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A B S T R A C T

Cervical cancer incidence and mortality in Poland is among the highest in Europe. To inves-

tigate infection with different human papillomaviruses (HPV) in Warsaw, Poland, we

obtained cervical cell specimens from 834 women aged 18–59 years from the general pop-

ulation, and 88 cervical cancers. DNA of 44 HPV types was detected using a GP5+/6+-based

PCR assay. HPV prevalence was 16.6% in the general female population, being highest

(24.2%) in women aged 25–34 years, notably among unmarried women (37.3%). HPV preva-

lence fell to 8.6% at ages 55–59. High-risk HPV prevalence was 11.3%, with HPV16 being the

most common type (3.7%). All but one cervical cancer were high-risk HPV-positive,

although the importance of HPV16 (73%) was much greater, and multiple infections fewer

(1%), than among HPV-positive women in the general female population. In summary, we

report a relatively high burden of HPV infection in Warsaw, Poland, where 79% of cervical

cancers are theoretically preventable by HPV16/18 vaccines.

� 2007 Elsevier Ltd. All rights reserved.
1. Introduction

The incidence of cervical cancer in Eastern Europe is approx-

imately three-fold higher than in Western European coun-

tries, with particularly elevated rates reported in Poland

(14.4/100,000 women in Warsaw, 19.6/100,000 women in Cra-

cow).1 The disparity between Eastern and Western Europe is

also reflected in cervical cancer mortality rates.2 Population-

based screening programmes in Poland are few and restricted

to small areas, but at least in urban districts, opportunistic

cytological screening is widespread.3

The establishment of genital infection with certain types

of human papillomavirus (HPV) as the central cause of cervi-

cal cancer has prompted a shift in the planning of primary
er Ltd. All rights reserved

fax: +33 472738345.
ceschi).
and secondary prevention towards HPV test-based screening4

and vaccination.5

One of the essential pieces of epidemiological data re-

quired to introduce and predict the impact of HPV test-based

screening or vaccination in a given country is population-

based data on age- and type-specific patterns of HPV preva-

lence, which is known to vary substantially across different

populations.6,7 In addition, corresponding information on wo-

men with cervical cancer is important to predict the theoret-

ical fraction of cervical cancer preventable by current HPV16/

18 vaccines.

Population-based studies on the prevalence of HPV in

Eastern European countries remain limited.8,9 Therefore, the

International Agency for Research on Cancer (IARC), in
.
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collaboration with The Maria Sklodowska-Curie Memorial

Cancer Center and Institute of Oncology, Warsaw, Poland,

have carried out an HPV survey on a representative sample

of women from Warsaw, and on a corresponding sample of

locally-diagnosed cervical cancer cases.

2. Materials and methods

2.1. Ethical approval

All participants, whether from the general female population

or those with cervical cancer, signed informed consent forms

according to the recommendations of the IARC and the Maria

Sklodowska-Curie Memorial Institute and Cancer Center eth-

ical review committees, which both approved the study.

2.2. General female population

The survey of HPV infection in the general female population

was carried out between March and May 2006 in Warsaw, Po-

land. A population-based cervical screening programme,

including an active call of women aged 25–59 years, was al-

ready present in two of 18 districts of Warsaw (Ursynow and

Mokotow), and therefore two different recruitment methods

were used.

The first method, used in districts where screening pro-

grammes did not exist (�440,000 eligible women), consisted

of a random selection of an age-stratified sample of women

aged 18–59 years from the Polish Electronic Registry. This

country-wide registry is a compulsory and regularly updated

government-run system, registering all individuals at birth.

For each 5-year age group in the 25–59-year range, 130 wo-

men were selected and invited to join the present study.

Among a total of 910 invitees, 424 (47%) chose to participate.

On account of the importance of information on young wo-

men,7 women in the 18–24-year age group were over-sam-

pled and, out of 400 women invited, 163 (41%) agreed to

participate. All potential participants were invited by per-

sonal letter to the Department of Cervical Cancer Screening

at the Maria Sklodowska-Curie Memorial Institute and Can-

cer Center.

