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Abstract

screening.

Purpose To determine the correlation between HPV (human papillomavirus) 52 viral load, multiple infections
and ThinPrep cytology test (TCT), to inform clinical management of HPV52-positive women after cervical cancer

Methods A total of 1,882 female patients who had positive quantitative HPV tests at Yuebei People’s Hospital

from January 2020 to December 2022, of whom 533 tested positive for HPV52. We excluded patients who combined
HPV16 and/or HPV 18 positivity and whom HPV52 viral load could not be calculated. The final enrollment was 488
patients, including 400 NILM, 48 ASC-US, 28 LSIL and 12 HSIL. The HPV test is a quantitative multiplexed fluorescent
PCR assay that provides both HPV genotyping and viral load.

Results In our study, there were differences in the median distribution of viral loads among various cytological class
categories. The risk of TCT results (LSIL or worse) was increased with the increase of HPV52 viral load, for every LOG
unitincrease in HPV52 viral load, the risk increased by 26.6%. More importantly, we found a nonlinear relationship
between HPV52 viral load and TCT results (LSIL or worse) in both single and multiple infections. When the viral load
reaches a threshold, the risk of abnormal cytological results increases significantly.

Conclusion HPV52 viral load is an independent risk factor for TCT results (LSIL or worse). The relationship
between HPV52 viral load and TCT results (LSIL or worse) is not linear. Viral load may be used as a triage indicator
for HPV52-positive patients, thus improving the post-screening clinical management of HPV52-positive women.

Keywords HPV viral load, Single HPV infection, Multiple HPV infections, TCT

Background

Cervical cancer arises from the primary oncogenic
types of human papillomavirus, ranking as the fourth
most prevalent malignant tumor among women world-
wide [1, 2]. About 20 genotypes of HPV viruses infect-
ing the reproductive system are associated with cancer
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development. Of these, HPV types 16, 18, 31, and 52 fall
under the classification of "high-risk” types [2]. Prolonged
exposure to high-risk human papillomavirus (HR-HPV)
can result in the development of cervical intraepithelial
neoplasia and even cervical cancer [3]. The incidence and
mortality of cervical cancer have been increasing annu-
ally, the mortality burden associated with cervical cancer
remains heavy, early screening and treatment of cervical
cancer are very important and necessary [1, 4—6].

HPV tests offer a more precise method for detect-
ing advanced lesions in cervical cancer screening, yet
their specificity is restricted. It is imperative to discover
a diagnostic marker that possesses both sensitivity and
specificity. Apart from the type of HPV, there are other
factors associated with HPV such as the viral load [7, 8]
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and the variety of types [9—11]. The majority of research
has established a positive association between HPV viral
load and cervical lesions [12-14], indicating that high
HPV viral load elevates the probability of high-grade
cervical lesions. Additionally, Wang, W’s study [15] high-
lighted the correlation between HPV viral load and the
extent of cervical lesion, emphasizing the necessity of
incorporating it into a distinct genotype. Numerous stud-
ies have been conducted on HPV types 16 and 18, serving
as a valuable resource for guiding clinical post-screening
management [16], while fewer studies have been con-
ducted on other high-risk genotypes.

HPV-16, 18, 52, 31, and 58 [17, 18] are the prevailing
high-risk HPV types in Asia. Many epidemiologic data
indicate that HPV 52 presently stands as the predomi-
nant form of infection among women in southern China
[19, 20]. According to the ASCCP guidelines, patients
positive for the high-pathogenicity virus subtypes 16/18
are recommended to undergo further colposcopy and
pathological biopsy, however, patients who test posi-
tive for other (non-16/18) high-risk HPV types should
undergo combined cytological testing to inform the deci-
sion-making process regarding their referral. In order to
better guide this population, we conducted a retrospec-
tive analysis of the data of HPV52 infected females in
our hospital during the 3-year period from 2020 to 2022,
to analyze the correlation between multiple infections,
HPV52 viral load, and TCT results, to find out whether
the HPV52 viral load holds predictive and triage poten-
tial in cervical cancer screening.

The aim of this article is to summarize the stratification
effect of genotypes, multiple infections, especially viral
load in cervical screening. Our goal is to provide evi-
dence that can inform post-genotype-specific screening
management strategies.

Materials and methods
Study participants
This retrospective study included women who tested 52
positive for HPV viral load between January 2020 and
December 2022 at Yuebei People’s Hospital. The Eth-
ics Committee of Yuebei People’s Hospital gave the go-
ahead to the research, which was done in line with the
Declaration of Helsinki and its associated rules and reg-
ulations. All patients signed a written informed consent
form before the examination. As a retrospective study,
the clinical data of patients were obtained from the HIS
system of Hospital. The data collection process was con-
fidential, and sensitive information of the patients was
anonymized during the collection and analysis process,
and there were no costs or additional risks to patients.
Inclusion criteria were (1) HPV DNA52 positive
patients (2) Patient had TCT results for the same period
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of time. Exclusion criteria were (1) patients with high-
risk HPV16 and/or HPV 18 co-infection. (2) Incomplete
information.

