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infected with single HPV
and multiple genotype
HPV infections in China
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Introduction: The human papillomavirus (HPV) is the leading cause of cervical
cancer globally. However, its microbial composition and association with the
types of HPV infection remain elusive.

Methods: This study was designed to characterize the vaginal microbiota of 53
HPV-infected and 16 normal women (control group) by using high-throughput
sequencing with the Illumina platform.

Results: In this study, the five leading phyla were Firmicutes (73.9%),
Actinobacteriota (12.8%), Proteobacteria (6.2%), Fusobacteria (3.5%), and
Bacteroidota (3.1%). We found that single HPV genotype—positive women had
higher a-microbial diversity compared with HPV-negative and multiple HPV-
positive women. In women with a single HPV genotype infection, the HPV-16
infection had significantly higher o.-diversity than other genotype infections. In
multiple HPV genotype—positive women, the highest a-diversity was found in
women positive for HR-HR HPV genotype infection, compared with other
infections. Furthermore, in single- and multiple-genotype infections, the
abundance of s_unclassified_g_Lactobacillus decreased whereas the abundance
of s_Gardnerella_vaginalis increased compared with control. Additionally,
s_unclassified_f_Rhizobiaceae and s_sneathia_sanguinegens were only found in
HPV-infected women.

Conclusion: This study showed that the type of HPV infection was associated with
the composition of the vaginal microbiota. Further studies on HPV genotypes and
vaginal microbiota are necessary to uncover more mysteries of their association
and provide a promising therapeutic target as well as low-cost future therapeutic
strategies.
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Background

Cervical cancer is the fourth most common female cancer in
the world. According to estimates, 570,000 cervical cancer cases
and 311,000 deaths were reported in 2018 (Arbyn et al, 2020).
Human papillomavirus (HPV) most commonly causes cervical
squamous cell carcinoma (SCC) and its precursor lesions (cervical
intraepithelial neoplasia; CIN) worldwide (zur Hausen, 2002;
Mufioz et al, 2003; Bruni L et al., 2010; Forman et al., 2012;
Crosbie et al, 2013). HPV, a small, double-stranded, non-
enveloped DNA virus, infects genital tracts and oral mucosa.
HPV genotypes have been divided into two groups depending
on their carcinogenicity, ie., high-risk and low-risk genotypes
(Bodily and Laimins, 2011). The most frequent genotype is
HPV-16 globally (Crow, 2012); however, the prevalence of other
HPV genotypes varies from region to region (Crow, 2012; Baloch
et al, 2016). According to estimates, most HPV infections are
transient and cleared within a couple of years (Crow, 2012) (Myers
et al, 2000; Richardson et al, 2003). Only 10%-20% of HPV
infections persist latently, leading to disease progression and
invasive cancer development (Shanmugasundaram and You,
2017). However, the underlying molecular mechanisms of HPV
persistent infection are still not well understood.

The vaginal tract is populated with various types of
microorganisms, which are collectively called the vaginal
microbiome. It has been reported that vaginal microbiota
protects women from different urogenital infectious diseases
(Watts et al., 2005; Gillet et al., 2011; Guo et al., 2012; Lee et al.,
2013; Vriend et al., 2015). The role of vaginal microbiota in the
acquisition and persistence of HPV has been reported (Brotman
et al., 2014; Mitra et al., 2016). However, the role of the diverse
vaginal microbiome in single HPV and multiple HPV genotype
infection has not been adequately investigated. Therefore, the
current study was designed to investigate whether single-HPV
and multiple HPV-genotype infections are associated with the
diverse community of vaginal microbiota composition.

Methods
Ethical statement

This study was approved by the Ethics Committee of the
Faculty of Life Science and Technology, Kunming University of
Science and Technology, and the Center for Disease Control and
Prevention (CDC) in Yunnan Province, China. Written consent
was individually obtained from all participants.

Study design

A total of 69 women were recruited who visited the Out-
Patient Department of the First People’s Hospital of Yunnan
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Province from November 2016 to July 2017. For the sample
collection, the vaginal swab was inserted ~2-3 cm into the
vagina and swirled for ~30 s. The swab samples were
immediately put into Fluidx tubes containing 0.8 ml of DNA/
RNA Shield and transferred to the laboratory within 30 min.
Samples were pelleted by centrifugation at 210,000x g (25°C) for
10 min and the sediment stored at —80°C until further analysis.
Women infected with HIV, hepatitis B/C, or autoimmune
disorders; who received antibiotics or pessaries within 14 days
of sampling; or had a previous history of cervical therapy were
excluded. A standardized questionnaire was used to collect
information from each participant about their ethnicity,
education, age, marital status, smoking, drinking, illness
history, sexual activity, and profession.

DNA extraction

Bacterial and viral genomic DNA was extracted from the
samples synchronously by using the TTANamp DNA Extraction
Kit (Tiangen Biotech Co., Lai Chi Kok, Hong Kong) following
the manufacturer’s instructions. Quality control was carried out
by gel electrophoresis, and nanograms per microliter of DNA
and 260/280 OD were measured using a NanoDrop 1000
spectrophotometer (Thermo Fisher Scientific Inc., US). The
purified DNA was stored at —20°C until further HPV
genotyping and microbiota sequencing.

