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Abstract

The aim of this study was to verify the presence of bacte-
rial vaginosis (BV), Candida sp, Chlamydia trachomatis,
Neisseria gonorrhoeae, to determine the prevalence of
tobacco use and measure vaginal pH (VpH) in pregnant
women with (n = 26) and without (n = 26) human papillo-
mavirus (HPV) infection, and make comparisons be-
tween these 2 groups. HPV, C. trachomatis and N. go-
norrhoeae were diagnosed using hybrid capture, BV
using clinical criteria, and Candida sp via cultures. A dig-
ital pH meter was used to measure VpH. The frequencies
of Candida sp were 19.2 and 23.1% (p = 1), and VpH was
4.4 + 0.4and 4.3 = 0.4 (p=0.23), in the HPV-positive and
HPV-negative groups, respectively. Compared to the
group of pregnant women without HPV infection, those
with HPV infection had a significantly higher prevalence
of tobacco use (50 vs. 11.5%; p = 0.006), BV (53.8 vs.
15.4%; p = 0.007), and C. trachomatis (34.6 vs. 7.7%; p =

0.039). No case of N. gonorrhoeae was diagnosed. All
cases of C. trachomatis and BV had high-grade HPV
infection.

Copyright © 2004 S. Karger AG, Basel

Introduction

It has been demonstrated that the frequency of human
papillomavirus (HPV) infection in the lower genital tract
ranges from 13 to 46%, depending on the population stud-
ied and the diagnostic method utilized [1]. The interme-
diate and high-risk (carcinogenic) types of HPV are
responsible for more than 95% of the world’s cervical can-
cers [2]. For this reason, there is interest in studying this
virus, as well as the factors predisposing towards the
acquisition of this infection.

The vaginal environment is a complex and delicate
ecosystem that shelters a wide variety of different mi-
croorganisms [3]. The normal vaginal flora is in a state of
constant change and is at physiological equilibrium [4].
Various infectious processes that occur in the vagina
result from disequilibrium within this ecosystem, as is the
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case of bacterial vaginosis (BV) [5]. Alterations in vaginal
pH may occur due to BV [6].

Some epidemiological factors like tobacco use, youth
and pregnancy have been correlated with an increased
incidence of HPV [1]. It has been suggested that the pres-
ence of other sexually transmitted diseases may increase
the risk of acquiring HPV in the genital tract. Chlamydia
trachomatis and Candida sp have been diagnosed in
approximately 6 and 25% of patients with HPV infection,
respectively [7]. C. trachomatis frequency appears to be
higher among pregnant [8] and non-pregnant women [9]
who present HPV-positive cervical smears. The associa-
tion between BV and HPV has been a focus for studies
and a point of controversy [10, 11].

Nevertheless, there is a scarcity of studies showing
alterations in the vaginal flora and pH of pregnant women
in association with sexually transmitted diseases (STD)
with the presence of cervical HPV infection. We therefore
proposed to make a study of pregnant women with HPV
infection in order to verify the presence of BV, Candida
sp, C. trachomatis, Neisseria gonorrhoeae and tobacco
use, and to measure vaginal pH in comparison with a
group of pregnant women without HPV infection.

Patients and Methods

We evaluated 26 pregnant women with a diagnosis of HPV infec-
tion between April 2000 and May 2001. Another 26 pregnant women
without HPV infection were then selected as a control group, accord-
ing to the attendance sequence. All patients attended at the gynecolo-
gy and obstetrics outpatient service of Faculdade de Medicina do
Triangulo Mineiro (FMTM). The individuals served there normally
come from low socioeconomic and cultural backgrounds and have
free public attendance. The criteria for inclusion in the groups were:
pregnant women aged between 15 and 35 years; absence of bleeding
at the time of examination; no utilization of oral antibiotics, fungi-
cides and/or vaginal creams during the preceding 30 days; no sexual
activity for at least 2 days preceding the time of sample collection,
and no previous history of treatment for HPV. No patients with HPV
infection had cervical intraepithelial neoplasia grades II or III.

