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Summary. The aim of the study was to determine the prevalence of human papillomavirus 
(HPV) types 16, 18, and 45 in women with cervical intraepithelial changes caused by high-risk 
HPV in relation to colposcopic and histological findings. 

Material and Methods. A prospective study of 393 women with cervical cytologic changes con-
firmed by the Papanicolaou test was undertaken from April 3, 2006, to April 3, 2007. The Hybrid 
Capture 2 assay was performed. HPV-positive women underwent genotyping for types 16, 18, and 
45. Colposcopy and biopsy were performed in 317 (80.7%) and 249 women (63.4%), respectively. 
The results were analyzed by age groups.

Results. Of all the women with cervical intraepithelial changes, 59% were positive for HR HPV, 
and 62% were positive for HPV types 16, 18, and 45. HPV types 16, 18, and 45 were detected in 
54.8% of women with ASC-US/AGUS/ASC-H, 50.0% of women with LSIL, and 75.6% of wom-
en with HSIL. After confirmation of any histological and colposcopic changes, HPV types 16, 18, 
and 45 were detected in 68.0% and 69.0% of women, respectively. Moreover, 84.2% of the women 
with HSIL and high-grade colposcopic changes, and 78.5% of the women with HSIL and CIN 2/
CIN 2-3/CIN 3/carcinoma in situ were positive for HPV types 16, 18, and 45. The sensitivity of 
the Papanicolaou test together with the Hybrid Capture 2 test compared with the Papanicolaou test 
together with the HPV 16/18/45 test diagnosing CIN 2+ changes did not differ (96.7% vs. 97.1%), 
but the specificity was higher (40.3% vs. 8.0%).

Conclusions. The majority of the cytologic, colposcopic, and histological changes were caused 
by HPV types 16, 18, and 45. Despite the high prevalence of HPV types 16, 18, and 45, testing 
for these genotypes together with the Papanicolaou test did not improve the diagnosis of high-grade 
cervical intraepithelial lesions.
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Introduction
Human papillomavirus (HPV) infection is the 

most common sexually transmitted disease world-
wide (1) with the prevalence of high-risk (HR) HPV 
in asymptomatic women varying from 2% to 44% 
(2). Most of HPV infections are transient: 54% re-
solve spontaneously in one year (3) and 91% in two 
years (4); however, 10% to 60% of women positive 
for HPV will have the same genotype one year later 
(1). 

HR HPV DNA in invasive cervical cancer is de-
tected in 75% to 100% of cases (5). Cervical cancer 
is the third most common cancer in women world-
wide and accounts for 9% of all female cancers (6). 
Other HPV-related cancers, such as anal, vulvar, 
vaginal, penile, and pharyngeal, both in men and 
women accounts for additional 0.7% of cancers; 

therefore, HPV is responsible for 5.2% of all cancers 
worldwide (7). 

The mean morbidity from cervical cancer in 
Lithuania is twice as big as the mean morbidity in 
the European Union countries (22 vs. 10.7 cases 
per 100 000 women) (8). Despite the screening pro-
gram, the incidence of cervical cancer and mortality 
from the disease is rising in Lithuania (9). Accord-
ing to the data of the Lithuanian Cancer Registry, 
the morbidity from cervical cancer is 28 cases per 
100 000 women (10). The increasing mortality from 
cervical cancer among young women aged 15–34 
years is being observed (11).

For prevention and early detection of cervical 
cancer, it is important to detect not only cervical 
intraepithelial changes, but also to identify the pres-
ence of HR HPV and its type as well. If the results 
of HR HPV test are positive, the possibility of cervi-
cal intraepithelial neoplasia (CIN) can be prognos-
ticated even if there are no cytologic changes in the 
cervix (12–14). The risk of mild cervical changes 
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leading to severe cervical changes (CIN 3) is higher 
when detecting HR HPV types, especially HPV type 
16, compared with lower-risk HPV types (15–17). 
The possibility for regression of CIN 2 cervical 
changes caused by HPV type 16 is lower compared 
with cervical changes caused by other HR HPV 
types (18). Cervical intraepithelial changes regress 
when infection with HR HPV resolves spontane-
ously (19). HR HPV-positive women, even with-
out cytologic changes, have a 210-fold higher risk 
of developing CIN 3 in 6 years as compared with 
HR HPV-negative women (20). Only 9 women per 
10 000 will have CIN 3 if they are HR HPV-negative 
with normal cytologic findings (21). HPV type 16 is 
more likely to persist and is more aggressive com-
pared with other types (22). Though the prevalence 
of HR HPV has changed recently (because of the 
added data from East Asia), HPV types 16 and 18 
remain most prevalent all over the world (23, 24). 
HPV types 31, 33, and 45 compete to take the third 
place in most countries though the increasing prev-
alence of HPV type 58 has been observed recently 
(mostly in East Asia) (24). However, HPV types 16, 
18, and 45 are the only ones that are more common 
in invasive forms compared with precancerous le-
sions (22, 25).

