
R E S E A R C H Open Access

© The Author(s) 2024. Open Access  This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, 
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and 
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included 
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/. The 
Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available 
in this article, unless otherwise stated in a credit line to the data.

Li et al. Virology Journal          (2024) 21:164 
https://doi.org/10.1186/s12985-024-02439-2

HPV can be divided into high-risk types, including 16, 
18, 31, 33, 35, 39, 45, 51, 52, 56, 58 and 59, and low-risk 
types such as 6, 11, 66, 73 and 82 [6]. Low-risk HPV types 
often cause warts not progressing into cancers.

Cervical cancers are preventable through controlling 
HPV infections. HPV are mainly transmitted through 
skin-to-skin or skin-to-mucosa contact by target-
ing mucosal tissues, causing cancers in vulva, vagina, 
penis or anus [7]. Apart from cervical cancer screening, 
another effective measure to prevent cervical cancer is 
HPV vaccination [8]. By the time this article was written, 
there were 3 HPV vaccines available in the market, cover-
ing HPV types 16, 18 (bivalent) and 6, 11, 16, 18 (quad-
rivalent) and 6, 11, 16, 18, 31, 33, 45, 52, 58 (nonavalent) 
respectively. However, these vaccines were not included 
by national immunisation program due to high price and 

Introduction
Cervical cancer is the fourth most common female 
malignant tumour [1, 2] with more than 500,000 new 
cases worldwide causing about 250,000 death in China 
each year [3]. Standard screening procedure for cervical 
cancer includes ThinPrep cytologic tests (TCTs), human 
papillomavirus (HPV) infection test and colposcopy 
guided biopsy [4]. HPV infection is one of the most com-
mon sexually transmitted diseases and a primary cause 
of cervical cancer [5]. Based on carcinogenicity, subtypes 
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Abstract
Cervical cancer is one of the most common malignant tumours. Human papillomavirus (HPV) infection is the 
main cause of this cancer so that it could be prevented by screening and early treatment. Developing reginal 
screen protocols of maximum public health efficacy requires in-depth understandings of local HPV distribution 
and consequential cancer risks. Therefore, test results of HPV genotyping, cytology testing (TCT) and colposcopy 
inspection with biopsy were collected in this retrospective research. Data included by this research involved 63,906 
women received screen related tests from Shenzhen Baoan Shiyan People’s Hospital and the subsidiary institutes 
between 2017.01 and 2023.05. 10,238 colposcopies were performed in this period collecting 8,716 samples and 
814 high-grade CIN were discovered. Within the 763 high-grade CIN cases with both TCT and HPV testing results, 
232 were tested cytologically normal but only 30 were negative in HPV test. Besides, the rates of high-grade CIN 
observed in coinfection were all lower than the estimated rates generated from related single infection. HPV 52, 
58 and 16 were found to be the most common types in Baoan, Shenzhen. The result also suggested that HPV 
coinfections should not increase risk for cervical cancers.
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insufficient supply [9]. Moreover, HPV prevalence could 
vary significantly in different regions [10] and types cov-
ered by the vaccines might not align to the local type dis-
tribution profile. An in-depth knowledge of local HPV 
characteristics would be crucial for establishing region 
specific cervical cancer preventing protocols.

In this retrospective study, records of cervical cancer 
screening stored by Shenzhen Baoan Shiyan People’s 
Hospital, Shenzhen were collected to analyse trends on 
local cervical cancer occurrence and the related HPV 
infections. Regional HPV type distribution and its annual 
changes were summarised. Cancer developing risks on 
different HPV type infections and coinfections were 
investigated with cytologic and histologic results. Finally, 
advices for region specific cervical cancer prevention 
were conclude and discussed.

