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Background. How vaginal infections such as bacterial vaginosis, Candida spp, and Trichomonas vaginalis affect persistence
of human papillomavirus (HPV) infection is not well established. Our study aimed to evaluate the association between common
vaginal infections and cervical non-HPV16/18 infection, as risk factors associated with persistence of nonvaccine HPV types will
become increasingly relevant in the setting of HPV vaccination.

Methods. We performed an analysis in 2039 AS04-HPV16/18-vaccinated women enrolled in a phase II/III trial in China, who
were HPV DNA negative at month 0 and 6 and had at least 1 subsequent follow-up visit. Vaginal infections were detected in liquid-
based cytology according to the diagnostic criteria of the Bethesda System. Associations between vaginal infections and incident and
6-month persistent non-HPV16/18 infections in the cervix were evaluated using generalized estimating equations, adjusting for the
age at initial vaccination, as well as HPV types in the persistence analysis.

Results.  Study visits with any vaginal infection had a statistically significant increased risk of incident non-HPV16/18 infection
compared to those without vaginal infections (odds ratio [OR], 1.44 [95% confidence interval {CI}, 1.09-1.92]). However, vaginal

infections were not associated with 6-month persistent non-HPV16/18 infection (OR, 1.02 [95% CI, .62-1.69]).
Conclusions. Our study suggests that common vaginal infections are not associated with persistence of non-HPV16/18 infec-

tion among HPV16/18-vaccinated women.
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Human papillomavirus (HPV) is one of the most common sex-
ually transmitted infections (STIs) [1]. Persistent oncogenic
HPYV infection of the cervix may cause cervical intraepithelial
neoplasia (CIN) and invasive cervical cancer [2]. Although
most HPV infections are cleared within 2 years [3], differ-
ences in immune responses to HPV and other exogenous fac-
tors may increase the risk of HPV persistence and progression
to cancer [1].

Therole of vaginal infection (the most common types of which
are bacterial vaginosis [BV], Candida spp, and Trichomonas
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vaginalis [TV]) has been investigated as a co-factor in cervical
carcinogenesis [4-6]. The proposed mechanism supporting the
association is that vaginal infections can induce substantial in-
flammatory responses that disrupt the integrity of the cervical
epithelium, allowing for the penetrance and infection of HPV
at the basement membrane, and can produce nonspecific anti-
microbial oxidants, consequently causing DNA damage in the
host [7]. Despite biological plausibility, existing epidemiolog-
ical studies typically use cross-sectional or case-control study
approaches and have shown inconsistent results regarding the
association between vaginal infections and cervical HPV infec-
tion or CIN. To control for potential confounding, prospective
studies that condition on HPV acquisition are required to de-
fine the effect of vaginal infections on subsequent HPV persist-
ence, a precursor to HPV-driven cervical disease.

HPV16/18 vaccines have the potential to vastly reduce the
incidence of HPV16/18 infections and related cervical can-
cers [8, 9]. Yet, among HPV16/18-vaccinated women, there is
shifting concern about the burden of cervical cancer caused by
nonvaccine HPV types that could eventually emerge after wide-
spread HPV vaccination. Therefore, it is necessary to explore
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the co-factors associated with persistent nonvaccine targeted
HPYV infections in the post-HPV vaccination era, as we hypoth-
esize that other oncogenic HPV types may persist longer in the
presence of contributing risk factors.

Here, we perform an analysis to assess the association be-
tween common vaginal infections and cervical non-HPV16/18
infection in women who had received the AS04-HPV16/18 vac-
cine and were HPV DNA negative at the time of vaccination,
using data from a phase II/III double-blind, randomized clin-
ical trial in China (NCT00779766).

METHODS

Study Design

The clinical trial was conducted in Jiangsu Province of China
to assess the efficacy, immunogenicity, and safety of the
AS04-HPV16/18 HPV vaccine (GlaxoSmithKline Biologicals,
Belgium). Details of the study design and participant charac-
teristics were described previously [10, 11]. This trial was ap-
proved by the ethics committees of the Center for Disease
Control and Prevention of Jiangsu Province and the Cancer
Foundation of China.

