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ABSTRACT
Objectives: To evaluate the sensitivity and accuracy
of the HPV DNA test in conjunction with thin prep
cytology test as a screening method of human papillomavirus (HPV) infection. To study either the cervical erosion is related to high risk HPV infection or to
determine the mean age distribution that is more
prone to HPV infection. Material and Methods: The
study is a retrospective cohort implemented to determine the real performance of liquid based medium
and HPV DNA testing combined in second clinical
hospital of Jilin University Changchun, China. The
study group included total 150 patients from January
1, 2011 to December 30, 2012. A computerized search
identified patients with thin prep test results and high
risk HPV DNA testing during a 2-year period was
recruited. The patients were chosen after proper
speculum examination followed by thin prep cytology
(TCT) and HPV DNA test. Cytologic specimens were
obtained with endocervical brush, which was rinsed
into the vial of Cytyc. The residual samples after the
cytology report were taken for reflex HPV DNA test.
The manufacture protocol was followed for HPV
DNA testing using Hybrid Capture II. Colposcopic
biopsy was performed for the diagnosis purpose, in
patients who had atypical squamous cells of undeter*
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mined significance (AUS-US), low grade intraepithelial lesion (LSIL) or high-grade intraepithelial lesion
(HSIL) in cytology and with positive results of highrisk HPV DNA. The diagnostic criteria were based on
the Bethesda System (TBS). Findings: The high risk
HPV positive women with abnormal cytology had a
CIN I risk of 73 (86%), whereas 35 (23.3%) high-risk
HPV positive women out of 109 (72.7%) normal cytology who underwent histological biopsy had CIN I
16 (10.7%). The risk for cervical intraepithelial neoplasia (CIN) in women with high-risk HPV positive
with normal cytology was higher among women invited for the first time 31 - 40 years of age 12 (8%)
than among older women 1 (0.7%). Out of 44 (29.3%)
women who had I degree erosion with 6 (14%) positive HPV DNA test 38 (86%) had a normal histology
biopsy showing no statically significant between them.
Conclusion: The data confirm that HR-HPV DNA
testing is much more sensitive than cytology alone
and that HPV DNA testing helps in identifying
women with high risk of serious cervical disease in an
efficient and medically acceptable manner. The other
most significant advantage of this cervical cancer
screening method is that women who are HPV DNA
positive can easily and quickly referred for colposcopic examination (within one year), which could
identify the precancerous and cancer stage. And those
who are HPV DNA negative can safely have much
longer screening intervals saving considerable costs.
With mean age being 38 ± 10 years, age older than 30
years should undergo HPV DNA testing with cytology
triage in primary screening. But in woman younger
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than 30 years using HPV DNA assay, as an initial
screening step can increase the prevalence of abnormal smears and the positive predictive value of HPV
followed by TCT. However, close follow-up is essential if the initial biopsy is negative because a considerable number of women may have HPV infection
positive in subsequent studies.
Keywords: Human Papillomavirus; Thin-Prep Cytology
Test; Hybrid Capture; Cervical Intraepithelial Neoplasia;
Bethesda System; Colposcopy Examination

1. INTRODUCTION
Human papilloma virus (HPVs) being the most common
sexually transmitted infection worldwide is studied and
taken more interest. Papillomaviruses belongs to the
Papilloma viridae family. More than 40 types of HPV are
identified which can transmit through sexual contact.
These are DNA viruses and targets stratified squamous
epithelia of the body. A subset is also able to infect the
grandular epithelia of the cervix. HPVs are distributed
throughout the body but with different anatomic predilections, which allows to distinguished three major
groups: 1) the HPV types found in cutaneous warts; 2)
those associated with epidermodysplasia verruciformis;
and 3) the HPVs associated genital or mucosal lesion.
Depending upon the HPV types may cause genital warts
or “high risk “HPV may progress to precancerous lesion
and invasive cancer [1]. Among all the HPV genotypes,
types 6 and 11 are predominantly responsible for the
benign diseases, and types 16 and 18 are strongly associated with oropharynx and cervical cancer [2].
HPV lesions are thought to arise from the proliferation
of infected basal keratinocytes. It is limited to basal cells
of stratified epithelium, which could be exposes to infectious virus through disturbed epithelial barrier as might
occur after minor skin abrasions or sexual intercourse.
Most of HPV infections in young females are only
temporary and are gone in 1 - 2-year duration [3], but
some high risk viruses may take 10 - 15 years to progress
into invasive cervical cancer. Genital HPV infections
cause significant health burden, because cervical cancer
is the second most common and lethal cancer detected in
women worldwide. Progression to cervical cancer can be
almost always prevented when standard prevention
strategies are applied.
Preventing HPV before it reaches the disease stage
remains challenge. There has been clinical significant
effectiveness of male condom in preventing genital HPV
infections and disease. However, two vaccines are now
available in many countries since June 2006, both based
on the concept of virus- like particles (VLPs). The first
one is Gardasil, is directed against HPV types 6 and 11,
Copyright © 2013 SciRes.