Methodology
Patient enrolment criteria and screening protocol
Cervical cancer screening data from 2017.01 to 2023.05 
were collected from Shenzhen Baoan Shiyan People’s 
Hospital, Shenzhen and the related community health 
centres. Patients included were restricted to those of age 
18 to 75 with a history of sexual activity and willingly 
received screening related tests. In this retrospective 
study, all patients remained anonymous in data analysis 
so that need for patients’ consent was waived. The study 
process was in accordance with the Declaration of Hel-
sinki, approved by the Ethics Committee of Shenzhen 
Baoan Shiyan People’s Hospital. Patients were first tested 
by HPV genotyping or ThinPrep cytologic tests (TCTs) 
or both. Those with high-risk HPV type infections or 
abnormal cytologic results would be recommended fur-
ther testing with colposcopies where biopsy could be per-
formed when visual lesions were found.

Cervical sample collection
Cervical cells were collected by the patient or a certi-
fied clinician. After wiping cervix, the cervical brush was 
immediately washed with ThinPrep PreservCyt solutions. 
The cervical cells preserved by the solution would be 
used for HPV genotyping and TCT within 48 h.

HPV DNA genotyping
HPV genotypes were detected with PCR-reverse dot 
hybridization. Three specialised HPV genotyping pan-
els (see supplement for details) from Yaneng Bioscience 
(Human Papillomavirus kit and Human Papillomavi-
rus kit for 23 types) and Hybribio (21 HPV GenoArray 
Diagnostic kit) were used. Sample DNA was extracted, 
amplified and then hybridised in automatic hybridiza-
tion platform (Yaneng Bioscience, Shenzhen) with pan-
els mentioned according to manufacture constructions. 
These three panels used in different time for different 

groups of population cover different types of HPV, but 
there are 15 types of HPV tested by all three panels. 
Totally 24 HPV variant types were tested, but only the 
overlapped 15 main types, including 6, 11, 16, 18, 31, 
33, 35, 39, 45, 51, 52, 56, 58, 59 and 68, were intensively 
analysed in this study. When investigating multiple type 
coinfection, coinfections of more than 3 types were con-
sidered as combinations of multiple coinfection pairs. 
The coinfection rate was the proportion of coinfection 
cases within total infections of certain HPV type. Mean-
while, the coinfection coefficient was obtained by divid-
ing coinfection case number by the product of total 
infection numbers of the two types within the coinfection 
pair.

ThinPrep cytologic test
Cervical slides were prepared with a ThinPrep 2000 PRO-
CESSOR. These slides would then be analysed and classi-
fied by experienced pathologists according to Bethesda 
2001 criteria. Four classes interpretations: negative 
for intraepithelial lesion or malignancy (NILM); atypi-
cal squamous cells of uncertain significance (ASC-US); 
low-grade squamous intraepithelial lesion (LSIL) and 
high-grade squamous intraepithelial lesion (HSIL) were 
included in this study.

Colposcopy guided biopsy
Colposcopy would be used to examine patients with high-
risk HPV infection or abnormal cytological results. The 
operations were performed with SLC-3000 system where 
tissue sample would be taken when visual abnormalities 
were found. Samples were then examined by pathologists 
and classified accordingly. The results include no lesion, 
cervical intra-epithelial neoplasia (CIN1 ~ 3) and cervical 
cancer. In this study, lesions worse than CIN2 were con-
sidered high-grade CIN (hCIN) while other lesions were 
considered low-grade CIN (lCIN).

Statistical analysis
Statistical analyses were performed with R 3.6 and 
python 3.6. Results of different tests reported within 
90 days were considered assessments toward the same 
health state. Confident intervals were calculated with 
Wilson score. Significant level applied was 0.05 if not 
specified.

