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AllSTRAcr

Ruman papillomavirus (HPV) is the sexually-transmitted etiologic agent ofcervical cancer.

Despite screening programs, cervical cancer remains too common, particularly in developing

countries. Various carrelates of prevalent infections have been identified. However, the

determinants ofincident infections have never been studied.

Data were collected during a prospective cohort study conducted in Brazil. Incidence density

rates ofinfection were calcu1ated and determinants ofiocident infection were identified using

Cox regression models. Analyses were done for HPV types classified iota low-risk and high­

risk depending on their association with cervical neoplasia.

The incidence density rates were 9.3 and 7.6 per 1000 women-months respectively for low­

risk and high-risk HPV infection. Independent positive associations were found between the

time of tirst occurrence oflow-risk infection and age, number ofsexual partners in the past

5 years, education level and use ofnon-commercial hygienic absorbents. The tirst occurrence

of high-risk infection was independendy predicted by age, age al first sexual intercourse,

condom use (negative associations) and by the number of sexual partners in the past year

(positive association). Elucidation of the dYlWlÙcs of infection is a first step towards

implementation ofpublic health programs for reducing the risk ofcervical cancer.
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Le virus du papillome humain (HPV) est identifié comme l'agent causal sexuellement

transmissible du cancer du col utérin. Malgré les programmes de dépistage, ce cancer

demeure trop fréquent, particulièrement dans les pays non..industrialisés. De nombreux

facteurs de risque des infections prévalentes par le HPV ont été identifiés. Cependant, aucune

étude n'a porté sur l'identification des déterminants des infections incidentes par ce virus.

Les données ont été recueillies lors d'une étude prospective de cohorte au Brésil. La densité

d'incidence d'infection a été calculée et les déterminants des infections incidentes ont été

identifiés à l'aide de modèles de régression de Cox. Ces analyses ont été effectuées pour deux

grandes classes de HPV définies sur la base de leur association avec le cancer du col utérin:

les HPV oncogéniques et non-oncogéniques.

Les densités d'incidence obtenues étaient respectivement de 9,3 et de 7,6 par 1000 personnes..

mois pour les infections par des HPV oncogéniques et non..oncogéniques. Des associations

positives indépendantes ont été obtenues entre Je temps de Ja première infection par des HPV

non-oncogéniques et l'âge, le nombre de partenaires sexuels durant les 5 dernières années,

le niveau de scolarité, ainsi que J'utilisation de serviettes hygiéniques non commerciales. Le

risque de première occurrence d'une infection par des HPV oncogéniques a été prédit de

façon indépendante par l'âge, l'âge lors de la première relation sexuelle, l'utilisation du

condom (associations négatives) ainsi que par le nombre de partenaires sexuels durant la

dernière année (association positive). L'élucidation de la dynamique des infections permettra

de franchir une première étape vers l'établissement de programmes de santé publique visant

la réduction du risque de cancer du col utérin.
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STATEMENT OF ORIGINALITY

The research descn"bed in this thesis consists in original work. To our knowledge, incidence

density rates ofHPV infection have been published only trom one previous study. However,

these rates were not available upon stratification by oncogenic risk and by age. The analyses

presented here cao therefore shed new light on the specific charaeteristics ofthese infections.

More imponantly this project is, to our knowledge, the first one to aim al identifying the

determinants oftirst occurrence ofgenital HPV infection with low-risk and high-risk types.

fi
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INTRODucnON

From a worldwide perspective, cancer ofthe cervix is the second MOst common cancer in

women, representing 11.6% of female cancers compared to 19.1% for breast cancer. In

industrialized countries where formai screening programs are available, cervical cancer is

tenth in overa1l importance. AImost 80% of the incident cervical cancer cases occur in

developing countries, where this cancer is the most frequent one (parkin et al., 1993).

Early epidemiological studies on risk factors for cervical cancer showed a strong and

consistent association between markers ofsexual aetivity and cervical cancer or its precursor

lesions (Brinton and Fraumeni,1986; Brinton et al., 1987; LaVecchia et al., 1986; Brinton et

al., 1989; Brock et al., 1989; Slattery et al., 1989). This main risk factor led epidemiologists to

suspect a sexually-transmitted etiologic agent. The human papillomavirus (HPV) was the

most carefully studied agent in relation to cervical cancer. Some initial studies did not show

correlations between HPV infection and sexual activity (Villa and Franco, 1989; Kjaer et

al., 1990) or between HPV infection and cervical cancer (Reeves et al., 1989); however, this

was later found to be due to misclassification ofHPV status (Franco,1991; Franco, 1992).

Epidemiologic studies using more sensitive and specific detection methods revealed the

association between HPV and risk ofcervical cancer (Munoz and Bosch, 1992; Koutsky et

aL,1992). HPV types are often classified based on the degree of their association with

invasive cervical cancer. The MOst commonly used definition separates high-risk (types 16,

18, 31, 33, 45, 51, 52, 56, 58) ftom low-risk types (types 6/11, 40, 42, 53, 54, 55, 57, 59,

isolates awaiting taxonomic entry, unidentified types) (Baueret al., 1993). Nowadays, there

is a vast body ofknowledge, both epidemiological and biological, supporting the causal role

ofHPV in cervical neoplasia. The evidence implicates HPV as the primary cause ofcervical

cancer, but also indicates that HPV infection is not sufficient for the development of lhis

multifaetorial disease.

1
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HPV is responsible for a ubiquitous sexuaIly-transmitted infection, with a prevalence that cao

reach 45% among cytologicallynormal women when polYmerase chain reaction(peR)-based

methods ofdetection are used (lARe Working Group, 1995). However, the vast majority of

these infections does not result in ceUular abnormalities.

Most studies examining HPV infection are based on CToss-sectionai designs, giving a statie

picture ofa phenomenon that is in fact quite dynamic. Infections caused by HPV are mainly

transient (Evander et al., 1995) and it bas been suggested that persistent infections might be

the ones trom which cervical neoplasia arises (Hildesheim et a1.,1994). Before studying

persistent infections, which requires a substantial accumulation offoltow-up due to its rarity,

a more frequent event such as incident infection could be studied, and would aIIow a first

insight into the dynamic nature ofHPV. By taking into account the temporal relationship and

dynamic nature of infection, the study of incidence could help elucidate the modes of

transmission and acquisition ofHPV. Such information will be most useful in the planning of

public health programs aiming at primary prevention ofcervical cancer (Franco, 1997).

The objectives ofthis research project are therefore to: 1) calculate the incidence-density rates

for overaU, low-risk, and high-risk cervical HPV infections using person-time denominators,

and; 2) identify the determinants ofincident infections for low-risk and high-risk HPV types.
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L1TERA1'I.JIŒ REVIEW

Cen-ica1 cancer ad its link to hUlba. p.pillolb.viroses

•

1.1 Epitlemiology ofcDYieIll cllllcer

From a worldwide perspective, cervical cancer ranks fifth in terms of frequency.

Approximately 437,000 new cases are diagnosed each year. Cervical cancer is the second­

Most common cancer in women representing 11.6% ofail incident cancer cases, just after

breast cancer (19.1%). In developed countries, cancer of the cervix ranks tenth in overall

importance, due to the availability of general screening programs and low fertility rates.

However, in developing countries, il is the MOst ftequent cancer. AImost 8()O/O ofaU cervical

cancer cases occur in developing countries, with an estimated 344,000 cases per year

diagnosed in those areas not systematically providing screening programs (parkinet al., 1993).

The estimated age-standardized incidence rates ofcervical cancer for 1985 vary from 7.6 per

100,000 in Western Asia to 46.8 per 100,000 in Southern Africa, with rates being generally

less than 15 per 100,000 (parkin et al., 1993). Incidence and death rates vary a1so according

to ethnicity: rates for Aftican American, Hispanic, and Native wornen can be as high as 2 to

3 times those of white women (Gusberg and Runowicz, 1991). The higher incidence of

cervical cancer in some ethnic groups is very likely confounded by socioeconomic status and

related issues such as lifestyle, nutrition, attitude towards health care, and aecess to screening.

In past decades morbidity and mortality due to cervical cancer have declined, mostly in

industrialized countries. Important contributingfactors were undoubtedly the implementation

ofgeneral cytological screening programs and the decline in fertility that occurred after the

mid 19505. However, cervical cancer still generates severe consequences. The overall 5-year

5urvival rate for women with cervical cancer is 65%, 1()OAt lower than the one for breast

cancer (Gusberg and Runowicz, 1991). Furthennore, data trom Statistics Canada show that

on average, new cases of invasive cervical cancer are approximately 10 years younger than

wornen with breast cancer (50 compared to 60 years ofage) and 8SSOCiated death oœurs also
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at a younger age. Cervical cancer affects muitiparous and relatively young women, resulting

in important losses for society (Hagey et aI.~1995).

1.2 Risifactors for cerviclJl Cllllcer

The most consistendy reported risk factor for cervical cancer is undoubtedly sexual

behaviour. Whether from case series~ case-control or cohort studies~ the importance of

diverse markers ofsexual behaviour bas been outstanding. One ofthe first reports ofsuch an

association with sexual aetivity is attributed to Dr. Rigoni-Ste~who~ in 1842 described the

difference in proportions of death due to uterine cancer in nuns and women with varying

marital status. A much smaller proportion ofdeath due to uterine cancer, comprising at that

tinte cancer ofthe cervix and body ofthe uterus, was seen among nuns than among married

women (original Italian article translated by De Stavola, 1987). Marital status was one ofthe

tirst proxies ofsexual activity in early observational studies ofcervical cancer. Young age at

marriage and marriage itself were alsa identified as factors related to cancer of the cervix

(Wyoder et al., 19S4). Ecological studies al50 found correlations between morbidity (Franco

et al., 1988) and mortality (Li et al., 1982) ofpenile and cervical cancer, indirectly suggesting

the association with sexual aetivity. FoUowing these findings~ Many epidemiological studies

conducted in various geographical areas and on different populations focussed on a certain

number ofmarkers ofthe multidimensional and complex: factor that is sexual behaviour. Two

markers have been extensively used and studied: the number ofsexual partners and the age

at tirst sexual intercourse. The number ofsexual partners is undoubtedly an important factor

for cervical cancer~ with the risk ofcancer heing close to 3 times higher in women with 10 or

more Iifetime sexual partners compared to women with 0 or 1 partner (Brioton et al., 1987;

Peters et al., 1986). Numerous case-control studies have addressed this issue, with varying

results due to the wide range ofpopulations, selection criteria, and control ofconfounding

made in the analysis. However~ numherofsexual partners seemed consistently associated with

cervical cancer, the odds ratios (ORs) ranging from I.S to 10.0 for women with S, 6, 7, even

10 or more lifetime partners compared to women with very few partners (BriotOR et al., 1987;

Brock et al., 1989; Slattery et al., 1989; Herrero et al., 1990).
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In general, the risk ofinvasive or pre-invasive cancer bas been described as twice as high in

women who initiated sexuallife earlier (16 years or less in general) compared to women who

had their tirst sexual intercourse in their twenties. Most ofthese studies show an etfect even

after adjustment for number ofsexuai partners, a factor ftequently correlated with age at first

intercourse (Brinton et aI.,1987; Brock et aI.,1989; Herrero et aI.,199O; LaVecchia et

a1.,1986). Based on this independent effect, it was hypothesized that the cervix might be

more vulnerable towards carcinogenic agents during adolescence when metaplasia is more

likely to occur (BrintOI1y 1992).

A few studies have addressed the etfect ofthe male partner's sexual behaviour, comparing

partners of women with and without cervical cancer. Partners of the former consistently

reported more sexual partners (Brinton et al., 1989) and contacts with prostitutes than

partners of women ftee of cervical disease (Kjaer et al., 1991). Partners of wornen with

cervical cancer were also less Iikely to have used condoms regularly (Kjaer et al., 1991). Case­

control studies conducted in Spain and Colombia, respeetively low-risk and high-risk areas

for cervical cancer, a1so addressed the sexual behaviour ofmale partners. In Spain, the risk

ofcervical neoplasia was strongly associated with the number ofother partners (OR = Il.0;

95%CI:3.0-30.0 for ~ 21 wornen vs 1), and to the number of prostitutes (OR = 8.0;

95%CI:2.9-22.2; for ~ 10 women vs 0) (Bosch et a1.,1996). In Colombia, no significant

difference was found between the sexual behaviour ofhusbands ofcases and controls. The

authors explained that the relatively high proportion ofmen having extramarital relations and

visiting prostitutes resulted in insufficient statistical power to detecl small differences between

the male partners ofcase and control women (Munoz et al., 1996).

Sorneofthe earlyepidemiological studies suggested an association between cigarette smoking

and cancerorthe cervix (Naguib et al., 1966; Thomas, 1973). However, since smoking is often

correlated ta sexuaI behaviour, it bas been proposed that these early results were confounded

by the etrect of sexual aetivity. Subsequent studies in which the investigators had the

necessary information to control for sexuaI behaviour by adjusting for age at fiest intercourse
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and number ofsexual partners, showed an independent etfect ofcigarette smoking (Brinton

and Fraumeni,1986; LaVecchia et a1.,1986; Slattery et a1.,1989). These findings were

substantiated by the presence ofhigh levels ofnicotine metabolites in the cervical mucus of

smokers, therefore suggesting a possible direct carcinogenic or initiating effect on the

epithelium (Schiffinan et a1.,1987). The immunosuppressive effect of smoking bas been

suggested as another mechanism ofaetion (Harton et al., 1988).

An independent effeet ofthe number oflive births bas been demonstrated in two large case­

control studies, showing a linear trend ofincreased risk for cervical cancer as the number of

live births increased (Brioton et al., 1987; Brioton et al., 1989).

Controversial results have been obtained conceming the association of oral contraceptive

(OC) use with cervical cancer. While early studies found no excess risk ofcancer among OC

users, sorne of the more recent ones indicated elevated risks particularly among long-term

users (Beral et al., 1988; Brioton and Fraumeni,1986; BriotoR, 1992). Problems that arise in

studying OC use are the confounding effects of sexual aetivity and aetive screening leading

to a very likely detection bias. Infrequent Pap smear screening is associated with a higher risk

ofcervical cancer.

Studies of dietary intake in relation to cervical cancer have mainly suggested a protective

effect ofvitamin C and beta-carotene (Herrero et al., 1991; VanEenwyk et al., 1992), except

from a large case-control study conducted in 5 American areas that showed no such

associations (Ziegler et al., 1991).

Immunosuppression, whether clinically-induced among organ transplant patients or resulting

from mv infection is a determinant ofdevelopment ofneoplastic precursors and cancer of

the cervix. Because ofthe important morbidity resulting from cervical cancer among mv­
positive women, it is now recognized as an AIOS-defining illness by the Centres for Disease

Control (palefsky and HoUy,I995).
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1.3 HM""'" pllpUlolIUIVÏIWS ;" th etiology 01eD'Vietll eues-

The strong and consistent association between cervical cancer and sexual aetivity led

epidemiologists to suspect a sexually-transmitted agent. The first viral etiologic agent

suspected in cervical cancer was the herpes simplex virus (HSV). The evidence in favour of

tms hypothesis came mainly trom seroepidemiological surveys. Most studies found elevated

levels ofHSV type 2 (HSV-2) antibodies in the serum trom cervical cancer patients when

compared with normal subjects (Graham et aL, 1982). However, early studies failed to detect

viral DNA in the host ceUs with hybridization techniques (zur Hausen et al., 1974). Due to the

improvement ofDNA hybridization methods and to more specifie HSV-2 molecular probes,

herpes virus DNA could be detected in 1()OAt to 400.lct ofgenital tumours, while viral DNA was

absent trom the tissue ofsimilar organs from healthy controls subjects (prakash et al., 1985;

DiLuca et al., 1987). HSV possessed several properties ofcarcinogens, but some arguments

were against an oncogenic role for tbis family ofviruses. These arguments included a 10ss of

viral DNA sequences trom transformed ceUs after several passages in culture and a loss of

viral antigenie expression in the host ceUs after some time in culture (DiLuca et al., 1987;

Vonka et aL, 1987). Those ditrerences trom the classie behaviour ofoncogenic viroses and the

fact that HSV-2 DNA was not consistendy detected in tumour tissues led investigators to

think that its role was more similar to that ofa chemical carcinogen: Iimited to the initiation

stage ofmalignancy (Skinner, 1976; reviewed in Franco, 1991).

In the mid-1970s, zur Hausen first formulated the hypothesis that cervical cancer might be

caused by HPV infection (zur Hausen, 1976). In the late 1970s and 1980s, several genotypes

ofHPV were identified (Gissmann et al., 1977; Orth et al." 1978). The viroses responsible for

most genital warts, HPV 6 and HPV Il, were also described by Gismann and zur Hausen in

1980 (reviewed in zur Hausen, 1994). The most important highly oncogenie HPV types were

discovered in cervical tumour-related ceUs in 1983 and 1984. HPV 16 was identified from a

cervical carcinoma and was subsequently found in tumour biopsies from various geograpbical

areas (Dürst et al., 1983). HPV 18 was identified in HeLa cells, a eultured ceU line derived

fram cervical tumour ceUs (Boshart et al., 1984). It soon became evident that the majority of
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cervical tumours harboured HPV DNA sequences (Resnick et al.~1990; zur Hause~1989;

Schiffinan et al., 1993).

Experimental studies showed evidence that the malignant ceU changes were closely related

to the expression ofspecific genes ofthe HPV genome, E6 and E7 (Crook et aI.~1989;von

Knebel Doeberitz et al., 1992). In transgenic mi~ the expression ofE6 or E7 alone resulted

in development ofcondyloma, intraepithelial neoplasia and invasive squamous œil cancer on

the skin of the mice (Lambert et a1.,1993). The atlinity of E6 and E7 gene produets for

tumour-suppressor proteins and resulting disruption of the normal cell cycle was

experimentally demonstrated (Werness et al., 1990; Schefther et al., 1990; Dyson et al., 1989;

Münger et al., 1989). Several epidemiological studies identitied high-risk HPV infections as

the major risk factor for neoplasia of the cervix, with the association being strong and

consistent (Munoz and Bosch, 1992). Furthennore, in light of the epidemiological and

biological data on the association between HPV infection and cervical cancer, a consensus

panel convened by the International Agency for Research on Cancer (lARC) ofthe World

Health Organization (WHO) concluded that there was sufficient evidence to identify HPV

types 16 and 18 as carcinogenic to humans. HPV Types 31 and 33 have been identified as

probably carcinogenic, and types other than 16, 18, 31, and 33 as possibly carcinogenic

except HPV 6 and Il (lARe Working Group, 1995).

1." SCl'et!";IIKfor cD11ÎclIl CIUICD' Md ils pr«"rsors

The Papanicolaou test or Pap smear, has proven to be an important tool in decreasing both

morbidity and mortality trom cervical cancer. This screening procedure consists in qualitative

analysis ofceUs serapeel trom the transformation zone ofthe cervix. The transformation zone

or squamo-columnarjunction is the region ofthecervix where the internai secreting columnar

epithelium and the external stratified squamous epithelium meet. The junction between the

2 types ofepithelium is located at the cervical os in young women. With age, the junction is

replaced by metaplastic squamous epithelium and its location changes. From the ectocervix

in young wome~ it withdraws further into the cervical canal, in the endocervix. This area of
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the cervix is where most ofthe neoplastic lesions develop. For the Pap cytology, ceUs trom

this region are scraped, smeared and fixed on a microscope slide, for cytopathological

analysis. Slides are then examined for cenular morphologica1 abnonnalities. The Pap test is

widely available in industrialized COUDtries which have a weU organized hea1th care system.

To this day, Many developing countries lack implementation ofthis simple though efficacious

screening procedure (Richart, 1995). Incidence rates and morbiditydue to cervical cancerhave

decreased markedly since the implementation ofscreening programs. In Canada, for the 25­

year period between 1969 and 1993, the age-standardized1 incidence rate ofcervical cancer

decreased from 21.6 per 100,000 to 8.9 per 100,000 individuals. For the same period, the

Canadian age-standardized mortality rate also decreased trom 7.4 per 100,000 to 2.6 per

100,000 individuals (McLaughlin et al., 1996).

The addition ofHPV testing to current cytological screening procedures is subject to debate.

The high prevalence of HPV DNA found in cytologicaUy normal wome~ which will oot

necessarily result in abnonnal lesions, has been cited as one of the arguments against the

general use ofHPV testing. Such a procedure would result in women being a1armed by a

positive test that would very likely have a low positive predictive value for development of

cytological abnonnalities (Nuovo and Nuovo, 1991). However, the sante authors view HPV

testing as poteotially useful for clinica1 management or identification ofcolposcopically- or

histologically-identified abnonnalities (Nuovo and Nuovo, 1991). Proponents ofHPV testing

argue that the possibility to assess the clinical relevance ofmild lesions and the possibility to

increase both sensitivity and specificity ofscreening would exist ifsuch a laboratory method

was used as an adjunct to cytological screening (Reid and Lorincz, 1991).

Several groups of experts have addressed the question of HPV testing as an adjunct to

existing screening programs for cervical cancer. At a National Workshop on Screening for

Cancer ofthe Cervix held in Canada in 1989, the participants came to the conclusion that the

1Standardized to the age distribution ofthe 1991 Canadian population
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evidence did not support the implementation of laboratory diagnostic assays for HPV

infection as a necessary addition to the current national screening program (Miller et

al., 1991). Ouring a workshop held in Brussels in November 1991, the IARC participants

concluded, in view of the debate and divergence of opinions, that further research was

needed to detennine the usefulness ofHPV testing in cervical cancer prevention. It was also

decided that carefuUy planned and weU-controlled HPV screening trials should be conducted

before taking any further action (Franco, 1992). Again in 1995, the Canadian Task Force on

the Periodic Health Examination concluded that there was '1àirevidence" not to include HPV

testing in periodic health examinations. However, they emphasized the need for further

research on HPV infection, mainly focussing on natural history and epidemiology,

immunologic therapies, and screening (Johnson, 1995).

1.S CllISSijiCtltiOIl ofpncllrsor la;ollS

Results from cytological screening are expressed according to a formai classification of

lesions. Such classification was modified over time and its evolution is a good retlection of

the progressive state ofknowledge on cervical cancer rNright and Kurman,1996).

The tenu dysplasia was introduced by Reagan to describe the range ofcellular morphology

between a normal epithelium and carcinoma in situ (CIS). The dysplasia was eategorized as

mild, moderate, or severe "based on the degree of atypia and relative lhickness of the

abnormal cellular changes in the epithelium" (Reagan et al., 1953).

FoUowing the advent of cytologica1 screening, il was demonstrated that the incidence of

dysplasia was much higherthan that ofinvasive cervical cancer. A small proportion ofwomen

with dysplasia were also shown to experience progression to invasive cancer, but the majority

ofdysplasia seemed to regress spontaneously (Stem and Neely,1964). From this point o~

dysplasia and CIS were viewed as two separate entities, the latter heing very likely to

progress to invasive cervical cancer.
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Technological tools permitting, the 1960s saw the apparition of results from electron

microscopy and tissue culture studies. The results suggested that dysplastic ceUs and ceUs

from CIS were qualitatively very similar (Richart, 1966; Shingleton et al., 1968). The

epidemiological basis for this view ofaU grades ofdysplasia as a same disease, with each a

risk of progression to celVÎcal cancer, was based on a study of557 women which showed

very little regression (only 6%) and a progression ofSOO!O ofthe mild dysplastic lesions over

foUow-up that lasted 36 months on average (Richart and Barron, 1969). However, the main

selection criteria, 3 previous Pap smears showing mild dysplasia indicates a selection bias

towards persistent and more "serious" mild dysplasia cases. The high progression and low

regression rates of mild dysplasia would be refuted later by various studies (NasieU et

al., 1986; Heinzl et al., 1982). Nevertheless, Richart proposed that the different manifestations

ofHPV infection were different stages ofthe same disease process leading to squamous ceU

carcinoma (Richart, 1969). The cervical intraepithelial neoplasia (CIN) terminology, based on

tms concept, classified lesions according to their size, location, and degree ofdysplasia: mild

cellular dysplasia was CIN l, moderate cellular dysplasia was CIN 2, severe ceUular dysplasia

and carcinoma in situ (CIS) were CIN 3. This classification, referred to as the WHO

classification, had the advantage ofgrouping CIS in the same category as severe dysplasia

trom which il was very difficult to differentiate clinically.

As the knowledge base on cervical cancer and HPV grew, it became clear that the reasoning

on which the previous classification had been built was wrong. Two different disease entities

were at play. Mild dysplastic lesions were the expression of a productive viral infection,

whereas moderate and severe dysplastic lesions were true precursors of invasive cervical

cancer (Wright et al., 1994). A new classification for cytologic diagnoses was agreed upon in

the late 1980s (Solomon, 1989). The Bethesda System was more up-to-date in tenns of

implication of HPV in cervical carcinogenesis, and was designed to lead to less

misclassification ofabnormalities. The tenns CIN 1, 2, and 3 were replaced by two terms:

law-grade squamous intraepitheliallesion (LSIL) and high-grade squamous intraepithelial

lesion (HSIL). LSILs included those lesions that resultednom productive HPVinfections and
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• that often showed specific cytological features such as: nuclearenlargement, hyperchromatic

and angulated nuclei, multinucleation and cytoplasmic cavitation. Flat condyloma were

included in LSIL, corresPQnding also to the result of a productive viral infection. HSIL

regrouped CIN 2 and 3, which were both often correlated with the presence ofintermediate­

or high-risk HPV infection, rarely showed distinctive cytological signs of productive HPV

infection, and presented a lower viral DNAcopy number perceU (Wright and Kurman, 1996).

Table 1 shows the correspondence between the 2 classifications:

Table 1: CytoDlorpbological dusifications

•

Cytomorp"ology WHO classificatioll TIte &l''5tIIJ System

nonnal nonnal WNLl

inflammation nonnal ASCUS/AGUs2

mild dysplasia CIN 1 LSIL

moderate dysplasia CIN2

severe dysplasia HSIL
CIN3

carcinoma in situ

invasive cervical cancer invasive cervical cancer invasive cervical cancer

1 Within Normtl/ Umiu
2 AtypicalSqtllJlllOUCellsofUndetenninedSignificancelAtypicalGland,,/a,.cells ofUndete""inedSignificance

1.6 Trelltlffellts

When abnormallesions are found by cytology, treatments for non-invasive cervical cancer

precursors, mostly HSIL, are normally undertaken after biopsy-confinnation. Two methods

used for biopsy are also undertaken clinical1y as excisional treatments. Conization, consisting

ofa cone-shaped biopsy ofthe epithelium cao be done for cones ofvarying sizes aœording

to the extent of the lesion. Electrosurgical loop excision is performed with the aid of

colposcopy instruments. SmaIlloop e1ectrodes are used to cut and cauterize the tissue meant
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for excision. Treatment can also be tenned ablative and would then consist ofthe destruction

rather than the excision of the lesioR. Cryosurgery procedures imply destruction of the

targeted cells by freezing below -22°C with a cryoprobe. Healing normally occurs within 12

weeks. An alternative ablation method is by CO2 laser which causes destruction ofaffeeted

cells due to the high level ofenergy transferred to tissues and immediate rise in heat (Wright

et al., 1994).

