
HPV E6/E7 mRNA versus HPV DNA co-testing and
colposcopy referral in adolescent and young adult
women: a real-world exploratory triage study
Shuailiang Xin 

The Third Affiliated Hospital of Zhengzhou University
tong xue 

The Third Affiliated Hospital of Zhengzhou University
yunling li 

The Third Affiliated Hospital of Zhengzhou University
mengke qin 

The Third Affiliated Hospital of Zhengzhou University
yixuan liu 

The Third Affiliated Hospital of Zhengzhou University
Yongzhen Guo 

The Third Affiliated Hospital of Zhengzhou University
Wei Zhang 

The Third Affiliated Hospital of Zhengzhou University

Research Article

Keywords: Cervical cancer screening, Human papillomavirus, Triage, Adolescent and young adult,
Verification bias

Posted Date: September 29th, 2026

DOI: https://doi.org/10.21203/rs.3.rs-10829598/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

Additional Declarations: No competing interests reported.

Page 1/17

https://doi.org/10.21203/rs.3.rs-10829598/v1
https://doi.org/10.21203/rs.3.rs-10829598/v1
https://doi.org/10.21203/rs.3.rs-10829598/v1
https://creativecommons.org/licenses/by/4.0/


Abstract

Background
In adolescent and young adult (AYA) women, high-risk human papillomavirus (HR-HPV) infection is often
transient, so direct colposcopy referral of all HR-HPV-positive women may create avoidable burden. In
Chinese hospital-based screening, HPV DNA genotyping and HPV E6/E7 mRNA assays coexist, but AYA-
specific triage evidence is limited. We evaluated age-specific screening findings and modelled referral-
detection trade-offs, treating platform comparisons as ecological.

Methods
We analysed women undergoing opportunistic cervical screening at a tertiary hospital in Henan, China, in
2023–2024. Women were classified as AYA (15–39 years) or non-AYA ( > = 40 years); 32,737 with valid
cytology formed the analytic cohort. HR-HPV testing used either the Kaineng 23-genotype DNA assay or
the Hologic Aptima E6/E7 mRNA assay. The primary endpoint was histologically confirmed cervical
intraepithelial neoplasia grade 2 or worse (CIN2+); the secondary endpoint was grade 3 or worse
(CIN3+). We estimated marker positivity, triage referral, histology-verified CIN2 + capture, platform
concordance, and inverse-probability-weighting (IPW)-corrected diagnostic accuracy.

Results
HR-HPV positivity was lower in AYA than non-AYA women on both platforms (DNA 15.7% vs 18.7%;
mRNA 8.3% vs 12.8%; both p < 0.001). Among verified women, CIN2 + prevalence was similar (8.8% vs
8.5%), whereas CIN3 + was lower in AYA women (1.7% vs 3.0%; odds ratio 0.56, 95% confidence interval
0.35–0.89). In AYA co-tested women, cytology triage of mRNA-positive women referred 4.0% and
captured 73.4% of verified CIN2+; the DNA pathway referred 6.1% and captured 68.8%. Genotype-only
triage minimized referrals but missed many verified CIN2 + cases. Among 864 dual-tested women,
platform agreement was moderate (kappa = 0.42). Naive HR-HPV sensitivity of 82–87% fell to 43–51%
after IPW correction.

Conclusions
AYA women did not have a higher verified CIN2 + burden and had fewer CIN3 + lesions than older
women. Cytology-directed triage appeared to reduce colposcopy compared with direct referral. The
apparent mRNA pathway advantage should be interpreted cautiously because platform assignment was
non-random and mostly non-overlapping. Paired prospective studies with complete verification and
follow-up are needed.
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Background
Cervical cancer remains a major public-health challenge, and the World Health Organization has called
for elimination through vaccination, screening, and treatment [1]. China carries a substantial cervical-
cancer burden, while HR-HPV infection and cervical cancer risk vary by region, age, screening access,
and vaccination uptake [2].

