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Purpose: Currently, the associations between type-specific high-risk human papillomavirus 

(HR-HPV) viral loads and cervical lesions are still inconsistent. We aimed to assess the type-

specific HR-HPV viral load as a risk triage indicator for development of high-grade squamous 

intraepithelial lesion or worse (≥HSIL).

Patients and methods: A total of 19,446 women who underwent primary screening for 

cervical cancer using Cervista® HR-HPV and cytology assays were enrolled. The viral loads of 

1,396 HR-HPV-positive specimens confirmed by  Cervista® assay were detected by BioPerfectus 

Multiplex Real-Time PCR assay. The correlation between viral loads and cervical lesions was 

analyzed. The optimal cutoffs of individual HR-HPV viral loads used to predict ≥HSIL were 

determined from the receiver operating characteristic curve. A logistic regression model was 

used to analyze the relationship between covariates and the probability of ≥HSIL.

Results: The viral loads of HPV-16, -31, -33, -52, and -58 were positively correlated with 

the severity of the cervical lesion, which was significantly elevated in patients with ≥HSIL, 

whereas those of HPV-18, -45, -56, -59, and other types were not. The optimal cutoffs of the 

log
10

-transformed viral loads for HPV-16, -31, -33, -52, and -58 in identifying ≥HSIL were 

4.26, 4.46, 4.48, 4.36, and 4.26 copies per 10,000 cells, respectively. Furthermore, multivariate 

analysis indicated that type-specific viral loads of HPV-16, -31, -33, -52, and -58 exceeding the 

cutoffs could be independent risk factors for the incidence of ≥HSIL.

Conclusion: The BioPerfectus Multiplex Real-Time PCR viral load assay provides viable 

triage for ≥HSIL when using appropriate cutoff levels.

Keywords: high risk, human papillomavirus, viral load, high-grade squamous intraepithelial 

lesion, BioPerfectus Multiplex Real-Time PCR

Introduction
Cervical cancer is the fourth most frequent malignancy in women, and an estimated 

530,000 new cases are diagnosed annually.1 The incidence and mortality rate2,3 of 

cervical cancer in P.R. China are 7.5 and 3.4 per 100,000 women, respectively. The 

development of cervical cancer is usually related to persistent infections with human 

papillomavirus (HPV).4–6 To date, >200 HPV genotypes have been characterized based 

on their specific sequence information.4 Among them, HPV-16, -18, -31, -33, -35, -39, 

-45, -51, -52, -56, -58, -59, -66, and -68 are classified as high-risk types and HPV-26, 

-53, -73, and -82 are classified as probable high-risk types5,6 by the WHO.

The most common HPV types identified in cervical cancer worldwide are HPV-16, 

-18, -45, -31, -33, -52, -58, and -35, with the proportion of cervical cancers associated 
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with HPV-16 and/or HPV-18 (HPV-16/18) being >70%.6–8 

Type-specific, high-risk HPV (HR-HPV) infection rates in 

cervical cancer patients vary by geographic region.7,8 In P.R. 

China, our previous work9 and other studies10 have shown that 

HPV-16, -18, -58, -59, -33, -52, -56, and -31 are the most 

common infection genotypes in cervical cancer.

The relationship between HR-HPV viral loads and cer-

vical lesions remains unclear. The earliest measurements 

of HR-HPV viral load were performed semi-quantitatively 

using Hybrid Capture 211,12 and PCR-ELISA,13 but the data 

generated regarding HR-HPV viral load were inaccurate 

and inconsistent. The use of reverse transcription-PCR (RT-

PCR)14 for HR-HPV viral load determination has become 

common. Although RT-PCR can absolutely quantify the viral 

load of HR-HPV, the results14 are not accurate because the 

viral load is not normalized relative to the viral copies per 

cell or to the amount of an internal control gene. In recent 

years, some studies15–17 have normalized the absolute viral 

load of HPV, but studies15–19 of the relationship between HR-

HPV viral load and cervical lesions have focused mainly on 

HPV-16 and -18 without considering non-HPV-16/18 types. 

Most studies have reported that the HPV-16 viral load var-

ies directly with the grade of cervical lesions.14–17 However, 

some studies have suggested that a single measurement of 

HPV-16 viral load is not a clinically useful biomarker.19 

HPV-18 viral load measurement is also questionable as a 

diagnostic tool for cervical lesions. It has been reported that 

high HPV-18 viral loads are correlated with the severity of 

cervical lesions,15 but other studies have stated that HPV-18 

viral load is not significant12,16,19 and may, in fact, be lower 

in women with cervical intraepithelial neoplasia grade 2/3 

(CIN2/3) than in those without it.18 Similarly, the clinical 

relevance of the HR-HPV viral loads of non-HPV-16/18 

types is dubious and inconsistent.20–23 Moreover, no cutoffs 

have been established for the viral loads of individual types 

of HPV to distinguish between HR-HPV–positive women 

with high-grade squamous intraepithelial lesion or worse 

(≥HSIL) and those without it.

A previous study reported24 the BioPerfectus Multiplex 

Real-Time PCR (BMRT) assay, which was a newly devel-

oped, highly automated approach for quantifying viral loads 

for 14 HR-HPV types. This method provides an absolute 

quantitative measure of individual types with normaliza-

tion according to the amount of human DNA.24,25 In order 

to confirm that type-specific HPV viral loads correlate with 

the grade of cervical lesions and determine whether the type-

specific HPV viral load is a viable risk identification tool 

for ≥HSIL in HR-HPV–positive women, the present study 

analyzed type-specific viral loads of 14 HR-HPV types using 

the BMRT assay in a large-scale clinical trial.

Patients and methods
Patients and study design
All clinical samples in this study were organized using the 

Fujian Province Cervical Lesions Screening Cohorts, Fujian, 

P.R. China. In one of these cohorts, 19,446 women assessed 

using Cervista® HR-HPV assay and the Thinprep® Cytologic 

Test at the Fujian Provincial Maternity and Children’s Hospi-

tal between January 2012 and December 2016 were enrolled. 

