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Abstract 

Background  To compare the triage performance of HPV viral loads reflected by cycle threshold values (CtV) 
from two different HPV testing assays: the PCR based Cobas4800 and the isothermal amplification based AmpFire 
assay.

Methods  We used the data from a sub-study of The Chinese Multi-Center Screening Trial and analyzed the data 
of the cases positive in both Cobas4800 and AmpFire assays with recorded CtV. Spearman’s correlation was applied 
to analyze the association between CtV from AmpFire and Cobas4800 assays, as well as the correlation between CtV 
and the histological lesion grades. The 50th percentile of CtV was used as the cutoff to construct triage algorithms 
for HPV-positive cases. McNemar’s test was used to analyze the differences in sensitivity and specificity for detecting 
CIN2 + and CIN3 + in different triage algorithms.

Results  Four hundred forty-six HPV positive women who had consistent HPV results from Cobas4800 and AmpFire 
in terms of the HPV genotype and reported Ct values were included in the analysis. The mean CtV of hrHPV tested 
by Cobas4800 and AmpFire were linear correlated. Direct association were showed between the severity of cervical 
lesions and the HPV viral loads reflected by CtV of hrHPV, HPV16, non-16/18 hrHPV and A9 group from both assays. 
HPV16/18 genotyping combined with low-CtV for non-16/18 hrHPV, especially A9 group, were demonstrated to be 
satisfactory in the sensitivity and specificity for detecting CIN2 + or CIN3 + .

Conclusion  Ct value represented a good triage marker in both PCR-based and isothermal amplification HPV 
detection.
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Background
Cervical cancer is a significant global health challenge. As 
the fourth most common cancer among women, it cre-
ated 604,000 new cases of cervical cancer and 342,000 
new deaths worldwide in 2020 [1]. The primary etiologi-
cal factor underlying development of almost all cervical 
cancers is high-risk human papillomaviruses (hrHPV). 
However, only a small set of individuals with persistent 
hrHPV infection will ultimately develop high-grade cer-
vical intraepithelial neoplasia that can potentially pro-
gress to cervical cancer if left untreated [2]. Effective 
prevention of cervical cancer need to vaccinate the young 
girls for hrHPV and treatment of the precancers detected 
from women through properly organized screening pro-
grams. Before HPV vaccination can cover all the world, 
effective screening is still the most realistic measure to 
control the current prevalence of cervical cancer, espe-
cially in the lower-and-middle-income-countries (LMIC).

HPV testing has been widely recognized as an effec-
tive primary screening method for cervical cancer, with 
high sensitivity and negative predictive value in detecting 
cervical lesions [3]. However, given the low probability of 
high-grade cervical lesions among HPV-positive women, 
it is not recommended to refer all hrHPV-positive indi-
viduals to colposcopy [4]. Therefore, an appropriate tri-
age strategy is essential for identifying those individuals 
who require prompt colposcopy or treatment from those 
who need regular surveillance.

Cytology and HPV genotyping are the most common 
optional triage references used in cervical cancer screen-
ing programs [5]. Current guidelines recommend imme-
diate referral of women who test positive for HPV16/18, 
with cytology triage for those positive for non-16/18 
hrHPV [6]. However, cytology relies on cytologists with 
subjective skills and requires medical providers to collect 
cervical samples including exfoliated cells, which are usu-
ally not available in low-resource areas [5, 7]. In contrast, 
HPV genotypes are objective marks that can be obtained 
from HPV testing on self-collected samples and referable 
for triage in self-sampling-based cervical cancer screen-
ing programs in low-resource areas. However, genotyp-
ing may have diminishing returns in populations that 
have been immunized against certain HPV types, and 
the types included in a triage must be carefully balanced 
to avoid low specificity [5]. Recent data have shown that 
combining extended genotyping with cytology can pro-
vide a refined risk stratification for HPV-positive women 
[8].

HrHPV viral load is another molecular indicator 
that may tell the status of cervical cancer development 
[9–11]. Several commercial HPV assays can provide 
different indicators that reflect viral loads in the target 

samples as well as genotyping information. Studies have 
reported that setting more stringent HPV viral load 
cutoffs can help to improve the specificity of the assay 
to detect high-grade cervical lesions [12, 13].

The Cobas4800 assay is an FDA-approved real-time 
PCR-based HPV test that can provide both partial 
genotyping and cycle threshold values (CtV) for HPV-
positive channels. The assay reports 14 high-risk HPV 
types in three channels: HPV16, HPV18, and a pooled 
12 other hrHPV types (HPV-31, -33, -35, -39, -45, -51, 
-52, -56, -58, -59, -66, and -68). CtV from that assay 
represents the DNA amplification cycles required to 
make the fluorescence signal to reach a predetermined 
threshold. It is inversely correlated with the log amount 
of targeted DNA in the specimen [14, 15].