Between 2020 and 2022, a total of 1882 female patients
who underwent HPV quantitative testing at Yuebei Peo-
ple’s Hospital tested positive, with 533 of them testing
positive for HPV52. We omitted 40 patients who tested
co-positive with HPV16/18, and we removed 5 patients
whom HPV52 viral load could not be calculated. In the
end, a total of 488 patients were incorporated (Fig. 1).

Data collection and grouping

Clinical data such as patient’s age, HPV52 viral load, viral
load of other types (without this data it is a single infec-
tion), and contemporaneous TCT results were obtained
from clinical record through Yuebei People’s Hospital’s
HIS system.

HPV Genotyping and Viral Load

The HPV genotyping test kits applied by Yuebei People’s
Hospital was provided by 21 HPV genotyping Kit (Shu-
oshi Biotechnology, Ltd., China, Jiangsu), The test kit was
approved by the National Medical Products Administra-
tion (NMPA, No. 20153400364). The kit adopts multiplex
fluorescent PCR quantification technology, which can
rapidly and accurately distinguish 21 HPV genotypes in
the test specimen, including 13 HR-HPV16, 18, 31, 33,
35,39, 45, 51, 52, 56, 58, 59, 68, intermediate-risk HPV26,
53, 66, 73, 82, and 3 low-risk HPV6, 11, 81, and also
simultaneously quantify the viral loads of the 21 HPV
subtypes in a standardised manner.

This Kit targets the L1 region of the human papillo-
mavirus genome, using PCR primers and correspond-
ing TagMan probes (oligonucleotides with a 5’ reporter
group and a 3’ quencher group) for detection, with FAM,
HEX and ROX marking the respective subtypes, and run-
ning 8 reactions simultaneously for each sample. The
preparations for reactions A, B, C, D, E, F and G are used
for the simultaneous detection and differentiation of 21
HPV genotypes. In reaction H, t the single-copy gene
TOP3 encoding DNA topoisomerase III is amplified as
a control to determine the viral copy number in a given
sample. The sensitivity of the assay is 20copies /reaction.

Sampling and extract the sample DNA according to kit
requirements. The total reaction volume is set to 20 pL,
consisting of 2 uL DNA sample, 10 pL nucleic acid ampli-
fication reaction liquid, and 8 uL reaction liquid (includ-
ing specific primers and probes). After mixing all the
components, the reaction tube is placed in a fluorescence
PCR amplifier for amplification detection. The reaction
conditions 77 were as follows: treatment of UNG enzyme
at 50 ‘C for 5 min, pre-denaturation at 95 “C for 10 min,
denaturation at 94 C 78 for 10 s, annealing, extension
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Fig. 1 This flow chart that screening the participants in this study

and fluorescence detection at 58 C for 40 s, cycling 45
times, and storage at 4 °C.

Finally, subtypes were analyzed according to the HPV
subtyping probe fluorescent marker table. The obtained
CT values were substituted into the HPV nucleic acid
typing quantitative analysis software v1.0 (Shuoshi
Biotechnology, Ltd., China, Jiangsu) for transforma-
tion. Absolute quantification was mainly performed
by establishing a five-point standard curve of HPV and
cell log phase. The standard curve was Y=-3.34656
(log10X) + 38.51644. the converted viral load unit was the
number of cells (pcs).

ThinPrep cytology test(TCT)

Cervical ThinPrep cytology test was interpreted by two
senior specialists in the pathology laboratory. The diag-
nostic results of the TCT were classified according to
the Bethesda system by the International Cancer Soci-
ety (2014), Results were categorized into five classes:
negative for intraepithelial lesion or malignancy (NILM),
atypical squamous cells of undetermined significance

(ASCUS), atypical squamous cells—cannot exclude high-
grade squamous intraepithelial lesion (ASC-H), low-
grade squamous intraepithelial lesion (LSIL), high-grade
squamous intraepithelial lesion(HSIL) and squamous cell
carcinoma (SCC). There are 6 cases of ASC-H,5 cases
of HSIL and 1 case of SCC. Since there were too few
cases and those results need to be referred for the next
step of colposcopic biopsy, so we merged them into the
TCT results of HSIL. To further validate the relationship
between HPV52 viral load and TCT, we divided four cat-
egories into two groups for comparison. Given the speci-
ficity of ASCUS, it can either indicate a benign lesion or
signify a potentially malignant alteration associated with
active proliferation. So we grouped TCT subgroups were
stratified into groups: one is TCT results of ASCUS or
better; the other is TCT results of LSIL or worse.