2 Ruman p.pilona.viruses

Papillomaviruses have been extensively studied by molecular biologists; the ultimate purpose

being to understand the process by which they induce cancer. The progress in the molecular

biology of papillomaviruses bas been hampered by the inability to harvest virus particles in

tissue culture, most likely due to the viroses' atlinity for weU-differentiated ceUs, a

characteristic lost in ceU culture.

Papillomaviruses are smaU, non-envelo~ icosahedral DNA viroses with a marked tropism

for squamous epithelial cens. They induce warts in a variety ofhigher vertebrates, including

humans. Papillomaviruses have been charaeterized from various species including humans,

cattle, rabbits, horses, dogs, and mice (Howley, 1996).

2.1 TtIXOllomy

Taxonomically, papillomaviruses are classified in the Papovavirit/ae family along with

polyomaviruses (Murphy et al., 1995). Viroses in this family aU have the foUowing

characteristics: small size, absence ofa viral envelope, icosahedral capsid, circular double­

stranded DNA genome, and replication that takes place in the nucleus. The Papovaviridae

fami1y is further divided ioto 2 subfamilies, Papillomavirinae and Polyomavirinae, based on

fundamental differences in genornic organization and biology (Howley, (996).
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2.2 QlUsijiclltiOIl

More than 70 distinct HPVs have been identified (De Vdüers,1994), and evidence suggests

the existence of additional novel HPV types (Berkhout et aI.,1995; Bernard et aI.,1994;

Shamanin et al., 1994). HPV types are classified by genotype rather than by serotype. Types

were originally defined by DNA:DNA hybridization with known HPV5, a genome showing

50% or less homology being identified as novel. Subtypes were identified when novel

sequences ofHPV DNA resulted in more than 5001'0, but less than IOOO./ca homology with a

known type (Coggin and zur Hausen, 1979). Limitations of this classification method were

due to inconsistent correlations between genomic homology as shown by hybridization and

actual nucleotide sequence homology (Chan et al., 1995). Such problems were resolved by a

new set of classification criteria instituted by the Papillomavirus Nomenclature Committee,

based on nucleotide sequence homology for 3 HPVgenes: E6, E7, and LI. A novel HPV type

is therefore identified when nucleotide divergence with any previously known type is more

than 10% for the sequences ofE6, E7, and LI open reading frames (O&Fs) (Delius and

Hofinann, 1994). When divergence is between 2% and 10010, a subtype is identified. An HPV

for which divergence is 2% orl~ but that does not exhibit perfect homology with a known

type, is c1assified as a molecular variant ofthis particular type (Bernard et al., 1994).

Human papillomavirus types cao be divided into 2 categories based on virus affinity for: 1)

"moist and sparsely keratinised" mucosal epithelia, and; 2) "dry and fully keratinised skin"

(von Krogh, 1991). Belonging to the first category, genital HPVs can be referred to as low-,

intermediate-, or high-risk types, based on their epidemiological associations with precursors

or neoplastic lesions of the cervix. The low-risk group includes types 6, 11,42, 43, and 44.

These types are common in low-grade squamous intraepitheliallesions (LSIL), less common

in high-grade squamous intraepitheliallesions (HSIL), and virtuaUyabsent in invasive cancer.

The intermediate-risk group includes HPV types 31, 33, 35, SI, and 52. HPVs from this

group are commonly detected in association with HSIL, but less 50 with LSIL or invasive

cancer. The high-risk group includes HPV types 16, 18, 45, and 56 which are strongly

associated with invasive cancer. Theypresent differences in their association with HSfi., types
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18~ 45~ and 56 being uncommon in sueh lesions and type 16 being equally predictive ofHSH..

and invasive cancer (Lorinez et aI.,I992). Another definition of HPV al50 based on

associations with invasive cancer is the most commonly used one. Il defines HPV as low-risk

or high-risk types. Types 6/11, 40~ 42, 53, 54~ 55~ 57, 59, i50lates awaiting taxonomic entry,

and unidentified types are classified as low-risk ones, whereas the high-risk category includes

types 16, 18~ 31, 33, 45, 51, 52, 56, and 58 (Bauer et al., 1993).

2.J ViriolJ sInIctJlre

Vrral particles are approximately 55 nm in diameter. Thegenome is approximately 8,000 base

pairs and the capsid is composed of 72 capsomeres. The capsid is made of 2 structural

proteins: LI and L2. LI represents approximately 80010 of the total capsid proteins, and is

structurally very important. The morphology ofvirus-like particles (VLPs) when produced

from LI proteins ooly seems identical to intact viral particles on cryoelectron microscopy

(Hagensee et al., 1994).

2.4 Gellomic orgtUfiZ/ItÏolJ

The coding HPV DNA is composed of8 ORFs aIllocated on the same strand ofDNA, and

classified as early (E) or late (L) depending on their location on the genome and the stage of

infection at which their associated proteins are produced. Genes from the E ORFs are

expressed in non-productively infeeted ceUs and in transfonned ceUs, and code for proteins

associated with genomie replication and control. Genes trom the L ORFs are expressed in

productively infected ceUs, and code for structural proteins of the capsid (Baker and

Howley,1987). In eaeh papillomavirus genome, there is a region free ofORfs. This region

is known under several names: long control region (LCR), upstream regulatory region

(URR), or the non-coding region (NCR). Figure 1 shows graphically the genomic

organization ofHPVs (adapted from Schefther et al., 1994).

The proteins encoded by the E and L ORFs will he described in the next section. The LCR

region ofthe HPVgenome contains promoters and enhancers that regulate viral transcription.
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A number ofregulatory proteins bind to specifie sequences of the LCR, one ofwhieh is the

E2 viral protein (McBride et al., (991). Other specifie cellular factors, not restricted to

epithelial ceUs, have been proposed to intervene in the complex process controlling viral

transcription ofHPV (reviewed in Hoppe-Seyler and Bu~1994). The greater efticiency for

immortalization seen in some HPV types (for example HPV-18 compared to HPV-(6) has

been attributed to ditrerences in their respective LCR sequences (McBride et al., 1991).
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Figure 1:
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Map orthe HPV-16lenome

The Early (E) open reading frames (O&Fs), Late (L) ORFs, and the long

control region (LeR) are identified on this map of the HPV-16 genome

(adapted from Schefther et al., 1994).

17



• 2.5 Viral repliclltiolt

•

2.5. J Relationship with cell differentiation

Transcription and replication ofHPV are highly dependent on the level ofdifferentiation of

epithelial cens in which they are present. Ooly the basal cens ofthe squamous epithelium can

be infected by HPV, since they are the dividing œUs ofthe epithelium. Viral DNA was shown

by in situ hybridization in basal and parabasal ceUs of papilloma (Schneider et aL, 1987).

However, even though the infection is initiated at the basal layer, the production of viral

particles, genome amplification, capsid protein synthesis, and virion assembly are done in

wen-differentiated epithelial cens (Laimins,I993). In summary, translation ofearly proteins

is carried out in basal and suprabasal epithelial cens, translation of late proteins and

production ofviral particles is undertaken ooly when cells infected with HPV attain a higher

level ofdifferentiation during the normal process ofdifferentiation ofa squamous epithelium

(Howley,1996).

2.5.2 Attachment

The attachment ofa viral particle to a host cen seems related to the LI capsid protein. Studies

ofvirus-Iike particles (VLPs) have shown an inhibition ofvirus attachment when VLPs made

ofL 1 proteins were present, suggesting a competition of VLPs with the actual virions for

attachment to the host ceUs (Roden et al.,1994). However, ceU surface receptors for

papiUomaviruses have not yet been identified. Studies with bovine papillomavirus type 1

(BPV 1) and HPV 16 VLPs suggest a common and weO conserved ceO surface receptor

(Roden et al.,1994). To date, there is no evidence on mechanisms ofvirus entry into ceUs,

access to the nucleus, or uncoating (Howley,1996).

2.5.3 Transcription

Transcription of viral DNA normally initiates with the binding of an RNA polymerase

complex to a promoter site ofthe genome. Transcription ofpapillomaviruses is complex and

involves "multiple promoters, altemate and multiple splice patterns, and the ditrerential
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• productionofmRNAspecies indifferent ceUs" (Howley, 1996). One transeriptional promoter,

p97' has been identified in the HPV 16 genome, and is located within the LCR, upstream to

the E6-E7 ORFs (Cripe et al., 1987). In HPV-18, a simiJar promoter, P IOS, was found. The

regulation of HPV transcription is precise, and varies between different levels of

differentiation ofthe host epithelium (Chow et al.,1987). Vtral gene expression is modulated

in part by the viral genome itself that contains cis regulatory elements (or enhancers) and

encodes for transcriptional regulatory factors. The LCR region ofpapillomaviruses genome

includes enhancer elements that cao also be aetivated in response to cellular factors (Cripe et

al., 1987; Thierry et al., 1987). Constitutive enhancer elements are thought to be essential for

initiating the expression of viral genes. They May a1so play a role in viral latency

(Howley,1996).

2.6 HPVgelle prodllcts

Table 2 summarizes the general funetions ofthe proteins encoded by the HPV genome.

Table 2:

Gene

FURetions of the HPV gene produets

FURetion of leae products

E7

El

E2

E4

ES

E6

•

Repressor ofviral DNA replication

Modulation ofgene transcription and replication (+/-)

Release ofvirion particles

Growth stimulation

Growth stimulation
Association with, and degradation ofpS3 tumour-suppressor protein
resulting in disruption ofcell cycle

Growth stimulation
Association with Rb protein and disruption ofcell cycle

LI Major capsid protein

======L=2 Min...o_r_ca_~..ro.t..ein _
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2.6.1 El protein

Elis the largest ORF ofthe HPV genome and is weil conserved among papillomaviruses

(Chan et al., 1992). Most ofthe knowledge ofEl funetions come ftom studies ofBPV-l El

proteins. The BPV-1 El protein is a nuclear phosphoprotein and binds specifically to the site

of origin of replication in the viral LCR (W"t1son and Ludes-Meyers,1991). Elis therefore

implicated in viral DNA replication functions. The weak binding aflinity orthe El protein to

the viral LCR is increased by the binding of the E2 protein (Ustav et al., 1991; Mohr et

al.,1990). Studies ofinduced mutations in the HPV-16 El gene have resulted in increased

immortalization capacity ofthe viral genome, suggesting that El May be able to repress the

P97 promoter, bya yet unspecified mechanism (Romanczuk and Howley,1992). The El

protein wouId therefore down-regulate replicative activity of the HPV genome. Consistent

with this finding is the faet that integrated HPV DNA in cervical cancer normaIly shows intact

E61E7 ORFs while El and/or E2 are disropted, with their respective proteins not produced

(Scheffiler et al., 1994).

2.6.2 E2 proteins

Proteins coded by the E2 gene are involved in the regulation of viral transcription and

replication. The E2 gene products can bind tf? specifie sites ofthe LCR ofthe viral genome

and act as transcriptional activators and repressors or as modulators ofreplication (McBride

et al., 1991). The HPV-16 and HPV-18 respective major promoter, P lJ7 and P lOS, are negatively

regulated byE2 (Thierry et al., 1987; Bernard et al., 1989; Romanezuk et al., 1990). The down­

regulation effected by E2 is mediated through binding of E2 to two E2...binding sites

immediately adjacent to the promoter sites P97 and P lOS (Romanczuk et al., 1990). Binding of

E2 to these sites is thought to interfere with the initiation ofviral transcription.

In most cervical tumours, the HPV genome is integrated into hast ceU DNA with disroption

orEl and/or E2 ORFs. Down-regulation by E2 would be ceased by a disroption in the E2

ORF as a result an over-expression ofE6 and E7 proteins. Such proteins would bind to p53

and Rb gene produets, resulting in an alteration of the normal ceU cycle and leading ta
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uncontroUed proliferation (Wemess et aI.,199O; Scheflher et a1.,1990; Dyson et al., 1989;

Münger et al., 1989). Since the predominant effect ofthe E2 protein is to down-regulate the

expression ofHPV E6 and E7 genes, loss ofE2 protein expression would he expected to

enhance the immortalization capacity of the virus, which was confinned by studies with

mutated HPV E2 (Romanczuk and Howley,I992).

2.6.3 E4 protein

The E4 gene is located in the early portion ofthe genome, but is expressed tate in the viral

life cycle, only in the Most differentiated ceUs (Doorbar and Gallimore,1987). mRNAs

translated from viral E4 are among the MOst abundant transcripts in biopsies of cervical

intraepithelial neoplasia and condyloma (Crum et al., 1988). The major produet ofthe E4 gene

is a 17Kd polypeptide whose cleavage or dimerisation leads to other E4 coded proteins.

Proteins encoded by E4 are primarily found in the cytoplasm of the host cell (Crum et

a1.,1990). More specifically, if expressed in hurnan keratin0CYtes, the HPV E4 protein is

localized in cytoplasmic inclusion granules, and causes the coUapse of the epithelial ceU

intermediate filament network that leads ta the release ofviral particles (Doorbar et al., 1991).

E4, therefore, seems to play a role in the cytopathie effects produced by HPVs and is closely

linked to the productive stages ofthe virus life cycle.

2.6.4 ES protein

The ES gene product is a hydrophobie protein of 10 kDa found within the infected eeU's

Golgi membrane. Studies ofthe fimction ofES have mostly been done in BPV. In rodent ceU

cultures, ES has been found ta be one ofthe major oncogenie transforming proteins (Schiller

et al., 1984). The transfonning activity attn"buted to BPV ES is mostly mediated by inhibition

of the normal degradation of ceU surface receptors for ceUular growth factors (Velu et

al., 1987). In the case ofHPV-16, the ES protein bas been shown to stimulate 810wth in ceUs

expressing high levels ofepidennal 810wth factor (EGF) receptors (pim et al., 1992). It had

been hypothesized that the effect of the HPV ES protein may result from an abnormal

amplification ofgrowth stimulatory signais from growth factor receptors (Leechanaehai et
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al., 1992). The augmented growth potential due to theE5 gene product has been associated

with its binding to the 16Kd component ofthe vacuolar ATPase and a resulting inhibition of

acidification ofendosomes in human keratinocytes (Conrad et aL, 1993; Straight et al., 1995).

These findings suggest a model in which the E5 protein binds to the 16Kd component,

impairing its activity and therefore resulting in a less efficient degradation ofEGF receptors.

Other activities ofthe E5 protein have been suggested and are currently being investigated.

The multifunctional role of the E5 gene produet would include enhancement of signal

transduction, reduction in endosome aetivity, upregulation of viral gene expression,

impairment of antigen presentation and of ceU communications (Banks and

Matlashewski,1996).

2.6.5 E6 andEl, the mast important transformingproleins

The critica1 proteins for development ofmalignant cell characteristics are encoded by the E6

and E7 ORFs. When the viral genome is integrated to the host DNA in malignant lesions, the

expression ofE6 and E7 genes is maintained and even increased. Biologica1 studies with

transgenic mice showed that the expression of E6 or E7 alone resulted in development of

condyloma, intraepithelial neoplasiaand invasive squamous œil cancer on the skin ofthe mice

(Lambert et al., 1993). Sorne important discrepancies round between the E6 and E7 proteins

ofhigh- and low-risk HPV types rnight explain the drastically different behaviour of these

types in terms ofinduction ofmalignancy. These discrepancies are: 1) tissues infected with

high-riskHPV types showa higher expression oCE7 than tissues infected with low-risk types;

2) E6 and E7 of high-risk HPV types show a much stronger affinity for the tumour­

suppressor proteins and inaetivate them more efficiently leading to a substantial disruption of

the normal cell cycle (Smotkin et al., 1989; Sedman et al., 1991).

The tumour-suppressor proteins to which HPV E6 and E7 gene products show affinity are

the p53 and Rb proteins. The p53 protein bas been named the 'lOguardian ofthe genome", in

recognition ofits ability to preserve genomic integrity (Lane,I992). The p53 gene produet

bas been shown ta be an important negative regulator ofceU growth and a tumour-suppressor
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protein. In response to genomic atterations that would be passed to the next cell generation,

the p53 protein cao arrest the ceU cycle in the GI or G2 for DNA repair mechanisms to take

place, or otherwise induce apoptosis, also known as programmed ceU death (Shaw et

al., 1992). Another important tumour-suppressor protein, the retinoblastoma (Rb) gene

product, acts as a negative regulator ofceU growth via an inhibition ofthe etrect ofpositive

growth regulators (Dyson et al., 1989).

E6 is an approximately 150-amino acid protein, not capable of inducing malignant

transformation alone, but bas been shown to immortalize keratinocytes effectively in

combination with E7 (Hawley-Nelson et al., 1989). It was experimentally shown that E6 had

the affinity to bind the p53 tumour-suppressor protein (Wemess et al., 1990) which lead to its

degradation via an ATP-dependent mechanism involving the ubiquitin-dependent protease

system (Scheffiter et al., 1990). This degradation ofthe p53 protein is greaterwhen associated

with HPV-16 E6 gene product than with HPV-18'5. It does not occur with HPV-6 or HPV­

Il E6 proteins (Scheftber et al., 1990). The binding ofthe E6 gene produet to the p53 protein

therefore disrupts the normal response ofceUs to DNA damage and rnay increase genetic

instability in HPV-infected ceUs (Kessis et al., 1993).

The protein encoded by the E7 ORf is a 98-amino acid protein found in the cytoplasm ofthe

host ceUs (Smotkin and Wettstein, 1987). The expression of E7 alone is sufficient for

malignant transformatio~but ceU growth is more efficientwhenE6 is a1so expressed (Halbert

et al., 1991). The HPV E7 protein was shown experimentally to bind the Rb protein (Dyson

et aI.,1989), another important negative regulator of cell growth such as p53, and to

inactivate il (Münger et al., 1989), therefore preventing the Rb protein to inhibit uncontroUed

growth. The E7 gene product mayalso act more directly by interacting with proteins involved

in the normal ceU cycle control such as the protein kinase p33CDJa and cyclin A (Tommasino

et al., 1993).
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2.6.6 LI andL2, lhe capsidproleins

Two structural proteins compose the viral capsid: LI (S7 kDa) the major capsid protein and

L2 (77kDa), the minorcapsid protein (Doorbarand Gallimore,1987). LI is the most abundant

one, accounting for approximately 8oo" ofthe protein content of the viral capsid (Favre et

aL, 1975). LI is a high1y conserved protein among the ditTerent papillomaviruses types, and

contains cysteine residues, a1so highly conserv~ at six positions. These cysteine residues

form disulfide bonds ooly between LI proteins, which does not seem to be linked to the minor

capsid protein in this way (Doorbar and Gallimore,1987). Expression ofLI and L2 genes of

HPV is strongly associated with epithelial cell difTerentiation, with the highest levels ofL1 and

L2 expression seen in weU-differentiated ceUs.

2. 7 Illtegratïoll ofHPVDNA ;11 "ost gellollle

In carcinoma in situ and invasive cancer of the cervix, the HPV viral genome is round

integrated, and there is no production of viral particles (Laimins,1993). The integration

frequendy disrupts the El and/or the E20Rfs, but leaves intact the LC&, and the E61E7

ORFs. The disruption of E2 and resulting suppression of its down-regulating efTect on

transcription ofE6 and E7 genes results in increased transcription ofE6 and E7 (Sang and

Barbosa, 1992), foUowed by theirrespective etrect on ceU cycle control by their binding ofpS3

and Rb proteins. Recent results tend to confinn that integration of the HPV DNA ioto the

host's genome is a cnacial event in the progression trom high-grade pre..neoplastic lesion to

neoplastic tumour (Daniel et al., 1997). This recent study also confions the E2 ORF disruption

theory. Polymerase chain reaetion (PCR) analysis andRNA in situ hybridization have resulted

in amplification ofa gene segment including the E2-E5-L2 region ofthe HPV genome in 1S

out of 16 CIN 3 lesions, and in no amplification ofthis segment in ail 19 tumours analysed.

The same anaIysis with a fragment comprising the E6-E7 region orthe genome was positive

in aU 16 lesions and 19 tumours (Daniel et al., 1997). The analysis ofstable cervical cancer œil

lines has demonstrated that integration cao Decur at various sites in the host genome, but

frequendy occurs close to proto-oncogenes resulting in increased expression (Franco, 1993).

Study of the site of integration in cervical biopsies from squamous ceU carcinoma and CIN
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3 lesions has suggested that integration could take place al ditferent sites and appeared to be

a random event (Matulic and Soric~1994).

3 Detection of HPV infections

3.1 Morph%gy

The presence of HPV can be indieated by its cytopathological effect on the cervical

epithelium. However, koilocytosis, which is a pathognomonic feature ofHPV infection is seen

almost exclusively in productive viral infections and not in cervical cancer precursors, which

precludes its use in determining potentially malignant lesions. Such morphological detection

does not allow identification of the genotype of HPV present which requires molecular

biology techniques. Since the vast majority of HPV infections do not result in abnormal

ceUular changes, detection based on morphological abnonnalities does not correlate weU with

the presence of HPV DNA in the cervical epithelium. For example, in a study among

university students where detection ofHPV DNA was performed by molecular hybridization

techniques, 30% ofthe wornen with normal cytologies harbared cervical HPV DNA (Bauer

et al.,1991). These women would have been false negatives ifthe presence ofcervical HPV

had been determined based on morphology.

3.2 Detedioll ofHPVDNA

The detection ofHPV DNA in cervical ceU specimens by molecular hybridization techniques

is the method ofchoice, since it aUows the identification of latent, subclinical, and clinical

infections.

Over the years, many techniques with a wide range of specificity, sensitivity, and

reproducibility have been used to detect HPV. Sorne of the early techniques used have

resulted in misclassification ofHPV status, biasing the association between HPV infectionand

cervical neoplasia towards the nun (Franco,1991).
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Southem blot was one ofthe first methods used in smaII studies but is very labour intensive,

and has since been replaced with other techniques with the advent oflarge epidemiological

studies. It requires purification ofDNA, digestion with restriction enzymes, electrophoresis

of the fragments produced, their denaturation and transfer to a filter. Hybridization is then

performed with radioactive probes in di1ferent stringency conditions. The size offragments

and stringency of hybridization are used to identify the HPV types (lARe Working

Group, 1995). This technique requires a large amount ofcellular material, is labour intensive,

and demands expertise in order to obtain reproducible results (Schiffinan, 1992;

Johnson, 1995).

Filter in situ hybridization (FISH) was the fust HPV test developed for large scale

epidemiological studies. It was used in various studies (Reeves et al., 1989; Villa and

Franco,1989; Kjaer et aI.,199O), but resulted mainly in misclassification and bias of the

estimates for HPV status and cervical neoplasia (Franco, 1991). For this technique, cervical

cells are placed on a tilter, Iy~ and DNA is hybridized with radioactive probes. An

autoradiograph aIIows identification ofthe HPV tyPes present. When compared to Southem

blot, a knowingly imperfect gold standard due to problems with reproducibility, virtually no

correlation was found between the two assays (Schiffinan, 1992).

One of the first commercialized assays for clinical HPV testing was the

ViraPapTMlVtraTypeTM' kit (Digene Laboratories, Sï1ver Spring, MO, USA). It bas been

approvedbythe AmericanFoodand DrugAdministration(USFDA). TechnicaUy, thismethod

consists ofplacing the cellular DNA trom cervical specimens onto a filter. The DNA is then

hybridized with 7 RNA probes for the most common HPV types (6, Il, 16, 18, 31, 33, 35).

An autoradiograph allows revelation of the hybrids in dot blot fonnat (lARe Working

Group, 1995). Validation studies of tbis metbod by comparison with Southem blot have

shown comparable sensitivity and specificity (Kiviat et al., 1990; Moscicki et al.,1993). The

major drawback is the restrieted number oftypes that cao be identified. Digene Laboratories

has now replaced VtraPapTMNiraTypeTM byan assay caIIed Hybrid Capturent. Advantages
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ofthis test are the increased number of RNA HPV probes (14), and the non-radioactive

method of detection. A hybrid-specific antibody recognizes the RNA-DNA hybrids, and

detectioo is based on quantification of a chemiluminescent reaction (lARe Working

Group, 1995).

Polymerase ehain reaetion...based methods (peR) are often used for HPV testing in

epidemiological studies. These methods have the advantage of requiring very little cellular

material for detection, and are highly sensitive and specifie. In order to amplifY at the same

time HPV trom various types, primers that targeted highly-eonserved regions orthe genome

were designed. The resulting amplification products are then either typed with type-specifie

oligonueleotide probes oranalysed by restriction fragment length polymorphism (RFLP). The

high sensitivity oftechniques based on PCR aIIows detection ofHPV DNA in samples that

eootain as little as 10-100 HPV genomes (lARe Working Group, 1995). The two most widely

known PCR protocols for HPV amplification and detection are the MY091MY11 and the

GP5+/GP6+, initially developed by Manos et al. (Manos et al., 1989) and Van den Brule et

al. (Van den Brule et al., 1990) respectively . The MY091MY11 protoeol amplifies a highly­

conserved 450-base pair (bp) fragment of the LI gene. This protocol has been modified to

amplifY and detect HPV type 51 (Hildesheim et al., 1994). The GP5+/GP6+ protoeol targets

a 140-bp region ofthe LI gene. It has been modified to improve its performance (Husman

et aL,1995). Generic probes and type-specifie probes for more than 25 genital types are

commonly used. The main feature ofthe PCR-based technique, its high sensitivity, is a1so one

ofils major drawbacks. Great care and strict laboratory procedures have to be observed to

prevent contamination.
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4.1 TrtllISmissioll

The sexually-transmitted profile ofHPVwas fust recognized for non-oncogenic types, mostly

types 6 and II, which result in condyloma acuminata or genital warts. In 1954, Barrett et al.

reported sexual transmission of genital warts among wives of men who had previously

experienced genital warts (lARC Working Group, 1995). Studies ofyoung women with no

previous sexual experience have shown that HPV DNA cao be absent (Fairley et al., 1992;

Rylander et 81.,1994), but cao also be present in sorne cases (pao et aI.,1993). Studies of

sexually active couples have shown same type HPV infections among partners to be

significantly higher than expected (Baken et al., 1995). However, same types and variants of

HPV are not necessarily detected in genital samples ftom bath sexual partners, suggesting

sexual transmission, but with low infectivity (Ho et al.,1993). Using PCR as a detection

method, the association between markers ofsexual aetivity and HPV prevalence has varied

in different studies from strong (Ley et al.,1991; Bauer et al.,1993; Wheeler et al., 1993),

moderate (Rohan et al., 1991; Hildesheim et al., 1993), to non-existent (Kjaer et al., 1993).