Our team has confirmed value of CtV from the 
Cobas4800 assay in positive triages by demonstrat-
ing that using HPV16/18 genotype and an appropriate 
cutoff of the Ct values for 12-hrHPV-in-pool as the tri-
age protocol (the genotype/CtV protocol) could obtain 
a CIN2 + detection efficiency that was comparable to 
a protocol with combination of HPV16/18 genotypes 
and cytology (≥ ASCUSS) for non-16/18 hrHPV types 
[16–18]. The genotype/CtV protocol offered a pathway 
to full molecular screening and triage that is applicable 
to both self-collected and clinician-collected samples.

AmpFire is an isothermal, real-time fluorescent, and 
multiplex nucleic acid amplification method that allows 
detecting and genotyping 15 types of high-risk human 
papillomavirus (hrHPV) [19]. One of its advantages is 
that it detects HPV directly from the samples without 
needing the DNA extraction and purification proce-
dures. Additionally, AmpFire can complete the testing 
procedures in about 2  h, which greatly reduces the 
time and const and makes it an ideal optional screen-
ing assay for “one-day” screening programs those 
are applied in remote or low-resource areas [19, 20]. 
Recent studies have shown that the AmpFire HPV assay 
has similar sensitivity and better specificity than the 
Cobas4800 assay in detecting ≥ grade 2 and ≥ grade 3 
cervical intraepithelial neoplasia (CIN 2 + or CIN 3 +) 
on both self-collected and clinician-collected samples 
[20]. Similar to Cobas4800, AmpFire can also report 
the CtVs of the positive channels. However, since the 
AmpFire assay is isothermal, the CtV from AmpFire is 
simply a marker of reaction time (in minutes). To the 
best of our knowledge, no research has evaluated the 
role of AmpFire CtVs in triage of HPV-positive women.

In this study, we evaluated the performance of CtVs 
from AmpFire assays when making them as the refer-
ence for triage of HPV positive women through head-
to-head comparison with the relevant CtVs from 
Cobas4800 HPV assay.
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Methods
Study design and participants
This study was based on the data from a sub-study of 
The Chinese Multi-Center Screening Trial (CHIMUST) 
and its sub-study validating the effectiveness of AmpFire 
in detection of grade 2 and above cervical interepithelial 
neoplasia (CIN2 +).

CHIMUST (Registration number: ChiCTR-
EOC-16008456) was a multicenter population-based 
cross-sectional cervical cancer screening study led by 
our team. Ten thousand eight hundred and eight-five 
(10,885) women from 15 screening sites in 7 provinces 
in China were screened from August 2016 to January 
2018. Enrolled women was those who were aged 30–59 
of years, sexually exposed, non-pregnant, unscreened for 
at least 3 years, without history of hysterectomy or pelvic 
radiation, and consent in writing for participation. The 
trial was approved by the Ethics Committee of the Peking 
University Shenzhen Hospital (IRB:PUSH2016001) and 
the Institutional Review Board of Cleveland Clinic (USA) 
(IRB:15–1549) [21].

Each participant provided a self-collected vaginal sam-
ple and a clinician-collected endocervical sample. The 
samples were split and tested for HPV using Cobas4800 
(Roche, USA) and SeqHPV (BGI, Shenzhen, China). In 
addition, the clinician-collected samples were processed 
for cytology testing using ThinPrep (Hologic) [21].

Patients who tested positive for HPV on either assay 
(Cobas4800 and/or SeqHPV for self- and/or clinician-
collected samples) were recalled for colposcopy, and 
colposcopy-directed and/or random biopsies were taken 
according to the Preventive Oncology International 
(POI) protocol [22]. All histology slides were analyzed by 
a gynecological pathology expert from PUSH(C.W.), who 
was blind of the HPV and cytology results. Histology 
results were classified as non-CIN, cervical intraepithelial 
neoplasia (CIN)1, CIN2, CIN3, adenocarcinoma in  situ 
(AIS), and cancers.

The sub-study was conducted later, with aim to validate 
the performance of AmpFire in detection of CIN2 + and 
CIN3 + [20].The sub study was conducted using Amp-
Fire to test the residual samples from 6,619 participants 
to from five locations: Pingxiang in Hebei Province 
(2,035), Huang Shi in Hubei Province (1,250), Chao Zhou 
in Guangdong Province (1,000), Mentougou in Beijing 
(988), and Xiang Huang Qi in Inner Mongolia (1,346) 
[20]. Before AmpFire testing, all the residual samples 
were stored at 4 °C.