Cervical screening in adolescent and young adult (AYA) women, here defined as 15–39 years in line with
AYA oncology conventions, raises a specific clinical and public-health dilemma. HR-HPV infection is
common in younger women, but most infections are transient. A strategy that refers every HR-HPV-
positive young woman directly to colposcopy may increase anxiety, cost, clinic workload, and potential
overtreatment, particularly when the immediate risk of CIN3 + is low [3–7].

Two broad classes of HR-HPV tests are used in routine Chinese hospital screening [8–10]. HPV DNA
assays detect viral genetic material and typically provide genotype information, whereas HPV E6/E7
mRNA assays detect oncogene transcription and may be more specific for clinically relevant infection
[11–14]. Evidence comparing these approaches in routine AYA screening is limited, and direct
comparisons are difficult when platforms are used in different clinical workflows.

Triage of HR-HPV-positive women by genotype or reflex cytology is central to reducing unnecessary
colposcopy while preserving detection of clinically important precancer [15–18]. Other risk markers,
including methylation and viral load, may further refine risk stratification [19, 20], and HPV16/18
genotyping has also been evaluated as a triage approach in young women [21]. We used two years of
routine screening data from a large tertiary hospital in Henan, China, to characterize age-specific HR-
HPV positivity, cytology, and histological outcomes; estimate PPV for key triage markers; compare
colposcopy referral and CIN2 + detection under clinically realistic triage strategies within each platform;
and quantify the effect of partial verification bias on diagnostic accuracy estimates.

Methods
Study design and setting

This was a single-centre, retrospective, cross-sectional study of women who underwent opportunistic
cervical cancer screening at The Third Affiliated Hospital of Zhengzhou University, Henan Province,
China, between January 2023 and December 2024. The diagnostic-accuracy components were prepared
in accordance with the Standards for Reporting of Diagnostic Accuracy Studies (STARD), and the
observational components followed the Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) recommendations.

Study population and grouping

All screening encounters during the study period were eligible. Age was quality-controlled by removing
biologically implausible or unclassifiable values. Women were assigned to mutually exclusive age
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groups: AYA (15-39 years) and non-AYA (>=40 years). Because cervical cytology was available for nearly
all screened women, the primary analytic cohort for screening and triage analyses comprised women
with a valid cytology result.

HR-HPV testing platforms

HR-HPV status was determined using one of two routine laboratory platforms. For the DNA platform,
HPV genotyping was performed using a PCR-based 23-genotype assay (Kaineng HPV Genotyping Kit;
Kaineng Biotechnology, China), which detects 14 high-risk genotypes (HPV16, 18, 31, 33, 35, 39, 45, 51,
52, 56, 58, 59, 66, and 68), 6 low-risk genotypes (HPV6, 11, 42, 43, 44, and 81), and 3 other genotypes
(HPV53, 73, and 82) in a single assay. HPV mRNA testing used the Hologic Aptima HPV E6/E7 mRNA
method, with HPV16 and HPV18/45 genotyping where available. Assays were performed and interpreted
according to manufacturer instructions by the hospital's accredited laboratory.The two platforms were
mutually exclusive for most women and were embedded in routine clinical workflows. 

Cervical cytology and histology

Liquid-based cervical cytology was classified according to the Bethesda system. Cytological abnormality
was defined at two thresholds: >=ASC-US and >=ASC-H. Cytology interpretation followed routine
departmental quality-control procedures with double sign-out; difficult or discordant cases were
reviewed in departmental consultation.

The reference standard was cervical histology obtained at colposcopy-directed biopsy or excision.
Histological diagnoses were made within the routine pathology workflow using double sign-out, with
departmental consultation for difficult cases. The primary endpoint was CIN2+ (CIN2, CIN3,
adenocarcinoma in situ, or invasive cervical cancer), and the secondary endpoint was CIN3+.

Triage strategy definitions

Within each platform, we modelled three clinically realistic triage strategies among women with both an
HPV result and cytology: (1) HPV primary referral, in which all HR-HPV-positive women would be referred
to colposcopy; (2) genotype-directed referral, in which only HPV16/18 positive women on the DNA
platform or HPV16/18-45 positive women on the mRNA platform would be referred; and (3) cytology-
directed referral, in which HR-HPV-positive women would be referred only if concurrent cytology was
>=ASC-US. For each strategy we calculated the colposcopy referral rate and the proportion of histology-
verified CIN2+ cases that would have been referred, together with the number of verified CIN2+ cases
missed.

