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Abstract 

Background:  
The Human Leukocyte Antigen (HLA) complex, which is a set of genes involved in the 
identification of foreign antigens and activation of the immune system, has been 
proposed as a possible co-factor in HPV infections.  
 
Objectives: 
To determine the frequencies of HLA alleles, haplotypes and genotypes in a cohort of 
Inuit women in Nunavik, Quebec. The association between these alleles and haplotypes 
and HPV incidence, period prevalence, persistence, multiple infections and Squamous 
Intraepithelial Lesions (SILs) will be investigated. 
 
Methods: 
A cohort of 548 Inuit women seeking routine care and living in four different 
communities of Nunavik was assembled (2002-2010). Cervical specimens were taken at 
each visit and tested for HPV-DNA. HPV genotypes were classified by oncogenic 
potential as well as by alpha-papillomavirus species. The HLA alleles were typed using 
DNA extracted from cervical samples taken at cohort entry. All odds ratios and rate 
ratios were adjusted for age.  
 
Results: 
The most common HLA class I and class II alleles were HLA-E*0103 (66.4%) and HLA-
DQB1*03 (94.2%), respectively. Three HLA-G alleles were prevalent in this population: 
HLA-G*010401 (50.4%), HLA-G*010101 (31.4%), and HLA-G*010102 (15.2%). HLA-
G*010102 was associated with a significantly decreased risk of overall (OR=0.64 95% 
CI=0.42-0.98) and low risk (LR) (OR=0.37 95% CI=0.16-0.83) HPV period prevalence. HLA-
G*010101 (and its homozygous and heterozygous genotypes) were associated with an 
increased risk of LR alpha group 1 and 3. The homozygous HLA-G*010401 genotype was 
associated with a decreased risk of LR alpha group 3 infection. No HLA alleles, 
haplotypes or genotypes were significantly associated with HPV persistence. The HLA-
DRB1*13 allele was associated with an increased risk of any SIL and LGSIL.  
 
Conclusions: 
The distribution of HLA alleles and haplotypes in a population of Nunavik, Quebec is 
different from that found in other Canadian populations, which included women of 
varied ethnicities. Several alleles (G*010101, G*010102, and G*010401) were 
associated with HPV period prevalence, but no alleles were significantly associated with 
HPV persistence. 
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Resume 

Contexte :  
Le complexe d’histocompatibilité (HLA) humain, un ensemble de gènes engagés dans 
l’identification d’antigènes étrangers et l’activation du système immunitaire, pourrait être un 
cofacteur des infections au VPH.    
 
Objectifs : 
Déterminer les fréquences des allèles, haplotypes et génotypes HLA au sein d’une cohorte de 
femmes inuites du Nunavik, au Québec. Cette recherche portera sur l’association entre ces 
allèles et haplotypes et la prévalence,  l’incidence, et la persistance du VPH, de même que les 
infections multiples au VPH et les lésions malpighiennes intraépithéliales(SIL). 
 
Méthodes : 
Une cohorte composée de 548 femmes inuites s’étant présentées pour un examen de routine et 
vivant dans quatre communautés différentes du Nunavik a été constituée (2002-2010). Des 
échantillons de leur col utérin ont été prélevés à chaque visite et ont fait l’objet d’un test de 
dépistage d’ADN du VPH. Les génotypes du VPH ont été classés par potentiel oncogène et par 
espèces alphapapillomavirus. Les allèles HLA ont été typés à l’aide d’ADN provenant des 
échantillons de cols utérins prélevés lors de l’entré au sein de la cohorte. Tous les rapports de 
probabilité et taux bruts ont été ajustés en fonction de l’âge.  
 
Résultats : 
Les allèles HLA de catégorie I et catégorie II les plus courants sont respectivement les HLA-
E*0103 (66,4 %) et HLA-DQB1*03 (94,2 %). Trois allèles HLA-G étaient prévalents au sein de 
cette population : HLA-G*010401 (50,4 %), HLA-G*010101 (31,4 %) et HLA-G*010102 (15,2 %). 
Le HLA-G*010102 était associé à un risque significativement réduit de prévalence générale du 
VPH (RC=0,64 95 % IC=0,42-0,98) et à un faible risque de prévalence de VPH à faible risque 
(RC=0,37 95 % IC=0,16-0,83). Le HLA-G*010101 et ses génotypes homozygotes et hétérozygotes 
étaient associés à un risque augmenté de groupes alpha 1 et 3 à faible risque. Le génotype 
homozygote HLA-G*010401 était associé à un risque réduit d’infection de groupe alpha 3 à 
faible risque. Aucun allèle, haplotype ni génotype HLA n’était associé de manière significative à 
la persistance du VPH. L’allèle HLA-DRB1*13 était associé à un risque réduit de toute lésion 
intraépithéliale malpighienne (SIL) ou de toute lésion intraépithéliale malpighienne de bas grade 
(LGSIL).  
 
Conclusions : 
La distribution des allèles et haplotypes HLA au sein d’une population du Nunavik, au Québec,  
diffère de celle observée au sein d’autres populations canadiennes, comprenant des femmes 
d’origines ethniques diverses. Plusieurs allèles (G*010101, G*010102 et G*010401) étaient 
associés à la prévalence du VPH au cours d’une période donnée, mais aucun n’était associé de 
façon significative à la persistance du VPH.    
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Literature Review 

Human Papillomavirus (HPV) 

Human papillomavirus (HPV) infection is the most common sexually transmitted 

infection (STI) in the world. Estimates of prevalence of HPV infection range from 2% to 

44% (prevalence studies vary in age range and HPV detection sensitivity). Over 120 

different genotypes of HPV have been found so far and over 40 of them infect the 

human anogenital tract. Most HPV infections are transient, but it has been established 

that a persistent infection with a high-oncogenic risk HPV type (HR-HPV) is a necessary, 

but not sufficient cause of cervical cancer. HPV infection has also been linked to cancers 

of the anus, vulva, vagina, penis and throat. Infection with low oncogenic risk HPV types 

(LR-HPV) can cause ano-genital warts. 1 2  

 

Classification of HPV  

Papillomaviruses with tissue tropism for anogenital mucosa make up the alpha-

papillomavirus genus, which is the largest genus of the Papillomaviridae family. The 

alpha genus is further broken down into 15 species. HPV genotypes within each species 

share similar biological and pathological characteristics. Five phylogenetically related 

species (alpha-5, 6, 7, 9, and 11) of HPV are considered high-risk and can cause cervical 

cancer. LR species include a cervical species (alpha-1, 8, 10, 13) and vaginal species 

(alpha-2, 3, 4, and 15). 3 Figure 1 shows a HPV phylogenetic tree, the alpha 

papillomavirus can be seen at the top. 4 Classification into genotypes is based on a 

difference of more than 10% in the L1 gene (that encodes the major capsid protein). 5  
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Figure 1: HPV phylogenetic tree 4 