Conversely, in the Ursynow and Mokotow Districts, the

recruitment method took advantage of invitations sent by

two long-established cervical cancer screening programmes

in these areas.3 All female residents aged 25–59 years (approx-

imately 36,000 in Ursynow and 50,000 in Mokotow) are invited

every 3 years to the Department of Cervical Cancer Screening

at the Maria Sklodowska-Curie Memorial Institute and Cancer

Center for a Pap smear. Participation in the screening pro-

gramme is estimated to be about 58% for each 3-year cycle.3

Approximately 40 screening programme attendees from each

5-year age group in the 25–59-year range were invited to par-

ticipate, and among 294 invited women, only 14 refused. An

additional group of women who lived in the Ursynow and

Mokotow Districts, aged 18–24 years but too young to be

invited to join the regular screening programme, were also

invited and 45 agreed to participate.

A total of 912 women (325 from Ursynow/Mokotow and 587

from the rest of Warsaw) thus agreed to participate in the pop-

ulation-based study. Women enrolled from Ursynow and
Mokotow Districts did not differ significantly from the wider

sample of Warsaw residents in respect to education, marital

status, lifetime numberof sexual partners, nor HPV prevalence.

For both recruitment methods, exclusion criteria were pre-

vious hysterectomy, pregnancy beyond the 34th week at time

of recruitment, and mental or physical incompetence.

A structured questionnaire including information on so-

cio-demographic characteristics, sexual behaviour of the wo-

men and of their partners, reproductive factors, use of

contraceptive methods and smoking habits was administered

to all study participants.

A total of 897 women in the population-based sample ac-

cepted to undergo a pelvic examination performed by a

gynaecologist and to give 10 ml of blood. After the preparation

of a conventional Pap smear, a sample of exfoliated cervical

cells from the endocervix and ectocervix was collected with

a cytobrush (Cervexbrush, Rovers Medical Devices B.V., The

Netherlands). The brush containing cellular material was

then placed in a vial containing PreserveCyt medium (Cytyc,

Boxbourough, MA, USA) and stored at +4 �C until shipment.

Pap smears were read at the Cytological Department of the

Maria Sklodowska-Curie Memorial Institute and Cancer Cen-

ter, Warsaw, Poland. Specimens were reviewed by experienced

cytologists and additionally confirmed by a pathologist,

according to the 2001 Bethesda System. Women with abnor-

mal cervical findings were referred for further diagnostic pro-

cedures according to standard local protocols.

2.3. Women with invasive cervical cancer

Cervical cancer cases were identified at the Maria Sklodows-

ka-Curie Memorial Institute and Cancer Center. Out of 121

women diagnosed with cervical cancer at the Cancer Center

between March 2006 and February 2007, the collection of a tu-

mour biopsy for the purposes of the study was possible for

107 (88%). Biopsies were formalin-fixed and embedded in par-

affin, before being sectioned for HPV testing using a ‘sand-

wich’ approach, whereby inner tumour sections were

destined for HPV testing and outer sections for histological

confirmation of tumour tissue. Biopsies without any histolog-

ical evidence of tumour tissue (n = 15) or suspected to be of

endometrial origin (n = 4) were excluded from all analyses.

2.4. HPV detection

HPV testing was performed on exfoliated cervical cells and

cervical cancer biopsies in the Department of Pathology at

the Vrije Universiteit Medical Center, Amsterdam, The Neth-

erlands. DNA was extracted from the PreserveCyt sample

using a High Pure PCR product Purification Kit according to

the manufacturer’s instructions (Roche Applied Science,

Mannheim, Germany). For cervical cancer biopsies, one or

more 5 lM sections representing approximately 1 cm2 of tis-

sue, were digested with Proteinase K in the presence of

0.45% Tween 20.10 Following heat inactivation of the Protein-

ase K, this crude extract was used for PCR.

