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Abstract

Background In cervical screening, human papillomavirus (HPV)-positive women at 1-year retesting are typically
referred to colposcopy. This study, by the use of extended genotyping, estimates the impact of distinguishing
persistent from new infections in an effort to reduce colposcopy referral. It also evaluates whether the new infection
rate varies according to genotyping, cytology, p16/ki67, and E6/E7 mRNA results.

Methods We analyzed data from HPV-DNA-positive women at baseline in the NTCC2 trial genotyped with the
Onclarity HPV assay. Eligible participants were Onclarity-positive women without baseline CIN2+ who had a
cervicovaginal sample collected at least 10 months after baseline. Persistent infections were defined as cases with
at least one common genotype between baseline and follow-up specimens. New infections were defined as cases
positive for different genotypes at follow-up, with no baseline genotypes detected.

Results Among 1,540 women included, 613 were Onclarity-positive at both baseline and 1-year retesting: 488
(79.6%) had persistent infections, while 68 (11.1%) had new ones. All the 11 CIN3 cases identified at follow-up
occurred in women with persistent infections. The new infection rate was significantly higher in women with baseline
single-channel compared to multiple channels positivity (13.3% vs 5.5%, p=0.001). Stratifying by age, persistence and
new infection rates were significantly different among different age groups (respectively p=0.005 and p=0.009). No
significant difference in both new infections and persistence rate was observed between baseline cytology positive
and negative cases. Stratifying by baseline p16/ki67 results, we found a significantly higher rate of persistent cases
among p16/ki67 positive cases and of new infections among p16/ki67 negative cases (respectively p=0.013 and
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p=0.016). E6/E7 mRNA findings affected only persistence rate showing a significant difference in the proportion of
persistent cases between positive and negative cases (p=0.004), but did not affect new infection rate.

Conclusion Extended genotyping classified 11.5% of 1-year HPV-positive cases as new infections. As 1-year HPV
positivity accounts for about 60% of first-level colposcopies, this corresponds to about 7% of colposcopies. Baseline
single-channel positivity, age, and p16/ki67-negative results may influence this proportion.

Trial registration Clinicaltrials.gov registration number: NCT01837693, New Technology in Cervical Cancer 2 (NTCC2)

study.

Keywords Cervical cancer screening, Human papillomavirus, Genotyping, HPV persistence, HPV new infections,

Cervical intraepithelial neoplasia

Background

Human papillomavirus (HPV)-based screening is now
replacing cytology-based screening to detect precan-
cerous cervical lesions. This approach requires strate-
gies to triage HPV-positive women, distinguishing those
who need immediate colposcopy from those suitable for
retesting [1-3].

To stratify HPV-positive women, several biomarkers
have been proposed [4-8]. Useful information for risk
stratification can also be obtained from the longitudinal
history of the infection. HPV persistence is a major risk
factor for developing high-grade cervical lesions [9-12].
Notably, HPV16 persistence is associated with the high-
est absolute risk of progression to cancer, a risk signifi-
cantly higher than that of other high-risk HPV types [13,
14]. Furthermore, women treated for cervical intraepithe-
lial neoplasia grade 2 or worse (CIN2+) who experience,
during follow up, a genotype switch and clear the original
infection, rarely develop new CIN2 or CIN3 lesions [12,
15, 16]. Therefore, distinguishing persistent from new
infections in women retested for HPV may help optimize
management strategies.

The Italian screening protocol, similar to the Multi
Societal US guidelines and those of many other countries
[17, 18], recommends cytology as the triage test for HPV-
positive women and refers baseline HPV-positive/cytol-
ogy-negative women to 1-year HPV retesting. More than
50% of them remain positive after 1year and are referred
to colposcopy [4, 19]. However, some of these women
may have cleared the baseline infection and acquired a
new one [12]. These women have a lower risk of cervi-
cal intraepithelial neoplasia grade 3 or worse (CIN3+)
and a lower short-term probability of developing can-
cer than women with persistent HPV infections [9, 20].
Thus, there is a rationale for referring to colposcopy only
women with persistent infections, and managing women
with new infections differently, for example retesting
them after further 12 months.

Similarly, in the follow-up of baseline HPV-positive/
triage-positive women, most guidelines recommend [17,
18] that those who underwent immediate colposcopy but
were negative for CIN2+ lesions repeat HPV testing after

1-year. In this scenario, the management of women with
new infections could differ from that of those with persis-
tent infections at retesting.

By using cervical cell samples stored in the New Tech-
nologies for Cervical Cancer 2 (NTCC2) biobank, we
genotyped all the HPV-DNA positive samples using a
commercially available HPV screening assay that pro-
vides extended genotyping [21, 22]. Our aim was to
assess, among women still HPV-positive at 1-year retest-
ing, the proportion of cases attributable solely to new
infections compared with those with persistent infec-
tions. This estimate was reported for both groups: triage-
positive and triage-negative women.

This information provides a basis for estimating the
potential impact of distinguishing new from persis-
tent infections on overall colposcopy referral within the
screening algorithm. Furthermore, the study evaluated
whether the proportion of persistent and new infections
varied according to baseline extended genotyping, age,
cytology, p16/ki67 dual staining and E6/E7 HPV mRNA
results.

Methods

NTCC2 study design

The NTCC2 study design and main results have been
previously published [4]. Briefly, 41,127 women aged
25-59years were recruited from five Italian HPV-DNA-
based cervical cancer screening centers. Cervical sam-
ples were collected in PreservCyt solution (Thin Prep,
Hologic), and HPV-DNA results were obtained using
either the Hybrid Capture (HC2; QIAGEN) or the Cobas
4800 (Roche Diagnostics) HPV test (hereinafter referred
as to Cobas/HC2). All baseline HPV-DNA-positive
women were triaged using cervical cytology. According
to the NTCC2 study protocol, these women were also
tested for p16/ki67 dual staining using the CINtec PLUS
assay (Roche Diagnostics) and for E6/E7 HPV mRNA
overexpression using the APTIMA assay (Hologic).
Cytology, p16/ki67, and E6/E7 mRNA testing methods
and their interpretation were described elsewhere [4]. In
addition, a 2mL aliquot of the cervicovaginal sample was
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stored at —80 °C in a dedicated biobank for each HPV-
positive woman.