Cobas4800 HPV assay
The Cobas4800 HPV (hereafter as Cobas) is a multi-PCR-
based HPV assay that detects a total of 14 hrHPV types 
across three channels: HPV16, HPV18, and a pooled 

12-HPV channel (including HPV31, 33, 35, 39, 45, 51, 
52, 56, 58, 59, 66, and 68), along with a separate β-globin 
channel as a reference. The manufacturers have defined 
CtV-cutoffs for all the HPV channels to determine posi-
tive results, which are 40.5 for HPV16 and 40 for HPV18 
and the pooled 12-HPV channels. When the CtV is equal 
to or lower than the cutoff, a positive result is obtained 
and the corresponding CtV is recorded. The CtV of nega-
tive channels is above the default CtV-cutoff and is not 
reported.

AmpFire HPV assay
The AmpFire assay (Atila BioSystems, Inc., CA, USA) is 
an isothermal, real-time fluorescent, multiplex nucleic 
acid amplification method which has received regulatory 
approval from both the European Community and the 
Chinese Food and Drug Administration. The AmpFire 
Multiplex HPV assay is able to detect the presence of 15 
high-risk HPV genotypes (HPV16, 18, 31, 33, 35, 39, 45, 
51, 52, 53, 56, 58, 59, 66, and 68) and can simultaneously 
genotype HPV16 and 18 separately in a single reaction. 
As same as in Cobas, it detects the human β-globin gene 
as an inner control. This assay can directly detect HPV 
from non-processed samples with limited hands-on time 
and no need for DNA extraction and purification. The 
amplification reaction is incubated at 60  °C for 75  min, 
and fluorescence is recorded every minute from each 
channel (HPV16, HPV18, non-16/18 hrHPV, β-globin). 
The Ct values for each amplification curve in all fluores-
cence channels are automatically reported. As the Amp-
Fire assay is isothermal, there are no cycles, and the Ct 
value simply represents the reaction time in minutes. If 
the amplification curve for the β-globin gene is not expo-
nential, the result is considered invalid [19].

In order to make the results from the AmpFire to be 
match with those from Cobas, we just included the cases 
those were: 1) tested positive of hr-HPV on Cobas4800 
for the clinician-collected samples in the primary screen-
ing; 2) tested positive of hrHPV on AmpFire assays for 
clinician-collected samples in the sub-study; 3) with the 
CtV reported, and 4) with matched results from Cobas 
and Ampfire in terms of at least one HPV genotype.

When any case was reported by both assays to be the 
positive of non-16/18 hrHPV, the result from SeqHPV 
(that reports sequencing genotyped 14 hrHPV [16, 18, 31, 
33, 35, 39, 45, 51, 52, 56, 58, 59, 66, and 68] individually) 
will be referred to determine the exact types those were 
reported by Cobas and AmpFire in pool. Cases would 
be excluded if 1) the HPV type of a single-type HPV 
was not matched on Cobas and AmpFire; 2) if the non-
16/18 hrHPV from Cobas and AmpFire were reported 
by SeqHPV having HPV16 and/or 18; and 3) if the non-
16/18 hrHPV from Cobas and AmpFire were reported 
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multi-type infections by SeqHPV. (in such cases we could 
not identify which type of hrHPV was the determinant of 
the CtV for non-16/18 hrHPV). With the above inclusive 
and exclusive criteria, cases that were positive of HPV53 
only on AmpFire were not included and had no influence 
on the analysis.

Cases with positive results for hrHPV from both the 
two assays with matched genotype information and 
identifiable genotype-related CtVs were included into 
the analysis (the analytic cases). The analytic cases were 
classified into three groups in a hierarchy manner per the 
genotypes: HPV16, HPV18, and non-16/18 hrHPV. If not 
specifically indicated, HPV16 referred to a result that was 
positive for HPV16 only or multiple HPV types includ-
ing HPV16; HPV18 referred to a result that was posi-
tive for HPV18 only or multiple types including HPV18 
but excluding HPV16; while non-16/18 hrHPV refers to 
a result that was positive of single hrHPV type that are 
none or excluding HPV16 and/or 18. CtV analysis was 
also conducted through categorizing the non-16/18 
hrHPV according the genotyping from SeqHPV, into 
three groups: HPV A9 group (including HPV31, 33, 35, 
52, 58), HPV A7 group (including HPV39, 45, 59, 68), 
and HPV A5/A6 group (including HPV51, 56, 66).