b-globin PCR analysis was performed firstly to confirm the

presence of human DNA in all specimens.11 In the event that

crude biopsy extracts were b-globin negative, samples were

subjected to DNA extraction using a High Pure PCR product
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Purification Kit, and resulting DNA isolates were re-checked

for b-globin. The overall presence of HPV DNA was deter-

mined by performing a general GP5+/6+ primer-mediated

PCR, which permits the detection of a broad spectrum of gen-

ital HPV types at the subpicogram level.12 HPV positivity was

assessed by hybridisation of PCR products in an enzyme

immunoassay using two HPV oligoprobe cocktails that, to-

gether, detect the following 44 HPV types: HPV6, 11, 16, 18,

26, 30, 31, 32, 33, 34, 35, 39, 40, 42, 43, 44, 45, 51, 52, 53, 54,

55, 56, 57, 58, 59, 61, 64, 66, 67, 68, 69, 70, 71 (equivalent to

CP8061), 72, 73, 81 (equivalent to CP8304), 82 (IS39 and MM4

subtypes), 83 (equivalent to MM7), 84 (equivalent to MM8),

cand85, 86, cand89 (equivalent to CP6108) and JC9710. Subse-

quent HPV typing was performed by reverse-line blot hybrid-

isation of PCR products, as described previously.13

HPV types considered high-risk for this analysis included

HPV16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 68, 73 and 82.14

2.5. Statistical analysis

Odds ratios (ORs) for HPV positivity and corresponding 95%

confidence intervals (CIs) were calculated using uncondi-

tional logistic regression. Two models were used in the popu-

lation-based study: 1) adjusted for age (18–24, 25–34, 35–44,

45–54, 55–59 years); and 2) adjusted for age and lifetime num-

ber of sexual partners (1, 2–3, 4–5, P6). Tests for linear trend

of ORs were done giving an increasing score for each level

of the categorised variable and fitting them into the model

as continuous variables. Prevalence ratios (PRs) for type-spe-

cific HPV positivity and corresponding 95% CIs were used to

compare the relative frequency of the most common HPV

types in cervical cancer with that among HPV-positive women

with normal cytology.

3. Results

3.1. General female population

Of 897 women who provided cervical cell samples, 49 had

inadequate HPV results (b-globin negative), four had inade-

quate cytology, and 10 had undergone hysterectomy, leaving

834 women with valid cytology and HPV results. Among

them, 35 (4.2%) had abnormal cytological findings, including

10 (1.2%) women with atypical squamous cells of undeter-

mined significance, 22 (2.6%) with low-grade squamous intra-

epithelial lesions and three (0.4%) with high-grade squamous

intraepithelial lesions. Final histological diagnosis was ob-

tained for 30 women with abnormal cytology, among whom

six cervical intraepithelial neoplasia grade 3/carcinoma in situ

were diagnosed.

Overall HPV prevalence was 16.6% (65.7% and 14.4% among

women with and without cervical abnormalities, respectively,

Table 1). The corresponding prevalence age-standardised to

the world population was 17.8% (95% CI: 15.0–20.5). In total,

97 (10.8%) women had single-type and 41 (4.6%) had multi-

ple-type infections. High-risk HPV types were detected

slightly more frequently (11.3%) than low-risk types (9.8%).

The most common high-risk types among women without

cervical abnormalities were HPV16 (2.8%), 56 (1.8%), 45

(1.5%), 31 (1.3%) and 52 (1.3%). HPV16 was also the most com-
mon type among women with cervical abnormalities (25.7%),

of whom 48.6% were positive for high-risk types.