The population eligible for this study involved two arms, one 

consisting of healthy patients undergoing routine physical 

examination and another consisting of patients visiting the 

outpatient clinic for any gynecologic conditions other than 

cancer. Qualified participants were those for whom HPV 

was positively detected by the Cervista® assay, with definite 

cervical histopathology results, and who had a complete 

follow-up record (Figure 1). In total, 698 eligible women 

who were histopathologically abnormal were classified in 

the case group. Another 698 women who were age matched 

with the case group and who were histopathologically normal 

were placed in the control group. All participants were exam-

ined, followed, and diagnosed using standardized protocols. 

All participants in this study provided written informed 

consent. The protocol was reviewed and approved by the 

Ethical Committees of the Fujian Provincial Maternity and 

Children’s Hospital.

Cervical specimen collection
Cervical cells were collected from the cervical canal of all 

participants with plastic brushes, stored in ThinPrep® Pap 

Test PreservCyt® Solution (Hologic Inc., Madison, WI, 

USA), and immediately transported to the laboratory, where 

they were stored at 4°C. Thinprep® Cytologic Test, Cervista®  

HR-HPV, and HPV viral load testing were performed on 

ThinPrep cervical cells.

DNA preparations
DNA from the cervical specimens collected in Thinprep® Pap 

Test  PreservCyt®  solution was extracted and purified using a 

Genfind DNA Extraction Kit (Hologic Inc.) according to the 

manufacturer’s instructions. The DNA was extracted by mag-

netic bead adsorption. The kit purified the DNA by removing 

blood, inflammatory cells, necrotic debris, HPV virions, and 

mucus. The concentration and purity of the cervical cell DNA 

were determined using a Q5000 spectrophotometer (Quawell 

Technology, Inc., San Jose, CA, USA).
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Figure 1 Study flowchart.
Abbreviations: BMRT, BioPerfectus Multiplex Real-Time PCR; ≥CIN1, cervical intraepithelial neoplasia one or worse; HPV, human papillomavirus; HR-HPV, high-risk 
human papillomavirus; NILM, negative for intraepithelial lesion or malignancy; TCT, Thinprep® Cytologic Test.

Fujian province cervical lesion
screening cohorts (FCLSCs), P.R. China

N>120,000

Inclusion criteria

Arm 1: healthy patients undergoing
routine physical examination

Arm 2: patients visting the outpatient
clinic for any gynecologic conditions
except cancer

1. Age 20 years or older
2. Agreement of participant
3. Primary cervical lesion screening
4. Time between January 2012 and December 2016
5. Definite Cervista“ and cytology results
6. Complete follow-up record

Cervical lesion screening contained Cervista“

HR-HPV assay and TCT assay
N=19,446

Cervista“ negative
n=16,436

Cervista“ positive
n=3,010

NILM
n=2,295

Controls
n=698

Age matched
cases

Excluded specimen
unqualified for viral
load assay

Cases
n=698

≥CIN1
n=715

≥CIN1
n=89

NILM
n=16,347

BMRT HPV viral load assay used  Cervista®  specimen
n=1,396

Evaluation for type-specificity HR-HPV
viral loads value
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Liquid-based cytology
Cytological specimens were blindly evaluated, indepen-

dent of the results of the other assays, by two experienced 

cytopathologists. If the diagnosis was different, the cervical 

samples were reviewed again and a consensus diagnosis was 

obtained. The results were evaluated using the Bethesda sys-

tem. Samples were classified as: negative for intraepithelial 

lesion or malignancy (NILM); atypical squamous cells of 

undetermined significance; low-grade squamous intraepi-

thelial lesion (LSIL); atypical squamous cells, not possible 

to exclude HSIL; HSIL; squamous cervical cancer (SCC); 

atypical glandular cells; and adenocarcinoma (ADC) in situ.

Cervista® HR-HPV DNA test
Cervista® HR-HPV (Hologic Inc.) is a qualitative method for 

detecting DNA from 14 HR-HPV types (16, 18, 31, 33, 35, 

39, 45, 51, 52, 56, 58, 59, 66, and 68) in cervical specimens. 

The test uses invader oligonucleotides that amplify signals to 

detect specific nucleic acid sequences. This method involves 

two isothermal reactions: 1) a primary reaction with the tar-

geted DNA sequence and 2) a secondary reaction producing a 

fluorescent signal. In this test, three oligonucleotide mixtures 

were created, in which the 14 HR-HPV types were classified 

into A9, A7, or A5/A6 groups based on phylogenetic relation-

ships. The human histone two gene (HIST2H2BE) served as 

an internal control for all three oligonucleotide mixtures. The 

A9 group detected six HPV subtypes (HPV-16, -31, -33, -35, 

-52, and -58). If at least one of these subtypes was positive, 

then A9 was taken to be positive. Similarly, A5/A6 included 

HPV-51, -56, and -66, whereas A7 consisted of HPV-18, -39, 

-45, -59, and -68. The experimental procedure was conducted 

according to the kit manufacturer’s instructions.

BMRT HR-HPV viral load assay
Type-specific HPV viral load measurement and genotyping 

were simultaneously conducted using a BMRT assay. The 

BMRT assay was performed with the fluorescence-based 

multiplex HPV DNA genotyping kit (Bioperfectus Ltd, 

Jiangsu, P.R. China). Specific primers and their correspond-

ing TaqMan probes were designed to detect each of the 14 

HR-HPV genotypes (HPV-16, -18, -31, -33, -35, -39, -45, 

-51, -52, -56, -58, -59, -66, and -68), and the viral loads of 

the 14 high-risk genotypes were simultaneously quantified. 