 

The genotypes (types) are classified as high risk (HR) and low risk (LR) types based 

on their oncogenic potential for cervical cancer (based on strength of relative risk). 6 

Table 1 outlines the most recent classification (2009) of HPV types by the International 

Agency for Research on Cancer (IARC). 3 HPV 16, 18, 31, and 45 are the most common 

high risk genotypes. HPV 16 accounts for 50-60% cases of cervical cancer worldwide and 

HPV type 18 accounts for 10-20%. 7 8 HPV 6 and 11 are the most common LR genotypes 

and they account for 90% of all ano-genital warts. 2  
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Table 1: Epidemiological Classification of HPV Genotypes 3 

Epidemiological Classification HPV Types 

High-Risk  16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59 

Probable High-Risk 68 

Possible High-Risk 26, 53, 66, 67, 70, 73, 82, 30, 34, 69, 85, 97 

Low-Risk 6, 11, 40, 42, 43, 44, 54, 61, 72, 81, 89 

Undetermined Risk 34, 57, 83 

 

Each HPV genotype can be further classified into variants. HPV type 16 variants 

have been the most greatly studied. The phylogenetic tree of HPV type 16 contains 48 

variants and has five branches, named after the geographic location from which they 

originate: Africa (Af1 and Af2), Asia and the Americas (AA), Europe (E), and East Asia 

(As). Evidence suggests that the evolution of papillomaviruses followed that of humans 

and their spread around the globe in prehistoric times. 9 

 

Natural History of HPV Infection 

HPV is primarily sexually transmitted (through direct epithelial contact), though 

there is some evidence of vertical transmission. 8 Prevention of HPV is similar to that of 

other STIs, but condom use does not appear to provide full protection against 

transmission. A recent meta-analysis found that there was no consistent evidence that 

condom use could substantially reduce the risk of HPV transmission. 2   

Papillomaviruses gain access to the epithelial basement membrane through micro-

abrasions and infect basal cells. Infected cells then differentiate and migrate up to the 

upper layers of the epithelium. The virions are assembled in the outermost cell of the 

epithelium and are released when epithelial cells are sloughed off. Because viral release 

is not associated with cytolysis or cytopathic death and occurs far from immune 

surveillance sites, the virus is able to evade the immune system and persist for long 

periods. Infected epithelial cells appear to have died ‘naturally’ and there is no 

inflammation and no activation of the innate immune system. 7 10 
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Most HPV infections are transient and clear spontaneously. Carcinogenic 

development is a result of a productive infection for a prolonged period of time. 1 On 

average, HPV infections last from 4 to 20 months, with the median duration around a 

year. 1,2 HR-HPV types usually last longer than LR-HPV types and HPV type 16 tends to 

last longer than other HR types. 1   

 

Epidemiology of HPV Infection 

HPV infection prevalence is highest among young women (most HPV infections 

occur soon after initiation of sexual activity) with a decline in young adult women. Some 

studies report second peak of HPV prevalence in peri- or post-menopausal women. 

Figure 2 shows the two patterns of age-specific prevalence of HPV infection 1. The late 

increase could be due to a cohort effect (older women having been exposed to different 

co-factors during their lifetime), reactivation of latent infection, or a new virus acquired 

from new sexual partners.  The Society of Obstetricians and Gynaecologists of Canada 

estimate the prevalence of all HPV infections and HR-HPV infections in Canada to be 10-

30% and 11-25%, respectively. They also estimate that 75% of Canadians will be infected 

with HPV at least once during their lifetime. 11 

 

Figure 2: Two patterns of age-specific prevalence of cervical HPV infections 1  

 

Cohort studies that used polymerase chain reaction (PCR) to detect HPV found 

that in one month 3% of initially HPV-free women will acquire HPV infections. 1 
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Cumulative incidence of HPV has been shown to exceed 40% after 3 years in American 

and English populations. 1 In a Brazilian population, the cumulative incidence was 24% 

over 18 months. 1 HR-HPVs have been shown to have a higher incidence rate than LR-

HPVs. 1 

 

Risk Factors for HPV Infection 

Various risk factors of HPV infection have been identified, such as number of 

sexual partners (which includes both lifetime and recent sexual partners), age at first 

sexual intercourse, cigarette smoking, oral contraceptives (this association may be due 

to increased surveillance of those who take OCs), high parity, other STIs and 

immunosuppression. The most consistent determinant of HPV infection is age. 1,2,7,8 

Most studies show a decrease of HPV prevalence after the age of 30, independent of 

sexual activity, which suggests that individuals develop an adaptive immune response to 

HPV (see figure 2). 1,7 

The current focus of research has been on risk factors for viral persistence which is 

associated with an increased risk of developing cervical cancer. Studies have reported 

an association between persistence and older age, HPV variants, HPV DNA viral load, 

variations of the host immune system (such as genetic polymorphisms of the human 

leukocyte antigen, HLA), low fruit and vegetable consumption, and low circulating levels 

of vitamins. 1 HPV DNA viral load is an indicator of the productivity of HPV DNA 

replication and therefore is thought to be a predictor of a persistent infections and 

development of cytological abnormalities. HLA molecules present foreign antigens to 

the immune system and therefore play a critical role in the recognition and clearance of 

viral infections. 12 Figure 3, is an etiological model of HPV infection (and progression to 

cervical cancer) including possible co-factors. 
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Figure 3: Etiological model of HPV infections 1 

 

Multiple HPV Infections 

Co-infection with more than one HPV type is common, especially in young, 

sexually active women and the prevalence of multiple infections is significantly higher 

among women with more lifetime sex partners. 1 In a cohort of Brazilian women, one 

fifth of the women infected with HPV (at any time over follow-up) had multiple HPV 

infections. 13 In a cohort of Montreal university students, over half of the women were 

infected with HPV and 60% of the infected women had multiple infections. 14 

The occurrence of multiple HPV infections is significantly greater than what is 

expected by chance. 15 This excess is likely caused by the fact that HPV types share 

common risk factors and a common mode of transmission, rather than interactions 

between combinations of HPV types. 16 In fact, Chaturvedi et al. found that HPV 

genotypes involved in co-infections occur at random and saw little evidence for 

enhancement of susceptibility or competitive exclusion/cross-protection. 15 Female sex 

behaviours alone cannot explain the increase in co-infection prevalence and it is 

possible that immunological mechanisms may play a role.  
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Multiple infections are common among women who are immunosuppressed (HIV-

infected women). 15,16 Out of a cohort of 208 HIV-infected women in Brazil, 98% were 

infected with HPV and multiple HPV types were detected in 78.9% of the cases (with an 

average of more than three infections per woman). 17  

It is unclear what role multiple infections play on HPV persistence. In general 

single and multiple infections have similar clearance rates, but some studies have found 

an association between multiple HPV infections and increased persistence. 1 A recent 

study found that persistence of an initial HPV infection was a strong risk factor for 

acquiring a new infection. Therefore it has been hypothesized that rather than co-

infections leading to persistence (or persistence leading to co-infections), that both 

outcomes are an indication of immune dysfunction. 18,19  

Women with multiple infections have increased odds of squamous intraepithelial 

lesions (SIL). The risk of cervical disease in women co-infected with more than one HPV 

type is similar to the sum of the risks of the co-infecting types. Therefore, HPV co-

infections occur at random and each HPV leads to cervical disease independently. 15,16 