Results from a Northeastem Brazil study among cytologically normal women showed

evidence suggesting that transmission ofhigh-risk HPV types May depend more strongly on

sexual activity than for low-risk types (Franco et al., 1995). Sexual contact is still considered

the main mode of transmission, but other less important nonsexual routes should also be

considered and investigated more thorough(y.

Possible modes of transmission in children include sexual abuse, perinatal contamination,

autoinoculation, fomite transmission and nonsexual contact (Gutman et aI.,1993). Sexual

abuse remains the most plausible mode of transmission for anal, genital, and oral HPV

infections in children, as Many children found to have HPV-related anogenital diseases aise

had a history ofsexual abuse (Gutman et al., 1993; Gutman et al., 1994). Vertical transmission

ofHPV is considered as highly plausible. A recent study showed presence oforal HPV DNA

in one-third ofchildren born from mothers with a history ofgenital HPV infections, with haIf
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of the children harbouring the same HPV type as their mother (Puranen et aI.,I996). The

other possible modes of transmission to children: autoinoculation MOst Iikely trom band

warts, fomite transmission, and nonsexual intimate contact seem to he oflesser importance,

and have not been weU documented (Puranen et al., 1996).

4.2 Type ofillfectioll IIlId morp'oIogklllllbllorllUllitia

Presence ofcervical HPV DNA can lead to many ditferent clinical and subclinical outcomes.

The infection itselt: or presence ofthe virus, cm he cleared apparently by the host's immune

system. Ifnot c1eared, the virus cao persist causing Iittle or no cytological abnormalities. If

cellular abnormalities are caused, they cao be transient and eventually regress. In certain

cases, cytological abnormalities will persist, even progress to more severe clinical signs that

can a1so regress, progress or remain as such. The non-Iinear continuum ofceUular changes

mediated by HPV results in different levels ofabnormalities. Infection with HPV cao therefore

be clinical, subclinical, or latent. Clinical infections refer ta those morphological changes

causing syrnptoms that are visible ta the unaided eye. Subclinical infections do not easily

result in visible symptoms and cao onlyhe diagnosed with colposcopy, cytology or histology.

Latent infections are those which result trom presence ofthe virus in cervical epithelial ceUs,

without morpbological abnormalities to the epithelium (Schneider and Koutsky,1992).

Koilocytosis is a distinctive cbaraeteristic ofceUs infected with HPV. Koil0CYtosis consists

of the combination of nuclear atypia and perinuclear halo. Nuclear atypia consists of

enlargement, hyperchromasia, and irregularity ofthe nuclear membrane (Wright et al., 1994).

The perinuclear halo is thought to he caused by the expression ofthe viral E4 protein which

results in the coUapse ofthe host œll's cytokeratine matrix, probably facilitating the exit of

virions (Doorbar et al., 1991). LSn..s are morphological1y characterized by these features of

productive HPV infection. Nuclear abnormalities must be present for the cytomorphological

effeets to be attributed to HPV (Wright et al., 1994). Less than 25% ofthe lower part ofthe

epithelium shows nuclear atypia, few mitoses cao he seen and none of them are abnonnal

(palefsky and HoUy,1995).
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In HSIL, the more superficiallayers ofthe epithelium contain œUs with abnonnal nuclei and

ceUs with a high nuclear:cytoplasmic ratio can be found in the lower portion or throughout

the epithelium. Dividing ceUs cao be found in aU layers (paiefsky and HoUy,I995).

Other benign clinical conditions have been related to genital HPVs, such as genital warts,

laryngeal papillomas and papillomas at other mucosal sites (Shah and Howley, 1996). Genital

warts are caused by HPV 6 and Il, two types classified as low-oncogenic HPV types.

4.1 lm"",,,e respollSe 10 papillollltlVirlls illlectiollS

The humoral response to HPV results in production of IgM, IgG, and IgA, sometimes

simultaneously, and in sorne cases with a delayed appearance ofIgG or 19A IgM and 19A
responses seem to decrease after clearance of infectio~ whereas IgG responses persist

(Wikstrôm et a1.,1995). Serological studies have shown that Many subjects who harboured

HPV infections did not have measurable levels ofantibodies against HPV. The development

ofan antibody response to HPV is thought to be slow and short-lasting likely caused by the

intraepithelial location of infection and the resulting low exposure to the immune system.

Seropositivity is associated with prolonged exposure to capsid antigens, suggesting a less

likely antibody response in transient infections (Galloway,1996). Serology is a measure of

overall exposure to HPV antigens, and is therefore not restrieted to genital HPV types that

are of interest in the study ofcervical cancer.

The cell-mediated response to HPV infection appears to be imponant in clearing infections

and limiting the size oflesions. Immunosuppressed renal-transplant and lllV infected patients

who have impaired ceU-mediated immunity present HPV-related lesions that grow larger,

shoYI less regressio~ and persist longer. However, since papillomaviruses infect only

epithelial ceUs and do not lyse them, little or no local inflammation is produced resulting in

a weak ceU-mediated immune response (Frazer and Tindle,I996). Abundant CD8+ infiItrate

in regressive genital warts support the role for ceU-mediated immunity in containment of

lesions (Coleman et al., 1994).
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5 EpidemiololY of HPV îafectioD

HPV infection has been studied widely, with various methodologie approaches, in a multitude

ofgeographical areas, and in populations with varying charaeteristics. Most importantly, until

recent years a multitude of methods were used for detection ofHPV DNA in cervical ceU

samples and showed limited comparability(Schiffinan, 1992). Nevertheless, these results have

allowed epidemiologists to compile crucial information helpful to the understanding ofthe

natural history of genital HPV infection and cervical neoplasia. Recent studies have used

PCR-based methods for detection ofHPV DNA due to its higher sensitivity and specificity.

5.1 Occurrence ofinfediollS

The prevalence ofHPV infection in cytologically normal wornen, as derived from the MOst

recent molecular epidemiology studies, is generally between 15% and 400/0 when detection

is done with PCR-based methods. Table 3 provides a summary of selected studies that

measured the prevalence ofHPV infection among wornen without cytologica1 abnormalities

(adapted from lARe Working Group,1995). These studies ail used modem PCR-based

protocols and are less subject ta misclassification than earlier ones. Listed studies had

reasonably large sample sizes. They are presented by decreasing prevalence, but Many factors

malee them difficult to compare: use ofdifferent PCR-based protocols, different population

characteristics, different geographical areas, and different cytological grading systems.

These studies have provided very important insights into the natural history ofgenital HPV

infection. Prevalence ofinfection is related to age, with a higher prevalence among women

in their early twenties which decreases with age (Ley et al., 1991; Morrison et al., 1991; van

den Brule et al., 1991). Young women who report being virgins have much lower prevalence

rates ofcervical HPV: 3.6% among American university students 18-20 Yrs ofage (Critchlow

and Koutsky,1995), 1.5% trom a Swedish adolescent clinic (Rylander et al., 1994), and OO./c.

from an Australian clinic with a population aged 13-41 who reported no previous penetration

(Fairleyet al., 1992). In terms ofdistribution ofHPVtypes, HPV 16 is the MOst prevalent type

in most studies among cytologically normal women (Schiffinan,1994).
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Table 3:

e

Prevalence of DPV DNA detection in cervical samples from women with normal Pap smears - Seleded studies

Reference Country, Study populltlon Simple lize IIPV type. tested -1. IIPV polltlve

(Whecler et al.,1993) USA, University Health Service 351 6, Il,16, 18,3J, 33.35,39.45, 51. 52.54.59,
44.3PAP88, PAP238A, W13B

(Kjaer et 81.,1993) Greenland, Random sample 129 Il,16,18,33 43.4

(Kjaer et 81.,1993) Denmark, Random sample 126 11, 16, 18,33 38.9

(Critchlowand Koutsky,1995) USA, University 183 6,11,16,18,31,33,35,45 35.0

(Hildesheim et al.,1993) USA,8c:reening 404
6,11,16,18,26,31,33,35,39,45,51-59,68,

33.1W13B, PAP88, PAPIS5, PAP238A, PAP291

(Baucr et al.,1991) USA, University Hcalth Service 442 6, Il, 16, lB, 31, 33, 35, 39,45, SI, 52, WI3B, 32.5
P~8,P~ISS,P~SI,P~3BB

(Richardson,1996) Canada, University clinic 449 6. Il. 16, lB. 26, 31. 33, 35, 39,40,42,45, SI-59,
21.8

66,68, PAPISS, W13B, PAP238A, PAP291

(Franco et al.,1995) Bnzil, Scrcening 525 6, 11, 16, 18,26,31,33,35, 39,40,42,45,51-59,
18.366,68, PAPI 55, WI3B, PAP238A, PAP291

(Rohan et al.,1991) Canada, University Health Service 105 6, Il, 16, IH, 33 IH.l

USA, Hcalm Maintenance Organization 6, Il 16, 18,26,31,33,35,39,40,42,45, SI, 52,
(Schiffman et a1.,1993)

elinies 453 53,54,55,S1,59,P~38,P~lSS,PAP238A, 11.1
PAP2SI, PAP291, WI3B

(Melkat et 81.,1993) Netherlands, Screening 15-34 )TS 156 6,11,16,18,31,13 14.1

(van Doomwn et 81.,1992) Nethc:rlands. sm clinic 108 6, Il, 16, 18.33 11.9

(BoKh et ".,1993) Colombia, Random sample IHI 6, Il, 16, 18,31,33,35 IO.S

(Bosch et al.,1993) SplÙn, Random sample 193 6, 1J, 16, 18,31,33,35 4.7

.JMelkert et al.,1993) Nethc:rlands. Screenin§ lS-55 ns 1555 6, Il, 16, IH, 31, 33 4.2
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Most of the studies were based on eross-sectional designs. Very few studies have been

designed to estimate the incidence ofgenital infectionsince tbis requires a longitudinal foUow­

up and multiple testing ofHPV DNAover time. A prospective study ofheterosexual men and

women with multiple sexual partners having mv as a primary endpoint of interes~ also

measured HPV status during foUow-up from May 1988 to January 1991 (van Doomum et

al., 1994). This study is, to our knowledge, the ooly study that provided incidence-density

rates of HPV infection using persan-time information as a denominator. However, the

incidence rates calculated include HPV detection from genital, oral, and anoreetal regions.

Such incidence for women was found to he 47.1 infections per 100 persan-years, based on

99 out of 110 wornen who developed HPV infection during foUow-up, S9 (600A.) ofwbich

were genital infections (van Doomum et al., 1994).

5.2 Determilltlllts ofprevlllellt ;IIfectiollS

HPV infection is seen today as the intennediate step in the causal pathway of cervical

neoplasia, between sexual aetivity and precursor lesions. Its determinants are therefore Iikely

to show a high similarity with those ofcervical cancer. This similarity even goes beyond the

association with markers ofsexual aetivity.

With the advent ofPCR-based methods, the sexuaUy-transmitted profile ofHPV infection has

been revealed (Ley et al., 1991). As mentioned in the discussion of risk factors for cervical

cancer, the two main markers ofsexual activity or behavior that have been studied are age at

tirst intercourse, and more imPOrtandy number ofsexual partners. Even with misclassification

of HPV status being less of a problem due to the use of sensitive and specifie detection

methods, the association between markers of sexual aetivity and HPV infection has been

controversial (Ley et a1.,1991; Bauer et al., 1993; Wheeler et al., 1993; Rohan et al., 1991;

Hildesheim et al., 1993; Kjaer et al., 1993). A recent study in Northeastem Brazil has shown

a different association of HPV infection and markers of sexual behaviour according ta

oncogenic potential. Detection ofhigh-risk HPV tyPeS was strongly associated with sexual

activity, whereas a weak correlation oflow-risk infection and sexual aetivity was seen oRly
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in women below 40 years ofage (Franco et al., 1995). Similar finelings have been obtained in

a study among university students in Montreal, where prevalence ofhigh... but not low-risk

HPV types was associated with markers ofsexual aetivity (Richardson, 1996).

Age is the second most important detenninant ofHPV infection, with a high prevalence seen

for wornen in their early twenties, and a sharp decrease afterwards (Ley et al., 1991; Monison

et al., 1991; van den Brule et al., 1991). The association ofage with infection is maintained

after adjustment for other risk factors, indicating independent efTect (Ley et al., 1991; Bauer

et al., 1993; Wheeler et al., 1993). The hypothetical explanation ofthis eifect is byacquired

immunity or hormonal changes due to increasing age (Schneider, 1996).

Immunosuppression is a determinant of prevalence of infections, with a marked higher

prevalence of HPV genital infections among mv positive subjects compared to HPV

negative individuals. Prevalence ofgenital HPV infection was found to be 2 times and 6 tintes

higher in mv positive individuals compared to lllV negative individuals respectively by

Williams et al. (1994) and Wright et al. (1994) (reviewed in Schneider, 1996).

Other suggested independent risk factors are smoking, oral contraceptive use, parity, and diet

(Bauer et al., 1993; Rohan et al., 1991; Wheeler et al., 1993). Smoking may act either via a

direct carcinogenic or promoting etTect of nicotine Metabolites on the cervical epithelium

(Schiffinan et al., 1987) or in an immunosuppressive manner, reducing the hosts ability to

clear the infection (Darton et al., 1988). A potential explanation for the role of oral

contraceptive use and parity in acquisition ofgenital HPV infection would be through the

negative hormonal influence on the immune response to the virus. HPV infection tends to be

detected with an increased prevalence amang pregnant women according to Schneider et al.

(1987) (reviewed in Franco,1993). Multiple pregnancies could hypothetically increase the

likelihood ofHPV infection in providing many periods with decreased immunity and physical

trauma ofthe cervical epithelium (Franco, 1993). A protective eŒect ofvitamins A and C and
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Jl-carotene is suspectecl given their protective role in cervical cancer (Herrero et al_~1991).

However, their effect on HPV infection per se remains to he studied.

To date, no results have been published on risk factors for incident infections.
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• AIMs OF THE STUDY

The present study is designed to focus on incident HPV infections of the cervix among a

population from a high·risk area for cervical cancer. This study on the incidence ofcervical

HPV infections is one the first to use cervical HPV status 10ngitudinaUy, at regular time

intervals. The aims ofthe project are as foUows:

•

•

•

To calculate the incidence density rates for overaIL low·risk, and high·risk cervical

HPV infections.

To identifY the determinants ofincident infections for low·risk, and high·risk HPV

types.
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1 Study design

METHODOLOGY

•

1.1 Overview

This project uses data collected from the prospective Ludwig-McGill Cobort Study on the

molecular epidemiology and natural historyofcervical HPV infection and neoplasia. The main

purpose ofthis cobort is to study persistent HPV infection, particularly with high-risk types,

and its subsequent raie in the development ofcervical lesioDS. The study was initiated in

November 1993 and the accrual phaseended in March 1997, with over 2500 women recruited

and to be foUowed for up to S years. Visits are scheduled every 4 months during the first year

and once yearly thereafter, for a total of8 visits.

1.2 SettillK

The study is being conducted in Sio Paulo, Brazil, at the "Hospital Municipal Matemidade

Escola Dr. Mario de Moraes A1tenfelder Silva", an institution that is also locally known as

"Maternidade Escola Vila Nova Cachoeirinha" (MEVNC). This hospital is part ofa network

ofprimary, secondary and tertiary health care institutions coordinated by the municipal health

department.

1.3 Sllbject rec",itmellt

Wornen were selected trom the outpatient lists of the gynaecology, family Medicine, and

family planning clinics of the MEVNC, based on a systematic sampling selection process.

Seleeted women are approached by research nurses who inform them about the general

purpose ofthe study, and verify whether they meet the eligibility criteria detailed in the next

section. Eligible women are then given further explanations about the study, ftequency of

retum visits, required physical examinations, specimen coUection, and interviews. Women are

a1so informed that an incentive to compüance will he given al each visit, consisting ofa meal

ticket whose value ranges trom USSS at tirst visit to USS20 for tirst annual and subsequent
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• follow-up returns. The monetary incentive for compliance is given in order to ensure the

highest retum rate possible in this long-term study that requires substantial involvernent on

the part of its participants. Wornen who meet the eligibility criteria and accept the

requirernents are then asked ta sign an informed consent form. The study was approved by

the ethical review committees ofMcGill University, University ofToronto, Ludwig Institute

for Cancer Research, and MEVNC.

1.4 lllciusioll,,"d exchuiolt critm"

The foUowing inclusion and exclusion criteriawere used to determine wornen's eliglbility for

the Ludwig-McGill cohort study:

•

1.

11.

üi.

IV.

Must be between 18 and 60 years ofage inclusively. This range covers the important

time-period for a natural history study on HPV infection and neoplasia ofthe cervix.

Previous data in a similar population has shawn that prevalence ofinfections is al its

highest in women in their early twenties, incidence of carcinoma in situ peaks in

wornen in their mid-thirties, and tinally the highest incidence of invasive cervical

cancer occurs in wornen 60 years ofage (Mina and Franco, 1985);

Must be a permanent residenl ofthe city ofSio Paulo, BraziI, in order to avoid 1055

offollow-up due to moving after a temponuy stay in the city;

Must not be pregnant al the time of recruitrnent, nor planning a pregnancy for the

foUowing 12 months. Pregnancy would eventually interfere with cervical cell sample

collection and cervicography. This exclusion criterion aims al minimizing bias in

missing information, and assuring that a large enough proportion ofwomen enroUed

will have ail specimens and information collected at every visit;

Must have an intact uterus and not heing a referral for hysterectorny at recruitment,

thereby restrieting the study population ta wornen at risk for cerviC3l cancer;
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• 2 Data coDectiOD

•

2.1 Interviews

AIl interviews were based on standard questionnaires and conducted by two trained research

nurses unaware ofthe HPV status ofthe women. The interviews took place in private~sound­

proof examination rooms. The baseline interview was comprised ofquestions that referred

to lifetime or pre-defined time periods, whereas the retum interviews probed for information

specificalIy referring to the period of time passed since the last visite For this particular

analysis, ooly information from the baseline interview was used. The original Portuguese

version ofthe questionnaire used by the research nurses cao be consulted in Appendix 1. This

questionnaire contains 107 questions that focus on the different areas ofimportance regarding

cervical HPV infections and neoplasia: sociodemographic characteristics~ sexual practices,

reproductive health, contraception, and lifestyle factors suchas smokin& alcohol drinking and

hygiene. Since the questionnaire is only used in Portuguese, there exists no official French or

English versions. However, Appendix 2 is a summary table of the baseline questionnaire

indicating the information collected with each series ofquestions. The test-retest reliability

of interview-derived information on sexual activity of women has been studied previously.

Two studies have shown high test-retest reliability for specific aspects of sexual behaviour

such as the age at tirst sexual intercourse, number ofsexual partners, and frequency ofsexual

intercourse (Rohan et al., 1994; Kunin and Ames, 1981). However, these two studies have

been performed on wornen younger and with a higher level ofeducation than wornen in the

present study. As more data accumulate, the information coUected in the Ludwig-McGill

cohort study will be used to study this aspect.

2.2 Cervical cell specimellS "nd HPVDNA testinK

At each visit, cervical cell specimens were conected with a cytobrush (Medscand Inc.) from

the ectocervical and endocervica1 regions. The cytobrush containing the exfoliated cens was

immersed in a tube containing Tris-EDTA butrer at pH 7.4 and kept for a maximum of5 days

at the clinic, at 4°C. The tubes were shipped to the laboratory at the Virology Unit of the
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Ludwig Institute for Cancer Research, in Sio Paulo. Tubes were then vortexed to release the

ceUs from the cytobrush, and the resulting ceU suspensions were frozen at -70°C before being

tested. Initially, aU specimens were systematically analysed in the order they were collected.

Towards the end of the data collection for the present project, priority was given to the

testing ofmultiple specimens from the same women. To this end, the women first enroUed in

the study were identified and their second, third and fourth specimens were analysed before

those ofpanicipants coming for the first rime. This procedure allowed to obtain a complete

year offoUow-up for as many women as possible (HPV status for 4 visits).

Specimens were thawed, ceUs were digested, and DNA was extraeted and then purified

following standard techniques. Specimens were tested for the presence ofHPV DNA using

a previously descnbed polymerase chain reaction (PCR) protocol. Briefly, a highly conserved

450-bp segment ofthe LI viral gene tlanked by primers MY09/11 (Bauer et al., 1991) was

amplified. An additional primer, HMBO1 (Hildesheim et al., 1994) was included in the primer

mixture to a1low amplification of HPV 51 specifically. A dot blot hybridization was then

performed with the amplified produets usingoligonucleotide probes to identify the HPV types

present. HPV positivity was tirst eonfirmed using a generie probe containing LI fragments

from HPV 16, 18,51, and 66. Type-specifie oligonueleotide probes were then used to identify

the HPV types for which sequences ofthe type-specifie probes within the MY09/11 fragment

have been published. Twenty-four ofthese HPV types have taxonomie names available and

cao be listed as foUows: types 6/11, 16, 18,26, 31, 33, 35, 39, 40,42,45, 51, 52, 53, 54, 55,

56, 57, 58, 59, 66, 68, and 73. Type-specifie probes were also used for four additional types

which do not yel have taxonomie classification: PAP155, PAP238A, PAP291, W13B

(Hildesheim et al., 1994). For specimens that gave positive results with the generic probe, but

not with any ofthe type-specific probes, further analyses were done. Arnplified produets of

the LI fragment were subjected to restriction fragment length polymorphism (RFLP), that

allows to identifY additional HPV types based on patterns observed when eleaving the

amplified DNA with a set ofrestriction enzymes (Bernard et al., 1994). This additional testing

alIowed identification of 10 official types and 4 novel ones not yet elassified taxonomicaUy:
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HPV types 32, 34, 44, 61,62,64, 67, 69, 70, 72, and IS39 (peyton et al., 1994), CP6108,

CP8304, and CP8061 (peyton and Wheeler, 1994). Specimens that could not be identified as

known types using dot blot, type-specifie probes or RFLP were considered as an unknown

type and classified into the low-risk group. The study population was therefore tested for a

spectrum ofmore than 40 genital HPV types. HPV types were c1assified ioto 2 groups based

on oncogenicity for the purpose of this study: low-risk and high-risk types (Bauer et

al., 1993). Low-risk HPV include types 6, II, 26, 32, 34, 40, 42, 44, 53, 54, 55, 57, 59, 61,

62, 64, 66, 67, 68, 69, 70, 72, 73, PAP155, PAP291, WI3B, IS39, CP6108, CP8304,

CP8061, and unknown types. The foUowing are classified as high-riskHPVtypes: 16, 18, 31,

33, 35, 39, 45, 51, 52, 56, and 58. For the present study, the term "HPV infection" refers to

the detection ofHPV DNA based on the previously descnDed method.

Integrity ofthe specimen and presence ofhuman DNA was verified for each sarnple with the

amplification ofa 268-base pair region ofthe human P-g1obin gene using primers GH20 and

PC04 (Bauer et al., 1991). Results were visualized under ultraviolet light folloWÎng gel

electrophoresis and staining with ethidium bromide.

Test-retest reliability ofHPV DNA detection with the LI consensus primer polymerase chain

reaction technique has been studied and shown to be high. One study has demonstrated test­

retest agreement for 98% of the specimens containing adequate DNA (Schiffinan and

Schatzkin, 1994). PCR-based protocols have the highest sensitivity and specificity among

HPV DNA detection methods (lARC Working Group, 1995).

Standard laboratory measures were taken in order ta prevent any contamination ofreagents

or specimens including: processing ofsamples and laboratory testing in separate rooms, use

of disposable gloves, autoclaved solutions, aerosol-free tips, and highly diluted positive

controls. Negative controls, containingno HPVDNA, were processed in every set ofsamples

in order to monitor closely the possibility ofcontamination.
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• v. Must not have used vaginal Medication during the 2 days before the recruitment visit_

Recent use ofvaginal Medication hampers the ability to coUect good quality cervical

ceU specimens;

VI. Must not have been treated for cervical disease byelectrocoagulation, cryotherapy,

or conization, the methods used at MEVNC. This criterion eliminates wornen already

diagnosed with one ofthe events ofinterest (pre-neoplastic or neoplastic lesion);

vii. Women must be willing to comply with ail requirements including the retum visits and

sign an informed consent.

In addition to being participants of the Ludwig-McGill cohort study, women had to satisfy

the foUowing additional criteria to he included in the sub-population for the current analysis:

•

VlU.

IX.

x.

Must have had a negative HPV DNA detection test at the baseline-visit, in order to

study ooly incident infections;

Must have had at least one foUow-up visit, with HPV testing results available;

Must have completed the baseline-visit interview.
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AIl cervical cell specimens were coded in order to prevent any linking with individuals~

previous HPV testing, or interview data.

2.3 OIher ÎllforllUltioll coIkctetl

Additional information was coUected as part orthe original cohort study, but not necessarily

used in a formai manner for the present project. At every visi~ a cervical specimen was taken

for Pap cytology and blood was drawn to study the immune response to HPV.

Cervicographies were also performed during the course ofthe study.

2.4 Data IIUIllage~lIt

The data management ofsuch a large prospective cohort study is complex. A central record

database, in which the information on patient follow-up is stor~ is managed by the research

nurses and the epidemiologic clerk at the Ludwig Institute in Sio Paulo. This file contains a

complete history ofparticipation in the study, including the dates for every visit. The updated

file is transferred to Montreal on a weeldy basis via computer Iink. The data coUected during

the course ofthe study is entered into 3 ditrerent types ofdatabases: Questionnaire Databases

which contain visit-specific questionnaire informatio~Laboratory Results Database in which

the HPV testing and serology laboratory results are filed, and the Pathology Database that

records both cytology and cervicography results. The Questionnaire Databases and

Laboratory Results Database are managed in Brazil. Data are entered, verified, and the

updated files are transferred to Montreal. The Pathology Database is managed in Montreal,

where data entry and verification for cytology and cervicography results is done by a research

assistant. The 3 types ofdatabases can he linked based on ID number according to the data

needed for analysis. For tbis particular research project, the Questionnaire 1 Database file ­

questionnaire data trom the baseline visit - was linked to the Laboratory Results Database

file.
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2.5 StIItIIs of'ie stIIdy

The study trom which data have been extraeted to conduet this research project is an ongoing

process. The data analysed represent the status ofthis coholt as ofthe most recent available

update of the study database, at the end ofMay 1997. HPV DNA detection is the limiting

step ofthe whole data coUection process, and thus, the population used for this project had

to he restricted based upon availability ofHPV status.

