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Abstract

Introduction The influence of vaccination on composition of the human microbiome at distinct sites has been recognized as
an essential component in the development of new vaccine strategies. The HPV vaccine is widely used to prevent cervical
cancer; however, the influence of HPV vaccine on the vaginal microbiota has not been previously investigated. In his study,
we performed an initial characterization of the microbiome and cytokine composition in the vagina following administration
of the bivalent vaccine against HPV 16/18.

Material and methods In this exploratory study, fifteen women between 18 and 40 years received three doses of the HPV-
16/18 ASO4-adjuvanted vaccine (Cervarix®). Cervicovaginal samples were collected before the first dose and 30 days after
the third dose. HPV genotyping was performed by the XGEN Flow Chip technique. The cytokines IFN-y, IL-2, IL-12p70,
TNF-a, GM-CSF, IL-4, IL-5, IL-10, and IL-13 were quantitated by multiplex immunoassay. The vaginal microbiome was
identified by analysis of the V3/V4 region of the bacterial 16S rRNA gene.

Results The most abundant bacterial species in the vaginal microbiome was Lactobacillus crispatus, followed by L. iners.
Bacterial diversity and dominant organisms were unchanged following vaccination. Small decreases in levels of pro and anti-
inflammatory cytokines were observed following HPV vaccination, but there was no association between vaginal cytokine
levels and microbiome composition.

Conclusion Vaginal microbiome is not altered following administration of the standard three-dose HPV-16/18 AS04-adju-
vanted (Cervarix®) vaccine.
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Introduction

The vaginal microbiome of reproductive age women has
been shown to contain more than 265 species of bacteria, as
revealed by culture-independent /6S ribosomal RNA gene
amplification, sequencing, and analysis [1]. The predomi-
nance of Lactobacillus species in the vagina of the majority
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of these women has been associated with maintenance of a
healthy local environment [2]. Alterations in microbiome
composition and relative abundance can be triggered by mul-
tiple factors such as age, hormonal changes, sexual behavior,
concomitant infections, hygiene, and immune status [3-5].
These changes may adversely affect the magnitude and
direction of local immune responses and increase suscepti-
bility to infection [5, 6].

Previous studies have evaluated the influence of the
human microbiome composition on the efficacy of oral
or parenteral vaccines [7-9]. Therefore, it is reasonable to
also assume the possible occurrence of the opposite effect,
where the vaccine response alters the resident microbiome.
The human papillomavirus (HPV) vaccine targets a sexu-
ally transmitted virus that infects the cervix. Although it is
parenterally administered, the HPV vaccine results in the
appearance of neutralizing IgG antibodies in the vagina as
well as the local production of cytokines [10, 11].

The HPV vaccine has been shown to successfully prevent
the acquisition of HPV-related diseases, primarily cervical
cancer. The vaccine is parenterally administered and induces
neutralizing antibodies against the viral capsid antigen L1
(L1-VLP). The vaccine also induces an L1-specific cell-
mediated immune response, characterized by the prolif-
eration of CD4" and CD8* T lymphocytes and increased
cytokine production '!. Anti-HPV antibodies are present
in the vagina following immunization and may potentially
influence the magnitude of immune responses [11]. This
may consequently lead to an alteration in the composition
of the microbiome at this site. However, the influence of
HPV vaccine on the vaginal microbiota has not been previ-
ously investigated.

The aim of the present study was to perform an initial
characterization of the vaginal microbiome profile prior to
and following administration of three doses of the bivalent
vaccine against HPV 16 and 18 (2vHPV, Cervarix®), as
well as to evaluate possible changes to the cytokine profile
in the vagina.

Material and methods
Enroliment and study design

In this pilot exploratory study, 15 women between 18 and
40 years of age were enrolled. All subjects received medi-
cal care at the Women’s Hospital Prof. Dr. José Aristodemo
Pinotti (Centro de Atencdo Integral a Saide da Mulher
— Hospital da Mulher Prof. Dr. José Aristodemo Pinotti)
(CAISM) of the State University of Campinas (Universi-
dade Estadual de Campinas) (UNICAMP), between Octo-
ber, 2017 and August, 2018. This study was approved by
the Ethics in Research Committee of the UNICAMP School
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of Medical Sciences, under registration number CAAE
56933816.0.0000.5404, and all the participants signed
informed written consent.