HPV genotype examination

DNA was amplified with broad-spectrum consensus primers
(MY09/11) targeting the HPV L1 region using polymerase chain
reaction (PCR) (Baloch et al., 2016). Isolated and amplified DNA
from HeLa and CaSki cell lines was used as positive controls, and
solutions without sample DNA were used as negative controls.
GenoArray Test Kit (Hybribio, Chaozhou, China), an L1
consensus primer-based PCR assay kit, was used to amplify 23
HPV genotypes, namely, 13 HR-HPV genotypes (HPV-16, -18, -
31, -33, -35, -39, -45, -51, -52, -56, -58, -59, and -68), three PHR-
HPV genotypes (HPV-53, -66, and -81) and seven low-risk HPV
(LR-HPV) genotypes (HPV-6, 11, 42, 43, 44, and 61), according

to the manufacturer’s recommendations.

16S rRNA gene sequencing and analysis

In this study, the V4 segment of the 16S rRNA gene was
amplified, and the sequencing was performed using the Illumina
MiSeq system, according to the manufacturer’s recommendations.
FASTQ file conversion of the raw data was performed following
demultiplexing using the HiSeq reporter. High-quality reads (80%
bases have Q score >20) were selected for analysis, and reads with
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unknown bases (N) and poor-quality reads were discarded.
Sequences were grouped into operational taxonomic units
(OTUs) at a similarity threshold of 97%. The SILVA rRNA gene
database was used to make taxonomic assignments for all OTUs
and phylum, class, order, family, and genus and were identified at
the species level.

Based on OTU information, rarefaction curves and o-
diversity indices refer to community diversity (Shannon,
Simpson), community richness (Chaol and Ace), community
evenness (Shannon-even, Simpson-even), and sequencing depth
(Good’s coverage) calculated by Mothur. A heatmap diagram
showing the relative abundance of OTUs was generated using
the Vegan Package in R 2.4. Phylogenetic beta diversities,
including principal coordinate analysis (PCoA), were evaluated
with the Bray-Curtis distance using QIIME 1.7.0. The linear
discriminant analysis (LDA) and effect size (LEfSe) methods
were used for potential biomarker detection. The threshold score
of LDA was set at 3.0, and a significant p-value of 0.05
was employed.

Statistical analysis

A chi-square test was used to assess the differences between
demographic and clinical characteristics of participants.
Differences in microbiota between groups were measured
using PERMANOVA (weighted UniFrac distance). Differences
in the Chao index and Shannon index (ci-diversity metrics) were
tested according to the type of HPV infection using the
Wilcoxon rank-sum test. Metagenomic potential biomarker
discovery and associated statistical significance were assessed
by analyzing the relative taxonomic abundances according to the
linear discriminant analysis (LDA) effect size (LEfSe) methods.
In LEfSe, the Kruskal-Wallis rank-sum test was used to
distinguish features with significantly different taxon
abundances in groups and LDA to calculate the size effect of
each feature. A threshold of 3.0 on the logarithmic LDA score
was used for discriminative microbial biomarkers. The
association between microbial community structure and
single-HPV-genotype or multiple-HPV-genotype infections
was analyzed by multivariable logistic regression. The
relationships among HPV infection type, ethnicity, married
status, age, smoking, drinking, and sexual partner were
compared by Fisher’s exact test.

Results
Characteristics of participants
A total of 69 women were enrolled in this cohort study and

were divided into three groups: healthy control (n = 16; 23.2%),
single HPV-genotype infection (n = 31; 44.9%), and multiple
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HPV-genotype infection (n = 22; 31.9%). Among the total,
single-infection, and multiple-HR-HPV genotypes, infected
women were 26 and seven. HR-PHR-HPV-infected women
were six, HR-LR-HPV infection was found in nine women,
and LR-HPV/PHR-HPV infection was found in five women.
Overall, 15, 12, 10, and eight participants were infected with
HPV-16, 52, 33, and 58, respectively (Table 1). The demographic
characteristics of participants are shown in Table 2. Among 69
participants, 53 were Han, 16 were from other ethnicities, 48
were married, and 21 were unmarried. Fifty-six women reported
having a single sexual partner.

Composition of cervical microbiota

A 16S rRNA targeted metagenomics analysis was performed
on individual vaginal swab samples collected from 69 women
and allowed a comparison of the overall bacterial richness and
phylogenetic composition of the vaginal microbiota. A heatmap
analysis shows the vaginal microbiota composition, which is
different among HPV-negative, single-genotype, and multiple-
genotype infections in women (Figure 1). For conforming, o.-
diversity (the index of Sob, Chao, ACE, Shannon, Simpson,
Coverage, Shannon, and Simpson even) and B-diversity (PCoA)
were analyzed. a-Diversity analysis of the microbiota profile
based on Shannon and Chao 1 diversity indicated substantial
differences among different groups (Tables 3, 4). For B-diversity
analysis, we performed a principal coordinate analysis (PCoA) to
confirm the differences. We found a different clustering based on
the HPV infection status (Figure 2A).

In this study, a total of 27 phyla, 62 classes, 156 orders, 262
families, 497 genera, 719 species, and 907 OTUs were classified.
Among them, the five leading phyla were Firmicutes (73.9%),
Actinobacteriota (12.8%), Proteobacteria (6.2%), Fusobacteria
(3.5%), and Bacteroidota (3.1%) (Figure 2B). Furthermore, we
found that HPV-negative and multiple-genotype-infected
women had less microbiota diversity compared with single
HPV genotype-infected women (Figures 3A, B).