Fig. 1 shows the prevalence of HPV (any type, HPV16 and/

or 18, high- and low-risk types, separately) by age group. Over-

all HPV prevalence was 21.6% among women younger than 25

years, and reached 24.2% in the 25–34-year age group. There-

after, it steadily decreased with age down to 8.6% at age 55–59

years. Age-specific patterns were similar for the prevalence of

high-risk types and HPV16 and/or 18 (Fig. 1). When women

below the age of 25 years were further subdivided into two

age groups, overall HPV prevalence increased between 18–22

(18.2%) and 23–24 years (26.4%) (data not shown).

Age-specific HPV prevalence is compared by marital status

in Fig. 2. Among women younger than 25 years, HPV preva-

lence was similar between unmarried (including single, wid-

owed or separated) (22.0%) and married women (17.2%). In

the age group 25–34 years, however, HPV prevalence was sig-

nificantly higher (37.3%) among unmarried than married wo-

men (16.8%). At older ages, HPV prevalence remained higher

in unmarried than married women, although 95% CIs over-

lapped (Fig. 2).

Table 2 shows the relationship between HPV positivity and

various characteristics of study participants. The strong de-

creases in HPV positivity seen with increasing age were con-

firmed to be significant, even after adjustment for lifetime

number of sexual partners (OR for 55–59 versus 18–24

years = 0.2; 95% CI: 0.1–0.6). Significant associations of HPV

positivity with single (OR = 2.1; 95% CI: 1.3–3.4) or widowed/

separated women (OR = 2.3; 95% CI: 1.2–4.3) compared to mar-

ried women, were attenuated, but remained after adjustment

for lifetime number of sexual partners. HPV positivity in-

creased sharply with an increasing lifetime number of sexual

partners and the OR for six or more versus one lifetime sexual

partner was 8.3 (95% CI: 4.5–15.6). An inverse relationship was

found between HPV positivity and age at sexual debut with

the model adjusted for age only, but the association was no

longer statistically significant after adjustment for lifetime

number of sexual partners. Conversely, women who reported

that their current partner had had extramarital relationships

had a significantly increased risk (OR = 3.3; 95% CI: 1.6–6.8) of

being HPV-positive, even after adjustment for a woman’s life-

time number of sexual partners. Parity was inversely related

to HPV positivity in the age-adjusted model, but not after

adjustment for lifetime number of sexual partners (Table 2).

No significant association with HPV positivity was found

for education level or smoking status (data not shown). Nei-

ther smoking intensity (OR for P15 cig/day = 1.1; 95% CI:

0.3–3.3) nor duration (OR for P20 years = 0.8; 95% CI: 0.3–1.6)

were related to HPV positivity. Furthermore, no significant

associations with HPV positivity were found for having ever

had a Pap smear (reported by 93% of women), spontaneous

abortion (13%), voluntary abortion (13%), oral contraceptive

use (46%), intrauterine device use (14%), condom use (59%),

or menopause (17%) (data not shown).

3.2. Women with invasive cervical cancer

Type-specific HPV prevalence is reported in Table 3 for 88

cases of invasive cervical cancer with valid HPV and histolog-

ical test results, including 84 squamous cell carcinomas and



Table 1 – Prevalence of human papillomavirus (HPV) types among 834 women from the general population, by cytological
findings (Warsaw, Poland, 2006)

HPV type Cytology

Normal Abnormal Total

Single Multiple Total (%) Single Multiple Total (%) Single Multiple Total (%)

Negative 684 (85.6) 12 (34.3) – – 696 (83.4)

Positive 80 35 115 (14.4) 17 6 23 (65.7) 97 41 138 (16.6)

High-risk 44 33 77 (9.6) 12 5 17 (48.6) 56 38 94 (11.3)

Low-risk 41 30 71 (8.9) 8 3 11 (31.4) 49 33 82 (9.8)

Uncharacterised 3 – 3 (0.4) 1 – 1 (2.9) 4 – 4 (0.5)

High-risk

16 13 9 22 (2.8) 5 4 9 (25.7) 18 13 31 (3.7)

18 2 3 5 (0.6) 0 1 1 (2.9) 2 4 6 (0.7)

