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Abstract. In a previous study, the present research group 
reported that males had a significantly higher prevalence of 
human papillomavirus (HPV)16 than females in oral rinse 
samples. The objective of the present study was to examine 
the relationship between HPV16 viral load and clinical factors, 
including remaining teeth, denture use and numbers of oral 
bacteria. A total of 124 patients (48 males and 76 females; 
mean age, 61.6 years; age range, 20‑97 years) who visited the 
Department of Oral and Maxillofacial Reconstructive Surgery 
of Hiroshima University Hospital (Hiroshima, Japan) between 
November 2016 and August 2017 were analyzed. None of the 
patients had evidence of oral cancer or pre‑malignant lesions, 
including epithelial dysplasia and leukoplakia. Quantitative 
polymerase chain reaction (qPCR) analysis was employed to 
examine the number of HPV16 viral copies. Furthermore, the 
number of oral bacteria was determined using the dielectropho-
retic impedance measurement method. HPV16 was below the 
limit of detection in qPCR findings for samples obtained from 
30 of the 124 subjects, thus the association of HPV16 viral copy 
number with clinical parameters was examined in the remaining 
94 patients. The average number of HPV16 E6 DNA copies 
was 1.65±3.47 copies/cell (range, 0.07‑25.3 copies/cell) and was 
significantly higher in subjects with a high oral bacteria count 
[≥106.5 colony forming unit (CFU)/ml] than in those with a low 
count (<106.5 CFU/ml) (0.79±0.98 vs. 2.06±4.11 copies/cell; 
P=0.030). The present results indicated that HPV16 viral load 
may be related to an increased bacterial number in the oral 
cavity. Further investigations are required to clarify the correla-
tion between oral HPV load and oral hygiene status.

Introduction

Human papillomavirus (HPV) infection is a major cause of 
cervical cancer and is also associated with the development of 
oropharyngeal cancer and prognosis in affected patients (1‑3). 
To date, >170 HPV genotypes have been reported, of which 
~50 are known to infect the anogenital and oral mucosa 
regions (4‑6). As for oral cancer, a previous study conducted 
by the present research group indicated that ~80% of patients 
with HPV16‑positive moderate epithelial dysplasia progressed 
to oral squamous cell carcinoma (OSCC), indicating that oral 
HPV16 infection may also be associated with the development 
of oral cancer (7). However, few epidemiologic studies have 
focused on oral HPV prevalence in non‑OSCC cases and 
the risk factors for oral HPV infection have not been fully 
elucidated. Hence, we previously performed a meta‑analysis, 
which demonstrated that sexual behavior and smoking are 
significant risk factors for oral HPV infection in cancer‑free 
individuals (8). In addition, other factors, such as poor oral 
hygiene related to periodontitis and gingivitis, have been indi-
cated to be associated with oral HPV infection (8).

In order to examine the correlation between HPV16 
prevalence in the oral cavity and clinical factors, we also inves-
tigated HPV16 prevalence using oral rinse samples obtained 
from subjects without oral cancer (9). Notably, a significantly 
higher prevalence was found in males than in females, indi-
cating a sex‑specific susceptibility to HPV16 infection. As for 
the cervix, increased HPV16 load may be predictive of HPV 
infection persistence that eventually leads to malignancy (10). 
However, the relationship between oral HPV16 viral load and 
oral hygiene status was not fully elucidated in the previous 
study. In the present preliminary investigation, HPV16 viral 
load in the oral cavity and its association with oral bacteria 
count was examined. Furthermore, 16S ribosomal (r)RNA 
gene sequencing for taxonomic classification of harbored 
bacteria was performed in order to investigate the association 
of HPV16 viral load with oral microbiome composition.

Patients and methods

Subjects. A total of 124 patients (48 males and 76 females; 
mean age, 61.6 years; age range, 20‑97 years) who visited 
the Department of Oral and Maxillofacial Reconstructive 
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Surgery of Hiroshima University Hospital (Hiroshima, Japan) 
between November 2016 and August 2017 were enrolled in 
the present study. None of the patients had evidence of oral 
cancer or pre-malignant lesions (e.g., epithelial dysplasia or 
leukoplakia). The present study design was approved by the 
Ethics Committee of Hiroshima University and all partici-
pants signed an informed consent agreement.