In brief, from October 2008 to February 2016, 6051
women aged 18-25 years were enrolled and followed up for
72 months. Sexually naive persons were not enrolled in the
study due to cultural and ethical considerations. All parti-
cipants provided written informed consent. Women were
randomized to receive the HPV vaccine (n = 3026) or the
aluminium hydroxide placebo control (n = 3025) at month
0, 1, and 6. Cervical samples were obtained every 6 months
for HPV DNA testing. Cervical cytology was tested annu-
ally using the ThinPrep PapTest (Cytyc Corporation) and re-
ported according to the Bethesda 2001 classification system
by a senior cytologist in Cancer Hospital, Chinese Academy
of Medical Sciences (CHCAMS). If the annual cytology test
was missing or reported as unsatisfactory for evaluation, sat-
isfactory but endocervical/transformation zone component
absent, or abnormal (excluding atypical squamous cells of
undetermined significance without oncogenic HPV infec-
tion), the woman received a cytology test at the next 6-month
visit. Women with abnormal cytology were referred to col-
poscopy and received biopsy and treatment if necessary.

Assessment of Common Vaginal Infections and Cervical HPV Infection

Vaginal infections, including BV, Candida spp, and TV, were
assessed at every study visit using liquid-based cytology
(LBC) slides according to the criteria of the Bethesda System
for Reporting Cervical Cytologic Diagnoses [12] and were
diagnosed by the same senior cytologist in CHCAMS. The
cytologist observed both the morphology of the microorgan-
isms and specific changes of cervical cells induced by the
microorganisms. BV was diagnosed in the presence of clue
cells, along with the absence of Lactobacillus. Candida spp

was diagnosed in the presence of budding yeast (3-7 pm)
and/or pseudohyphae. Pseudohyphae can be quite long, span-
ning many cells, and are eosinophilic to gray brown on the
Papanicolaou stain. Fragmented leukocyte nuclei and groups
of squamous epithelial cells “speared” by pseudohyphae and
held together in a rouleaux are often seen. The criteria for
TV diagnosis were pear-shaped, oval, or round cyanophilic
organism ranging in area from 15 to 30 um* with pale, ve-
sicular, and eccentrically located nucleus; eosinophilic cy-
toplasmic granules are often evident; flagella are sometimes
observed; leptothrix may be seen in association with TV; and
associated background changes include mature squamous
cells with small perinuclear halos (“trich change”) and 3-di-
mensional clusters of neutrophils (“polyballs”).

A broad-spectrum polymerase chain reaction (PCR) assay,
SPF10 DEIA-LiPA25 (version 1 based on licensed Innogenetics
SPF10 technology; Labo Biomedical Products), and type-
specific PCR for HPV16 and HPV18 DNA were used to test
cervical samples for HPV DNA from 14 oncogenic HPV types
(16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66, and 68) and 11
nononcogenic HPV types (6, 11, 34, 40, 42, 43, 44, 53, 54, 70,
and 74). In this article, “non-HPV16/18 infection” referred to
the presence of the other 12 oncogenic HPV types except HPV
16/18, and 11 nononcogenic HPV types.

Statistical Analysis

This analysis evaluated the association between common vag-
inal infections and both incidence and 6-month persistence of
non-HPV16/18 infections in the cervix. First, we evaluated the
relationship between vaginal infections (independent variable)
and incident non-HPV16/18 infection (dependent variable).
We considered the 10 766 postvaccination study visits from the
2039 women in the HPV-vaccinated arm who were HPV DNA-
negative at month 0 and 6 (Figure 1). We compared the risk
of incident HPV infection between visits with and without a
vaginal infection. Specifically, we used generalized estimating
equation (GEE) with a logit link, adjusting for age at the time of
initial vaccination, to calculate the odds ratios (ORs) and the as-
sociated 95% confidence intervals (CIs) for having a cervical in-
fection. Clusters were defined by woman. Second, we evaluated
the relationship between vaginal infections and the 6-month
persistence of an incident HPV infection. We considered the
595 visits (among 353 women) where a woman had an incident
HPYV infection and 1 study visit at least 6 months later; for any
HPYV type, we considered only the first incident HPV infection
in a woman. We compared the risk of 6-month persistence of
that HPV infection between visits with and without a vaginal
infection. We again used a similar GEE to calculate ORs and
95% Cls, adjusting for age at the time of initial vaccination and
HPYV types. Statistical analyses were performed with SAS 9.2.
All statistical tests were 2-sided, and a P value of < .05 was con-
sidered statistically significant.
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.

