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Abstract

Objective To triage low-grade cervical smears (ASCUS/LSIL) by HPV 16/18 genotyping and dual staining with p16/Ki67
and to compare the sensitivity and specificity of these two triage methods for detection of high-grade cervical intraepithelial
neoplasia (HGCIN).

Methods In this prospective cross-sectional study, we evaluated a total of 89 women with low-grade smears (54 ASCUS, 35
LSIL) recruited from a tertiary care hospital. All patients underwent colposcopy guided cervical biopsy. Histopathology was
used as gold standard. All samples were subjected to HPV 16/18 genotyping (excluding 9) using DNA PCR and p16/Ki67
dual staining (excluding 4) using Roche® kit. We then compared the two triage methods to detect high-grade cervical lesions.
Results Overall, in all low-grade smears sensitivity, specificity and accuracy of HPV 16/18 genotyping, was found to be
66.7%, 77.1% and 76.2% respectively (p =0.03). In low-grade smears sensitivity, specificity and accuracy of dual staining,
was found to be 66.7%, 84.8% and 83.5% respectively (p=0.01).

Conclusions Overall, in all low-grade smears the sensitivity of the two tests was comparable. However, dual staining had
a higher specificity and accuracy than HPV 16/18 genotyping. It was concluded that both are effective triage methods but
dual staining had a better performance than HPV 16/18 genotyping.

Keywords Colposcopy - ASCUS - LSIL - Pap smear - HPV testing - HPV16 - 18 Genotyping - Dual staining - Cervical
intraepithelial neoplasia

Introduction

Cervical cancer is the fourth most common cancer affect-
ing women worldwide, with an estimated 604,000 cases and
342,000 deaths in 2020 worldwide [1]. There are 122,844
new cases and 67,477 deaths every year in India [2].

The evolution of precancerous lesions of cervix after
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persistent infection with human papillomavirus (HPV) to
becoming invasive cervical cancer often takes 10-15 years
to develop, it thus provides many opportunities for detection
and treatment of precancerous lesions. These are asympto-
matic lesions which can be easily detected by use of effective
screening methods. If detected early, there is almost com-
plete cure with simple procedures, while advanced cancers
have less than one-third survival rates.

Pap smear is an established method for cervical cancer
and pre-cancer screening. CIN, a precursor lesion of cer-
vical squamous cell carcinoma, is seen in almost 10-20%
of individuals with ASCUS (Atypical squamous cells of
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undetermined significance) [3]. The rates of CIN2/CIN3 for
LSIL (Low grade squamous intra epithelial lesion)/ASC-H
(atypical squamous cells—cannot rule out high-grade lesion)
vary from 29 to 40.7% [4]. Worldwide 71% of cervical can-
cer is associated with HPV 16-18 [5].

pl6, a cyclin-dependent kinase inhibitor, is a tumor sup-
pressor protein. It regulates the cell cycle by decelerating
progression into S phase by facilitating rebinding of Rb and
E2F transcription factor. High-risk HPV genes E6, E7 cause
multiple interferences with such cellular proteins involved
in cell cycle regulation and result in oncogenesis [6]. E7
oncoprotein causes disruption of Rb/E2F pathway, which
results in over expression of p16 in HPV transformed cervi-
cal epithelial cell but this does not indicate proliferation [7].

Ki67 is a nuclear protein marker of cellular proliferation
and coexpression of p16/Ki67 in the same cell indicates
deregulation of cell cycle induced by HR HPV (High Risk).
When both p16 and Ki67 are positive, it is considered as
dual stain positive [8].

Thus, this present study was undertaken to compare
HPV16/18 genotyping and p16/Ki67 dual staining for detec-
tion of high-grade cervical lesions in patients with low-grade
cervical smears.

Materials and Methods

This study was carried out in the Department of Obstetrics
and Gynecology, in a tertiary care hospital from Novem-
ber 2017 to March 2019. The sample size for our study
was based on a study by Bergeron et al. [8] who reported
prevalence of HGCIN as an average of 9.75% for ASCUS
and LSIL. The calculated sample size with 95% confidence
interval (CI) and 5% margin of error was 136, but we could
not recruit that many patients as it was a time-bound study.
Eighty-nine women in the age group of 30—65 years attend-
ing the Gynecology OPD or admitted in the Gynecology
ward at the hospital with low-grade cervical lesions, i.e.,
LSIL and ASCUS, were included. Pregnant women, women
with active bleeding per vaginum, known cases of carcinoma
cervix and endometrium, women who have been previously
treated for CIN or carcinoma cervix, women with history of
pelvic irradiation and those with a frank growth on cervix
were excluded from the study.