Oral rinse sample processing and DNA extraction. Briefly, the 
subjects were asked to rinse their mouth with 10 ml saline for 
30 sec and then expectorate into a sterile 15‑ml Falcon tube. 
Immediately after collection, all samples were centrifuged 
at 3,000 x g for 10 min at 4˚C, the supernatant was decanted 
and the pellets were stored at ‑80˚C until further processing. 
Finally, DNA was extracted using a bead‑beating tube (cat. 
no. A29158; Thermo Fisher Scientific, Inc., Waltham, MA, 
USA), according to the manufacturer's protocol, and puri-
fied using a PureLink™ Microbiome DNA Purification kit 
(Thermo Fisher Scientific, Inc.), which enables purification 
of host and microbial DNA from a wide variety of sample 
types.

Quantitation of human cell numbers. The human endogenous 
retrovirus group 3 member 1 (ERV3‑1) gene was employed to 
quantitate human cells using a quantitative polymerase chain 
reaction (qPCR) assay. Using a previously reported method (9), 
serial 10‑fold dilutions of the pUC57 vector inserted into the 
ERV3-1 genome (Hokkaido System Science Co., Ltd., Sapporo, 
Japan) were generated with copy numbers ranging from 100-109. 
Quantitation of DNA levels was determined using a CFX connect 
real-time PCR detection system (Bio-Rad Laboratories, Inc., 
Hercules, CA, USA) and SYBR‑Green PCR Master mix (Toyobo 
Life Science, Osaka, Japan), with a reaction mixture containing 
1.0 µl DNA, 9.0 µl SYBR‑Green mix and 10 µmol of each pair 
of oligonucleotide primers. G3PDH was used as a reference 
gene for PCR analysis. The primer sequences were as follows: 
ERV‑3 sense, 5'‑CATGGGAAGCAAGGGAACTAATG‑3' 
and antisense, 5'‑CCCAGCGAGCAATACAGAATTT‑3'; and 
G3PDH sense, 5'‑ACCACAGTCCATGCCATCAC‑3' and anti-
sense, 5'‑TCCACCACCCTGTTGCTGTA‑3'. Amplifications 
were performed with initial melting at 95˚C for 5 min, followed 
by 40 cycles of denaturation at 95˚C for 30 sec, annealing at 
56˚C for 30 sec and extension at 72˚C for 1 min. A standard 
curve indicating the cycle threshold (CT) value vs. ERV3-1 copy 
number was obtained to estimate the number of human cells in 
each sample.

HPV16 viral copy quantitation. qPCR assays were performed 
to determine HPV16 viral load in the samples. Using a previ-
ously reported method (9), a 200‑bp fragment within HPV16 
E6 genome was prepared, which was then cloned into a pUC57 
vector (GenScript Biotech Corporation, Piscataway, NJ, USA). 
Serial 10‑fold dilutions of the vector were made with copy 
numbers ranging from 103-109. Those 10‑fold dilutions were 
used to generate a standard curve, which indicated the CT 
value vs. copy number of HPV16 E6. DNA samples extracted 
from 5,000‑10,000 human cells were prepared from each PCR 
mixture and the HPV16 sequence was examined by PCR with 
type‑specific primers. The primer sequences for HPV16 E6 were 
as follows: Sense, 5'‑AAGGGCGTAACCGAAATCGGT‑3' 

and antisense, 5'‑GTTTGCAGCTCTGTGCATA‑3'. A positive 
control containing HPV16 DNA extracted from CaSki cells 
[American Type Culture Collection (ATCC), Manassas, VA, 
USA] and a negative control containing DNA purified from 
the HPV‑negative cell line HTB31 (ATCC) were used for 
the PCR reactions. Quantitation of DNA levels was deter-
mined using a CFX connect real‑time PCR detection system 
and SYBR‑Green PCR Master mix. Amplifications were 
performed with initial melting at 95˚C for 5 min, followed by 
40 cycles of denaturation at 95˚C for 30 sec, annealing at 58˚C 
for 30 sec and extension at 72˚C for 1 min. G3PDH was used 
as a reference gene for PCR analysis.