Statistical analysis

Categorical variables are summarized as counts and percentages and were compared using the chi-
square test or Fisher's exact test where appropriate. Between-group associations are expressed as odds
ratios (ORs) with 95% confidence intervals (CIs). Marker positivity and PPV for CIN2+ were estimated
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with binomial 95% CIs. Agreement between the HPV DNA and HPV mRNA platforms among dual-tested
women was quantified using overall agreement, positive and negative percentage agreement, and
Cohen's kappa with 95% CIs. Two-sided p<0.05 was considered statistically significant. Analyses were
performed in Python using pandas, SciPy, and statsmodels.

OpenAI Codex was used as an assistive tool for data-analysis workflow checking and English-language
polishing. The authors independently reviewed and verified all analytical outputs, interpretations, and
manuscript revisions, and take full responsibility for the final content.

Correction for partial verification bias

Histological verification in routine screening is not random and occurs mainly among women with
abnormal screening results. Naive estimates of diagnostic accuracy are therefore vulnerable to partial
verification bias [22, 23]. We used inverse-probability weighting (IPW) to estimate diagnostic accuracy
after accounting for differential verification [24-26]. Within each age group, women were stratified by
cytology tier and HR-HPV status, and each verified woman was weighted by the inverse of the stratum-
specific probability of verification. Corrected sensitivity, specificity, PPV, and NPV with 95% CIs were
obtained by bootstrap resampling with 1,000 replicates.

Results
Cohort characteristics and platform distribution

Of 33,224 women screened during 2023-2024, 38 with invalid or missing age were excluded, yielding
33,186 age-classified women (AYA 21,206; non-AYA 11,980; Fig. 1). The analytic cohort comprised
32,737 women with valid cytology (AYA 20,926; non-AYA 11,811). AYA women were younger by definition
(median 33 vs 48 years), and 71.8% of AYA women were aged 30-39 years (Table 1).

Test availability differed by age group. Among AYA women, 40.1% had HPV DNA testing and 53.5% had
HPV E6/E7 mRNA testing, whereas non-AYA women more often had DNA testing (53.6%) than mRNA
testing (40.9%). Only 436 AYA and 428 non-AYA women were tested on both platforms. Histological
verification was available for 1,715 AYA women (8.1%) and 1,644 non-AYA women (13.7%).

Age-specific epidemiology

HR-HPV positivity showed a U-shaped age distribution, with higher positivity in the youngest and oldest
age bands and a trough in the late twenties and thirties (Table 2, Fig. 2). On the DNA platform, HR-HPV
positivity was lower in AYA than non-AYA women (15.7% vs 18.7%; OR 0.81, 95% CI 0.75-0.89; p<0.001).
The same pattern was observed on the mRNA platform (8.3% vs 12.8%; OR 0.62, 95% CI 0.56-0.69;
p<0.001). Cytological abnormality was also less frequent in AYA women at both >=ASC-US and >=ASC-H
thresholds.
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Among histologically verified women, CIN2+ prevalence was similar between age groups (AYA 8.8% vs
non-AYA 8.5%; OR 1.05, 95% CI 0.82-1.33; p=0.718). CIN3+, however, was less frequent in AYA women
(1.7% vs 3.0%; OR 0.56, 95% CI 0.35-0.89; p=0.013). Invasive cervical cancer was uncommon among
verified AYA women (6 cases) and more frequent among verified non-AYA women (28 cases).

Positive predictive value of triage markers

PPV for CIN2+ increased when markers were restricted to higher-risk findings (Table 3, Fig. 3). Any HR-
HPV positivity had low PPV (DNA: 15.4% in AYA and 14.9% in non-AYA; mRNA: 20.0% and 16.7%).
Genotype-level positivity yielded higher PPV, especially for the mRNA 16/18-45 channel (47.1% in AYA
and 32.3% in non-AYA). Cytology at the >=ASC-H threshold also showed higher PPV than >=ASC-US.
These patterns indicate that more specific triage markers concentrated histologically verified CIN2+
more effectively than broad HR-HPV positivity alone.