Using the atypical squamous cells of undetermined sig-
nificance (ASC-US) threshold, women positive at cytol-
ogy triage were referred for immediate colposcopy, with
punch biopsies of abnormal areas only. If colposcopy
results were negative for CIN2+ lesions, the women were
referred for 1-year HPV retesting. Cytology-negative
women were randomized into two arms: immediate col-
poscopy or repeat HPV-DNA testing after 1year. Women
who were still HPV-positive at 1-year retesting were
referred for colposcopy.

Study population

In the present analyses, we included only HPV-DNA-
positive women who did not have CIN2+ lesions at base-
line colposcopy and had two consecutive Cobas/HC2
samples: one at baseline and another collected at least
10months after baseline but no later than 24 months.
Most women had the second specimen taken after
12-13months from baseline. All baseline samples were
genotyped and women negative for the Onclarity assay
at baseline were excluded from the analyses. Among the
1-year retested samples, those still positive for Cobas/
HC2 were genotyped, while Cobas/HC2-negative sam-
ples were not genotyped and considered as cleared infec-
tions. Women were managed only based on the Cobas/
HC2 results following the NTCC2 study design.

Extended genotyping

As previously described [23], extended genotyping was
performed on cervical samples stored in the NTCC2
biobank, utilizing the Onclarity HPV Assay (Becton &
Dickinson). This is a real-time multiplex PCR-based
assay targeting the E6/E7 region of the HPV genome. The
assay detects 14 high-risk types, divided into nine chan-
nels, providing individual results for genotypes 16, 18,
45, 31, 51, and 52 and pooled results for genotypes 33/58,
35/39/68, and 56/59/66. HPV positivity can be identi-
fied in a single channel or simultaneously across multiple
channels (multichannel).

Statistical analyses

Outcome definition

The viral outcomes were defined based on the Cobas/
HC2 and Onclarity results at retesting. Specifically, we
categorized outcomes as follows:

1. Persistent infections: cases Cobas/HC2 positive and
Onclarity positive for at least one of the channels
detected at baseline, with or without additional
positivity;

2. New infections: cases Cobas/HC2 positive and
Onclarity negative for all the channels detected at
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baseline and positive for new channel(s) not detected
at baseline;

3. Negative for typing: cases Cobas/HC2 positive and
Onclarity negative, i.e., no positive channels detected
at the second test;

4. Negative for Cobas/HC2: these samples were not
typed and considered as cleared;

5. Total cleared: the sum of cases 2, 3, and 4.

The main endpoint was the proportion of women posi-
tive only for new infections among those positive for at
least one channel at follow-up. We conducted a propor-
tional analysis among women to examine the distribu-
tion of the outcomes according to multiple infections,
age and baseline cytology, p16/ki67, and E6/E7 mRNA
results. Logistic regression models were used to estimate
the probability of these outcomes, in terms of odds ratios
(ORs). We reported predicted proportions adjusted for
age, using marginal standardization methods to account
for potential age-related confounding. We did not adopt
a threshold for rejecting the null hypothesis, because the
study had been sized for different outcomes and ques-
tions, thus a formal statistical test of hypothesis would
not be meaningful, particularly when the null hypothesis
is not rejected. The reported confidence intervals should
be considered as a measure of the precision of the esti-
mates, and p-values should be interpreted as continuous
variables.

To evaluate the distribution of Onclarity channel posi-
tivity in samples with multichannel positivity, we consid-
ered the following:

1. Persistence of positivity for the same channel: cases
positive for the same channel at baseline and at
retesting, independently from the positivity of other
channel(s) at either timepoint;

2. Positivity for other channel(s): cases that were
positive at retesting for one or more channels
resulted negative at baseline and became negative for
channels that were positive at baseline.

To compute the total clearance, the reported percentage
was adjusted to account for samples for which genotyp-
ing at follow-up was unavailable.

We computed the proportion of colposcopies that
could be avoided in women with only new infection, that
is, the proportion of only new infection cases multiplied
by the proportion of colposcopies generated by the 1-year
retesting on total colposcopy referral (baseline + 1-year in
our study).
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Results

Description of population under study

Supplementary Figure 1 presents the study flow chart. All
the 3,129 baseline Cobas/HC2-positive cases (n=1,436
tested with Cobas 4800 and n=1,693 with HC2) were
genotyped. Among these, 764 were Onclarity negative
and were excluded from the analyses. The cytological tri-
age of the 2,365 Cobas/HC2 and Onclarity-positive cases
showed 2,334 cases with a valid report (690 ASC-US+
and 1,644 NILM) and 31 with an inadequate or miss-
ing report. 1,540 of 2,365, including 19 cases with inad-
equate or missing cytology, underwent a second HPV
test at 1-year retesting (between 10 and 24 months after
baseline, median 13.5 months), and were included in the
study. Among the 1,540 cases, we identified 23 CIN2+
lesions, of which 11 were CIN3+. Onclarity typing results
stratified by the baseline HPV-DNA assay are shown in
Supplementary Table 1.

Overall distribution of persistence and new infections
Table 1 summarizes the distribution of persistence and
new infections of baseline infections, based on Cobas/
HC2 and Onclarity baseline and 1-year retesting results.
Most of the samples (1,219, 79.1%) were positive for a
single channel at baseline. At retesting, 61.8% (951/1,540)
remained positive for Cobas/HC2, and 613 of these were
genotyped. Among the genotyped samples, the major-
ity were still positive for at least one channel in common
with baseline (488/613, 79.6%), and all 11 CIN3 lesions
were diagnosed within this group. Conversely, 68 samples
(11.1%) were positive for different channel(s) compared
with baseline. Furthermore, 57 (9.3%) resulted nega-
tive for the Onclarity test, including 7 CIN2+, 3 of them
CIN3, representing a lack of sensitivity of the Onclarity
assay, as previously reported by our group”. Regarding
the CIN2+ and CIN3 lesion distribution (Table 1 and
Suppl. Table 2), no CIN3 cases were identified in the
group with new infections, where only CIN2+ lesions
were diagnosed. The proportion of CIN2+ was similar in
women with persistent and new infections (20/488 and
3/68, 4.1% vs 4.4%, respectively).
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Persistence, new infections, and total clearance according
to age, baseline cytology, p16/ki67, and E6/E7 mRNA
results

To evaluate whether the number of positive channels,
age distribution, baseline cytology, p16/ki67, and E6/
E7 mRNA results affect persistence of HPV infection,
indeed affecting the proportion of new infections, we
stratified the genotyping results according to these find-
ings, including only the cases with a valuable report
(Suppl. Table 3) and adjusting these findings by age
(Table 2). Persistence was significantly higher among
cases with multichannel positivity (86.9% vs 76.9%,
p=0.002) whereas the proportion of new infections was
significantly higher among cases with single-channel pos-
itivity (13.3% vs 5.5%, p =0.001).