At the genus level, we found that Lactobacillus and Gardnerella
were the two leading bacterial genera in control, single HPV
infection, and multiple HPV infection groups (Figure 4A).
However, the abundance of s_unclassified_g_Lactobacillus
decreased and that of g Gardnerella_vaginalis increased in single-
and multiple-genotype infections compared with control
(Figure 4B). Further, g unclassified_f Rhizobiaceae was only
found in HPV-positive women. Its abundance was higher in
multiple HPV genotype-infected women compared with single
HPV genotype-infected women (Figure 4A).

We further compared vaginal microbial diversity among different
HPV genotypes. Our analysis showed that women infected with
HPV-16, -52, and -58 had higher microbiota diversity than HPV-33
and other genotypes of infection (Figure 4C). Additionally, the
proportion of s_Streptococcus_anginosis, s_lactobacillus_jemsenii,
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TABLE 1 Different HPV distribution among single infection and
multiple infections.

Genotypes Single infection = Multiple infections Total
(n=31) (n=22)

HR-HPV 26 7 33
HR-PHR-HPV 3 3 6
HR-LR-HPV 0 9 9
LR-HPV or 2 3 5
PHR-HPV

HPV-6 0 1 1
HPV-11 0 1 1
HPV-16 7 8 15
HPV-18 0 2 2
HPV-31 1 1
HPV-33 6 4 10
HPV-34 0 1 2
HPV-35 1 2 3
HPV-43 0 1 2
HPV-51 3 2 5
HPV-52 5 7 12
HPV-53 0 4 4
HPV-55 0 1 1
HPV-58 6 2 8
HPV-59 0 3 3
HPV-61 0 2 2
HPV-66 0 3 3
HPV-68 1 2 2
HPV-72 0 2 2
HPV-81 0 3 3
HPV-82 1 1
HPV-83 0 1 1
HPV-84 0 1 1

s_sneathia_amnii, etc., was higher in multiple HR-HR HPV
genotype-infected women compared with LR-LR HPV
infection (Figure 4D).

Identification of vaginal microbiota:
Potential markers of HPV infection

In this study, we further extended our investigation to
explore the possible bacterial biomarkers for HPV infection;
therefore, we compared the relative abundance of different
bacteria among women in the single HPV genotype, multiple
HPV genotype, and control groups. Linear discriminant analysis
(LDA) effect size (LEfSe) modeling was adopted, and 38 clades
were detected (Figure 5A). We found that p_Proteobacteria,
f Burkholderiaceae, g_Peptostreptococcus, and s_uncultureed_
bacterium_g_Peptostreptococuss were abundant in single
infections, whereas o_Rhizobiales and c_o-Proteobacteria were
more prevalent in multiple HPV genotype infections. Among

Frontiers in Cellular and Infection Microbiology

04

10.3389/fcimb.2022.642074

multiple HR-HPV genotype infections, 10 clades were detected,
and 15 clades were identified in multiple HR-HPV and LR-HPV
genotype infections (Figure 5B). Among single HPV genotype
infections, a total of 19 clades were confirmed (Figure 5C). These
differentially abundant taxa could be considered as
potential biomarkers.

Discussion

The effect of multiple HPV genotype infections on cervical
cancer progression is still unclear (Pista et al., 2011). However,
according to estimates, multiple HPV genotype infections have
been commonly reported among young compared with old
women as well as women with an impaired immune system or
cytological anomalies (Ho et al, 1998; Herrero et al.,, 2000;
Chaturvedi et al., 2005). The relationship between multiple HPV
genotype infections and cervical cancer progression is
inconsistent. Some reports have shown that multiple HPV
genotypes increase the development of cervical cancer lesions
(Fife et al.,, 2001; van der Graaf et al., 2002; Pista et al., 2011).
However, some reports suggested no difference in cervical cancer
lesion developments with multiple HPV genotype infection

TABLE 2 Demographic characteristics of participants.

Parameter Control Single infection Multiple infections

(n =16) (n =31) (n =22)
Age mean * 3575 39.55 + 10.05 37.82 +£9.21
SD 7.94
Age range 23~49 22~59 23~55
Ethnicity
Han 11 (68.8) 26 (83.9) 16 (72.7)
Others 5(31.2) 5 (16.1) 6 (27.3)
Education level
Primary or 4 (25) 9 (29) 4 (18.2)
less
Middle 7 (43.7) 13 (41.9) 11 (50.0)
College or 5(31.2) 9 (29) 7 (31.8)
above
Marriage
Married 16 (100) 21 (67.7) 11 (50)
Single 0 10 (32.2) 11 (50)
Smoking
Yes 1(6.2) 1(32) 0 (0.0)
No 15 (93.8) 30 (96.8) 16 (100)
Drinking
Yes 1(62) 3(9.7) 0 (0.00)
No 15 (93.8) 28 (90.3) 16 (100)
Sexual partner
1 15 (93.8) 23 (74.2) 18 (81.8)
2 or more 1(6.2) 8 (25.8) 4(18.2)
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compared with single HPV genotype infection (Herrero et al.,
2000; Bosch et al., 2002; Cuschieri et al., 2004; Levi et al., 2004).