An informed consent was taken. Detailed history, gen-
eral physical examination followed by abdominal, local per
speculum and per vaginal examination was done. After this
samples were taken for HPV16/18 genotyping and dual
staining cytology p16/Ki67. In the same setting, patients
were subjected to Visual Inspection by Acetic Acid (VIA)
and colposcopy followed by directed biopsy. Pap smear
processing, reporting, HPV detection, HPV 16/18 genotyp-
ing and dual staining were carried out at a medical research

facility. Cervical biopsies were processed and diagnosed in
the department of Pathology of the tertiary care hospital. It
was a cross-sectional prospective study.

The initial HPV diagnosis was performed by using a pair
of L1 consensus degenerate primers. The samples which
were positive for HPV testing by DNA PCR were further
processed for HPV 16/18 genotyping using type-specific
primers. The basic steps were DNA extraction and ampli-
fication followed by visualization of the amplified product
by gel documentation. For dual staining, the alcohol fixed
cervical smear was stained for p16/Ki67 by CINtec ® Plus
cytology kit (Roche mtm laboratories AG, Mannheim,
Germany) using manufacturer’s protocol. The kit included
epitope retrieval solution (10X), peroxidase blocking rea-
gent, primary antibody solution, visualization reagent HRP,
visualization reagent AP, DAB buffered substrate, DAB
chromogen, Naphthol phosphate substrate, Fast red chro-
mogen and CINtec® Plus mount. A positive result was inter-
preted as brown cytoplasmic staining for p16 expression and
red nuclear staining for Ki 67 expression.

After sending the above samples, per vaginal examina-
tion was done and then Visual Inspection by Acetic Acid
was done in all patients by smearing the cervix with a cotton
swab dabbed in 5% acetic acid solution and the findings were
reported after one minute. A distinct acetowhite area within
the transformation zone was considered VIA positive.

Colposcopy was done for all patients. It was performed
using a video colposcope (Digital Colposcope with work-
station, Goldway). The cervix was inspected in good light.
Mucus or any vaginal discharge was removed with saline and
any area suggestive of leucoplakia was noted. Green filter
was used to look for abnormal vessels. Then, 5% freshly
prepared acetic acid solution was liberally applied over the
cervix and vaginal walls using a cotton tipped applicator.
After 1 min of acetic acid application, the entire cervix
was closely examined under magnification ranging from
5 to 25%. The cervix was then examined after application
of Lugol’s iodine solution so that any abnormal areas of
iodine non-uptake could stand out as mustard/canary yellow
against the mahogany brown color of the normal squamous
epithelium. Swede scoring was done for all patients. Cervi-
cal biopsies were taken from the abnormal areas noted on the
colposcope and if the colposcopy was normal, random four-
quadrant biopsy was taken. Biopsy was taken with a punch
forceps, wedge biopsy or a loop biopsy was taken using elec-
trosurgical unit or cone biopsy was done if indicated. The
specimen was fixed in 10%. Loop formalin and sent to the
Pathology department for processing. Biopsy with CIN 2 or
worse was taken as positive.

Data were entered in excel and analyzed using SSPS ver-
sion 22.
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The sensitivity, specificity, positive predictive value, neg-
ative predictive value and accuracy of the two triage tests
were calculated with histopathology as a gold standard.

Observation and Results

Out of 89 women, 54 were ASCUS and 35 were LSIL. Mean
age of patients in our study group was 37.75 +8.07 years,
while the median age was 35 years. Most, i.e., 82.0% of the
patients in our group got married after the age of 18 years.
The majority (87.6%) of patients belonged to the lower soci-
oeconomic status according to the modified Kuppuswamy
scale. The history of smoking passive/active was found in
15.7%. Commonly, the parity in our patient group was up
to 3 children (83.1%), while majority of the subjects were
para 2-3 (65.1%), among the cases with biopsy proven CIN
2 or worse, the majority (83.2%) were para 2 or 3. Most
common risk factor among CIN 2 or worse lesions was his-
tory of reproductive tract infections (16.7%). The common-
est presenting complaint overall was discharge per vaginum
(62.3%), while in cases with CIN 2 or worse lesion was dis-
charge per vaginum (75%) followed by pain in lower abdo-
men (50%). On per speculum examination in cases of CIN
2 or worse lesion, the most common finding was chronic
cervicitis with or without ectropion (66.7%).