Statistical analysis

SPSS 24.0 (IBM, Armonk, NY, USA) and R language
software was used for data processing and statistical
analysis. TCT results were used as grouping variables to
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describe the study population. Age and log-transform-
processed HPV52 viral loads were normally distributed
continuous variables, quantitative data were expressed
as meantstandard deviation. The type of HPV infec-
tion was a categorical variable and was expressed as a
percentage. Differences between groups were evaluated
using the ANOVA and Kruskal Wallis rank sum tests.
p-values <0.05 were considered statistically significant.
The HPV52 viral load data showed a skewed distribu-
tion among the participants, therefore, we processed
the HPV52 viral load by log transformation. The results
of data analysis were divided into 3 models: model 1 (no
covariates were adjusted); model 2(adjusted age); and
model 3 (adjusted age and infection types). Confidence
intervals (CI, 95%) and odds ratios (OR) were used to
screen the adjusted covariates included in the models,
while univariate analysis of p values did not yield the
same results. A generalized additive model was used to
adjust for all covariates, assess nonlinear relationships,
and plot smooth curves. In the presence of nonlinear-
ity, we employed a recursive algorithm to determine the
inflection point. Then a segmented linear model was con-
structed based on both sides of the inflection point. The
p-value of the log-likelihood ratio test was used to con-
struct the best-fit model. If the p-value was<0.05, the
correlation between viral load and TCT was nonlinear,
otherwise it was linear. In the single infection curve, we
got two inflection points K1 (8.95); K2 (11.35) (Table 5).
In the multiple infection curve, there is only one inflec-
tion point K3 (12.095) (Table 6). Multiple infections
include both (non-16/18) high-risk and low-risk HPV

types.

Results

Baseline characteristics of selected participants

A total of 488 non-16/18 HPV52 positive women were
included in this study. Among them, 400 exhibited nor-
mal cytologic findings, 48 tested positive for ASC-US,
28 tested positive for LSIL, and 12 tested positive for

Table 1 Baseline characteristics of selected participants
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HSIL (Table 1), there were 6 positive for ASCH and 1
positive for SCC included into HSIL. The age distribu-
tion showed no notable disparity among the various
TCT groups (P=0.066). HPV 52 viral load was higher in
the other TCT groups (ASC-US, LSIL, HSIL) compared
to the NILM group, and the difference was statistically
significant (P<0.001). Additionally, the percentage of
mono-infections was higher than that of multi-infections
among all TCT groups, with a statistically significant dis-
parity (P=0.017).

Baseline Characteristics and TCT results (LSIL or worse)

The TCT results were divided into ASCUS or better
group and LSIL or worse group for analysis. Age was
analyzed in low, middle and high three subgroups (Table
$2). With increasing age, the risk of TCT results (LSIL
or worse) also increased, although it did not reach sta-
tistical significance (all P>0.05). In the comparison of
infection types, the risk of TCT results (LSIL or worse)
rose by 67.5% in the multiple infection group when com-
paring infection types to the single infection group, but
the statistical significance was not achieved (P=0.139).
For HPV52 viral load, with an increase in HPV52 viral
load, there was a significant rise of 25.5% (OR: 1.255,
95% CI: 1.114-1.415) in the risk of TCT results (LSIL
or worse), indicating a highly significant statistical
significance(P<0.001) (Table 2).

HPV52 Viral load and TCT results (LSIL or worse)

In order to establish the relationship between HPV52
Viral load and TCT results (LSIL or worse), three
models were examined to analyze the pattern of effect
values in Table 3 (OR and 95% CI).In model 1 (unad-
justed model), The risk of TCT results (LSIL or worse)
showed a significant increase of 25.5% (OR: 1.225, 95%
CI: 1.114-1.415) with each loge unit increase in HPV52
viral load (P<0.001).After conducting a more thorough
examination, we divided the viral load into three dis-
tinct subcategories: low, medium, and high (Table S1).