31 4 6 10 (1.3) 2 0 2 (5.7) 6 6 12 (1.4)

33 0 7 7 (0.9) 1 1 2 (5.7) 1 8 9 (1.1)

35 1 1 2 (0.3) 0 1 1 (2.9) 1 2 3 (0.4)

39 1 0 1 (0.1) 0 2 2 (5.7) 1 2 3 (0.4)

45 3 9 12 (1.5) 0 1 1 (2.9) 3 10 13 (1.6)

51 3 4 7 (0.9) 2 0 2 (5.7) 5 4 9 (1.1)

52 5 5 10 (1.3) 1 1 2 (5.7) 6 6 12 (1.4)

56 5 9 14 (1.8) 0 0 0 (0.0) 5 9 14 (1.7)

58 1 4 5 (0.6) 0 2 2 (5.7) 1 6 7 (0.8)

59 1 2 3 (0.4) 0 0 0 (0.0) 1 2 3 (0.4)

68 3 0 3 (0.4) 0 0 0 (0.0) 3 0 3 (0.4)

73 1 5 6 (0.8) 0 0 0 (0.0) 1 5 6 (0.7)

82 1 0 1 (0.1) 1 1 2 (5.7) 2 1 3 (0.4)

Low-risk

6 2 1 3 (0.4) 0 0 0 (0.0) 2 1 3 (0.4)

11 1 1 2 (0.3) 0 1 1 (2.9) 1 2 3 (0.4)

26 0 2 2 (0.3) 0 0 0 (0.0) 0 2 2 (0.2)

30 0 0 0 (0.0) 3 0 3 (8.6) 3 0 3 (0.4)

40 0 2 2 (0.3) 0 1 1 (2.9) 0 3 3 (0.4)

42 11 7 18 (2.3) 0 0 0 (0.0) 11 7 18 (2.2)

43 0 2 2 (0.3) 0 1 1 (2.9) 0 3 3 (0.4)

44 1 0 1 (0.1) 0 0 0 (0.0) 1 0 1 (0.1)

53 0 4 4 (0.5) 0 0 0 (0.0) 0 4 4 (0.5)

54 0 1 1 (0.1) 0 0 0 (0.0) 0 1 1 (0.1)

55 1 1 2 (0.3) 0 0 0 (0.0) 1 1 2 (0.2)

61 1 0 1 (0.1) 0 0 0 (0.0) 1 0 1 (0.1)

66 7 1 8 (1.0) 0 0 0 (0.0) 7 1 8 (1.0)

67 1 1 2 (0.3) 0 0 0 (0.0) 1 1 2 (0.2)

70 3 2 5 (0.6) 0 0 0 (0.0) 3 2 5 (0.6)

81 0 1 1 (0.2) 0 0 0 (0.0) 0 1 1 (0.1)

83 1 6 7 (0.9) 1 1 2 (5.7) 2 7 9 (1.1)

84 1 0 1 (0.1) 0 0 0 (0.0) 1 0 1 (0.1)

86 1 0 1 (0.1) 0 0 0 (0.0) 1 0 1 (0.1)

Cp6108 0 1 1 (0.1) 0 0 0 (0.0) 0 1 1 (0.1)

Jc9710 2 4 6 (0.8) 0 0 0 (0.0) 2 4 6 (0.7)
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four adenocarcinomas. The average age of cases was 56 years,

ranging from 35 to 85 years. All but one case (99%) was high-

risk HPV-positive. HPV16 was found in 65 (73.9%) cases, with

the next most common types being HPV18 and 45 (5 cases

each), and HPV31, 52 and 56 (3 cases each). Only one case

was positive for multiple HPV types (HPV18 and 56). No low-

risk types were detected in cervical cancer.

Upon comparison with HPV-positive women with normal

cytology, women with cervical cancer showed a PR of 3.9

(95% CI: 2.4–6.2) to be infected with HPV16, and of 1.3 (95%

CI: 0.8–2.5) to be infected with HPV18 (Table 3). All other

high-risk types were much less common in cervical cancer
than in HPV-positive women with normal cytology (PR = 0.4;

95% CI: 0.2–0.6 for any high-risk type other than HPV 16/18).