The aim of the study was to determine the preva-
lence of HR HPV and HPV types 16, 18, and 45 in 
women with abnormal cervical cytologic changes in 
relation to colposcopic and histological findings. 

Material and Methods
A prospective study of 393 women referred to 

the Department of Obstetrics and Gynecology, 
Hospital of Lithuanian University of Health Sci-
ences (HLUHS), from other Lithuanian health care 
units with suspected abnormal cervical changes de-
tected during the cervical cancer-screening program 
from April 3, 2006, to April 3, 2007, was carried 
out. The study was approved by the Bioethics Com-
mittee. The diagnoses in medical records from other 
health care units were based on Papanicolaou tests. 
The data of 12 women with normal cytologic re-
sults and 32 women with uninformative cytologic 
results were analyzed as well because they had had 
abnormal results of Papanicolaou tests a few months 
before (up to half a year), and cervical neoplasia was 
suspected. Besides, the data of 4 women who were 
suspected of having carcinoma in situ according to 
the results of Papanicolaou tests were analyzed. All 
the women provided informed consent to partici-
pate in the study and filled in a questionnaire about 
risk factors and quality of life. The surveillance and 
treatment was performed under the abnormal cer-
vical cytology surveillance guidelines approved in 
HLUHS (colposcopy, direct biopsy, endocervical 
curettage, or cervical conization were performed 

according to the indications). Papanicolaou tests 
were repeated in 377 women (95.9%); colposcopy 
and biopsy were performed in 317 (80.7%) and 249 
women (63.4%), respectively.

Cytologic results were classified as follows: nor-
mal findings, low-grade squamous intraepithelial 
lesion (LSIL), high-grade squamous intraepithelial 
lesion (HSIL), atypical squamous cells of undeter-
mined significance (ASC-US)/atypical squamous 
cells, cannot exclude HSIL (ASC-H)/atypical glan-
dular cells of undetermined significance (AGUS), 
carcinoma in situ, and noninformative results. Bi-
opsy results were classified as follows: normal find-
ings, endocervicitis, CIN 1/CIN 1-2, CIN 2/CIN 
2-3/CIN 3/carcinoma in situ, polypus, and cervi-
cal cancer (planocellular or adenocarcinoma). Col-
poscopic results were classified as follows: normal 
findings, low-grade, high-grade, various changes 
(keratosis, erosion, inflammation, polypus, and con-
dyloma), noninformative or unsatisfactory results 
(the transformation zone was not seen), and not de-
tailed changes (these were the results of not properly 
evaluated colposcopic findings, but the findings, ac-
cording to the medical records, could be classified as 
low-grade or high-grade colposcopic changes). The 
results were analyzed by age groups: 20–29, 30–39, 
and 40–49 years. HPV DNA was tested using the 
Hybrid Capture 2 assay (HC2, Digene Corpora-
tion, Gaithersburg, MD 20878 USA) according to 
the manufacturer’s instructions, and results for each 
specimen were expressed in relative light unit/cut-
off (RLU/CO) value. The HC2 test detects 13 HR 
HPV types; the results of the test were considered 
positive when the RLU/PC value was more than 1. 
To detect HPV types 16, 18, and 45 in biologi-
cal specimens, the HPV 16/18/45 Probe Set was 
used (Digene Corporation, Gaithersburg, Maryland 
20878 USA; Catalog No. 5160–1150). The Probe 
Set can detect any of these HPV types, but it can-
not distinguish among the 3 types. HPV RNA probe 
sequences are complementary to approximately the 
complete genome of each virus. 

The data were gathered in the database. Statisti-
cal analysis was performed by SPSS program, ver-
sion 16.0. The distribution of abnormal cervical re-
sults was determined by evaluating the proportion 
of abnormal results. To establish relationships, cross 
tabulation was applied. The chi-square value, de-
grees of freedom, and P value were calculated. For 
comparison of two proportions, the z test was em-
ployed. The difference was considered statistically 
significant when P<0.05. Sensitivity and specificity  
of cytology and HPV testing were calculated.