 

Cervical Cancer 

Using PCR amplification techniques, Walboomers et al. showed that 99.7% of 

cervical carcinoma samples, collected from women in 22 countries, contain HPV DNA. 20 

The relative risk of developing cervical cancer if infected with a HR-HPV ranges between 

50 and 100, which is one of the strongest associations currently identified in cancer 

epidemiology. Cervical cancer is also the only cancer for which a necessary cause has 

been identified. 1 Cervical cancer is the second most common cancer in women 

worldwide and 80% of cervical cancers occur in developing countries. 2,6 According to 

the Canadian Cancer Society, in 2011 there were 1,300 new cases of cervical cancer and 

350 deaths in Canada. 21 

Natural history studies suggest that low-grade squamous intraepithelial lesions 

(LGSIL) are the result of a productive viral infection where the infected epithelium 

undergoes maturation and differentiation, and exhibits minor cell abnormalities. High-
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grade squamous intraepithelial lesions (HGSIL) are the result of an HPV infection where 

the infected immature epithelial cells are prevented from undergoing maturation and 

differentiation. The immature cells continue to replicate which can lead to genetic 

abnormalities and eventually cancer. 2 LGSILs are caused by both LR-HPV and HR-HPV 

infections, whereas HGSILs are caused by HR-HPV infections. HGSIL, LGSIL, and ASC 

(Atypical Squamous Cells) are cytological classifications of squamous cells collected from 

Papanicolaou (Pap) smears. 2 Cervical biopsies are classified into three grades of cervical 

intraepithelial neoplasia (CIN 1, 2, 3).  

Invasive cancer occurs when the disease extends beyond the basement 

membrane and invades connective tissue. 1,5 CIN 3 and invasive cancers are associated 

with the integration of the HPV DNA into the host chromosome. 22 The progression from 

HPV infection to invasive cervical cancer is depicted in figure 4. 5 The pre-cancerous 

state is long. The mean age of women with HGSIL is 28 years-old and the mean age of 

women with cervical cancer is 50 years-old. 2 Only 10% of all HPV infections result in 

high grade lesions (HGSIL/CIN2 and 3) and less than 1% of all HPV infections result in 

invasive cervical cancer. 23 

 

Figure 4: HPV infection mediated progression to cervical cancer 22 
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Human Leucocyte Antigen (HLA) 

The human leucocyte antigen (HLA), the name of the major histocompatibility 

complex (MHC) in humans, is a family of genes located on the short arm of chromosome 

6. HLA genes code for cell-surface proteins, which present antigens (foreign and self) to 

immune cells, and other proteins that are involved in internal processing of antigens. 

The family contains class I and class II genes. Class I proteins are expressed on all 

nucleated cells and includes major (HLA-A, -B, and -C) and minor proteins (HLA-E, -F, and 

-G). HLA-A, -B, and –C proteins present antigens to (CD8+) cytotoxic T cells and HLA-E 

and –G present antigens to natural killer (NK) cells. If immune cells do not recognize the 

antigens presented by the HLA proteins as ‘self’ (for example if an infected cell’s HLA 

proteins were presenting a viral protein instead of a host cell protein) they kill the 

infected cell through activation of the innate immune response. The class II proteins 

HLA-DP, -DQ, and –DR are expressed on immune cells (lymphocytes and macrophages) 

and present antigens to (CD4+) helper T cells, which help initiate a cell-mediated 

immune response. Class II proteins are formed from heterodimeric proteins (αβ). Both 

HLA class I and class II proteins are important in the regulation of the immune response 

to viral (and other) infections. 12   

 

Definitions 

It is important to define some genetic terms that will be used. An allele is an 

alternative form or version of a gene. An individual’s genotype is the two alleles 

inherited for a particular gene (this should not be confused with a virus’s genotype 

which is a classification based on a difference of more than 10% in the L1 gene for HPV).  

Individuals inherit two alleles of each gene, one from each parent; if both alleles are the 

same the individual is homozygous for that gene and if the two alleles are different then 

the individual is heterozygous for that gene. If an individual is heterozygous for a gene 

the allele that is expressed is called the dominant allele/gene. In order for a recessive 

allele/gene to be expressed an individual must be homozygous for that allele. 24 
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A haplotype is a set of DNA polymorphisms along a chromosome that tend to be 

inherited together. Two alleles (at two or more loci not necessarily on the same 

chromosome) are said to be in linkage disequilibrium when their combination occurs in 

the population less or more often than is expected to occur by chance. 24 

 A polymorphism is a place in a DNA sequence where there is variation (the less 

common variation must be present in at least 1% of the population). The most common 

type of polymorphism is variation at a single base pair. The wild type allele is the non-

mutated version of a gene. 24 HLA alleles are named in this way: HLA–locus name*allele 

number. The first two numbers after the asterix (*) are the allele number and any 

numbers after that are the allele subtype. 25 For example HLA-G*010401, 01 is the allele 

number and 0401 is the allele subtype.  

 

Biological Plausibility of HPV/HLA Association 

As noted previously, the majority of HPV infections are transient and only a 

minority of women in longitudinal studies are still infected (with the same type) on the 

subsequent visit. Therefore co-factors must be involved in viral acquisition, persistence, 

and progression to cervical cancer. Host genetics, in particular HLA polymorphisms, have 

been proposed to influence the natural history of viral infections. 1 Family studies have 

shown that there is a genetic link to cervical cancer development, in fact a woman’s risk 

of cervical cancer increases two-fold when they have a biological first degree relative 

who has had a cervical tumor. 26  

It has been shown that when an individual’s immune system is compromised, in 

particular inefficient cell-mediated and innate immunity, that they have an increased 

risk of HPV infection. 27,28 For example, women infected with human immunodeficiency 

virus (HIV) have a greater risk of recurrent genital warts than women without HIV 

(relative risk = 15.93). 29 A study has also shown that women with HIV were at a greater 

risk of CIN recurrence after treatment than women without HIV, and in the HIV-positive 

women, a low CD4+ count was a predictor for CIN recurrence (62% recurrence in HIV-
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positive women, 18% recurrence in HIV-negative women, and 87% recurrence in HIV-

positive women with low CD4+ counts). 30  

HLA genes are highly polymorphic allowing HLA proteins to bind to and present a 

variety of antigenic peptides. 12 It is hypothesized that individuals with HLA 

polymorphisms that have a higher binding affinity to HPV antigens are better at clearing 

the infection, and variation in genes involved in cell-processing might affect which 

antigens are presented on the surface. Therefore it is likely that some HLA alleles and 

haplotypes are more (or less) effective at recognition and clearance HPV and other viral 

infections. Variations in HLA genes have also been associated with Hepatitis B Virus 