For the investigation of BV and Candida sp, vaginal secretions
were obtained by means of collection at the posterior vaginal fornix,
utilizing 2 swabs and 2 Ayre spatulas. After collection, the 1st and
2nd swabs were placed into sterilized sample tubes identified as
Nos. 1 and 2, which contained 0.5 ml of 0.9% physiological serum
and 1 ml of deionized distilled water, respectively. The vaginal secre-
tion collected with the 1st Ayre spatula was utilized to make a smear
on a lamina slide for Gram staining, and the content of the other
spatula was placed on another lamina slide for amine testing.

Microbiological Methods and Measurement of Vaginal pH

The swab inserted into tube No. 1 was utilized to achieve propa-
gation in a Petri dish containing Saboraud’s agar. The dish was
placed in a glass cabinet at 35°C in the presence of 5% carbon diox-
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ide and observed at approximately 72-hour intervals over a period of
up to 15 days, to see whether there was growth of Candida sp. This
procedure was undertaken within a maximum time of 1 h after sam-
ple collection. The positive cultures were removed and propagated in
chrome agar to identify the species of Candida sp.

For the investigation of BV, C. trachomatis and N. gonorrhoeae,
the hybrid capture technique was utilized (Captura Hibrida® II Sys-
tem, DML 2000, Digene, Gaithersburg, Md., USA). Bacterial vagi-
nosis was diagnosed when at least 3 of the following criteria were
fulfilled: vaginal pH of >4.5; vaginal secretion of homogenous
appearance with low viscosity and milky consistency, without floccu-
lent or granular appearance, not curdled and not sticky or agglomer-
ating; positive amine test, and presence of clue cells in the Gram
smear.

The measurement of vaginal pH was done using a digital pH
meter (Sentron, Zug, Switzerland) on a scale from 0 to 14. The device
was calibrated once before starting the evaluations. The contents of
tube No. 2 were utilized for this determination. After homogeniza-
tion by spinning for approximately 10 s, the swab was removed and
the pH meter probe was inserted into the tube, with its electrode at
the extremity. The pH measurement was done digitally and instanta-
neously.

Statistical Analysis

For the statistical analysis, the two-sample t test, Mann-Whitney,
Fisher and y2 tests were utilized. The results were considered to be
significant if p < 0.05.

Ethical Committee Approval
This research was approved by the Research Ethics Committee of
FMTM. Informed consent was obtained from all patients.

Results

Tobacco use was significantly higher in pregnant wom-
en with HPV infection (50.0%; 95% CI 29.9, 70.1) com-
pared to pregnant women without HPV infection (11.5%;
95% CI 2.45, 30.14; p = 0.006; odds ratio 7.67; 95% CI
1.61, 47.68). The vaginal pH was 4.4 = 0.4 in the HPV-
positive group and 4.3 £ 0.4 in the HPV-negative group
(p = 0.23, Mann-Whitney test). Among the 26 pregnant
women with HPV infection, 7.7% (2 cases) presented low-
risk HPV, 65.3% (17 cases) presented high-risk HPV and
26.9% (7 cases) presented an association of low- and high-
risk HPV.

The prevalence of BV (53.84%; 95% CI 33.35, 73.4)
and C. trachomatis (34.61%; 95% CI 17.23, 55.69) were
significantly higher in pregnant women with HPV infec-
tion compared to pregnant women without HPV infec-
tion (15.38%; 95% CI 4.36, 34.87, and 7.69%; 95% CI
0.94, 25.12, respectively). The prevalence of Candida sp
was not statistically significant between pregnant women
with HPV infection (19.23%; 95% CI 6.56, 39.34)
compared to pregnant women without HPV infection
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(23.07%; 95% CI 8.98, 43.67). Table 1 shows the clinical
data, the presence of BV, Candida sp, C. trachomatis and
N. gonorrhoeae, and the number of cases of vaginal pH
>4.5, among the pregnant women with HPV infection, in
comparison with those without HPV infection. It was
observed that BV and C. trachomatis were more frequent
among pregnant women with HPV infection. All the Can-
dida sp isolated belonged to the species C. albicans. There
were 18 cases of BV (34.6%), 11 cases of Candida sp
(21.1%) and 11 cases of C. trachomatis (21.1%). The
simultaneous presence of BV and Candida sp was not
encountered. BV and C. trachomatis were present togeth-
er in 9 patients in the HPV-positive group, but not in any
patients in the HPV-negative group. All the pregnant
women with BV and C. trachomatis had high-risk HPV
infection. The simultaneous presence of Candida sp and
C. trachomatis occurred in 1 case in the HPV-positive
group but did not occur in the group without HPV.