A human single-copy gene encoding DNA topoisomerase 

III (TOP3) was tested to calibrate the standards for abso-

lute quantification of the viral copies in a given sample.24 

The experimental procedure was conducted according to 

the kit manufacturer’s instructions. PCR was performed 

on an ABI Prism 7500 Fast Dx System (Thermo Fisher 

Scientif ic, Waltham, MA, USA). Five-point standard 

curves for HPV and the cellular log-phase were established 

for absolute quantification. The standard curves for HPV 

and TOP3 were Y = –3.85633(log
10

X)+36.93833 and Y = 

–3.34656(log
10

X)+38.51644, respectively. The number of 

viral copies was normalized according to the cellular input 

and log
10

-transformed. In cervical specimens, the distribution 

of HPV infection is uneven.21 Obtained specimens of cervical 

cells may, therefore, be partially infected with HPV, whereas 

other parts may not be infected, so the calculated viral load 

is the average viral load of all cells entering the test. Fur-

thermore, a previous study has indicated that the viral load 

per 10,000 cells is considered the applicable unit of HPV 

load.24 Therefore, the normalization of HPV type-specific 

viral loads was performed as follows: viral load = log
10

[Cn 

HPV/Cn TOP3)×10,000] copies/10,000 cells, where Cn HPV 

is the quantity of HPV DNA and Cn TOP3 is the number 

of human cells. Perfectus v1.0 was used for genotyping and 

quantitative analysis of HPV nucleic acids (Bioperfectus Ltd).

Histology
Women who were HPV positive and/or had an abnormal 

cytological result were referred for colposcopy and punch 

biopsy. Women with a punch biopsy diagnosis ≥HSIL under-

went a loop electrosurgical excision procedure cone biopsy 

or conization by cold knife. Specimens were fixed in 10% 

formalin and routinely processed for paraffin embedding. 

Subsequently, 4-μm-thick histological sections were cut 

and stained with H&E using the standard method. Cervical 

biopsy specimens were then histologically examined and 

classified according to the CIN system. The cervical lesions 

were diagnosed by two professional pathologists.

Statistical analysis
The target metric was the viral load of the 14 HR-HPV types 

at the first visit producing a positive test result. The mean and 

SD of the log
10

-transformed absolute virus copy numbers per 

10,000 human cells were considered the type-specific HPV 

viral load. The viral loads of the 14 type-specific HR-HPVs 

were stratified by cytological and colposcopic grade. Pear-

son’s correlation coefficient (r) was applied to determine the 

association between viral load and cervical lesion severity. 

One-way ANOVA was performed to compare type-specific 
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viral load with cervical cytology or histology. The Scheffé 

method was used for multiple pairwise comparisons of all 

HR-HPV types.

Viral loads in single and multiple infections were sepa-

rately correlated with cervical lesion severity. A paired t-test 

was used to compare type-specific HR-HPV loads between 

women with and without diagnoses of ≥HSIL. A receiver 

operating characteristic (ROC) curve was utilized to identify 

the optimal cutoff value of the type-specific HR-HPV viral 

loads for predicting ≥HSIL. A logistic regression model was 

used to analyze the relationship between covariates and the 

probability of ≥HSIL in HR-HPV–positive women; the OR 

was adjusted for covariates. SPSS v17.0 (SPSS Inc., Chicago, 

IL, USA) was used for all statistical analyses. All tests were 

run at a two-sided significance level of 0.05.

Results
Patient characteristics and HPV  
infection status
The present study included 19,446 participants. Among them, 

698 women exhibited abnormal cervical histopathology (223 

CIN1, 162 CIN2, 168 CIN3, 128 SCC, and 17 ADCs) and 

were classified as the case group. Moreover, 698 women 

with positive  Cervista® results and normal histopathology 

were placed in the control group. The BMRT assay revealed 

that 962 (68.9%) of the women had single infection, 346 

(24.8%) had multiple infections, and 88 (6.3%) were nega-

tive. Among the single-infection cases, 474 (134 CIN1, 109 

CIN2, 119 CIN3, 99 SCC, and 13 ADC) were diagnosed as 

CIN1 or worse. Among the multiple infection cases, 186 

cases (71 CIN1, 44 CIN2, 41 CIN3, 27 SCC, and 3 ADC) 

were diagnosed as CIN1 or worse. Thirty-eight uninfected 

cases were diagnosed as CIN1 or worse (18 CIN1, 9 CIN2, 8 

CIN3, 2 SCC, and 1 ADC). The mean ages of the women with 

various histological diagnoses in this study were 46.7±10.47 

years (NILM), 43.6±10.69 years (CIN1), 45.3±9.62 years 

(CIN2), 48.7±9.41 years (CIN3), 49.9±9.69 years (SCC), 

and 44.7±7.16 years (ADC).

Correlation between type-specific HR-
HPV viral load and cervical lesions
The combined viral loads of the 14 HR-HPVs and the  

individual viral loads of HPV-16, -31, -33, -52, and -58 

increased linearly as the cytological cervical status changed 

from normal to HSIL (r
14 HR-HPV

 = 0.47, P
14 HR-HPV

<0.001; r
HPV16

 

= 0.46, P
HPV16

<0.001; r
HPV31

 = 0.60, P
HPV31

<0.001; r
HPV33

 = 

0.51, P
HPV33

<0.001; r
HPV52

 = 0.45, P
HPV52

<0.001; r
HPV58

 = 0.42, 

P
HPV58

<0.001), whereas the individual viral loads of HPV-18 

(r = 0.07, P = 0.47), HPV-45 (r = –0.34, P = 0.26), HPV-56 

(r = –0.16, P = 0.31), HPV-59 (r = 0.14, P = 0.28), and other 

high-risk types (OT, r = 0.10, P = 0.24) did not. The combined 

viral loads of the 14 HR-HPVs and the individual viral loads 

of HPV-16, -31, -33, -52, and -58 were significantly higher 

in women with cytological diagnoses of ≥HSIL (all P-values 

<0.001) than in those with normal cytology. Nevertheless, 

there were no significant differences between atypical gland 

cells and normal cytology in terms of viral loads (Table 1).