Statistical analysis
The mean ± standard deviation was used to describe Ct 
values. Spearman’s correlation coefficient was used to 
compare the association between CtV of hrHPV, HPV16, 
HPV18, non-16/18 hrHPV, and HPV A5/A6, A7, A9 
group from the AmpFire and Cobas4800 assay. Spear-
man’s correlation coefficient was also used to analyze 
the correlation between CtV from Cobas4800 or Amp-
Fire and cervical lesion grades. Differences in CtV from 
Cobas4800 or AmpFire assay among histological lesion 
grades were compared by one-way ANOVA.

To differentiate low-CtV positives from high-CtV posi-
tives, the CtV cutoff was determined primarily based 
on the 4% CIN3 + incident rate [18], receiver operat-
ing characteristic curves (ROC curves) for predicting 

CIN3 + from CtV, and the quartile of the CtV of hrHPV, 
non-16/18 hrHPV, and A9 group. The cutoffs with 
good classification effect for positive women in both 
Cobas4800 and AmpFire assay were used to construct 
triage algorithms. McNemar’s test was used to analyze 
the differences in sensitivity and specificity for detecting 
CIN2 + and CIN3 + in different triage algorithms.

Data analysis was performed using SPSS v.26.0 soft-
ware (IBM, Armonk, NY, USA), and P < 0.05 was consid-
ered statistically significant.

Results
A total of 6,042 women were included in the sub-study 
of CHIMUST and had HPV test results from both Cobas 
and AmpFire with complete data on cytology and his-
tology analysis [20], of whom, 560 women had matched 
HPV positive results from both the tests and eligible for 
this analysis (the eligible cases). Among the 560 eligible 
cases, 99 cases were positive for HPV16, 31 for HPV18, 
and 430 for non-16/18 hrHPV. Of the cases positive of 
non-16/18 hrHPV, 165 were categorized into A9 group 
(HPV31, 33, 35, 52, 58), 90 into A7 group (HPV39, 45, 59, 
68), and 61 into A5/A6 group (HPV51, 56, 66), 114 were 
excluded for positive of multi-type on SeqHPV with-
out single-type corresponding CtV identifiable. Finally 
included in the analysis were 446 cases with matched 
HPV results and type-specific CtVs  from both the ana-
lytic testing assays.

The mean age of the 446 women in the analytic group 
was 45.2 (± 7.42) years. Twenty-two-point twenty percent 
(22.20%, 99/446) of them were positive for HPV16, 6.95% 
(31/446) were positive for HPV18, and 70.85% (316/446) 
were positive for non-HPV16/18 hrHPV(Table  1). The 
CtV of hrHPV tested by Cobas4800 and AmpFire showed 
a linear correlation, with Spearman’s correlation coeffi-
cients of 0.664, 0.818, 0.766, 0.749, 0.660, 0.815, and 0.775 
for CtV of hrHPV, HPV16, HPV18, non-16/18 hrHPV, 
A5/A6 group, A7 group, and A9 group, respectively, with 
a significance level of p < 0.001 (Table 1).

Table 1  Consistency of Ct values from Cobas4800 and AmpFire assay

HPV genotypes Cases(%) Cobas4800 CtV AmpFire CtV Spearman p value

hrHPV 446 30.16 ± 5.43 24.43 ± 8.17 0.664  < 0.001

HPV16 99(22.20) 29.42 ± 4.95 17.39 ± 4.08 0.818  < 0.001

HPV18 31(6.95) 31.92 ± 4.88 21.45 ± 6.27 0.766  < 0.001

Non-16/18 hrHPV 316(70.85) 30.22 ± 5.60 26.93 ± 7.91 0.749  < 0.001

A5/A6 61(13.68) 29.67 ± 5.12 24.33 ± 6.93 0.660  < 0.001

A7 90(20.18) 28.59 ± 5.52 27.59 ± 8.11 0.815  < 0.001

A9 165(37.00) 31.31 ± 5.60 27.53 ± 7.99 0.775  < 0.001
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Pathologically, 66.82% (298/446) of the hrHPV posi-
tives were reported as non-CIN, 16.14% (72/446) as 
CIN1, 17.04% (76/446) as CIN2 + (including CIN2, CIN3, 
AIS, and cancers), and 7.26% (34/446) as CIN3 + (includ-
ing CIN3, AIS, and cancers) (Supplementary Table1).

Our data revealed an inverse association between the 
severity of cervical lesions and the CtV of hrHPV, HPV16, 
non-16/18 hrHPV, and A9 group from both Cobas4800 
and AmpFire assays. The Spearman’s correlation coeffi-
cients were -0.278, -0.467, -0.23, and -0.327, respectively, 
between the CtV of hrHPV, HPV16, non-16/18 hrHPV, 
A9 group from Cobas4800 assay, and the severity of cer-
vical lesions, with a significance level of p < 0.001. Simi-
larly, the Spearman’s correlation coefficients were -0.34, 
-0.344, -0.209, and -0.307, respectively, between the CtV 
from AmpFire and cervical lesion grades, with a signifi-
cance level of p < 0.001.