The vaginal pH among the HPV-positive women with
bacterial vaginosis was 4.5 £ 0.3, whereas it was 4.3 =
0.4 among those without BV. The respective figures for
the viral load (median and range) were 242.63 (1.17-
2,537.68) vs. 3.33 (1.04-2,179.20; p = 0.26, Mann-Whit-
ney test). Although the average pH and median viral load
were observed to be higher in those with BV compared to
those without BV, the differences were not statistically
significant.

Discussion

Some risk factors associated with genital HPV infec-
tion, such as tobacco use, and its peak incidence at ages of
<30 years and the greater incidence during the gestation,
have previously been described by other authors [1]. In
our study, we observed an increased prevalence of tobac-
co use, BV, and C. trachomatis in those with HPV com-
pared to those without HPV. This association has pre-
viously been described among non-pregnant women [12].
Nonetheless, to our knowledge, it has not been described
among pregnant women until now.

It has been suggested that the presence of other STD
may increase the risk of acquiring HPV in the genital
tract. This argument has been put forward in relation to
the sexually transmitted pathogens that give rise to in-
flammatory lesions in squamous epithelial cells, as occurs
with Candida sp [7]. The same has been said of the
microorganisms that infect the columnar epithelium, giv-
ing the possibility of a process of squamous metaplasia, as
occurs with C. trachomatis and N. gonorrhoeae [13].

Bacterial Vaginosis, C. trachomatis and
HPV in Pregnant Women

Table 1. Distribution of pregnant women with HPV infection
(HPV+) and without HPV infection (HPV-), according to clinical
data, presence of bacterial vaginosis, Candida sp, C. trachomatis and
N. gonorrhoeae, and the number of women with vaginal pH >4.5

HPV+ HPV-

(n=26) (n=26)
Age, years 22.3%4.5 23.1£3.9
Gestational age, weeks 253+7.8 24.1+8.3
Number of pregnancies 2.6+x1.4 2.5+14

n % n %
Bacterial vaginosis* 14 53.8 4 15.4
Candida sp 5 19.2 6 23.1
C. trachomatis** 9 34.6 2 7.7
N. gonorrhoeae - - - -
Vaginal pH >4 5%** 14 53.8 6 23.1

*p =0.007 (odds ratio 6.42; 95% CI 1.50, 31.75); ** p = 0.0385
(odds ratio 6.35; 95% CI 1.08, 55.43); *** p = 0.0448 (odds ratio
3.89;95% CI 1.03, 15.67), Fisher’s exact test.

Epidemiologically, BV is associated with sexual activi-
ty, STD [14] and tobacco use [12]. Significant alterations
take place in the vaginal ecosystem of women with BV, in
particular a reduction in the number of lactobacilli that
produce hydrogen peroxide and a large increase in the
number of facultative anaerobic bacteria [15]. The asso-
ciation between BV and HPV is controversial in the liter-
ature. The case-control study by Castle et al. [ 10] found no
significant association between BV and HPV. In contrast,
a significant association was observed by Sikstrom et al.
[11], which may be due to sexual behavior factors. We
found a statistically significantly greater proportion of BV
in pregnant women with HPV compared to pregnant
women without HPV. Infection by HPV when BV is
active may be facilitated by the presence of products
derived from this abnormal microflora, such as sialidase
enzymes, and the presence of amines [11]. Briselden et al.
[16] have demonstrated positivity for such enzymes in
84% of women with BV. These enzymes have been impli-
cated as factors in the virulence of various pathogenic
organisms and they may promote virulence through their
ability to adhere to, invade and destroy the mucosa [16].
Cauci et al. [17] have demonstrated that sialidases present
maximum activity within the pH range from 4.5 to 5.5,
and their activity diminishes drastically at the lower pH
encountered among women with normal vaginal flora. It
may be possible that this association occurs as a function
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of reduced numbers of lactobacilli, which are responsible
for controlling the vaginal micro-ecosystem, with conse-
quent raising of the pH. The average pH for pregnant
women with HPV infection in our study was close to 4.5.
We also found in this study group of pregnant women, a
higher percentage of pH >4.5 in those with HPV infection
compared to those without HPV infection. Some studies
have indicated that the viral load of HPV present in cells
can be correlated with the severity or persistency of the
cervical lesion [18]. In our study, the presence of BV had
an association with HPV infection. Greater viral loads
should therefore have been expected among such patients.
However, even though the median for HPV positivity
with BV was greater, we did not encounter a statistically
significant difference in viral load between HPV-positive
patients with and without BV. For this comparison, the
sample size is small and consequently the power of the test
is low, with only 17% power to detect at the 0.05 signifi-
cance level, a difference of at least 450.2 in viral load.

