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ABSTRACT

Objective

To determine the prevalence and spectrum of high risk (HR) human papillomavirus (HPV) types in a large real-life population-based cervical screening setting of middle-aged Swedish women, since HPV might be used as a marker for identification of women at risk for development of cervical cancer. 

Method

Cervical brush samples from 6,125 women, 32- 38 years of age, in a multicenter study were analysed using a general HPV primer (GP5+/6+) PCR-enzyme immunoassay (EIA) combined with  reverse dot blot hybridization (RDBH) for confirmation and HPV typing in a single assay.

Results

Altogether, 6.6% (402/6,125) were confirmed HR HPV positive. Infections with 13 different HR HPV types were detected of which HPV 16 was the most prevalent type (2.0%; 123/6,125), followed by HPV 31 (1.0%; 63/6,125). Any one of the HPV types 18, 33, 35, 39, 45, 51, 52, 56, 58, 59 or 66 was detected in 3.5% (217/6,125) of the women. Infection with two, three and five types simultaneously was identified in 32, five and one women, respectively. 

Conclusion

The combination of PCR-EIA as a screening test and RDBH as a confirmatory test, was found to be readily applicable to a real-life population-based cervical screening setting. The women were infected with a heterogeneous group of HPV types of which HPV 16 and 31 were the most frequent types. The HR HPV prevalence of 6.6% suggests that HPV screening may be a favorable strategy to identify middle-aged women at risk for developing cervical cancer. 

INTRODUCTION

Cancer of the cervix uteri is the second leading cause of mortality among women worldwide and the incidence has been estimated to about 500,000 new cases each year (1). The human papillomavirus (HPV) has been identified as the major causal agent of the disease (2) and up to 99.7% of cervical cancers have been found to carry the HPV genome (3). HPV types frequently detected in cervical cancers are classified as ‘high-risk’ (HR) viruses, while those rarely or never found in cancer are called ‘low risk’ (LR) types (4). HPV infections are also detected among cytologically healthy women, with a peak prevalence of about 20 – 25% at 20 – 24 years of age, correlating with the onset of sexual activity. However, the infection is transient in most women (5). A decline in HPV prevalence is observed with increasing age and at around 35 years of age the prevalence of HPV infection among cytologically normal women has been reported to be around 5% (6, 7). Persistence of HPV infection is associated with HR HPV types and is more frequent in women older than 30 years of age than among those under 24, indicating that HPV positive older women may represent a subset of women with difficulty to clear the infection (8). 

Screening for cervical intraepithelial neoplasia (CIN) has been shown to be an effective method to reduce both incidence and mortality of invasive cervical cancer (9-11). Despite the success of screening using the Papanicolau (Pap) smear the cytological examination manifests a sensitivity of only about 75% (11, 12). Furthermore, the Pap smear screening has shown low sensitivity for adenocarcinomas (13) and large variations of cytological false negative and false positive rates between laboratories (14, 15). These limitations and the fact that almost all cervical cancers are positive for HPV (3) and is preceded by persistent HPV infections (16-19) argue for evaluation of HPV testing in cervical cancer screening programs. The most appropriate group for HPV screening is women aged 30 years or more, since younger age groups have high HPV prevalences and low cervical cancer incidences (7, 20). Recently, a standardized PCR-EIA test for HR HPV DNA in crude cell suspension has been developed and validated to be reproducible and extremely sensitive for HPV detection (21, 22). The PCR-EIA could be applicable for cervical cancer screening. However, to identify the exact HPV genotype of a positive PCR-EIA additional analyses have to be performed. The reverse dot blot hybridization (RDBH) assay (23) could be a method of choice for HPV genotyping and confirmation of samples positive in the PCR-EIA. 

The aims of this study is to determine the prevalence and spectrum of HR HPV types of cervical samples in a large real-life population-based cervical screening setting of middle-aged Swedish women by the PCR-EIA method combined with the RDBH assay. 

MATERIALS AND METHODS

Study group

In the organized program, all women belonging to the age groups eligible for screening are invited for screening by letter at 3-year intervals. Women who have had a Pap smear taken within the previous 3 years are not invited. For the present study, eligible women were defined as women in the age group 32 – 38 years participating in the population-based cervical screening program in five different cities/regions in Sweden (Malmö, Göteborg, Stockholm, Uppsala and Umeå). In total, 12,522 women were enrolled. Of these, 6,320 women were randomized to the testing group, and 6,125 cervical scrapes were positive in the PCR adequacy test.