(HBV) persistence and chronic Hepatitis C Virus (HCV). 31,32     

 

Overall Distribution of HLA Alleles in Caucasian and Black Populations 

The distribution of HLA alleles in the Biomarkers of Cervical Cancer Risk (BCCR) 

case-control study can be seen in Table 2A and 2C below. The Biomarkers of Cervical 

Cancer Risk (BCCR) study was a hospital-based study conducted in Montréal, Québec 

(2001-2009) with a total of 1372 women. 33 Another study, The McGill-Concordia Cohort 

study, described the distribution of HLA class II alleles and haplotypes and class I allele 

HLA-B*07 (distribution of HLA alleles can be seen in Table 2B) in female university 

students in Montréal, Québec (1996-1999). This prospective cohort study investigated 

the natural history of HPV infection and cervical neoplasia. 28  
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Table 2: HLA Allele and Haplotype Prevalence in Montreal Women 

Study author HLA allele Proportion in the population 
A: 
Ferguson et al. 
(BCCR study) 
33 

HLA-G*010101 
HLA-G*010102 
HLA-G*010401 
HLA-G*010103 
HLA-G*0106 
HLA-G*0103 
HLA-G*010404 
HLA-G*0105N 
HLA-G*010108 

45% 
24% 
9% 
7% 
6% 
4.5% 
3% 
1% 
0.5% 

B: 
Mahmud et al. 
(McGill-Concordia 
study) 
28 

HLA-B*07 
HLA-DQB1*03 
HLA-DQB1*0602 
HLA-DRB1*13 
HLA-DRB1*1501 
HLA-DRB1*1501-HLA-DQB1*03 
HLA-DRB1*1501-HLA-DQB1*0602 

14.7% 
63.7% 
21% 
16.6% 
25.2% 
13.5% 
21% 

C : 
Ades et al. 
(BCCR study) 
34 

HLA-B*07 
HLA-DQB1*03 
HLA-DQB1*0602 
HLA-DRB1*13 
HLA-DRB1*1501 
HLA-B*07-DRB1*1501 
HLA-B*07-DRB1*0602 
HLA-DRB1*1501-DQB1*0602 
HLA-B*07-DRB1*1501-DQB1*0602 

17.7% 
57.1% 
19.7% 
25.3% 
21.3% 
9.2% 
8.5% 
19.7% 
8.5% 

 

The distribution of HLA alleles in a population depends on the population’s 

ethnicity. In a sub-analysis (which can be seen in figure 5), Mahmud et al. determined 

the prevalence of different HLA alleles and haplotypes according to ethnicity and found 

that the prevalence of HLA alleles did not differ significantly based on ethnicity, though 

DRB1*1501 was twice as prevalent in black women as in white and Asian women. The 

prevalence of the HLA-DRB1*1501-HLA-DQB1*0602 haplotype varied from 6% in Asian 

women to 25% in white, English students. 28  
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Figure 5: Prevalence of HLA Alleles and Haplotypes, According to Ethnicity 28 

 

Evidence for a HPV/HLA association 

The majority of studies that have examined the possible association between HLA 

polymorphisms and HPV have focused on the effect that HLA polymorphisms (allele or 

haplotype) have on the development of cervical lesions or cancer. In the majority of 

these studies the control group included both women who test positive and negative for 

HPV infections. If an association is seen in these studies it is unclear at which point in 

the natural history of cervical cancer the particular HLA allele or haplotype has an effect. 

For example, if a particular allele is associated with an increased or decreased risk of 

cervical cancer, the allele could be evoking its effect at the point of viral acquisition, viral 

persistence, or cancer development.  

The three groups of class II HLA alleles/haplotypes that have been most frequently 

associated with cervical cancer are (1) HLA-DQB1*03, (2) HLA-DRB1*1501 and HLA-

DQB1*0602 alleles (which are in linkage disequilibrium and often found in the same 

haplotype), and (3) HLA-DRB1*13 and HLA-DQB1*0603 (also in linkage disequilibrium). 

HLA-DQB1*03, HLA-DRB1*1501 and HLA-DQB1*0602 alleles are most often associated 

with an increased risk of cervical cancer, though some studies have found an inverse 

association between HLA-DRB1*1501 and HLA-DQB1*0602 and cervical cancer. 12,26,27,35 

One study found that the HLA-DRB1*1501-HLA-DQB1*0602 haplotype was associated 
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with an increased risk of HPV infection but a decreased risk of cervical cancer. HLA-

DRB1*13 and HLA-DQB1*0603 alleles are associated with a decreased risk of cervical 

cancer.  34   

HLA class I alleles and haplotypes have been less frequently studied. The HLA-B*07 

allele and haplotypes containing HLA-B*07 are often associated with an increased risk of 

cervical cancer. 12,26,36 Qiu et al. found that the HLA-B*07 allele was associated with 

familial cervical cancer (OR=8.7, CI=1.8-41.1). 36 Three papers have focused on the 

association between HLA-G polymorphisms and cervical lesions/cancer. A study in 

Brazilian women found a significant protective association between HLA-G*0103 and SIL 

and the HLA-G*0101/G*0104 genotype and HGSIL. 37 A Canadian study found a 

significant protective association between the heterozygous HLA-G*010101 genotype 

and invasive cancer and the heterozygous HLA-G*010102 genotype and CIN2. They also 

found that women with the homozygous haplotypes HLA-G*010102 and HLA-G*0106 

were at a significantly greater risk of having invasive cervical cancer. 33 

There are three studies that have focused on the association between HLA 

polymorphisms and HPV infection. One that looked at HLA class I genes 38 and two that 

looked at HLA class II genes. 28,39 Two other studies (that examined the association 

between HLA polymorphisms and cervical cancer) did a sub-analysis on the control 

group to determine if any particular HLA alleles or haplotypes were associated with an 

increased risk of HPV infection. 33,34 The results of these studies can be seen in tables 3 

and 4. 