TCT NILM ASC-US LSIL HSIL P-value P-value*
(N=400) (N=48) (N=28) (IN=12)

AGE(mean +SD) 40.615+11.191 43271+11.169 39.857+11.639 47917+12442 0.066 0.104
HPV52LOAD Log 8.244+2.710 9.471+3.052 9.969+3.308 10.645+2.346 <0.001 <0.001
(mean=+SD)
TYPE 0017

Single(N;%) 309 (77.250%) 30 (62.500%) 16 (57.143%) 10 (83.333%)

multiple(N;%) 91 (22.750%) 18 (37.500%) 12 (42.857%) 2 (16.667%)

P-value*: The Kruskal Wallis rank sum test yielded a P-value for continuous variables, while Fisher’s exact probability test was employed for count variables with a

theoretical number <10
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Table 2 Relationship of baseline characteristics and TCT results
(LSIL or worse)

Exposure TCT
OR, 95% Cl, p-value

AGE 1.011 (0.982, 1.040) 0.460
AGE tertile

Low 1.0

Middle 1.182(0.529, 2.642) 0.682

High 1.167 (0.522, 2.606) 0.706
TYPE

Single 1.0

Multiple 1.675 (0.844,3.321) 0.139
HPV52LOAD Log 1.255(1.114,1.415)<0.001

Compared with the low viral load group (5.451), the
risk of medium viral load (8.338) was not significantly
increased, while the risk of high viral load (11.739)
was significantly increased by 2.3 fold (OR: 3.300, 95%
CI: 1.436-7.585), indicating statistical significance
(P=0.005). Both model 2 (adjusted age) and model 3
(adjusted age, infection type) revealed a significant cor-
relation between increasing HPV52 viral load and the
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risk of TCT results (LSIL or worse), with 26.9% and
26.6% increase respectively (P<0.001). When analyz-
ing the three categories of viral load, there was also a
statistically significant (P=0.003/ P=0.002) increase
in risk in the high viral load group by a factor of 2.557
(medol2), 2.669 (model3) respectively. This indicates
that TCT results (LSIL or worse) can be attributed to
HPV52 viral load as a distinct risk factor.

We analyzed the population by dividing it into single
and multiple infections. Our findings revealed a sig-
nificant correlation (P<0.001) between an increase in
load and an 55.6% higher risk of a TCT result of LSIL
and above in the single-infection population. The risk
of TCT results (LSIL or worse) experienced a 6.4%
decrease in the population with multiple infections,
albeit not attaining statistical significance (P=0.498).
The results of the interaction test indicated a signifi-
cant disparity in this effect between single and multi-
ple infected participants (P<0.001) (Table 4). When
age was analyzed by subgroups (Table S2), despite the
higher age group experiencing an 46% increase in the
risk of cytology abnormality, the interaction effect anal-
ysis did not indicate a significant distinction among the
low, middle, and high age subgroups (P=0.235).

Table 3 Linear relation of HPV52 Viral load and TCT results (LSIL or worse) by the weighted binary logistic regression model

Exposure Model 1 Model 2 Model 3
OR, 95% Cl, p-value OR, 95% Cl, p-value OR, 95% Cl, p-value
HPV52LOAD Log 1.255(1.114, 1.415) < 0.001 1.269 (1.124,1.432)<0.001 1.266 (1.122,1.428) <0.001
HPV52LOAD Log tertile
Low 1.0 1.0 1.0
Middle 1.000 (0.366, 2.732) 1.000 1.025 (0.374, 2.808) 0.961 1.078 (0.392, 2.966) 0.88
High 3.300 (1.436, 7.585) 0.005 3.557(1.527,8.284) 0.003 3.669 (1.567, 8.589) 0.002

Model 1: no covariates were adjusted
Model 2: age was adjusted

Model 3: all covariates presented in Table 1(age; type) were adjusted

Table 4 Relationship between viral load and TCT results (LSIL or worse) in different age groups and infection types

TCT N OR 95%CI| Low 95%Cl High P value P(interaction)
AGE tertile 0.235

Low 162 1177 0.964 1438 0.110

Middle 162 1.163 0.942 1437 0.160

High 164 1.460 1.174 1.816 <0.001

Total 488 1.261 1.118 1423 <0.001
TYPE <0.001

Single 365 1.556 1.304 1.858 <0.001

Multiple 123 0.936 0.774 1.132 0498

Total 488 1.251 1111 1.408 <0.001
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Fig. 2 A non-linear relationship between HPV52 Viral load and TCT results (LSIL or worse) in single and multiple HPV infection

Table 5 Nonlinearity addressing between HPV52 Viral load and
TCT results (LSIL or worse) in single HPV infection

Outcome Single infection

OR, 95% Cl, p-value

Fitting model using the weighted-logistic
regression model

1.566 (1.312, 1.869) < 0.001

Fitting model using the weighted three-piecewise linear model
Inflection point (K1, K2) 8.95,11.35
<inflection point K1 5.508 (1.206, 25.145) 0.028
Between K1 and K2 1.104 (0.489,2.495) 0.812
1.995 (1.061, 3.749) 0.032
0.008

> inflection point K2
P for the log-likely ratio test

Table 6 Nonlinearity addressing between HPV52 Viral load and
TCT results (LSIL or worse) in multiple HPV infection