Triage strategy trade-offs

Referral and detection trade-offs are shown in Table 4 and Fig. 4. Referring all HR-HPV-positive women
detected the largest proportion of histology-verified CIN2+ but generated the highest colposcopy referral
burden. Genotype-directed referral minimized colposcopy but missed many verified CIN2+ cases.
Cytology-directed referral at >=ASC-US provided an intermediate strategy, reducing referrals while
retaining more CIN2+ detection than genotype-only referral.

In AYA women, cytology-directed triage of mRNA-positive women referred 4.0% of co-tested women and
captured 73.4% of histology-verified CIN2+ cases. The corresponding DNA-based strategy referred 6.1%
and captured 68.8%. Similar directional patterns were observed in non-AYA women. These findings
suggest a potentially more colposcopy-efficient mRNA pathway in this real-world setting, but the
comparison is ecological because the platforms were applied to largely different groups of women.

Platform concordance and verification bias

Among the 864 women tested on both HPV platforms (Supplementary Table S2), overall agreement for
HR-HPV status was 77.2%, with moderate agreement by Cohen's kappa (0.42, 95% CI 0.35-0.49). Positive
percentage agreement was 49.2% and negative percentage agreement was 89.4%, using the DNA
platform as the reference. Agreement was similar in AYA and non-AYA women, supporting the
conclusion that the two assays should not be treated as interchangeable.

Histological verification was concentrated among screen-positive women (Fig. 5). Naive HR-HPV
sensitivity exceeded 80% in both age groups but fell after IPW correction to 43.2% in AYA women and
50.5% in non-AYA women. Specificity increased after correction. Detailed corrected accuracy estimates
are provided in Supplementary Table S1. These findings confirm substantial partial verification bias in
routine screening data and show that naive diagnostic accuracy estimates should be interpreted
cautiously.
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Discussion
In this large real-world screening cohort from Henan, AYA women had lower overall marker positivity
than older women on both HPV platforms and lower high-grade cytology, while the burden of histology-
verified CIN2 + was similar and CIN3 + was lower. These findings argue against a uniformly more
aggressive colposcopy policy for HR-HPV-positive AYA women and support the public-health value of
triage.

The most clinically relevant pattern was the referral-detection trade-off. Direct referral of all HR-HPV-
positive women maximized verified CIN2 + capture but required substantially more colposcopy.
Genotype-only referral was highly colposcopy-sparing but missed many verified CIN2 + cases. Cytology-
directed referral at the ASC-US threshold appeared to provide a more balanced strategy, particularly in
younger women where avoiding unnecessary colposcopy and potential overtreatment is important.

The observed mRNA pathway had lower referral rates than the DNA pathway with similar or higher
capture of histology-verified CIN2 + in the modeled strategies. This finding is biologically plausible
because E6/E7 mRNA testing reflects oncogene transcription rather than viral DNA presence [11–14,
27–31]. However, this study does not establish direct superiority of the mRNA platform. Platform
assignment was not randomized, and most women received only one platform. The moderate
agreement in dual-tested women further shows that the assays capture related but non-identical signals.
The platform comparison should therefore be read as hypothesis-generating evidence that warrants
paired prospective evaluation.

The verification-bias analysis is important for interpreting all routine screening studies of this kind.
Because histology was obtained mainly in screen-positive women, naive sensitivity and specificity were
distorted. After IPW correction, apparent HR-HPV sensitivity fell markedly and specificity rose. This does
not negate the clinical value of HPV testing; rather, it shows that diagnostic-accuracy estimates based
only on verified women can be misleading unless verification mechanisms are addressed.

For screening programmes serving young women in China and similar settings [8–10, 17], the findings
support a cautious, triage-based approach. Where an mRNA platform is available, cytology-directed
triage of mRNA-positive women may help reduce colposcopy burden. Where DNA testing is used,
cytology triage remains preferable to direct referral of all positives. Further work should evaluate age-
specific risk thresholds, CIN3 + outcomes, HPV persistence, vaccination status, molecular biomarkers,
and long-term safety [19, 20, 32–34].

