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Heat maps present the spatial distribution of human
papillomavirus infection in Zhejiang Province, China
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Abstract. Determining the spatial distribution of human
papillomavirus (HPV) and performing accurate public
health analyses helps to distinguish areas of healthcare that
require further research, and enables therapeutic techniques
and approaches in healthcare to be focused more accurately.
A total of 4,560 women were enrolled in the present study.
Flow-through hybridization and gene chip assays were used
to detect the genotypes of HPV infection. Heat maps were
then generated to present the spatial distribution of HPV
infections in Zhejiang Province according to genotype. Of
the exfoliated cervical cell samples from the 4,560 women,
HPV was detected in 1,886 samples. HPV-16, -58, -52 and -18
were the most prevalently identified genotypes in the popula-
tion included in the present study. HPV-16 and -58 infections
were mainly distributed in the northern and central regions of
Zhejiang Province, such as in Hangzhou and Shaoxing, where
the prevalence was higher than that in the southern regions
(P<0.05). HPV-18 infection was widespread throughout
Zhejiang Province, but had a much lower infection rate in
Ningbo and Huzhou (P<0.05). High infection rates of HPV-52
were mainly detected in Hangzhou and the eastern coastal
areas of Wenzhou, with a relatively low rate of infection in
the center of the province (P<0.05). In conclusion, HPV-16,
-58, -52 and -18 were the four most prevalent HPV genotypes
observed in Zhejiang Province. Heat maps were created to
display the spatial distribution of HPV infection according to
genotype, which varied by geographical regions. The results
indicate that for individuals in Ningbo or Wenzhou, bivalent
or quadrivalent vaccines may be suitable, but for those in
Hangzhou and Shaoxing, nonavalent vaccines are strongly
recommended.
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Introduction

Cervical cancer ranks fourth in terms of both incidence and
mortality, according to data reported by GLOBOCAN 2018,
with an estimated 311,000 deaths annually in 2018 (1).

Human papillomavirus (HPV), which is spread primarily
through sexual contact, has been established as the essential
causative agent for cervical intraepithelial lesions and cervical
cancer (2,3). There are >200 genotypes of HPV that have
been identified, of which 15 are oncogenic and classified as
high-risk HPVs (hr-HPVs) (4,5), and result in the development
of 299.7% of cervical cancer cases (6).

The prevalence of HPV is 11-12% worldwide (7), and the
two most widespread types of hr-HPV are HPV-16 and -18.
A survey of healthy women conducted by the International
Agency for Research on Cancer confirmed that there is
geographic variation in HPV infection rates and types; for
example, HPV-45 and -33 are most prevalent in Africa,
HPV-33 and -31 are most prevalent across Europe, HPV-31,
-33 and -45 are most prevalent in the USA, and HPV-58
and -52 are the most prevalent in Asia (5). Furthermore, the
Retrospective International Survey and HPV Time Trends
Study Group analyzed the prevalence of HPV subtypes in
cervical cancer and observed that the geographical varia-
tions in HPV distribution in healthy women was associated
with the variation in cancer biology (4). Therefore, it is
important to survey the distribution of regional HPV geno-
types, in order to guide the effectiveness of vaccination
programs, calculate health economics and develop improved
vaccines (8).

China, with its vast territory, has a population that
comprises 19% of the total global population and is currently
unvaccinated (8). Although several reports have demonstrated
that HPV-16, -18, -52 and -58 are the most common geno-
types (9-11) in Zhejiang Province, no specific type of HPV has
been demonstrated to be of the greatest concern. The present
study utilized a model based on a Geographic Information
System (GIS) to represent the spatial distribution of HPV
and perform accurate public health analyses (12-14). This
should aid in determining future healthcare, and enable new
therapeutic techniques and approaches to be more accurately
focused.

The aim of the present study was to establish the urban
baseline distribution of hr-HPV genotypes in Zhejiang
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Province, China, in order to recommend appropriate specific
vaccines for this population.

Patients and methods

Patients. Participants were enrolled during their health exami-
nation between January 2016 and December 2017 in Zhejiang
Cancer Hospital (Hangzhou, China). The inclusion criteria
were as follows: 1) Mentally and physically competent; ii) never
received a HPV vaccine; iii) stably located (census registration)
in Zhejiang; iv) a permanent resident of Zhejiang (>60% of the
year resides in a permanent residence), and v) had previously
had sexual intercourse. Of these 8,897 participants, 2,669 did
not meet the inclusion criteria and 1,668 missed the follow-up.
Thus, a total of 4,560 women were enrolled in the present
study. Each participant provided written informed consent
prior to the start of the study. The protocol was approved by
the Ethics Committee of Zhejiang Cancer Hospital (approval
no. IRB-2019-75).

HPYV detection and typing. A senior gynecologist performed
the pelvic examination, and collected samples of exfoliated
cervical cells for HPV DNA detection. The HPV GenoArray
Test kit (HybriBio Ltd.) was used to differentiate between
13 hr-HPV genotypes (HPV-16, -18, -31, -33, -35, -39, -45, -51,
-52,-56, -58, -59 and -68).