Overall, out of 89 patients recruited 21 (23.5%) patients
were VIA positive. On colposcopy, Swede score showed that
88.7% had score <4 and 11.2% had score > 4.

CIN 2 or worse lesions were found in 6 out of 89 (6.7%)
cases. Among 54 cases with ASCUS cytology there were 2
CIN 2 cases (3.7%), and among 35 LSIL cases there were 3

CIN 2 cases (8.6%) and 1 CIN 3 case (2.9%), i.e., 4 (11.4%)
CIN 2 +lesions out of 35.

Overall, 21 out of 80 (26.2%) cases were positive for HPV
16 or 18 genotyping (9 were excluded due to lack of DNA).
The rate of HPV 16/18 positivity was higher in the LSIL
group (33.3%) than in ASCUS group (21.2%), but this differ-
ence was not statistically significant (p value 0.22) (Table 1).

Overall, 16 out of 85 (18.8%) study subjects tested posi-
tive for dual staining (4 were excluded due to lack of cel-
lularity). The rate of dual stain positivity was higher in the
LSIL group (27.2%) than in ASCUS group (13.4%) and
this difference was statistically significant (p value 0.02)
(Table 2).

When the two triage tests were compared for detection
of high-grade CIN (HGCIN) in ASCUS both had equal sen-
sitivity (50% in both), but specificity of dual staining was
higher at 88% versus 80% for 16/18 genotyping. The accu-
racy of dual stain test was also higher at 86.5% versus 78.7%
for HPV 16/18 genotyping. When the two triage tests were
compared for detection of HGCIN in LSIL both had equal
sensitivity (75%), but specificity of dual staining was higher
at 79.3% versus 72.4% for 16/18 genotyping. The accuracy
of dual stain test was also higher at 78.8% versus 72.7% for
HPV 16/18 genotyping (Table 3).

When the two triage tests were compared for detection
of HGCIN in all low-grade smears including ASCUS and
LSIL both had equal sensitivity (66.7%), but specificity of
dual staining was higher at 84.8% versus 77.1% for 16/18
genotyping. The accuracy of dual stain test was also higher
at 83.5% versus 76.2% for HPV 16/18 genotyping (Table 4).

Table 1 Results of HPV 16/18

. HPV genotype finding Overall (n=280) ASCUS (n=47) LSIL (n=33)
genotyping (n=80) -
No % No % No %
HPV16/18 positive 2 25 0 0.0 2 6.06
HPV 16 positive 19 23.7 10 21.2 9 272
Negative for 16/18 59 73.7 37 78.7 22 66.6
No DNA? 9 10.1 7 12.9 2 57
*Not included in analysis
Table 2 Results of dual staining Dual staining results Overall (n=385) ASCUS group (n=52) LSIL group
(n=385) (n=33)
No % No % No %
Negative 69 81.1 45 86.5 24 72.7
Positive 16 18.8 7 13.4 9 27.2%
Inadequate sample® 4 44 2 3.7 2 6.06

#Not included in analysis
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Discussion

As it takes a long time for the evolution of precancerous
lesions of the cervix after persistent infection with HPV to
becoming invasive cervical cancer, there is scope of their
early detection. But there is lack of consensus regarding the
management of low-grade cervical smears. These cases may
be left to follow up or referred for colposcopy, but it leads to
anxiety and loss to follow up. The rates of CIN 2 and worse
in ASCUS ranged from 4 to 8% and in LSIL 12-15% [9].
Hence, there is a need to find effective triage tests for low-
grade smears for risk stratification and to reduce referrals
to colposcopy.

It is known that cervical cancer is a long-term conse-
quence of persistent infection of the lower genital tract by
one of the 15 high risk HPV types, which are the causative
agents of cervical cancer. Among the different types of HR
HPV, 71% of cervical cancer is associated with HPV 16, 18
[5]. Therefore, specific detection of these two genotypes,
i.e., HPV 16/18 Genotyping provides useful information to
triage women for colposcopy.

Another method of triaging is by the detection of bio-
marker p16/Ki67 dual Staining which is a surrogate marker
of E7 oncoprotein-induced HPV transformed cells and cel-
lular proliferation.

We compared these two methods for detection of high-
grade cervical lesions in patients with low-grade cervical
smears.

The prevalence of high-grade lesions in low-grade smears
like ASCUS and LSIL ranges between 3.1 and 11.9%
according to a study by Bergeron et al. [8] and this was
found comparable to our study which showed prevalence of
3.7% for ASCUS and 11.4% for LSIL.