Results
Analysis of the results revealed that 20–29-year-

old women made up 22.4% of the study population 
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(n=88); 30–39-year-old women, 53.1% (n=209); 
and 40–49-year-old women, 24.5% (n=96). In fact, 
177 women (45.0%) who had a Papanicolaou test 
repeated in HLUHS were positive for HR HPV, and 
110 (62.1%) of them were positive for HPV types 16, 
18, and 45. There was no significant difference in 
the prevalence of human papillomavirus comparing 
all age groups (χ2=1.56, P=0.5). Of the HR HPV-
positive women, 23.2% were in the 20–29-year age 
group, more than half (55.1%) were in the 30–39-
year age group, and 21.7% were in the 40–49-year 
age group.

Analysis of the women positive for HR HPV 
showed that 62% were identified as having HPV 
types 16, 18, and 45. In the 20–29-year age group, 
of the 43 women, 26 (60.5%) were positive for HPV 
types 16, 18, and 45. There were 62 women (59.8%) 
in the 30–39-year age group (n=103) and 29 wom-
en (72.5%) in the 40–49-year age group (n=40) 
who were positive for HPV types 16, 18, and 45 
(P>0.05).

The distribution of Papanicolaou test results of 
women positive for HR HPV and HPV types 16, 
18, and 45 according to the age groups is shown in 
Table 1.

For women who were positive for HR HPV, 
HSILs were significantly more common in older 
age groups compared with the youngest one, while 
ASC-US/AGUS/ASC-H were more common in 
the youngest age group compared with the older 
ones (P<0.05). HPV types 16, 18, and 45 were re-
sponsible for the greatest part of all HSIL changes in 
all age groups (from 68.0% to 86.4%).

The distribution of biopsy results among women 
positive and negative for HPV differed significantly 
(χ2=64.94, P=0.0005). Endocervicitis was diagnosed 
in 18.5% of the HR HPV-positive women compared 
with 50.0% of the HR HPV-negative women, while 
CIN 2/CIN 2-3/CIN 3/carcinoma in situ changes 
were significantly more common in women positive 
for HPV (63.7% vs. 16.7%). CIN 1/CIN 1-2 his-
tological changes differed neither in HPV-positive 
women nor HPV-negative women. One of the 4 cer-
vical cancer cases was HPV-negative.

Of the 249 women who had a biopsy performed, 
147 (58.9%) were positive for HR HPV, and 100 
(67.8%) had HPV types 16, 18, and 45. The distribu-
tion of biopsy results of women positive for HPV and 
for HPV types 16, 18, and 45 is shown in Table 2. 
The frequency of HR HPV according to biopsy re-
sults differed significantly (P<0.05). HPV types 16, 
18, and 45 were responsible for the greatest part of 
any cervical neoplasia: these types were detected in 
61.1% of women with CIN 1/CIN 1-2 and 74.2% 
of women with CIN 2/CIN 2-3/CIN 3/carcinoma 
in situ. In women positive for HPV 16, 18, and 45, 
endocervicitis and CIN 1/CIN 1-2 were significantly 

more common in the youngest age group compared 
with the older ones.

Histological changes in women positive for HR 
HPV were not significantly more common in any 
groups of cytologic changes compared with wom-
en negative for HR HPV. HSIL changes were more 
common among HPV-positive women in CIN 2/
CIN 2-3/CIN 3/carcinoma in situ histology group 
compared with HPV-negative women, though the 
difference was not significant (Table 3). Endocervi-
citis with normal cytologic findings was more com-
mon among HR HPV-negative women compared 
with HPV-positive women (P<0.05). ASC-US/
AGUS/ASC-H with no histological changes were 
not significantly but twice as more often observed in 
HR HPV-positive women compared with HR HPV-
negative women, though the number of cases was 
insufficient to have reliable results. HPV types 16, 
18, and 45 in LSIL and HSIL cytologic groups with 
CIN 2/CIN 2-3/CIN 3/carcinoma in situ histologi-
cal changes were identified in 66.7% and 78.5% of 
the women, respectively.

The sensitivity and specificity of the HC2 test for 
13 HPV types and the HPV 16/18/45 test in combi-
nation with cytologic results for diagnosing CIN 2+ 
histological changes were calculated. 

The sensitivity of the HC2 test and the HPV 
16/18/45 test was 83.6% (95% CI, 74.8%–92.5%) 
and 75.0% (95% CI, 63.7%–86.3%), while the 
specificity was 63.6% (95% CI, 53.0%–74.2%) and 
46.8% (95% CI, 28.6%–65.0%), respectively. 

The sensitivity and specificity of the Papani-
colaou test in combination with the HC2 test for 
diagnosing CIN 2+ were 96.7% (95% CI, 92.1%–
101.0%) and 40.3% (95% CI, 25.8%–54.7%), re-
spectively. The sensitivity of the Papanicolaou test 
in combination with the HPV 16/18/45 test for 
CIN 2+ changes was very similar, i.e., 97.1% (95% 
CI, 92.2%–102.1%), but the specificity was very 
low, i.e., 8% (95% CI, 5.6%–21.6%).