Analysis of bacterial numbers. The number of oral bacteria 
was determined using a Bacterial Counter (DU‑AA01 NP‑H; 
Panasonic Healthcare Co., Ltd., Tokyo, Japan), which is an oral 
bacteria detection device that employs the dielectrophoretic 
impedance measurement method with a microelectrode chip on 
which bacteria in liquids are captured by dielectrophoresis (11). 
The impedance change is converted to bacterial concentra-
tion/ml of each sample (CFU/ml). Samples were obtained from 
the tongue surface using a cotton swab (Panasonic Healthcare 
Co., Ltd.), according to the manufacturer's protocol, before 
collecting the oral rinse sample. Bacterial numbers were 
defined as follows: Level 1 (<105 CFU/ml), level 2 (≥105 
and <106 CFU/ml), level 3 (≥106 and <106.5 CFU/ml), level 4 
(≥106.5 and <107.0 CFU/ml), level 5 (≥107.0 and <107.5 CFU/ml), 
level 6 (≥107.5 and <108.0 CFU/ml) and level 7 (≥108.0 CFU/ml).

16S rRNA gene sequencing for taxonomic classification of 
bacteria. The V3‑V4 region of the bacterial 16S rRNA gene 
was amplified from DNA in the oral rinse samples using 
forward primer 341F (5'‑TCGTCGGCAGCGTCAGAT 
GTGTATAAGAGACAGCCTACGGGNGGCWGCAG‑3') and  
reverse primer 806R (5'‑GTCTCGTGGGCTCGGAGATG 
TGTATAAGAGACAGGGACTACGVGGGTWTCTAAT‑3'). 
Amplicons were generated, cleaned, indexed and sequenced 
according to the 16S Metagenomic Sequencing Library 
Preparation, part 15044223, Rev. B. Briefly, the initial PCR 
reaction contained 10.0 ng DNA, 2.5 µl 16S V3‑V4 Primer mix 
(10X), 12.5 µl 2X Gflex PCR Buffer and 0.5 µl Tks Gflex DNA 
Polymerase (Takara Biotechnology Co., Ltd., Dalian, China) 
in a total volume of 25 µl. Amplifications were performed with 
initial melting at 94˚C for 1 min, followed by 28 cycles of 
denaturation at 98˚C for 10 sec, annealing at 50˚C for 15 sec 
and extension at 68˚C for 15 sec using a Takara PCR Thermal 
Cycler Dice® Touch device (Takara Biotechnology Co., Ltd.). 
The resultant PCR product was cleaned using an Agencourt 
AMPure XP (Beckman Coulter, Inc., Brea, CA, USA). Samples 
were multiplexed with a dual‑index approach using a 
Nextera XT Index kit (Illumina, Inc., San Diego, CA, USA). 
Briefly, the second PCR reaction was composed of 2.0 µl PCR 
products, 2.5 µl index primer 1 (5'‑CAAGCAGAAGACGGCA 
TACGAGATGTAGAGGAGTCTCGTGGGCTCGG‑3') and 2 
(5'‑ATGATACGGCGACCACCGAGATCTACACAGAGTAG 
ATCGTCGGCAGCGTC‑3'), 2.5 µl 2X Gflex PCR Buffer and 
0.5 µl Tks Gflex DNA Polymerase in a total volume of 25.0 µl. 
Amplifications were performed with initial melting at 94˚C for 
1 min, followed by 8 cycles of denaturation at 98˚C for 10 sec, 
annealing at 60˚C for 15 sec and extension at 68˚C for 15 sec. 
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The final library was subjected to paired‑end sequencing with 
a MiSeq Reagent kit v.3 on the Illumina MiSeq platform (both 
from Illumina, Inc.). Sequencing data were denoised, low 
quality sequences were removed and the sequences were clus-
tered into operational taxonomic units (OTUs) at 97% identity 
using the CD‑HIT‑OTU pipeline (12). Subsequently, taxonomy 
classification was analyzed using the Quantitative Insights into 
Microbial Ecology pipeline, as previously reported (13).