Outcome multiple infection

OR, 95% Cl, p-value

Fitting model using the weighted-logistic
regression model

0.939(0.775,1.139) 0.523

Fitting model using the weighted two-piecewise linear model

12.095

0.768 (0.588, 1.004) 0.053
3.025(1.128,8.116) 0.028
0.023

Inflection point (K3)
<inflection point
>inflection point

P for the log-likely ratio test

The Nonlinearity of HPV52 Viral load and TCT results (LSIL
or worse)

Based on model 3 (adjusted for age and type),
smoothed curve fitting showed a nonlinear relation-
ship between HPV52 viral load and TCT results (LSIL
or worse) (Fig. 2). In the single-infected population, the
two inflection points are 8.95 and 11.35 of loge HPV52
viral load in this curve (Table 5). Between 0-8.95, for
each one unit increase in log HPV52 viral load, there
was a significant 4.508-fold increase in the risk of hav-
ing TCT results (LSIL or worse) (OR: 5.508 95% CI:
1.206-25.145) (P=0.028). Within the range of 8.95-
11.35, there was no significant 10.4% increase in the
risk of TCT results (LSIL or worse) (P=0.812). How-
ever, when log HPV52 viral load excess 11.35, there was
once again a statistically significant 99.5% rise in the
risk of TCT results being LSIL or worse (OR: 1.995 95%
CI: 1.061-3.749) (P=0.032).

The viral load in the population with multiple infec-
tions exhibited a U-shaped curve correlation with TCT
results (LSIL or worse), with an inflection point of 12.095
(Table 6). In the range of 0-12.095, for each unit increase
in log HPV 52 viral load, the risk of having TCT results
(LSIL or worse) was reduced by 23.2%, but this was not
statistically significant (P=0.053). However, once the
value excess 12.095, the risk of TCT results (LSIL or
worse) increased 2.025-fold, which was statistically sig-
nificant (P=0.028).
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Discussion

In this extensive cross-sectional investigation, we inves-
tigated the correlation between HPV52 load and TCT
results (LSIL or worse), while excluding the extremely
pathogenic genotypes HPV16 and HPVI1S8, exclu-
sively analyzing HPV52 viral load to forecast the risk of
TCT results (LSIL or worse). A strong correlation was
observed between viral loads and an elevated susceptibil-
ity to cytology abnormalities. Additionally, our research
indicates that there was a nonlinear correlation between
HPV52 viral loads and the risk of TCT results (LSIL or
worse), both in single and multiple infections.

The value of particular HPV genotypes and their viral
load in cervical lesions and diagnosis has been contro-
versial [21-23]. Many studies have suggested a positive
correlation between the viral load of HPV16 and the
extent of cervical lesions [24, 25]. Similar findings exist
for HPV18 viral load [14], however, the predictive impor-
tance of viral load in other high-risk categories remains
a subject of debate [15]. We performed a retrospec-
tive analysis to investigate the correlation between HPV
52 viral load, infection types, and cytology results. The
findings indicated that the TCT results (LSIL or worse)
exhibited a higher HPV52 viral load. Comparison with
NILM and ASCUS group, each unit increase in HPV52
viral load was associated with a 26.6% increase in viral
load. Even after adjusting for external factors, the nota-
ble association was remained. HPV52 viral load poses an
independent risk for abnormal cytology results. In areas
where HPV52 is the primary type of HR-HPV infection,
performing concurrent viral load testing during the ini-
tial screening could offer more valuable perspectives for
its post-screening management [13].

We further stratified the study population into HPV52
single infection and co-infection with other (non-16/18)
genotypes, we discovered that the risk of abnormal TCT
was higher in HPV52 single infection, although this risk
did not exhibit a significant increase in multiple infec-
tions. The increased susceptibility to disease in mono-
infection compared to multi-infection could be attributed
to the pathogenicity of particular genotypes, such as that
HPV 16 mono-infected patients have a higher incidence
of CIN2 + than patients co-infected with other HPV gen-
otypes [26], and it is worth noting that both HPV 16 and
HPV 52 belong to the a-9 genus [27]. The pathogenicity
of the HPV 52 genotype also should be emphasized.

We further analyzed the correlation between HPV52
single/multiple infection combined viral load and the
risk of TCT results (LSIL or worse). The viral load of
HPV52 single infection and TCT results (LSIL or
worse) showed a non-linear correlation, the viral load
in the range of less than 8.95 and more than 11.35, with
the increase of each one unit load, the risk increased,
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but when the viral load between 8.95-11.35 curve
appeared to be a plateau. As the load increases, the
risk of TCT results (LSIL or worse) ceases to rise. The
strong self-replicating ability of HPV may be attrib-
uted to the fact that the low-grade lesions are in the
acute phase of HPV infection. As the lesion advances,
the HPV viral load no longer experiences a substantial
rise owing to the relative stabilization of HPV’s self-
replicating capability; nevertheless, when HPV genes
become integrated into the host cell's DNA, the viral
load appears to increase once again [28, 29], exacerbat-
ing the disease even further.