The distribution of colposcopic results for HR 
HPV-positive women and HR HPV-negative women 
differed significantly (χ2=26.96, P=0.0005). Severe 
or not detailed colposcopic changes were signifi-
cantly more often observed for HR HPV-positive 
women compared with HR HPV-negative women 
(26.1% vs. 11.2% and 18.8% vs. 9.2%, respectively), 
while normal colposcopic results were more often 
observed for HR HPV-negative women than HR 
HPV-positive women (32.2% vs. 13.9%). Low-grade 
changes, various changes, and noninformative re-
sults did not differ significantly either for HPV-pos-
itive women or for HPV-negative women.

Of the 306 women who had colposcopy per-
formed, 165 (53.9%) were positive for HR HPV, 
and 109 (66.1%) were positive for HPV types 16, 
18, and 45. The major part of low-grade changes 
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Age Group

Normal Findings ASC-US/AGUS/ASC–H LSIL HSIL

HPV(+)/ HPV 16, 18, 
and 45 (+)

n (%)

HPV(+)/HPV 16, 18, 
and 45 (+)

n (%)

HPV(+)/HPV 16, 18, 
and 45 (+)

n (%)

HPV(+)/HPV 16, 18, 
and 45 (+)

n (%)

20–29 (n=40)
30–39 (n=99)
40–49 (n=38)
Total (n=177)

6 (15.0)/2 (33.3)
14 (14.3)/6 (42.9)

1 (2.6)/0 (0)
21 (11.9)/8 (38.1)

11 (27.5)**/6 (54.5)
14 (14.3)/7 (50.0)
6 (15.8)/4 (66.7)

31 (17.6)/17 (54.8)

9 (22.5)/3 (33.3)
20 (20.4)/11 (55.0)
9 (23.7)/5 (55.6)

38 (21.6)/19 (50.0)

14 (35.0)/12 (85.7)
51 (51.0)*/35 (68.0)
22 (57.9)*/19 (86.4)
87 (48.9)/66 (75.6)

LSIL, low-grade squamous intraepithelial lesion; HSIL, high-grade squamous intraepithelial lesion; ASC-US, atypical squamous 
cells of undetermined significance; ASC-H, atypical squamous cells, cannot exclude HSIL; AGUS, atypical glandular cells of 
undetermined significance; HVP, human papillomavirus.

*P<0.05, as compard with 20–29-year age group in HSIL group. 
**P<0.05, as compared with other age groups in ASC-US/AGUS/ASC-H group. 

Table 1. Papanicolaou Test Results of Women Positive for Human Papillomavirus and Human Papillomavirus 
Types 16, 18, and 45 by Age Groups

Age 
Group

Normal Findings Endocervicitis CIN 1/CIN 1-2 CIN 2/CIN 3/
Ca in situ Polypus Carcinoma

HPV(+)/HPV 16, 
18, and 45 

n (%)

HPV(+)/HPV 16, 
18, and 45 (+) 

n (%)

HPV(+)/HPV 16, 
18, and 45 (+) 

n (%)

HPV(+)/HPV 16, 
18, and 45 (+)

n (%)

HPV(+)/HPV 16, 
18, and 45 (+)

n (%)

HPV(+)/HPV 16, 
18, and 45 (+)

n (%)

20–29 
(n=28) 0 8 (28.6)/

5 (62.5)**
3 (10.7)/
3 (100.0)*

17 (60.7)/
12 (70.6) 0 0

30–39 
(n=81)

3 (3.8)/
3 (100.0)

13 (16.3)/
5 (38.5)

11 (13.8)/
6 (54.5)

51 (62.5)/
37 (72.0) 1 (1.3)/0 2 (2.5)/

2 (100.0)

40–49 
(n=38)

1 (2.6)/
1 (100.0)

6 (15.8)/
2 (33.3)

4 (10.5)/
2 (50.0)

26 (68.4)/
21 (80.8) 0 1 (2.6)/

1 (100.0)

Total 
(n=147)

4 (2.7)/
4 (100.0)

27 (18.5)/
12 (44.4)

18 (12.3)/
11 (61.1)

94 (63.7)/
70 (74.2) 1 (0.7)/0 3 (2.1)/

3 (100.0)

 CIN, cervical intraepithelial neoplasia; HVP, human papillomavirus.
*P<0.05, 20–29-year age group vs. other age groups in the group with CIN 1/CIN 1-2 histological findings.
**P<0.05, 20–29-year age group vs. other age groups in the group with endocervicitis.