Regarding age distribution, we observed a significant
difference in both persistence and new infection rate
among different age groups (respectively p=0.005 and
p=0.009).

Baseline cytology results revealed no significant differ-
ence in the rate of new infections and of persistent cases
between cytology positive and negative cases. When
dividing the cytology positive reports into Low-Grade
(ASC-US and L-SIL) and High-Grade (AGC, ASC-H,
HSIL, AIS) categories, we similarly observed no signifi-
cant differences (data not shown).

Stratifying by baseline p16/ki67 results, we found a sig-
nificantly higher rate of persistent cases among p16/ki67
positive cases and of new infections among p16/ki67 neg-
ative cases (respectively p=0.013 and p=0.016). Strati-
fication by E6/E7 mRNA findings showed a significant
difference in the proportion of persistent cases between
positive and negative cases (82.0% vs 67.2%, p =0.004) but
did not affect the proportion of new infections.

When we analyzed the above-mentioned results con-
sidering the number of positive channels, we observed
that the persistence was higher in multichannel cases in
all strata (Suppl. Table 3).

Total clearance was 51.0%, being higher among samples
with single-channel positivity compared to multichannel
positivity (55.3% vs 34.6%). The highest total clearance
was observed among E6/E7 mRNA negative samples

Table 1 Distribution of persistence and new infections according to Onclarity results in 1,540 baseline Cobas/HC2 and Onclarity-
positive samples from women without CIN2+ at baseline and with a second HPV test 1year after baseline

Baseline FU negative for Typing of follow-up positive for Cobas/HC2 HPV samples

Onc.la?rity Cobas/HC2ZHPV  Fy Positive for  samples with typing Missing

positive CobasHC2HPV p cistence Only new Negative for tYPing

infections typing

n n n n nof CIN3+* n nof CIN3+* n n
Single channel 1,219 509 710 345 10 59 0 44 262
Multichannel 321 80 241 143 1 9 0 13 76
Total 1,540 589 951 488 11 68 0 57 338

* Among the CIN3+ cases, no cancer was diagnosed
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Table 2 Adjusted predicted marginal proportions of persistence, new infections, and total clearance based on multiple infections,

age, cytology, p16/ki67, and E6/E7 mRNA results

Baseline FU negative for ~ Typing of follow-up positive for Cobas/HC2 HPV samples Total
Onclarity Cobas/HC2 HPV  Fy positive for Samples with typing clearance of
positive Cobas/HC2 HPV Persistence Only new Negative for !aaseli.ne 4
infections typing infections
n % on total % on total % on positive % on positive % on positive %
samples (a) samples and typed and typed (b) and typed (c)
Total 1,540 383 61.7 79.4 11.3 9.3 51.0
Multiple infections
Single channel 1,219 419 58.1 76.9 133 9.8 553
Multichannel 321 24.6 754 86.9 55 7.8 346
Age
<40 447 39.8 60.2 720 16.5 11.5 56.7
40-50 670 396 60.4 83.3 9.3 74 49.7
>50 423 345 65.5 83.3 7.1 9.6 454
Cytology*
Negative 1,163 39.3 60.7 80.9 10.8 83 509
Positive 358 348 65.2 75.5 123 123 50.8
E6/E7 mRNA*
Negative 295 48.1 519 67.2 137 19.1 65.1
Positive 1,243 36.0 64.0 82.0 10.5 7.5 475
p16/ki67*
Negative 991 411 589 76.9 138 9.3 54.7
Positive 437 282 71.8 84.9 73 79 39.0

# Total clearance includes women who at 1-year retesting were negative for Cobas/HC2 and those who tested negative for Onclarity for the channels that were

positive at baseline: a+(1-a)*(b+c)

* Only samples with a valid test result were included: 19 missing or inadequate cytology; 2 missing E6/E7 mRNA; 112 missing or non-valuable p16/ki67

(65.1%), while the lowest was among p16/ki67 positive
samples (39.0%).

Moreover, no significant differences were observed in
CIN2+ distribution between persistent and new infec-
tions, even when stratified by cytology, p16/ki67, or E6/
E7 mRNA results (Suppl. Table 2).

Persistence, new infections and total clearance according
to channel positivity

We analyzed the distribution of persistence, new infec-
tions, and clearance for each channel separately and
considered single and multichannel positivity indepen-
dently (Table 3). While the proportion of new infections
was similar across different genotypes (Table 3A), we
found that the behavior of each channel differed depend-
ing on whether it was positive as a single channel or in
a multichannel context (Table 3B). For example, HPV16
was more persistent and had twice the rate of new infec-
tions when present as a single infection, whereas HPV51
showed higher clearance in single-channel cases than in
multichannel cases. However, all these differences could
result from random fluctuations due to the small sample
size.

Impact of the new infection rate on women’s management
Overall, our results showed that the use of extended
genotyping for samples HPV positive at baseline and at
1-year retesting allowed to differentiate between per-
sistent and new infections (Fig. 1). In particular, among
women retested because of HPV-positive/cytology-pos-
itive triage but colposcopy negative for CIN2+, 15.1%
(95% CIL: 9.2%—22.8%) were identified as having only
new infections, while among women retested after HPV-
positive/cytology-negative triage, 11.5% (95% CI: 8.7%—
14.9%) were classified as new infections. Considering
that in the Italian screening protocol, positivity at 1-year
retesting of HPV-positive/cytology-negative women
accounts for about 60% of colposcopy referral [19], iden-
tifying the group of those with new infections (11.5% in
our study) could reduce the total colposcopy referral rate
by about 7%.