Cavaliere et al. [19], studying the incidence of C. tra-
chomatis in pregnant women, encountered a frequency of
41.5% among adolescents and 21.5% among adults, there-
by indicating a tendency for this infection to occur at ear-
lier ages. These authors [19] utilized cytological criteria
for the diagnosis of HPV and found that 6 of the 7 HPV-
positive adolescents examined had C. trachomatis infec-
tion, representing a frequency of 85.7%. However, Voog
et al. [7], in a prospective study made at a clinic for STD,
only found an infection rate of 6% for C. trachomatis in
cervical smears from HPV-positive patients, in compari-
son with 12% for Chlamydia infection among HPV-nega-
tive women. In another study, HPV and Trichomonas
infection were found more often among pregnant adoles-
cents with C. trachomatis [8]. Lehmann et al. [9], using
the polymerase chain reaction, found an infection rate of
10.3% for C. trachomatis in cervical smears from HPV-
positive patients, vs. 1.7% in HPV-negative patients, and
they concluded that there appears to be a correlation
between cervical HPV and C. trachomatis. We also found
greater frequency of C. trachomatis among patients with
HPV infection. This is in accordance with the study
results of other authors that suggest that Chlamydia infec-
tion increases the risk of invasive cervical cancer and is a
possible cofactor with HPV in the etiology of squamous
cervical cancer [20, 21].

In explaining our findings, some questions arose. It
had to be considered whether the presence of genital co-
infections, regardless of being sexually transmitted or not,
could have had importance in the cell proliferation associ-
ated with HPV. This led us to consider whether women
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who present BV and C. trachomatis in the vaginal flora
could have greater predisposition to HPV infection, espe-
cially high-grade HPV. The risk factors for HPV infection
are already well known and we do not have knowledge of
any alterations to the vaginal flora that could play a role in
predisposing towards this infection. It remains to be
established whether the invasion of viruses or bacteria
would be facilitated through microorganisms that favor
each other. A better understanding of vaginal physiology
and the possible direct or indirect relation between HPV
infection, BV and C. trachomatis could lead to greater
strides forward in the understanding of the physiopatho-
logy of HPV infection.

A study among women attending a STD clinic has
demonstrated that Candida sp was present in 26% of the
HPV-positive women, in comparison with 16% of the
HPV-negative women [7]. A hypothesis has been raised
that infection by Candida sp may activate latent HPV
infection [7]. However, we did not encounter any signifi-
cant difference between the groups with and without HPV
infection. This may have been because we included only
pregnant women in our study. In both groups, we only
encountered C. albicans.

Genital infection by N. gonorrhoeae is one of the most
frequent STD [22, 23]. Nonetheless, in our study we did
not find any case of genital infection by N. gonorrhoeae,
although capture assays permit simultaneous detection of
HPYV and other STD with high sensitivity [23].

Through this study, we have demonstrated a higher
frequency of tobacco use and infection by C. trachomatis
and BV among pregnant women who have high-grade cer-
vical HPV infection. Further investigation, such as appro-
priate epidemiological studies with multivariate analysis
will be necessary in order to truly demonstrate a correla-
tion between these findings.

Our data allow us to conclude that these associations
do not appear to be accidental. Other factors associated
with C. trachomatis that might explain these co-infec-
tions, such as cervical immunological characteristics and
variations in vaginal pH, may provide support for our
results.
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