At their initial consultation, the women were evaluated
for the presence of the following genital infections: Herpes
virus types I and II (Microbial DNA qPCR Arrays, Qia-
gen®, Roche, Switzerland), Neisseria gonorrhea and Chla-
mydia trachomatis (Cobas® PCR system, Roche, Switzer-
land), Candida spp. (Gram staining), bacterial vaginosis
(Nugent score), syphilis, and HIV (quick test). Exclusion
criteria were positive results in any of the above-mentioned
infections, as well as being pregnant, use of an intrauter-
ine device, practicing vaginal douching, having engaged in
sexual intercourse within 3 days prior to study enrollment,
and/or the use of oral or topical antibiotics within the past
30 days. To eliminate the possible effect of physiological
hormonal changes, all women included in the study were
using hormonal contraception.

Enrolled women completed a questionnaire on clinical
history, socio-demographic profile, and sexual behavior.
Subjects then underwent a speculum-based vaginal exami-
nation to obtain the following samples: (1) collection of a
vaginal sample that was immediately immersed in 1 mL of
Amies transport medium (Copan Diagnostic Inc®, USA)
for microbiome analysis; (2) collection of a vaginal swab
for bacterial vaginosis analysis by Nugent criteria, (3) pH
vaginal measurement, (4) collection of an endocervical
sample that was then immersed in 10 mL of CellPrev®
medium (Kolpast®) for HPV analysis; (5) collection of a
cervicovaginal sample that was then immersed in 1 mL of
a phosphate-buffered saline (PBS) solution for analysis of
vaginal cytokines. Samples in Amies medium and in PBS
were immediately stored at — 80 °C until use for extraction
of bacterial DNA and measurement of vaginal cytokines.
Additional samples for microbiome analysis, HPV detec-
tion, and vaginal and serum cytokine levels were again per-
formed 1 month after termination of the vaccination sched-
ule (7 months after the initial collection). So, the assessment
of HPV infection, microbiome, and cytokine levels was per-
formed both at the initial visit and at the end of the follow-up
(7 months after initical visit).

All subjects received the standard vaccination protocol of
three doses of 2vHPV-Cervarix® (bivalent vaccine; GlaxoS-
mithKline, UK). The first dose was administered at the time
of study inclusion, and subsequent doses were administered
1 and 6 months later.

HPV diagnosis

Cervicovaginal samples collected in CellPrev® were ana-
lyzed for 36 HPV types (low risk: 6, 11, 40, 42, 43, 44, 54,
55, 61, 62, 67, 69, 70, 71, 72, 81, 84 and 89 and high risk:
16, 18, 26, 31, 33, 35, 39, 45, 51, 52, 53, 56, 58, 59, 66, 68,
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73 and 82), by XGEN Mult HPV Chip HS12 (Mobius Life
Science, PR, Brazil).

Analysis of vaginal microbiome

Genomic DNA was extracted using the QIAamp BiOstic
Bacteremia DNA Kit (Qiagen®, USA), according to the
manufacturer’s protocol. For the preparation of genomic
libraries, we used 12.5 ng of DNA per sample pool, 5 mM of
specific primers for the amplification of the highly conserved
region (V3 and V4) of the bacterial 16S gene, and 12.5 uL of
KAPA HIFI HotStart ReadyMix 2 X (Roche, Switzerland).
The 5'-3' primer sequences for the V3/V4 region of the 16S
gene were:

V3-341: (TCGTCGGCAGCGTCAGATGTGTATAAGAGA
CAGCCTACGGGNGGCWGCAG) V4-785: (GTCTCGTGG
GCTCGGAGATGTGTATAAGAGACAGGACTACHVGGG
TATCTAATCC)

Negative controls with buffer from the DNA extraction
kit were included in the PCR runs. The amplicons were
pooled and loaded onto Illumina MiSeq clamshell style car-
tridge kit v3 at 600 cycles, for paired-end 300 sequencing at
a final concentration of 12 pM. The library was clustered to
a density of approximately 877 k/mm?, and PhiX 25% spike
in control. This procedure was performed by Illumina MiSeq
benchtop sequencer at the Molecular Genetics Laboratory
(Laboratério de Genética Molecular) at the University of
Campinas (UNICAMP). The MiSeq platform was used for
image analysis, base calling, and data quality assessment.