In this study, we evaluated the vaginal microbial profiles of
single HPV genotype- and multiple HPV genotype-infected
subjects for the first time. We applied high-throughput
sequencing to evaluate whether single HPV genotype and
multiple HPV genotype infections were associated with the
diversity of the vaginal microbiota composition. We found
that vaginal microbiota composition differed from single HPV
genotype and multiple HPV genotype infections compared with
controls. Overall, Lactobacilli was the most populated species
among all participants, but its abundance was decreased in single
HPV genotype and multiple HPV genotype infections compared
with control, which is in line with previous studies (Lee et al.,
2013; Mitra et al, 2015). The Simpson index of co-diversity
showed an increasing trend among single HPV genotype and

multiple HPV genotype infections and controls. In single HPV
genotype-infected subjects, HPV-16-infected subjects showed
the highest o-diversity compared with other HPV genotypes. In
multiple HPV genotype-infected groups, the highest a-diversity
was found in HR-HR HPV-infected subjects. In this study, we
further analyzed B-diversity to evaluate species complexity
among single HPV genotype-infected, multiple HPV
genotype-infected, and control individuals. We observed that
the proportion of Lactobacilli was decreasing in single HPV
genotype- and multiple HPV genotype-infected subjects
compared with controls.

With the application of deep metagenomic sequencing, 396
HPV genotypes have been identified (Bzhalava et al, 2014).
Among them, 14 HPV genotypes are considered high-risk due to
their oncogenic potential. In this study, HPV-16 was the most
prevalent genotype, in line with previous research (Crow, 2012).

TABLE 3 The o-diversity of the vaginal microbial community compound at the genus level.

Estimators Control Single infection Multiple infections p-value
Sobs 33.63 £ 1491 52.13 + 35.18 4791 + 31.57 0.159
Shannon 0.54 + 0.55 0.70 £ 0.71 0.48 + 0.64 0.423
Simpson 0.77 +0.26 0.71 0.29 0.82 £ 0.24 0.347
Ace 42.59 * 26.60 74.09 + 46.68 74.66 + 58.07 0.069
Chao 39.74 + 18.95 68.02 + 41.42 62.54 + 43.96 0.06
Coverage 0.9999 + 0.00013 0.9996 + 0.00024 0.9997 + 0.0030 0.011
Shannon-even 0.16 + 0.16 0.17 £ 0.16 0.12 + 0.14 0.545
Simpson-even 0.06 + 0.04 0.04 + 0.02 0.05 + 0.04 0.38
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TABLE 4 The a-diversity of the vaginal microbial community compound at the species level.

Estimators Control Single infection Multiple infections p-value
Sobs 40.25 + 20.03 64.16 + 44.84 58.59 + 41.26 0.146
Shannon 0.67 +0.58 0.80 + 0.79 0.62 + 0.64 0.621
Simpson 071 +0.26 0.69 + 0.30 0.76 % 0.25 0.65
Ace 52.39 + 28.45 94.51 + 59.97 95.70 + 93.84 0.05
Chao 47.63 * 24.08 84.97 + 51.15 80.68 + 57.48 0.042
Coverage 0.9998 + 0.00016 0.9995 + 0.00030 0.9996 + 0.00041 0.010
Shannon-even 0.18 + 0.16 0.19 £ 0.17 0.15 £ 0.15 0.732
Simpson-even 0.05 + 0.04 0.04 % 0.03 0.05 + 0.04 0.414

Generally, microbial diversity is considered a sign of health
(Turnbaugh et al., 2007). However, the female reproductive
system was dependent on the lower diversity of the microbial
community and was dominated by specific microorganisms
(Mendling, 2016; Miller et al., 2016). Lactobacilli constitute
more than 50% of the total commensal ecology and maintain
a pH of 3.8 and 4.5 with other bacterial species, which is
considered normal (Miller et al., 2016). Together with their
antibacterial properties and immunological factors, Lactobacilli
form the first line of defense against dysbiosis and infections. To
date, more than 120 Lactobacillus species have been recognized
and dozens of them are populated in the vagina (Mendling,
2016). In this study, s_unclassified_g Lactobacillus was the most
dominant species whose proportion was higher in control
compared with single HPV genotype and multiple HPV
genotype infections. Our results suggested that the proportion
of Lactobacillus and other bacterial spp. was associated with
HPYV infection, and the types of HPV genotype infection such as
s_unclassified_g_Lactobacillus abundance were substantially
lower in HPV-52, -58, and -16 compared with HPV-33, other
HR-HPV, and LR-HPV.

The underlying molecular mechanisms of how vaginal
microbiota might influence the HPV persistent infection are still
unknown. Lactobacillus spp. can produce several antimicrobial
agents, including lactic acid (Boskey et al., 2001), which protect
against sexually transmitted and other infections (Alakomi et al,
2000; O'Hanlon et al., 2011; Motevaseli et al., 2013). Our results
show a relatively low abundance of Lactobacilli in women with
single HPV genotype or multiple HPV genotype infection, which is
consistent with a previously reported study in which they found
overall high HPV infectivity and an elevated risk of multiple HPV
genotype infections. Women have higher pH levels due to lack of
Lactobacillus spp. (Clarke et al., 2012). Further, a high
inflammatory response could improve viral clearance, but the
immune-modulating bacteria may play a role in the progression
of diseases (Khan et al., 2012; Quevrain et al., 2016). In our study,
Proteobacteria, s_unclassified_f_Rhizobiaceae, and
s_sneathia_sanguinegens were only found in HPV-infected
women, which requires further investigation to confirm their
role in pathogenesis. Further investigations are needed to
establish the role of bacteria in immunomodulation in HPV
infection and its persistence.