Discussion

Main findings

By applying extended genotyping, we identified 11.5% of
cases still HPV-positive at retesting as new infections.
This proportion varied significantly by baseline Onclarity
channel positivity, age, and baseline p16/ki67 results but
was only slightly influenced by baseline cytology and E6/
E7 mRNA findings.
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Table 3 Persistence, new infections, and total clearance by baseline channel(s) in single (A) or multichannel (B) context
Baseline  FU negative Typing of FU positive for Cobas/HC2 HPV samples Total clear-
Onc.lérity for Cobas/  FU positive Samples with typing Missing ~ ance 9f
positive  HC2 HPV for Cobas/ Persistence Persistence Onlynew Negative typing .baseh.ne #
HC2 HPV other types infections for typing infections
n n (% on n (% on total n (% on posi- n (% on n (% on n (% on n %
total samples) tive and typed) positive positive positive
samples - a) and typed) andtyped and typed
-b) -0
A) Single channel
16 196 58 (29.6) 138 (70.4) 70 (84.3) 9(10.8) 4(4.8) 55 40.6
18 65 19(29.2) 46 (70.8) 16 (72.7) 4(18.2) 2(9.1) 24 485
45 50 23 (46) 27 (54) 15(88.2) 2(11.8) 0(0) 10 524
33/58 129 52 (40.3) 77 (59.7) 32(78) 3(73) 6 (14.6) 36 534
31 176 56 (31.8) 120 (68.2) 66 (78.6) 11(13.1) 7(8.3) 36 46.4
56/59/66 271 124 (45.8) 147 (54.2) 75(78.1) 13(13.5) 8(83) 51 576
51 96 55(57.3) 41 (42.7) 19 (67.9) 3(10.7) 6(214) 13 71
52 95 44 (46.3) 51(53.7) 25(71.4) 7 (20) 3(8.6) 16 61.7
35/39/68 141 78 (55.3) 63 (44.7) 27 (64.3) 7(16.7) 8(19) 21 713
B) Multichannel
16 126 31(24.6) 95 (75.4) 40 (66.7) 13(21.7) 3(5 4(6.7) 35 334
18 37 9(24.3) 28 (75.7) 7 (35) 9 (45) 1(5) 3(15) 8 395
45 30 8(26.7) 22 (73.3) 7(41.2) 7(41.2) 1(5.9) 2(11.8) 5 396
33/58 75 15 (20) 60 (80) 25 (59.5) 15(35.7) 1(24) 1(24) 18 238
31 83 12 (14.5) 71 (85.5) 31 (62) 13 (26) 1) 5(10) 21 24.7
56/59/66 138 30(21.7) 108 (78.3) 42 (56) 22(293) 7(93) 4(5.3) 33 332
51 58 20 (34.5) 38 (65.5) 7(29.2) 13(54.2) 3(125) 14.2) 14 454
52 67 15(22.4) 52(77.6) 18 (51.4) 10 (28.6) 3(8.6) 4(114) 17 379
35/39/68 105 27 (25.7) 78 (74.3) 24 (43.6) 26 (47.3) 2(36) 3(5.5) 23 325

# Total clearance includes women who at 1-year retesting were negative for Cobas/HC2 and those who tested negative for Onclarity for the channels that were

positive at baseline: a+(1-a)*(b+c)

No CIN3 were found among women with new infec-
tions. However, the study was underpowered to assess
CIN3+ risk. In fact, based on the prevalence observed
in the persistent group, the expected number of CIN3+
cases in the new infection group was very low, only 1.5.
Furthermore, the prevalence of CIN2+ lesions was nearly
identical between persistent and new infections.

Limits

The main limitation of this analysis is that the typing
test was not used as the primary screening test. Conse-
quently, this may impact the results, as typing only the
cases positive for another test increases overall speci-
ficity. In this study, we did not include cases that were
Onclarity-positive but Cobas- or HC2-negative, which
would be included among positive cases if Onclarity were
used as the first or sole screening test. Women who are
Onclarity-positive but Cobas- or HC2-negative would
likely have a lower probability of persistent infections,
similarly to what observed for women with discordant
HPV results, i.e. Cobas- or HC2-positive and Onclar-
ity-negative, who showed a high proportion of negative
retesting [24]. However, we assumed that the probability

of new infections was similar. As a result, we may have
underestimated the proportion of new infections that
could be observed in a screening program adopting geno-
typing as the primary screening test. Nevertheless, we
quantified the proportion of women who are Onclarity-
positive but Cobas or HC2-negative [23] as 1.5% of the
sample that would approximately correspond to 19% of
all Onclarity HPV-positive cases in the population.
Another limit is that we did not genotype about a third
of the women who were Cobas/HC2 positive at 1-year
retesting, because the samples were not stored in the bio-
bank or because of insufficient residual material. Never-
theless, all the analyses were adjusted to account for the
samples in which genotyping at retesting was unavailable.
Our results are not suitable for evaluating the natu-
ral history of single-genotype infections, as we did not
include cytology-positive and p16/ki67-positive women
with colposcopy positive for CIN2+, who were subse-
quently treated. As these women are very likely to have
persistent HPV infections, their exclusion may result in a
possible overestimation of new infections in an untreated
population. However, our findings reliably represent
women retested according to current screening protocols
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Fig. 1 Proportion of HPV-positive women who presented new infections at 1-year retesting stratified by cytological triage

in most countries and, therefore, could be valuable in
clinical practice. Additionally, the genotyping assay used
in this study, the Onclarity assay, groups certain geno-
types rather than detecting them individually, which
limits the ability to specifically evaluate persistence. This
grouping of genotypes reduces the capacity to discrimi-
nate between clearance and new infections. Many stud-
ies have reported new infection rates ranging from 7%
to 60%. However, these results are difficult to compare
because of variations in persistence definition, retest-
ing intervals, study population, and the genotyping test
employed [12].

Implication for practice and research
Based on our understanding of the natural history of
the disease [25], women with only new infections could
be managed differently from those with persistent infec-
tions, potentially avoiding immediate colposcopy. The
proportion of CIN2+ was similar in women with persis-
tent and new infections, however, the absence of CIN3
cases, which are a better surrogate endpoint for pre-
cancerous lesions, in the new infection group, provides
reassurance about the feasibility of not referring them to
colposcopy and managing them differently.