Results
HPV infection and cervical lesion overview
Records collected from multiple institutes could contain 
duplications and missing information. After careful data 
cleaning, 63,906 patients were included by this study. 
Results of 70,056 HPV genotyping tests, 74,008 TCTs, 
10,238 colposcopies and 8716 biopsies were included 
and analysed (Table 1). Of all the HPV tests, 19,543 were 
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reported positive and the most frequently detected HPV 
types amid were 52, 16, 6, 51 and 58. HPV infections 
were mostly detected within age strata 30–39 (supple-
ment table). Meanwhile, within 74,008 TCTs preformed, 
10,923 reported abnormal results. 10,238 colposcopies 
were conducted generating 8,716 biopsy samples, of 
which 814 were diagnosed and confirmed as high-grade 
CIN and the majority of samples showed low-grade 
CIN. Some participants involved were tested for routine 
body check, but others received tests for having gyneco-
logic disease related symptoms. Thus, the positive rate 
observed in this research could be higher than the actual 
rate of all related women in the area. Number of col-
poscopies preformed was less than number of high-risk 
HPV infection and abnormal cytologic results, which was 
probably cause by patients rejecting the tests when the 
urge was not imperious.

HPV distribution trend by year
HPV genotyping results were categorised by year and 
the data of different HPV type infections in the first 

year (2017) were used as baseline to calculate changes 
in proportion in the following years. As illustrated in 
Fig.  1, among those detected infections, the proportion 
of HPV 52, 59, 68, 56, 51, 16 and 18 rose above the first 
year throughout the entire period of this study, while that 
of HPV 58, 31 and 45 mainly remained the same with 
some fluctuations and the rest decreased. Most signifi-
cant changes occurred in 2020 and 2021, which could be 
the result of radical changes of traveling frequency due to 
strict quarantines for SARS-CoV-2. In terms of the main 
HPV types of the region, the annual HPV type distribu-
tion trends indicated that the top types of HPV 52, 16 and 
51 would remain in the future. It is worth noticing that 
HPV 16 is also the most carcinogenic type of HPV bring-
ing significant challenges to cervical cancer prevention.

Lesions detected by TCT and HPV infection
TCT and HPV genotyping test could both be applied in 
the beginning of screening. However, TCTs were applied 
more widely in the region studied, which was reflected 
on the number of tests conducted. TCT results and HPV 
genotyping results of those with confirmed lesions were 
compared in Table 2. Amid the 4771 low-grade CIN sam-
ples, 1406 of them were tested normal by TCT and 1486 
of them were tested negative for HPV. Meanwhile, of the 
763 high-grade CIN samples, 232 were tested normal by 
TCT but only 30 were tested negative for HPV. This indi-
cated that compared to TCT, HPV genotyping might be 
slightly less sensitive to lower grade lesions but far more 
sensitive to high-grade lesions including cancers. In more 
general terms, TCT and HPV genotyping are similarly 
sensitive toward cervical lesions but HPV genotyping is 
notably more sensitive toward cervical cancer according 
to the data in this study. Another fact worth noticing is 
that, the proportion of HPV 16 infection was significantly 
higher in high-grade CIN samples, which is in accord 
with the consensus of it being the most carcinogenic 
HPV. However, no strong relation was found between 
certain HPV type infections and the inconsistence of 
cytologic and histologic results.

HPV coinfection analysis
To understand coinfection of different HPV types, cases 
infected by more than one HPV type were analysed and 
coinfection coefficients and coinfection rates were cal-
culated. The coinfection coefficient was designed to 
normalise effects by type distibution and therefore pre-
senting the relative effects of interactions between the 2 
HPV types on infection. On the other hand, the coinfec-
tion rates of the main HPV types reflect the overall effect 
of coinfection in the region. Coinfection coefficients of 
the 15 main HPV types were illustrated in Fig. 2 with the 
corresponding coinfection rates showing that HPV types 
of high risk or most common, such as HPV 16, 52 and 58, 