which account for 80% of external genital warts, whereas
the other is Cervarix, is directed against only HPV 16
and 18 which is responsible for 70% of cervical cancer.
Various screening and treatment modalities have been
proposed in recent years. Papanicaloau (Pap) smear or
liquid-based cytology is widely used to detect abnormal
cells, though Pap smear has decreased the incidence if
cervical cancer but even so, the mortality in resource
poor areas. Worldwide, there are estimated to be 490,000
cases and 270,000 deaths each year [4,5]. However,
screening programs incur considerable financial and
psychosocial costs [6,7].

2. MATERIAL AND METHODS
A retrospective cohort study was designed for the study
purpose. A computerized search identified patients with
thin-cytology test results and high risk HPV DNA testing during a 2-year period, January 1, 2011, to December 30, 2012. The study group included 150 patients
from Gynecology outpatient department of Norman Bethune College of Medicine, second clinical Hospital, Jilin
University, Changchun, China.
The patients were chosen with a proper speculum examination followed by Thin-cytology test and HPV DNA
test. Patients were recruited with either positive or negative Thin- cytology test with HPV DNA test. The erosive
cervix in speculum examination was also tested for HPV
DNA test. A threshold of 1 pg/ml of HPV DNA was
considered a positive result and recommended for colposcopic directed biopsy to confirm the diagnosis. The
medical records were reviewed.
Cytology specimens were obtained with endocervical
brush, which was rinsed into the vial of Cytyc. The residual samples after the cytology report issued were
taken for reflex HPV DNA test. The manufacturer’s
protocol was followed for HPV DNA testing using the
Hybrid Capture II. The double- stranded DNA is denatured into single-stranded DNA and combined with RNA
probes. If HPV DNA is present in the specimen the
DNA-RNA complexes or hybrids are formed and immobilized by antibodies present in the capture tube. When
an enzyme-linked antibody is added to the capture tube,
it has ability of binding the immobilized DNA-RNA hybrids into multiple sites. The presence of HPV DNA is
detected after adding a chemiluminescent substrate. In
accordance with the ASCCP guidelines, only high-risk
types (16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, and
68) were tested.

2.1. Inclusion Criteria
For the study purpose, the patients were selected who
had:
Proper Medical Record;
OPEN ACCESS
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Age groups are included more than 20 years;
Patients who have gone through the examination for
the first time;
A patient who had abnormal either in the speculum
examination, thin-cytology test or HPV DNA test.

2.2. The Exclusion Criteria
1) Insignificant follow-up and medical records;
2) Patients with normal thin-cytology and HPV DNA
test;
3) Follow-up examination tests.

2.3. Data Collection Tools
The contents of the intended queries were mentioned
sequentially. The data were collected and filled in the
respected columns.

2.4. Study Variables
 Age;
 Liquid based Cytology Test (TCT);
 Atypical Squamous Cells of Undermined Significance (ASC-US);
 HPV DNA Test;
 Colposcopic directed biopsy.