3 StatistieaJ analysis

1.1 Descriptive sttllistics

The proportion ofwomen belonging to the diWerent eategory levels WÎthin each variable bas

been calculated for ail categorical variables. The mean, median and standard deviation have

been used for the continuous variables. The distribution of the study population for this

research project has been compared to the interview data trom the original cohort study.

Where judged appropriate, equality of proportions were verified by a chi-square test and

equality ofmeans by at-test (Armitage and Berry, 1994).
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3.2 FollOW-llp tUUl tleJiltitioll ofOIItCOIIIe

The outcomes ofinterest for this research project are time to low-risk and time to high-risk

HPV infection, both ofwhich are considered as independent events. The time to an event was

therefore detined as the time between the baseline visit and the visit at which HPV DNA was

detected. Every woman had therefore two different outcome variables: time to low-risk and

time ta high-risk HPV infection ofwhich both, one or none could he censored. Very few

women, 1.2%, had both low...risk and high...risk HPV infection simultaneously detected during

follow-up. These women were considered as incident cases ofinfection in both analyses (Iow­

risk HPV types and high-risk HPV types). In the analysis ofincidence oflow-risk HPV, ail

wornen were considered at risk of developing an infection. Similarly, aU women were

considered al risk for a high-risk type infection; women who developed a low-risk infection

during the follow-up were not excluded trom tbis analysis. Excluding women who harboured

low-risk and high-risk type infections during foUow-up did not change the results.

The follow-up has the same relative starting point for aU subjeets, ta, defined as the time at

which the baseline visit took place. Evidently, to is not the same point in rea1 lime for aU

subjects. Time to infection is measured trom the date ofthe baseline visit until first detection

ofHPV DNA in cervical ceU specimens. Subjeets included in tbis analysis have a follow-up

of either 1, 2, or 3 retum visits after to. A large proportion ofthe study population is right­

censored, i.e. their foUow-up stops al one point when they were not infected and their event­

free time is not known afterwards. Right-censoring in tbis particulardataset can be due to loss

ta foUow-up, but is mainly attributed to HPV DNA status not yet available for the foUowing

visite However, the survival analysis ftamework has been developed to use the complete pool

of follow-up available, including that of individuals whose foUow-up is right-censored.

Participants' follow-up time is expressed in persan-time, more specificaUy in women-months

for the present study. Persan-lime is defined as "the time during which a single individual

meets all the detinitions for inclusion in a study, and during which any disease event occurring

in the individual would be known." (Walker,I991). The persan-time of observation is

therefore the sum ofall individual units oftime spent in the study.
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• J.J Incide"ce

The occurrence of new infections cao be calculated by two methods each with its own

interpretation and meaning: the cumulative incidence and the incidence density rate.

The cumulative incidence is defined as the proportion ofsubjeas ofa fixed population who

have developed the health event ofinterest during a defined period oftime. Il can be viewed

as a probability or a risk for developing the disease within tbis pre-detined time period

(Rothman, 1986).

Another measure ofincidence for subjects with unequallen8ths offoUow-up is the incidence

density rate. The incidence density rate, or incidence rate was calculated by summing the

number ofevents ofinterest during the reference period divided by the total pool ofperson­

time at risk for the same period. The incidence rate is not a proportion and cannot be

interpreted as the risk of developing the event of interest. It is measured in units of the

reciprocal of time (Rothman, 1986). The incidence density rate calculated in tbis way, is the

average value ofthe instantaneous incidence density rates, also defined as hazard rate or force

ofmorbidity. Such an instantaneous rate is detined as (Kleinbaum, 1996):

lim P(t '5: T < t + Atl T ~ t)
h/t1 -'1'" - At~O At

•

where T

t

is the lime at wbich the event of interest takes place

is the specific lime ofinterest

is the length oftime to which the instantaneous rate applies and during which

an event will be considered
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The average incidence density rates for the foUow-up period - ofup to 4 visits with HPV

status available, representing a maximum of27 months - have been calculatcd for low-risk

and high-risk HPV infection. Confidence intervals were calculated based on the Poisson

distribution (Rothman, 1986).

J." Kaplllll-Meittr sIIrviWII tUllllysis

The Kaplan-Meier or product-limit method (Kaplan and Meier, 1958) for analysis ofsurvival

data was used to obtain the overall distribution ofevents, as weU as the specifie distribution

ovec time for low-risk and high-risk HPV infection. It was al50 used for these 2 outcomes,

to obtain the distribution of events over rime for levels of the explanatory variables. To

compare the resulting time-to-infection distributions, the log-rank test was used and two­

sided p-values were generated. The log-rank statistie results trom an overaU compari5On

between 2 or more survival curves by contrasting the observed versus expected ceU counts

under the nuO hypothesis, for each tinte at which an event took place (Mantel, 1966). The null

hypothesis <Ho) being tested consists of equivalence of ail incidence curves. The log-rank

statistie under the nuO hypothesis follows a chi-square distribution, with the degrees of

freedom being equal to the variable's number ofcategories minus one. The SPSS statistical

package version 7.5 for Wmdows 95 was used to perform Kaplan-Meier analysis and to

obtain survival tables and log-rank statistics.

Graphical representations are showed not in terms ofsurvival funetion, S(t), but in terms of

its reciprocal, I-S(t). Such graphics represent the cumulative distribution ofevents over tinte

or simply stated, the incidence curves. From a clinical point of view, the cumulative

probability ofinfeetion is a more interesting representation than the cumulative probability of

being free ofinfection. The graphs were produced with the SigmaPlot package (SPSS inc.)

using survival time and cumulative survival probabilities generated trom the Kaplan-Meier

procedure in SPSS.
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• 3.5 c~propordolltllluwmls regrasioll

•

3.5.1 Description ofthe model

In order to determine the independent etrect ofmany variables on time to HPV infection while

controUing for the effect ofone another, the Cox proportional hazards regression model was

used.

Developed by Cox(Cox, 1972), the proportional huards model is a semi-parametric statistica1

model for analysis ofsurvival data that allows to make use ofthe contribution of censored

cases (Last, 1995; K1einbau~1996). The Cox model is expressed mathematically in terms of

the hazard function as the product of2 quantities:

tp-x-h(t ,X) = ho(t) x el=l 1 1

Where h(trA) is the hazard fimctiOD at time t for an individual with the vector ofexplanatory

variables X.

ho(lj is an arbitrary and unspecified baseline hazard function

Pi is the regression parameter associated with the ilh explanatory variable

X; represents the jdl explanatory variable, i=l,...,p

The partiallikelihood function alIows to cancel out the unspecified baseline hazard bo(t) and

accounts for censored survival limes (Cox, 1972; Cox, 1975).

The Cox proportional hazards model is ofa multiplicative nature. The estimated measure of

association is the hazard ratio (HR) or relative hazard, which is equal ta:
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where X;- is the reference category for the ida explanatory variable. It indicates the increase or

decrease in hazard for subjects with a particular value for an explanatory variable when

compared with the reference value for that variable, while controUing for other explanatory

variables entered in the model.

Two assumptions should he met for tbis model to he valid: independence ofobservations and

proportionality ofhazards. There is no reason to suspect that the assumption ofindependence

betweeo the individual observations would oot be met in this particular setting. The

proportiooal huards assumption requires the ratio ofhazards to he constant over time. We

used a graphical approach in order to determine whether this latter assumption was met. For

each explanatory variable, two graphs of the ..ln(-lo)S(t) versus time were plotted, one for

each of the 2 outcomes (time to high-risk and low-risk HPV infection) using the SPSS

software (SPSS inc.,1996). Each level of the variables resulted in a graphical line, and we

assessed parallelism between ail grapbical Mes representing the levels of the variables. AlI

variables used in this analysis met the proportional hazards assumption.

Confidence intervals for regression parameters and p-values for the Wald statistics were

obtained direetly trom the SPSS software. We assessed statistical linear trends for ordinal

variables in models that contained the explanatory variable coded in 4, 5, or 6 categories and

considered as continuous instead ofcategorical, 50 that oolyone parameter was obtained. The

p-values resulting ftom such models are presented as p-values for trend.

3.5.2 Model selection

We built multivariable models in a backward fasbion in arder to take into account the

reciprocal effect of the potential explanatory variables on each other. The only variable

considered as an a priori determinant was age, based on ilS importance as consistently found

in prevalence studies. As suggested by Hosmer" Lemeshow (Hosmer and Lemeshow, 1989),

all variables with a p-value of0.25 or less in the univariate Cox regression analysis and the

ones ofplausible biological importance were considered for the multivariate model. The use
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of such a high p-value for seledion of potential explanatory variables is based on previous

work which showed that the use of more traditional levels of significance often failed to

identitY variables ofknown importance (Mickey and GreeniancL 1989). Multivariable models

were therefore built starting with aU variables identified in such a manner. Variables were then

removed one at a time based on lack of statistical significance and lack of change in

parameters for variables still in the model (Hosmer and Lemeshow,1989). The adequacy of

the models was monitored by the Akaike Information Criteria (AIC) which adjusts the -2 log

likelihood (-2LL) for the number ofparameters in the mode~ penalizing when more degrees

offreedom are used. Backward stepwise automated selection procedures based exclusively

on the significance ofthe variables were also used and gave the same results.

The decision to include HPVs ofunknown types in the low...risk infection category might have

resulted in misclassification, since it is possible that sorne non...identified HPVs could be in faet

high-risk types that were not detected by specifie probes. In order to veritY whether such

misclassification took place, multivariable models were built using a restricted dataset that

excluded women who had incident HPV infections ofunknown type.

4 Definition ofvariables

We extracted a subset of variables of interest from the information coUected during the

baseline questionnaire...based interview. Those variables CaR he classified into 4 groups: 1)

sociodemographic characteristics; 2) markers of sexual activity; 3) reproductive and

contraceptive history; 4) lifestyle factors.

Among sociodemographic characteristics, variables considered were age, ethnicity, level of

education, and family income. Markers ofsexual aetivity were as foUows: age at first sexual

intercourse, number of sexual partners (lifetime, past 5 years, and past year), number of

occasional partners, number ofunfaithful partners (as perceived by the subject), practice of

anal intercourse, and practiceofcunnilingus. Reproductiveand contraceptive historyvariables
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included: years oforal contraceptive use7 parity~ age at menarche7 use ofhygienic tampons7

use ofnon-commercial absorbents during menses~ vaginal douche7 genital sor~ condom use7

sexually-transmitted diseases7 number ofprevious Pap tests. Lifestyle factors were comprised

ofooly tobaccc smoking and alcohol drinking. The list ofvariables is purposely long. Sînce

there were no published results on determinants ofincident HPV infectio~ the selection was

exploratory although strongly based on results trom prevalence studies.

The coding ofeach variable was carefWlyassessed in view ofsubstantive knowledge from the

experience ofour team and empirical data distnbution_ The best functional fonn was also

based on results trom Kaplan-Meier incidence curves for which strong overlap between

curves for successive categories was considered as an indication for merging these categories.

Variable coding was also assessed eXPerimentally in ligbt ofcrude Cox proportional hazards

models. Similar point estimates and extensive overlap ofthe 95% confidence intervals (CI)

were again considered as indications for combining successive categories.

We evaluated continuous variables for linearity in their relation with HPV infection. This was

done by running a CO" regression model with the continuous variables categorized into 4 or

more categories and plotting the Median value of these categories versus the obtained

parameters (Hosmer and Lemeshow7 1989). The chosencodingsare discussed in the foUowing

sections.

4.1 Sociodemograplùe clatll'tlCteristics

Age at entry in the study was obtained trom the Questionnaire Database as a continuous

measure. We evaluated and campared Many coding schemes in order to tind the best

functional form for this important a priori confounder variable. Linearity was assessed for

bath low-risk and high-risk infections by categorizing age ioto 4 categories7 quintiles7 and

sextiles. Results with the highest number ofcategories (5 and 6) did not support Iinearity. We

therefore decided not to use age as a continuous variable. The 4-category coding (18-247 25­

347 35-447 45-60) resulted in a Iinear relationship between the parameter estimates and
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rnedians of each category for both low-risk and high-risk infections. We chose to use this

coding, but treated the 4-category age variable as an ordinal variable, resulting in only one

regression parameter. This decision required that Iinearity be assumed not over ail

observations but between categories, which was supported by the Iinearity assessment.

Ethnicity was initially coded ioto 5 categories that included white, mulatto, black, Asian, and

native origin. Due to the relatively small proportion ofindividuals in some categories, mainly

Asian and native origin, it was decided to dichotomize this variable into white and non-white

individuals, a coding often encountered in epidemiological studies of HPV and cervical

cancer.

The level of education attained was precisely recorded, making the difference between no

education at ail, incomplete or complete elementary and high school, professional training or

college and university degrees. However, the very small proportion ofwomen with education

higher than elementary school made it impossible to keep those distinctions. We dichotomized

education ioto women who had at Most finished elementary school and those who had at least

sorne high school or higher training.

Family monthly income was obtained as a continuous variable, which we converted into US

doUars using monthly exchange rates to correct for the heavy inflation that prevailed until

mid-1994. This procedure was made necessary due to economical instability and a change

ofcurrency that took place in Brazil in 1994. Incames reported by women during and after

this period would not have been comparable to those in the previous period without a

common currency. The use ofthe US doUar had the additional advantage ofadjusting for the

cost of living. Linearity assessment provided evidence for a non-Iinear relationship between

incorne and time to HPV infection. Results trom Kaplan-Meier and crude Cox analyses

suggested no significant differences in survival tintes or hazard among quartiles of income.

We decided to simply recode the incorne variable ioto 2 categories. The cutoffpoint chosen

was the Median value: US$265 per month.
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4.2 Markers ofsl!XIIlIllIdivity

Age at mst intercourse was examined as a continuous variable. To assess linearity, Cox

models with 4 categories (s 15, 16-17, 18-19, ~20yrs) were used, separately for high-risk and

low-risk incident infections. Sînce we did not find evidence ofa linear relationship between

age at tirst intercourse and both low-risk and high-risk incident infections, this variable was

categorized. The final coding was dichotomous: s 17 years ofage and 18 years or more at the

time of the first sexual intercourse.

For the historically most important marker ofsexual activity, number of semai partners~ 3

variables were created each referring to a different period oftinte: lifetime, past 5 years~ past

year. For lifetime exposure, the categorization was 0-1, 2-3, and 4 or more partners. We also

created a binary version of the variable, with 0 or 1 partner as the reference category in

comparison to 2 sexual partners or more. The dichotomous fonn was used for number of

partners in the past 5 years and in the past year since there were very few subjects with high

numbers ofsexual partners.

Two new markers of sexual activity were tentatively constructed from the interview

infonnation: number of occasional partners and number ofunfaithful partners. The number

of occasional partners was withdrawn from the analysis to avoid collinearity, since the

Pearson correlation coefficient with lifetime number ofpartners was 0.999. The number of

unfaithful male partners, as reported by the participants, was withdrawn as weU due to the

low response rate to this sensitive question and to the probable unreliability ofanswers.

Practice of anal intercourse and cunnilingus were two other variables used as markers of

sexual activity. Answers from the interview were in the fonn: frequently, rarely, or never. Cox

models showed substantial similarity in pararneter estimates and overlap in 95%CI for the

frequently and rarely categories. We therefore used these 2 variables in a binary "never/ever"

format.
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4.3 Reprotblcti~ tuUl COlllrtleeptWe 1JÜIory

The length oforal contraceptive use, in years, was available ftom the interview informatioD.

Non-linearity ofthis variable was confirmed bya linearityassessment. Several coding schemes

were evaluated, none ofwhich seemed predictive ofincident infections. A never/ever user

scheme was finally chosen, since a coding that took into account neverlshorter-time/longer­

time users did not prove to he more predictive ofinfection while requiring estimation ofan

extra parameter.

CUITent pregnancy rather than lifetime history of pregnancy would have been an a priori

determinant for incident HPV infection, via a decreased immunity induced by hormonal

changes. Since pregnancy was an exclusion criteria for the study, current pregnancy is not

documented. Total number ofpregnancies was used to determine whether prolonged periods

ofhormonal changes would have an influence on occurrence ofHPV infection. Women with

no pregnancies could not be compared to women with at least one pregnancy since the former

category included only 6 women (0.90A.). The following coding was assessed: 0-1,2-3,4-5,

and 6 or more pregnancies. AlI Kaplan-Meier curves were overlapping, suggesting no

noticeable difference in survival distribution. We decided to dichotomize tbis variable, using

oto 2 pregnancies as the reference categorywbich represented approximately the tirst quartile

ofthe distribution.

Age at menarche was dichotomized into early debut and expected age ofmenarche: up to Il

years and 12 to 19 years ofage.

We coded use ofhygienic tampons and ofnon-commercial absorbents ioto a binary variable.

We classified wornen as either never or ever users. Vaginal douche was reported according

to the relative ftequency ofuse such as: always, ftequently, rarely, and never. Due to the small

number ofwomen in some ofthe categories, we coded tbis variable ioto "never/rarely" and

"a1wayslftequently" .
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Sorne markers ofgenital infections or discomfort were coUected as reported by the women.

Vaginal or vulvar infection and genital discomfort (paiJ\ itching, and discharge) were

dichotomized into having ever/never been experienced.

The frequency ofcondom use was coUected ftom the interview in the form: never, very rarely,

sometimes, or always. Given the distribution ofdata, we decided to compare women who

reported never using condoms with those who reported having ever used them.

Experience of sexually-transmitted diseases (STOs) was documented by asking women

whether they had consulted a physician for such problems. Women were asked to classify the

problem(s) into one (or more) ofseven categories: gonorrhea, chancre, condyloma, syphilis

(Treponema pallidum), herpes, trichomoniasis (Trichomonas vaginalis), and candidiasis

(Candida albicans). We later recoded this variable into a binary format: "never/ever

consulted't for STOs.

Previous screening procedures for precursors of cervical cancer were quantified by asking

women how many limes they had been performed on them, resulting in a continuous measure.

Non-linearity of the relationship between the number of previous Pap smears and incident

infections was indicated by a linearity assessment. We further decided to combine the two

lower quartiles and the two upper quartiles, resulting in a binary version with a cutotfpoint

at the Median number of previous Pap CYtologies: 0 to 5 and 6 or more.

4.. 4 Lifestylt!ftICtors

Tobacco smoking was assessed in 2 ditrerent ways: current and lifetime exposure. Current

exposure was simply coded into current or not current smoker in view of the influence of

tobacco by-produCls on the immune system. This immunological effect of tobacco was

considered as a short-term one and women who were former smokers were therefore

classified as being "not current" smokers. Lifetime exposure was calculated in pack-years of

smoking, based on the amount and time since commencement ofsmoking. Non-linearity was
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demonstrated and the variable was coded into 3 categories using the Median number ofpack­

years as a cutoffpoint for smokers: women who never smoked, women who had smoked a

maximum of4.5 pack-years, and the ones who smoked more than 4.5 pack-years.

Alcohol drinking was available trom the baseline interview in which many questions probed

for the type and ftequency of drinking for various alcoholic beverages. Due to the small

number of women who reported drinking such beverages, the only possible contrast was

"never/ever" consumed alcoholie beverages.

5 Missing values

As in any questionnaire, survey or interview, some questions were left unanswered by the

study subjects. However, very few questions had missing answers. Subjects with missing

values were excluded ftom the Kaplan-Meier analysis, as there were too few to consider as

a separate category. In Cox proportional hazards regression models, two strategies were

used: 1) observations with missing values were kept and coded as a separate category ofthe

variable, and; 2) observations with missing values were simply excluded trom the analysis.

These 2 strategies resulted in very similar regression parameters and standard errors. The

crude and age-adjusted Cox regression models reported were those obtained on ail subjects

with valid information for the specifie variables analysed. The multivariable models were built

with the sample ofsubjects who had no missing values for aU potential explanatory variables

being considered. The frequency distributions of these samples with complete information

were compared ta the overall sample and the incidence sample and no differences were found.
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REsuLTS

1 Descriptive statistics

Of the wornen eligible and asked to participate to the Ludwig-McGill rohort study, 70.5%

agreed. A subset ofthis study population was selected for the present research project. Figure

2 is a flowchart representing the selection process. A total of2528 women were enrolled in

the study as ofthe end ofMarch 1997. Ofthese women, 903 (35.7010) had HPV test results

available at the analysis closing date. For this project, wornen who were HPV negative at the

first visit were selected, reducing the subset to 746 women. When ooly wornen who had 2,

3, or 4 available HPV results were ronsidered (1, 2 or 3 follow-up visits in addition to the

baseline visit) 642 wornen were left forthis project's study group. AIl were HPV negative at

visit 1, and had at least 2, at rnost 4 HPV results available. AlI wornen selected based on HPV

testing criteria had participated in the baseline interview from which information on

determinants was derived. When considering low-risk HPV infection, 65 events arose trom

a total of6962 women-rnonths offoUow-up. For bigh-risk HPV types, the foUow-up totalled

6950 women-months and gave rise to 53 events. Median foUow-up was 12 months with a

range between 4 and 27 rnonths.

Characteristics of the subset to be studied were compared to those of the Ludwig-McGill

cohort study population. Table 4 shows the frequency distribution for selected variables

measured at the baseline interview, for the subset and the whole rohart population. At the

time of the analysis, the information trom 1454 of the 2528 baseline interviews had been

entered in the study database. The characteristics of the subset for this project were thus

compared to those ofthe fust 1454 women enroUed in the Ludwig-McGill cohort study. Ooly

minor discrepancies were found. Frequency distributions for characteristics not presented in

table 4 were also very similar for the 2 groups. The subset selected seems, therefore, to be

representative ofthe whole study population in terms ofsubjeet characteristics.
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642women
HPV negative at entry

wIfh 2, 3, or 4 HPV results avoUable

Questionnaire data avoilable

1625
women wtth no

HPV festin avelable

128 (14.2%)
women HPV positive

atvisitl

29 (3.2%)
beta-globln negaUve
s imans of visit 1

104
wornen wi1h
only 1 visit

•
Figure 2: Flowcbart dacribial tbe selection ofsubjects froDl the Ludwil-McGiU

cobort study populatioD based oa avüability and result ofHPV tatinl
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• Table 4: Frequency distribution ofselected variables am081 the lublet and the

whole population of tbe Ludwia-McGiU cohort study

•

BPV iacidalce "'dy LudwiC-McGUI coIIort study
(N~2) (N-14S1)

Variable rreqllellCY (%) l'requalCY (.")

Age
18-24 108 (16.8) 289 (19.9)
25-34 258 (40.2) 584 (40.2)
3544- 203 (31.6) 408 (28.1)
45-60 73 (11.4) 173 (11.9)

Ethnicity
White 418 (65.1) 958 (65.9)
Non-white 224 (34.5) 494 (34.0)
Missing 0 2 (0.1)

Age al first intercourse
~ 15 160 (24.9) 399 (27.4)
16-17 162 (25.2) 367 (25.2)
18-19 138 (21.5) 298 (20.5)
~ 20 182 (28.3) 390 (26.8)

Lifetime 1# sexuaI partners
0-1 299 (46.6) 643 (44.2)
2-3 210 (32.7) 491 (33.8)
~4 133 (20.7) 320 (22.0)

Number of pregnancies
0-2 232 (36.1) 548 (37.7)
~ 3 401 (62.5) 889 (61.1)
missing 9 (1.4) 17 (1.2)

Condom use
Never 268 (41.7) 595 (40.9)
Ever 374 (58.3) 859 (59.1)

Previous Pap smears
0-5 340 (53.0) 791 (54.4)
~6 302 (47.0) 647 (44.5)
Missing 0 16 (1.1)

Smokingstatus
Noteurrent 432 (67.3) 950 (65.3)
Current 210 (32'7) 504 (34'7)
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• The subset ofthe HPV incidence study and the Ludwig-McGill cohort were also compared

in terms of foUow-time, number of visits attended, and compliance to the 4-month return

intervals. For the overall foUow-up time without restricting based on the availability ofHPV

data, the HPV incidence subset had a longer Median foUow-up time, with 24.6 months and

5 visits as shown in table 5. This corresponds ta an expected difference between the 2 groups,

since the HPV incidence subset is formed mainly ofthe first wornen enroUed in the Ludwig­

McGill cohort study.

Table 5: FoUow-ap Îadicators for the subset and the population of the LudwÎg­

McGW cohort study

Median foUow-up lime (monlhs)

Median nomber ofvisits

BPV iacidence "dy
(N-642)

24.6

s

IAIdwig-McGill cohort I1udy
(N-2S2I)

12.0

4

The compliance to the 4-month retum intervals was also compared between the HPV

incidence subset and the participants ofthe Ludwig-McGill cohort study with more than one

visit. Results shown in table 6 indieate that there were no important differences in compliance

to the retum intervals between the 2 groups.

Table 6: Compliance to tbe 4-month retarn intentais for the subset and tbe

population of the Ludwig-McGiU cohort stady with more tbaa one visit

Mean lime between visit 1 &: 2 (monlhs)

Median lime between visit 1 &: 2 (monlhs)

BPV incidellce ltudy
(N-642)

4.2

4.0

Luchrig-McGiIl collan
ltudy (N=2159)

4.4

4.0

•
25% percentile ofdistn"butiOD for the lime
between visit 1 &: 2 (monlhs)

75% percentile ofdistribution for the lime
between visit 1 &: 2 (months)
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1.1 OcClllftllCe ofHPVillfectioll tUUl sociotMlIIOgrtIpldc c1uutJcteristics

Table 7 provides a sociodemographic profile of the study population. Among the 642

participatingwome~ 461 (71.8%) were aged 25 to 44 years old. Younger and older women

represented 28.2% ofthe study populatio~with 108 (16.8%) women being in the 18-24 age­

group. The Mean age was 33 years old and the age ranged from 18 to 59 years. In terms of

ethnicity, 418 (65.1%) women were white. The study population had a lowlevel ofeducation:

only 115 (17.90") wornen had education beyond elementary school. The family monthly

incorne ranged from US$5.00 to USS3840.00, with a Median ofUSS265.00.

For low-risk HPV infection, the proportion ofincident events did not result in statistically

significant differences according to age (p=O.6346). In terms ofethnicity, white women were

less likely to have developed an incident infection during follow-up, 8.6%, than non-white

wornen, 12.90" (p=O.0827). Education, when considered as a dichotomous variable,

suggested an elevated proportion of women with incident infection in the most educated

group: 9.3% for women having up to elementary school compared to 13.90" for women with

least some high school education (p=O.1390). A lower proportion ofincident low-risk HPV

infection were found in the low income group (11.5%) than in the higher (above-median)

incorne group (8.6%), although tbis difference was not statistically significant (p=0.2318).

