 cell criterion. These paradoxical
events also present in this study, which showed
that the “low white blood cell count” had the
highest percentage relationship with positive
results of the In-house PCR Chlamydia test,
while the “high white blood cell count” did not.
This paradoxical event explained that increas-
ing the cutoff-point of the white blood cell count
improves the specificity of the criterion, but it
also showed the expense of reduction in sensitiv-
ity (inverse relationship between sensitivity and
specificity) [14].

Unlike the studies shown in Table 6, this
study was conducted in the STI Clinic in Chiang
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Mai, Thailand, and it classified the target popu-
lation into two groups: sex workers and non-sex
workers. The significant relationship between
white blood cell count in cervical discharge and
Chlamydial cervicitis was presented in the sex
worker group, who were under 25 years old,;
with the cutoff point of the leukocyte count be-
ing >5 cells/1,000X microscopic power field.
However, there was no significant correlation
between white cell count in cervical discharge
and Chlamydial cervicitis among the non-sex
worker group, who were younger than 25 years
old. Fortunately, this finding may prevent the
misdiagnosis problem that could be occurred if
STI health personnel totally use the evidence
from the previous studies conducted in Western
countries, which regardless of sex workers or
non-sex workers. The misdiagnosis can cause
the problem of pre-marital and marital relation-
ship among the non-sex worker group, who has
real monogamous relationships. Therefore, the
use of the evidence from Western countries in
Thailand should be reconsidered.

The difference in results between the two
groups could be explained by sex-workers vis-
iting STI clinics regularly for monthly health
check-ups, regardless of whether they are ill or
not. On the other hand, almost all non-sex work-
ers visit the STI clinic only when they have
symptoms. Furthermore, in this study, the per-
centage of positive white blood cell counts in
cervical smears among the non-sex worker group
was higher than those in the sex worker group
(65% versus 39%). Therefore, the non-sex work-
er group had a higher prevalence of Chalmydial
cervicitis than the sex-worker group (30% ver-
sus 25%). In the case of no association between
white blood cell counts in cervical smears and
cervical cervicitis, this study hypothesized that
the cervical smears in non-sex workers could be
mixed between highly suspected STI and non-
directly associated STI leukorrhea. This was
because the raw data showed that the percent-
age of non-directly associated STI discharge
(bacterial vaginosis or candida vaginitis) was
higher among the non-sex worker group than in

the sex worker group (12.5% versus 7.8%). This
study also found Chlamydia and non-directly
associated STI co-infections in only 2 cases in
the sex worker group and 1 case in the non-sex
worker group. In addition, there may be some
other causes of physiological or pathological
leukorrhea that facilitate the non-sex workers at
the STI Clinic. Consequently, a significant rela-
tionship between the white blood cell count and
Cervical cervicitis was not found in the non-sex
worker group.

In summary, this study witnessed that all the
above Chlamydial cervicitis cases in sex workers
aged less than 25 years can be diagnosed alter-
natively by the white blood cell count criterion,
which is >5 cells/1,000X microscopic power field
in a cervical smear. However, simple alternative
methods for diagnosing the disease among other
groups, or the same group in other Thai settings
(asymptomatic non-sex workers or proactive sur-
vey in a community) still need further study.

Limitations of the study

This study was retrospective and therefore
some other factors that associated with abnormal
vaginal discharge were not prepared for collec-
tion, for example, the contraceptive method used,
frequency of sexual intercourse per week, the
history of vaginal douche or insertion of foreign
bodies and underlying diseases. Another limita-
tion was the passive case findings. The subjects
of this study, especially the non-sex workers, vis-
ited the STI clinic because they were ill. There-
fore, a vast majority of asymptomatic infection
among non-sex workers was not examined.
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