Table 2. The Distribution of Biopsy Results of Women Positive for Human Papillomavirus and Human Papillomavirus 
Types 16, 18, and 45 by Age Groups

Biopsy 

Normal Findings LSIL HSIL ASC-US/AGUS/
ASC–H

HPV(+)/HPV(–)/HVP 
16, 18, and 45 (+)

n (%)

HPV(+)/HPV(–)/ 
HVP 16, 18, and 45 (+)

n (%)

HPV(+)/HPV(–)/ 
HVP 16, 18, and 45 (+)

n (%)

HPV(+)/HPV(–)/
HVP 16, 18, and 45 (+)

n (%)

Normal findings (n=20) 1 (25.0)/5 (31.3)/
1 (100.0) 0/4 (25.0)/0 0/1 (6.3)/0 3 (75.0)/6 (37.5)/

3 (100.0)

Endocervicitis (n=76) 1 (3.7)/17 (34.7)*/
0

9 (33.3)/10 (20.4)/
4 (44.4) 5 (18.5)/0/2 (40.0) 12 (44.4)/22 (44.9)/

6 (50.0)

CIN 1/CIN 1–2 (n=28) 2 (13.3)/6 (46.2)/
1 (50.0)

6 (40.0)/1 (7.7)/
2 (33.3) 5 (33.3)/0/5 (100.0) 2 (33.3)/6 (46.2)/

1 (50.0)
CIN 2/CIN 2–3/CIN 3/
Ca in situ (n=106)

3 (3.4)/3 (17.6)/
1 (33.3)

12 (13.6)/3 (17.6)/
8 (66.7)

66 (73.9)/9 (52.9)/
52 (78.5)

8 (9.1)/2 (11.8)/
5 (62.5)

Polypus (n=5) 0/1 (25.0)/0 0 1 (100.0)/1 (25.0)/0 0/2 (50.0)/0
Planocellular carcinoma/
adenocarcinoma 
(n=4)

0 0 3 (100.0)/0/3 (100.0) 0/1 (100.0)/0

LSIL, low-grade squamous intraepithelial lesion; HSIL, high-grade squamous intraepithelial lesion; ASC-US, atypical squamous 
cells of undetermined significance; ASC-H, atypical squamous cells, cannot exclude HSIL; AGUS, atypical glandular cells of 
undetermined significance; CIN, cervical intraepithelial neoplasia; HVP, human papillomavirus. 
*P<0.05, HR HPV-negative vs. HR HPV-positive women.

Table 3. The Distribution of Biopsy Results in Relation to the Results of Papanicolaou Test 
and Human Papillomavirus Test (N=239)
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(64.7%), high-grade changes (81.4%), various 
changes (60.9%), noninformative results (81.2%), 
and not detailed results (58.1%) were caused by 
HPV types 16, 18, and 45. There were 23 HPV-pos-
itive women with normal colposcopic results, 47.8% 
of whom had HPV types 16, 18, and 45. 

Colposcopic results in both HPV-positive and 
HPV-negative women with no cytologic changes did 
not differ significantly. Compared with HR HPV-
negative women, HSILs in HR HPV-positive wom-
en were significantly more common in all groups 
of colposcopic results, except when colposcopic 
findings were evaluated not properly. Severe col-
poscopic changes were significantly more common 
in HR HPV-positive women with HSIL compared 
with HR HPV-negative women (90.5% vs. 23.5%). 
In LSIL cases, when benign and severe colposcopic 
changes were documented, HPV types 16, 18, and 
45 were detected in 61.5% and 100%, respectively, 
and in HSIL cases, the corresponding percentages 
were 75.0% and 84.2%, respectively.

Discussion
According to our data, the prevalence of HR 

HPV in age groups did not differ significantly: 
60.5%, 59.8%, and 72.5% of the women aged 20–
29, 30–39, and 40–49 years, respectively, had HPV 
types 16, 18, and 45. The incidence of HR HPV 
was significantly different in the groups of cytologic 
changes. Nearly two-thirds (62.1%) of the women 
who had undergone a repeated Papanicolaou test in 
HLUHS were positive for HPV types 16, 18, and 
45. HR HPV types were detected in 11.9% of the 
women with normal cytologic findings, 38.1% of 
whom were positive for HPV types 16, 18, and 45. 
These data correspond to the worldwide data: the 
estimated global prevalence of HR HPV in wom-
en with normal cytologic findings was 11.7% (26), 
while the prevalence of HPV types 16, 18, and 45 
among HPV-positive women with normal cytologic 
findings was about 36% (2, 23). According to our 
data, 50.0% of the women positive for HR HPV 
with LSIL cytologic changes had HPV types 16, 18, 
and 45. The average percentage worldwide is about 
40% (16). Our data indicate that 75.6% of the HR 
HPV-positive women with HSIL and 54.8% of those 
with ASC-US/AGUS/ASC-H had HPV types 16, 
18, and 45. It has been noticed that although there 
is no considerable prevalence of HPV type 45 in 
women with HSIL worldwide, 55% of HPV-positive 
women with HSIL also had HPV types 16, 18, and 
45 (22). There are no meta-analysis data available 
how HPV is distributed among women with ASC-
US. According to various data, HPV types 16 and 
18 are responsible for 15% to 32% of borderline 
changes (27). Our data show that the prevalence of 