Polymerase chain reaction

From each woman two cervical scrapes were obtained by the use of a cytobrush. The first sample was used for routine cytological screening, and cells from the second sample were placed in 1 mL 0.9% NaCl and stored at -20(C. Samples from the cities of Malmö, Stockholm and Umeå were analyzed for HPV at the regional laboratory, respectively, whereas samples from Uppsala and Göteborg were sent frozen to Malmö for analysis. Samples were analyzed by a general HPV primer GP5+/6+ mediated PCR enzyme immunoassay EIA (21). Prior to analysis the cells were thawed and centrifuged for 10 min at 3,000 x g. The cell pellet was resuspended in 1 mL 10 mM TRIS-HCl (pH 7.5) and frozen at -20(C. Then the samples were thawed and aliquots of 100 uL were boiled for 10 min, and 10 uL was used in a 50 uL reaction mixture containing 200 uM of each dNTP, 3.5 mM MgCl2, 1 U AmpliTaq DNA polymerase and reaction buffer (Perkin Elmer, Foster City, Ca), 0.5 uM biotinylated GP6+ primer and 0.5 uM GP5+ primer (24). The quality of the sample DNA for amplification was analyzed in separate tubes by using a (-globin PCR with biotinylated-BGPC03 and BGPC05 primers (25). 

For the PCR, the laboratory of Malmö used a Hybaid OmniGene (Hybaid, Middlesex, UK) automated thermal cycler programmed for block temperature and Umeå used a PTC-200 (MJ Research) with ’calculated control’ mode. For PCR with GP+ primers a denaturation step at 94(C for 4 min was followed by 40 cycles of amplification with segments at 94(C for 1.5 min, 40(C for 1.5 min, 72(C for 2 min, and a final step at 72(C for 4 min. The laboratory of Stockholm used a GeneAmp 9700 (Perkin Elmer) with a denaturation step at 94(C for 4 min followed by 40 cycles at 94(C for 1 min, 38(C for 1 min, 71(C for 2 min, and a final step at 71(C for 4 min. The (-globin PCR was performed under the same conditions but the annealing temperature was at 45(C. 

As positive controls of (-globin, input of 1 ng and 10 ng human placental DNA (Sigma) were used. As positive controls of the HPV PCR, ten-fold dilutions of purified DNA from SiHa cells were used, ranging from 10 ng to 100 pg of input DNA in a background of 100 ng human placental DNA (Sigma). As negative control 10 uL of water was added to the PCR and processed as the samples. 

Enzyme immunoassay (EIA)
Amplified DNA was detected by enzyme immunoassay (21). Five uL of biotinylated HPV PCR products were captured on streptavidin coated microtitre plates (Boehringer Mannheim, Mannheim, Germany) after adding 50 uL hybridization buffer (1 x SSC, 0.5 % Tween 20). The plates were incubated at 37(C for 1h. After 3 washings with 200 uL hybridization buffer per well, amplicons were denatured with 100 uL 0.2 M NaOH for 15 min at room temperature. Then the plates were washed 3 times with hybridization buffer, and 50 uL of hybridization buffer containing 10 uM of each HPV specific digoxigenin-11-ddUTP labeled probe was added per well. The probe solution contained a cocktail of 14 oligo probes for the HPV types 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66 and 68. After hybridization at 37(C for 1h, the plates were washed twice and 50 uL alkaline phosphatase conjugated anti-DIG (75 mU/mL hybridization buffer, Boehringer Mannheim) was added per well. The plates were incubated at 37(C for another 1h, and then washed five times, and 100 uL of pNPP substrate (SIGMA) was added per well. Plates were incubated overnight at 37(C and ODs were measured at 405 nM. By using a digoxigenin labeled probe (5’-AAGAGTCAGGTGCACCATGGTGTCTGTTTG) the same procedure was used for analyzing the amplified DNA from the (-globin PCR. 
For interpretation of results, cut off was set to three times of the mean OD-value of two negative controls. For each plate, the EIA was approved only if the positive control of 10 pg SiHa DNA was above cut off. The plate for (-globin test was approved if the controls with 10 ng human DNA were above cut off, after overnight incubation. 