There was also a nonlinear correlation observed in
HPV52 multiple infection. Interestingly, the curve was
different from the unidirectionality of the curve for sin-
gle infection, but showed a bidirectional U-shaped curve,
and the inflection point of this curve was 12.095. When
the LOG viral load was prior to the inflection point, the
risk of TCT results (LSIL or worse) did not increase,
but instead exhibited a decreasing trend (OR:0.768 95%
CI: 0.588-1.004); whereas, the risk of TCT abnormal-
ity increased 2.025-fold after the load exceeded 12.095.
We analyzed that the appearance of the U-shaped curve
might be related to inter-genotype competition or the
heightened immune response induced by multiple infec-
tions [30]. Only when the viral load exceeds a certain
threshold, the pathogenicity of the viral load exceeds the
immunity of the organism and then causes lesions, that
is, we see completely opposite pathogenic risks from both
sides of the curvle’s inflection poin. Through the appear-
ance of the inflection point of viral load, we can differ-
entiate the risk of HPV52 multiple infection in peoples,
we can categorize the population with viral load before
the inflection point into a "relatively low-risk group",
which needs to be closely followed up with the change of
viral load; When viral load exceeds the inflection point,
the risk of TCT results (LSIL or worse) increases signifi-
cantly, and timely referral for colposcopy and biopsy may
be recommended for efficient detection of high-grade
lesions.

HPV genotype testing, which is used to screen for
cervical cancer, is highly sensitive but not very spe-
cific. Through this study, we investigated the correlation
between viral load and TCT results in relation to a spe-
cific genotype, HPV52, and ascertained that viral load
can function as a diagnostic indicator for patients who
tested positive for HPV52. The HPV52 viral load has
the potential to enhance the clinical care of women who
test positive for HPV52, by closely monitoring the viral
load before the inflection point. This approach not only
reduces the need for invasive procedures and economic
burden, and it is more meaningful for population screen-
ing in less economically developed areas.
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As this study only included data from a single center
and excluded cases of multiple infections with HPV16/18,
the participants size was relatively limited, and it may be
necessary to expand the number of cases to further vali-
date the cut-off value of viral load proposed in this study.
This study only explored the relationship between viral
load and thinprep cytology test results, and verified that
viral load might be used as an indicator for the triage of
HPV52-positive patients, and subsequent pathological
information is needed to validate it, which is also our
future research direction.

Conclusions

This retrospective study showed that HPV52 viral load
was an independent risk factor for abnormal cytology
results. More importantly, there is a nonlinear relation-
ship between HPV52 viral load and TCT results (LSIIL
or worse). Whether in single infection or co-infection
with other HPV genotypes, once the viral load reaches
thresholds, the risk of abnormal cytology results signifi-
cantly increases. Viral load has the potential to enhance
the clinical management of HPV 52 positive women in
cervical cancer screening.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512985-024-02356-4.

Additional file 1: Table S1. HPV 52 LOAD tertile.
Additional file 2: Table S2. AGE tertile.

Acknowledgements

We are grateful for the support provided by the Yuebei People’s Hospital. The
authors express their gratitude to the patients for their valuable participation
in this study.

Authors’ contributions

Hongbo Hu. and Jie Zhou.: study design and project supervision. Bingbing Ma:
data analysis, and drafting the manuscript. Jie Zhou: data analysis and discus-
sion. Weijuan Zhou. and Juan Chen.: data collection and analysis. Zhanzhong
Ma: experiments, providing data. Hongbo Hu: revising the manuscript.

Funding
This research received no external funding.

Availability of data and materials
No datasets were generated or analysed during the current study.

Declarations

Ethics approval and consent to participate

The study was conducted in accordance with the Declaration of Helsinki, and
this study was obtained from the Ethics Committee of the Yuebei People’s
Hospital (KY-2023-135). All patients are completely anonymous and free from
any personal privacy. All methods are carried out by relevant guidelines and
regulations.

Consent for publication

The authors agree to publication.

Competing interests
The authors declare no competing interests.

Page 8 of 9

Received: 19 November 2023 Accepted: 2 April 2024
Published online: 23 April 2024

References

1. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram |, Jemal A, Bray
F. Global Cancer Statistics 2020: GLOBOCAN Estimates of Incidence and
Mortality Worldwide for 36 Cancers in 185 Countries. CA Cancer J Clin.
2021,71(3):209-49.