Different patterns were seen for high-risk HPV infections, for which the ooly variable

associated with a specifie distribution ofincident events was age. The proportion ofincident

high-risk infectionswere 18.5%, 8.1%,4.90", and 2.7% respectivelyin the 18-24,25-34,35­

44, and 45-60 age-groups (p=O.OOO1). Different categories of ethnicity, education, and

income resulted in similar distributions of incident high-risk HPV infections.
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• Table 7: Occurrence of incident BPV infection accordin& to sociode.oaraphic

characteristia of the study population

•

Sabjedl IIIddeat BPV iafectioD.

Variable (N-642) Low-ri*(%) mp.riIk(%)

Age
IS-24 108 9 (8.3) 20 (18.S)
25-34 258 24 (9.3) 21 (8.1)
35-44 203 22 (10.8) 10 (4.9)
45-60 73 10 (13.1) 2 (2.7)

,=0.6436 p=ŒOOOI

Ethnicity
white 418 36 (S.6) 32 (7.7)
non-white 224 29 (12.9) 21 (9.4)

p=0.0827 p=0.4505

Education level
incompl. elem. 171 15 (8.S) 14 (8.2)
elementuy 355 34 (9.6) 27 (7.6,
high schoal 94 14 (14.9) 9 (9.6)
coUegeluniv. 21 2 (9.5) 3 (14.3)
missing 1 0(0.0) 0(0.0)

p=0.42JJ p=0.7006

~ elementaly 526 49 (9.3) 41 (7.S)
~ high schoal 115 16 (13.9) 12 (10.4)
missing 1 0(0.0) 0(0.0)

p=0.J390 P=0.3517

Incarne (SUS)
0.00-157.99 (1Q) 159 14 (8.8) IS (9.4)
15S.OO-264.99 (2Q) 154 22 (14.3) IS (9.1)
265.00-419.99 (3Q) 159 12 (7.5) 13 (8.2)
420.00-3840.00 (4Q) 154 IS (9.7) 9 (S.S)
missing 16 2 (12.5) 1 (6.2)

p=0.2176 p=0.5912

0.00-264.99 313 36 (ILS) 30 (9.6)
265.00-3840.00 313 27 (8.6) 22 (7.0)
missing 16 2 (12.5) 1 (6.2)

p=0.23J8 p=0.2466

1 Two-sided p-va/Iles jôr Pearson's chi-square test of etpla/ity of proportions. Missing vaille
categories are aclllded.
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1.2 Occurre"ce ofHPY;"f«tiolllllltl sexlllIl lldivity

The proportion ofwomen who have become HPV positive during foUow-up, according to

various rnarkersofsexual activity, is shown in table 8. As indicated in this table, 322 (50.2%)

women have had sexual intercourse at 17 years ofage or earüer. AImost halfof the women

(299, 46.6%) had none or one Iifetime sexual partner, the Median being 2 partners. When the

reference period was closer, respectively 115 (17.901'0) and 26 (4.1%) women reported 2 or

more partners for the past 5 years and the past year. Having ever experienced anal intercourse

and oral sex was reported respectively by 243 (37.901'0) and 341 (53.1%) women.

A slightly higher proportion ofwomen have become positive for a low-risk type among those

who had their fust sexual intercourse at 18 years and aider when compared ta wornen who

initiated sex al 17 years of age and younger, respectively 11.3% vs 9.00/0, but these

proportions are not statistically ditTerent (p=O.3460). A more dramatic differenœ is seen for

high-risk type infections. Among women who had initiated sexual intercourse by the lime they

were 17 years old, 12.7% became positive during foUow-up. However, among women who

had their first intercourse at 18 years ofage or older, ooly 3.8% became positive for a high­

risk HPV type (p<O.OOO1). In tenns ofnumber ofsexual partners, the highest proportion of

wornen with incident infection is seen among those who had 2 or more sexual partners in the

past year: 34.6% for both low-risk and high-risk infections. In general, subgroups ofwomen

who reported having experienced anal intercourse or oral sex gave tise to a higher proportion

ofincident cases. The foUowing proportions ofincident high-risk infections were obtained for

wornen who never had anal intercourse and those who reported having had at least one: 6.8%

and 10.7% respectively (p=O.0790). The proportions of incident low-risk infections were

8.0% and 12.0% respectively in women reporting never and ever having experienœd oral sex

(p=0.0896).
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• Table 1: Occurrence of incident HPV infection accoreliDI to marken of sesual

activity

SulJjectI lacidat BPV ialectÎOIIl

Variable (N-U2) Low-rïsk (%) Hip-rilk (%)

Age at first intercourse
s 15 years 160 15 (9.4) 23 (14.4)
16-17 162 14 (8.6) 18 (1l.1)
18-19 138 15 (10.9) 8 (S.8)
~ 20 years 182 21 (ILS) 4 (2.2)

pl=O.8075 p=O.OOO2

s 17 years 322 29 (9.0) 41 (12.7)
~ 18 years 320 36 (11.3) 12 (3.8)

p=O.3460 p<O.OOOl

Lifetime # panners
0-1 299 25 (8.4) 15 (5.0)
2-3 210 14 (6.7) 24 (ll.4)
~4 133 26 (19.5) 14 (10.5)

p=O.OOO2 p=O.0199

0-1 299 2S (8.4) 15 (5.0)
~2 343 40 (11.7) 38 (Il.l)

p=O.1667 p=O.OO54

# partners past 5 years
0-1 527 39 (7.4) 34 (6.S)
~2 115 26 (22.6) 19 (16.5)

p<O.OOO/ p=O.OOO4

# partners past year
0-1 607 56 (9.2) 44 (7.2)
~2 26 9 (34.6) 9 (34.6)
missing 9 0(0.0) 0(0.0)

p=O.OOO6 p=O.OOOl

Anal intercourse
Never 399 43 (10.8) 27 (6.8)
Ever 243 22 (9.1) 26 (10.7)

p=O.4826 p=O.0790

Oral sex
Never 301 24 (8.0) 21 (7.0)
Ever 341 41 (12.0) 32 (9.4)

p=O.0896 p=O.2687

/ Two-sided p-va/lles jôr Pearson's chi-sqlltII'e test of eqlla/ity of proportions. Missing value

• categories are aclllded
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1.3 OCCIlrrt!IIct! ofHPVillfectiollllCcortlillg tD rqrotlactive tUU1colltrt«epme lUstory

Table 9 shows the reproductive and contraceptive profile ofthe study group, as well as the

occurrence of incident infection for each level of the variables. A group of 101 (15.7%)

wornen reported having neverused OCs as a contraceptive method. The 541 wornen who had

used OCs could he divided into 349 (64.5%) who had used OCs for less than 6 years and 192

(35.5%) who reported having used OCs for 6 years or more. The study population included

87 (13.6%) women having had 0 or 1 pregnancy, 292 (45.5%) wornen reporting 2 or 3

pregnancies, 149 (23.2%) womenreporting4 or 5 pregnancies, and 105 (16.4%) participants

reporting 6 or more pregnancies. The age at menarche was from 8 to Il years ofage for 137

(21.3%) wornen and 12 to 19 years of age for 504 (78.5%) women. Most women, 570

(88.8%) of the~ reported never using hygienic tampons, while 278 (43.3%) subjects

reported having used non-commercial absorbents during their menses. Vaginal douching was

reported as a frequent praetice by 65 (10.1%) participants. Vaginal or wlvar infection had

been experienced by 99 (15.4%) wornen. Genital discomfort, defined as pain, itehing or

discharge, had becn experienced in the past 5 years by 253 (39.4%) wornen and in the past

2 days by 228 (35.5%) wornen. A group of268 (4.00A.) participants reported never using the

condom, whereas 232 (36.1%) reported using condoms rarely, and 142 (22.1%) reported

using them frequently. Physieian consultations for STOs were reported by 121 (18.8%)

women. A little over haIforthe wornen, 340 (53'()°A.), reported having had 0 to 5 previous

Pap cytologies.

For low-risk infections, no important ditference in distribution ofincident events were secn

among the levels ofthe explanatory variables except for vaginal douching and consultation

for STOs. Out ofthe women reparting "never or farely" using vaginal douches compared to

those who reported "a1ways or frequently" usÎDg them, 10.7% and 4.6% respectively

developed low-risk HPV infection during foUow-up (p=O.1204). Among women who

consulted a physician for STDs~ 14.00A. developed a low-risk infection cornpared to 9.3%

among those who reported no such consultations (p=O.1188).
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Regarding high-risk infections, the number ofpregnancies, condom use, and previous Pap

tests were associated with proportions ofincident events. Women with fewer pregnancies (0

to 2) comprised a higher proportion ofincident events, 10.3%, than women with 3 or more

pregnancies, 7.00Aa (p=O.1377). Among the group of women who reported never using

condoms, 10.4% developed high-risk infection during foUow-up compared to 6.7% ofthe

women who reported having ever used condoms (p=O.0875). Among women who had had

a maximum of5 previous Pap smears, 10.9OAa developed a high-risk infection whereas ooly

5.3% ofthe women who reported having 6 or more previous Pap smears did 50 (p=O.OI03).

1." OCCIlrrellce ofHPVillfedioll IICconlill6'0 lifestylefactors

Table 10 shows the population distribution according to tobacco smoking and alcohol

drinking. One-third (32.7%) of the subjects were CUITent smokers. Lifetime exposure to

tobacco smoking ranged from 0 to 55.55 pack-years, the median being 4.50 pack-years.

Approximately one-third (31.0010) ofthe women reported never drinking a1cohol.

Neither Iifetime smoking exposure, noralcohol drinking seemed to be associated with incident

low-risk or high-risk HPV infection. However, smoking status resulted in different

proportions ofincident events among CUITent and non-current smokers. Among wornen who

did not smoke at the rime of the baseline interview, 8.8% developed a low-risk infection

during foUow-up compared to 12.90" among cunent smokers (p=O.1095). For high-risk

infections, the proportions ofincident events were 6.90" and Il.0010 respectively among non­

current and curreot smokers (p=O.0834).
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• Table 9: Occurrence of incident BPV infection according to reproductive and

contnceptive history

Sabjml lacideat BPV iafedioal

Variable (N-642) Law-risk (%) Bi&h-rilk(%)

Years ofOC use
0.()().().25 (1Q) 160 15 (9.4) 16 (l0.0)
0.26...3.00 (2Q) 152 13 (8.6) II (7.2)
3.01-7.00 (3Q) 162 21 (13.0) 14 (8.6)
7.01-29.00 (4Q) 168 16 (9.5) 12 (7.1)

p/=O.5698 p=O.7632

0 101 9 (8.9) 10 (9.9)
< 6 years 349 37 (10.6) 26 (7.4)
~ 6 years 192 19 (9.9) 17 (8.9)

p=O.8773 p=O.6869

Never 101 9 (8.9) 10 (9.9)
Ever 541 56 (10.4) 43 (7.9)

p=O.6596 p=O.5127

Number ofpregnancies
0-1 87 10 (11.5) 8 (9.2)
2-3 292 29 (9.9) 26 (8.9)
4-5 149 12 (8.1) 10 (6.7)
~6 105 13 (l2.4) 8 (7.6)
missing 9 1 (11.1) 1 (ILl)

p=O.6863 p=O.8516

0-2 232 24 (10.3) 24 (10.3)
~ 3 401 40 (l0.0) 28 (7.0)
missing 9 1 (11.1) 1(11.1)

p=O.8818 p=O.1377

Age at menarche
8-11 137 15 (10.9) 15 (10.9)
12-19 504 50 (9.9) 38 (7.5)
missing 1

p=O.7237 p=O.1989

Use of hygienic tampons
Never 570 60 (10.5) 46 (8.1)
Ever 72 5 (6.9) 7 (9.1)

p=O.3424 p=O.6313

Use of noo<ammercial
absoments

Never 364 32 (8.8) 33 (9.1)
Ever 278 33 (11.9) 20 (7.2)

p=O.2000 p=O.J932
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• Table 9: Occurreace fil ÏllCidat BPV Îllfccœ. KCOrdiIIl to reprodllCtive ud cOIItnceptive
hiltory (coatüI8ed)

Stlbjectl 18cidalt BPV ialectiOIIs

Variable (N~2) Low-rilk (%) Bi""ri. (%)

Vaginal douching
Never/rarely S77 62 (10.1) 48 (8.3)
A1waysfftequeotly 65 3 (4.6) 5 (7.7)

p=O.1204 p=O.8619

Vaginallvulvar infedion
Never S43 S4 (9.9) 44 (8.1)
Ever 99 11 (ll.l) 9 (9.1)

p=O.7215 p=O.7426

Genital discomfort past 5 yrs
No 389 40 (10.3) 37 (9.5)
Yes 253 25 (9.9) 16 (6.3)

p=O.8692 p=O./516

Genital discomfort past 2 ds
No 414 47 (ll.4) 36 (8.7)
Yes 228 18 (7.9) 17 (7.S)

p=O.J645 p=O.5850

Condom use
Never 268 30 (11.2) 28 (10.4)
Rarely 232 26 (1l.2) 14 (6.0)
Frequently 142 9 (6.3) Il (7.7)

p=O.2378 p=O./959

Never 268 30 (11.2) 28 (10.4)
Ever 374 3S (9.4) 2S (6.7)

p=O.4470 p=O.0875

Consultation for STDs
Never 517 48 (9.3) 41 (7.9)
Ever 121 17 (14.0) 12 (9.9)
missing 4

p=O.JI88 p=0.4759

Previous Pap cytologies
0-2 (1Q) 154 12 (7.8) 19 (12.3)
3-5 (2Q) 186 20 (10.8) 18 (9.7)
6-10 (3Q) 149 19 (12.8) 7 (4.7)
~ 11 (4Q) IS3 14 (9.2) 9 (S.9)

p=0.5142 p=O.0572

0-5 340 32 (9.4) 37 (10.9)
~6 302 33 (10.9) 16 (S.3)

p=0.5252 p=0.O/03

/ Two-sided p'vailles for Pearson's chi-square test of equality of proportions. Missing value
categories are excluded
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• Table 10: Occurrence of incident RPV infection accordiBg to lifestyle f.cton

•

S.bjedl IIIddelit BPV ialectioIIl

Variable (N-642) Low-rilk (%) Bip.rilk (%)

Smoking status
Not eurrent smoker 432 38 (8.8) 30 (6.9)
Current smoker 210 27 (i2.9) 23 (11.0)

p/=O.J095 p=O.0834

Lifetime smoking exposure
(pack-years)

0 324 29 (9.0) 24(7.4)
0.01-1.40 (1Q) 77 6 (7.8) 7 (9.1)
1.41-S.40 (2Q) 79 11 (13.9) 6 (7.6)
S.41-11.20 (3Q) 71 9 (12.7) 7 (9.9)
l1.21-SS.5S (4Q) 91 10 (11.0) 9 (9.9)

p=O.5941 p=0.9119

0 324 29 (9.0) 24 (7.4)
0.01-4.50 148 17 (11.5) 12 (8.1)
4.51-55.5S 170 19 (1L2) 17 (10.0)

p=O.6068 p=0.6080

Alcoholdrinking
Never 199 16 (8.0) 14 (7.0)
Ever 442 49 (ILl) 39 (8.8)
missing 1

p=0.2372 p=0.4469

J Two-sided p-va/ues jôr Pearson's chi-squal'e lest of equa/ity of proportions. Missing value
categories are exc/llded.

2 Incidence density rates of RPV infection

The follow-up period ranged trom 4 to 27 months, with a median of 12 months. Incidence

density rates have been calculated for low-risk and high-risk HPV infection, as two

independent events. An overall incidence density rate has also been calculated, regardless of

HPV type orclassification. Table Il shows the incidence rates and their respective confidence

intervals for low-risk and high-risk infections, and for specifie age-groups.
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• Table Il: Incidence rate of HPV infection by risk and age

HPV FoUow-up Incidence rate
infection Age Events (woBlen-lDonths) (/1000..,. f • "'h) 9S-" CI

Overan 118 6711 16.4 (13.3 - 19.4)

Low-risk 65 6962 9.3 (7.1- Il.6)

18...24 9 1158 7.8 (2.7 - 12.8)

25...34 24 2857 8.4 (S.O - 11.8)

35-44 22 2188 10.0 (5.8 - 14.2)

45-60 10 758 13.2 (5.0 - 21.4)

P-valuefor trend = 0.196

Higb-risk S3 6950 7.6 (5.6 - 9.7)

18-24 20 1058 18.9 (10.6 - 27.2)

25-34 21 2875 7.3 (4.2 - 10.4)

35-44 10 2212 4.5 (1.7 -7.3)

45-60 2 804 2.5 (0.0 - 5.9)

P-vaJue for trend = 2.4x JUJ

Differences cao be noted in the distribution ofincident infections according to classification

ofHPV type (low-risk or high-risk) for the clitrerent age-groups. There was a slight inerease

in incidence rate with increasing age for low-risk HPV types, but the p-value for trend

indicated no statistically important ditferences (trend p-value=O.196). The pattern seen with

high-risk infection was ditferent. A marked decrease ofincidence rates was observed with

increasing age. The p-value obtained when a test for trend was performed for the age-specifie

incidence rates ofhigh-risk HPV infection was highly significaot (trend p-value=2.4x 10-5
) •
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• Using a previous version of the dataset, the overal1 incidence rates ofHPV infection were

caIculated while stratifYing for the number ofretum visits, in arder to determine whether the

frequency oftesting had an effect on the estimated incidence rates. These incidence rates are

presented in table 12. Women included in tbis analysis, as in ail others presented were HPV

negative at the baseline visit.

Table Il: EO'ect of tatinl frequeney on incidence rata ofoveran RPV infection

•

FoUow-up Incidence rate
Retorn visits Events (wolDen-moBths) (11000_. .....) 95% CI

1 5 342 14.6 (1.8 - 27.4)

2 26 1651 15.7 (9.7 - 21.8)

3 56 3692 15.2 (11.2 - 19.1)

Except for the relative imprecision ofthe incidence rate for women who had ooly one visit,

due to small numbers, the incidence rates do seem stable within ail three retum visits

categories. The cumulative number of events and therefore cumulative incidence were

artificially increased by the frequency ofHPV testing, but the incidence rates were nota

3 Kaplan-Meier analysis

The cumulative distribution of newly detected HPV infection, l-S(t), is presented in figure

3. Separate incidence curves are presented for high-risk and low-risk HPV infection. The

cumulative probability and standard error(SE) ofdeveloping a low-riskHPV infection during

the foUow-up was 0.043 (0.008) at 6 months and 0.097 (0.012) at 12 months. For

development ofa high-risk infection, the cumulative probability (SE) was 0.046 (0.008) at

6 months and 0.080 (0.011) at 12 months.
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Cumulative distribution of events [l-S(t)] over the foUow-up period for a)

low-risk HPV infection, and b) high-risk HPV infection.
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1.1 Kaplall-Meier tIIUIlysis fleconlillg to soeioMlIIOgIYIp"ic c"tlnlCteristks

Table 13 presents the cumulative rates of HPV infection for low- and high-risk types

according to sociodemograpbic charaeteristics. Those rates have been calculated as the

proportion ofevents occurred at respectively 6 and 12 months offoUow-up in the risk set,

and are used to summarize the I-S(t) curves. For low-risk HPV infection, difTerent ages,

education levels, and incomes did not result in significantly ditferent distribution ofevents.

In terms of ethnicity, non-white women had cumulative rates of low-risk infection close to

twice as high as those ofwhite women at bath 6 and 12 months (p=O.085 log-rank testl
). For

high-risk HPV infection, the ooly sociodemographic factor that resulted in statisticaUy

different distribution of events was age. The highest cumulative rates were seen in the

younger age-group, 18 to 24 years old, with the cumulative probabilities at 6 months and 12

months being respectively 13.5% and 1901'0. In the 25 to 34 years age-group, the cumulative

probabilities were down to 4.6% and 5.2% respectively at 6·months and 12 months.

1.2 Kaplall-Mein ",,1Il,sis tu:conlillg 10 """,,ers ofst!XllalllClivity

As shown in table 14, significantly bigher probabilities for a low-risk infection were seen in

women with 2 or more partners in the past 5 years and in the past year when compared to the

reference category (p<O.OOIl0g-rank test for both variables). Oral sex also resulted in higher

cumulative rates at 6 and 12 months in women who reponed having experienced it (p=O.082

for log-rank test). AlI markers ofsexual aetivity seemed associated with the distributions of

high-risk infections. Younger age at first intercourse, higher number ofsemai partners, and

practice ofanal intercourse aU resulted in higher cumulative rates than the reference category.

Practice of oral sex also resulted in elevated cumulative rates, but was not statistically

significant (p=O.172 log-rank test).

'P-value for the log-rank test for the overaU comparison among the incidence curves
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• Table 13: Cumulative rates of RPV infection accordinl to sociodemolraphic

characteristia

•

c.....th'e ri. of BPV iafectioa

Low-rÎIk BPV typa Bip.ri. BPV types

Variable 'lIIOI (SE) 11-.(SE) p. 'lIIOI (SE) 12 lIIOI (SE) p

Age
18-24 0.029 (0.016) 0.086 (0.029) 0.519 0.135 (0.034) 0.190 (0.040) 0.001
25-34 0.040 (0.012) 0.0&4 (0.011) 0.024 (0.010) 0.061 (0.017)
35-44 0.045 (0.01S) 0.105 (0.023) 0.046 (0.01S) 0.052 (0.016)
45-60 0.071 (0.031) 0.136 (0.042) 0.000 (0.000) 0.033 (0.023)

Ethnicity
White 0.035 (0.009) 0.077 (0.014) 0.015 0.034 (0.009) 0.069 (0.013) 0.440
Non-white 0.060 (0.016) 0.134 (0.024) 0.069 (0.017) 0.100 (0.021)

Education level
s elementary 0.041 (0.009) 0.089 (0.013) 0.143 0.049 (0.010) 0.074 (0.012) 0.356
~ high scbool 0.053 (0.021) 0.132 (0.033) 0.036 (0.018) 0.101 (0.031)

Incorne (US$)
0-264.99 0.036 (0.011) 0.103 (0.018) 0.276 0.056 (0.013) 0.090 (0.017) 0.259
265-3840 0.053 (0.013) 0.087 (0.017) 0.036 (0.011) 0.070 (0.015)

1 Two-sided p-vaille1ô' the log-rank test ofeqlla/ity among the SII"'ival distriblltions.
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• Table 14: Cumulative rata of HPV infection according to marken ofSRU"

activity

c.....tïve riIk 01 BPV iafcdiH

Low-rïIk BPV typa Bi""ri. RPV types

Variable , .. (SE) 12 ... (SE) p. , .. (SE) 12.01 (SE) P

Age 1st mtere.
s: 17 years 0.039 (0.011) 0.088 (0.017) 0.284 0.074 (0.01S) 0.126 (0.020) 0.001
~ 18 years 0.048 (0.012) 0.105 (0.018) 0.019 (0.008) 0.034 (0.010)

Lifetime # part.
0-1 0.038 (0.011) 0.080 (0.016) O.IBO 0.034 (0.011) 0.042 (0.012) 0.006
22 0.049 (0.012) 0.112 (0.018) 0.05S (0.013) 0.114 (O.OIS)

# part. past S yrs
0-1 0.029 (0.008) 0.072 (0.012) 0.001 0.037 (0.008) 0.OS7 (0.0Il) 0.001
~ 2 0.108 (0.030) 0.208 (0.040) 0.089 (0.027) 0.183 (0.038)

# part. past year
0-1 0.041 (0.008) 0.089 (0.012) 0.001 0.042 (0.008) O.06S (0.011) 0.001
~2 0.119 (0.064) 0.303 (0.097) 0.158 (0.072) 0.403 (0.107)

Anal intercourse
Never 0.039 (0.010) 0.101 (0.016) 0.520 0.038 (0.010) O.06S (0.013) 0.054
Ever 0.051 (0.014) 0.089 (0.019) 0.060 (0.016) O.lOS (0.021)

Oral sex
Never 0.034 (0.011) 0.081 (0.017) 0.082 0.034 (0.010) 0.061 (0.014) 0.172
Ever 0.052 (0.012) 0.110 (0.018) 0.058 (0.013) 0.097 (0.01?)

1 Two-sided p-value jô, the log-rank test ofequa[ity among the survival distributions.
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3.3 Kaplall-Meier alllllysis llecortlillg 10 reprotblctiw lIIUl colltlYJcqti~Idstory

Goly a few among the many variables trom this group resulted in düferent distribution of

events during foUow-up. For low-risk HPV tyPes, these factors were: use ofnon-commercial

absorbents, vaginal douching, and consultation for STDs. Women who reported having used

non-commercial absorbents, i.e. reusable cloths, had cumulative probabilities ofdeveloping

a low-risk infeetionof4.8% and 12.2% compared ta 4.00.lct and 7.8% forwomen who did not,

respectively at 6 and 12 months (p=O.116, log-rank test). Frequent vaginal douching was

associated with lower cumulative rates, with 1.7% and S.3%, compared to rare or no

douching, with 4.6% and 10.2%, at 6 and 12 months respectively (p=O.109, log-rank test).

Consultation for STDs resulted in higher cumulative rates, 6.8% and 13.3%, than having

never consulted for such matter, 3.8% and 8.90..10, at 6 and 12 months (p=O.069, log-rank test).

Two other variables seemed associated with the distribution ofevents for high-risk infections:

condom use and the number ofprevious Pap smears. Women who reported having ever used

condoms had lower cumulative rates ofhigh-risk HPV infection than wornen who reported

neverusing condoms: 4.1% and6.00.lct cornpared to 5.4% and 11.0% respectivelyat 6 and 12

months (p=O.097, log-rank test). Women who reported having had 6 or more previous Pap

smears had much lower cumulative rates ofhigh-risk infection than wornen who reported 0

to 5 previous Pap smears: 2.0010 and 4.8% compared to 7'<)% and 10.9% respectively at 6 and

12 months (p=O.OO8).