In both Cobas4800 and AmpFire assays, the CtVs of 
hrHPV in the CIN2 + and CIN3 + groups were signifi-
cantly lower than those in the non-CIN group (p < 0.05). 
The CtVs of HPV16 in the CIN2 + and CIN3 + groups 
were significantly lower than those in both the non-
CIN and CIN1 groups (p < 0.05). The CtVs of non-16/18 
hrHPV in the CIN1 group were lower than those in the 
non-CIN group (p < 0.05), and the CtVs of A9 group in 
the CIN1 and CIN2 + cases were lower than those in the 
non-CIN cases (p < 0.05). No significant difference was 
found among different grades of lesion in terms of corre-
lated CtVs of HPV18, A5/A6 group, and A7 group (Fig. 1, 
Supplementary Table1).

When we adopted the 50th percentile of CtV as the 
cutoff, we got a relatively satisfied differentiation of 
the women in hrHPV, non-16/18 hrHPV, and A9 HPV 
positive groups with high-CtVs from those with low-
CtVs for Cobas4800 and AmpFire assays. With this 
cutoff, 91.18% of CIN3 + cases in hrHPV group were 
detected “low-CtV” on both Cobas4800 (CtVCobas ≤ 29.8) 
and AmpFire (CtVAmpFire ≤ 22.6), 62.5% and 87.5% 
of CIN3 + cases in non-16/18 hrHPV group were 
detected “low-CtV” on Cobas4800 (CtVCobas ≤ 30) and 
AmpFire assay (CtVAmpFire ≤ 25.71), respectively, and 
83.33% of CIN3 + cases in A9 group were detected the 
low-CtV on both Cobas (CtVCobas ≤ 32) and AmpFire 
(CtVAmpFire ≤ 26.48) (Table 2).

Using the 50th percentile of CtV as a cutoff, we devel-
oped triage algorithms for HPV-positive patients in 
different groups and compared them with the recom-
mended algorithms (Table  3). Compared with the com-
monly accepted algorithm of “HPV16/18 genotypes plus 
cytology ≥ ASCUS for non-16/18 hrHPV” (algorithm D), 
using “genotype for HPV16/18 plus low-CtV for non-
16/18 hrHPV” to triage all women positive of hrHPV 
(algorithm E/F) could yield a comparable sensitivity of 

91.9% in both Cobas and AmpFire and a specificity of 
52.91% in Cobas4800 and 53.16% in AmpFire assay for 
CIN3 + , with the colposcopy referral rate of 50.45% and 
50.22%, respectively. When triage the the positive women 
using “genotypes for HPV16/18 and low-CtV for non-
16/18 hrHPV” (algorithm G/H), a comparable sensitivity 
of 91.18% in Cobas4800 and 97.06% in AmpFire assay for 
CIN3 + can be achieved but the specificity was too low 
to the acceptance (37.38% in Cobas and 38.11% in Amp-
Fire assay), and the colposcopy referrals was rated to be 
64.80% and 64.57%, respectively. However, when using 
"genotype for HPV16/18 plus low-CtV for A9 group” 
(algorithm I/J), a comparable sensitivity of 91.18% in both 
Cobas and AmpFire and a higher  specificity of 55.58% 
in Cobas and 55.83% in AmpFire can be achieved for 
CIN3 + , with the colposcopy referral rates of 47.98% and 
47.76%, respectively. (Table 3).

Discussion
The advantages of AmpFire HPV assay in cervical cancer 
screening
Low-and-middle-income countries (LMICs) bear a dis-
proportionate burden of the world cervical cancer inci-
dence and mortality. Control of cervical cancer in LMICs 
presents unique challenges those are differ from high-
income countries (HICs). According to a statistic report 
in 2020, less developed regions accounted for 88.1% 
of cervical cancer incidence and 91.4% of mortality [1]. 
However, in other hand, the screening coverage of eli-
gible women in most LMICs was just 19%, compared to 
63% in HICs [23].