2050 women excluded (placebo
control group)

2039 HPV-vaccinated women who were HPV DNA-
negative at Month 0 and 6 and had at least one
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(total of 15689 visits)
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vaginal infection testing
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1354 women excluded: no incident
HPV infection detected

10 776 post-vaccination visits
(among 2039 women) with vaginal
infection testing

685 women with incident HPV infections

(1314 post-vaccination visit)?

719 visits with an incident infection excluded:
281 unable to genotype
170 occurring at the last study visit
24 HPV16/18 incident infections
244 no vaginal infection testing

Y

595 visits (among 353 women) with an
incident non-HPV 16/ 18 infection at least 6

months prior to the last visit

y

v

385 visits with an incident non-
HPV16/18 oncogenic infectionP

210 visits with an incident non-
oncogenic HPV infectionP

Figure 1. Selection of analytic cohorts. Only the first incident infection for any given human papillomavirus (HPV) type was considered. °Non-HPV16/18 infection refers
to the presence of the other 12 oncogenic HPV types (31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66, and 68) and 11 nononcogenic HPV types (6, 11, 34, 40, 42, 43, 44, 53, 54, 70,

and 74).

RESULTS

In the 2039 HPV-vaccinated women who were HPV DNA-negative
at month 0 and 6, and had at least 1 subsequent follow-up visit, the
mean age at the time of initial vaccination was 23.0 + 1.7 years. The
mean follow-up time for this study was 65.0 + 14.3 months. Of
these women, 58 (2.8%) were diagnosed with TV, 264 (12.9%) with
Candida spp, 244 (12.0%) with BV, and 508 (24.9%) with any vag-
inal infection in at least 1 subsequent visit. About 26% (537/2039)
of the women had at least 1 incident non-HPV16/18 infection
during follow-up, of which 79.3% (426/537) of these had inci-
dent oncogenic HPV infections and 50.7% (272/537) had incident
nononcogenic infections.

The 2039 women had 10 776 postvaccination study visits in
which vaginal infections were evaluated. The odds of an inci-
dent non-16/18 HPV infection were higher at visits with a
vaginal infection, as compared to visits without a vaginal infec-
tion (18.3% vs 8.5%; OR, 1.44 [95% CI, 1.09-1.92]) (Table 1).
Vaginal infections were assessed individually: ORs were 1.96
for TV (95% CI, .74-5.15), 1.22 for Candida spp (95% CI,
.86-1.73), and 1.42 for BV (95% CI, .89-2.26). When stratifying
our analysis by oncogenic and nononcogenic HPV infections,
the significant increase in risk of incident nononcogenic HPV
infections among visits with any vaginal infection remained
(9.1% vs 3.1%; OR, 2.21 [95% CI, 1.50-3.23]), as well as with
BV (10.4% vs 3.3%; OR, 2.26 [95% CI, 1.29-3.96]). The increase
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Table 1. Association Between Common Vaginal Infection and Incident
Non-Human Papillomavirus (HPV) 16/18 Cervical Infection in HPV-
Vaccinated Women Who Were HPV DNA Negative at Vaccination