HPV types 16, 18, and 45 in the presence of various 
abnormal cytologic findings does not correspond 
to the worldwide data, except for normal cytologic 
findings. This may be due to the subjectivity of the 
Papanicolaou test as the result of the Papanicolaou 
test depends on the experience and skills of the ex-
aminer and due to different HPV diagnostic meth-
ods.

The first peak of HR HPV prevalence is observed 
in women in their early 20s up to 25 years (2), but 
the infection is mostly transient (28, 29). Severe 
cervical intraepithelial changes are observed in 
teenagers and women up to 25 years as well, straight 
after the acquisition of HR HPV infection (30). Ac-
cording to the data reported, the peak incidence of 
HPV infection occurs within 5 to 10 years after the 
beginning of the sexual life (31). The prevalence of 
HPV decreases with age, but persistence increases 
(32). According to our data, there was no significant 
difference in the prevalence of HPV in women of 
different age groups. This may be likely because the 
present study was focused on the prevalence of HR 
HPV in women with abnormal cytologic findings, 
but not in the general population.

Analysis of all the studies done in Europe 
demonstrated the highest prevalence of HR HPV 
(29.1%) in Russia (33). The overall prevalence of 
HPV among women without cancer pathology in 
Lithuania is 26.7% (34), while the prevalence of 
HR HPV in the general population is reported to 
be 25.1% (35). Lithuania has the leading position in 
both mortality and morbidity of cervical cancer in 
the Baltic countries. Our data indicated that 11.9% 
of women with normal cytologic findings were posi-
tive for HR HPV, though the total number of the 
women studied was only 21, and 38.1% of them had 
HPV types 16, 18, and 45. According to other study 
carried out in Lithuania, the overall prevalence of 
HR HPV among women with normal cytologic 
findings was 21.4%, but HR HPV in this study was 
detected using PCR general and type-specific HPV 
primers (34).

HPV type 16 is detected in 2.25% of women in 
the population (25.5% of all HPV-positive women 
with normal cytologic findings), and HPV type 18 
in 0.76% (7.5% of all HPV-positive women with 
normal cytologic findings) (23). HPV type 45 takes 
only the 11th place on the HR HPV list, and its 
prevalence in women with normal cytologic find-
ings is only 0.4%, but it is one of the 5 most com-
mon types detected in invasive cancer cases (2). Co-
hort studies show that the infection with HPV of 
types 16 and 18 is more likely to progress compared 
with HPV of other types (36), while the infection 
with HR HPV types persist longer than that with 
low-risk HPV types (37). If HPV genotyping be-
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came routinely available, the detection of HPV types 
16 and 18 would be useful in clinical management 
of ASC-US and LSIL with the diagnosis of CIN 2. 
HR HPV-negative cases (especially HPV 16) could 
be managed less aggressively through more frequent 
surveillance rather than immediate treatment, while 
HR HPV-positive cases that are more likely to be-
come CIN 3 and least regressive should be treated ac-
cording to the CIN 3 management protocol (18). Our 
data showed that despite women’s age, after the diag-
nosis of LSIL or ASC-US/AGUS/ASC-H with the 
histology of CIN2/CIN2-3/CIN3/carcinoma in situ, 
HPV types 16, 18, and 45 were detected in 66.7% 
and 62.5% of the subjects studied, respectively. The 
prevalence of HPV types 16, 18, and 45 in CIN 2/
CIN 2-3/CIN 3/carcinoma in situ cases was similar 
in all age groups: 70.6% in the 20–29-year age group, 
72.0% in the 30–39-year age group, and 80.8% in the 
40–49-year age group. These data prove once more 
that genotyping for HPV 16, 18, and 45 is very im-
portant in primary screening, especially among wom-
en of reproductive age, and could be used in every 
day practice. However, our data obtained analyzing 
the sensitivity and specificity of two different tests 
for diagnosing CIN 2+ changes showed controversial 
results: the HC2 test was found to be more sensitive 
and specific compared with the HPV 16/18/45 test. 
Analysis of all the tests in combination showed that 
the sensitivity of the HC2 test in combination with 
the Papanicolaou test for diagnosing CIN 2+ cases 
compared with the HPV 16/18/45 test in combina-
tion with the Papanicolaou test was nearly the same, 
but the specificity was higher.