The AmpFire assay has proven to be equally accurate 
to Cobas4800 and SeqHPV in detection of CIN2 + or 
CIN3 + for both self- and clinician-collected samples 
[20]. However, AmpFire in advantageous of the unique 
isothermal multiplex nucleic acid amplification technol-
ogy that does not require a special PCR lab or air flow 
management, and therefore enables the tests be con-
ducted directly on self- or clinician-collected the sam-
ples on the screening site, without need to process and 
preserve the samples with any liquid. Due to the above 
advantage, Ampfire is compatible with inexpensive and 
portable equipment. These features make it a promising 
assay, especially in LMICs. AmpFire assay can report the 
HPV testing results in less than 1.5 h [24], which enables 
the “screen and treat” cervical screening programs be 
designed on self-collected HPV testing and completed 
within one day [20], the recognized solution for increas-
ing the coverage of screening and the rate of precancer 
treatment. However, here comes a question, what is the 
appreciated triage in the “screen and treat” program 
when us HPV testing as the primary screening?



Page 6 of 10Zhang et al. BMC Infectious Diseases          (2023) 23:783 

Fig. 1  The HPV genotype specific CtVs of different grades of cervical lesions. CIN3 + refers to CIN3, AIS, and cancers. * p < 0.05 when compared 
with non-CIN
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The potentiality of triaging hrHPV positive women 
with CtVs
Self-sampling has been proven to be an effective way to 
increase screening coverage in LMICs [25, 26]. How-
ever, it is a unique challenge to opt applicable and effec-
tive triages in these settings after primary screening with 
self-collected HPV testing. Triage protocols based on 
cytology could not work due to the shortage of cytolo-
gists and the lack of quality assurance mechanisms in 
LMICs. Moreover, cytology does not work with self-col-
lected samples, therefore additional clinic visits for just 
triage will be requires for the women who are primarily 

tested positive of hrHPV, which would increase the loss 
to follow-up [5]. Triage protocols based molecular test 
on self-collected samples is obviously the right option 
for management of positives because it is an objective 
reference, less dependent to cytology resources, more 
affordable to the community, and beneficial to positive 
management by minimizing the requirements for clinic 
visits.

In addition of HPV genotypes, HPV viral load from 
Cobas have been demonstrated to be a potential tri-
age option [16–18]. Given the dominant proportion of 
HPV16/18 infections in cervical cancer cases and the 

Table 2  PPV for CIN2 + and CIN3 + in low-Ct HPV positive and high-Ct HPV positive women grouped by 50% percentile of CtV 
(n = 446)

Cobas4800 AmpFire

Cutoff Cases CIN2 +  CIN3 +  Cutoff Cases CIN2 +  CIN3 + 

hrHPV 446 76 34 hrHPV 446 76 34

   > 29.8 221(49.55) 20(26.32) 3(8.82)  > 22.6 222(49.78) 15(19.74) 3(8.82)

   ≤ 29.8 225(50.45) 56(73.68) 31(91.18)  ≤ 22.6 224(50.22) 61(80.26) 31(91.18)

HPV16 99 41 25 HPV16 99 41 25

   > 29.0 49(49.49) 9(21.95) 5(20.00)  > 16.0 49(49.49) 12(29.27) 6(24.00)

   ≤ 29.0 50(50.51) 32(78.05) 20(80.00)  ≤ 16.0 50(50.51) 29(70.73) 19(76.00)

HPV18 31 5 1 HPV18 31 5 1

   > 31.6 15(48.39) 3(60.00) 0(0.00)  > 20.1 15(48.39) 2(40.00) 0(0.00)

   ≤ 31.6 16(51.61) 2(40.00) 1(100.00)  ≤ 20.1 16(51.61) 3(60.00) 1(100.00)

Non-16/18 hrHPV 316 30 8 Non-16/18 hrHPV 316 30 8

   > 30 157(49.68) 13(43.33) 3(37.5)  > 25.71 158(50) 9(30) 1(12.5)

   ≤ 30 159(50.32) 17(56.67) 5(62.5)  ≤ 25.71 158(50) 21(70) 7(87.5)

A9 165 22 6 A9 165 22 6

   > 32 81(49.09) 5(22.73) 1(16.67)  > 26.48 82(49.7) 6(27.27) 1(16.67)

   ≤ 32 84(50.91) 17(77.27) 5(83.33)  ≤ 26.48 83(50.3) 16(72.73) 5(83.33)

Table 3  Comparison of different triage algorithms (n = 446)