Q@ Control
Q Single infection
@ Multiple infection

FIGURE 2
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(A) PCoA profile of the cohort associated with HPV-infected status displayed with weighted UniFrac distance. Each dot presents a sample, and
the color is according to grouping. (B) The dominant phyla in the vaginal microbial community.
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Nowadays, HPV vaccines (Gardasil and Cervarix) have been
approved in P.R. China and have become a hope for the possible
elimination of HPV-related diseases (Brotherton, 2017; Huh et al.,
2017). Despite these exciting scientific breakthroughs, many low-
resource populations will not benefit from the vaccines due to
technological, economic, and religious barriers. Consequently, it is
important to identify alternative, evidence-based, and cost-effective
intervention strategies that can be implemented to reduce HPV
infection. Improving understanding of the vaginal microbiota

offers opportunities to maximize a woman’s first line of defense
and contribute to developing practical and low-cost interventions
to reduce her susceptibility to HPV infection. In a pilot study of 54
HPV-positive women diagnosed with low-grade squamous
intraepithelial lesions, their daily consumption of a probiotic
drink containing Lactobacillus casei appeared helpful in the
clearance of HPV infection (Verhoeven et al., 2013). Therefore,
we hypothesize that a personalized selection of probiotics would be
most effective for women’s health and protection. It will be
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Taxonomic biomarkers. (A) The linear discriminant analysis (LDA) effect size (LEfSe) analysis among control, single-infection, and multiple-infection
groups. (B) The linear discriminant analysis (LDA) effect size (LEfSe) analysis between HR-HPV, HR-HPV and LR-HPV, and HR-HPV genotype
infection groups. (C) The linear discriminant analysis (LDA) effect size (LEfSe) analysis in single infection associated with the HPV genotype.

interesting and valuable to determine whether probiotic
intervention can effectively reduce productive viral infection and
lead HPV to a clinically “latent” situation in future studies.

The strength of this study includes the comparison of microbial
composition and diversity of vaginal microbiota between single
infections, multiple infections, high-risk infections, and low-risk
infections, as well as different combinations of HPV genotypes such
as HR-HR, HR-LR, and LR-LR. The weaknesses of our study
include a small sample size, lack of HPV burden data, and other
potential risk factors such as contraceptive methods, which would
be critical for a better understanding of the association between
HPV and vaginal microbiota.

Conclusions

Our results suggest that HPV infection types, i.e., single HPV,
HR-HPV, and multiple HPV genotype infections, influence the
composition of the vaginal microbiota, particularly non-
Lactobacillus. Further studies on HPV genotype level infection
and vaginal microbiota diversity are necessary to uncover more
mysteries of their association and provide a promising therapeutic
target as well as low-cost future therapeutic strategies.

Data availability statement

The datasets generated for this study were submitted to the
NCBI under the accession number (PRJINA799456).

Frontiers in Cellular and Infection Microbiology

08

Ethics statement

The studies involving human participants were reviewed and
approved by Ethics Committee at Kunming University of
Science and Technology. The patients/participants provided
their written informed consent to participate in this study.

Author contributions

XX and ZB conceived and designed the research plan and
supervised the study. ZB, YS, YL and SL finished the lab work,
bioinformatics process, and statistical analysis. XW and YL
performed sample collection. XX and ZB were responsible for
manuscript writing and revising. All authors contributed to the
article and approved the submitted version.

Funding

This study was supported by the Yunnan Major Science and
Technology Project (2019ZF004), 2019FE001(-174), Yunnan
Provincial Key Laboratory of Clinical Virology
(202205AG070053-10), KHBS2022-008, National Natural
Science Foundation of China (grant no. 81860592), Yunnan
Key R&D Program (grant no. 202103AQ100001), Yunnan
Major Scientific and Technological Projects (grant no.

frontiersin.org


https://doi.org/10.3389/fcimb.2022.642074
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org

Liu et al.

202202AG050013), and Yunnan Province Basic Research
Program Projects (grant no. 202101AS070028).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

References

Alakomi, H. L., Skytta, E., Saarela, M., Mattila-Sandholm, T., Latva-Kala, K., and
Helander, I. M. (2000). Lactic acid permeabilizes gram-negative bacteria by
disrupting the outer membrane. Appl. Environ. Microbiol. 66, 2001-2005. doi:
10.1128/AEM.66.5.2001-2005.2000

Arbyn, M., Weiderpass, E., Bruni, L., de Sanjose, S., Saraiya, M., Ferlay, J., et al.
(2020). Estimates of incidence and mortality of cervical cancer in 2018: a worldwide
analysis. Lancet Glob. Health 8, e191-€203. doi: 10.1016/S2214-109X(19)30482-6

Baloch, Z., Li, Y., Yuan, T, Feng, Y., Liu, Y., Tai, W,, et al. (2016). Epidemiologic
characterization of human papillomavirus (HPV) infection in various regions of
yunnan province of China. BMC Infect. Dis. 16, 228. doi: 10.1186/5s12879-016-1562-7