Ferguson et al. examined the association between class I HLA-E and –G 

polymorphisms and HPV cumulative prevalence (infected with HPV at any point over the 

study period) and persistence (positive for the same HPV type for 2 or more consecutive 

visits) in a group of 656 female university students. To determine the effect of an allele, 

they compared subjects who were homozygous or heterozygous for the allele to those 

who lacked the allele. All significant associations between HLA-G alleles and cumulative 

prevalence or persistence of HPV infection can be seen in table 3. None of the HLA-E 

alleles that were investigated were associated with cumulative prevalence or 



 

25 

 

persistence of HPV.  Instead of grouping HPV types into HR and LR groups they grouped 

HPV types by alpha papillomavirus groups. Group 1 includes LR species α-1, α-8, α-10, 

and α-13, group 2 includes HR species α-5, α-6, α-7, α-9, and α-11, and Group 3 includes 

LR species α-3 and α-15. These groups were used for comparison to determine if any 

HLA alleles recognized epitopes on similar HPV species. 38  

In a second study by Ferguson et al., where the main objective was to study the 

association between HLA-G polymorphisms and CIN2, CIN3 and invasive cervical cancer, 

they did a sub-analysis within the control group. They found that HLA-G*010102 was 

significantly associated with a decreased risk of LR-HPV infection (OR=0.57, 95% 

CI=0.37-0.89) and that HLA-G*0106 was significantly associated with an increased risk of 

LR-HPV infection (OR=2.08, 95% CI=1.21-3.59). 33 

 
Table 3: HLA-G Alleles and Their Association with Prevalence and Persistence of HPV Infection in 

Previous Studies 38 

HLA-G Allele Strength of Association 
OR (95% CI) 

HPV Cumulative Prevalence/Persistence 

HLA-G*01:01:02 1.90 (1.21-3.01) Cumulative prevalence of HPV type 16 
infection 

HLA-G*01:01:03  
HLA-G*01:01:05 
HLA-G*01:01:08 

2.07 (1.03-4.15) 
3.87 (1.66-9.02) 
2.17 (1.12-4.21) 

Cumulative prevalence of HPV species α-1, 8, 
10 & 13 infection 

HLA-G*01:01:05 
HLA-G*01:04:01 

2.52 (1.03-6.19) 
0.49 (0.25-0.95) 

Cumulative prevalence of HPV species α- 2, 3, 
4 & 15 infection 

HLA-G*01:01:02 2.07 (1.16-3.68) Persistent HPV type 16 

HLA-G*01:03 2.99 (1.12-8.00) Persistent HPV species α-2, 3, 4 & 15  infection 

 

Mahmud et al. examined the association between HLA-B, HLA-DQB1, and HLA-

DRB1 alleles and haplotypes and cumulative risk and prevalence of HPV using 

unconditional logistic regression (age at first intercourse and ethnicity were adjusted 

for). The haplotypes were chosen a priori because they were in linkage disequilibrium 

and the comparison was made between individuals who tested positive for both alleles 

and individuals who tested negative for both alleles. Significant associations from this 

analysis can be seen in table 4. A subgroup analysis was performed on only those 
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women who were at high risk of being exposed to a HPV infection (age at first 

intercourse ≤17 or lifetime sexual partners ≥5). In the subgroup analysis, HLA-

DQB1*0602 was associated with an increased risk of LR-HPV infection (OR=2.2, 95% 

CI=1.0-4.7) and HLA-DRB1*13 was associated with an increased risk of any HPV infection 

(OR=2.6, 95% CI=1.3-5.2), HR-HPV infection (OR=2.8, 95% CI=1.3-5.9), and HPV type 16 

infection (OR=3.3, 95% CI=1.4-8.2). No significant association between any 

allele/haplotype and HPV persistence was found. 28 Maciag et al. performed a similar 

study on a cohort of 620 women in Brazil. Unconditional logistic regression was used to 

determine ORs and possible co-factors, age and ethnicity, were controlled for and the 

results of this study can be found in table 4. 39 Ades et al. preformed a sub-analysis on 

884 control subjects and found a significant association between the HLA-B7-HLA-

DRB1*1501-HLA-DQB1*0602 haplotype and an increased risk of HPV type 16 and 18 

infection (see table 4). 34 These studies suggest that there is a link between HLA class II 

polymorphisms and the risk and persistence of an HPV infection.        

 
HLA and Multiple HPV infections 

HPV co-infections are common, especially in young women. Co-infections occur 

more often that would be expected by chance, likely because HPV genotypes share the 

same risk factors. Women with co-infections acquire new infections at an increased rate 

and they have greater risk of HPV persistence (though not consistently across studies) 

and occurrence of SIL, which indicates that immunological susceptibility may be 

involved. 14 In a cohort of Montreal University students, Smith (Master’s thesis) found 

that the alleles HLA-G*010101 (OR=1.66 95% CI=1.02-2.70), HLA-G*010105 (OR=6.44 

95% CI=1.66-24.95), and HLA-DQB1*0602 (OR=1.83 95% CI=1.08-3.09) were significantly 

associated with an increased risk of multiple HPV infections. Smith also found that HLA-

G*010103 was significantly associated with a decreased risk of multiple HPV infections 

(OR=0.34 95% CI=0.14-0.81). 14  
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Table 4: HLA Class II Alleles and Haplotypes their Association with Prevalence and Persistence of 
HPV Infection in Previous Studies 

Study 
Author 

HLA Class II Allele/Haplotype Strength of 
Association 
OR (95% CI) 

HPV 
Prevalence/Cumulative 
Risk/Persistence 

Mahmud 
et al. 
(2007) 28 

Alleles: 
HLA-DRB1*13 

 
1.7 (1.0-2.8) 

Cumulative risk of any HPV 
infection 

Alleles: 
HLA-DRB1*1501 
 
Haplotypes: 
HLA-DRB1*1501-HLA-DQB1*0602 

 
2.1 (1.1-4.1) 
 
 
2.0 (1.0-4.1) 

Cumulative risk of HPV 
type 16 infection 

Maciag et 
al. (2002) 
39 

Alleles: 
HLA-DQB1*0201  
HLA-DRB1*0301  
HLA-DRB1*1601  
 
Haplotypes: 
HLA-DRB1*1601–HLA-DQB1-0502  
HLA-DRB1*0301-HLA-DQB1*0201 
HLA-DRB1*04–HLA-DQB1-0301 

 
0.64 (0.5-0.9) 
0.46 (0.3-0.7) 
3.99 (1.3-12.7) 
 
 
5.27 (1.5-19.1) 
0.45 (0.3-0.7) 
6.90 (1.5-32.2) 

Cumulative risk of HPV 
infection 

Alleles: 
HLA-DQB1*0201 
HLA-DQB1*0502 
HLA-DRB1*0301 
HLA-DRB1*0807 
HLA-DRB1*1601 
 
Haplotypes: 
HLA-DRB1*0807–HLA-DQB1-0402 
HLA-DRB1*1601–HLA-DQB1-0502 
HLA-DRB1*0301-HLA-DQB1*0201 
HLA-DRB1*1102-HLA-DQB1*0301 

 
0.62 (0.4-0.9) 
2.63 (1.2-5.8) 
0.45 (0.2-0.8) 
3.15 (1.1-9.5) 
5.93 (1.8-20.1) 
 
 
3.19 (1.1-9.6) 
7.79 (2.0-29.8) 
0.44 (0.2-0.8) 
0.11 (0.0-0.8) 