Limitations

Several limitations should be considered. First, this was a single-centre retrospective study of
opportunistically screened women, which may limit generalizability. Second, the HPV DNA and mRNA
platforms were applied to largely non-overlapping populations, so platform comparisons are ecological
rather than paired or randomized. Residual confounding by clinical workflow, provider preference, patient
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characteristics, or calendar time cannot be excluded. Third, histological verification was incomplete and
selective. Although IPW was used to examine diagnostic accuracy, unmeasured determinants of
verification may remain. Fourth, triage detection rates were based on histology-verified CIN2 + and
should not be interpreted as complete population sensitivity. Fifth, vaccination status, prior screening
history, HPV persistence, and longitudinal outcomes were not available. Finally, the AYA category
includes a wide age range; the majority of AYA participants were aged 30–39 years, and findings may not
generalize equally to adolescents or women in their early twenties.

Conclusions
In this real-world cohort, AYA women did not have a higher verified CIN2 + burden than older women and
had fewer CIN3 + lesions, supporting triage rather than routine direct colposcopy referral for all HR-HPV-
positive young women. Cytology-directed triage provided a pragmatic balance between colposcopy
referral and verified CIN2 + detection. The mRNA pathway showed a favourable referral profile in
ecological comparisons, but paired prospective studies with complete verification, longitudinal follow-up,
and age-stratified CIN3 + outcomes are needed before strong platform-specific recommendations can be
made.
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Figure 1

Study flow (STARD). Flow of participants from enrolment to the primary analysis.
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Figure 2

Age-related epidemiology of infection, cytology, and histologic outcome. (a) HR-HPV positivity by age
band, shown separately for the HPV DNA platform (solid) and the HPV E6/E7 mRNA platform (dashed).
(b) Prevalence of any cytological abnormality (>=ASC-US) and high-grade cytology (>=ASC-H) by age
band. (c) Age-group contrasts expressed as odds ratios (AYA vs non-AYA, log scale) with 95%
confidence intervals.

Figure 3

Positive predictive value for CIN2+ rises from screen-positivity to genotype-level triage. Point
estimates with 95% confidence intervals (Wilson) show the positive predictive value of each marker for
histologically confirmed CIN2+ within the histology-verified population, separately for AYA and non-AYA
women. (a) HPV DNA platform: any HR-HPV positive vs HPV16/18 positive. (b) HPV E6/E7 mRNA
platform: any HR-HPV positive vs the HPV16/18-45 channel. (c) Cervical cytology: >=ASC-US vs >=ASC-
H.
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Figure 4

Triage strategies trade colposcopy referral against histology-verified CIN2+ capture. Each point is one
triage strategy in the co-tested population (women with both an HPV result and cytology), plotted by
colposcopy referral rate (x-axis, % of co-tested women) against the proportion of histology-verified CIN2+
cases captured (y-axis). Colour denotes age group and marker shape denotes platform (circle, HPV DNA
platform; square, HPV E6/E7 mRNA platform). Point labels index the strategy: 1 = HPV primary, refer all
positives; 2 = HPV positive followed by cytology triage (refer >=ASC-US); 3 = HPV positive followed by
genotyping triage (refer HPV16/18 on the DNA platform or HPV16/18-45 on the mRNA platform). Lines
connect the three strategies within each group-platform trajectory. Point size is proportional to
colposcopies performed per CIN2+ captured (smaller = more efficient). The upper-left shaded region
marks the ideal zone of lower referral and higher verified CIN2+ capture.
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Figure 5

Verification bias inflates apparent HR-HPV sensitivity, and inverse-probability weighting corrects it in
both age groups.(a) Proportion of women receiving histologic verification by cytology result and (b) by
HR-HPV status, for AYA and non-AYA women. (c) Sensitivity and specificity of HR-HPV for CIN2+,
comparing naive estimates restricted to verified women with inverse-probability-weighted (IPW)
estimates; arrows show the direction of correction and whiskers are 95% bootstrap confidence intervals
for the IPW estimate. IPW weights were the inverse of the stratum-specific verification probability, with
strata defined by cytology tier and HR-HPV status within each age group.
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