4. Discussion

A major finding of the present study, the first carried out in

Poland, is the disclosure of a relatively important burden of

HPV prevalence in the general female population, particularly

in women below the age of 35 years. The age-standardised

HPV prevalence (17.8%) in Warsaw was higher than in previ-

ous studies using the same HPV testing protocol in Italy and

the Netherlands, but similar to that found in some parts of
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South America and India.6 In addition, the prevalence of high-

risk HPV types in Poland can be compared with hybrid-cap-

ture 2 findings for primary cervical screening in different

countries,4 and were higher than among screened women in

the United Kingdom, Germany and the Netherlands, but sim-

ilar to those in France and the United States.4 The elevated

prevalence of high-risk HPV types can explain, along with

the lack of organised screening programmes, the relatively

high cervical cancer burden in Poland.1

HPV prevalence was similar in women aged 18–24 (21.6%)

and 25–34 years (24.2%), declining thereafter. This age-specific

profile is similar to the one reported in Turin, Italy,15 but dif-

fers somewhat from those found in other high-resource coun-

tries in Europe,7 Asia7 and the USA16 where a decrease in HPV

positivity is already clear after age 25. In Poland, however, it

was possible to show that HPV positivity doubled in unmar-

ried women between the ages of 18–24 and 25–34 years, which

was not seen for married women. A relatively late age at sex-
ual debut (mean: 19.6 years), along with a tendency to delay

marriage, may explain the persistence of relatively high HPV

prevalence in women aged 25–34 years in some European

countries like Poland.

As expected, lifetime number of sexual partners was the

most important risk factor for HPV positivity in Warsaw,17

reaching a relative risk of 8 for women reporting six or more

lifetime sexual partners compared to women reporting only

one. This association is the strongest that has been found in

relation to HPV infection and number of sexual partners,17

pointing to an accurate reporting of sexual activity in our

study. The sexual behaviour of male partners was also con-

firmed to be an important risk factor for HPV prevalence. In

agreement with previous results,18 reproductive characteris-

tics, oral contraceptives and condom use were not signifi-

cantly associated with HPV positivity.

HPV16 was the most frequently detected type in the gen-

eral female population in Warsaw, followed by HPV56, 45,



Table 2 – Detection of cervical human papillomavirus (HPV) DNA among 834 women from the general population,
according to various characteristics (Warsaw, Poland, 2006)

Risk factors N of women HPV DNA pos. (%) ORa 95% CI ORb 95% CI

Age group (yrs)

18–24 171 37 (21.6) 1 – 1 –

25–34 186 45 (24.2) 1.2 0.7–1.9 0.8 0.5–1.3

35–44 194 27 (13.9) 0.6 0.3–1.0 0.4 0.2–0.7

45–54 190 21 (11.1) 0.5 0.3–0.8 0.3 0.2–0.6

55–59 93 8 (8.6) 0.3 0.2–0.8 0.2 0.1–0.6

v2
1 for trend p = 0.002 p < 0.001

Marital Status

Married 509 55 (10.8) 1 – 1 –

Single 248 65 (26.2) 2.7 1.7–4.4 2.1 1.3–3.4

Widowed/separated 77 18 (23.4) 3.1 1.7–3.5 2.3 1.2–4.3

Age at sexual debut (yrs)