Current US [18] and European guidelines [17] already
suggest a different management for a newly detected
infection and for infections that are persistently positive

after one year. According to these guidelines, if a woman
tests HPV-positive/cytology-negative at a new screening
round should be referred to one-year retesting, and if the
woman tests still HPV positive after one year, she would
be referred to colposcopy. Therefore, for women who
only have a new infection, the current recommendations
could be interpreted in two ways: should these women
be considered as “still HPV-positive” and referred to col-
poscopy or should they be considered a newly detected
infection and triaged to decide about immediate col-
poscopy? We do not want to say which is the authentic
interpretation; in this work, we only quantified the differ-
ence in terms of colposcopy workload between the two
interpretations.

For baseline HPV-positive/cytology-negative women,
this approach could reduce total referral to colposcopy by
about 7%. This reduction is comparable to that achievable
with the triage test combination now proposed in the lit-
erature, which, in this population, ranged from 2% to 17%
[24]. Nevertheless, some of these women may still need
colposcopy during subsequent follow-up.

In protocols with longer intervals for HPV-positive/
triage-negative women, such as those proposed by the
Swedish [26] and Dutch [27] guidelines and the new
Italian recommendations [28], in which women can be
referred to 3- or 5-year retesting without colposcopy,
distinguishing persistent infections could even be more
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useful. With longer intervals, the proportion of new
infections is expected to increase, and the number of
women who could be managed differently would rise. On
the other hand, after a longer follow-up, new infections
may have persisted for a relatively long time. Neverthe-
less, the differential in the underlying risk between a new
and a persistent infection would remain substantial, even
after 3 or 5years [29-31].

The impact on the follow-up of HPV-positive/triage-
positive women after a negative colposcopy is more diffi-
cult to assess. In the follow-up of women who underwent
colposcopy for an HPV-positive result and low-grade
cytology, those still HPV-positive after 1year and triaged
with cytology should undergo further 1-year retesting if
cytology is negative for intraepithelial lesion or malig-
nancy or remains low-grade, according to the Italian
guidelines and the “equal risk-equal management” princi-
ple adopted by the US guidelines. Applying the standard
protocol for a new infection — cytology triage with col-
poscopy referral for positive results — could paradoxically
result in more intensive management for a new infection
than a persistent one. Therefore, although theoretically
useful, the application of genotyping to distinguish per-
sistent and new infections would have little, if any, practi-
cal impact on women’s management with the screening
protocol in use. In the context of the “equal risk-equal
management” approach, we should aim to assess the
5-year CIN3+ risk in women with new infections fol-
lowing a colposcopy negative for CIN2+. This would
require very large studies with detailed cytological and
molecular data. It is worth considering whether the risk
in such a small group could instead be estimated using
a priori knowledge of the underlying molecular mecha-
nisms and pathogenesis and evidence from large cohort
studies [9, 20] on the risks associated with new and per-
sistent infections, rather than relying solely on empirical
measurements.

Finally, the decision to incorporate type-specific per-
sistence into management protocols should also take into
account the increase in complexity that it introduces in
the management algorithm. Probably the complexity of
the current algorithms is already very high, and risk cal-
culators should be implemented to support clinicians as
well as organised screening programs to appropriately
define the woman’s management at each step.

Conclusion

The use of extended genotyping to distinguish new from
persistent infections has the potential to reduce the col-
poscopy burden. Nevertheless, without appropriate
guidelines for managing women with new infections, the
practical utility of this approach may be limited.
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Abbreviations

HPV Human papillomavirus

NTCC2 New Technologies for Cervical Cancer 2

ASC-US+  Atypical squamous cells of undetermined significance or a more
severe report

a Confidence interval

CIN2+ Cervical intraepithelial neoplasia grade 2 or worse
CIN3+ Cervical intraepithelial neoplasia grade 3 or worse
NILM Negative for intraepithelial lesions or malignancy

Supplementary information
The online version contains supplementary material available at https://doi.or
9/10.1186/513027-025-00713-8.

Supplementary Material 1

Supplementary Material 2

Acknowledgements

Editorial assistance and English language editing were provided by Valentina
Attanasio and Aashni Shah (Polistudium S.r.l.).

The Following are components of the New Technologies for Cervical
Cancer 2 Working group:

Regione Lazio: Alessandra Barca, Francesco Quadrino. IRCCS Regina Elena
National Cancer Institute, Rome: Maria Benevolo, Francesca Rollo. AUSL
Reggio Emilia: Paolo Giorgi Rossi, Laura Bonvicini, Pamela Mancuso, Francesco
Venturelli, Gabriele Carlinfante, Teresa Rubino. ISPRO Florence: Francesca
Maria Carozzi, Simonetta Bisanzi, Massimo Confortini, Carmelina Di Pierro,
Giulia Fantacci, Anna lossa, Karin Louise Andersson, Jessica Viti, Alessandra
Mongia, GiamPaolo Pompeo, Cristina Sani, Donella Puliti, Andrea Baldini. CPO
and Centro Unico di Screening Cerv Vag, Turin: Guglielmo Ronco, Raffaella
Rizzolo, Anna Gillio Tos, Laura De Marco, Elena Allia, Luigia Macri. APSS, Trento:
Teresa Pusiol, Mattia Barbareschi, Emma Bragantini. USL Umbria1, Perugia:
Basilio Passamonti, Daniela Gustinucci, Simonetta Bulletti, Elena Cesarini, Maria
Donata Giaimo. ULSS17 Este Monselice: Gabriella Penon, Natalina Marchi,
Angelo Farruggio, Alessandra Bertazzo, Laura Toniolo. Istituto Oncologico
Veneto-IOV-IRCCS, Padova: Annarosa Del Mistro, Helena Frayle, Silvia Gori;
Registro Tumori del Veneto: Manuel Zorzi. UOC Screening and VIS: Elena
Narne, Anna Turrin

Author contributions

ADM: Data curation; Investigation; Methodology; Resources; Supervision;
Validation; Writing—review & editing. PM: Data curation; Formal analysis;
Software. FC: Conceptualization; Investigation; Methodology; Resources;
Supervision; Validation; Writing—review & editing. LDM: Data curation;
Investigation; Resources; Supervision; Validation. SB: Data curation;
Investigation; Resources; Supervision; Validation. GP: Data curation; Validation;
Writing—review & editing. GR: Conceptualization; Methodology; Supervision;
Validation. SG: Data curation; Investigation. EA: Data curation; Investigation;
Validation; Writing—review & editing. DG: Investigation; Resources;
Supervision; Validation. HF: Data curation; Investigation; Validation. Al: Data
curation; Investigation; Supervision; Validation. EC: Data curation; Investigation.
SB: Data curation; Investigation; Validation. BP: Funding acquisition; Project
administration; Resources; Supervision. JV: Data curation; Investigation. LT:
Data curation; Project administration; Supervision. FV: Data curation; Formal
analysis; Writing—review & editing. PGR: Conceptualization; Investigation;
Methodology; Funding acquisition; Resources; Supervision; Validation;
Writing—review & editing. MB: Conceptualization; Funding acquisition;
Investigation; Methodology; Project administration; Supervision; Writing—
review & editing.