Table 1 Screen data overview
Patient involved 63,906
Year of birth:
Before 1960 664
1960–1969 4104
1970–1979 15,044
1980–1989 27,849
1990–2000 16,680
After 2000 807
HPV tests 70,056
Positive 19,543
Negative 50,513
Patients tested 47,435
TCT tests 74,008
NILM 63,085
ASC-US 8844
LSIL 1702
HSIL(ASC-H) 377
Patients tested 50,594
Colposcopy 10,238
Neg 2370
lCIN 7518
hCIN 350
Patients examined 8650
Biopsy 8716
Neg 1702
lCIN 6200
hCIN 814
Patients examined 6689
Abbreviations: NILM, negative for intraepithelial lesion or malignancy; ASC-
US, atypical squamous cells of undetermined significance; LSIL, low-grade 
squamous intraepithelial lesion; HSIL, high-grade squamous intraepithelial 
lesions; lCIN, low-grade cervical intraepithelial neoplasia; hCIN, high-grade 
cervical intraepithelial neoplasia; Neg, negative.
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are unlikely to coinfect with other types of HPV. In com-
parison, low risk HPV types, such as HPV 42, 43 and 66, 
are more likely to coinfect with others. This indicates that 
coinfection is unlikely to increase risk of being infected 
by carcinogenic HPV.

Risk of HPV coinfection
We further compared coinfection to single HPV type 
infection on developing hCIN. Case number of single 
type infection and that of hCIN were listed on Table  3 
with single infection hCIN (si-hCIN) rates which were 
obtained by dividing the hCIN number by the single 
infection number. It showed that HPV 16 has the high-
est si-hCIN rate followed by HPV 33, 58 and 18. Interest-
ingly, HPV 18 was considered as carcinogenic as HPV 16 

in most screening protocol but this study suggested HPV 
33 and 58 are with similar, if not higher, risk as HPV 18. 
On the other hand, HPV 6 and 11 were lowest in si-hCIN 
rate although they are among the few HPV types direct 
covered by certain HPV vaccines.

The hCIN rates of most frequently found coinfection 
pairs were calculated and compared to the estimated 
coinfection high-grade CIN rates on Table  4. The esti-
mated coinfection hCIN rate was the union of the related 
si-hCIN rates. Only coinfection pairs with more than 
30 cases were displayed on the table. The fact of actual 
rates being lower than the estimated rates indicates that, 
according to the data of listed pairs in this study, coin-
fections reduced the risk of developing high-grade CIN. 
Although there were pairs with actual rate higher than 
estimated rate, such as 18–52 and 16–68 (data not show), 
these could be errors caused by small size sampling.

Discussion
HPV distribution similar to most area in China
The most prevalent HPV types across China were 
reported to be 16, 18, 33, 52 and 58 in various orders 
[10]. However, the most detected HPV types in Baoan, 
Shenzhen were slightly different, where type 52, 58 and 
16 were still the most common but infections of type 18 
and 33 were less than that of type 6 and 51. Similar type 
profiles were reported in Zhejiang [11], Jiangsu [12] and 
Beijing [13]. These provinces or cities are all closely con-
nected with each other economically including Shen-
zhen which could lead to stable population circulations 
among these regions and therefore similar HPV type 

Table 2 TCT and HPV genotyping results of lesion cases
Diagnosis
(no. of 
case)

TCT result TCT 
number

HPV+ 3 most observed
(no. of case)

lCIN
(4771)

NILM 1406 1227 52(334), 16(212), 58(134)
ASC-US 2719 1531 52(459), 58(204), 16(198)
LSIL 570 463 52(111), 51(85), 58(64)
HSIL 76 64 52(23), 58(12), 51(10)

hCIN
(763)

NILM 232 223 16(83), 52(57), 58(36)
ASC-US 313 296 16(81), 52(78), 51(49)
LSIL 103 102 52(29), 16(22), 58(19)
HSIL 115 112 16(51), 52(31), 58(16)

Abbreviations: HPV+, positive for HPV test; NILM, negative for intraepithelial 
lesion or malignancy; ASC-US, atypical squamous cells of undetermined 
significance; LSIL, low-grade squamous intraepithelial lesion; HSIL, high-
grade squamous intraepithelial lesions; lCIN, low-grade cervical intraepithelial 
neoplasia; hCIN, high-grade cervical intraepithelial neoplasia.