J.4 Kaplall-Meier allll1ysis llecordillg 10 1ift!Stylefactors

For both low- and high-risk HPV infection, current smokers had higher cumulative rates of

infection at 6 and 12 months (p=O.096, log-ranktest for low-riskHPV; p=O.100, log-rank test

for high-risk HPV). Women who reported ever drinking alcohol had also slightlyelevated

cumulative rates ofHPV infection.
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• Table 15: Cumulative rates of HPV infection accordiDI to reproductive and
contraceptive bilto7

C..ulative risk ofBPV iafectioa

Low-1'ÎIk BPV typa Bi.-ri* BPV typa

Variable , ... (SE) 12B1OS(SE) p. ' __ (SE) 121801 (SE) P

oc use
Never 0.022 (0.016) 0.087 (0.032) 0.866 0.088 (0.030) 0.114 (0.034) 0.3.59
Ever 0.047 (0.009) 0.099 (0.013) 0.039 (0.008) 0.074 (0.012)

# pregnancies
0-2 0.036 (0.012) 0.092 (0.020) 0.981 0.0.53 (0.0 (5) 0.099 (0.021) 0.1.54
~3 0.046 (o.OIl) 0.091 (0.016) 0.041 (O.OIO) OJ)68 (0.013)

Age menarche
8-11 0.067 (0.022) 0.117 (0.029) 0.667 0.067 (0.022) 0.110 (0.028) 0.219
12-19 0.037 (0.009) 0.091 (0.014) 0.041 (0.009) 0.072 (0.012)

Use of tampons
Never 0.044 (OJ)()9) 0.101 (0.013) 0.37.5 O.OSO (0.009) O.OSO (0.012) 0.61.5
Ever 0.043 (0.024) 0.061 (0.030) 0.01.5 (0.021) 0.083 (0.036)

Non-comm. abs.
Never 0.040 (0.010) 0.078 (0.01.5) 0.116 0.040 (0.010) 0.084 (0.01S) 0.477
Ever 0.048 (0.013) 0.122 (0.021) 0.05.5 (0.014) 0.074 (0.017)

Vaginal douche
Never/rare 0.046 (0.009) 0.102 (0.013) 0.109 0.048 (0.009) 0.079 (0.012) 0.799
A1wayslfreq. 0.017 (0.017) 0.0.53 (0.030) 0.031 (0.022) 0.OS9 (0.038)

Vagtvulv infect.
Never 0.046 (0.009) 0.09S (0.013) 0.640 0.043 (0.009) 0.076 (0.012) 0.624
Ever 0.032 (0.018) 0.104 (0.033) 0.064 (0.025) 0.100 (0.032)

Discomfort .5Y
No 0.042 (0.010) 0.093 (0.016) 0.9.52 0.053 (0.011) 0.093 (0.016) 0.184
Yes 0.046 (0.013) 0.102 (0.020) 0.037 (0.012) 0.060 (0.016)

Discomfort 2D
No O.04S (0.010) 0.104 (0.0 (6) 0.274 0.044 (0.010) 0.082 (0.014) 0.717
Yes 0.041 (0.013) 0.083 (0.020) O.OSO (0.01S) 0.076 (0.018)

Condom use
Never 0.043 (0.013) 0.10S (0.020) 0.432 0.OS4 (0.014) 0.110 (0.020) 0.097
Ever 0.044 (0.011) 0.091 (0.016) 0.041 (0.010) 0.060 (0.013)

STOs
Never 0.038 (0.009) 0.089 (0.013) 0.069 0.044 (0.009) 0.078 (0.012) 0.3S0
Ever 0.068 (0.023) 0.133 (0.033) 0.060 (0.022) 0.092 (0.028)

# Previous Paps
O-S 0.049 (0.012) 0.099 (0.017) 0.S19 0.070 (0.014) 0.109 (0.018) 0.008
~6 0.037 (0.011) 0.094 (O.OlS) 0.020 (0.008) 0.048 (0.013)

1 Two-sidedp-va/uejô,.the /og-,.ank test ofequa/ity anrong the surviva/ distributions.
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• Table 16: CUlRulative rates ofBPV iDfection accordiDI to lifatyle f.don

•

C,,"adft rilk~BPV illfectÎOll

Law-rilk BPV typa Hip-rilk BPV types

Variable 6lIIOI (SE) 12 lIIOI (SI:) pl 61801 (SE) 12 DIOl (SE) p

Smoking
Notcurrent 0.036 (OJl(9) 0.082 (0.014) 0.096 0.036 (0.OO9) 0.069 (0.013) 0.100
Cunent 0.058 (0.016) 0.126 (0.024) 0.068 (0.018) 0.102 (0.022)

AJcohol
drinking

Never 0.031 (0.012) 0.077 (0.020) 0.222 0.036 (0.013) 0.054 (0.017) 0.422
Ever 0.049 (0.010) 0.106 (0.016) 0.052 (0.011) 0.092 (0.014)

J Two-sided p-va/ue/0' the log-rank test 0/equa/ity among the su",iva/ distributions.

4 Cox proportiona. huards regralÎon

After assessing the proportional hazards assumption with -10(-10 S(t» graphs, Cox

proportional hazards regression analysis were computed for the 2 outcomes ofinterest, time

to low-risk and high-risk HPV infections. Tables 17 to 20 show the results ofcrude and age­

adjusted Cox proportional hazards regression models for the 4 familles of explanatory

variables. The age-adjustments were done with age divided ioto 4 categories (18-24,25-34,

35-44,45-60), treated as an ordinal variable in the models. This fonn assumed linearity for

the 4 levels, which has been verified graphically for low-risk and high-risk infection. In

addition, using tbis fonn requires estimation ofonly one parameter instead ofthree in the Cox

models.
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4.1 Cnide alld agf!-tUljllStf!d ÛŒ lIUNldsfor SOCÜHÜlIIOgrtIJI1Jic c1JaraetD'istics

The association found between incident low-risk infections and age indicated an increasing

hazard ofinfections with increasing age~ a1though not statistically significant (table 17). Non­

white women also had a higher risk ofdeveloping low-risk infections, the hazard ratio (HR.)

being 1.53 (95%CI: 0.94-2.50) when compared to white women. This association remained

unchanged after adjustment for age. A positive association was also found between the level

of education and incident low-risk infectio~ and increased after adjustment for age. The

hazard ofdeveloping a low-risk infection during foUow-up for women with at least some high

school education was 1.66 (95%CI: 0.93-2.95) rimes that ofwomen who reported at MOst

elementary school.

Age was strongly associated with incident high-risk infection. However~ the association was

in the opposite direction as the one seen for low-risk HPV, older age being associated with

a lower hazard ofhigh-risk infection. Comparatively to HRs obtained for low-risk infections,

the ones for high-riskall excluded oneand were stronglysignificant: 0.38 (95%CI: 0.20-0.70)

for women 25 to 34 years~ 0.23 (95%CI: 0.10-0.49) for women 35 ta 44 years~ and 0.12

(95%CI: 0.03-0.53) for women 45 ta 60 years, when compared to women 18 to 24 years of

age as the reference categoJY (p-value for trend <0.0001).

4.2 Cnide IIIId agf!-tUIj"sleiI ÛŒ lIUNlds for """,,ers ofsexlllIllICtivity

Table 18 shows the associations between various markers ofsexual activity and incident low­

risk and high-risk HPV infection. For low-risk infection, associations were seen with number

of sexual parloers, with the more recent sexual history such as past S years and past year

resulting in associations of the strongest magnitude. The age-adjusted hazard of low-risk

infection was 4.51 (95%CI: 2.21-9.21) times higher in women who had 2 or more sexual

partners in the past year compared to women who had 0 or 1 semai partner. Women who

reported having ever had oral sex perfonned on them were also more likely to have developed

low-risk HPV infections, age-adjusted BR 1.69 (9S%CI: 1.01-2.83) when compared to

women who reported having never had oral sex performed on them.
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High-risk infections were associated with ail markers of sexual activity, although with

borderline significance for anal intercourse, and not statistically significant with oral seXe

Older age al first intercourse was associated with a lower hazard ofhigh-risk infection, age­

adjusted HR=O.38 (95%CI: 0.20-0.74) for women who had 18 years or more compared ta

wornen who had 17 years or less at the lime of their tirst sexual intercourse. StatisticaUy

significant positive associations were obtained for numbers ofsexual partners for aU referenœ

periods, with the strongest association seen for the more recent sexual history, the past year.

The hazard for high-risk HPV infection during foUow-up among wornen who reported 2 or

more sexual partners in the past year was 4.89 (9S%CI: 2.37-10.08) limes higher than for

wornen who had 0 or 1 partner. Raving everexperienced anal intercourse was associated with

a higher risk: age-adjusted HR=1.64 (95%CI: 0.95-2.83) for women who ever experienced

anal intercourse compared to women who never did.
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Table 17: Crude and age-adjusted COI proportional hazards regression models for sociodemographic characteristics

Low-rilk incident HPV infection Bigb-rilk incident HPV infection

Crude Age-adjulted Crude Age-adjulted
Variables BR 9~·1. CI BR 9so/. CI BR 9so/. CI BR 9SY.CI

Age
18-24 1.00 pJ=O./70/ 1.00 p<O.OOO/
25-34 1.07 (0.50-2.30) 0.38 (0.20-0.70)
35-44 1.28 (0.59-2.79) 0.23 (0.10-0.49)
45~ 1.77 (0.72-4.37) 0.12 (0.03-0.53)

18-24 1.00 1.00
25.()() 1.24 (0.61-2.50) 0.29 (0.16-0.50)

Ethnicity
white 1.00 1.00 1.00 1.00
non-white 1.53 (0.94-2.50) 1.52 (0.93-2.48) 1.24 (0.72-2.15) 1.31 (0.75-2.27)

Education lml
incompl. clcmentary 1.00 p=O.33J6 1.00 p=O.2J47 1.00 p=O.4504 1.00 p=O.9832
clemcntary 1.03 (0.56-1.89) 1.10 (0.60-2.04) 0.94 (0.49-1.80) 0.76 (0.40-1.46)
high scbool 1.72 (0.83-3.56) 2.04 (0.96-4.34) 1.20 (0.52-2.78) 0.80 (0.34-1.88)
collcgclunivcrsity 0.92 (0.21-4.01) 0.97 (0.22-4.26) 1.72 (0.49-5.99) 1.44 (0.41-5.02)

s elcmcntary 1.00 1.00 1.00 1.00
~ high scbool I.S2 (0.86-2.67) 1.66 (0.93-2.9S) 1.3S (0.71-2.58) 1.09 (0.57-2.09)

Income (USS)
0.00-157.99 (IQ) 1.00 p=O.8185 1.00 p=O.750J 1.00 p=O.2305 1.00 p=O.3579
158.00-264.99 (2Q) 1.67 (0.85-3.26) 1.67 (0.85-3.26) 1.03 (0.50-2.10) 0.98 (0.48-2.01)
265.00-419.99 (3Q) 0.86 (0.40-1.86) 0.84 (0.39-1.81) 0.86 (0.41-1.80) 0.95 (0.45-2.00)
420.00-3840.00 (4Q) 1.16 (0.56-2.41) 1.13 (0.55-2.36) 0.62 (0.27-1.41) 0.66 (0.29-1.51)

0.00-264.99 1.00 1.00 1.00 1.00
265.00-3840.00 0.76 (0.46-1.25) 0.74 (0.45-1.22) 0.73 (0.42-1.26) 0.81 (0.47-1.41)

1 P-value for trendfor variables wlth j or more categories, obtalned by treaflng the categorical variable as ordinal in a Cox regression model.
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Table 18: Crude and age-adjusted Cox proportional huards regression models for marken of sexual activity

Low-risk incident HPV infection Hilh-rilk infident HPV infection

Cnide Age-adjusted Cnide A..adjulted
Variables RR 9S-;. CI RR 9S%CI RR 9S%CI BR 9S". CI

Age al first inlercourse
'=0.3730 p=O.6356 1.00 1.00 p=0.0/2S 1s,cars 1.00 1.00 p<O.OOO/

16-1 years 0.84 p r40-1.741 0.84
r

400
1.

7S
1

0.71 r3So,.321 0.70 r.3So,.3°118-19 years 1.14 0.56-2.34 1.10 0.54-2.26 0.38 0.17-0,85 0.42 0.19-0.94
~ 20 years 1.23 0.63-2.39 1.10 0.55-2.20 0.14 0.05-0.42 0.22 O.07-o.6S

S 17 ycars 1.00 1.00 1.00 1.00
~ 18ycars 1.31 (0.80-2.13) 1.20 (0.72-2.01) 0.29 (0.IS-o.S5) 0,38 (0.20.0.74)

Lifetimc number of partners
1.00 p=0.OO34 1.00 p=0.OO36 1.00 p=0.024/ 1.00 p=0.OO360-1

2-3 0.78 ~O.41-1.51~ 0.78 ~0.40-1.S0~ 2.33 ~1.22-4.46~ 2.36 ~1.23-4.51~
~4 2.45 1.41-4.24 2.44 1.41-4.22 2.13 1.03-4.42 2.34 1.13-4.87

0-1 1.00 1.00 1.00 1.00
~ 2 1.41 (0.85-2.32) 1.40 (0.85-2.31) 2.2S (1.24-4.10) 2.35 (1.29-4.29)

Number ofpartners past 5 )'IS
1.00 1.00 1.00 1.000-1

~ 2 3.17 (1.93-5.21) 3.S3 (2.12-5.86) 2.63 (1.50-4.61) 2.10 (1.19-3.72)

Number ofpartners past year
1.00 1.000-1 1.00 1.00

2:2 4.20 (2.07-8.51) 4.51 (2.21-9.21) 5.67 (2.76-11.66) 4.89 (2.37-10.08)

Anal intercourse
never 1.00 1.00 1.00 1.00
ever 0.85 (0.51-1.41) 0.87 (0.52-1.46) 1.69 (0.98-2.92) 1.64 (0.95-2.83)

Ora1sex
oever 1.00 1.00 1.00 1.00
ever 1.56 (0.94-2.58) 1.69 (1.01-2.83) 1.47 (0.84-2.58) 1.22 (0.70-2.15)

1 P-vQluelor trendlor varlQbles w/th 3 or more cQtegorlest obtQjned by treQting the cQtegor/cQI vQr/Qble QS ordinQI /n QCox regress/on model.
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4.J Cnide IIlUllIge-tUljllSt. Cœ ""'*ls for reprotlMctWe l1li4COIltnu:.~"_ory
In crude models, ooly one variable from this group was associated with one of the two

outcomes producing a UR statisticaUydifferent from unity: previous Pap cytology. As can be

seen in table 19, the hazard ofhigh-risk HPV infection among women who reported having

had 6 or more previous Pap smears is 0.46 (95%CI: 0.26-0.83) times the one for women who

reported 0 to 5 previous Pap tests. However, this association became less protective and non­

significant upon adjustment for age. Qnly one fador became significantly associated with

high-risk HPV infection after controlling for the confounding etrect of age: condom use.

Condom use showed a protective etrect for both high- and low-risk infections, but was

statistically significant ooly for the former: age-adjusted HR for high-risk infection=O.55

(95%CI: 0.32-0.96) for women who ever used condoms compared to women who reported

never having used them.

For incident low-risk HPV infection, a positive association was found with the use of non­

commercial hygienic absorbents and with Medical consultations for STDs. Frequent vaginal

douching was found to be negatively associated with low-risk HPV infection. However, the

confidence intervals for those HR did not exclude unity.

4.4 Cnide ",,4 tJge-tUljllst. Cax ""'*ls for selected lifestyle flletors

As shown in table 20, smoking status, Iifetime smoking exposure, and alcohol drinking

resulted in positive associations with both outcomes in crude and age-adjusted models.

However, none of these associations was statisticaUy significant. Especially for smoking

status, since it is very often correlated with sexuaI habits, further adjustment was necessary

in order to determine whethertherewas an independent contribution to the risk ofdeveloping

an infection.
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Table 19: Crude and age-adjusted COl. proportional hazards regression models for various indicators of reproductive and

contraceptive history

Low-rilk incident HPV inlectioll Hip-rilk i.ciden. HPV i.fectioll

Cn. A..adjulted Cn. Ap-adjulted
Variabla BR 9S-/_ CI BR 9S%CI BR 95% CI BR 95~. CI

Ycan ofOC use
0.00-0.25 (IQ) 1.00 pl=O.7974 1.00 p=O.9622 1.00 p=O.3573 1.00 p=O.8535
0.26-3.00 (2Q) 1.03 (0.52-2.04) 1.09 (0.55-2.17) 0.56 (0.27·1.16) 0.52 (0.25·I.OS)
3.01-7.00 (3Q) 1.18 (0.58-2.38) 1.16 (0.57·2.34) 0.98 (0.49·1.96) 1.19 (0.59·2,41)
7.01-29.00 (4Q) 1.05 (0.50-2.21) 1.00 (0,47-2.10) 0.52 (0.22.1.23) 0.83 (0.34·2.02)

0 1,00 p=O.8500 1.00 p=O.7148 1.00 p=O.7458 1.00 p=O.4465
<6ycars 1.11 (0.54-2.31) 1.16 (0.56-2.41) 0.68 (0,33-1.42) 0,68 (0.33-1.42)
~ 6 ycars 0.98 (0,44-2.16) 0.93 (0.42-2,07) 0.80 (0,37..1.76) 1.27 (0.55·2.91)

Never 1.00 1.00 1.00 1.00
Ever 1.06 (0.53-2.15) 1.07 (0.53..2.16) 0.73 (0.36-1.45) 0.81 (0.40-1.63)

Number ofpregnancies
0-1 1.00 p=O.7820 1.00 p=O.8878 1.00 p=O.5530 1.00 p=O.2516
2-3 0.93 (0.46-1.92) 0.S4 (0.40-1.76) 1.07 (0.48-2.40) 1.63 (0.72-3.70)
4-S 0.76 (0.33-1.77) 0.66 (0.27-I.S8) 0.82 (0,32-2.10) 1.'0 (0.'7-3,97)
~6 1.20 (O.l4-8.SI) 0.98 (0.41-2.38) 0.86 (0,32-2,29) 2.09 (0.73.0.01)

0-2 1.00 1.00 1.00 1.00
~ 3 1.01 (0.61-1.67) 0.91 (0.53·1.54) 0.67 (0.39·1,16) 1.06 (0.59·1.92)
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Table 19: Cnde and age-adjulted COI proportiona' buards regression models for various indicaton of reproductive and contraceptive
hiltory (continued)

Low-rilk incident HPV infection Higb-risk incident HPV infection

Cnlle Age-adjulted Cnde Age--Idjulted
Variables BR '5% CI BR 95% CI BR 95",. CI RR '5% CI

Age al menarche
8-11 1.00 1.00 1.00 1.00
12-19 0.88 (0.49-1.57) 0.83 (0.46-1.49) 0.69 (0.38-1.25) 0.84 (0.46-1.53)

Use of hygienic tampons
Nevcr 1.00 1.00 1.00 1.00
Ever 0.66 (0.27-1.65) 0.71 (0.28-1.77) 1.23 (0.55-2.72) 1.01 (0.45-2.25)

Use of non-œmmcrcial absorb.
Never 1.00 1.00 1.00 1.00
Ever 1.47 (0.90-2.40) 1.38 (0.83-2.28) 0.82 (0.47-1.43) LIS (0.65-2.04)

Vaginal douching
Nevcr/raœly 1.00 1.00 1.00 1.00
AlwayslfRqucntly 0.40 (0.13-1.28) 0.38 (0.12-1.23) 0.89 (0.3.5-2.24) 1.01 (0.40-2..5.5)

Vaginallvulvar infection
Never 1.00 1.00 1.00 1.00
Ever 1.17 (0.61-2.23) 1.16 (0.61-2.23) 1.20 (0.58-2.4.5) 1.22 (0.60-2..51)

Genital discomfort past .5 yrs
No 1.00 1.00 1.00 1.00
Yes 0.98 (0.60-1.62) 0.97 (0.59-1.60) 0.67 (0.37-1,21) 0.71 (0.40-1.29)

Genital discomfort past 2 ds
No 1.00 1.00 1.00 1.00
Ves 0.74 (0.43-1.27) 0.73 (0.43-1.27) 0.90 (0.50-1.60) 0.90 (0..50-1.60)
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Table 19: Cnade ad age-adjulted COI proportion" huards regression models for various indicaton of reproductive and contraceptive
history (continued)

Low-risk incident BPV infection Bip-risk incident BPV infection

Cnade Age-adjusted Cnade Age-adJusted
Variables BR 'S·I. CI BR 9S%CI BR 'S". CI BR 'S·/é CI

Condom use
Nevcr 1.00 1.00 1.00 1.00
Rarely 1.01 (0.60-1.71) 1.03 (0.61-1.74) 0.58 (0.31-1.11) 0.52 (0.27-1.00)
Frequcntly 0.53 (0.25-1.13) 0.55 (0.26-1.17) 0.72 (0.36-1.44) 0.60 (0.30-1.21)

Ncvcr 1.00 1.00 1.00 1.00
Evcr 0.82 (0.50-1.34) 0.84 (0.52-1.38) 0.64 (0.37-1.09) 0.55 (0.32.{).96)

Consultation for S'IDs
Never 1.00 1.00 1.00 1.00
Evcr 1.66 (0.96-2.89) 1.65 (0.95-2.86) 1.36 (0.71-2.59) 1.39 (0.73-2.66)

Previous Pap cytologies
0-2 (IQ) 1.00 p=0.5863 1.00 p=0.9683 1.00 p=0.OO92 1.00 p=0.3661
3-5 (2Q) 1.32 (0.65-2.71) 1.26 (0.62-2.59) 0.71 (0.37..1,35) 0.80 (0.42-1.54)
6-10 (3Q) 1.59 (0.77-3.27) 1.43 (0.69-3.00) 0.34 (0.14-0.81) 0.50 (0.20-1.21)
~ 11 (4Q) 0.54 (0.54-2.56) 0.98 (0.44-2.22) 0.43 (0.19-0.94) 0.83 (0.34-2.03)

0-5 1.00 l,OO 1.00 1.00
~6 1.17 (0.72-1.91) 1.06 (0.63-1.77) 0.46 (0.26-0.83) 0.71 (O.37-1.34~

J P-vaille for trendfor variables with 3 or more categories, obtalned by Ireatlng the variable as ordinal ln a Cox regresslon model.
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Table 10: Crude and age-adjusted COI proportional huards regression models for selected lifestyle faeton

e

Low-risk incident HPV infection Higb-risk incident HPV infection

Cl1Ide Age-adjusted Cl1Ide Age-adjulted
Variablet BR 95". CI HR 95·" CI HR 95°/. CI HR "·"CI

Smoking status
Not currcnl smoker 1,00 1,00 1.00 1.00
Cunent smokcr 1.52 (0.93-2.48) 1.51 (0.92-2.48) 1.57 (0.91·2.72) 1.65 (0.95·2.86)

Lifctime smoking cxposure
(pack.yc:m)

0 1,00 p=O.239J 1.00 p=O.3086 1.00 p=O.442S 1.00 p=O.J2J6
0.01·1.40 (IQ) 0.85 (0.35-2.04) 0.90 (0.37·2.18) 1.26 (0.54·2.92) 1.01 (0.44·2.36)
1.41·5.40 (2Q) 1.65 (0.82-3.30) 1.71 (0.85-3.43) 1.00 (0.41·2.46) 0.97 (0.40·2.37)
5.41·11.20 (3Q) 1.65 (0.78-3.50) 1.62 (0.77-3.43) 1.39 (0.60·3.23) 1.77 (0.75-4.18)
Il.21..55.S5 (4Q) 1.20 (0.58-2.46) 1.13 (0.55·2.32) 1.29 (0.60..2.78) 1.79 (0.81 ..3.96)

0 1.00 p=O.3459 1.00 p=O.4J07 1.00 p=O.3879 1.00 p=O.J185
0.01-4.50 (median) 1.33 (0.73·2.41) 1.41 (0.77·2.58) 1.l3 (0.56..2.26) 0.97 (0.48·1.94)
4.51..55.55 1.29 (0.72·2.30) 1.23 (0.69·2.20) 1.32 (0.71 ..2.47) 1.76 (0.92·3.36)

A1cohol drinking
Nevcr 1.00 1.00 1.00 1.00
Ever 1.42 (0.81·2.49) 1.45 (0.82·2.56) 1.28 (0.69·2.36) 1.26 (0.68·2.32)

1 P-value for trendfor variables wlth 3 or more categories, obtalned by treatlng the variable as ordinal ln a Cox regresslon model.
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4.5 M"ltivlll'Ülb/~ Cox ngressiOll lIIOIlI!ls for Im.-risk HPV ;"f~ctio"

Variables that were considered as potential detenninants for low-risk HPV infection based

on crude and age-adjusted analyses were as foUows: age, race, education leve~ age at first

sexual intercourse, number ofsexual partners (1ifetime, past 5 years, and past year), oral sex,

use of non-commercial sanitary absorbent during menses, vaginal douching, genital

discomfort in the past 2 days (p~ itching, discharge), medical consultation for STDs, and

smoking status. Women with complete infonnation for these variables were included in the

analysis for the selection ofthe final model (N=628). A total of65 incident low-risk HPV

infections was detected during foUow-up.

Mutual adjustment of the detenninants identified in crude and age-adjusted models had a

substantial eifect in reducing the magnitude of association and statistical significance for

variables that had shown borderline significance or that were not statistically significant. For

example, once further adjusted for other markers of sexual aetivity, the associations for

lifetime number ofpartners and cunnilingus were moved towards unity and clearly lost their

statistical significance. An increase in the magnitude of association for the use of non­

commercial absorbents during menses was notOO upon adjustment for level ofeducation and

for number ofsexual partners ofthe past 5 years.

Table 21 shows the final models for incident low-risk HPV infection. The determinants

identified with the unrestricted sample, i.e. including infections with unknown HPV types as

low-risk HPV infections, were age, number ofsexual partners in the past 5 years, and level

ofeducation attained. In terms ofage, wornen in any ofthe last 3 age categories had a hazard

oflow-risk infection during foUow-up 1.41 (95%CI: 1.06-1.86) limes higher than wornen

from the preceding age category after controlling for number ofsexual partners in the past

5 years and education level.

Sexual partners during the past 5 years, rather than Iifetime partners was a strong determinant

oflow-risk HPV infection. Women who had 2 or more sexual partners in the past 5 years had
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a risk of developing a low...risk infection 3.S1 tintes higher than women who had 0 or 1

partner during this period (9S%CI: 2.12-5.82) after controlling for age and education level.

Higher education level was associated with an elevated hazard for a low...risk HPV infection:

adjusted HR=1.73 (0.98-3.07) for women with at least some high school education compared

to women with at MOst a completed elementary level schooling.