Statistical analysis. Data were presented as the mean ± stan-
dard deviation of three independent experiments. Statistical 
analysis was performed using SPSS version 24.0 (IBM Corp., 
Armonk, NY, USA). Mann Whitney U or Kruskal‑Wallis 
tests were used to evaluate significant differences regarding 
HPV16 copy numbers and clinical factors. Mann Whitney U 
tests with Bonferroni's correction were employed following 
Kruskal‑Wallis tests. P<0.05 was considered to indicate a 
statistically significant difference.

Results

Quantitation of HPV16 E6 viral copy number using qPCR. 
HPV16 viral copy number was determined in a total of 124 oral 

rinse samples using qPCR, then the number of HPV16 DNA 
copies was evaluated as copy number/human cell using a 
standard curve. The CT value was identified to be below the 
detection limit in the standard curve in 30 of the 124 samples, 
which were assessed as HPV16 DNA not determined and were 
not included in further analysis. Thus, the association of HPV16 
viral copy number with clinical parameters were examined in 
94 cases.

The average number of HPV16 E6 viral copies was 
1.65±3.47 copies/cell (range, 0.07‑25.3 copies/cell). The asso-
ciation between the number of HPV16 viral copies and clinical 
parameters were then examined; however, no statistically 
significant association was identified (Table I). With regards to 
sex, there was no significant difference in the number of HPV16 
E6 viral copies between males (1.52±3.11 copies) and females 
(1.75±3.72 copies). Regarding age, subjects ≥80 years old 
demonstrated the highest mean number of HPV16 compared 
with the other age groups. Notably, individuals using a full 
denture were revealed to have a higher mean number of HPV16 
viral copies than those with a partial denture or who did not 
use a denture. Although a difference was observed between 
the groups for age and denture use, these differences were not 
significant.

Table I. Association between oral HPV16 E6 copy number and clinical parameters.

Clinical characteristics n HPV16 copy number/cell P‑value

Sex   
  Male  38 1.52±3.11 0.76
  Female  56 1.75±3.72 
Age, years   
  20‑29  9 2.27±2.12 0.39
  30‑39 8 0.53±0.37 
  40‑49 4 2.64±2.67 
  50‑59 12 0.60±0.52 
  60‑69 22 1.15±1.29 
  70‑79 27 1.20±1.93 
  80‑89 12 4.64±8.43 
Number of remaining teeth    
  ≥20 68 1.33±2.64 0.23
  10‑19 14 1.03±2.10 
  0‑9 12 3.33±7.13 
Denture use   
  Non‑denture user  72 1.43±2.57 0.43
  Partial denture  18 1.40±2.22 
  Full denture 4 6.94±12.3 
Bacteria count   
  Level 2 6 0.62±0.47 0.14
  Level 3 24 0.83±1.07 
  Level 4 41 1.92±4.15 
  Level 5 20 1.53±1.97 
  Level 6 3 7.48±10.1 

Mann Whitney U or Kruskal‑Wallis tests were used for statistical analysis. P‑values indicate the difference between the different groups for 
each clinical characteristic. HPV, human papillomavirus.



SHIGEISHI et al:  HPV16 E6 VIRAL LOAD IN THE ORAL CAVITY62

Association between HPV16 E6 viral copy number and 
oral bacteria. The mean number of oral bacteria was 
8.25±9.58x106 CFU/ml (range, 2.1x105‑5.95x107 CFU/ml). 
The number of bacteria was classified as levels 1‑7 and the 
numbers of viral copies according to the different bacterial 
levels are summarized in Table I. The number of HPV16 viral 
copies was significantly higher in individuals with a high 
level of oral bacteria (≥106.5 CFU/ml; levels 4‑6) than in those 

with a low level (<106.5 CFU/ml; levels 2 and 3) (0.79±0.98 
vs. 2.06±4.11 copy numbers/cell; P=0.030; Fig. 1).