2.5. Statistical Analysis
All tests of significance were 2 tailed and p values of
<0.05 was considered as statistically significant. The
statistical analysis, are performed using SPSS, 19.0 Window version, statistical package.
The sensitivity, specificity, positive predictive value
and negative value were evaluated with the thin-cytology test and HPV DNA tests.
The sensitivity is equal to the number of true positives
divided by the total number of true positives plus the
number of false negatives.
The specificity is equal to the number of true negative
divided by the number of true negative plus false positive.
The positive predictive value is equal to the number of
true positive divide by the number of rue positive plus
false positive.
The negative predictive value is equal to the number
of true negative divided by the number of true negative
plus false negative.
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(Table 1, Figure 1).
Our study demonstrates the clinical distribution of the
degrees of erosion in speculum examination. The total
number of patients who had, 1st degree erosion in
speculum examination were 44 (29.3%), 2nd degree erosions were 40 (26.7%) and 3rd degree erosions were
(2.7%). With HPV DNA load threshold of 1 pg/ml considering to be positive in 29.3% I degree erosion 38
(86%) had normal results showing there is no statistically
significant relation between HPV infection and degree of
erosions (P > 0.05) (Table 2, Figure 2).
The percentage of patients who underwent histological
examination after atypical squamous cells of undetermined origin was diagnosed in liquid based cytology. 13
(8.7%) were diagnosed as ASC-US in the thin-cytology
test. Of these patients, 1 (0.7%) had high-risk HPV DNA
identified by Hybrid Capture II and all went through
Table 1. Distribution of clinically significant findings of thincytology test review of 150 patients*.
Thin-Cytology Test (TCT)

Patient (%)

Normal

109 (72.7%)

ASC-US

13 (8.7%)

Low-grade dysplasia

14 (9.3%)

High-grade dysplasia

14 (9.3%)

Total

150 (100%)

ASC-US: Atypical squamous cells of undetermined significance; *Data are
given as number (percentage).

Figure 1. Clinical evaluation of the results in the liquid based
medium.

3. RESULTS
Thin-cytology test reviewed in 109 (72.7%) patient
which shows normal results, 13 (8.7%) had atypical
squamous cells of undetermined origin (ASC-US), 14
(9.3%) had a low squamous intraepithelial lesion (LSIL)
and 14 (9.3%) had a high squamous intraepithelial lesion
Copyright © 2013 SciRes.

Figure 2. Degree of erosion in Speculum Examination.
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Table 2. Distribution of clinically significant degrees of erosions in speculum examination of 150 patients*.
Speculum Examination

Patient (%)

Normal

62 (41.3%)

I degree erosion

44 (29.3%)

II degree erosion

Table 3. Distribution of clinically significant of atypical squamous cells of undermined significance with cervical intraepithelial neoplasia of 150 patients*.
Patient (%)
ACS-US

13 (8.7%)

40(26.7%)

CIN Positive

8 (5.3%)

III degree erosion

4 (2.7%)

CIN Negative

14.2 (94.7%)

Total

150 (100%)

ASC-US: Atypical squamous cells of undetermined significance; CIN:
Cervical intraepithelial neoplasia; *Data are given in number (percentage).

*

Data are given in number (percentage).

histological examination. Overall, 13 (8.7%) of patient
with ASC-US interpretation underwent histological follow-up and 8 (5.3%) has cervical intraepithelial neoplasia (CINI) positive whereas, 14.2 (94.7%) had CIN negative results. It shows the relationship between ASC-US
and HPV DNA load is non-significant (P > 0.05) (Table
3).
Study shows the variation in the liquid based cytology
and HPV DNA testing of total patients. 109 (72.7%) patients had a normal thin-cytology test (TCT) results.
72.7% underwent HPV DNA testing who had some degree of erosions in speculum examination to rule out the
HPV infection and further histological examination if
HPV DNA load was higher than the average. Out of 109
(72.7%) normal TCT results, the HPV DNA test positive
were 35 (23.3%) and cervical intraepithelial neoplasia
(CIN I) was found to be in 16 (10.7%). The significance
of the combined test of TCT and HPV DNA test were
specifically high (P < 0.05) than alone (Table 4).
Regarding age-specific distribution of human papillomavirus infection in Changchun, the mean age distribution who was more prone to HPV infection were, 37.8 ±
10.44. At age 20 - 30 years 40 (26.7%), 5 (3.3%) had
cervicitis and 4 (2.7%) had CIN I. At age 31 - 40 years
50 (33.3%), 5 (3.3%) had cervicitis and 12 (8%) had CIN
I and 1 (0.7%) had cervical carcinoma. At age 41 - 50
years 46 (30.7%), 2 (1.3%) had cervicitis, 8 (5.3%) had
CIN I and 1 (0.7%) had cervical carcinoma. Following
age 51 - 60 years 10 (6.7%), 1 (0.7%) had cervicitis, 2
(1.3%) had CIN I. And at age 61 - 70 years, 0 (0%) had
cervicitis, 1 (0.7%) had CIN I and 1 (0.7%) had cervical
carcinoma. These age variation shows decline in cervicitis and inclined in cervical carcinoma. The risk for
CIN is higher among women 31 - 40 years of age 12 (8%)
than the older women 1 (0.7%) (Table 5, Figure 3).