HPV persistence 

Ades et al. 
(2008) 34 

Haplotypes: 
HLA-B7-HLA-DRB1*1501  
HLA-B7-HLA-DQB1*0602 
HLA-B7-HLA-DRB1*1501-HLA-
DQB1*0602 

 
2.70 (1.30-5.60) 
3.22 (1.58-6.58) 
2.87 (1.38-5.97) 

Prevalence of HPV type 16 
or 18 infection 
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Study Setting and Rational 

Study Setting 

The data for this study was collected in Nunavik, the arctic and sub-arctic region of 

Northern Quebec. Nunavik covers an area of 507,000 km, but has a population of only 

11,000 people. The population lives in 14 communities located along the coast of the 

Hudson Bay, Hudson Straight, and Ungava Bay. The location of Nunavik and a map of its 

communities can be seen in figure 6. The population is not only geographically isolated 

but has a unique culture and sociodemographic makeup. The population of Nunavik is 

young and growing: around half of the residents are under the age of 20 and the growth 

rate in the early 2000’s was 12.0% (the growth rate in Quebec was 4.3%). 90% of 

residents of Nunavik self-identify as Inuit. The Inuit population has a high rate of 

infectious diseases, including STIs, and a rising rate of chronic disease. 40,41 

 

Figure 6: Location of Nunavik and its communities 42 
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Canadian Aboriginal women have a higher risk of developing and dying from 

cervical cancer than the general Canadian population. 43 Previous analysis of the 

population of Nunavik suggests that the prevalence of HPV in Nunavik was two-fold 

higher than the reported rates among the Canadian general population and in women 

younger than 20 the difference was almost three-fold. 43 The prevalence was similar to 

that found in other high risk populations, such as Montreal University students. The 

overall prevalence of HPV infection in Nunavik women was 29.8%, and in women 15-19 

years old the prevalence was 58%. HR-HPV types are also more prevalent in Nunavik 

women than in the general Canadian population: the prevalence of HR-HPV was 20.4% 

and in women 15-19 years old the prevalence was 47%. The population showed a U-

shaped HPV prevalence curve. 43 In women 40 or more years old, HR-HPV infection was 

associated with the number of sexual partners. In women younger than 40, HR-HPV 

infection was associated with the number of sexual partners, the age at first sexual 

intercourse, and marital status. 41 

 

Rational 

Previous analysis of a population of Inuit women in Nunavik, Quebec suggests this 

population is at a greater risk of HPV infection than the rest of Canada. This increased 

risk could be due to behavioural differences between the two populations, increased 

burden of infection with high risk HPV types or variants, and/or increased host 

susceptibility. Analysis of behavioural risk factors for HPV infection and the prevalence 

of different HPV types have been completed on this population, and therefore this study 

will focus on susceptibility of Inuit women to HPV infection. 41,43 It is possible that host 

susceptibility, in particular HLA polymorphisms, may play a part in the increased risk of 

HPV prevalence in the Inuit population.  

In the present study, subjects were followed for two to seven years and therefore 

period prevalence, incidence of new infections, and duration of infection can be 

calculated. Previous studies have investigated the association between HLA 

polymorphisms and HPV cumulative prevalence (also called cumulative risk) and 
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persistence/duration. This study will also determine the association between HLA 

polymorphisms and HPV incidence and concurrent multiple HPV infections. 

It is important to investigate why the population of Nunavik, Quebec (and other 

Canadian Inuit populations) are at an increased risk of acquiring HPV and developing 

cervical cancer. Host susceptibility may be one of the factors that places this population 

at an increased risk of HPV infection.   
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Methodology 

Hypotheses 

 In a population, HLA allele prevalence depends on the ethnicity of the 

population. All participants in this study self-identified as Inuit and therefore the 

prevalence of HLA alleles, haplotypes and genotypes in this study population will 

likely vary from other populations in Canada.  

 According to previous literature, HLA-G alleles may be associated with an 

increased (or decreased) risk and/or duration of HPV infection, but HLA-E alleles 

will likely have no association with HPV infection.  

 HLA-DQB1*03, HLA-DRB1*1501, and HLA-DQB1*0602 alleles will likely be 

associated with an increased risk and/or duration of HPV infection, and the HLA-

DRB1*13 alleles will be associated with a decreased risk and/or duration of HPV 

infection. 

 

Objectives 

The objectives of this study are: 

1. To describe the prevalence of HLA class I (HLA-B*07, HLA-G, and HLA-E) and HLA 

class II alleles (HLA-DQB1*03, HLA-DQB1*0602, HLA-DRB1*1501, and HLA-

DRB1*13), haplotypes and HLA-G genotypes in a sample of Inuit women in 

Nunavik, Quebec. 

2. Determine if there is an association between HLA alleles, haplotypes and/or 

genotypes and the prevalence, incidence, and duration of HPV infection in this 

population.  

3. The association between HLA alleles and/or haplotypes and multiple HPV 

infections and squamous intraepithelial lesions will also be determined. 

 

  



 

32 

 

Study Design 

Overview 

The data used for this analysis was taken from a prospective cohort of Inuit women 

living in communities along the Ungava and Hudson Bays in Nunavik, Quebec.  

 

Target population 

The target population for this study was all Inuit women aged 15-69 living in Nunavik 

between January 2002 and December 2007. In 2001, the population of Nunavik was 

9600, which included approximately 4320 female Inuit residents (90% of this population 

self-identify as Inuit and approximately half of Inuit residents are female). In 2006, the 

population grew to 10570 which included approximately 4760 female Inuit residents. 

 

Eligibility Criteria  

Women were eligible for this study if they: 

 Self-identified as Inuit 

 Were born in Nunavik, Quebec 

 Were between 15 and 69 years of age 

 Had an intact uterus and no current referral for hysterectomy 

 Had not used vaginal medication in the two days prior to cohort entry 

 Had not received  treatment for cervical disease in the six months prior to cohort 

entry 

 Were no more than 12 weeks pregnant 

 

Subject Recruitment 

The sampling frame was all women (aged 15-69) presenting for a regularly scheduled 

Pap test at a clinic in one of the four participating communities in Ungava Bay (Kuujjuak, 

Kangiqsualujjuaq, Kangiqsujuaq, and Kangirsuk) between January 2002 and December 

2007. Subjects were followed until July 2010. A small number of women were recruited 

from a mobile mammography program (between August and October 2004) along the 
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coasts of Ungava and Hudson Bay. Nurse practitioners systematically asked women 

(who were not already enrolled) to participate in the study and interested women were 

assessed for eligibility. All eligible women provided written informed consent. (See 

appendix 1) Any women who wanted to withdraw from the study could do so at any 

time.  

 

Subject Follow-up 

This study did not use a pre-set testing interval and women were not followed up in a 

systematic manner. Cervical specimens were collected at any subsequent, regularly 

scheduled clinic visits for a gynecological exam. Therefore, the follow up reflected the 

women’s normal Pap smear history. Every four months, members of the research team 

visited the participating communities. During their visits they made announcements on 

local FM radio stations encouraging women to get yearly Pap tests. 