* Compared with algorithm D, p < 0.05

Algorithms CIN2 +  CIN3 +  Colposcopy 
referral rate%

Cytology 
testing 
rate%

Colposcopies to 
detect 1 CIN2 + /
CIN3 + Sen% Spe% Sen% Spe%

A. HPV16 /18 60.53* 77.30* 76.47* 74.76* 29.15 0 2.83/5.00

B. Cytology ≥ ASCUS 78.95* 68.11* 100 65.05* 39.91 100 2.97/5.24

C. Cytology ≥ LSIL 65.79* 82.16* 94.12 79.61* 26.01 100 2.32/3.63

D. HPV16/18 + cytology ≥ ASCUS for non-16/18 hrHPV 90.79 52.70 100 49.03 54.71 70.85 3.54/7.18

E. Low-CtV for HrHPV (Cobas) 73.68* 54.32 91.18 52.91 50.45 0 4.02/7.26

F. Low-CtV for HrHPV (AmpFire) 80.26* 55.95 91.18 53.16 50.22 0 3.67/7.23

G. HPV16 /18 + low-CtV for non-16/18 hrHPV (Cobas) 82.89 38.92* 91.18 37.38* 64.80 0 4.59/9.32

H. HPV16 /18 + low-CtV for non-16/18 hrHPV (AmpFire) 88.16 40.27* 97.06 38.11* 64.57 0 4.30/8.73

I. HPV16/18 + low-CtV for A9 (Cobas) 82.89 59.19* 91.18 55.58* 47.98 0 3.40/6.90

J. HPV16/18 + low-CtV for A9 (AmpFire) 81.58 59.19* 91.18 55.83* 47.76 0 3.44/6.87
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increased risk of high-grade cervical lesions among 
HPV16/18-positive women, referring all HPV16/18-
positive women for colposcopy is supported by guide-
lines [6]. However, although the sensitivity for detecting 
CIN2 + and CIN3 + can be rated to be 49.3% and 68.5%, 
respectively, with that approach [17], triage of the women 
positive of other hrHPV types is progressively necessary 
along with the use of HPV vaccines that will reduced the 
risk of HPV16/18 associated CIN2 + and CIN3 + [27]. 
Therefore, optimizing the management of women 
infected with non-16/18 hrHPV is becoming increasingly 
important to cervical cancer control [28].

This analysis demonstrated the correlation between the 
CtVs of HPV16 and non-16/18 hrHPV and the severity of 
cervical lesions are reverse on both the Cobas4800 and 
AmpFire assays. Notably, when using Spearman correla-
tion coefficient to express the relativity of the CtV and the 
severity of cervical lesions, the relativity of HPV-16 CtV 
with lesion severity is stronger than that of the CtV of 
non-16/18 hrHPV, which was consistent with prior anal-
yses based on CHIMUST [16–18]. The non-16/18 hrHPV 
were demonstrated vary in risks for cervical precancer-
ous lesions [29–31]. Those genotypes were grouped into 
A5/A6, A7, and A9 groups according to their evolution-
ary relationships. HPV types in the A9 group (HPV31, 33, 
35, 52, 58) was phylogenetically similar to HPV16, those 
in the A7 group (HPV39, 45, 59, and 68) was similar to 
HPV18, and those in the A5/A6 group (HPV51, 56, 66) 
was not similar to either HPV16 or HPV18. Our results 
indicated that the CtVs of the A9 group was inversely 
correlated with the severity of cervical lesions, with a 
correlation that is stronger than the CtVs of non-16/18 
hrHPV. No significant relationship was found between 
the CtVs of A7 and A5/A6 groups and the severity of the 
cervical lesions. These findings are consistent with prior 
studies, such as Adcock et al., who reported that the top 
three HPV genotypes (HPV16/33/31) with the highest 
CIN2 + /CIN3 + risk were all within the A9 group [29]. 
Similarly, Li et al.found that the viral load of some hrHPV 
genotypes (HPV 16, 18, 31, 33, 51, 52, 53, and 58) were 
positively correlated with the severity of cervical lesions 
but others were not [30]. Duan et  al.also observed sig-
nificant differences in viral loads of HPV16, 33, and 58 
among different grades of cervical lesions, but no differ-
ence was observed in other genotypes [31].

Compared to the A5/A6 and A7 groups, the A9 group 
was proofed a higher prevalence and a higher risk of 
CIN2 + /CIN3 + . Our findings indicate that the A9 
group that proportioned 52.2% (165/316) of the non-
16/18 hrHPV types accounted for 73.3% (22/30) of the 
CIN2 + and 75% (6/8) of the CIN3 + cases resulted by the 
non-16/18 hrHPV. This is consistent with results from 
large population-based studies, such as Zhu et  al.who 

analyzed data from 1.7 million women across 68 popu-
lation-based studies and showed that HPV16, 52, 58, 
18, and 33 were the most prevalent subtypes in China 
[32]. Furthermore, in a study conducted by Du et  al., 
the pooled data from 3045 women who tested positive 
for hrHPV with self-collected samples revealed that the 
three most prevalent genotypes were HPV52, HPV16, 
and HPV58. CIN2 + was found most frequently in HPV16 
(31.23%), HPV33 (24.03%), HPV58 (18.41%), HPV31 
(11.76%), HPV18 (7.75%), and HPV52 (7.30%) [33].