Funding

This work was supported by the Italian Ministry of Health (RF-2009-1536040).
Some of the reagents from Hologic-Genprobe (Aptima test, ThinPrep) and
Roche (CINtecPLUS kits) were provided at reduced costs or for free. The
providers had no role in the study design and conduction, data analysis, or the
decision to submit data for publication.


https://doi.org/10.1186/s13027-025-00713-8
https://doi.org/10.1186/s13027-025-00713-8

Del Mistro et al. Infectious Agents and Cancer (2025) 20:84

Data availability

Individual participant data that underlie the results reported in this article,
after deidentification, are available for investigators whose proposed

use of the data has been approved by the S. Giovanni Battista University
Hospital Ethic Committee, Turin, Italy, to achieve aims in the approved
proposal. Proposals should be directed to paolo.giorgirossi@ausl.re.it and to
comitatoetico@cittadellasalute.to.it. To gain access, data requestors will need
to sign a data access agreement. The study protocol is freely available online.

Declarations

Ethical approval

The NTCC2 study protocol was approved by the S. Giovanni Battista University
Hospital, Turin, Italy, on 20 June 2012 (N. CEI513) and by the local committees
of all recruiting centers. The present extension of the study protocol was
approved by the Comitato Etico Centrale IRCCS Lazio, Fondazione G.B. Bietti,
N 1153/18,20/11/2018. Informed consent was obtained from all individual
participants included in the study.

Competing interests

Maria Benevolo, as principal investigator, and Paolo Giorgi Rossi, as former
principal investigator of the NTCC2 study, report nonfinancial support from
Roche Diagnostics and Hologic S.r.l., which provided part of the reagents
for free or at reduced price. Moreover, Maria Benevolo, Paolo Giorgi Rossi,
Simonetta Bisanzi, and Laura De Marco obtained financial and non-financial
support from Becton&Dickinson for genotyping NTCC2 stored samples.
The manufacturers did not influence the study design, conduction, or data
analysis. All other authors declare no conflict of interest.

Author details

!Istituto Oncologico Veneto IOV—IRCCS, Padua, Italy

“Epidemiology Unit, Azienda Unita Sanitaria Locale—IRCCS di Reggio
Emilia, via Amendola 2, 42122 Reggio Emilia, Italy

3Institute for Cancer Research, Prevention and Oncological Network
(ISPRO), Florence, Italy

“Centre for Cervical Cancer Screening, City of Health and Science
Hospital, Turin, Italy

5Unit of Cancer Epidemiology and Centre for Cancer Prevention (CPO),
City of Health and Science Hospital, Turin, Italy

SLaboratorio Unico di Screening, USL Umbria 1, Perugia, Italy

"ULSS6 Euganea, Padua, Italy

8IRCCS—Regma Elena National Cancer Institute, Rome, Italy

Received: 4 July 2025 / Accepted: 3 November 2025
Published online: 20 November 2025

References

1. Ronco G, Arbyn M, Meijer CJ, Snijeders P, Cuzick J. Screening for cervical
cancer with primary testing for human papillomavirus. In: Anttila A, Arbyn M,
De Vuyst H, et al. editors. European guidelines for quality assurance in cervical
cancer screening. Supplement. Second ed. Luxembourg: Office for Official
Publications of the European Union; 2015. p. 1-68.

2. Who guideline for screening and treatment of cervical pre-cancer lesions for
cervical cancer prevention. 2nd. Geneva; 2021.

3. Wentzensen N, Schiffman M, Palmer T, Arbyn M. Triage of HPV positive
women in cervical cancer screening. J Clin Virol. 2016;76(Suppl 1(Suppl
1)):549-55. https://doi.org/10.1016/jjcv.2015.11.015.

4. Giorgi Rossi P, Carozzi F, Ronco G, Allia E, Bisanzi S, Gillio-Tos A, De Marco L,
Rizzolo R, Gustinucci D, Del Mistro A, Frayle H, Confortini M, lossa A, Cesarini
E, Bulletti S, Passamonti B, Gori S, Toniolo L, Barca A, Bonvicini L, Mancuso P,
Venturelli F, Benevolo M, the New Technology for Cervical Cancer 2 Working
Group. p16/ki67 and E6/E7 mRNA accuracy and prognostic value in triaging
HPV DNA-Positive women. J Natl Cancer Inst. 2021;113(3):292-300. https://do
i.0rg/10.1093/jnci/djaa105.

5. Peeters E, Wentzensen N, Bergeron C, Arbyn M. Meta-analysis ofthe accuracy
of p16 or p16/Ki-67 immunocytochemistry versus HPV testing for the detec-
tion of CIN2+/CIN3+ in triage of women with minor abnormal cytology.
Cancer Cytopathol. 2019;127(3):169-80. https://doi.org/10.1002/cncy.22103.

20.

21.

Page 9 of 10

Wentzensen N, Clarke MA, Bremer R, Poitras N, Tokugawa D, Goldhoff PE,
Castle PE, Schiffman M, Kingery JD, Grewal KK, Locke A, Kinney W, Lorey TS.
Clinical evaluation of human papillomavirus screening with p16/Ki-67 dual
stain triage in a large organized cervical cancer screening program. JAMA
Intern Med. 2019;179(7):881-88. https://doi.org/10.1001/jamainternmed.201
9.0306.

El-Zein M, Bouten S, Abdrabo LS, Siblini A, Louvanto K, Franco E, Ferenczy A.
Genotyping and cytology triage of high-risk HPV dna positive women for
detection of cervical high-grade lesions. J Low Genit Tract Dis. 2023;27(1):12—
18. https://doi.org/10.1097/LGT.0000000000000706.