The raw data for bioinformatics analysis consisted of 31
paired-end samples, totaling 62 FASTQ files (each sample had
forward and reverse reads), from 16 individuals. We used the
DADAZ? pipeline of QIIME2 (version 2018.11) [12] to per-
form sequence quality control and feature table construction,
including sequence denoising, joining pair ends (where possi-
ble), and discarding chimeric artifacts. The analysis proceeded
with just the non-chimeric DNA sequences. For the subsequent
analyses, we discarded two more samples that yielded too few
(< 60) non-chimeric sequences. QIIME2 was also used for
OTU identification, diversity analysis, and taxonomic classi-
fication with the Greengenes database (version 13_8), avail-
able from QIIME2, trained on the region between the specific
primers used in this study. Heatmaps were prepared with the
Complex Heatmap package (version 1.18.1) of the Bioconduc-
tor software (version 3.7), by means of the RStudio interface
(version 1.1.463) and the R statistical software (version 3.5.2).

For each library, alpha and beta diversity indexes were
calculated, and their analysis refers to the species variety
and complexity in a community. For alpha diversity, Chaol
[13] was used to estimate richness, as well as Shannon and
Simpson diversity indexes [14, 15]. Then, using Microbi-
ome Analyst [16], a web-based tool, the principal coordi-
nate analyses (PCoA), based on Bray—Curtis dissimilarity

distance [17], were constructed to observe the differences
in beta diversity between groups.

Analysis of serum and vaginal cytokines

Quantification of pro-inflammatory (IFN-vy, IL-2, IL-12p70,
TNF-a, GM-CSF) and anti-inflammatory (IL-4, IL-5, IL-10,
IL-13) cytokines was performed in the Bio-Plex 200 Series
Plate Reader Systems (Bio-Rad Laboratories Inc., USA), using
the MILLIPLEX MAP Human High Sensitivity T Cell Panel-
Immunology Multiplex Assay (Merck KGaA, Germany). Pro-
cessing and analysis of serum and cervicovaginal samples were
performed according to the manufacturer’s protocol.

Statistical analysis

Differences in cytokine concentrations between samples
were evaluated by the Mann—Whitney test and Student ¢ test
using Epi Info™ (version 7.2.2.16) and GraphPad (version
7) software. The Spearman rank correlation test was used to
assess correlations between relative abundance of bacterial
genera. All analyses were performed using standard software
(GraphPad Prism, v7.0 for Windows). All tests were consid-
ered significant at p <0.05.

Results

The women enrolled in the study were between 19 and 40 years
old. Most (80%) were white, non-smokers (85%) and had uni-
versity education (65%). In addition, 95% were nulliparous.
Most had only one sexual partner in the previous 6 months and
were heterosexual. Additional information on the sociodemo-
graphic characteristics of women is shown in Table 1.

The presence and relative abundance of different bacte-
ria in the vaginal microbiome in the study population as a
whole prior to and following the vaccination schedule is
shown in Fig. 1. The bacterial composition and abundance of
individual bacteria were not significantly altered following
vaccine administration. The small reduction in L. crispatus
and L. iners abundance following vaccination did not reach
statistically significant (Table Supplementary 1).

The prevalence of HPV was 50% (04/14) before vaccination
and 53% (8/15) 7 months after vaccination. Supplementary
Table 2 summarizes the status of HPV infection before and
after vaccination. We observed that one woman presenting
HPV52 before vaccination had negative results in the post-
vaccination period and two women presenting multiple
infections before vaccination had single infections in the post-
vaccination period. One woman with negative results for HPV
before vaccination had positive results in the post-vaccination
period. Persistence of the same type of HPV infection was
observed in four women, while two women presented
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Table 1 Sociodemographic characteristics of study participants

Number Percent Exact 95%
conf. limits

Variant

Race Black/Brown 4 27 8-55
White 11 73 45-92

Educational level High school 5 33 12-62
University 10 67 33-88

Smoking Yes 2 13 1.6-40
No 13 87 58-89

Parity Multiparous 1 7 0.2-32
Nulliparous 14 93 68-99

No. of sexual One 9 60 16-68
partners® Two or more 6 40 32-84
Homosexual rela- Yes 2 13 1.6-40
tionship No 13 87 58-89