 

Ethical Considerations 

Ethics approval for this study was obtained from the McGill Institutional Review Board 

and the Tulattavik Health Center (who provided services to study participants). Written 

informed consent was obtained from all study participants.  

 

Data Collection 

Questionnaire 

At enrolment, nurse practitioners collected sociodemographic and behavioural 

characteristics from a standardized questionnaire. The questionnaire was provided in 

English, French, and Inuktitut (the Inuktitut version was back-translated into English to 

ensure accurate translation). The questionnaire was validated by a steering committee, 

which included Nunavik community members, the Tulattavik Health Center, and the 

Nunavik Regional Board of Health and Social Services.  It was also piloted with a group of 

ten Inuit women in order to ensure its comprehensibility and ease of use.  (See appendix 

2) 



 

34 

 

Medical Chart Review 

Research team members reviewed the medical charts of the enrolled subjects and 

extracted additional information on the subject’s medical history (using a standardized 

data retrieval form). The extracted information included: reproductive history, STI 

diagnosis, major surgeries, organ transplants, immunosuppression, the use of steroid 

medication, and results of Pap tests performed throughout the study period. (See 

appendix 3) 

 

Cervical Specimen Testing and DNA Extraction 

Cervical specimens were collected at each visit for a Pap test, including at the entry to 

the study. Ectocervical and endocervical cells were collected using a Dacron swab for 

both a Pap smear and HPV-DNA testing. Once used for the Pap smear, the swab was 

immersed in a tube of 1.5mL of PreservCyt (Cytyc Corporation, Boxborough, MA) and 

agitated to release the cells. PreservCyt is a methanol-based liquid preservative and was 

used as a transport medium to preserve the integrity of the exfoliated cells. The cells 

were kept at 4oC before being placed on wet ice and transported to the Montréal 

laboratory of François Coutlée for HPV typing (CHUM – Hospital Notre Dame).  

The cervical smear slides were sent to Québec City to be read by an experienced 

cytopathologist who was blind to the subject’s HPV status. The Bethesda classification 

system for cytological diagnoses was used as the basis for cytopathology reports. 44 

Cytology results were sent to the treating physician in the patient’s respective 

community and recorded in their medical chart.  

 

HPV-DNA Testing and Typing 

The cervical cells were separated from the preservative medium using centrifugation at 

13000xg for 15 minutes at 22oC. The supernatant was discarded and the cell pellet left 

to dry. Once dry, the cells were re-suspended in 300µL of 20mM Tris-EDTA buffer (pH 

8.3). The DNA was purified with Master pure74 (Epicenter, Madison, WI).  
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HPV DNA was detected through PCR amplification with PGMY09-PGMY11 primers and 

quality-controlled reverse line blot assay (Roche Diagnostics). Twenty-seven genital HPV 

genotypes (6, 11, 16, 18, 26, 31, 33, 35, 39, 40, 42, 44, 45, 51, 52, 53, 54, 56, 57, 58, 59, 

66, 68, 73, 82 (IS39 and MM4 subtypes), 83, and 84) were identified using 

oligonucleotide hybridization. In April 2004 an extended line blot was introduced and 10 

additional HPV genotypes (34, 61, 62, 67, 69, 70, 71, 72, 81, and 84 (CP6108)) were 

added. 

A 268-bp region of the β-globin gene was amplified using GH20 and PC04 primers in 

order to assess the quality of DNA samples. Samples with a negative β-globin test were 

classified as having a baseline HPV result below acceptable quality levels.  

Each specimen was assigned a unique identifier and laboratory personnel were blinded 

to information on study subjects. Standard procedures were followed at all times to 

prevent contamination.    

 

HLA Typing 

Enrolment cervical specimens were used for HLA typing. Low resolution typing was used 

to type all HLA class II alleles and HLA-B*07. Once the DNA was purified, HLA alleles 

HLA-B*07, HLA-DQB1*03, HLA-DQB1*0602, HLA-DRB1*1501, and HLA-DRB1*13 were 

typed using a PCR technique that used sequence-specific primers (PCR-SSP), according 

to a well-established procedure. 45 In this procedure, pairs of oligonucleotides were 

used as primers for amplification of the HLA alleles. As a control, a 796-basepair (bp) 

fragment from the third intron of HLA-DRB1 was also amplified in order to verify that 

the amplification was successful.  The PCR product was viewed using electrophoresis. 

The DNA was stained with ethidium bromide, run on a 1% agarose gel and visualized 

using UV illumination. The investigators were blinded to HPV and questionnaire 

results.28 

Class I HLA-E and G alleles were typed using high resolution DNA typing and therefore all 

of the alleles were captured.  HLA-G and HLA-E alleles were determined through direct 

DNA sequencing of the nucleotide regions encompassing the HLA-E exon 3 (218bp) and 
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HLA-G exons 2-4 (1718bp) using purified DNA from cervical samples as described 

previously by Ferguson et al.  38 

 

Data Management 

Each subject was assigned a unique identifier at recruitment so that their information 

from the questionnaire and medical chart review could be linked with HPV-DNA and 

HLA test results. All identifying information apart from the unique ID was excluded from 

the analysis dataset in order to ensure confidentiality for all subjects. Members of the 

research team were the only people allowed to access the data collection sheets and 

consent forms.  

 

Statistical Analysis 

Inclusion in Dataset 

Subjects were included in the dataset if they met the eligibility criteria, completed a 

baseline questionnaire, had a HPV-DNA and HLA test of acceptable quality, and did not 

withdraw at any time during the study.  

 

Study Variables 

HPV Status 

HPV genotypes can be classified into HR and LR groups based on their oncogenic 

potential. This study classified HPV genotypes into HR and LR based on the most recent 

classification used by the International Agency for Research on Cancer (IARC). 3 Those 

HPV genotypes that were classified as probable or possible risk where grouped with the 

HR genotypes and those that were of indeterminate risk were grouped with LR 

genotypes. The HR group included HPV type 16, 18, 26, 31, 33, 35, 39, 45, 51, 52, 53, 56, 

58, 59, 66, 67, 68, 69, 70, 73 and 82. The LR group included HPV type 6, 11, 34, 40, 42, 

44, 54, 61, 62, 64, 71, 72, 81, 83, 84 and 89.  

The HPV genotypes were also grouped according to alpha-papillomavirus species. The 

three alpha groups were formed based on phylogenetic analyses done by de Villiers et 
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al. 4 Alpha group 1 included α-1, α-8, α-10, and α-13, alpha group 2 included α-5, α-6, α-

7, α-9, and α-11, and alpha group 3 included α-3 and α-15. Group 2 includes HR HPV 

types and groups 1 and 3 include LR HPV types. Groups 1 and 2 include cervical HPV 

types and group 3 includes vaginal HPV (that can cause vaginal warts). 4 These groups 

were used for comparison to determine if any HLA alleles recognized epitopes on similar 

HPV species.  