There was also a linear increase in the viral loads of the 

14 HR-HPVs and HPV-16, -31, -33, -52, and -58 as the cervi-

cal histopathologic status changed from normal to SCC (r
14 

HR-HPV
 = 0.65, P

14 HR-HPV
<0.001; r

HPV16
 = 0.53, P

HPV16
<0.001; 

r
HPV31

 = 0.68, P
HPV31

<0.001; r
HPV33

 = 0.74, P
HPV33

<0.001; r
HPV52

 

= 0.49, P
HPV52

<0.001; r
HPV58

 = 0.62, P
HPV58

<0.001), but there 

was no significant increase in the viral loads of HPV-18 (r 

= –0.04, P = 0.67), HPV-45 (r = –0.32, P = 0.29), HPV-56 

(r = 0.00, P = 1.00), HPV-59 (r = 0.26, P = 0.05), or OT (r 

= 0.15, P = 0.07). Relative to normal histology, the viral 

loads among women with a histopathologic diagnosis of 

HSIL or SCC were significantly higher for the combined 14 

HR-HPVs (P
HSIL

<0.001, P
SCC

<0.001), HPV-16 (P
HSIL

<0.001, 

P
SCC

<0.001), HPV-31 (P
HSIL

<0.001, P
SCC

<0.001), HPV-33 

(P
HSIL

<0.001, P
SCC

<0.001), HPV-52 (P
HSIL

<0.001, P
SCC

 = 

0.27), HPV-56 (P
HSIL

 = 0.01, P
SCC

 = 0.02), and HPV-58 

(P
HSIL

<0.001, P
SCC

<0.001) but not for the other types. Com-

pared to LSIL, the viral loads in those with a histopathologic 

diagnosis of HSIL or SCC were significantly higher for the 14 

HR-HPVs (P
HSIL

<0.001, P
SCC

<0.001), HPV-16 (P
HSIL

 = 0.003, 

P
SCC

<0.001), HPV-31 (P
HSIL

 = 0.002, P
SCC

 = 0.003), HPV-33 

(P
HSIL

 = 0.003, P
SCC

<0.001), and HPV-58 (P
HSIL

 = 0.02, P
SCC

 

= 0.03), as shown in Table 2. Conversely, the viral loads of 

HPV-16, -18, -31, -33, -45, -52, -56, -58, -59, and OT were 

not significantly higher in women with SCC than in those with 

HSIL. In fact, the viral loads of HPV-31, -52, -56, and OT were 

slightly lower. Among the women histologically confirmed to 

have ADC, the viral loads of the 14 HR-HPVs, HPV-16, -18, 

-56, -59, and OT were lower than those in women histologi-

cally confirmed to have LSIL, HSIL, or SCC. Nevertheless, 

statistically significant differences were found only for the 

14 HR-HPVs (P
ADC-CIN1

 = 0.002, P
ADC-CIN2/3

<0.001, P
ADC-

SCC
<0.001) and HPV-16 (P

ADC-CIN1
 = 0.04, P

ADC-CIN2/3
 = 0.02, 

P
ADC-SCC

 = 0.002). The results show that the HR-HPV viral 

load is not an effective indicator of ADC diagnosis (Table 2).
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Table 1 Type-specific HR-HPV viral loads in the different diagnoses of cervical cytology

HPV type Cervical 
cytology

No. of womena Mean (SD) of log10-
transformed HPV viral load

P-valueb

14 HR-HPVs

nilM 613 3.34 (±0.91) R
asC 215 3.80 (±1.08) <0.001 R
lsil 187 4.28 (±1.02) <0.001 0.002 R
≥HSIL 260 4.76 (±1.06) <0.001 <0.001 0.001 R
≥AGC 33 3.73 (±0.99) 0.36 1.00 0.11 0.001

16

nilM 121 3.72 (±1.05) R
asC 51 4.15 (±1.09) 0.24 R
lsil 67 4.45 (±0.87) 0.06 0.89 R
≥HSIL 143 4.95 (±0.97) <0.001 <0.001 0.40 R
≥AGC 7 4.33 (±0.93) 0.66 1.00 1.00 0.63

18

nilM 62 3.28 (±1.14) R
asC 37 3.65 (±1.12) 0.77 R
lsil 16 3.98 (±1.49) 0.45 0.94 R
≥HSIL 43 3.58 (±0.86) 0.88 1.00 0.89 R
≥AGC 9 3.24 (±0.74) 1.00 0.93 0.70 0.96

31

nilM 30 3.36 (±1.23) R
asC 13 3.68 (±0.92) 0.91 R
lsil 12 3.66 (±0.72) 0.97 1.00 R
≥HSIL 26 4.95 (±0.76) <0.001 0.04 0.04 R
≥AGC 2 3.95 (±0.82) 0.29 0.69 0.56 1.00

33

nilM 34 3.23 (±0.95) R
asC 16 4.40 (±0.88) 0.03 R
lsil 25 3.62 (±0.74) 0.77 0.24 R
≥HSIL 24 5.10 (±0.70) <0.001 0.40 <0.001 R
≥AGC 3 4.00 (±1.77) 0.83 0.98 0.98 0.58

45

nilM 15 3.92 (±0.58) R
asC 7 4.22 (±0.80) 0.93 R
lsil 6 4.32 (±0.58) 0.81 1.00 R
≥HSIL 7 3.38 (±0.87) 0.71 0.56 0.24 R
≥AGC 7 3.63 (±0.31) 0.93 0.78 0.72 0.98

52

nilM 146 3.20 (±0.77) R
asC 74 3.69 (±0.99) 0.18 R
lsil 40 4.13 (±1.14) 0.001 0.49 R
≥HSIL 41 4.62 (±1.38) <0.001 0.002 0.38 R
≥AGC 5 3.35 (±1.31) 1.00 1.00 0.90 0.58