Bonde J, Floore A, Ejegod D, Vink FJ, Hesselink A, van de Ven Pm, AoV, Ped-
ersen H, Doorn S, Quint WG, Petry KU, Poljak M, Stanczuk G, Cuschieri K, de
Sanjosé S, Bleeker M, Berkhof J, Gjim M, Heideman DAM. Methylation markers
FAM19A4 and miR124-2 as triage strategy for primary human papillomavirus
screen positive women: a large European multicenter study. Int. J. Cancer.
2021;148(2):396-405. https://doi.org/10.1002/ijc.33320.

Kjeer SK, Frederiksen K, Munk C, Iftner T. Long-term absolute risk of cervical
intraepithelial neoplasia grade 3 or worse following human papillomavirus
infection: role of persistence. J Natl Cancer Inst. 2010;102(19):1478-88. https./
/doi.org/10.1093/jnci/djq356.

Bernard E, Pons-Salort M, Favre M, Heard |, Delarocque-Astagneau E, Guil-
lemot D, Thiébaut AC. Comparing human papillomavirus prevalences in
women with normal cytology or invasive cervical cancer to rank genotypes
according to their oncogenic potential: a meta-analysis of observational
studies. BMC Infect Dis. 2013;13:373. https://doi.org/10.1186/1471-2334-13-3
73.

Sand FL, Munk C, Frederiksen K, Junge J, Iftner T, Dehlendorff C, Kjaer SK. Risk
of CIN3 or worse with persistence of 13 individual oncogenic HPV types. Int.
J. Cancer. 2019;144(8):1975-82. https://doi.org/10.1002/ijc.31883.

Bonde J, Bottari F, lacobone AD, Cocuzza CE, Sandri MT, Bogliatto F, Khan KS,
Ejegod DM, Gary DS, Andrews JC. Human papillomavirus same genotype
persistence and risk: a systematic review. J Low Genit Tract Dis. 2021,25(1):27-
37. https://doi.org/10.1097/LGT.0000000000000573.

IARC Handbook 2021: 1ARC. Cervical cancer screening. IARC Handb Cancer
Prev. 2022;18:1-456. Available from: https://publications.iarc.fr/604.

Guan P, Howell-Jones R, Li N, Bruni L, de Sanjosé S, Franceschi S, et al. Human
papillomavirus types in 115,789 HPV-positive women: a meta-analysis from
cervical infection to cancer. Int. J. Cancer. 2012;131(10):2349-59. https://doi.or
9/10.1002/ijc.27485. PMID:22323075.

Bottari F, lacobone AD, Passerini R, Preti EP, Sandri MT, Cocuzza CE, Gary DS,
Andrews JC. Human papillomavirus genotyping compared with a qualita-
tive high-risk human papillomavirus test after treatment of high-grade
cervical intraepithelial neoplasia: a systematic review. Obstet Gynecol.
2019;134(3):452-62. https://doi.org/10.1097/A0G.0000000000003409.
Bonde JH, Sandri M, Gary DS, Andrews JC. Clinical utility of human papillo-
mavirus genotyping in cervical cancer screening: a systematic review. J Low
Genit Tract Dis. 2020;24(1):1-13. https://doi.org/10.1097/LGT.0000000000000
494.

Anttila A, Arbyn M, De Vuyst H, Dillner J, Dillner L, Franceschi S, Patnick J,
Ronco G, Segnan N, Suonio E, Tornberg S, von Karsa L. In: European guide-
lines for quality assurance in cervical cancer screening. Luxembourg: Publica-
tions Office; 2015.

Perkins RB, Guido RS, Castle PE, Chelmow D, Einstein MH, Garcia F, Huh WK,
Kim JJ, Moscicki AB, Nayar R, Saraiya M, Sawaya GF, Wentzensen N, Schiffman
M. ASCCP risk-based management consensus guidelines committee. 2019
ASCCP risk-based management consensus guidelines for abnormal cervical
cancer screening tests and cancer precursors. J Low Genit Tract Dis. 2019.
2020;24(2):102-31. https://doi.org/10.1097/LGT.0000000000000525.

Ronco G, Zappa M, Franceschi S, Tunesi S, Caprioglio A, Confortini M, Del
Mistro A, Carozzi F, Segnan N, Zorzi M, Giorgi-Rossi P, Italian HPV Survey Work-
ing Group. Impact of variations in triage cytology interpretation on human
papillomavirus-based cervical screening and implications for screening
algorithms. Eur J Cancer. 2016, Nov;68:148-55. https://doi.org/10.1016/j.ejca.
2016.09.008. Epub 2016 Oct 15. PMID: 27755998.

Castle PE, Rodriguez AC, Burk RD, Herrero R, Wacholder S, Alfaro M, Morales J,
Guillen D, Sherman ME, Solomon D, Schiffman M; Proyecto Epidemiologico
Guanacaste (PEG) Group. Short term persistence of human papillomavirus
and risk of cervical precancer and cancer: population based cohort study.
BMJ. 2009;339:b2569. https://doi.org/10.1136/bmj.b2569.

Cuschieri K, Geraets DT, Moore C, Quint W, Duvall E, Arbyn M. Clinical and
analytical performance of the onclarity HPV assay using the VALGENT


https://doi.org/10.1016/j.jcv.2015.11.015
https://doi.org/10.1093/jnci/djaa105
https://doi.org/10.1093/jnci/djaa105
https://doi.org/10.1002/cncy.22103
https://doi.org/10.1001/jamainternmed.2019.0306
https://doi.org/10.1001/jamainternmed.2019.0306
https://doi.org/10.1097/LGT.0000000000000706
https://doi.org/10.1002/ijc.33320
https://doi.org/10.1093/jnci/djq356
https://doi.org/10.1093/jnci/djq356
https://doi.org/10.1186/1471-2334-13-373
https://doi.org/10.1186/1471-2334-13-373
https://doi.org/10.1002/ijc.31883
https://doi.org/10.1097/LGT.0000000000000573
https://publications.iarc.fr/604
https://doi.org/10.1002/ijc.27485
https://doi.org/10.1002/ijc.27485
https://doi.org/10.1097/AOG.0000000000003409
https://doi.org/10.1097/LGT.0000000000000494
https://doi.org/10.1097/LGT.0000000000000494
https://doi.org/10.1097/LGT.0000000000000525
https://doi.org/10.1016/j.ejca.2016.09.008
https://doi.org/10.1016/j.ejca.2016.09.008
https://doi.org/10.1136/bmj.b2569

Del Mistro et al. Infectious Agents and Cancer

22.