Low-risk HPV infections were further defined as only those infections with known types. Any

HPV infection with an undefined type was therefore excluded fram the analysis resulting in

a sample size ofN=613 and 49 incident infections. The same variables previously identified

were again selected as relevant in this final modet with the addition ofa new variable: use of

non-commercial sanitary absorbent during menses. Wornen who reported having ever used

non-commercial sanitary absorbents had a higher hazard of developing a low-risk HPV

infection during foUow-up: 1.82 (9S%CI: 1.01-2.28). The association with age remained

unchanged. 80th the associations with number of semai partners and education became

stronger in magnitude.
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• TableZ!: Final Dlultivariable COI regreslion Dloctets for ineideat low-risk RPV

infection

ladudial
HPV of unuown types

Variables Bazard ratio 95% CI

Exdudial
HPV of ualmowft types

Bazard ratio 95% CI

Number sexual partners
past 5 years

0-1
~2

Education level
~ elementary
~ high school

Use ofnon-commercial
hygienic absorbents

Never
Ever

1.41

LOO
3.51

1.00
1.73

(1.06-1.86)

(2.12-5.82)

(0.98-3.07)

1.40

1.00
4.49

1.00
2.22

1.00
1.82

(1.01-1.95)

(2.52-8.00)

(1.15-4.27)

(1.01-3.28)

•

J Age codedinto 4 categories(18-24. 25-34. 35-44. 45-60) andIrealedasan ordinal variable in the model
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4. 6 M"ltivtui_/~ Cox ngrasio" lItOtWsfor Idgll-lÜk HPY;"f«tio"

Variables considered as potential explanatory factors for the multivariable Cox regression

model for higb.risk HPV infection were identified usÎng the results trom the crude and age­

adjusted analyses. Any variable with a p-value less than 0.25 or biological relevance was

considered. The potential explanatory variables are as follows: age, age at tirst sexual

intercourse, numberofsexual partners (lifetime, past 5 years, past year), anal intercourse, oral

sex, age at menarche, number ofpregnancies~condom use, vaginal discomfort in the past 5

years (pain, itching, discharge), previous Pap tests, and smoking status. The sample used for

these analyses included 624 women with complete information for the above-mentioned

variables and gave rise to 52 incident high-risk HPV infections.

ln a similar fashion to what bas been seen for markers ofsexual activity when building the

models for low-risk HPV infection, recent number of sexual partners (past year) was

identitied as an independent determinant of risk rather than lifetime panners. Although an

association of high-risk infection with anal intercourse and cunnilingus was suggested by

results trom crude and age-adjusted analyses, it completely disappeared upon adjustment for

age at tirst intercourse and number ofsexual partners. The age-adjusted association seen with

CUITent smoking was a1so decreased after controlling for the effect ofnumber sexual partners,

corroborating the hypothesis that smoking status is correlated with sexual behaviour.

Smoking was therefore not included in the final model.

As shown in table 22, the variables identified as independent detenninants of incident high­

risk HPV infection were age, age at tirst intercourse, number ofsexual partners in the past

year, and condom use. In terms ofage, women in any ofthe last 3 age categories were less

likely than women from the preceding age category to have developed a high-risk HPV

infection during foUow-up, after controUing for age at first sexual intercourse, number of

sexual partners in the past year, and condom use: HR.=O.S5 (95%CI: 0.38-0.79) forwomen

in one age category compared to women in the preceding one. An aider age at tirst sexual

intercourse was a1so found ta he protective. Wornen who had their first sexual intercourse at
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• 18 years or older had a hazard ofdeveloping a high-risk infection ofone-third compared to

that ofwomen who initiated sex at 17 years or younger (HR.=0.36, 95%CI: 0.18-0.72).

Wornen with 2 or more sexual partners in the past year had a 4.47 times higher risk of

incident infection with a high-risk type during foUow-up than women with 0 or 1 sexual

partner, after controlling for other variables included in the final model (95%CI: 2.16-9.26).

A protective association was obtained for condom use: H:R...ï.=0.57 (95%CI: 0.33-0.98) for

women who reported having ever used condoms compared to wornen who had never used

them.

Table 22: Final Dlultivariable Cos regression model for iDcident hilb-risk HPV

infection

Variables

Age at tirst sexual intercourse
s 17 years
~ 18 years

Nurnber sexual partners past year
0-1
~2

Condom use
Never
Ever

Hazard ratio

0.55

1.00
0.36

l.00
4.47

l.00
0.57

95% CI

(0.38-0.79)

(0.18-0.72)

(2.16...9.26)

(0.33-0.98)

•

J Age codedinto 4 categories (18-24, 25-34. 35-44, 45-60) andtreatedas an ordinal variable in the ",odel
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DISCUSSION

1 Advantage5 of studyiag incident infectioDs

Most studies ofHPV infection have been based on cross-sectional designs, mainly because

of the cost associated with prospective cohort studies. Although limited by the absence of

temporal relationship, these prevalencestudies havecontributed enonnously to the knowledge

ofthe association between HPV infection and cervical cancer. However, in view ofprimary

preventionofcervicalneoplasia, understandingthe incidenceofclinically relevant HPVwould

allow to target the early causes ofdisease (Franco, 1997). More specifically, understanding

the transmission of low-risk and high-risk HPV is a tirst step towards the development of

public health programs aimed at preventing HPV infection.

1 Population epidelDÎological prorde

The epidemiological profile obtained was one that could be expected for a non-industrialized,

Latin American population. The low level of education - only 18% of the study wornen

having attended high school- and the low income - the Median monthly family incarne being

USS265 - are among the expected sociodemographic features. Another charaeteristic is the

relatively low number ofsexuaI partners reported, the Median being 2lifetime sexual partners.

Similar figures have been obtained for lifetime sexuaI partners in a previous study in 10a

Pessoa, 8razil (Franco et al., 1995). As expected in a non-industrialized country where birth

rates are historically higher than in industrializOO countries, the number of pregnancies

reported was high: close to two-thirds of the wornen reported having had 3 or more

pregnancies. The relatively low use of hygienic tampons and condoms, combined with the

common use of non-commercial absorbents during menses brought greater strength to the

picture ofan economically disadvantaged population.

The age distribution obtained ranged ftom 18 to 59 years, with a Median of33 years. The

majority ofwomen were agOO between 25 and 44 (7()oAt) and 17% were younger. Such an age

distribution should enable us to study the effect ofage on the incidence ofHPV infection.
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3 Incidence density rates of HPV ïafectïOD

To our knowledge there exists only one other study in which person-time incidence rates of

HPV infection have been pubüshed (van Doomum et aL,1994). The authors ofthis study

conducted in Amsterdam reported an incidence rate of47.1 HPV infections pec 100 women­

years, or 39.2 infections per 1000 women-months. This incidence rate is therefore more than

twice as high as the one obtained in the current study for ail HPV infections irrespective of

type: 16.4 newly detected infections per 1000 women-months (table Il). However, Many

differences between the two studies render the comparison difficult to interpret. The

populations themselves are totaUy ditTerent: the Brazilian wornen represent a population from

a developed country with few sexual partners, whereas the wornen who participated to the

Amsterdam study had had at least 5 sexual partners in the 6 months prior to enrollment. This

inclusion criterion was related to the primary object ofthe study: the heterosexual spread of

mv (van Doomurn et al., 1994). The Ludwig-McGill study tested for more than 40 HPV

types whereas the Amsterdam study was designed to detect ooly types 6/11, 16, 18, and 33,

a difference that would intuitively result in higher incidence rates ofinfeetion in the Brazilian

cohort. In the Amsterdam study, however, HPV DNA was detected from ceU specimens

taken at multiple body sites such as mouth, anus, rectum, cervix, labia minora (van Doomurn

et a1.,1994). A fairer comparison would require a breakdown per site for the Amsterdam

study and restriction to types 6/11, 16, 18, and 33 in the Brazilian study. Even these

modifications would leave room for a lot ofvariation between the 2 populations.

The presence ofHPV DNA was assessed every 4 months. It is possible that sorne women

have developed and cleared HPV infections during these intervals. The incidence density rates

obtained would then underestimate the true incidencedensity in the study population. Another

possible source ofunderestimation would be the assumption that had to be made with regards

to the timing of infection. For example, when a woman became HPV positive at ~ the

positivity was considered at that exact point in lime, not in the middle ofthe interval t 1 - t2.

However, both ofthese sources ofunderestimation ofthe incidence density are minimized by
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the relatively frequent testing: 4 months compared to 6 months or even 12 rnonths in other

studies.

By definition, women who harboured an HPV infection at the baseline visit were excluded

from this research project. Sorne ofthese women might he more susceptible to HPV infection

and be at higher risk of developing new infections than women who were HPV-free at

baseline. This would also contribute to underestimate the incidence density rates. However,

since the dynamics ofinfection have barely been studied in detail~ it is difficult to estimate the

risk of subsequent infection conveyed by an HPV positive status at one point in time. This

question could be addressed by foUowing closely the HPV status of these women for

clearance ofthe infectio~development ofnew infections, and their respective timing. As the

ongoing Ludwig-McGiU rohort study progresses, it will he possible to study the dynamics of

infections (development and clearance) with a larger number ofsubjects and a longer foUow­

up time. This will aUow to include in a future study of incidence, wornen who were HPV

positive at baseline and who became HPV negative at a subsequent visit. Such an analysis

could aIIow to determine ifthese women were, in fact, at higher risk ofdeveloping subsequent

HPV infections.

Different patterns for low-risk and high-risk HPV infection are suggested by the incidence

rates obtained after stratification for age. The incidence rates for low-risk HPV infection

increase slightly with age, a1though not significantly. Conversely, incidence rates for high-risk

HPV infections decreased markedly with age. The reasons for these differences cao ooly be

hypothesized at tbis point. The immune response to HPV infection could differ between low­

risk and high-risk types. It has been hypothesized that antibodies might be less efficiently

produced as a result oftransient infections (GaIloway,1996). Given results indicating that

high-risk HPV types were more Iikely to be persistent than low-risk ones (Hildesheim et

al., 1994), it could he further hypothesized that the antibody production might be more

efficient for high-risk HPV. In this model, older age wouId therefore result in a better immune

response due to a longer lifetime exposure to HPV. These patterns could a1so be indicative
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ofseparate pathways oftransmission for low-risk and high-risk types. Ifit is considered that

younger wornen have a higher exposure in terms ofnew sexual partners, the incidence rates

obtained could suggest that transmission ofhigh-risk types is more strongly associated with

sexual activity than that oflow-risk types, given the decrease in incidence rates with age for

high-risk but not for low-risk types.

The effect of HPV DNA detection ftequency on the incidence rates of infection was an

important feature to verify, since the obvious criticism ofstudies with multiple HPV testing

is that they would falsely increase the incidence rates of infection by allowing to detect a

number ofevents ofinterest that would not have been detected otherwise. However, tbis was

not apparent in our study. Upon stratification for the number ofretums after the baseline visit

(l, 2 or 3), aU the stratum-specifie incidence rates ofoverall HPV infection were comparable

(table 12). This suggests that while the cumulative numberofinfection is elevated by multiple

HPV testing during the course of the study, the incidence density rates are not affeeted.

Comparisons of incidence rates among studies would consequently not be hampered by

differenees in their HPV testing schedules. In terms ofstudy design, the implications oftbis

finding are substantial. Prospective studies on HPV would not be constrained to use the same

testing intervals in order to obtain incidence rates that can be fairly compared with those ftom

other studies.

4 Cumulative distribution of low...risk and high-risk HPV infection

The actuarial analysis of newly detected HPV infections resulted in similar cumulative

probabilities for both low-risk and high-risk types (figure 3). No comparable analysis bas been

published in the literature and therefore these results cannat he contrasted with others.

However, since they were obtained for ooly a sub-group ofthe Ludwig-MeGiU cohort study

population, it will be interesting ta compare the present estimates with those obtained in the

future for ail participants and with a longer follow-up.
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S.l Sociodf!lIIOgrtlpltic c"lII'tICImmcs1HIssl 011 crutk tUUl age-tUljusted tullIlyses

Results from Kaplan-Meieranalyses for sociodemographiccharacteristics suggested that ooly

ethnicity was associated with tinte to low-risk HPV infection (table 13). Literature on HPV

suggests that the susceptibility to HPV infection does not vary according to race

(Schiffinan, 1994). The higherIikelihood ofincident10w-riskHPVinfectionamong non-white

women could be associated with factors such as die~ socioeconomic status or behaviour for

which ethnicity would ooly he a proxy.

A greater hazard of low-risk HPV infection was also found among women who reported a

higher level of education (table 17). This finding is opposite to those published ftom

prevaience studies. In two American populations, women who had attained a higher level of

schooling had a lower prevalence ofHPVinfection than the less educated women (Hildesheim

et al., 1993; Bauer et al., 1993).

The direction of association obtained with age was also different from what was expeeted

based on prevalence studies ofoverall HPV (Hildesheim et al., 1993; Bauer et al., 1993) and

a cross-sectional study where low-risk infections were treated separately from high-risk ones

(Richardson, 1996). Instead ofa decrease of incidence with increasing age, older women in

the current study had a slighdy higher hazard ofinfection with a low-risk HPV type.
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5.2 Marlers ofsalllI1l1C1ivity 6avd 011 crIl_ tUUlllge-adjllSletilUlll1ysa

Based on actuarial analysis, women with multiple partners in the past 5 years, in the past YeM,

and women who had experienced cunnilingus had higher cumulative rates ofnewly detected

HPV infection with low-risk types (table 14). In regression models, adjustment for age

increased the magnitude of association with cunnilingus, also rendering it statistically

significant (table 18).

The association between number of sexual partners and prevalence of HPV infection bas

varied greatly amang studies condueted with ditrerent populations. Results trom these studies

have ranged ftom an absence ofassociation to a strong relationship between multiple sexual

partners and prevalence of HPV infection (Ley et al., 1991; Bauer et al., 1993; Wheeler et

a1.,1993; Rohan et ai., 1991; Hildesheim et aI.,1993; Kjaer et al., 1993). However, recent

results from our group suggested that the prevalence of low-risk HPV types was not

associated with sexual activity (Franco et al., 1995; Richardson, 1996). The higher incidence

oflow-risk HPV infection among women with multiple sexual partners, which was obtained

in the present study, is in contradiction with these previous results ftom our group.

No association was obtained in this study between the occurrence oflow-risk HPV infection

and the age at tirst intercourse, one ofthe frequently used markers ofsexual aetivity. Similar

results have been generated for low-risk HPV types in cross-sectional studies conducted by

our research team in Brazil (Franco et al., 1995) and in Montreal (Richardson, (996).
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5.3 l11diclltors of rqrodllctive aNl colltl'tlcel'tive llUtory 1HIs«l 011 Cnide 11114 age-

adjllstedtllllllyses

Results from the actuarial analysis suggested that three variables trom tbis group were

associated with the cumulative distribution ofnewly detected infections with low-risk HPV

types (table 15). Use ofnon-commercial absorbents during menses and consultation for STOs

were bath associated with higher cumulative probabilities of infection, whereas the reverse

was seen with frequent vaginal douche. Similar results were obtained by Cox regression

analysis, with very Iittle variation upon adjustment for age (table 19). Few studies have

addressed the use ofnon-commercial absorbents during menses, a factor that is obviously

more appropriate for populations trom non-industrialized countries. Previous results trom our

research team had not suggested an increased prevalence of low-risk HPV infection

associated with the use ofhorne-made absorbents (Franco et al., (995). However, our results

for vaginal douche corroborate those trom two studies that suggested a decreased prevalence

oflow-risk HPV infection among wornen who used vaginal douches (Franco et al., 1995;

Richardson, 1996).

5.1/ Lifestylefactors 6ad 011 Cnide alld age-adjllste4allalyses

Results trom both Kaplan-Meier and Cox regression analyses suggested an elevated hazard

of infections with low-risk HPV types for current smokers and for women who reported

drinking alcohol (tables 16 &. 20). The lifetime smoking exposure did not have an effect on

the incidence oflow-risk HPV infection. The elevated hazard oflow-risk HPV infection for

current smokers is in accordancewith the hypothesisoftobacco-induced immunosuppression,

which could result in a less efficient ability to protect the cervix against infection by HPV

(Barton et al., 1988). Due ta the transient nature ofHPV infections, an effect ofturrent rather

than lifetime exposure to tobacco is intuitively plausible.
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5.5 Deter"';It.' pl'Ofile of;ltCü/ell' Iow-rislc HPV;"fectioll lHued 011 "",/tivllritlble

Cox regressioll alltllysis

The final model obtained included age, numberofsexual partners in the past 5 years, and level

ofschooling attained as independent predietors ofincident Iow-risk HPV infection (table 21).

As previously described, the positive association between age and time to development ofa

Iow-risk infection was unexpected. Possible explanations for this relationship with age include

a Iesser efficiency of the immune response to low-risk than to high-risk HPV types, and a

lesser importance ofsexually-related transmission for low-risk types compared to high-risk

HPV types. Different patterns of latency and reaetivation of infection according to

oncogenicity could a1so be considered.

The strong independent association between the number of sexual partners and the risk of

occurrence of low-risk infection suggests a transmission via sexual routes. It is in

contradiction with recent results which led to the hypothesis ofa lesser importance ofsexual

transmission for low-risk types (Franco et a1.,1995; Richardson, 1996).

The positive association between the lever of schooling and the time to low-risk HPV

infection was unexpected in view ofresults from prevalence studies. Published results suggest

a Iower, although not statisticaUy significant, prevalence of overall HPV infection among

wornen with a higher education level (Hildesheim et al., 1993; Bauer et al., 1993). The two

American populations from these studies differ markedly trom the Brazilian population

studied in the present research project. Results trom case-control studies ofinvasive cervical

cancer aIso showed a decrease in HPV prevalence within increasing levels ofschoolingamong

control women (de Sanjose et al., (996). The level of education is used as a marker of

socioeconomie status and is often associated to behavioural differences related to various

topies which include: sexual habits, diet, attitude towards hea1th and screening. The effect of

education cao possibly vary depending on the countries' social and economical situation. This

makes education a very global marker and adds to the complexity of its interpretation.
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The multivariable analysis was al50 conducted on a restrieted sample tram which ail women

with HPV of unknown type were excluded. This procedure was perfonned in order to

eliminate possible misclassification due to the inclusion ofnon-typed HPV infection into the

low-risk category. The analysis aIIowed a refinement ofthe detenninant profile for low-risk

HPV types. In addition to the three variables mentioned above, use of non-commercial

absorbents during menses was included in the final model. White the magnitude ofassociation

between age and lime to low-risk infection did not change, the hazard ratios related to the

number ofsexual partners in the past S years and to the level ofeducation increased, as weil

as their respective statistical significance.

The profile obtained with this restrieted sample suggests that although sexual aetivity is an

independent detenninant, behavioural and hygjene components could possibly have an impact

on the likelihood ofdeveloping a low-risk HPV infection. These results might indicate a more

complex and multi-faetorial mode oftransmission for low-risk HPV types than for high-risk

ones, as will be described in the nen section.

6 Determinants of incident RPV infection witb bigb.risk types

6.1 SociodelllOgrapltic c1uu'tlctDistics lHIsed 011 crude alld age-adj"sted a"alyses

The ooly sociodemographic charaeteristic associated with the distribution ofhigh.risk HPV

infection during foUow-up was age (table 13). Results trom Cox regression models confinned

a strong negative association between age and time to high-risk HPV positivity (table 17).

The direction ofassociation is consistent with results from studies which had suggested that

the prevalence ofHPV infection decreased markedly with age (reviewed in Schiffinan, 1994).

The reasons for this important drop ofboth prevalence and incidence ofinfection with high­

risk HPVs are not known. Il is possible that the immune response to high-risk HPV is more

efficient in women who have had a longer exposure ta them. Given the opposite relationship

obtained with age for incident infections with low-risk HPV types, such a hypothesis implies
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a different reaetion ofthe immune system towards low-risk HPVs. A less efficient antibody

production in response to transientinfections, a charaeteristic more often associated with low­

risk HPV types, has already been hypothesized (GaUoway,1996).

6.2 Mmes ofSallal tlClivity IHI.wd 011 cru. Md lIge-tUljlUtedtI"~sa

AlI the markers ofsemai aetivity were associated with the distribution ofincident high-risk

HPV infection over time (table 14). Results from the age-adjusted Cox regression models

suggest a stronger association ofincident higb·risk infection with the past year sexual aetivity

rather than with the past S years or lifetime number ofsexual partners (table 18). Considering

that the latency Period is much shorter for the development of HPV infection than of

neoplastic lesions, it is conceivable that the most recent sexual history could he a better

predictor ofthe risk ofHPV infection. In a cross-sectional study using new sexual panners

for 3 reference periods (past year, past I-S years, past 5-10 years), recent sexual activity was

a better predictor ofHPV prevalence than distant sexual history (Fairleyet al., 1994).

6.3 Illdictltors of reprodllctive ad contraceptive "istory 611Sed 011 c",de and age-

ai"sted tUlalysa

Two indicators of reproductive and contraceptive history were associated with the

distribution ofnewly deteeted HPV infections with high-risk types in crude analyses (tables

15 & 19). Condom use and a higher number of previous Pap tests were both found to be

protective.

Although considered as a very efficient barrier for most sexually-transmitted diseases when

used correctly and during the entire semai relation, the role of condoms towards HPV

infection has yet to be determined. One study found lifetime condom use as an independent

proteetivedeterminant ofprevalence ofhigh-riskHPV infections. Conversely, recent condom

was independently associated with an increased prevalence of low-risk HPV infections

(Richardson, 1996).
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The protective association for higher number ofprevious Pap smears might he interpreted as

resulting trom a group ofwomen who are generally more health-conscious than wornen who

reported a lesser use of screening procedures. However, this apparent association was

confounded by age, this variable heing correlated with the number of Pap smears and

independendyassociated with the outcome. Results ftom the age-adjusted model for previous

Pap smears, which show a milder protective effect of previous cytologies and a loss of

statistical significance compared to the erude model, are consistent with this idea.

6.4 LifestyleftICtors basetiOlt c",tIe ad tlge-tldj"sted tllllllyses

Results generated by the crude and age-adjusted analyses suggested slightly elevated hazards

ofhigh-risk HPV infection for current smokers compared to non-current smokers (tables 16

& 20). Some studies ofprevalent HPV infection have suggested an increased risk associated

with smoking, based on crude analyses. Further adjustments for sexual activity and

sociodemographic indicators either lead to loss in magnitude and statistical significance

(Bauer et al., 1993; Hildesheim et al., 1993; Ley et al., 1991), to reversai of the direction of

association and loss ofsignificance (Wheeler et al.,1993) or to identification ofsmoking as

an independent determinant of prevalence ofHPV infection (Rohan et al., 1991).

6.5 Determilttlllt profile ofillcitlellt Idglt-risk HPVillfectioll bllSed 011 "."ltivtll'itJble

CtlX' regressiolt tllllllysîs

The independent determinants of time to high-risk HPV infection as determined by

multivariable Cox modeUing were: age, age at first sexual intercourse, number of sexual

partners in the past year, and condom use (table 22). The protective association with age

remained, although weaker, after controUing for markers of sexual activity in the model.

These results indicate that the drop in hazard ofhigh-risk infection with increasing age cao

be partly, but not entirely, attributed to lower sexual activity among older women.
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Similarly to what has been seen for markers ofsexual aetivity when building the models for

low-risk HPV infection, recent number of sexual partners (past year) was found as an

independent determinant ofrisk rather than lifetime partners.

Condom use was found to be protective against acquisition ofhigh-risk HPV infection. It

remains to be determined whether the identification of condom use as an independent

proteetive factor for high-risk but not for low-risk infection is indicative ofditrerences in their

modes oftransmission.

The determinant profile obtained for high-risk HPV infection is similarto the one for low-risk,

since it inc1udes both age and number of sexual partners. However, older age is associated

with a higher hazard for low-risk infections and a lower one for high-risk ones. In addition,

the variables quantifying the sexual partners do not refer to the same period ofreference. The

determinant profile for incident infection with high-risk HPV types is strongly related to

sexual activity. In addition to being associated with sexual activity, incidence oflow-risk HPV

infection was related to socioeconomic status and to the use ofnon-commercial absorbents

during menses. This couId he seen as partly supporting the hypothesis ofdifferent modes of

transmission for low-risk and high-risk HPV (Franco et al., 1995; Richardson, 1996).

However, since sexual aetivity is evidendyan important determinant ofincidence oflow-risk

HPV infection, no clear conclusion cao he drawn on this tapie.
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7.1 Il1terview-tkrived ;IIforllUltioll

The sexual behaviour ofthe male partner has not been taken ioto account in this study. This

Marker ofsexual behaviour is the most difficult taob~ since it requires fuU participation

from the husbands or male partners of the participating women. Case-control studies that

compared the sexual behaviour ofmale partners have been plagued by low response rates.

Nevertheless, they have indicated that husbands ofwomen with cervical cancer were more

ükely to report multiple extramarital partners and contacts with prostitutes than husbands of

control women (Brinton et al., 1989; Kjaer et al., 1991; Bosch et al., 1996). In order to obtain

information on male partners' sexual behaviour, it would have been necessary to recruît the

husbands of the women enroUed in the Ludwig-McGiU study. Although it would have

undoubtedly provided insightful information, this would have resulted in a substantial increase

in necessary funding, for an already expensive long-tenn foUow-up study. The study was

therefore designed to focus on women ooly.

The baseline interview elicits information on Iifetime use oforal contraceptives, rather than

current or recent use. In studying the incidence of neoplastic lesions, long-term oral

contraceptive use is probably an appropriate factor to investigate due to the latency normaUy

involved in such a pathological effect. For incident HPV infection, however, the MOst useful

information might he current use or fairly recent use of oral contraceptives. The Ludwig­

McGiU cohort study will address this question, since information on oral contraceptive use

since the last visit is coUected at each foUow-up retum. As data trom more women become

available for foUow-up visits, recent oral contraceptive use will be studied in relation to HPV

infection.

The information coUected on condom use could have been more detailed. The relative

frequency ofuse is ooly one aspect oftbis complex behaviour. More qualitative information

would be needed to perform a thorough assessment ofcondom use as a deterrninant ofHPV
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infection. This information could encompass the moment at which the condom is used (during

the entire intercourse or not), and consistency of use (Richardson, 1996). The population

studied is not the best one for addressing the various dimensions ofcondom use, since few

wornen reported using them regularly. Younger wornen with higher levels ofeducation might

prove to be more useful in leaming about the effect ofcondom on HPV infection.

There are advantages and disadvantages in performing an interview instead of a written

questionnaire. Sorne believe that sensitive information, e.g. sexual behaviour, would he better

obtained ifthe wornen were writing it instead oftelling an interviewer. The faet that the study

was conducted in a non-industrialized country with a low level of schooling prompted the

investigators to use interviews performed by female nurses. The nurse interviewer cao

therefore ask the questions in simple terms and malee sure it is weU understood. The use of

an interview ratber than a written questionnaire might a1so incite women to lcave a smaller

number of unanswered questions. Furthermore, it ensures that a reasonable amount oftime

is spent providing answers, which is not necessarily the case when a questionnaire is banded

out to the wornen.