Bodily, J., and Laimins, L. A. (2011). Persistence of human papillomavirus
infection: keys to malignant progression. Trends Microbiol. 19, 33-39. doi: 10.1016/
j.tim.2010.10.002

Bosch, F. X, Lorincz, A., Munoz, N., Meijer, C. J., and Shah, K. V. (2002). The
causal relation between human papillomavirus and cervical cancer. J. Clin. Pathol.
55, 244-265. doi: 10.1136/jcp.55.4.244

Boskey, E. R., Cone, R. A, Whaley, K. J., and Moench, T. R. (2001). Origins of
vaginal acidity: high D/L lactate ratio is consistent with bacteria being the primary
source. Hum. Reprod. 16, 1809-1813. doi: 10.1093/humrep/16.9.1809

Brotherton, J. M. L. (2017). Confirming cross-protection of bivalent HPV vaccine.
Lancet Infect. Dis. 17 (12), 1227-1228. doi: 10.1016/S1473-3099(17)30539-X

Brotman, R. M., Shardell, M. D., Gajer, P., Tracy, J. K., Zenilman, J. M., Ravel, ], et al.
(2014). Interplay between the temporal dynamics of the vaginal microbiota and human
papillomavirus detection. J. Infect. Dis. 210, 1723-1733. doi: 10.1093/infdis/jiu330

Bruni L, D. M., Castellsagué, X., Ferrer, E., Bosch, F. X., and de Sanjosé, S. (2010).
Cervical human papillomavirus prevalence in 5 continents: meta-analysis of 1
million women with normal cytological findings. J. Infect. Dis. 202, 11. doi:
10.1086/657321

Bzhalava, D., Muhr, L. S, Lagheden, C., Ekstrom, J., Forslund, O., Dillner, J.,
et al. (2014). Deep sequencing extends the diversity of human papillomaviruses in
human skin. Sci. Rep. 4, 5807. doi: 10.1038/srep05807

Chaturvedi, A. K., Myers, L., Hammons, A. F,, Clark, R. A,, Dunlap, K,
Kissinger, P. J., et al. (2005). Prevalence and clustering patterns of human
papillomavirus genotypes in multiple infections. Cancer Epidemiol. Biomarkers
Prev. Publ. Am. Assoc. Cancer Res. Cosponsored By Am. Soc. Prev. Oncol. 14, 2439
2445. doi: 10.1158/1055-9965.EPI1-05-0465

Clarke, M. A., Rodriguez, A. C., Gage, J. C., Herrero, R, Hildesheim, A.,
Wacholder, S., et al. (2012). A large, population-based study of age-related
associations between vaginal pH and human papillomavirus infection. BMC
Infect. Dis. 12, 33. doi: 10.1186/1471-2334-12-33

Crosbie, E. J., Einstein, M. H., Franceschi, S., and Kitchener, H. C. (2013).
Human papillomavirus and cervical cancer. Lancet 382, 889-899. doi: 10.1016/
S0140-6736(13)60022-7

Crow, J. (2012). HPV: The global burden. Nature 488, S2-S3. doi: 10.1038/
488S2a

Cuschieri, K. S., Cubie, H. A., Whitley, M. W., Seagar, A. L., Arends, M. J,,
Moore, C., et al. (2004). Multiple high risk HPV infections are common in cervical
neoplasia and young women in a cervical screening population. J. Clin. Pathol. 57,
68-72. doi: 10.1136/jcp.57.1.68

Fife, K. H., Cramer, H. M., Schroeder, J. M., and Brown, D. R. (2001). Detection
of multiple human papillomavirus types in the lower genital tract correlates with
cervical dysplasia. J. Med. Virol. 64, 550-559. doi: 10.1002/jmv.1085

Forman, D., Lacey, C. J., Soerjomataram, I, Lortet-Tieulent, J., Bruni, L., Vignat,
J., et al. (2012). Global burden of human papillomavirus and related diseases.
Vaccine 30, 12. doi: 10.1016/j.vaccine.2012.07.055

Frontiers in Cellular and Infection Microbiology

09

10.3389/fcimb.2022.642074

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

Gillet, E., Meys, J. F., Verstraelen, H., Bosire, C., De Sutter, P., Temmerman, M.,
et al. (2011). Bacterial vaginosis is associated with uterine cervical human
papillomavirus infection: a meta-analysis. BMC Infect. Dis. 11, 10. doi: 10.1186/
1471-2334-11-10

Guo, Y. L, You, K, Qiao, J., Zhao, Y. M., and Geng, L. (2012). Bacterial vaginosis
is conducive to the persistence of HPV infection. Int. J. STD AIDS 23, 581-584. doi:
10.1258/ijsa.2012.011342

Herrero, R., Hildesheim, A., Bratti, C., Sherman, M. E., Hutchinson, M.,
Morales, J., et al. (2000). Population-based study of human papillomavirus
infection and cervical neoplasia in rural Costa Rica. Jnci-] Natl. Cancer I 92,
464-474. doi: 10.1093/jnci/92.6.464

Ho, G. Y. F., Palan, P. R, Basu, J., Romney, S. L., Kadish, A. S., Mikhail, M., et al.
(1998). Viral characteristics of human papillomavirus infection and antioxidant
levels as risk factors for cervical dysplasia. Int. J. Cancer 78, 594-599. doi: 10.1002/
(sici)1097-0215(19981123)78:5<594::aid-ijc11>3.0.c0;2-b