56

nilM 40 3.34 (±0.68) R
asC 24 3.94 (±1.48) 0.04 R
lsil 12 3.94 (±1.47) 0.04 1.00 R
≥HSIL 15 3.32 (±1.77) 1.00 0.03 0.03 R
≥AGC n/a n/a n/a n/a n/a n/a

58

nilM 96 3.16 (±1.07) R
asC 49 3.99 (±1.03) 0.01 R
lsil 27 4.04 (±1.06) 0.02 1.00 R
≥HSIL 44 4.54 (±0.88) <0.001 0.20 0.39 R
≥AGC 3 4.03 (±0.71) 0.72 1.00 1.00 0.95

59

nilM 43 3.34 (±1.18) R
asC 14 3.84 (±1.27) 0.82 R
lsil 10 4.20 (±0.80) 0.81 0.99 R
≥HSIL 15 4.13 (±1.03) 0.34 0.98 1.00 R
≥AGC 5 3.46 (±0.52) 1.00 0.98 0.93 0.85

Other types

nilM 152 3.46 (±0.80) R
asC 45 3.44 (±0.71) 1.00 R
lsil 31 3.77 (±0.55) 0.86 0.93 R
≥HSIL 12 3.21 (±0.64) 1.00 1.00 0.93 R
≥AGC 10 3.68 (±0.23) 0.99 0.99 1.00 0.99

Notes: Other types, HR-HPV types 35, 39, 51, 66, and 68. aA woman was counted multiple times if she was positive for ≥2 HR-HPV types. bEstimated by one-way ANOVA 
with Scheffe’s method for pair-wise multiple comparisons.
Abbreviations: 14 HR-HPVs, add up the log10-transformed viral load of HPV-16, -18, -31, -33, -35, -39, -45, -51, -52, -56, -58, -59, -66, and -68; ≥AGC, atypical gland 
cells or adenocarcinoma; ASC, atypical squamous cells; HPV, human papillomavirus; ≥HSIL, high-grade squamous intraepithelial lesion or worse; LSIL, low-grade squamous 
intraepithelial lesion; N/A, not available; NILM, negative for intraepithelial lesion or malignancy; R, reference.
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Table 2 Type-specific HR-HPV viral loads in the different diagnoses of cervical histopathology

HPV type Cervical 
pathology

No. of womena Mean (SD) of log10-
transformed HPV viral load

P-valueb

nilM 648 3.20 (±0.80) R
lsil (Cin1) 205 4.21 (±0.94) <0.001 R

14 HR-HPVs hsil (Cin2/3) 313 4.58 (±1.02) <0.001 <0.001 R
sCC 126 5.09 (±0.92) <0.001 <0.001 0.05 R
ADC 16 3.14 (±0.90) 1.00 0.001 <0.001 <0.001
nilM 128 3.40 (±0.92) R
lsil (Cin1) 45 4.21 (±0.83) 0.001 R

16 hsil (Cin2/3) 124 4.75 (±0.96) <0.001 0.003 R
sCC 89 5.10 (±0.90) <0.001 <0.001 0.13 R
ADC 3 2.84 (±1.30) 0.90 0.04 0.02 0.002

18

nilM 62 3.43 (±1.30) R
lsil (Cin1) 37 3.71 (±1.25) 0.90 R
hsil (Cin2/3) 41 3.39 (±0.75) 1.00 0.83 R
sCC 16 4.02 (±0.94) 0.77 0.97 0.72 R
ADC 11 3.09 (±0.79) 0.95 0.69 0.98 0.57

31

nilM 38 3.15 (±1.02) R
lsil (Cin1) 15 3.97 (±0.56) 0.11 R
hsil (Cin2/3) 23 5.06 (±0.58) <0.001 0.02 R
sCC 7 4.84 (±0.89) <0.001 0.03 0.93 R
ADC n/a n/a n/a n/a n/a n/a

33

nilM 44 3.25 (±0.93) R
lsil (Cin1) 25 3.88 (±0.73) 0.07 R
hsil (Cin2/3) 23 4.87 (±0.62) <0.001 0.003 R
sCC 10 5.73 (±0.53) <0.001 <0.001 0.14 R
ADC n/a n/a n/a n/a n/a n/a

45

nilM 23 3.99 (±0.61) R
lsil (Cin1) 7 4.22 (±0.84) 0.99 R
hsil (Cin2/3) 5 3.52 (±0.75) 0.84 0.75 R
sCC 3 4.04 (±0.77) 1.00 1.00 0.89 R
ADC 4 3.63 (±0.31) 0.95 0.88 1.00 0.96

52

nilM 186 3.08 (±0.75) R
lsil (Cin1) 54 4.07 (±0.93) <0.001 R
hsil (Cin2/3) 59 4.52 (±1.26) <0.001 0.14 R
sCC 7 3.84 (±1.41) 0.27 0.95 0.39 R
ADC n/a n/a n/a n/a n/a n/a

56

nilM 59 3.22 (±0.70) R
lsil (Cin1) 18 4.22 (±1.00) 0.01 R
hsil (Cin2/3) 7 4.20 (±1.03) 0.01 1.00 R
sCC 5 4.10 (±1.29) 0.02 1.00 1.00 R
ADC 2 3.73 (±0.78) 0.54 0.49 0.53 0.62

58

nilM 108 2.88 (±0.74) R
lsil (Cin1) 45 4.01 (±0.90) <0.001 R
hsil (Cin2/3) 55 4.55 (±0.88) <0.001 0.02 R
sCC 11 4.78 (±1.10) <0.001 0.03 0.90 R
ADC n/a n/a n/a n/a n/a n/a

59

nilM 44 3.02 (±1.03) R
lsil (Cin1) 21 4.27 (±0.96) 0.004 R
hsil (Cin2/3) 11 3.76 (±0.60) 0.28 0.68 R
sCC 9 3.96 (±1.00) 0.20 0.96 0.99 R
ADC 2 3.44 (±0.21) 0.98 0.83 1.00 0.97