HR HPV testing is more sensitive than the Papa-
nicolaou test in ASCUS cases (38). According to the 
results of meta-analysis done in 2009, 43% of wom-
en with ASC-US were positive for HR HPV (15). 
According to our data, HR HPV was detected in 
32.3% of the women with ASC-US/AGUS/ASC-H 
(38), and 54.8% of them were positive for HPV 
genotypes 16, 18, and 45, i.e., 50.0% in the 30–39-
year age group, 54.5% in the 20–29-year age group, 
and 66.7% in the 40–49-year age group. According 
to other study carried out in Lithuania, 23.8% of 
women with ASCUS/AGUS/ASC-H were positive 
for HR HPV (34). Consensus guidelines state that 
HPV DNA testing should be done for every woman 
with ASCUS (39).

Two-thirds of women with LSIL cytologic chang-
es are found to be positive for HR HPV; therefore, 
the necessity of HPV testing is limited in such cases. 
According to the results of meta-analysis done in 
2009, 76% of women with LSIL were positive for 
HR HPV (15). HPV types 16 and 18 in HPV-pos-
itive women were found in 35% of all LSIL cases. 
Our data showed that 55.1% of the women with 

LSIL were positive for HR HPV (40), and half of 
them were positive for HPV types 16, 18, and 45, 
i.e., 33.3% in the 20–29-year age group, 55.0% in 
the 30–39-year age group, and 55.6% in the 40–49-
year age group. According to other study carried 
out in Lithuania, HR HPV was detected in 46.7% 
of women with LSIL (34). The risk for CIN 3 in 
women positive for HPV type 16 with LSIL was 
39%, while in other HR HPV-positive (that can be 
detected by the HC2 method) women with LSIL, 
the risk for CIN 3 was nearly 4 times lower, i.e., 
only 10% (36).

A meta-analysis done in 2007 reported that 
the prevalence of HR HPV in HSIL was 85% (22). 
The overall prevalence of HPV type 16 and 18 in 
HSIL cases was 52%. According to our data, 87.8% 
of HSIL cases were positive for HR HPV (40), and 
75.6% of them were positive for HPV types 16, 18, 
and 45. According to other studies done in Lith-
uania, HR HPV was detected in 62.1% to 79.3% 
women with HSIL (10, 34, 41), but the data were 
analyzed using PCR methods.

According to the worldwide data, the prevalence 
of HPV types 16 and 18 in women with normal cy-
tologic findings ranges from 32% to 33%. Besides, 
50.0% of HSIL cases, 70.0% of invasive cervical 
cancer cases, and 81.5% of adenocarcinoma cases 
are positive for these 2 types (42–45). HPV types 
16 and 18, compared with other HR HPV types, are 
more likely to persist and progress (44). The same 
can be said about HPV type 45. Depending on the 
country, HPV type 16 is responsible for 50%–60%, 
HPV type 18 for 10%–20%, and HPV type 45 for 
4%–8% of all cervical cancers (23, 25, 46). HPV 
types 16, 18, and 45 are the only ones more often 
detected in invasive forms than precancerous le-
sions (25). This demonstrates the carcinogenicity of 
these types and the necessity of HPV genotyping. 
All our cancer cases were identified as having HPV 
types 16, 18, and 45, but the sample size was too 
small. Anyway, our data showed that 59% of all the 
women with abnormal results of Papanicolaou test 
were positive for HR HPV, and 65% of them were 
positive for types 16, 18, and 45. According to the 
results of the other study done in Lithuania, only 
45.5% of all the women with the abnormal results 
of Papanicolaou test were positive for HR HPV, but 
different methods for HR HPV detection were used 
(41). As the target-amplification free assay provides 
a genotyping method for highly specific detection 
of HPV 16, 18, and 45 without the complexity of 
PCR technology (47), genotyping for HPV 16, 18, 
and 45 could be offered in the surveillance of HR 
HPV-positive women with abnormal cytologic find-
ings, especially in the reproductive age, but the re-
sults of sensitivity and specificity of two different 
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tests in diagnosing CIN 2+ changes lead to more 
careful evaluation of the disease.

The analysis of all the tests in combination shows 
that the sensitivity of the HPV test compared with the 
HPV 16/18/45 test in correlation with the Papanico-
laou test is nearly the same, but the specificity differs.

HPV types 16, 18, and 45 were predominant in 
all cases with any colposcopic findings: e.g., 64.7% 
in low-grade changes, 81.4% in high-grade chang-
es, and 81.8% when colposcopy was not informa-
tive. Moreover, 61.1% of CIN 1/CIN 1-2 cases and 
74.2% of CIN 2/CIN 2-3/CIN 3/carcinoma in situ 
cases were positive for these HPV types. 