No. of Visits With

an Incident HPV Odds Ratio
Vaginal Infection No. of Visits Infection (%) (95% ClI)
Non-HPV16/18 infection®
Trichomonas vaginalis
Yes 97 26 (26.8) 1.96 (.74-5.15)
No 10 679 963 (9.0) Ref
Candlida spp
Yes 315 44 (14.0) 1.22 (.86-1.73)
No 10 461 945 (9.0) Ref
Bacterial vaginosis
Yes 309 62 (20.1) 1.42 (.89-2.26)
No 10 467 927 (8.9) Ref
Any vaginal infection
Yes 718 131 (18.3) 1.44 (1.09-1.92)
No 10 058 858 (8.5) Ref
Non-HPV16/18 oncogenic HPV infection?
Trichomonas vaginalis
Yes 97 22 (22.7) 2.10 (.82-5.38)
No 10 679 731 (6.9) Ref
Candida spp
Yes 315 34 (10.8) 1.21 (.80-1.82)
No 10 461 719 (6.9) Ref
Bacterial vaginosis
Yes 309 43 (13.9) 1.19 (.67-2.11)
No 10 467 710 (6.8) Ref
Any vaginal infection
Yes 718 98 (13.7) 1.33 (.95-1.85)
No 10 058 655 (6.5) Ref
Nononcogenic HPV infection®
Trichomonas vaginalis
Yes 97 15 (15.5) 3.03 (.79-11.57)
No 10 679 363 (3.4) Ref
Candlida spp
Yes 315 19 (6.0) 1.60 (.95-2.68)
No 10 461 359 (3.4) Ref
Bacterial vaginosis
Yes 309 32 (10.4) 2.26 (1.29-3.96)
No 10 467 346 (3.3) Ref
Any vaginal infection
Yes 718 65 (9.1) 2.21 (1.60-3.23)
No 10 058 3131(3.1) Ref

Abbreviations: Cl, confidence interval; HPV, human papillomavirus; Ref, reference group.
®Non-HPV16/18 infection refers to the presence of the other 12 oncogenic HPV types (31,
33, 35, 39, 45, 51, 52, 56, 58, 59, 66, and 68) and 11 nononcogenic HPV types (6, 11, 34,
40, 42, 43, 44, 53, 54, 70, and 74).

in risk associated with vaginal infections and incident non-
HPV16/18 oncogenic infections was not statistically significant.

In the persistence analysis where we considered only visits
with an incident non-HPV16/18 infection, the association be-
tween vaginal infections and 6-month persistence of a non-
HPV16/18 infection was null (OR, 1.02 [95% CI, .62-1.69])
(Table 2). For individual vaginal infection, the estimated OR
ranged from 0.80 to 1.65 without any statistically significant

associations. The analysis by oncogenic and nononcogenic
HPYV infections also did not show any statistically significant
associations. The point estimates of the ORs were elevated for
TV and 6-month persistence of non-HPV16/18 oncogenic in-
fections (OR, 2.74 [95% CI, .89-8.41]), and for Candida spp and
6-month persistence of nononcogenic HPV infections (OR, 2.26
[95% CI, .61-8.31]), but their CIs were wide and included unity.

DISCUSSION

To our knowledge, this is the first analysis evaluating common
vaginal infections (ie, BV, Candida spp, and TV) as a co-factor
for non-HPV16/18 infection in an HPV16/18-vaccinated pop-
ulation. Research on the risk factors for persistent nonvaccine
type HPV infections is increasingly relevant for the prevention
of related cervical lesions in the postvaccination era. Using per-
sistent HPV infection as an endpoint, our study did not show
a statistically significant association with vaginal infections,
despite women with these vaginal infections being more likely
to have a concurrent non-HPV16/18 infection in the incidence
analysis. The current report focuses on the novel research ques-
tion in vaccinated women. We had also performed the same
analysis in the unvaccinated arm, as well as an analysis com-
bining the vaccinated and unvaccinated arms, and obtained
similar findings (data not shown).