“In the last 6 months

infection by a new type of HPV in the post-vaccination period.
Altogether, vaginal microbiome data analyzed from both
the pre-and post-vaccination periods demonstrated a higher

Fig. 1 Relative abundance of
different bacteria in the vaginal
microbiome before (n=15) and
after HPV vaccination (n=15)

Others

Veillonella
Thermicanus
Sneathia

S. agalactiae

R. leguminosarum
Prevotella
Peptoniphilus

P. copri

Mycoplasma
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frequency of HPV in vaginal samples with a predominance
of L. crispatus (45.5%, 5/11) when compared with samples
presenting other types of predominant bacteria (21.05%, 4/19);
however, such association was not statistically significant in
the evaluated sample size (p=0.2251).

Pre- and post-vaccination microbiome profiles for each of
the 15 individual women are shown in Fig. 2. L. iners and
L. crispatus were the most abundant bacteria in each of the
women. In subjects M5, M14, M15, and M21, there was an
apparent change in L. iners and L. crispatus abundance while
a post-vaccination increase in bacterial diversity was observed
in seven of the women (M1, M3, M7, M10, M11, M14, and
M22). Although we have observed in Fig. 2 a greater number
of women with diversity in the vaginal microbiome in the post-
vaccination period, with a decrease in L.crispatus and L. iners,
there were no statistically significant differences in alpha and
beta diversity, as shown in Table 2 and Figs. 3 and 4.

The evaluation of beta diversity (Fig. 4) also showed no
significant differences in the vaginal microbiome before or
after vaccination (p =0.989), in the presence or absence of
HPV (p=0.085) or in relation to vaginal pH (p =0.432).
As expected, there was a statistically significant difference

Main bacteria found in vaginal microbiome
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Fig.2 Relative abundance of Paried samples (Pre and post vaccine)
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Table 2 Alp ha diversity indices Grupos Diversity Richness Observed OTUs
observed in groups
Shannon index Simpson index Chaol
Pre vaccine 1.98-2.94 0.61-0.93 4-24 9-28
2.35(0.23) 0.88 (0,07) 13.8 (5.23) 13.62 (5.009)
Post vaccine 2.20-3.18 0.49-0.95 2-44 13-29
2.48 (0.29) 0.85 (0.11) 15 (10.48) 15.08 (5.29)
P 0.31* 0.93* 0.91* 0.32*
*Significant when P <0.05

“Mann-Whitney test — values shown as minimum and maximum, mean and standard deviation

in diversity when comparing women with or without bac-
terial vaginosis (p <0.001).

We also evaluated if there were changes in vaginal pro-
or anti-inflammatory cytokine levels after vaccine admin-
istration. Although concentrations sometimes varied con-
siderably between individuals, small decreases in levels of
pro-inflammatory IFN-vy, IL-2, IL-12p70, TNF-a, and anti-
inflammatory IL-5, IL-10 and IL-13 mediators following
HPYV vaccination were statistically significant (Table 3).

Discussion

The influence of vaccination on composition of the human
microbiome at distinct sites has been recognized as an essen-
tial component in the development of new vaccine strategies

[8,9, 18]. The HPV vaccine is widely used to prevent cervi-
cal cancer [19]. In the present exploratory study, we per-
formed an initial characterization of the vaginal microbiome
before and after the standard\2vHPV-Cervarix® vaccine
regimen. The major finding is that there was no significant
change in the vaginal microbiome in the 15 women ana-
lyzed 7 months after initiation of the three-dose immuniza-
tion regimen.