All the exfoliated cervical cell samples were obtained
by cytobrush and collected in Surepath™ solution (TriPath
Imaging, Inc.). Next, 0.05 g of the samples was centrifuged
at 20,784 x g for 1 min at 4°C to remove supernatant and the
pellet was resuspended in 200 ml PBS buffer. DNA extracts
were prepared with the QIAamp DNA Blood Mini kit 3
(Qiagen, Inc.) following the Blood and Body Fluid Spin
protocol. HPV genotyping by HybriMax used an HPV
GenoArray Test kit (HybriBio Ltd.) according to the manu-
facturer's instructions (15). A negative control (pure water)
and a positive control (HPV DNA from low density gene chip
hybrid membrane in HPV GenoArray test kit) were used to
avoid false-positive reactions. HPV genotyping was performed
following a HPV GenoArray test kit (HybriBio, Ltd.).

Heat maps. All the detailed geographical information of the
participants in the present study was obtained using EsgynDB
(Esgyn Corporation). EsgynDB is a large database with plat-
forms such as Hadoop, Mobile Measurement Partner, stream
processing and in-memory databases, and fusion of internal
data (operation, business and management support systems),
that can use the internet to extract multidimensional data. The
GIS is one of these functions, which possesses omnibearing
position data, and has improved data acquisition and analysis
capability when compared with GRPS positioning. In order
to determine the spatial distribution of the 4,560 women,
their locations were pin-pointed according to longitude and
latitude coordinates using the GIS. The accuracy of detec-
tion is 0.01 degrees of longitude and latitude (the longitude
distance is ~1,000 m, and the latitude distance is ~1,113 m;
thus, each unit is 1,000x1,113 m). To decrease the risk of bias,
data for the unit were discarded if the total population in each
unit was <3 study participants. The heat maps were generated
directly in the database, based on the HPV positive infection

rate (0-100%). EsgynDB is a platform for managing big data
and performing analyses, but is not available populated with
the information on subject location that was used in the
present study.

Statistical analysis. Data analyses were performed using
SPSS 20 software (IBM Corp.). The y%* test was performed
to compare hr-HPV genotype distributions across regions.
P<0.05 was considered to indicate a statistically significant
difference.

Results

HPYV positive rate and infection status. The mean age of the
enrolled women was 49.05 years (range, 12-90 years). Of the
4,560 cervical samples, 1,886 (41.4%) had detectable HPV.
The 13 hr-HPV genotypes had infection rates that increased
with age; the most prevalent type was HPV-16 (19.85%),
followed by HPV-58, -52 and -18 with lower rates (7.74, 5.15
and 3.55%, respectively), and other HPV types with rates
ranging from 2.96 down to 0.35% (Table I). The participants
were mainly from Hangzhou, Ningbo, Wenzhou, Huzhou,
Jiaxing, Shaoxing, Jinhua and Taizhou. There were few data
available from Zhoushan, Quzhou and Lishui, as well as other
rural or remote areas (Fig. 1). The proportions of single-,
co-, tri-, tetra- and more genotype infections are presented in
Table II. A total of 1,604 (35.18%) participants were infected
with a single HPV genotype, and 282 participants were
infected with more than one HPV genotype, with 242 (5.31%),
34 (0.75%), and 5 (0.11%) having co-, tri- and tetra-genotype
infections, respectively.

HPV geographical distribution. HPV-16, -58, -52 and -18
were the four most prevalent genotypes observed in Zhejiang
Province, and the ranking of each varied by geographical
region. Hangzhou, the capital city of Zhejiang Province,
had a significantly higher rate of HPV infection than other
regions. Heat maps revealed that areas with high HPV
infection rates tended to be have dense traffic networks,
particularly transport nodes. Specifically, HPV-16 and
-58 infections were mainly distributed in the northern and
central regions of Zhejiang Province, including Hangzhou
and Shaoxing, where they were more prevalent than in the
southern regions (P<0.05; Figs. 2 and 3). Unlike HPV-16
and -58, HPV-18 infection was widespread throughout
Zhejiang Province, but had much lower infection rates in
Ningbo and Huzhou compared with the rest of the province
(P<0.05; Fig. 4). Notably, the high infection rate of HPV-52
was mainly distributed in Hangzhou and the eastern coastal
areas of Wenzhou, with a lower infection rate in the center of
Zhejiang Province (P<0.05; Fig. 5).

Discussion

To the best of our knowledge, no urban-specific baseline
prevalence data of HPV genotypes according to location in
Zhejiang Province have been described. Such data would help
in healthcare planning, and enable researchers to identify
new therapeutic techniques and approaches more accurately.
The present study revealed this information using heat maps,
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Table I. Epidemiological distribution of HPV genotype infection rates (%) according to age.