Most of the existing studies support a positive association
between vaginal infection and HPV acquisition or concurrent
HPYV infection [4, 13-16], but a few studies showed no asso-
ciation [17, 18]. Furthermore, it is reported that vaginal infec-
tion was also correlated with specific HPV types. A study in
rural Tanzania showed TV was significantly associated with
oncogenic HPV infection (OR, 4.1), specifically HPV16 [19].
Another study in Kenya displayed significant associations be-
tween BV and HPV type 58, and between Candida spp and
HPV types 16 and 53 [20]. In our analytical cohort of HPV-
vaccinated women, visits with any vaginal infection were
more likely to coincide with the detection of an incident non-
HPV16/18 infection, particularly for incident nononcogenic
HPYV infection, where the risk was doubled. Of course, the cor-
relation could be explained by a shared route of sexual trans-
mission for vaginal infections and HPV. Using the same cohort,
we also compared the incidence of non-HPV16/18 infections
among those with or without vaginal infections at baseline. An
increased, but not statistically significant, trend for incident
non-HPV16/18 infection was indicated in those with vaginal
infections at baseline compared to those without (TV: 33.3% vs
26.3%; Candida: 28.8% vs 26.3%; BV: 35.2% vs 26.1%; any vag-
inal infection: 32.3% vs 26.0%; all P values > .05).

Several studies reported an increased risk of cervical precan-
cerous or cancerous lesions in women infected with BV [6, 21,
22] or TV [23]. However, none of these studies adjusted for
HPYV infection status or sexual behavior. When conditioning
on HPV-positive women, or adjusting for HPV status or sexual
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Table 2. Association Between Common Vaginal Infection and Persistent
Non-Human Papillomavirus (HPV) 16/18 Cervical Infection in HPV-
Vaccinated Women With Incident Non-HPV16/18 Infections

No. of Visits With No. of 6-mo

Vaginal an Incident HPV ~ Persistent HPV Odds Ratio
Infection Infection Infection (%) (95% CI)
Non-HPV16/18 infection®
Trichomonas vaginalis
Yes 16 9 (56.3) 1.65 (.75-3.64)
No 579 249 (43.0) Ref
Candlida spp
Yes 23 9(39.1) 1.09 (.42-2.81)
No 572 249 (43.5) Ref
Bacterial vaginosis
Yes 47 17 (36.2) 0.80 (.40-1.60)
No 548 241 (44.0) Ref
Any vaginal infection
Yes 85 35 (41.2) 1.02 (.62-1.69)
No 510 223 (43.7) Ref
Non-HPV16/18 oncogenic HPV infection®
Trichomonas vaginalis
Yes 10 7 (70.0) 2.74 (.89-8.41)
No 375 181 (48.3) Ref
Candlida spp
Yes 1 4 (36.4) 0.55 (.17-1.81)
No 374 184 (49.2) Ref
Bacterial vaginosis
Yes 27 10 (37.0) 0.60 (.27-1.37)
No 358 178 (49.7) Ref
Any vaginal infection
Yes 48 21 (43.8) 0.79 (.42-1.49)
No 337 167 (49.6) Ref
Nononcogenic HPV infection®
Trichomonas vaginalis
Yes 6 2(33.3) 0.79 (.24-2.55)
No 204 68 (33.3) Ref
Candlida spp
Yes 12 5 (41.7) 2.26 (.61-8.31)
No 198 65 (32.8) Ref
Bacterial vaginosis
Yes 20 7 (35.0) 1.11 (.40-3.02)
No 190 63 (33.2) Ref
Any vaginal infection
Yes 37 14 (37.8) 1.44 (.68-3.08)
No 173 56 (32.4) Ref

Abbreviations: Cl, confidence interval; HPV, human papillomavirus; Ref, reference group.

2 Non-HPV16/18 infection refers to the presence of the other 12 oncogenic HPV types (31,
33, 35, 39, 45, 51, 52, 56, 58, 59, 66, and 68) and 11 nononcogenic HPV types (6, 11, 34,
40, 42, 43, 44, 53, 54, 70, and 74).