Other types

nilM 175 3.43 (±0.74) R
lsil (Cin1) 27 4.34 (±0.55) 0.25 R
hsil (Cin2/3) 29 4.01 (±1.49) 0.59 0.98 R
sCC 16 3.75 (±0.32) 0.99 0.94 1.00 R
ADC 3 3.63 (±0.51) 1.00 0.88 0.99 1.00

Notes: Other types, HR-HPV types 35, 39, 51, 66, and 68. aA woman was counted multiple times if she was positive for ≥2 HR-HPV types. bEstimated by one-way ANOVA 
with Scheffe’s method for pair-wise multiple comparisons.
Abbreviations: 14 HR-HPVs, add up the log10-transformed viral load of HPV-16, -18, -31, -33, -35, -39, -45, -51, -52, -56, -58, -59, -66, and -68; ADC, adenocarcinoma; 
CIN, cervical intraepithelial neoplasia; HPV, human papillomavirus; HSIL, high-grade squamous intraepithelial lesion; LSIL, low-grade squamous intraepithelial lesion; N/A, not 
available; NILM, negative for intraepithelial lesion or malignancy; R, reference; SCC, squamous cell carcinoma.
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Comparisons of type-specific HR-
HPV viral loads in HPV-infected 
women with and without ≥HSIL
Histopathology confirmed that 475 women had ≥HSIL, 

and the BMRT assay was positive in 455 women. For both 

single-infection and multiple infection cases, the viral loads 

of the 14 HR-HPVs (P
single

<0.001, P
multiple

<0.001), HPV-16 

(P
single

<0.001, P
multiple

<0.001), HPV-31 (P
single

<0.001, P
mul-

tiple
<0.001), HPV-33 (P

single
<0.001, P

multiple
<0.001), HPV-52 

(P
single

<0.001, P
multiple

 = 0.04), and HPV-58 (P
single

<0.001, 

P
multiple

<0.001) were significantly higher in ≥HSIL cases than 

in NILM/LSIL cases. In contrast, HPV-18 (P
single

 = 0.21, 

P
multiple

 = 0.06), HPV-45 (P
single

 = 0.13, P
multiple

 = 0.56), HPV-

56 (P
single

 = 0.09, P
multiple

 = 0.66), and HPV-59 (P
single

 = 0.37, 

P
multiple

 = 0.44) viral loads were not significantly different in 

cases with or without ≥HSIL (Table 3).

Performance and cutoffs of BMRT 
viral load assay for the incidence of 
≥HSIL in HR-HPV infections
We analyzed the type-specific HPV viral load data using ROC 

curve models for all HR-HPV–positive women and determined 

the most useful cutoff for the identification of ≥HSIL (Figure 2). 

The area under the ROC curve (area under the curve [AUC]) for 

viral load was calculated for the ≥HSIL endpoints. According 

to the ROC curve analysis, the 14 HR-HPV viral load had an 

optimal cutoff of 3.17 copies/10,000 cells (log
10

-transformed). 

At this cutoff level, the viral load was able to identify ≥HSIL 

with a sensitivity (Se) of 84.0%, a specificity (Sp) of 81.0%, 

and an AUC of 0.90 (95% CI = 0.877–0.911; P<0.001). For 

the individual HR-HPV viral loads, only the AUC estimates for 

HPV-16, -31, -33, -52, and -58 were significant. HPV-16 had an 

AUC of 0.82 (95% CI = 0.766–0.863; P<0.001) and an optimal 

cutoff of 4.26 copies/10,000 cells (Se = 79.0%, Sp = 81.0%, 

positive likelihood ratio [PLR] = 4.16, and negative likelihood 

ratio [NLR] = 0.26). HPV-31 had an AUC of 0.91 (95% CI 

= 0.827–0.995; P<0.001) and an optimal cutoff of 4.46 cop-

ies/10,000 cells (Se = 89.0%, Sp = 89.0%, PLR = 8.09, and NLR 

= 0.12). HPV-33 had an AUC of 0.91 (95% CI = 0.839–0.978; 

P<0.001) and an optimal cutoff of 4.48 copies/10,000 cells (Se 

= 83.0%, Sp = 83.0%, PLR = 4.88, and NLR = 0.20). HPV-52 

had an AUC of 0.75 (95% CI = 0.669–0.828; P<0.001) and an 

optimal cutoff of 4.36 copies/10,000 cells (Se = 62.0%, Sp = 

87.0%, PLR = 4.77, and NLR = 0.44). HPV-58 had an AUC of 

0.80 (95% CI = 0.726–0.865; P<0.001) and an optimal cutoff 

of 4.26 copies/10,000 cells (Se = 67.0%, Sp = 79.0%, PLR = 

3.19, and NLR = 0.42). The AUC estimate for HPV-18, -45, -56, 

-59, and OT were not significant.

According to the multivariate logistic regression model 

analysis (Table 4), the independent risk factors for the inci-

dence of ≥HSIL in HPV infections following log
10

 transfor-

mation were: 14 HR-HPV viral load ≥3.17 copies/10,000 

cells (OR = 2.53, 95% CI = 1.73–3.71; P<0.001), HPV-16 

viral load ≥4.26 copies/10,000 cells (OR = 21.97, 95% CI 

= 13.56–35.60; P<0.001), HPV-31 viral load ≥4.46 cop-

ies/10,000 cells (OR = 12.17, 95% CI = 2.56–57.81; P = 

0.002), HPV-33 viral load ≥4.48 copies/10,000 cells (OR = 

6.15, 95% CI = 1.50–25.33; P = 0.012), HPV-52 viral load 

≥4.36 copies/10,000 cells (OR = 5.12, 95% CI = 2.77–9.47; 

P<0.001), and HPV-58 viral load ≥4.26 copies/10,000 cells 

(OR = 6.35, 95% CI = 3.48–11.58; P<0.001).