Typing of HPV

Aliquots (20 uL) of PCR solutions from positive EIA samples were sent frozen for typing at a single laboratory (Malmö). HPV types were determined by the use of a non-radioactive reverse dot blot hybridization (RDBH) (23). The membranes for use in the RDBH were prepared as follows. Recombinant HPV plasmids (100 ng DNA/dot), corresponding to the different HPV types tested for in the EIA were denatured at high pH (0.8 M NaOH, 0.5 mM EDTA) for 20 min and transferred by use of a manifold (Schleicher & Schuell, Dassel, Germany) to a prewetted (6 x SSC) nylon membrane (Hybond N+, Amersham, Buckinghamshire, England). The membrane was neutralized with 200 uL 20 x SSPE, dried for 30 min at room temperature and baked at 120(C for 20 min. Prehybridization of membranes was done for 1h at 46(C in 5 mL solution containing 50% deionized formamide, 1% SDS, 10% dextran sulphate, 1 M NaCl and 100 ug/mL of herring sperm DNA in a hybridization oven (Hybaid). Five uL of PCR solution was added to 50 uL of prehybridization solution, denaturated at 94(C for 5 min and transferred to the prehybridization solution. After hybridization overnight, the membrane was rinsed once and then for 3 x 15 min with 2 x SSPE plus 0.1% SDS at 65(C and incubated with 5 mL blocking solution at 65(C for 1h [3% bovine serum albumin in TBS-Tween (100 mM Tris-HCl, 150 mM NaCl, 0.05% v/v Tween 20, pH 7.5), filtered through a sterile 0.45 uM membrane, (Acrodisc, Gelman Sciences, Ann Arbor, MI)]. Blocking solution was removed and the membrane was incubated at room temperature for 10 min with 5 mL of streptavidin-alkaline phosphatase [Gibco-BRL, diluted 1/3300 in TBS-Tween and filtered through a sterile 0.22 uM membrane (Millipore S. A., Molsheim, France)]. The membrane was washed at room temperature for 2 x 10 min with TBS-Tween and finally with 5 mL washing buffer (100 mM Tris-HCl, 100 mM NaCl, 50 mM MgCl2, pH 9.5) for 1 h. Thereafter, the membrane was dried briefly on a filter paper to remove excess buffer, dipped in detection reagent (Lumi-Phos 530, Lumigen Inc, Southfield, MI) and placed in a transparent folder and incubated for 1.5 h at room temperature. The membrane was exposed to X-ray film (Kodak X-AR, Kodak Rochester, NY) in a cassette with intensifying screens (Du Pont, Cronex lightning plus, NEN, Boston, MA) for 10 min. An HPV type was considered identified when clear-cut spot of darkening of the film could be distinguished from the background.

The project was approved by the Institutional Review Board of the Karolinska Institute, decision number 96:305.

RESULTS

HPV screening

Totally, 6.6% (401/6,125) of the women were found positive for HR HPV DNA after confirmation by RDBH. The range of positivity for the different regions in Sweden was between 5.3 and 8.0% (Table 1). The (-globin quality test revealed that 3.1% (195/6,320) of the samples were not amplifiable and that the proportion of (-globin negative samples varied between 0.7% and 13% between different regions (Table 2). 

For 27 of the EIA positive samples no HPV type could be identified by RDBH, but DNA sequencing revealed that two of these samples harbored HPV type 6, two contained HPV 42 and one sample contained HPV 67. Another sample was found to harbor both HPV 42 and 43 by a RDBH for LR HPV types. These four HPV types were not included in the HR HPV probe mix and were therefore not included in the ordinary RDBH either. Of the remaining 21 non-typed samples, 19 samples from Stockholm showed a mean OD-value of 1.6 (SD=0.97) above cut off and two samples from Umeå had values close to cut off (0.010 and 0.019).

HPV type distribution 

In total, 13 different HR HPV types were identified among the women (HPV 68 was not identified) (Table 1). HPV 16 was the most prevalent type, found in 2.0% (123/6,125) followed by HPV 31 found in 1.0% (63/6,125), and anyone of the HPV types 18, 33, 35, 39, 45, 51, 52, 56, 58, 59 or 66 were detected in 3.5% (217/6,125) of the women (Figure 1). Infection with two, three and five types simultaneously was identified in 32, five and one women, respectively. By RDBH, HPV was successfully typed in 94% (402/429) of the EIA positive samples. Figure 2 is a representative example of an RDBH analysis of four samples.

DISCUSSION

To the best of our knowledge, this is the largest population based HPV study of middle-aged women showing a HR HPV prevalence of 6.6%. By the confirmatory RDBH method, 13 HR HPV types were identified of which HPV 16 was the most frequent type followed by HPV 31. Out of the remaining HPV types 18, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66 and 68 contained in the HR probe mixture, HPV 68 was the only type not found in the present material. 

The combination of PCR-EIA as a screening test and RDBH as a confirmatory test, that also provides the exact HPV types present in the sample, was found to be readily applicable to a real-life population-based cervical screening setting. Regional HPV screening laboratories sent aliquots of PCR solutions from positive PCR-EIA samples for independent verification and HPV typing at a national reference laboratory that performed the RDBH analysis. By this approach, most of the EIA positive samples (94%) were confirmed and the HPV type identified. 

By using a reverse line blot assay (containing fixed oligonucleotide probes on a strip), allowing identification of 27 HPV types a sensitivity of 88% has been reported for typing of HPV DNA generated by PCR with MY09 and MY11 primers (26). Also, oligonucleotide based reverse blotting for 37 HPV types has been developed and is currently being evaluated (Van den Brule et al., unpublished observation).  