L. crispatus was the most prevalent vaginal bacterium
followed by L. iners, similar to what has been reported in
numerous prior investigations of reproductive age women [1,
2, 4]. Small shifts in the microbial profile were observed in
several of the women. However, all were statistically insig-
nificant, and alpha and beta diversity analysis revealed that
relative abundance of the bacterial population was not sig-
nificantly altered after vaccination.
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Fig.3 Alpha diversity indices
between groups a Chao 1,
b Shannon, ¢ Simpson, and
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The preventive 2vHPV Cervarix® is the L1 virus-like
particle vaccine (VLP), which has been shown to have an
effect prior to the acquisition of HPV infection. Its action
is due to a strong production of neutralizing antibodies
against HPV16 and HPV 18 [11, 20]. Activation of the
major histocompatibility (MHC)1 and MHC2 present-
ing pathways improves the efficacy of HPV vaccine. This
fact is considered for the development of vaccine adju-
vants that increase the activation of CD8 +and CD4+T
cells [21, 22]. Some studies have demonstrated increased
production of pro-inflammatory and anti-inflammatory
cytokines in peripheral blood or in peripheral blood
mononuclear cell cultures in response to VLP [10, 23].
However, in our study, vaginal pro-inflammatory (IFN-y,
IL-12p70, TNF-a) and anti-inflammatory (IL-5, IL-13)
cytokine levels decreased in the post-vaccination period.
Although statistically significant, the changes were small,
and the range of values among individual women was very
large in many cases. Thus, analysis of a much larger sam-
ple is needed before any conclusions on a possible asso-
ciation between vaccination and vaginal cytokine levels
can be validated.

A limitation of the study is the relatively small number
of women included and analysis of only a single time point
after administration of all three doses of the vaccine. In addi-
tion, we did not evaluate changes in vaginal microbiome
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composition over the same time interval in a comparable
population of unvaccinated women. Thus, we cannot rule out
any differences may merely represent random variation and
are unrelated to vaccine administration. However, since there
were no apparent effects of vaccination on microbiome com-
position, it is likely that this would have paralleled findings
in an unvaccinated control group. Nevertheless, our study to
evaluate the vaginal microbiome profile in women following
vaccination against a sexually transmitted HPV infection is
appropriately labeled as exploratory. Therefore, our findings
need to be replicated in different populations using a larger
number of subjects. It also needs to be determined if changes
in microbiome composition may occur at earlier and/or later
time periods after cessation of vaccination or if comparable
results will be obtained following vaccination of pre-adoles-
cent girls.

The HPV vaccine has been commercially available for over
10 years and has been highly effective in preventing high and
low-grade HPV-dependent lesions resulting in cervical cancer
or genital warts [19]. Adverse effects have been monitored
to corroborate that the introduction of this vaccine in numer-
ous countries was an appropriate measure and was safe in the
various populations [19]. Our study, although needing confir-
mation, highlights that the HPV vaccine may not negatively
impact composition of the vaginal microbiome of reproductive
age women.
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Fig.4 Test applied (ANOSIN).
Observed metric Brai-Curtis
Vaccine R= —0.045; P=0.989,
HPV R=0.115; P=0.085,
Bacterial vaginosis R=0.74;
P<0.001, pH R= —0.0042;
P=0.432
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Table 3 Evaluation of vaginal cytokines prior to and following HPV
vaccination

Median (range-pg/mL)

Cytokine Prior HPV vaccination Following HPV vac- P value
cination
IFN-y 10.5 (7.0-17.50) 8.50 (6.50-18.50) 0.048?
IL-10 16.5 (13.25-162.25) 13.5 (11.75-30.00) 0.003?
IL-4 9.75 (8.00-14.00) 9.50 (7.50-11.00) 0.199°
TNF-a 29.75 (19.50-350.00)  22.00 (18.50-156.3) 0.033?
GM-CSF  18.75 (12.50-74.25) 14.5 (9.50-66.00) 0.133%
IL-12p70 10.5 (7.25-16.00) 8.25 (6.50-12.00) 0.010°
1IL-13 18.00 (13.75-29.00) 14.50 (12.00-22.25) 0.013*
1L-2 23.25 (16.50-47.5) 25.00 (12.00-48.00) 0.615%
IL-5 9.50 (8.25-11.75) 8.75 (8.00-11.50) 0.027?

*Mann-Whitney test
bStudent ¢ test

Conclusion

We did not observe any significant changes in the vaginal
microbiota profile after the standard\2vHPV-Cervarix®
vaccine regimen. Although small decreases in levels of
pro- inflammatory IFN-y, IL-2, IL-12p70, TNF-« and anti-
inflammatory IL-5, IL-10, and IL-13 cytokines following
HPYV vaccination were observed, we found no relationship
between the levels of local cytokines and the profile of the
vaginal microbiome. This exploratory study suggests that
HPV vaccination does not negatively impact the vaginal
health of women of reproductive age.
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