Fig. 1 Annual changes of type proportion in HPV infections
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distribution. Meanwhile, most cervical cancer cases 
in Shenzhen were associated to the infections of HPV 
16 and 52, which is significantly different from which 
reported in other countries [14] or worldwide scale [15] 
but is consistent with researches conducted in China 
[16]. These researches showed that the overall HPV type 

Table 3 HPV infection of high-grade CIN case
type single-infected si-hCIN si-hCIN-rate
6 653 3 0.0046
11 377 4 0.0106
16 884 204 0.2308
18 323 35 0.1084
31 152 14 0.0921
33 271 38 0.1402
35 119 8 0.0672
39 343 12 0.0350
45 77 4 0.0519
51 657 47 0.0715
52 1928 132 0.0685
56 318 16 0.0503
58 665 73 0.1098
59 321 12 0.0374
68 506 20 0.0395
Neg 49,881 140 0.0028
Abbreviations: hCIN, high-grade cervical intraepithelial neoplasia; si-hCIN: 
single infection hCIN.

Table 4 High-grade CIN case rate of double type HPV infection
infectpair infected hCIN hCIN-rate est-rate
16–52 94 19 0.2021 0.2834
52–58 76 10 0.1316 0.1707
51–52 63 8 0.1270 0.1351
52–68 60 5 0.0833 0.1053
52 − 6 58 5 0.0862 0.0727
16 − 6 55 5 0.0909 0.2343
52–53 54 4 0.0741 0.0787
52–81 49 2 0.0408 0.0730
51 − 6 34 2 0.0588 0.0758
Abbreviations: hCIN, high-grade cervical intraepithelial neoplasia; est-rate, 
estimated rate.

Fig. 2 Coinfection coefficient heatmap. The likeliness of coinfection between HPV types is represented by red and blue. The overall coinfection rates 
observed in this study is presented on the top
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distribution could be highly region specific and would 
fundamentally affect the prevalence of cervical cancer.

Apart from the overall type distributions, the trends 
of annual changes in these distributions were also ana-
lysed. It appeared that the main high-risk HPV types 
were all gradually rising in proportion, indicating poten-
tial regional raise of cervical cancer risk in the upcom-
ing years. Vaccination is one of the main approaches for 
reducing HPV infection and risk of developing cervical 
cancers but the vaccination coverage in China was low 
[17]. It was reported that the complete vaccination rate in 
China was around 3% in 2020 [17] and the rate of receiv-
ing at least one injection in Shenzhen was 18.7% in 2023 
[18]. Of the 3 vaccines available in Shenzhen in 2023, only 
the nonavalent vaccine covers more commonly detected 
types (HPV 52/58) in the area and therefore could be the 
best for countering HPV infection in China [19]. How-
ever, considering the low availability of the nonavalent 
vaccines and the fact that most carcinogenic HPV 16 is 
covered by all three vaccines available, administration of 
the other 2 vaccines should also be promoted for regional 
cervical cancer prevention. Significant efforts has been 
invested into vaccine development to increase availability 
[20] but it is largely behind the increasing requirement of 
covering the main types in China [9–11].

Progressions on cervical screening protocol in China
By including colposcopy results of patients infected 
by high-risk HPV, this study was able to investigate the 
sensitivity of TCT and HPV genotyping test toward cer-
vical lesions. It showed that TCT was slightly more sen-
sitive for detecting general cervical lesions than HPV 
test, which was consistent with other researches [21, 22]. 
However, as for hCIN case detections, HPV tests were 
significantly more sensitive, suggesting HPV infection 
being a better cervical cancer indicator. Similar compara-
tive results were observed in other researches [14, 23] 
and some researchers further suggested to implement 
HPV genotyping without TCTs as primary test in cervi-
cal cancer screening [24].