behavior, most studies did not demonstrate that vaginal infec-
tions had a role in cervical precancerous lesions [4, 5, 18] or
in HPV persistence [16], which is consistent with our findings
in this study. In contrast, the study by Watts et al suggested
that TV infection may shorten the duration of HPV infec-
tion [16], further documenting the inconsistency in this field
and highlighting the importance of considering methodologic
differences. Recent studies have demonstrated the higher

diversity of vaginal microbiota and decreased relative abun-
dance of Lactobacillus spp, which is frequently associated with
BV, in HPV-positive women [24, 25]. However, their ability to
derive a causal link is limited by the cross-sectional nature of
most studies. Large, adequately powered, longitudinal studies
are needed to confirm whether an association between the
vaginal microbiota and persistent HPV exists. Meanwhile,
many studies reported that Chlamydia trachomatis (CT) was
another infectious co-factor associated with HPV acquisition
and cervical cancer [26-29], but CT was not assessed in our
analyses because it was not tested in our trial. Published CT
studies did not show consistent results. Especially when con-
trolling for HPV DNA status, some studies demonstrated no
association between CT and CIN2 and/or CIN3+ [30-34].
This suggests that careful design/adjustment, ruling out con-
founding by HPV status or by an increased susceptibility to
HPYV infection, is crucial when investigating the role of STIs
(other than HPV) in HPV-driven cervical carcinogenesis be-
cause of the strong confounding effects such as smoking and
sexual behaviors between HPV infections with other STIs.
Additionally, despite nonsignificant associations between TV
and 6-month persistence of non-HPV16/18 oncogenic infec-
tions in our study, as well as Candida spp and 6-month per-
sistence of nononcogenic HPV infections, additional data are
needed for further evaluation.

The major strength of our analysis is the prospective study
design, which allowed for the evaluation of persistent HPV in-
fections, a prerequisite for progression to high-grade cervical
precancerous or cancerous lesions. Most of the existing reports
are cross-sectional or case-control studies and could not assess
the association between vaginal infections and HPV persist-
ence. Our prospective HPV vaccine trial, which has a long fol-
low-up time (~6 years), with regular and frequent clinic visits,
and well-established HPV genotyping assessment, offers an in-
valuable opportunity to address the impact of vaginal infections
on non-HPV16/18 cervical infections.

Our study had limitations. First, since this study was a sec-
ondary analysis of the initial clinical trial, it was not powered to
detect the role of vaginal infections as a co-factor of persistent
non-HPV16/18 infection. Thus, larger cohort studies are still
needed. Second, we did not adjust for sexual behavior and other
risk factors because these covariates were not collected during
the trial. Nevertheless, we minimized potential confounding
by conditioning on visits with incident HPV infections. Third,
vaginal infections were detected by LBC instead of the ideal
gold standards because they were not the main endpoints in the
clinical trial. Currently, Gram stain for BV, culture for Candida
spp, and nucleic acid amplification (PCR) testing for TV are
considered the diagnostic standard [35]. Nonetheless, cervical
cytology has relatively high specificity for most of the micro-
organisms [12]. Compared to Gram stain, Amsel criteria, the
traditional method for BV diagnosis, is highly accurate (both
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sensitivity and specificity: 91%) [36]; the accuracy of Pap smears
for BV diagnosis was comparable to Amsel criteria, with a sensi-
tivity of 85% and a specificity of 92% [37]. Also, LBC for TV di-
agnosis was sensitive (96.2%) and specific (99.5%) compared to
PCR testing [38]. There is limited literature on the accuracy of
LBC compared with culture for Candida diagnosis. It is worth
mentioning that high diagnostic accuracy for cervical cytology
was provided by an expert cytologist in CHCAMS. Last, we
could not distinguish between symptomatic and asymptomatic
vaginal infections to evaluate the impact of the severity of in-
flammation induced by vaginal infection on non-HPV16/18
acquisition and persistence. Moreover, no information on vag-
initis treatment and other STIs was recorded. However, the
women in this study were recruited from the general popula-
tion, and the risk of being infected with other STIs was relatively
low, as inferred by the prevalence of oncogenic HPV among
these women (15.3% [10], comparable to the average of 17.7%
[39] across the mainland of China).

Overall, our prospective analysis did not support the asso-
ciation between common vaginal infections and persistent
non-HPV16/18 infection. Non-HPV16/18
coinfection of TV had a statistically nonsignificant elevated

incidence with

risk of persistence that warrants further investigation. More
prospective investigation into the interaction between vaginal
coinfections, inflammation, and the risk of non-HPV16/18 per-
sistence and its associated carcinogenesis is needed.
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