Table 3 Comparisons of type-specific HR-HPV viral loads in HPV-infected women with and without ≥HSIL

HPV type Single infectiona Multiple infectionsb

Mean (SD) of log10-transformed HPV 
viral load

P-value Mean (SD) of log10-transformed HPV 
viral load

P-value

NILM/LSIL ≥HSIL NILM/LSIL ≥HSIL

14 HR-HPV 3.41 (±0.96) 4.55 (±1.13) <0.001 3.55 (±0.87) 4.99 (±0.70) <0.001
HPV-16 3.64 (±1.00) 4.87 (±1.06) <0.001 3.68 (±0.63) 4.86 (±0.78) <0.001
HPV-18 3.60 (±1.44) 3.28 (±0.81) 0.21 3.59 (±0.42) 3.88 (±0.52) 0.06
HPV-31 3.82 (±0.87) 5.27 (±0.46) <0.001 2.57 (±0.54) 4.59 (±0.77) <0.001
HPV-33 3.77 (±0.93) 5.07 (±0.75) <0.001 3.19 (±0.70) 5.15 (±0.50) <0.001
HPV-45 3.99 (±0.61) 3.38 (±0.45) 0.13 3.96 (±0.79) 4.13 (±0.70) 0.56
HPV-52 3.32 (±0.98) 4.53 (±1.09) <0.001 3.69 (±0.77) 4.34 (±1.48) 0.04
HPV-56 4.14 (±1.12) 5.15 (±0.85) 0.09 2.86 (±0.88) 3.38 (±1.83) 0.66
HPV-58 3.35 (±1.04) 4.48 (±0.92) <0.001 3.81 (±0.74) 4.84 (±0.86) <0.001
HPV-59 3.40 (±1.30) 3.66 (±0.62) 0.37 3.95 (±0.54) 4.26 (±1.02) 0.44

Other types 3.42 (±0.75) 4.45 (±1.44) 0.25 3.60 (±0.71) 3.80 (±0.46) 0.74
Notes: Other types, HR-HPV types 35, 39, 51, 66, and 68. aOnly one genotype of HR-HPV infection. bAt least two or more genotypes of HR-HPV infection.
Abbreviations: 14 HR-HPVs, add up the log10-transformed viral load of HPV-16, -18, -31, -33, -35, -39, -45, -51, -52, -56, -58, -59, -66, and -68; HPV, human papillomavirus; 
≥HSIL, high-grade squamous intraepithelial lesion or worse; NILM/LSIL, negative for intraepithelial lesion or malignancy/low-grade squamous intraepithelial lesion.
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Figure 2 ROC curve analysis of type-specific HPV viral loads for identifying ≥HSIL.
Notes: Cutoff, the optimal viral load level used to predict ≥HSIL calculated according to the ROC curve. (A–F) ROC curve analysis of 14 HR-HPVs, HPV-16, -31, -33, -52, 
and -58 viral loads for identifying ≥HSIL, respectively.
Abbreviations: AUC, the area under the ROC curve; HPV, human papillomavirus; HR-HPV, high-risk HPV; ≥HSIL, high-grade squamous intraepithelial lesion or worse; 
ROC, receiver operator characteristic.
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Discussion
In recent years, quantitative measurements of HR-HPV load 

have become common. However, associations between HPV 

viral loads and cervical lesions are inconsistent. Furthermore, 

previous studies15,16 focused mainly on HPV-16 and -18, 

regardless of the absolute load of individual types.12 This 

study was conducted to evaluate the correlations between 

the absolute viral loads of the 14 type-specific HR-HPVs, 

as detected by BMRT HPV viral load assay, and the degree 

of cervical lesions. In addition, the optimal cutoffs for type-

specific HR-HPV viral loads were defined and the ability 

of the assay to identify ≥HSIL in HR-HPV infections was 

evaluated according to the cutoffs.

This study showed that the viral loads of HPV-16, -31, -33, 

-52, and -58, as well as of the 14 HR-HPVs linearly increased 

as cervical cytological severity also increased. Similarly, for 

both single infection and multiple infection cases, there were 

significantly higher viral loads for these types among women 

with ≥HSIL than among those with NILM/LSIL. We noticed 

that these five genotypes were associated with a substantially 

higher risk of ≥HSIL. The present study indicates that the most 

useful cutoff levels for the log
10

-transformed viral loads of 

HPV-16, -31, -33, -52, -58, and the 14 HR-HPVs were 4.26, 

4.46, 4.48, 4.36, 4.26, and 3.17 copies per 10,000 cells, respec-

tively, and that these cutoffs provided viable triage for the risk 

of ≥HSIL in HR-HPV infections (all P<0.05). This finding is 

consistent with previous studies reporting the effect of HPV-16 

viral load on the development of cervical cancer.15,26,27 In our 

research, the cutoff level for the log
10

-transformed viral load 

of HPV-16 was 4.26 copies per 10,000 cells, which is similar 

to the cutoff level reported by Segondy et al.15 Moreover, Sun 

et al24 also reported that using 16,600 copies/10,000 cells 

(log
10

-transformed: 4.22 copies/10,000 cells) as a cutoff value 

can predict CIN2+. Among non-16/18 HR-HPV genotypes, 

special attention should be given to HPV-31 and -33 due to 

their high carcinogenicity6 and to HPV-52 and -58 due to 

their high prevalence in Asian women.28 However, earlier 

studies have seldom or inconsistently reported correlations 

between HPV-31, -33, -52, and -58 viral loads and cervical 

lesions.21,29–32 Moreover, HPV-16, -31, -33, -52, and -58 are 

assigned to species 9, consistent with the ALTS trial,21 and 

we found that the elevated risk of ≥HSIL for high viral loads 

appeared to be specific to alpha-9-associated types. In addi-

tion, because the HPV-16 viral load predominated, estimates 

of the viral load of the combined 14 HR-HPVs showed similar 

trends to those for HPV-16 in terms of cervical cancer disease 

progression.