The cervical cancer screening guideline in China 
established by the related Chinese expert panel adopted 
TCT and test for HPV 16/18 as the primary test where 
only patients with abnormal TCT results or HPV 16/18 
infection would be further tested with colposcopy [25]. 
The updated 2023 guideline extended tests on persistent 
infections of other high-risk HPV types in the first-line 
screening where colposcopy would also be advised to 
patients with non-16/18 high-risk HPV infections over 
6 months [26]. Institutes included by this study did not 
strictly follow the guide and expanded colposcopy test 
for all high-risk HPV infection. Although excessive col-
poscopy is not recommended, the results enable com-
parison of carcinogenicity between HPV types. This 

study demonstrated that a higher proportion of cervi-
cal cancers were associated with HPV 52/58 compared 
to HPV 18 and the hCIN rate of HPV 33 infection was 
significantly higher than that of HPV 18, suggesting the 
need for expanding HPV genotyping in cervical cancer 
screening. Similar results were observed by researches 
conducted in China [27, 28] and the researchers advised 
HPV genotyping should be expanded to include certain 
high-risk HPVs separately [27] or as a group [28]. Mean-
while, Cuzick and Wheeler emphasised the predictive 
value of HPV 31/33 while pointed out the comparatively 
lower risk of some high-risk HPV types based on the 
result of a nation-wide survey in America [29]. All these 
researches indicated the need for a more detailed triage 
strategy based on HPV genotyping for cervical cancer 
screening. Expansion on persistent HPV infection on 
screening guideline of China also expressed a motive on 
such direction.

HPV coinfection and risk
HPV coinfection and the consequential risk were also 
investigated in this research and it showed that high-risk 
HPV types are less likely to coinfect compared to the 
low-risk types and the cancer risks are likely to decrease 
in coinfections. Many researches [30, 31] reported the 
most common coinfection types and some [32–34] even 
claimed these types were more likely to coinfect based 
on these observation, discounting the respective infect-
ing rates of the related types. These infection rates of dif-
ferent HPV types was considered in this study and the 
results indicated that high frequencies of coinfection of 
certain types were likely resulted from high respective 
infection rates of the related types and different conclu-
sions could be drawn when the frequencies were nor-
malised by these infection rates.

As for the effect of coinfections on cancer risk, many 
researches associated coinfections with cytological 
results and claimed that coinfections contributed to a 
higher cytologic abnormality rate [31, 35, 36]. Mean-
while, other teams correlating coinfections with histo-
logical results concluded that coinfections would not 
increase risks of developing cancers [37–39]. The results 
obtained on this research support the latter, but the data 
involved was not sufficient to draw a decisive conclusion.

Research limitations
A major limitation of this study was the normality and 
integrity of records. Patients were taking tests spon-
taneously but not by proper schedule so that relations 
between different tests were not entirely certain. Besides, 
patients might receive tests or treatments or vaccines 
from institutes not included by this study and the related 
records could not be acquired by this study. Although the 
issues described should only apply to a small proportion 
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of data involved, the effects to final results remain 
unknown. Therefore, although hypotheses generated in 
this study were supported by real-world data, verifica-
tions with carefully designed experiments should be con-
ducted in the future.

Conclusion
The cervical cancer screening records from Baoan, Shen-
zhen showed that HPV 52, 58, 16 were the most detected 
types while HPV 16 was the most carcinogenetic. The 
data also indicated that HPV genotyping is more sensi-
tive toward high-grade CIN compared to TCT and HPV 
coinfections are not likely to increase risk for cervical 
cancers.

Abbreviations
HPV  Human papillomavirus
HPV+  HPV-positive
CIN  cervical intra-epithelial neoplasia
TCT  ThinPrep cytologic test
NILM  negative for intraepithelial lesion or malignancy
ASC-US  atypical squamous cells of uncertain significance
ASC-H  typical squamous cells, not excluding high-grade squamous 

intraepithelial lesion
LSIL  low-grade squamous intraepithelial lesion
HSIL  high-grade squamous intraepithelial lesion
hCIN  high-grade CIN
lCIN  low-grade CIN
si-hCIN  single infection hCIN
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