Table 4. Distribution of clinically significant combination of
normal thin-cytology test with HPV-DNA positive testing of
150 patients*.
Patient (%)
TCT normal

109 (72.7%)

HPV DNA positive

35 (23.3%)

CIN I

16 (10.7%)

TCT: thin prep cytology test; HPV DNA testing is done with the hybrid
capture II; CIN: Cervical intraepithelial neoplasia; *Data are given in number (percentage).

Table 5. Age specific distribution of human papilloma virus
infection in Changchun*.
Age

20 - 30 yrs 31 - 40 yrs 41 - 50 yrs 51 - 60 yrs 61 - 70 yrs
n = 40
(26.7%)

n = 50
(33.3%)

n = 46
(30.7%)

n = 10
(6.7%

n=4
(27%)

Cervicitis

5 (3.3%)

5 (3.3%)

2 (1.3%)

1 (0.7%)

0 (0%)

CIN I

4 (2.7%)

12 (8%)

8 (5.3%)

2 (1.3%)

1 (0.7%)

CIN II

2 (1.3%)

2 (1.3%)

3 (2%)

3 (2%)

0 (0%)

CIN III

2 (1.3%)

4 (2.7%)

6 (4%)

0 (0%)

1 (0.7%)

CIN: Cervical intraepithelial neoplasia; The mean age distribution is 37.8 ±
10.44 years. *Data are given in number (percentage).

4. DISCUSSION
Human papillomavirus (HPV) has clearly shown to be
the cause of most cervical cancers. Given that, lots of
interest is growing worldwide in the potential for use of
HPV diagnostic on cervical cancer prevention programs,
Copyright © 2013 SciRes.