In contrast, the viral loads of HPV-18, -45, -56, -59, and 

other high-risk types did not correlate with cervical lesion 

severity and were of limited clinical utility in this study. High 

Table 4 Factors predicting ≥HSIL in HR-HPV–positive women

Log10-transformed viral loads No. of womena (N = 1,308) Multivariate analysis

ORadjusted
b 95% CI P-value

14 HR-HPVs
<3.17 396 1 (R) –
≥3.17 912 2.53 1.73–3.71 <0.001

HPV-16
<4.26 1,110 1 (R) –
≥4.26 198 21.97 13.56–35.60 <0.001

HPV-31
<4.46 1,282 1 (R) –
≥4.46 26 12.17 2.56–57.81 0.002

HPV-33
<4.48 1,280 1 (R) –
≥4.48 28 6.15 1.50–25.33 0.012

HPV-52
<4.36 1,205 1 (R) –
≥4.36 103 5.12 2.77–9.47 <0.001

HPV-58
<4.26 1,243 1 (R) –
≥4.26 65 6.35 3.48–11.58 <0.001

Notes: aA woman was counted multiple times if she was positive for ≥2 HR-HPV types. bAdjusted ORs were obtained using the regression coefficients from a multivariable 
logistic regression model and were adjusted by age and coinfection with other high-risk types (yes or no).
Abbreviations: 14 HR-HPVs, add up the log10-transformed viral load of HPV-16, -18, -33, -39, -51, -56, -59, -66, and -68; HR-HPV, high-risk human papillomavirus; ≥HSIL, 
high-grade squamous intraepithelial lesion or worse; NILM/LSIL, negative for intraepithelial lesion or malignancy/low-grade squamous intraepithelial lesion; R, reference.
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viral loads of HPV-18, -45, -56, and -59 were not effective 

at detecting ≥HSIL in HR-HPV–positive women. The data 

indicated that the viral loads of HPV-56 and -59 are relatively 

high in ≥HSIL cases with both single and multiple infections, 

but not significantly so. In contrast, the viral loads of HPV-18 

and -45 in ≥HSIL cases were lower than those in NILM/LSIL 

cases. This result corroborates a previous study indicating that 

HPV-18 DNA loads were lower in women with HSIL than in 

those without.18 This finding indicates that cervical lesions 

induced by HPV-18, -45, -56, and -59 and other high-risk 

types are more likely to be associated with increased HPV 

transcript levels rather than with viral copies33 and with more 

integration rather than episomal status in invasive cancer.34 

Additionally, HPV-18, -45, and -59 as representative types of 

the alpha-7 species were found to be strongly associated with 

ADC.35 The glandular epithelium of ADC does not support 

productive HPV infection and may limit intracellular viral 

replication;36 therefore, the low viral loads in these types of 

malignancy result in difficulty in detecting HPV and under-

estimations of the association of HPV-18, -45, and -59 loads 

with glandular lesions.

The HPV life cycle strictly follows the differentiation 

program of cellular DNA machinery. The HPV viral load, 

reflecting cytological changes in exfoliated cells, is closely 

correlated with the number of infected cells and the viral cop-

ies in these cells.37 Therefore, a possible mechanism underly-

ing the association between high viral loads and incremental 

incidence of cervical neoplasia is an elevated likelihood of 

cells with transforming infections and viral integration into 

the cellular genome, concurrent with an increased number 

of infected cells and/or increased number of viral copies in 

individual cells.38 Cervical lesions often start from one or 

more cells and then develop by clonal expansion. The associa-

tion between ≥HSIL and HPV-16, -31, -33, -52, and -58 viral 

loads may be explained by the possibility that the number of 

cells with transforming infections increases with the number 

of viral copies per cell and/or the number of infected cells.

The higher viral loads of HPV-16, -31, -33, -52, and -58 in 

cases of ≥HSIL should not be considered to be from ≥HSILs 

themselves, as cancer cells undergoing clonal expansion may 

contain fewer viral copes than proliferating cells undergoing 

productive viral replication. Cervical specimens were obtained 

by scraping maturing cells from broad areas of the cervical 

epithelium. Even when they are present, ≥HSILs constitute 

only a small proportion of the cells removed by scraping.39

There are some limitations of this study. First, the lengths 

of the infections in the women participating in this study 

are unknown. Therefore, no conclusion regarding transient 

infection was drawn. Second, this study had a small number 

of women diagnosed with ADC. Consequently, no general 

conclusion could be drawn regarding the difference between 

control and ADC cases in terms of viral loads. Further 

studies are needed to confirm our findings and bridge these 

information gaps. Third, we did not assess the correlation 

between infection type (episomal, integrated, mixed) and 

viral load. Evaluation of this relationship will give us a 

deeper understanding of the biological significance of viral 

loads. This is the direction in which we plan to continue our 

efforts in the future. Finally, although HPV viral load test-

ing has potential applications as an alternative to cytology 

in future clinical practice, the extent to which these findings 

can be transformed into clinical practice must be rigorously 

verified in the context of viral load measurement methods 

and variation in type-specific carcinogenicity among regions.

Conclusion
Our research demonstrates the potential value of type-specific 

HPV viral load assay. The viral loads of HPV-16, -31, -33, 

-52, and -58 were positively correlated with cervical disease 

progression. Optimal cutoffs of type-specific HR-HPV viral 

loads were established to screen for ≥HSIL. The type-specific 

viral load assay provides a viable triage tool for ≥HSIL in 

HR-HPV infections.

Abbreviations
AGC, atypical gland cells; ASC, atypical squamous cells; 

CIN1+, cervical intraepithelial neoplasia grade one or worse; 

TCT, Thinprep® Cytologic Test
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