Furthermore, analysis of 16s rRNA in bacterial flora was 
performed using the oral rinse samples to examine micro-
biome diversity in cases with a high number of HPV16 viral 
copies. The present findings of 5 cases with high HPV16 
viral copy numbers (>5.0 HPV16 DNA copy/cell) were 
compared with those of 5 cases with low HPV16 viral copy 
numbers (<0.5 HPV16 DNA copy/cell). At the genus level, 
a total of 41 genera were identified in the groups, of which 
Actinomyces, Streptococcus, Prevotella, Veillonella, Gemella, 
Fusobacterium, Neisseria, Rothia and Haemophilus consti-
tuted >70% in both. Streptococcus was most commonly 
detected in both groups. Notably, except for Streptococcus, 
no other genus was found in >25% of the cases with a low 
HPV16 viral copy number (Fig. 2). In contrast, Streptococcus 
comprised 75.8% in one case in the high HPV16 viral copy 
group, while Actinomyces (25.8%) and Veillonella (16.3%) were 
frequently detected in another case in the high HPV16 viral 
copy group (Fig. 2). Additionally, an increased percentage of 
gram-negative anaerobic bacteria, such as Prevotella (15.8%), 
was identified in a case in the group with a high number of 
HPV16 viral copies (Fig. 2).

Discussion

We previously performed a meta‑analysis of oral HPV preva-
lence to clarify risk factors related to oral HPV infection in 
healthy individuals. The results suggested that changes in 
the oral environment due to sexual behavior (i.e., oral sex 
and homosexuality in men) and smoking were significantly 

Figure 1. Association between HPV16 viral copy number and oral bacteria 
count. The number of HPV16 viral copies was higher in subjects with an 
elevated oral bacteria count (≥106.5 CFU/ml; n=64) than in those with a low 
bacteria count (<106.5 CFU/ml; n=30). A significant difference in regard to the 
number of viral copies was observed between the groups with a low vs. high 
oral bacteria count (0.79±0.98 vs. 2.06±4.11 copy numbers/cell). *P=0.030 as 
indicated, according to the Mann Whitney U test. HPV, human papillomavirus.

Figure 2. Bacterial flora analysis of the 16S ribosomal RNA gene in oral rinse samples. The compositions of oral bacteria in subjects with an elevated number 
of HPV16 viral copies (>5.0 HPV16 DNA copies/cell; n=5) and those with a low HPV16 viral copy number (<0.5 HPV16 DNA copies/cell; n=5) are demon-
strated. HPV, human papillomavirus.
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associated with oral HPV infection, whereas alcohol consump-
tion was not a factor (8). As for smoking, suppression of the 
oral immune system caused by chemical substances in tobacco 
may be involved in oral HPV infection (14). Notably, female 
smokers have been demonstrated to have a significantly higher 
prevalence of HPV infection as compared to male smokers (15). 
However, a significant association between smoking and HPV 
viral copy number was not identified in the present study (data 
not shown). On the other hand, gingivitis and periodontal 
disease are also potential risk factors for oral HPV infec-
tion (16-18), indicating that poor oral hygiene may induce the 
risk of HPV infection in gingival pockets. A comparison of 
denture wearers and non‑wearers demonstrated a higher HPV 
infection rate in the former, indicating that mucosal injury or 
poor dental hygiene associated with denture use is importantly 
involved in HPV infection (8,9). In the present study, subjects 
who wore full dentures exhibited a higher number of HPV 
copies than partial denture and non‑denture users; however, 
the difference was not significant. Thus, full denture use may 
be a risk factor for oral HPV infection and HPV DNA replica-
tion in elderly individuals.