7.2 L;mitlltiolU of'''e tlSSessmellt oflIegative HPVstlltlls tIIbase/ille

For tbis research project, women who had HPV negative cervical eeU samples at the baseline

visit were considered free ofHPV infection and therefore at risk for incident ones. It bas been

proposed that insufficient knowledge on latency and reactivation of HPV could result in

falsely classifying wornen as negative if the assessment was based on ooly one HPV test

(Schiffinan, (994). The solution proposed was to study the incidence ofHPV infection in

young wornen who have not been sexually active. The recruitment of a young population

which would require parental consent raises ethical and logistical issues especially when

working on viroses transmitted mainly via sexual contacts. Furthermore, the identification of

cervical infections or lesions in such a population could easily become problematic.

106



•

•

The current studyofincident HPV infection based on negative HPV status at the baseline visit

was our tirst effort in trying to elucidate the dynamic role ofHPV. This definition ofHPV

"negativity" rnay have different implications for low-risk and high-risk HPV types, due to

possible differences in their Iikelihood oftransience and persistence (Hildesheim et al., 1994;

Franco et al.). This definition might therefore he more appropriate for high-risk HPV types,

since they are more likely to he persistently detected than low-risk types.

7.1 Misclassifictltioll ofexposllre Md OIItcOIIIe

Sorne misclassification might he present in the exposure variables. However, since women are

interviewed without knowing their HPV status, it is more Iikely that misclassitication would

be non-differential, resulting in a bias towards the null for the measure ofassociation.

Misclassification ofHPV status due to imperfect sensitivity and specificity is expected since

no diagnostic test is perfecto However, PCR-based techniques have higher sensitivity and

specificity for detection ofHPV DNA than hybridization techniques used before the 19905

which did not amplify the viral DNA (Franco, 1997). They have been shown to result in less

misclassification ofHPV status than previous methods used in epidemiologic studies ofHPV

infection and cervical cancer (Schiffinan and Schatzkin, 1994). Furthermore, any

misclassification due to the detection method would he non-differential.

The inclusion of unknown HPV types into low-risk HPV would Iikely result in

misclassification of the low-risk HPV outcome variable. The analysis of low-risk incident

HPV infections excluding unknown types showed a clearer determinant profile, suggesting

that the associations had in faet been diluted by this misclassitication.

Given the important involvement required trom the participants, it was not possible to

conduet this study with a sample ofindividuals from the general population. To preserve the
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interna! validity ofthe study, completeness ofinformation and a good foUow...up retum rate

had to be favoured over the representativeness of the study sample towards the general

population. The subjects were therefore recruited as a convenience sample of volunteer

wornen who presented themselves at the participating clinics during the accrual period. The

participation rate, 70.5% and the retum rate of8()OIO after 36 months are high considering the

required ftequency ofvisits, the physical examinations, and the lengthy questionnaires. As

more data become available, it will be possible to assess the possibility ofa selection bias

using basic sociodemographic information from wornen who refused to participate and sorne

of the baseline information tram women who did and did not comply with the scheduled

returns.

In terms of external validity, the incidence density rates cannot be generalized at the

population level. Until more is known about the dynamics ofHpV infection and the important

risk factors, these rates will remain specific to the study population, but cao serve as

comparison figures when similar rates become available from other studies. In terms ofrisk

factors for incident HPV infection, however, there is no evidence ta this date indicating a

different etiology or transmission ofinfection in certain populations. These results are thus

more readily generalizable, with the caution that they were found in a population with a

relatively low level of education, low socioeconomic status, and in a non...industrialized

country.
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7.5 StI'engt/rs of'lte stIIdy

This prospective cohort study is the first one to charaeterize the dynamic proœss of

occurrence and clearance ofHPV:. based on multiple HPV testing al predefined time intervals.

The current research project is a first g1ance at the possible determinants of incident HPV

infections. It is based both on a subset ofthe entice study population and on a ümited view

ofthe foUow-up information that is due to accumulate in the study. More insightful analyses

will be possible as more HPV results are available and as foUow...up accumulates. Interview

information will also provide current exposure for various potential determinants.

8 Future directions

Larger epidemiological studies focussing on cervical HPV infection now allow

epidemiologists to study separately low-risk and high...risk HPV types. HPV infection results

in different pathological manifestations according to oncogenicity. Recent prevalence studies

suggested that not ooly their pathological manifestations might be differen~ but also their

modes of transmission (reviewed in Franco:. 1997). High-risk HPVs would tend to be more

strongly associated with markers ofsexual activity than low-risk HPV types.

In order to address such a question with regards to incident HPV infection, an analysis

strategy, different than the one used for the current research proj~might be used. This new

strategy could possibly tackle the imperfect choice ofHPV negative status at baseline as an

indication of the absence of HPV infection. Based on data trom the Ludwig-McGill

prospective cohort study:. this new strategy could consist in a case-control analysis that would

be done separately for low-risk and for high-risk HPV infection. The control subjects could

be wornen with negative HPV DNA detection tests for a defined number offoUow-up visits.

Case subjects could be wornen with at least one instance of HPV positivity for the same

detined foUow-up. By reducing misclassification ofthe HPV status at baseline, tbis analysis

strategy might help unveil possible differences in the modes oftransmission ofgenital HPV

infection.
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CONCLUSION

In summary, this research project bas pennitted to:

1) Calculate the incidence density rates for overall, low-risk, and high-risk cervical HPV

infections, which were respectively: 16.4, 9.3, and 7.6 per 1000 women-months.

Different patterns were seen upon stratification for age: a slight increase of the

incidence rates of low-risk HPV infection with age, and an evident decrease of the

incidence rates ofhigh-risk HPV infection with age.

2) Identify independent determinants ofincident low-risk genital HPV infection. These

determinants were age, number ofsexual partners in the past 5 years, education level,

and use ofnon-commercial hygienic absorbents during menses.

3) Identify independent detenninants ofincident high-risk genital HPV infection. These

determinants were age, age at tirst sexual intercourse, number ofsexual partners in

the past year, and condom use.

In conclusion, results from this research project do not corroborate the absence ofassociation

between low-risk HPV types and markers ofsemai activity, as found in recent studies. They

rather suggest differences in correlates ofincident infection with low-risk and high-risk HPV

types: a multi-faetorial detenninant profile for non-oncogenic HPVs as compared to a strong

sexually-transmitted profile for oncogenic types.

Further elucidation of the modes and dynamics of transmission of genital HPV infection,

specifically for oncogenic types, would contribute to primary prevention in both industrialized

and developing countries by allowing the orientation of public health programs towards

efficient education and intervention efforts to ultimately reduce risk of cervical cancer

(Franco, 1997).
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QUesnONARIO SOBRE SAUDE FEMININA IILPC-MEVNC 1VERSAO , 1PAG. '

Dmada.ntr~s~:D: M: k-- -- --

,. NO no estudo: _

Hot. do inkio: __

D: M: A:-- -- --
5.

8.

9.

8.

•

2. Registro M.E.V.N.C: _

3.. Quai oseu nome? _

4. l5m que dia. "'" • ana a Sra. naseau?

Portanto. quantos anos a Sr.. tem? anal

Gru~étnica (Interpretafao da entrev1stador.}:
:1: Branca :2: Mulata :3. Negra :41 Amalela :5: IncflO OU descendent.

Quai 6 0 MU estado civil?
111 SoIteira 121 Casada 131 VkNa
141 Separada 151 Vrve maritalmente """lada- ou amigada)

7. Quais foram as suas ocupaÇ68S/empregos nos Ultimos dez anos?

At6 que grau escoIar • SrL estudoU7
: 11 Analrabeta 121 Prim6rio incampIeIo •31 Prir'Mrio compIeto
141 Secundério incompIeto 151 SeCInMrIo compIeIo
:6: T6cnk:o-profission8fœante :7: Supelior

Quai • sua rlliailo?
111 Cat6lca Il: Crente 131 Protestante 141 Juda (lsraelit8)

:51 Esp(rita 181 Umbandista 17: outra (quai?) 181 nio tem

10. Incluindo a Sra.. quantas pessoas vivem na sua casa? pessoaa

11. Quai 6 a sua renda familiar. ou seja. a da Sr.. mais a dos que vIvem lm sua casa?

CRS cruzeiros reail



11 Sim:1 Sin:1 Sim
11 Sim
11 Sim
11 Sim

•

•

•

QUESnONARIO SOBRE SAUDe FEMININA IILPe-MEVNC 1VEASAO 1 1PAG. :

12. Quais dos seguintes itens a Sra. lem lm casa?
a) geladeira

~
T.V. acores

e telefone
video-cassete

• cano
f) carros adicionais

13. Em que bairro 8 Sra. more: ---------------

14. Hé quantos anos a Sra. mora nesse local? ara

15. Onde a Sra nasceu?: Cidade:---------Estado---

16. Essa cidade era: : 1 1érea rural :21 Area wbana 131 subUrbio 181 nia sabe

17. Onde a Sra. marou a maior parte de sua vida?
(ap6s os 12 anos d. idade) Cidade: -------Estado--

18. Esse local era: 11 1irea rural :2: _es urbana :31 subUrbio 181 nlo sabe

19. A Sra. fuma ou jé fumou?
11: Sim 12: Nunca

Se si., ~azer as pergunta. re~.r.nte. a catJa tlpo fie tabaco:

Cigarro. d. pa".~ lndustr1alizado.

20. Ouantos ~arros a Sra. fumaJJumava em fNdja~ dia, aproximadamente?
111nomâx1mo1 121de2a5 131de8810 14111820
15: mais que 20 18: mais que 40 (2 maços)

21. Que tipos de dg_ro a Sra. fuma/fumava?
111 somente cam lIIro 121 princip8Ir'IwD corn fItro•• Y8Z81 sem aD
131 principaknente sem fiItrO••wtzeI cam 8ro 14: 1Om8I'It8 ....ao

22. Corn que idade a Sr.. começou 8 funw reguIarrnente ? MOI

23. (Se aJ.nda Lu••, perguntar) H6 quantos anoI • Sra. fuma? &nOS

24. (Se parou, perguntar) Dwante quantos~ e Sra. fumou7 anoe

Cigarr08 cr. ~u80 d. cord., d. palh. ou pape1

25. Quantos cigarros de furno de corda ou paIha a Sr.. funWfi,mava em mécf.. pol'
dl., aproximadamente?
111norMxïmo1 :21de2a5 131de8a10 ,4:11a20
151 mais que 20 181 mais que 40 (2 maços)

26. Corn que idade a Sra. começou • fumar regularmente? anœ

27. (s. a1nda ~u••, perguntu) Hi quanI08 anos a Sra. fuma? &nOI

28. (s. parou, ptrguntar) Dwante quanIos anos a Sra. fumou? anos

29. (S. parou, perguntar) Hi quanIos .ms a Sr8. parou? InGe
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•• 30. A Sra. fuma/fUmOu charuto ou cachimbo? '2: Nio

Consu.-o cr. bebid.. alc06lJc••

31. A Sra. costuma/costumava consumir bebidas aIco6ficas. mesmo que ocasionaJmente?
:1 : Sim 121 Nunca (se nunc., vi d1.reto 1 q. J')

32. A Sra. costumalcostumava beber Clrveïa?
111 NiolocasiOnalmente 12: no rM.ximo um capo par semana
'3: de 2 a 5 par semana 141 de 8 a 10 151 11 a 30 le: mais que 30

33. A Sr•• costumaIcostumava beber vinho?
:1: Nio/ocasianalmente 12: no rnUimo um capo par semana
13: de 2 a 5 por semana 141 de 8 a 10 15111 .30 le: mais que 30

34. A Sra. costuma/costumava beber pinga ou cachaça?
:1 : Nio/ocasionalmente 121 no mâximo um capo por semana
:31 de 2 a 5 par semana 14: de Sa 10 15111 a 30 :e~ mais que 30

35. A Sra. costuma/costumava uisque. gim. vodca ou outra bebida forte?
: 11Nlo/ocasionalmente '2: no mêximo um capo par semana
,31de2a5porsemana :41deSa10 15111830 16lmaisque30

36. Hi quantos anos a Sra. bebe essas quantidad..? anos
(a. relerid•• • ci••?)

37. Durant. quintes anos a Sra. bebeu1 &nOS
(Se .,arou d. belMr, perguntar)

Bu gostari. agora de lb. ~••er alguaa. pergunt.. .obre .u. vid.
inti... b .ntendo que ••te • u••••unto pe••oal, ••• conhecer
estas in~orJJa~. ..rl d. grande .ux.tl10 n. DO••• I»squ1s.. ml
volta • leJibrar ,. Sr•• que eod.... re.,.,.e••••r.o IIIIIJt1cr••••
total ••gr.do. Rune••ste. dad". .er.o revel.ero•••lgu6••

38. Que idade • Sra. tinha quando menstruau pela primeira vez:I ..
(....nopeu••d. e ,.••ar • q. IJ)

39. Quando a Sra. teve a sua ultima menstruaçlo? D: _ M: _ A: _

1 1 Puêrpera1_1 1 1 t.actante
1-1

•

40. Quando esté/estava menstruada. 0 que a Sra. usa/usava camo absorvent. rntimo?

iabsorvente tipo -MOOess- comerc:illl :1: Sim :2: NIO
b absorvente interno tipo OBlfampax 111 Sim '21 NIo
c toalhinha de pano 11 , Sim '21 NIa

outra (CJU.~' ) 111 Sim :21 NIo

41. Nos UIIimos clnco .noa. quantas vez••Sr-. sentiu coceira na regilo

~Nenhurnavez 121 AIgumas vezes (1-1) 131 Muitas vez.. (10+)

42. Nos UItimos clnco aft08. quantas vez•• SrL sentiu dor/8Idot na regiIO

nrw'Nenhuma vez 121 AIgumaI wtZ8S (1-9) 131 Muftas vez. (10+)



45.

48.

••

•
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43. Nos ultimes clnco eno., quantas vez... Sr.. lIVe corrimento vaginll?
111 Nenhuma vez 121 Algumas Yezes (1-8) 131 Muitas vez.. (10+)

-M. J, fez ou faz use de algum prodl*, pïn Iralamento ginecol6gico?
(llostrar ou 1er a list. de no... d• ..dlca..nto. J.pr••••
no verso da pagtna aneerJ.or)

A Sra.· UbTlZou algum produto que nIO seja de farm6cia para tralamento. . ~

.1: Sim quaI: ) 121 MIo

Nos ultimos dol. dl••, a Sra. teve eatrïnento. coceira ou 8tdof na regilo
genital1 111 Sim 121 MIo

478. A Sra. usafjé usou alaum sistema que force éguaNquidos para a interior da
va~ina tais camo duèhas, bidls. eIe?
11. skn,se~. 12IsWn.t~ntennerd.
131 de vez em quando 141 nunca

47b. (Se s1.) Cam que produto? _

48. Durante OS perfodos rnenstruais a ara. costuma/ccstumava lavar seus 6rglas
~enitais? (Al'_ do banlJo d11r1o)
•11 Nia 121 Sim, uma vez par da 131 Sim. mais de uma vez par dia

49. A Sr•• i' teve alguma vez f&ridas na vagina ou vtlva? : 11Sim 12: Nia

50. Alguma vez a SrI. soube~ um(a) rMdico(a) que tinha uma doença venérea ou
sexualmente transmissivel? (.. a.1., quaI?)
111 Gonorreia 121 Canero 131 Crista de aIIo OU c:ondiIoma 141 SiIiI
151 Herpes 181 TricomoniaM 17: CancfcIase 8 N1R:a hM

51. A StL j6 fez um eume de prevençlO .do cIncIr de cola de ~a. t8mb6m chamedo
Papanicolaou ou citol6gico ou dlaIogia cr.c6tica7 :11 Sim :2: NIa

52. (se sJa) Quantas vez.? vezea

53. ~se 81.) Quando foi • ûItima vez que fez este exame?
.11 No ûltimo ano 12: Hé mais de um anD, mas menas que cinco
:3: Hi mais que cinco anos 181 Nlo lembra

Lellbrete: Foro inti*> • con~icfenc:ial1cf.d.

54. \. Corn que icIade a Sri. teve a sua primeira refaçlo sexual? anoe
- (Se v1.rg••, va d1.reto a fi. 100, tf.pot. de c.rt1~icaz-s.qu.

ela nunc. engrav1dou)

55. Ouant. vezes • Sr-. j6 engravidou? vezee
(Se nunc., v~ d1~eto • q • • J)

58.. Quantas destaI~ resularam em pattai narmais?__

57. Quantas farIm pot operllÇlO....., __
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• 58.

59.

60.

61.

62.

63.

Quantas resultaram em aboIto? __

Em que MO foi a sua .wma gravidez?__

F.oi uma gestaçlo completa? : 1: Sim :2: NIo

Enquanto gr6vida a Sr•• continuava tendo relaÇc18S sexuais cam MU
marido/parceiro? 111 Sin 121 Nlo

A Sr.. costuma/castumava resguardar·se de relaç6es sexuais ap6s cada patto?
;1; Sim 12; Nia

CoIn que idade a Sra. começou a tw re1aç6es sexuais peIo menos uma vez par "*
Aos 8IlOS .>lise nunca foi constante1_1

•

~ Durante a eua vida Intelr•• corn quantas homens a Sra. manteve relllÇêleS sexuais?

(Ins1.ta para que ela d. UR re.lJOsta ..sao q. aprox.t.ac:fa) __

65. Quantos destes parceiros foramr~... isto 6. corn OS quais • Sr.. teve relaç6eS
sexuaia regulares durante um perioCIo minima de 8 meses. independentemente
de morar na mesma casa?

66. Que a Sra. Alba. quanta. destes parceiros sexuais nio foram fkHs. isto 6. tivwam
contato sexual com outras mulher.?

67. No total. quantos parceiros sexuaïs • Sta. teva ant•• d. 20 an.?__

68. Quantos destes parceiros (ante. do. 20) tinham menas que 20 anos? __

89. Quantos destes parceiros (ut.. da. .20) tinham mIÏI que 30 anal?__

Se • pIIcJ.ent. t1ver _no. que 20 anœ, pass.r para a q. 73

70. No total. quantos parceirOl sexuais • SnI. teve depola dol 20 anoe?__

71. Quantos destes pafceiros (deI'01. do. 20) tinham nw10I que 20 anoe?__

72. Quantos destes parceiros (d.po1. do. .20) tinham mais que 30 anoe?__

73. Oesde 0 inicio de sua vida sexual howe periodos sm que a Sra. nlo teve relaçOeS
por mais que um ano? Se sim, quantos periodos (total.. ano_)?___anos

74. Em geraI, considerando a maior parte de sua vida sexual, cam que frequfncia a Sra.
tem inantido/manteve relaçc1es sexuais? (De_crever a trequ.nc1. e
duraçlo para cada per1odo le.rado pela plIcJ.ent.)



•
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75. Enquanto menstruada, a Sr.. Mal....terr~Hxuais cam MU
marido/parceiro? ( 2'a". con.1derar a h1I'6t.s. do ..r1do .v1tU')
:11 $en'1Pre evitei OU maricIo evitou 121 De vez em quando
:31 S6 nos primeiroa cial 141 Mura

76. A Sra. costumalcostumava Iavar MUS genitais antes de t. relaçë5es sexuail?
111 Sempr. 121 de vez em quando 13: Nunca

n. A Sra. costuma/costumava Iavar S8US aenIais depois du relaçGes sexuais?
111 Sempre 12: de vez em quancJo 13: Nunca

78. Durant. os ultimo. clnco ano., cam quantos homens • Sra. manteve r..1Çc1eS
sexuais? (In.i.e. para que el. d. lUI. re.posta ...-.0 que apro"1.ad.

79. Que a Sra.. saba, quantas destes parceiros sexuais nlo foram Mis.
ista é. tiveram cantato sexual com outras mulheres?

80. Quantos destes parceiros tinham menas que 20 anos?

81. Quantos destes parceiros tinham müJ que 30 anos?

82. Durante este periodo dos ultlm. 5 .n08. cam que freqtAncia a Sr.. tew
relaÇê5es sexuais corn seu marido au pan::ero(s)?

__/semana lmes Jano

Di%er a pec1ente para •• leabrar apena. dos dltt.os 12 .....

83. Durante os ultlmos 12 m..... corn quantos homens a Sr.. teve relaçaes sexuaia?
(Ins1sea para que ela d' u.. re.posta •••110 que aproxJ..cra)

84. Que • Sr•. saiba. quantos destes ~C8ÏIGIIsexuais nlo foram Mis. iIto fi .....
cantato sexuel cam outra muI1eres?

85. Quantos destes parceiros tinham mena. que 20 anoe?

88. Quantos destes parceiros tinham mais que 30 anos?

87. Durant. este periodo dos ultimo. 12 ........ cam que frequência a Sra. teve
relaÇ6es sexuais corn seu marido ou parceiro(s)?

__/semana ----.JrnetI Jana

F1. da. perglInta. c1clJ.ca.

Detalh.. .obr. o. "~o. antlconcepc:1ona1. u.ado•

88. Qua;s Slo OS m6todos que • Sra. OU 0 MU marido/parceiroCs) lem usadoIusaram para
ew. fiJhoe? fa••1nalU" todo. o. "llc1onad~J
1111)1u1a_ :211aq1..... :3: vasec:lomia:4: D.I.U. :5: condom 18: dalregrna
17' ~.-LI.. ...~. 'l' ,.-:.-:-.~ . -.:-a
l ,UVRrI8~ ••-- • • """"". n.... · cerYICiM
1910utro: 1101 MIo ....
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89. (s. P.A., perguntar) ComqueidadeaSra.começouausarPA? anos

90. (s. P. A.) Durante qudOS anos a Sr.. tem tomadoltomou P.A.7 anos

91. (.s. P. A. J Durante est.(s) perfodo(s) a Sr.. obedeceu os Întervalos regulares de
descanso recomendados pela médiCo? 111 Sim 12: Nia

92. (Se parou, perguntar) Hi quanta tempo parou de tomar PA? anas

121 Nio

93.

94.

(~. laqu••dura ~rguntarJ
Hé quanta tempo foi a laqueadura que a Sra. fez?

(Se vasecto.la do parc.lro ..1. frfl!l!J~nt., P!'rguntar)
Hé quanta tempo foi a vasectomia do MU marido/parceiro? anos

95. (Se D.r.a., pe~ntarJ
Corn que idade a St.. usou D.I.U. pela primeira vez?

96. (Se D.r.u.) A Sra. ainda usa D.tU.? 111 Sim

97. (Se condo., ~rruntarJ Corn que frequência seu marido/~C8iro(s) usa(m)
camisinha? 111 MUto rarament. 121 As vez. 131 Sempr.

r
r

98.

99.

(Se dja~r4~••, perguntarJ cam que frequtncia a Sra. lem utiIizado/UllIZOU
cflafragma? ,11 Muito rarament. 121 As veza 131 Sempr.

(Se gel'1a, pergun tar) A Sra. tem usado a geléia esperrnicida de que maneira?
111 Principalment. camo m6todo Unico 121Principall associado ao diafragma
131 Principalrnente associado ê camisinha

LeBrete: l'oro int1ao • conf1denclal1d.d.

104.

103.

102.

•

100. A Sra. i6 praticoulpratica coita anal. isto 6. relaçlo corn penetraçlo ~Io anus?
:1: sm. frequentemente 121 Sim. raramente 131 NIa

s. n.o, vi d1reto A qu••t.o 105

101. ~.1., ,.r,unte')
quantœ I*CIÏr08 • Sr•• j6 praticou/pratica coiIo ."." _

s. ..1. d. 1 na r ••po.ta ant.r1.or, 1n1c:1.ar a. pr6~J.aa. J»rgunt..
an~at:1.ando que • .nuavi.tacta cI.v. •• rer.r1r ao parce1ro co. qu
al••a1. ~requ.nt•••nt. prat1cou coito anal.

o seu marido/J8'ceiro realizava/ruraz. penetraçio vaginal em seguida ao coito
anal? 111 Sim 12: Nio 131 As vez.

(s. 81., pt~ntar)Antes da penetr8ÇiOv~ 0 seu marido/parëeiro fazia/faZ
a higiene dO pAnis? : 11 sm 121 Nlo 131 M vez.

(Al ternat1v_nt.) Se 0 S8U maridoIparceiro usava/usa camisinha~ 0 coito
anal. antes da penetraçlo vaginal ... a retirava ou trocavWretira ou troca?
111 Sim . :21 NIa 131 Aa V8Z88
141 Nia usav"'" camisinha

1os. 0 MU maridoI,..ceira tinhaltem 0 h6bito;,rrse.o oral na Sra. ou ...
contato da boca OU Ingua deIe nos HUS 7
111 Sim.fr~ 121 sm.,...,.,. 131 NIo
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106. (se si., per9Untar) Corn quantos parceiros a Sra. j6 praticouJpratica sexo
oral desta manall'.?

Se nao, vi diRto ao ~ln.l

Se .ais de 1 na re.posta anterlor, 1ntciar •• pr6Jt1.as pergunt••
en~atiz.ndo que • entr.v1.~acfa cfeve •• reLerir ao parc.1ro co. que.
ela .ais trequent...nte pratieou/pratica ••~o oral.

107. (se si., pe~nt.rJ 0 leu marido/parceiro realizava/realz. penetraçiO
vaginal lm segUida ao sexo oral?
111 Sim :2: Nio :3: As vez.

Eu agradeco .uito • sua colaboraçao co. • nos.a pesquisa.
Se a Sra. tiver a1gu•• pergunta, sinta-se a vontacle •• t •••-1a.
Caso queira cOIJunlcar-s. co.igo tlapois a Sra pod. •• procurar
aqui durante a s••ana.

Horério de ténnino da entrevista: __'__

COHEN'I'ARIOS DA ~N'I'REVIS'I'ADORA:

Enfermeïra: _

Question.rio codilie.do •• _-,1_-11_ l'Or _

Dados cfigj~ado•••. _-,I_~/_ por _

Dadas cont.rido• •• __1_-,1_ l'Or _
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CONTENT SUMMARY OF THE BASELINE QUESnONNAIRE
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Question
Numben

1-18

19-30

31-37

38-53

54-62

63-87

88-99

100- 07

Content lummary of the baseline questionnaire

Information
age
ethnicity
marital status
job titles last 10 yrs
schooling
religion
income
household goods
neighbourhoods ofresidence
where sub"ect Iived for the Ion est time
tohacco consumption:
ft uen duratio ~tion

alcohol consumption variables:
s ecificall ofbever e ft uen duration
age at menarche
last menstrual period
type ofmenstrual absorbent
history ofgynecologic symptoms and treatments
hygiene habits
sexually-transmitted diseases

revious Pa smears
age at tirst intercourse
number ofpregnancies and outcomes
sexual ractices durin r and after delive
numbers and types ofsexual partners
ft uen ofsexual aetivi durin various
contraceptive melhods:
history oforal contraceptive use
ftequency ofcondom use
other barrier methods
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