Huh, W. K., Joura, E. A, Giuliano, A. R,, Iversen, O.-E., de Andrade, R. P., Ault,
K. A, et al. (2017). Final efficacy, immunogenicity, and safety analyses of a nine-
valent human papillomavirus vaccine in women aged 16-26 years: a randomised,
double-blind trial. Lancet 390, 17. doi: 10.1016/S0140-6736(17)31821-4

Khan, M. T., Duncan, S. H,, Stams, A. J., van Dijl, J. M., Flint, H. J., and
Harmsen, H. J. (2012). The gut anaerobe faecalibacterium prausnitzii uses an
extracellular electron shuttle to grow at oxic-anoxic interphases. ISME J. 6, 1578—
1585. doi: 10.1038/ismej.2012.5

Lee, J. E, Lee, S, Lee, H.,, Song, Y. M., Lee, K., Han, M. ], et al. (2013).
Association of the vaginal microbiota with human papillomavirus infection in a
Korean twin cohort. PloS One 8, e63514. doi: 10.1371/journal.pone.0063514

Levi, J. E., Fernandes, S., Tateno, A. F., Motta, E., Lima, L. P., Eluf-Neto, J., et al.
(2004). Presence of multiple human papillomavirus types in cervical samples from
HIV-infected women. Gynecol. Oncol. 92, 225-231. doi: 10.1016/
j.ygyno.2003.10.004

Mendling, W. (2016). Vaginal microbiota. Adv. Exp. Med. Biol. 902, 83-93. doi:
10.1007/978-3-319-31248-4_6

Miller, E. A, Beasley, D. E,, Dunn, R. R,, and Archie, E. A. (2016). Lactobacilli
dominance and vaginal pH: Why is the human vaginal microbiome unique? Front.
Microbiol. 7, 1936. doi: 10.3389/fmicb.2016.01936

Mitra, A., MacIntyre, D. A,, Lee, Y. S., Smith, A, Marchesi, J. R., Lehne, B., et al.
(2015). Cervical intraepithelial neoplasia disease progression is associated with
increased vaginal microbiome diversity. Sci. Rep. 5, 16865. doi: 10.1038/srep16865

Mitra, A., Maclntyre, D. A., Marchesi, J. R, Lee, Y. S., Bennett, P. R., and
Kyrgiou, M. (2016). The vaginal microbiota, human papillomavirus infection and
cervical intraepithelial neoplasia: what do we know and where are we going next?
Microbiome 4, 58. doi: 10.1186/540168-016-0203-0

Motevaseli, E., Shirzad, M., Akrami, S. M., Mousavi, A. S., Mirsalehian, A., and
Modarressi, M. H. (2013). Normal and tumour cervical cells respond differently to
vaginal lactobacilli, independent of pH and lactate. J. Med. Microbiol. 62, 1065-
1072. doi: 10.1099/jmm.0.057521-0

Muioz, N. B. F.,, de Sanjose, S., Herrero, R., Castellsagué, X., Shah, K. V,,
Snijders, P. J., et al. (2003). Epidemiologic classification of human papillomavirus
types associated with cervical cancer. N Engl. J. Med. 348, 10. doi: 10.1056/
NEJMoa021641

Myers, E. R., McCrory, D. C,, Nanda, K., Bastian, L., and Matchar, D. B. (2000).
Mathematical model for the natural history of human papillomavirus infection and
cervical carcinogenesis. Am. J. Epidemiol., 151, 1158-1171. doi: 10.1093/
oxfordjournals.aje.a010166

O'Hanlon, D. E., Moench, T. R, and Cone, R. A. (2011). In vaginal fluid,
bacteria associated with bacterial vaginosis can be suppressed with lactic acid

frontiersin.org


https://doi.org/10.1128/AEM.66.5.2001-2005.2000
https://doi.org/10.1016/S2214-109X(19)30482-6
https://doi.org/10.1186/s12879-016-1562-7
https://doi.org/10.1016/j.tim.2010.10.002
https://doi.org/10.1016/j.tim.2010.10.002
https://doi.org/10.1136/jcp.55.4.244
https://doi.org/10.1093/humrep/16.9.1809
https://doi.org/10.1016/S1473-3099(17)30539-X
https://doi.org/10.1093/infdis/jiu330
https://doi.org/10.1086/657321
https://doi.org/10.1038/srep05807
https://doi.org/10.1158/1055-9965.EPI-05-0465
https://doi.org/10.1186/1471-2334-12-33
https://doi.org/10.1016/S0140-6736(13)60022-7
https://doi.org/10.1016/S0140-6736(13)60022-7
https://doi.org/10.1038/488S2a
https://doi.org/10.1038/488S2a
https://doi.org/10.1136/jcp.57.1.68
https://doi.org/10.1002/jmv.1085
https://doi.org/10.1016/j.vaccine.2012.07.055
https://doi.org/10.1186/1471-2334-11-10
https://doi.org/10.1186/1471-2334-11-10
https://doi.org/10.1258/ijsa.2012.011342
https://doi.org/10.1093/jnci/92.6.464
https://doi.org/10.1002/(sici)1097-0215(19981123)78:5%3C594::aid-ijc11>3.0.co;2-b
https://doi.org/10.1002/(sici)1097-0215(19981123)78:5%3C594::aid-ijc11>3.0.co;2-b
https://doi.org/10.1016/S0140-6736(17)31821-4
https://doi.org/10.1038/ismej.2012.5
https://doi.org/10.1371/journal.pone.0063514
https://doi.org/10.1016/j.ygyno.2003.10.004
https://doi.org/10.1016/j.ygyno.2003.10.004
https://doi.org/10.1007/978-3-319-31248-4_6
https://doi.org/10.3389/fmicb.2016.01936
https://doi.org/10.1038/srep16865
https://doi.org/10.1186/s40168-016-0203-0
https://doi.org/10.1099/jmm.0.057521-0
https://doi.org/10.1056/NEJMoa021641
https://doi.org/10.1056/NEJMoa021641
https://doi.org/10.1093/oxfordjournals.aje.a010166
https://doi.org/10.1093/oxfordjournals.aje.a010166
https://doi.org/10.3389/fcimb.2022.642074
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org