Our RDBH can easily be combined with the MY09/MY11 PCR system by using a hybridization temperature of 56(C in the RDBH (23). However, for 6 of the EIA positive samples that could not be confirmed by RDBH, LR HPV types (HPV types 6, 42, 43 and 67) were identified. In accordance with this finding we have recently found, from another series of samples, that some samples with high copy numbers of LR HPV types cross-hybridized with the HR probe in the EIA. This cross-hybridization in a few samples can be avoided if hybridization is performed at 55(C instead of 37(C. 
By the (-globin sample adequacy test, 3% of the samples showed values below cut-off. In a HPV screening study of Dutch women, using the same technique for sample accuracy (except that visualization was performed by gel electrophoresis), 5% (184/3,489) of the samples were negative for human DNA (7). In our study, the proportion of (-globin negative samples varied between 0.7% and 13%. Although the same sampling procedures and the same systems for collection, storage and transportation of samples were used in all regions, it appears that there may have been regional differences in how the samples actually were taken and processed. The nature of these differences is not clear. However, about 1,500 cells (calculated from the used cut-off at 10 ng human placental DNA and that one diploid cell contains about 6 x 109 base pairs) were required for a positive (-globin test in the PCR-EIA. This rather low sensitivity of the sample adequacy test is appropriate, since a sample adequacy test should never be more sensitive than the diagnostic test itself. 

The prevalence of HR HPV is known to decrease with increasing age, from about 20% among women of 20-30 years to about 5% in women over 30 years of age (25, 27, 28). However, only few population based studies of HR HPV prevalence have been performed of women above 30 years of age. In addition, to our large population based study showing 6.6% HR HPV among women 32-38 years, Rozendaal et al., report 5.4% (121/2250) HR HPV of women aged 34-54 years of age by PCR-EIA (29), and Ratnam et al., found 5.0% (27/536) HR HPV of women in the 35-44 age group by Hybrid Capture assay (30). 
Infection with multiple types of HPV has been related to persistency of HPV for more than 6 months (31) and may therefore be a risk factor for CIN. Only 0.6% (38/6,125) and 0.7% (24/3,351) of our Swedish and Dutch women 30-39 of age with normal cytology (7), respectively, have been found positive for multiple HR HPV types simultaneously. It is possible that selective amplification of the PCR reaction of only some of the types present in a sample may have underestimated the true proportion of multiple infections. 

In several studies of women with normal cytology or with different grades of CIN, HPV 16 has been found to be the most prevalent HPV type followed by HPV 31 (7, 28, 32). Also in our study HPV 16 and HPV 31 predominated, indicating that the type distribution of HPV infection is rather similar in several different populations. A spectrum of different HPV types was present in Sweden, with 13/14 HR HPV types tested for being found. In a similar Dutch HPV prevalence survey of women with normal cytology, all of the 14 HR types that we tested for were detected. In addition HPV 34 and 70 were detected. Their probe cocktail was extended to contain 19 HR HPV types based on the phylogenetic relatedness (also HPV 26, 34, 53, 70 and 73 apart from the types tested for by us) (7). There were no HPV 53 isolates in the Dutch study, in spite of the fact that this type was the most prevalent one among American women developing atypical squamous cells of undetermined significance (ASCUS) when another general primer PCR system was used (MY09/MY11) (33). The GP+ primer system has been reported to have a lower sensitivity for HPV53 (about 3-log) compared to the MY09/11 system (34). Difference in prevalence of HPV 53 might also be due to geographical differences. 

The issue of which oncogenic HPV types that should be tested for in primary HPV screening programs is debated. The cost-efficiency of HPV screening will decrease when infections that are very rare or only rarely progress to cancer are screened for, and we therefore decided to evaluate screening only for the 14 major oncogenic HPV types. 

In conclusion, a sensitive and simple HPV screening test (PCR-EIA) in combination with an independent confirmatory HPV typing test (RDBH) is useful for field trials of screening for high risk HPV infection. The HPV prevalences and type distribution in Sweden in this age group are similar to the figures that have been used in the mathematical modeling studies which indicated that HPV screening could substantially improve cervical screening programs (35) and thus suggest that HPV screening may be a favorable strategy for cervical cancer prevention. We are therefore currently conducting a large population based study of middle aged aged Swedish women to test if HR HPV detection might improve cervical screening.
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Legends to figures.

Figure 1. Prevalence of high risk HPV types within population-based cervical screening of Swedish women, 32 to 38 years of age, as determined by PCR-EIA and typing by reverse dot blot hybridization (RDBH).

Figure 2. Reverse dot blot hybridization (RDBH) of biotinylated amplimers from PCR-EIA with GP5+/6+ primers: a) Positions of immobilized HPV types. b) Identification of HPV types. Sample 1, HPV 16; sample 2, HPV 31, 35 and 66; sample 3, HPV 31; sample 4, HPV 51. 
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