2. Humans IWGotEoCRt: Biological agents. IARC Monogr Eval Carcinog Risks
Hum 2012, 100(Pt B):1-441.

3. Dizon DS, Krilov L, Cohen E, Gangadhar T, Ganz PA, Hensing TA, Hunger
S, Krishnamurthi SS, Lassman AB, Markham MJ, et al. Clinical cancer
advances 2016: annual report on progress against cancer from the ameri-
can society of clinical oncology. J Clin Oncol. 2016;34(9):987-1011.

4. Parkin DM, Bray Fl, Devesa SS. Cancer burden in the year 2000. The global
picture Eur J Cancer. 2001;37(Suppl 8):S4-66.

5. Arbyn M, Castellsague X, de Sanjose S, Bruni L, Saraiya M, Bray F,

Ferlay J. Worldwide burden of cervical cancer in 2008. Ann Oncol.
2011,22(12):2675-86.

6. Bray F, Ferlay J, Soerjomataram |, Siegel RL, Torre LA, Jemal A. Global
cancer statistics 2018: GLOBOCAN estimates of incidence and mor-
tality worldwide for 36 cancers in 185 countries. CA Cancer J Clin.
2018;68(6):394-424.

7. LuoH, Belinson JL, Du H, Liu Z, Zhang L, Wang C, Qu X, Pretorius RG,

Wu R. Evaluation of viral load as a triage strategy with primary high-risk
human papillomavirus cervical cancer screening. J Low Genit Tract Dis.
2017;21(1):12-6.

8. Dong L, Wang MZ, Zhao XL, Feng RM, Hu SY, Zhang Q, Smith JS, Qiao YL,
Zhao FH. Human papillomavirus viral load as a useful triage tool for non-
16/18 high-risk human papillomavirus positive women: A prospective
screening cohort study. Gynecol Oncol. 2018;148(1):103-10.

9. Adcock R, Cuzick J, Hunt WC, McDonald RM, Wheeler CM. New Mexico
HPVPRSC: Role of HPV Genotype, Multiple Infections, and Viral Load on
the Risk of High-Grade Cervical Neoplasia. Cancer Epidemiol Biomarkers
Prev. 2019;28(11):1816-24.

10. Schmitt M, Depuydt C, Benoy |, Bogers J, Antoine J, Arbyn M, Pawlita M,
Group VS: Multiple human papillomavirus infections with high viral loads
are associated with cervical lesions but do not differentiate grades of
cervical abnormalities. J Clin Microbiol 2013, 51(5):1458-1464.

11. Song F, Yan P, Huang X, Wang C, Du H, Qu X, Wu R. Roles of extended
human papillomavirus genotyping and multiple infections in early detec-
tion of cervical precancer and cancer and HPV vaccination. BMC Cancer.
2022;22(1):42.

12. Zhao X, Zhao S, Hu S, Zhao K, Zhang Q, Zhang X, Pan Q, Zhao F. Role
of human papillomavirus DNA load in predicting the long-term risk of
cervical cancer: a 15-year prospective cohort study in China. J Infect Dis.
2019;219(2):215-22.

13. Martinelli M, Giubbi C, Saderi L, Musumeci R, Perdoni F, Leone BE, Fruscio
R, Landoni F, Piana A, Sotgiu Get al: Evaluation of Human Papilloma Virus
(HPV) Genotyping and Viral Load Determination as Diagnostic Biomark-
ers of Cervical Cancer Risk. Int J Mol Sci. 2023;24(2):1320.

14. Malagon T, Louvanto K, Ramanakumar AV, Koushik A, Coutlee F, Franco
EL. Biomarkers of Cervical Cancer Risk Study T: Viral load of human papil-
lomavirus types 16/18/31/33/45 as a predictor of cervical intraepithelial
neoplasia and cancer by age. Gynecol Oncol. 2019;155(2):245-53.

15. Wang W, Zhang XH, Li M, Hao CH, Zhao ZM, Liang HP. Association
between viral loads of different oncogenic human papillomavirus types
and the degree of cervical lesions in the progression of cervical Cancer.
Clin Chim Acta. 2018;483:249-55.

16. Torres-Ibarra L, Cuzick J, Lorincz AT, Spiegelman D, Lazcano-Ponce E,
Franco EL, Moscicki AB, Mahmud SM, Wheeler CM, Rivera-Paredez B, et al.
Comparison of HPV-16 and HPV-18 Genotyping and Cytological Testing
as Triage Testing Within Human Papillomavirus-Based Screening in
Mexico. JAMA Netw Open. 2019;2(11): e1915781.