Age (years)

Genotype <30 30-39 40-49 50-59 60-69 =70 Total
HPV16 15.53 14.23 17.72 21.59 26.71 26.78 19.85
HPVIS8 248 2.53 2.72 4.60 5.04 273 3.55
HPV31 0.00 1.33 1.46 2.88 2.52 328 201
HPV33 3.73 3.06 2.79 242 445 1.64 2.96
HPV35 0.00 0.13 0.33 0.39 0.74 0.00 0.35
HPV39 435 1.86 2.06 234 2.67 0.01 2.24
HPV45 0.62 0.53 0.13 0.70 0.30 0.00 0.39
HPVS5I 248 1.46 1.53 2.49 2.82 3.28 2.08
HPV52 3.73 3.06 5.04 4.52 7.57 11.48 5.15
HPV56 0.00 0.53 046 0.86 0.89 2.73 0.72
HPV58 5.59 5.19 6.64 8.03 11.42 13.66 7.74
HPV59 0.62 0.13 040 1.17 045 0.00 0.57
HPV68 1.86 1.20 0.86 0.94 0.74 0.55 0.94
Total 3292 31.38 42.14 44.58 54 45 55.19 41.36
HPV, human papillomavirus.
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Figure 1. Distribution of study participants. Participants were mainly from
Hangzhou, Ningbo, Wenzhou, Huzhou, Jiaxing, Shaoxing, Jinhua and
Taizhou, with few data from Zhoushan, Quzhou, Lishui, and other rural or
remote areas.

which showed that high HPV infection rates were associated
with areas with dense traffic networks, particularly transport
nodes, and were much higher in such areas than in remote
areas. This finding indicates that high population density
and mobility may be risk factors for HPV infection. Other
possible reasons are that people from urban areas usually
are more sexually active, and have larger incomes, higher
education levels, improved hygiene standards and greater
medical check-up awareness compared with those from

Another phenomenon was that HPV-16 and -58 infections
were mainly distributed in the northern and central regions,
where their infection rates were significantly higher than
in the southern regions. HPV-18 infection was found to be
widespread throughout Zhejiang Province, but had a much
lower infection rate in Ningbo and Huzhou. Wenzhou
had relatively low rates of HPV-52 and -58 infections, but
higher rates of HPV-16 and -18 infections, which is consis-
tent with the epidemiological characteristics of European
countries (3). A potential reason for this is emigration from
Europe and the USA. Furthermore, infection with a single
genotype of HPV was more frequently observed (35.18%)
than multiple infections (6.18%). Given the high prevalence
rate of hr-HPV infection in Zhejiang, an emphasis on vacci-
nation and expanded and innovative screening is important,
particularly in large cities. Specific vaccination programs
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Table II. Numbers of positive HPV tests according to genotype and infection status.

Multiple-genotype infection

Genotype Single-genotype infection Co- Tri- Tetra- Penta-
HPV16 735 149 17 3 1
HPV18 120 37 3 2 0
HPV31 62 21 7 1 1
HPV33 81 38 14 2 0
HPV35 6 7 2 1 0
HPV39 61 33 7 1 0
HPV45 8 9 0 1 0
HPV51 51 31 12 0 1
HPV52 161 58 12 3 1
HPV56 18 10 3 1 1
HPV58 267 67 17 2 0
HPV59 15 7 3 1 0
HPV68 19 17 5 2 0
Total 1,604 484 102 20 5
No. of patients 1,604 242 34 5 1

HPV, human papillomavirus.

Figure 2. Heat maps of HPV-16 infection in Zhejiang Province. The loca-
tions with high overall HPV-16 infection rates were mainly distributed in
the northern and central regions of Zhejiang Province, such as Hangzhou
and Shaoxing, where the prevalence was higher compared with that in the
southern regions (P<0.05). HPV, human papillomavirus.

have been implemented in clinical practice since 2017 in
Australia (22), and Nygard er al (23) demonstrated that
an effective HPV vaccination program could decrease the
incidence of cervical pre-invasive neoplasia by 51.5-66.6%.
In the present study, one of the positive aspects of using heat
maps to display the spatial distribution of HPV infection by

Figure 3. Heat maps of HPV-58 infection in Zhejiang Province. HPV-58
infection was mainly distributed in the northern and central regions of
Zhejiang Province, where the prevalence was higher compared with that in
the southern regions (P<0.05). HPV, human papillomavirus.

geographical region in Zhejiang Province is that it enables
potentially appropriate vaccines to be identified. The data
suggest that for individuals in Ningbo or Wenzhou, bivalent
or quadrivalent vaccines may be suitable, but for those in
Hangzhou and Shaoxing, nonavalent vaccines are strongly
recommended.
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Figure 4. Heat maps of HPV-18 infection in Zhejiang Province. HPV-18
infection was widespread throughout Zhejiang Province, with a much lower ~ Not applicable.
infection rate in Ningbo and Huzhou (P<0.05). HPV, human papillomavirus.
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Figure 5. Heat maps of HPV-52 infection in Zhejiang Province. High infec-
tion rates of HPV-52 were mainly detected in Hangzhou and the eastern
coastal areas of Wenzhou, with a lower infection rate in the center of Zhejiang
Province (P<0.05). HPV, human papillomavirus.

The present study has several limitations. First, only
participants who received health examinations in Zhejiang
Cancer Hospital were enrolled, and this could produce a
certain level of bias. Another potential bias is that urban
populations are more likely than rural populations to have
health examinations, mainly due to greater income followed
by check-up awareness. More importantly, the genotypes of
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