In another study by Lin et al. [10], similar rates were
found at 3% prevalence of HGCIN for ASCUS and 11.5%
for LSIL (Table 5).

In present study, the sensitivity of HPV 16/18 genotyping
for detection of CIN 2 or worse in all low-grade smears was
found as 66.7% and specificity as 77.1%. The p value was
found to be 0.03 which makes it statistically significant test
for this group (< 0.05).

In present study, the sensitivity of dual staining was 66.7%
and specificity 84.8% for CIN 2 + lesions for all low-grade

Table 3 Comparison of HPV

A Test Sensitivity  Specificity (%) PPV (%) NPV (%) Accuracy (%)

16/18 genotyping vs dual (%)
staining for detection of CIN
2+in ASCUS and LSIL ASCUS

HPV16/18 genotyping 50 80 10 97.3 78.7

Dual stain 50 88 14.3 97.8 86.5

LSIL

HPV16/18 genotyping 75 724 27.3 724 72.7

Dual stain 75 79.3 333 79.3 78.8
Table 4 Comparison of HPV Test Sensitivity (%) Specificity (%) PPV (%) NPV (%) Accuracy (%)

y P y y
16/18 genotyping vs dual
staining for detection of CIN Low-grade smears
2+in all low-grade smears HPV 16/18 667 77.1 10.4 90.1 76.2
genotyping

Dual stain 66.7 84.8 25.0 97.1 83.5
Table 5 Performance of HPV 16/18 genotyping to detect CIN 2 +lesion in ASCUS/LSIL
Study name Year Sensitivity Specificity PPV NPV

ASCUS (%) LSIL ASCUS LSIL ASCUS LSIL ASCUS LSIL
Zhang et al. [11] 2018 59.3 - 91.4% - 59.3% - 91.4% -
Arbyn et al. [12] 2016 54.6-62.9 52.4-58.5% 79.6-85.7% 73.5-78.9% - - - -
(meta-analysis)

Lin et al. [10] 2014 81.8 66.66% 90.8% 83.8% 23.6% 35.2% 99.31% 95%
Gage et al. [13] 2013 46.3 51.7% 92.3 85.5% 35.7% 44% 90.4% 91.3%
Present study 50 75% 80% 72.4% 10% 27.3% 97.3% 95.5%
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Table 6 Performance of dual stain to detect CIN 2+in ASCUS/LSIL

Study name Year Sensitivity Specificity PPV NPV

ASCUS LSIL ASCUS (%) LSIL (%) ASCUS (%) LSIL (%) ASCUS LSIL
Schmidt. et al. [14] 2011 89.1% 92.7% 85.5 70.7 42 5.5 93.6% 90.8%
Bergeron et al. [8] 2015 87.5% 86.5% 81.1 56.0 12.5 29.4 99.5% 95.1%
White et al. [15] 2015 71.9% 77.8% 87.9 88.6 17.8 15.7 96.5% 97.3%
Wu et al. [16] 2017 - - 89.8 83.3 333 31.8 - -
Magkana et al. [17] 2021 90.4% 95% 97.2 952 90.4 96.6 97.2% 93%
Present study 50% 75% 88 79.3 14.3 333 97.8% 95.8%

smears including ASCUS and LSIL, which is comparable
to the previously published data (Table 6). The p value was
found to be 0.01 which makes it a statistically significant test
for this group (<0.05).

Thus, overall, in all low-grade smears it was seen that
both triage tests had a comparable sensitivity which was
on the lower side. However, the specificity and accuracy of
both tests were higher than sensitivity. Both triage tests are
effective for the detection of high-grade CIN and can help
in risk stratification, but dual Staining was seen to be more
specific and accurate than HPV16/18 genotyping.

The prospective design of our study and utilization of
histopathology as gold standard formed the core strength,
whereas the small sample size and selection bias (hospital
based) were our limitations.

Conclusion

Overall, in all low-grade smears the sensitivity of the two
tests was comparable. However, dual staining had a higher
specificity and accuracy than HPV 16/18 genotyping. It was
concluded that both are effective triage methods, but dual
staining had a better performance than HPV 16/18 genotyp-
ing. Thus, unnecessary colposcopy referrals and negative
biopsies can be avoided in women who are negative for HPV
16/18 genotype and dual stain. This can bring down the bur-
den of cost on the healthcare system.
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