17. Crow JM. HPV: The global burden. Nature. 2012;488(7413):52-3.

18. Bao YP Li N, Smith JS, Qiao YL. members A: Human papillomavirus type
distribution in women from Asia: a meta-analysis. Int J Gynecol Cancer.
2008;18(1):71-9.


https://doi.org/10.1186/s12985-024-02356-4
https://doi.org/10.1186/s12985-024-02356-4

Ma et al. Virology Journal (2024) 21:90

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Huang W, Xu H, Hu H, Zhang D, Liu Y, Guo Y, Xiao F, Chen W, Ma Z. The
prevalence of human papillomavirus among women in northern Guang-
dong Province of China. Sci Rep. 2022;12(1):13353.

Yang X, LiY,Tang Y, Li Z, Wang S, Luo X, He T, Yin A, Luo M. Cervical HPV
infection in Guangzhou, China: an epidemiological study of 198,111
women from 2015 to 2021. Emerg Microbes Infect. 2023;12(1): €2176009.
Oyervides-Munoz MA, Perez-Maya AA, Sanchez-Dominguez CN,
Berlanga-Garza A, Antonio-Macedo M, Valdez-Chapa LD, Cerda-Flores RM,
Trevino V, Barrera-Saldana HA, Garza-Rodriguez ML: Multiple HPV Infec-
tions and Viral Load Association in Persistent Cervical Lesions in Mexican
Women. Viruses. 2020;12(4):380.

LiuY, Xu C, Pan J, Sun C, Zhou H, Meng Y. Significance of the viral load

of high-risk HPV in the diagnosis and prediction of cervical lesions: a
retrospective study. BMC Womens Health. 2021;21(1):353.

Tao X, Austin RM, Yu T, Zhong F, Zhou X, Cong Q, Sui L, Zhao C. Risk strati-
fication for cervical neoplasia using extended high-risk HPV genotyping
in women with ASC-US cytology: A large retrospective study from China.
Cancer Cytopathol. 2022;130(4):248-58.

Wu Z,QinY,Yu L, Lin C, Wang H, Cui J, Liu B, Liao Y, Warren D, Zhang X,

et al. Association between human papillomavirus (HPV) 16, HPV18, and
other HR-HPV viral load and the histological classification of cervical
lesions: Results from a large-scale cross-sectional study. J Med Virol.
2017,89(3):535-41.

Segondy M, Ngou J, Kelly H, Omar T, Goumbri-Lompo O, Doutre S,
Mayaud P, Didelot MN. Diagnostic value of human papillomavirus (HPV)
16 and HPV18 viral loads for the detection of high-grade cervical intraepi-
thelial neoplasia (CIN2+) in a cohort of African women living with HIV. J
Clin Virol. 2018,99-100:79-83.

LiM, Du X, Lu M, Zhang W, Sun Z, Li L, Ye M, Fan W, Jiang S, Liu A, et al.
Prevalence characteristics of single and multiple HPV infections in
women with cervical cancer and precancerous lesions in Beijing. China J
Med Virol. 2019,91(3):473-81.

Bernard HU, Burk RD, Chen Z, van Doorslaer K. zur Hausen H, de Villiers
EM: Classification of papillomaviruses (PVs) based on 189 PV types and
proposal of taxonomic amendments. Virology. 2010;401(1):70-9.
Constandinou-Williams C, Collins SI, Roberts S, Young LS, Woodman CB,
Murray PG. Is human papillomavirus viral load a clinically useful predic-
tive marker? A longitudinal study. Cancer Epidemiol Biomarkers Prev.
2010;19(3):832-7.

Pett M, Coleman N. Integration of high-risk human papillomavirus: a key
event in cervical carcinogenesis? J Pathol. 2007;212(4):356-67.

Salazar KL, Zhou HS, Xu J, Peterson LE, Schwartz MR, Mody DR, Ge Y.
Multiple human papilloma virus infections and their impact on the devel-
opment of high-risk cervical lesions. Acta Cytol. 2015;59(5):391-8.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 9 of 9



	Nonlinear relationship between viral load and TCT in singlemultiple HPV52 infection
	Abstract 
	Purpose 
	Methods 
	Results 
	Conclusion 

	Background
	Materials and methods
	Study participants
	Data collection and grouping
	HPV Genotyping and Viral Load
	ThinPrep cytology test(TCT)
	Statistical analysis

	Results
	Baseline characteristics of selected participants
	Baseline Characteristics and TCT results (LSIL or worse)
	HPV52 Viral load and TCT results (LSIL or worse)
	The Nonlinearity of HPV52 Viral load and TCT results (LSIL or worse)

	Discussion
	Conclusions
	Acknowledgements
	References