P20 350 44 (12.6) 1 – 1 –

17–19 396 69 (17.4) 1.3 0.9–2.0 0.9 0.6–1.4

<17 79 24 (30.4) 2.3 1.3–4.2 1.2 0.6–2.4

v2
1 for trend p = 0.01 p = 0.82

Lifetime number of sexual partners

1 299 22 (7.4) 1 –

2–3 279 42 (15.1) 2.4 1.4–4.3

4–5 147 38 (25.9) 4.7 2.6–8.4

P6 102 35 (34.3) 8.3 4.5–15.6

v2
1 for trend p < 0.001

Husband’s extramarital sexual relationships

No 167 9 (5.4) 1 – 1 –

Uncertain 151 23 (15.2) 4.1 1.8–9.3 3.4 1.4–7.9

Yes 512 106 (20.7) 5.0 2.5–10.2 3.3 1.6–6.8

Parity

Nulliparous 325 74 (22.8) 1 – 1 –

1 228 33 (14.5) 0.6 0.4–1.1 0.7 0.4–1.2

P2 280 30 (10.7) 0.5 0.3–0.9 0.8 0.4–1.3

v2
1 for trend p = 0.02 p = 0.32

CI = confidence interval; OR = odds ratio.

a Adjusted for age.

b Adjusted for age and lifetime number of sexual partners, as appropriate.

Table 3 – Prevalence of selected human papillomavirus (HPV) types in 88 HPV-positive invasive cervical carcinomas (ICC)
and 115 HPV-positive women with normal cytology (Warsaw, Poland, 2006–2007)

HPV type ICCab n = 88 Normal cytology HPV-positive n = 115 ICC: Normal cytology

n (%) n (%) Prevalence ratio 95% CI

16 65 (73.9) 22 (19.1) 3.9 2.4–6.2

18 5 (5.7) 5 (4.3) 1.3 0.8–2.5

Other high-risk types

31 3 (3.4) 10 (8.7) 0.4 0.1–1.4

45 5 (5.7) 12 (10.4) 0.5 0.2–1.4

52 3 (3.4) 10 (8.7) 0.4 0.1–1.4

56 3 (3.4) 14 (12.2) 0.3 0.1–1.1

Any high-risk type other than 16/18d 17 (19.3) 51 (44.3) 0.4 0.2–0.6

Any low-risk type 0 (0) 71 (61.7) 0.0 0.0–0.1

P2 types 1 (1.2)c 35 (30.4) 0.04 0.0–0.4

CI = confidence interval.

a One HPV-negative ICC case included.

b Includes four adenocarcinoma, of which two were positive for HPV16 and two were positive for HPV18.

c HPV18 and 56.

d Includes HPV31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 68, 73 and 82.
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31, and 52. However, we confirmed that the type-distribution

among this population was not representative of that in wo-

men with cervical cancer from the same region, with the rel-

ative importance of HPV16 being much greater in cervical

cancer cases. HPV16 accounted for three-quarters of cervical

cancers diagnosed in Warsaw. HPV18 accounted for similar

proportions of HPV infection in women with and without can-

cer. Thus, HPV16 and 18 together accounted for 23% of HPV

infections in women with normal cytology, but 79% of cervical

cancer cases. This figure is somewhat higher than that re-

ported among two smaller case-series of cervical cancer from

Gdansk, Poland.19,20 These findings highlight the varying po-

tential for high-risk HPV types to cause cancer and thus the

importance to consider type distribution among invasive can-

cers when estimating the theoretical fraction of cervical can-

cer preventable by current or future HPV vaccines.21

Furthermore, although multiple infections were frequent in

the general population, 98% of cervical cancers were infected

with a single HPV type, highlighting the selection of one high-

risk type in the course of malignant transformation.

Strengths of the present study include a relatively large

sample size (especially among young and unmarried women)

and the use of a standardised and well-validated HPV test

allowing comparisons with similar studies around the world.6

The main limitation was the substantial number of women

from the general population who refused to participate. How-

ever, as HPV infection is asymptomatic and was not associ-

ated with socio-economic class in the present, or many

previous studies,22,23 it is unlikely that HPV positivity and lack

of participation were strongly correlated. Finally, our present

findings may not be completely representative of the Polish

female population living outside the country’s capital,

although current data suggest that cervical cancer incidence

rates are uniformly high across the whole of Poland.1
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