23.

24,

25.

26.

(2025) 20:84

framework. J Clin Microbiol. 2015;53(10):3272-79. https://doi.org/10.1128/JC
M.01366-15.

Bonde JH, Pedersen H, Quint W, Xu L, Arbyn M, Ejegod DM. Clinical and
analytical performance of the bd onclarity HPV assay with SurePath screening
samples from the Danish cervical screening program using the VALGENT
framework. J Clin Microbiol. 2020;58(2):¢01518-19. https://doi.org/10.1128/J
CM.01518-19.

De Marco L, Bisanzi S, Ronco G, Mancuso P, Carozzi F, Allia E, Rizzolo R,
Gustinucci D, Frayle H, Viti J, lossa A, Cesarini E, Bulletti S, Passamonti B, Gori S,
Toniolo L, Venturelli F, Del Mistro A, Giorgi Rossi P, Benevolo M, NTCC2 Work-
ing Group. Extended HPV genotyping by the bd onclarity assay: concordance
with screening HPV-DNA assays, triage biomarkers, and histopathology in
women from the NTCC2 study. Microbiol Spectr. 2025;13:20089724. https://d
0l.org/10.1128/spectrum.00897-24.

Benevolo M, Ronco G, Mancuso P, Carozzi F, De Marco L, Allia E, Bisanzi S,
Rizzolo R, Gustinucci D, Del Mistro A, Frayle H, Confortini M, Viti J, lossa A,
Cesarini E, Bulletti S, Passamonti B, Gori S, Toniolo L, Bonvicini L, Venturelli F,
Wentzensen N, Giorgi Rossi P, NTCC2 Working Group. Comparison of HPV-
positive triage strategies combining extended genotyping with cytology

or p16/ki67 dual staining in the Italian NTCC2 study. EBioMedicine. 2024,
Jun;104:105149. https://doi.org/10.1016/j.ebiom.2024.105149. Epub 2024
May 17. PMID: 38759278; PMCID: PMC11126882.

Schiffman M, Doorbar J, Wentzensen N, de Sanjosé S, Fakhry C, Monk BJ,
Stanley MA, Franceschi S. Carcinogenic human papillomavirus infection. Nat
Rev Dis Primers. 2016;2:16086. https://doi.org/10.1038/nrdp.2016.86.
https://kunskapsbanken.cancercentrum.se/diagnoser/livmoderhalscancerpre
vention/vardprogram/kolposkopi-och-utredning-av-avvikande-cellprov/.

27.
28.

29.

30.

31.

Page 10 of 10

https://www.rivm.nl/en/cervical-cancer-screening-programme.

Gori S, Venturelli F, Carozzi F, Giorgi Rossi P, Del Mistro A and on behalf of the
Multisocietal Contributor Group. Italian guidelines for cervical cancer screen-
ing. Multisocietal recommendations on the use of biomarkers in HPV screen-
ing with risk-based approach and grade methodology. Br J Cancer. 2025, Sep,
11. https://doi.org/10.1038/541416-025-03161-8. Online ahead of print.

Del Mistro A, Giorgi Rossi P, Frayle H, Pasquale L, Campari C, Ronco G, Zorzi M.
Five-year risk of CIN3 after short-term HPV-DNA negativity in cytology-nega-
tive women: a population-based cohort study. BJOG. 2019;126(11):1365-71.
https://doi.org/10.1111/1471-0528.15893.

Inturrisi F, Rozendaal L, Veldhuijzen NJ, Heideman DAM, Gjim M, Berkhof J.
Risk of cervical precancer among HPV-negative women in the Netherlands
and its association with previous HPV and cytology results: a follow-up analy-
sis of a randomized screening study. PLoS Med. 2022;19(10):e1004115. https:/
/doi.org/10.1371/journal.pmed.1004115.

Polman NJ, Veldhuijzen NJ, Heideman DAM, Snijders PJF, Gjlm M, Berkhof J.
HPV-positive women with normal cytology remain at increased risk of CIN3
after a negative repeat HPV test. Br J Cancer. 2017;117(10):1557-61. https.//d
0i.0rg/10.1038/bjc.2017.309.

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


https://doi.org/10.1128/JCM.01366-15
https://doi.org/10.1128/JCM.01366-15
https://doi.org/10.1128/JCM.01518-19
https://doi.org/10.1128/JCM.01518-19
https://doi.org/10.1128/spectrum.00897-24
https://doi.org/10.1128/spectrum.00897-24
https://doi.org/10.1016/j.ebiom.2024.105149
https://doi.org/10.1038/nrdp.2016.86
https://kunskapsbanken.cancercentrum.se/diagnoser/livmoderhalscancerprevention/vardprogram/kolposkopi-och-utredning-av-avvikande-cellprov/
https://kunskapsbanken.cancercentrum.se/diagnoser/livmoderhalscancerprevention/vardprogram/kolposkopi-och-utredning-av-avvikande-cellprov/
https://www.rivm.nl/en/cervical-cancer-screening-programme
https://doi.org/10.1038/s41416-025-03161-8
https://doi.org/10.1111/1471-0528.15893
https://doi.org/10.1111/1471-0528.15893
https://doi.org/10.1371/journal.pmed.1004115
https://doi.org/10.1371/journal.pmed.1004115
https://doi.org/10.1038/bjc.2017.309
https://doi.org/10.1038/bjc.2017.309

	﻿Impact of differentiating between persistent and new infections on colposcopy referral in HPV-positive triage-negative women: results from the NTCC2 study
	﻿Abstract
	﻿Background
	﻿Methods
	﻿NTCC2 study design
	﻿Study population
	﻿Extended genotyping
	﻿Statistical analyses
	﻿Outcome definition


	﻿Results
	﻿Description of population under study
	﻿Overall distribution of persistence and new infections
	﻿Persistence, new infections, and total clearance according to age, baseline cytology, p16/ki67, and E6/E7 mRNA results
	﻿Persistence, new infections and total clearance according to channel positivity
	﻿Impact of the new infection rate on women’s management

	﻿Discussion
	﻿Main findings
	﻿Limits
	﻿Implication for practice and research

	﻿Conclusion
	﻿References