Figure 3. Age specific distribution.
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both as an adjunct to cytological screening and in primary screening for cervical dysplasia. Many efforts have
been made to develop methods, which would enhance
the sensitivity and specificity of the Papanicolaou smear.
From various researches the evolution of liquid-based
gynecologic specimen was resulted. The researchers argue that liquid-based preparations outperform conventional method smears because of improved fixation;
standardizations of cell transfer and decreased obscuring
factors. Another advantage of liquid based cytology is
that the transport media containing the remaining cells
could be stored and used for HPV DNA testing. The researchers also point out that, in direct smears, the cells
may not transfer in a representative way and that up to
90% of the scraped materials from the cervix may be
discarded. As with liquid-based collection, the sampling
will be operator dependent and variation is very less
likely, since the laboratory controls the processing. And
with proper sampling liquid based cytology has the advantage of being suitable for high-risk HPV testing and
could reduce unsatisfactory specimens from 4.1% to
2.6% [8].
According to the studies, the accuracy of conventional
cytology report is sensitivity 72% and specificity 94%
whereas, liquid based monolayer cytology report is sensitivity 61% to 66% and specificity of 82% to 91% [9].
Various methods of liquid based medium have been introduced and the US FDA for cervico-vaginal testing
currently approves Sure Path and Thin Prep 2000 System.
However, due to the high cost and the requirement of
Cytotechnologist and a pathologist to interpret the result
has led to the development and evaluation of other alternative and less costly methods. Khalbuss et al. (2000)
introduced Spin Thin method, and its results correlated
very well with conventional smears and follow- up histology. Likewise, Johnson, et al. (2000) used cervical
collection device into 15 ml of Cyto Rich Red, a proprietary formula of buffering agents, emulsifiers, formaldehyde and alcohol. The main benefit of this method
was reusability of its funnel assembly, which reduced the
bulk of disposable plastics, which could impact the environment and add the cost.
HPV DNA has gained lots of attention due to its
higher sensitivity and detection of “high-risk” HPV types
that most commonly affect the cervix. These tests detect
DNA from 18 most prevalent types of HPV that affect
the cervix, 13 “high-risk” and 5 “low-risk”. The high and
low-risk testing is done separately and the test does not
specify the type of HPV involved [10]. According to the
National Cancer Institute, HPV DNA test is an effective
way to identify the high-risk HPV. And, the FDA has
approved an HPV test as a follow-up for women who
have an ambiguous cytology test and for woman more
than 30 years of age, as a general cervical screening.
Copyright © 2013 SciRes.
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FDA commercially approved and made the product
available for testing HPV DNA, the Hybrid Capture II by
Qiagen [11]. Although high-risk HPV DNA testing using Hybrid Capture II assay is more objective than cytology test, legitimate false-positive HPV DNA test results have been encountered [12]. Though, HPV testing
has shown higher sensitivity, but it’s uncertain either the
highest sensitivity is dependent on the age of the woman
being screened. The studies have shown that, the presence of a very high load of low-risk HPV DNA in the
sample can cross-hybridize with high-risk HPV DNA
probes leading to the false-positive results for high-risk
subtypes. The incidence of false-positive is very low,
less than 2% and is dependent on the cutoff value [13,
14].
In the present study population, there were a substantial number of atypical squamous cells of undetermined
significance (ASC-US) cases with a positive HPV DNA
test result and a negative biopsy result, supporting the
validity of the negative biopsy diagnosis. The studies
have proved that the HPV infections can be transient and
episodic, especially if the woman is young [15,16]. If the
HPV infection is newly acquired the chance to resolve is
higher than the longer persistent infection. The study
shows that, the probability of resolving the newly acquired infection is 31% in the first 6-month’s period and
39% during second period [17]. However, with the time
period the resolution of infection drops 11% in the third
3-month’s period after infection [18]. Even in our studies, it is reasonable to assume that some newly acquired
HPV infections might have resolved even before they
underwent colposcopic examination and biopsy resulting
in false-positive HPV DNA testing. In the study, if only
the cases of “negative for dysplasia” to “high-grade dysplasia” were considered, 10.7% of the patients had an
upgrade in their diagnosis after the additional biopsy
examination. This significant number is enough to believe that recommending an additional biopsy examination in HPV positive patients with positive cytology
findings for intraepithelial lesion.
According to the observation 14% of the patients who
were HPV DNA test result positive had a negative biopsy result. Almost one third of the cases had clinically
significant lesions when additional examinations were
done. With this, we may conclude that additional levels
if there is a discrepancy between the HPV DNA test result and the cytological findings. However, close followup is essential if the initial biopsy result is negative because a considerable number of women may have HPV
infection positive in subsequent studies.

5. CONCLUSION
The data from this study confirms that HR-HPV DNA
testing is much more sensitive than cytology alone and
OPEN ACCESS
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that HPV DNA testing helps in identifying women with
high risk of serious cervical disease in an efficient and
medically acceptable manner. The other most significant
advantage of this cervical cancer screening method is
that women who are HPV DNA positive can easily and
quickly referred for colposcopic examination (within one
year), which could identify the precancerous and cancer
stage. And those who are HPV DNA negative can safely
have much longer screening intervals saving considerable costs. With mean age being 38 ± 10 years, age older
than 30 years should undergo HPV DNA testing with
cytology triage in primary screening. But in woman
younger than 30 years using HPV DNA assay, as an initial screening step can increase the prevalence of abnormal smears and the positive predictive value of HPV
followed by TCT. However, close follow-up is essential
if the initial biopsy is negative because a considerable
number of women may have HPV infection positive in
subsequent studies.
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