Liu et al.

but not hydrogen peroxide. BMC Infect. Dis. 11, 200. doi: 10.1186/1471-2334-
11-200

Pista, A., Oliveira, A., Verdasca, N., and Ribeiro, F. (2011). Single and multiple
human papillomavirus infections in cervical abnormalities in Portuguese women.
Clin. Microbiol. Infect. Of. Publ. Eur. Soc. Clin. Microbiol. Infect. Dis. 17, 941-946.
doi: 10.1111/j.1469-0691.2010.03387.x

Quevrain, E., Maubert, M. A., Michon, C., Chain, F., Marquant, R., Tailhades, J.,
et al. (2016). Identification of an anti-inflammatory protein from faecalibacterium
prausnitzii, a commensal bacterium deficient in crohn's disease. Gut 65, 415-425.
doi: 10.1136/gutjnl-2014-307649

Richardson, H., Kelsall, G., Tellier, P., Voyer, H., Abrahamowicz, M., Ferenczy, A.,
et al. (2003). The natural history of type-specific human papillomavirus infections in
female university students. Cancer Epidemiol. Biomarkers Prev. 12, 485-490.

Shanmugasundaram, S., and You, J. (2017). Targeting persistent human
papillomavirus infection. Viruses 9, 14. doi: 10.3390/v9080229

Turnbaugh, P. ], Ley, R. E,, Hamady, M., Fraser-Liggett, C. M., Knight, R., and
Gordon, J. L. (2007). The human microbiome project. Nature 449, 804-810. doi:
10.1038/nature06244

Frontiers in Cellular and Infection Microbiology

10

10.3389/fcimb.2022.642074

van der Graaf, Y., Molijn, A., Doornewaard, H., Quint, W., van Doorn, L. J., and
van den Tweel, J. (2002). Human papillomavirus and the long-term risk of cervical
neoplasia. Am. J. Epidemiol. 156, 158-164. doi: 10.1093/aje/kwf013

Verhoeven, V., Renard, N., Makar, A., Van Royen, P., Bogers, J. P., Lardon,
F., et al. (2013). Probiotics enhance the clearance of human papillomavirus-
related cervical lesions: a prospective controlled pilot study. Eur. J. Cancer Prev.
Off. J. Eur. Cancer Prev. Organisation 22, 46-51. doi: 10.1097/
CEJ.0b013e328355ed23

Vriend, H. ], Bogaards, J. A., van Bergen, J. E., Brink, A. A, van den Broek, I. V.,
Hoebe, C. ., et al. (2015). Incidence and persistence of carcinogenic genital human
papillomavirus infections in young women with or without chlamydia trachomatis
co-infection. Cancer Med. 4, 1589-1598. doi: 10.1002/cam4.496

Watts, D. H., Fazzari, M., Minkoff, H., Hillier, S. L., Sha, B., Glesby, M., et al.
(2005). Effects of bacterial vaginosis and other genital infections on the natural
history of human papillomavirus infection in HIV-1-infected and high-risk HIV-1-
uninfected women. J. Infect. Dis. 191, 1129-1139. doi: 10.1086/427777

zur Hausen, H. (2002). Papillomaviruses and cancer: from basic studies to
clinical application. Nat. Rev. Cancer 2, 342-350. doi: 10.1038/nrc798

frontiersin.org


https://doi.org/10.1186/1471-2334-11-200
https://doi.org/10.1186/1471-2334-11-200
https://doi.org/10.1111/j.1469-0691.2010.03387.x
https://doi.org/10.1136/gutjnl-2014-307649
https://doi.org/10.3390/v9080229
https://doi.org/10.1038/nature06244
https://doi.org/10.1093/aje/kwf013
https://doi.org/10.1097/CEJ.0b013e328355ed23
https://doi.org/10.1097/CEJ.0b013e328355ed23
https://doi.org/10.1002/cam4.496
https://doi.org/10.1086/427777
https://doi.org/10.1038/nrc798
https://doi.org/10.3389/fcimb.2022.642074
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org

	The diversity of vaginal microbiome in women infected with single HPV and multiple genotype HPV infections in China
	Background
	Methods
	Ethical statement
	Study design
	DNA extraction
	HPV genotype examination
	16S rRNA gene sequencing and analysis
	Statistical analysis

	Results
	Characteristics of participants
	Composition of cervical microbiota
	Identification of vaginal microbiota: Potential markers of HPV infection

	Discussion
	Conclusions
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