HPV testing improves the accuracy of colposco-
py in the detection of CIN in women with ASC-US 
and LSIL cytologic changes (48). The comparison 
and analysis of different cases of cervical pathology, 
as well as their surveillance and methods of man-
agement (cytology, colposcopy, and molecular biol-
ogy), are rather complicated as there is no unified 
standardized protocol available (49). Colposcopy 
does not show a direct association between infec-
tion with HPV and CIN changes. Colposcopy is the 
main method to detect HPV-induced CIN changes. 
Neither the progression of such changes nor pre-
sumable histological results are possible to predict 
(50). Our data showed that 13.9% of the women 
positive for HR HPV had normal colposcopic find-
ings. Colposcopic changes (low-grade, high-grade, 
various changes, and even normal colposcopic re-
sults) were more often observed in HPV-negative 
women with ASC-US/AGUS/ASC-H, though the 
difference was not significant. There were a great 
number of not detailed colposcopic results (14.2%), 
and 58.1% of the women in this group were positive 
for HPV types 16, 18, and 45. The colposcopic find-
ings in our study should be analyzed with caution 
because colposcopy was performed not only by spe-
cialists. It has been reported that the sensitivity of 
colposcopy to distinguish normal colposcopic find-
ings from pathological ones is relatively high, but 
the sensitivity in differentiating low-grade changes 
from high-grade changes is only about 56% (51).

In LSIL cases, low-grade colposcopic changes, 
normal colposcopic results, CIN 1/CIN 1-2, or en-
docervicitis were not significantly more often ob-
served in HR HPV-positive women as compared 
with HR HPV-negative women. Any colposcopic 
changes (even normal colposcopic results) were 
significantly more often documented in HR HPV-
positive women with HSIL. And of course, when 
diagnosing severe cervical changes and cervical can-
cer, the sensitivity of colposcopy reaches 85%, and 
the colposcopy is more accurate if, in such cases, the 
results are combined with the results of the Papani-
colaou test (52). 

When analyzing the ASC-US/AGUS/ASC-H 

cytology group, endocervicitis was diagnosed equal-
ly for women positive and negative for HR HPV, 
while CIN 1/CIN 1-2 histology was more often 
observed in HR HPV-negative women. There can 
be some reasons for this. Papanicolaou test results 
frequently show some degree of subjectivity and 
much depends on the professional competence pos-
sessed by the researcher. Atypical cells of undeter-
mined significance, however, can be detected in the 
cases of bacterial endocervicitis. Though the bac-
terial changes in the cervix were not investigated, 
our results do not disprove that: endocervicitis for 
HR HPV-negative women with normal cytology was 
significantly more often diagnosed compared with 
HR HPV-positive women (34.7% vs. 3.7%, P<0.05). 

When analyzing the associations between cy-
tology, histology, and HR HPV, it was observed 
that despite any cytologic changes (LSIL, HSIL, or 
ASC-US/AGUS/ASC-H), biopsy changes were not 
significantly more common in the women positive 
for HR HPV compared with the women negative 
for HR HPV. It means that either histological or 
cytologic results were inadequately evaluated. The 
results of both tests should be evaluated only by ex-
perienced specialists. The accuracy of biopsy results 
also depends on the proficiency of the persons who 
perform it. Biopsy should be performed after the 
evaluation of colposcopic results (direct biopsy); 
thus, with the lack of skills while performing colpos-
copy, the colposcopy might be done and the results 
might be evaluated inadequately, and biopsy might 
be taken from the areas without cervical lesions or 
less-affected areas. On the other hand, evaluation 
of associations between colposcopy, cytology, and 
HR HPV results showed that colposcopic changes 
were significantly more often observed in HR HPV-
positive women with HSIL, except inadequately 
evaluated cases of colposcopy, compared with HR 
HPV-negative women. Even if biopsy specimens are 
taken from the site where no colposcopic changes 
are seen, CIN 2+ changes can be identified in 12.7% 
to 37.1% of the cases. Therefore, a random biopsy is 
recommended for all women who have high-grade 
cytologic changes (53). However, the sensitivity of 
colposcopy in diagnosing CIN is higher, when 5-bi-
opsy gold standard is utilized (54).

Conclusions
Our study showed that HPV types 16, 18, and 45 

were responsible for 62% of cytologic, 66% of col-
poscopic, and 68% of histological changes, but the 
HPV 16/18/45 test together with the Papanicolaou 
test did not improve the diagnosis of high-grade 
cervical intraepithelial lesions.
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