The present study revealed that the levels of oral bacteria 
in samples from the tongue dorsum were significantly associ-
ated with increased HPV copy number. However, there was 
no significant association between the levels of oral bacteria 
and sex, age, remaining teeth or denture use (data not shown). 
In addition, increased percentages of periodontal pathogens, 
including Veillonella and Prevotella, were detected in indi-
viduals with a high number of HPV copies as compared with 
those with a low number. These findings indicate that increased 
HPV16 viral replication may be related to the development of 
an unbalanced microbiome and increased pathogenic bacteria 
in the oral cavity. It has been speculated that an inflamed peri-
odontal pocket serves as a reservoir for HPV and induces HPV 
infection (19). Whether periodontal disease is related to oral 
HPV infection remains controversial (20‑22), though the pres-
ence of such inflammatory diseases may serve an important 
role in the biology of HPV infection. On the other hand, HPV 
may be involved in deterioration associated with periodontal 
disease (i.e., increased alveolar bone loss) in accordance with 
other pathogenic factors (18). Similarly, the presence of human 
viruses, including the herpes virus and Epstein-Barr virus, in 
periodontal sites may worsen periodontal disease (23,24). It is 
thus considered that human viral factors may serve a vital role 
in modulation of inflammatory disease in the oral cavity, such 
as periodontitis, as well as harbored bacteria.

The oral cavity harbors characteristic microbiomes in 
different sites, including the gingiva, tongue surface, palate, 
buccal mucosa and teeth (25,26). Thus, it is likely that the 
microbiome in an oral rinse sample is composed of a variety 
of bacteria from different oral regions. The tongue surface 
has been demonstrated to exhibit a relatively stable bacte-
rial microbiome with a composition very similar to that of 
saliva (27,28). The present study compared differences in 
bacterial composition between oral rinse samples and different 
oral sites. Notably, the oral rinse samples demonstrated a 
bacterial composition similar to that of the tongue surface 
(data not shown), indicating that the microbiome obtained 
by oral rinsing is predominantly associated with that of the 
tongue surface. However, it remains uncertain whether HPV 

virus load is affected by an unbalanced bacterial composition 
and elevated levels of anaerobic bacteria. Additional cluster 
analyses of microbial communities are essential, as such 
findings should provide greater insight into the relationship 
between specific oral bacteria and HPV.

We previously employed PCR assays to detect HPV16 
DNA in oral rinse and gargle samples to examine differences 
between the oral cavity and oropharynx regarding HPV16 
prevalence (9). Notably, a higher prevalence of HPV16 in 
gargle samples was observed than in the oral rinse samples 
in the previous study, indicating that the oropharynx is more 
susceptible to HPV16 infection. Furthermore, the number of 
HPV16 copies was significantly higher in the gargle samples 
than in the oral rinse samples from those subjects, indicating 
that the oropharynx is more susceptible to HPV16 infection 
and HPV16 gene amplification is more common here as 
compared with the oral cavity (9). HPV may be trapped in 
tonsillar crypts and then invade basal cells in the reticulated 
epithelium, resulting in HPV infection (8). In a study on 
patients with head and neck squamous cell carcinoma, the 
HPV16 genome copy number was much higher in samples 
from patients with oropharyngeal cancer than in those with 
oral cancer, supporting the notion that the oropharynx is a 
more favorable site for HPV16 infection and replication 
as compared with other head and neck regions (29). It is 
possible that the variability of HPV16 infection rate among 
different sites may be associated with the biological features 
of HPV‑related cancer.

In conclusion, the present results suggested that HPV16 
viral load may be associated with an increased bacterial 
number in the oral cavity. Further investigations are required 
to clarify the correlation between oral HPV load and oral 
hygiene status. As oral HPV infection is considered to be 
associated with poor oral hygiene, focus on oral health care 
and smoking cessation may serve a vital role in its prevention. 
For prevention strategies and treatment of HPV‑related oral 
cancer, it is necessary to clarify the biological features of oral 
HPV and its environmental influence in the near future.
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