Noting the high prevalence of the A9 group in the 
Chinese population, our team in the prior work evalu-
ated algorithms which use the A9 group from Cervista 
Assay (Cervista A9) for primary cervical cancer screen-
ing, and found it similarly sensitive for detection of 
CIN2 + and CIN3 + when compared to the full Cervista 
assay, but significantly reduced the colposcopy refer-
ral rate and cytology rate [34]. In this study, our results 
showed that, comparing with the triage algorithm G/H 
(HPV16/18 + low-CtV for non-16/18 hrHPV), the tri-
age algorithm I/J (HPV16/18 + low-CtV for A9 group) 
showed comparable sensitivity but significantly higher 
specificity for detecting CIN2 + and CIN3 + . The lat-
ter also showed comparable sensitivity and significantly 
higher specificity for detecting CIN2 + and CIN3 + com-
pared with the guideline-recommended algorithm of 
HPV16/18 + cytology ≥ ASCUS for non-HPV16/18 
types). These results suggest that using high viral load (or 
low CtVs) as reference to triage A9 group is satisfied in 
sensitivity and specificity for detecting CIN2 + /CIN3 + , 
which downrates the colposcopy referrals and makes 
cytology unnecessary. Triage with virus load or CtV is a 
promising approach that could potentially improve cervi-
cal cancer screening in areas with high A9 group preva-
lence. Most importantly, our study highlights the utility 
of Ct value as a good triage marker in both PCR-based 
and isothermal amplification HPV detection.

Advantages and limitations
Our study evaluated data collected from a well-organ-
ized, population-based cervical screening program that 
involved 446 HPV-positive women from five provinces 
in China. Cervical exfoliated cell samples were obtained 
using a standardized sampling procedure, which makes 
the results applicable to the general population in various 
settings.

However, the study also has limits. Firstly, although our 
results showed no significant difference in the sensitivity 
for detecting CIN2 + and CIN3 + between the triage algo-
rithm combining HPV genotypes with viral load (triage 
algorithm G/H/I/J) and that combining HPV genotypes 
with cytology, the guideline-recommended algorithm, 
we cannot ignore the fact that part of the CIN3 + showed 
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relative higher CtV, which could cause case missing when 
we adopt the genotype plus virus-load algorithm. In our 
study, there were 3 CIN3 + cases tested positive of non-
16/18 hrHPV on Cobas HPV with high CtV. Among 
them one was reported high CtV by AmpFire HPV test 
as well. Some studies described that HPV integration 
into the genome of the cells were observed particularly 
in CIN3 and cervical cancer [35]. Complete integration 
might hide the detectable biomarkers of HPV and could 
be a problem to detection of HPV based on biomarker 
of DNA. This would provide a drawback in using HPV 
viral load as a triage parameter. Introduction of biomark-
ers related to HPV integration to human genome like p16 
cytology [36] or E6 and E7 (E6/E7)mRNA [37, 38] may 
help to improve the sensitivity, the cost should also be 
considered to get the best benefit [38]. Another weakness 
of our analysis is the number of CIN3 + cases in the ana-
lytic cases. Thirty-four (34) CIN3 cases with only 8 posi-
tive of non-16/18 hrHPV may not power enough in terms 
of statistics. In addition, due to technical limitation, we 
could not differ the CtV of each specific genotype in a 
multi-genotype infections, and cases with multi-geno-
type non-16/18 hrHPV were excluded from the analysis, 
which might weaken the representativeness in multi-gen-
otype non-16/18 hrHPV positive women.

Conclusions
In conclusion, the HPV viral loads reflected by CtVs 
for hrHPV, HPV16, non-16/18 hrHPV types, and A9 
group were linearly correlated with the severity of 
cervical intraepithelial neoplasia in both Cobas and 
AmpFire. In comparison with the algorithm of “Geno-
type for HPV16/18 combined with Cytology for non-
16/18 hrHPV types”, the algorithms of “Genotype for 
HPV16/18 combined with low-CtV for non-16/18 
hrHPV” from either Cobas or AmpFire is equal sensitive 
but less specific in detection of CIN2 + and CIN3 + , and 
the algorithm of “Genotype for HPV16/18 combined 
with low-CtV for A9 group” is equal sensitive but signif-
icantly higher specific in detection of CIN2 + or CIN3 + . 
Both of the algorithms are satisfied enough to be a triage 
in cervical cancer screening services in lower-resource 
area where qualified cytology is not available.
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