 

HLA Polymorphisms 

To estimate the effect of each allele, subjects who tested positive for an allele 

(homozygous or heterozygous) were compared to those who tested negative for that 

allele. Comparing those who are homozygous or heterozygous for an allele to those in 

which the allele is absent is called the dominant allele model. To estimate the effect of a 

haplotype or genotype, subjects who tested positive for both alleles in the haplotype or 

genotype were compared to those who tested negative for both alleles. The alleles HLA-

B*7, HLA-DQB1*03, HLA-DQB1*0602, HLA-DRB1*1501, and HLA-DRB1*13 were chosen 

a priori, because in previous literature they have been associated with both HPV 

infection and cervical cancer. HLA-E and HLA-G alleles have been less frequently studied 

and therefore high resolution DNA testing was used to determine all the HLA-G and 

HLA-E alleles present in the population. 

 

Independent Variables  

The questionnaire that study participants completed at study entry provided 

information on sociodemographic, lifestyle, and sexual characteristics as well as medical 

history.  The medical chart review provided additional information. The main 

independent variables used in this study (as well as the categorization scheme for the 

non-continuous variables) are listed below. 

 

Sociodemographic Variables: 

 Age  
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 Marital Status (0=married or living with parents, 1=single, divorced, or widowed) 

 Education (0=less than grade 9, 1=grade 9 or more) 

 Employment Status (0=unemployed, 1=employed) 

Lifestyle variables: 

 Current Smoker (0=no, 1=yes) 

 Current Alcohol (0=no, 1=yes) 

 Current Birth Control (0=no, 1=yes) 

Sexual History: 

 Age at first sexual intercourse 

 Number of lifetime sexual partners (0=fewer than 10, 1=10 or more) 

 Number of sexual partners in the past year (0=0, 1=one or two, 3=three or more) 

Medical history: 

 Lifetime number of live births 

 Self-reported STI history (0=no, 1=yes) 

 History of Pap test in the past 3 years (0=no, 1=yes) 

 

Coverage of the Target Population and Selection Bias 

In order to evaluate the coverage of the target population, 2006 Canadian census data 

was used. In order not to overburden the nurse practitioners in the communities, who 

were recruiting participants as well as their regular clinic duties, no information on the 

total number of women asked to participate or the sociodemographic data of those 

women who declined to participate was recorded. The study was designed to be as 

unintrusive and undemanding as possible. The simple research protocol also enhanced 

the likelihood of sustainability of the study in an area where there is a high turnover rate 

of the health care staff. A partial evaluation of selection bias was conducted where the 

characteristics of the study population was compared to published statistics regarding 

Inuit female residents of Nunavik. 46  
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Outcomes 

Odds ratios (and their corresponding 95% confidence intervals) were used to determine 

the association between HLA alleles/haplotypes/genotypes and the following binary 

outcomes: HPV period prevalence, HPV duration (or persistence), multiple HPV 

infections, and SIL. Odds ratios were calculated using unconditional logistic regression. 

Rate ratios (and their corresponding 95% confidence intervals) were used to determine 

the association between HLA alleles/haplotypes/genotypes and HPV incidence. Rate 

ratios were calculated using Poisson regression. Crude and age-adjusted odds and rate 

ratios were determined for all comparisons.  It was decided to adjust for age because 

age is the strongest determinant of an HPV infection and age had no missing values in 

our dataset (no multiple imputations necessary).  The alleles, haplotypes, and genotypes 

were only used in the comparisons if they were present in more than 5% of the 

population or they were associated with HPV infection in previous literature. SAS 

version 9.2 and R version 2.11.1 statistical programs were used for data analysis.   

 

Period Prevalence 

Women who tested positive for any HPV at any time over the follow-up period 

(including those who were HPV positive at baseline) were compared to women who 

tested negative for HPV at baseline and remained negative for the rest of the follow-up 

period.  

Period prevalence was also calculated for LR HPV infections only, HR HPV infections 

only, high-risk HPV 16 and 18, and alpha papillomavirus groups 1, 2 and 3. In each of the 

comparisons, the comparison group included women who tested negative for HPV at 

baseline and remained negative for the rest of the follow-up period.  

Both crude and age-adjusted ORs will be calculated. Age-adjusted rates were calculated 

by adding age at baseline to the regression equation.  

 

Period Prevalence Sensitivity Analysis 

Three period prevalence sensitivity analyses were performed where: 
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1. The cohort was restricted to women with three or more visits 

2. The cohort was restricted to those women who had a high likelihood of exposure 

to HPV (women with 10 or more lifetime partners) 

3. The cohort was restricted both to women with three or more visits and women 

with 10 or more lifetime partners 

The sensitivity analyses were performed for overall HPV infections and the three alpha 

papillomavirus groups. 

 

HPV Duration/Persistence 

HPV persistence was defined as a woman who tested positive for the same HPV type on 

two or more visits over the time period. A transient HPV infection was defined as a 

woman who tested positive once for an HPV infection at any time over the study period.  

Three comparisons were made: 

1. Women with persistent infections were compared to women with transient 

infections and HPV-negative women  

2. Women with persistent infections were compared to women with transient 

infections 

3. Women with persistent infections were compared to HPV-negative women 

The second is the most valuable comparison, because an association here indicates that 

the allele has an effect on whether an infection is cleared or if it persists. These three 

comparisons were also performed for HR alpha papillomavirus group 2 infection 

persistence. The cohort was restricted to only those women with three or more visits, to 

avoid detection opportunity bias. Again, both crude and age-adjusted ORs will be 

calculated. 

 

Persistence Sensitivity Analysis 

A sensitivity analysis for persistence (of any HPV and for HR alpha papillomavirus group 

2) will be performed in which the definition for persistence will be more stringent. In the 
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sensitivity analysis, persistence will be defined as a woman who tests positive for the 

same HPV type on two or more consecutive visits.    

 

 

Multiple HPV infections 

A woman was considered to have a co-infection if she tested positive for two different 

HPV types on the same visit (this is often called concurrent co-infections). Women who 

had multiple HPV types over the follow-up period but not on the same visit were not 

considered to have a co-infection.  

Three comparisons were made: 

1. Women with co-infections were compared to women who had single HPV 

infections and HPV-negative women 

2. Women with co-infections were compared to women who had single HPV 

infections 

3. Women with co-infections were compared to HPV-negative women 

The second is the most valuable comparison, because an association here indicates that 

the allele has an effect on whether a woman has one or more infections.  

Crude and age-adjusted ORs will be calculated.  

 

Abnormal Cytology 

Women with any SIL (HGSIL and LGSIL) cytology result over the follow-up period were 

compared with women who had normal (no SIL) cytology results for the entire study 

period. Women with a LGSIL cytology result at any point over follow-up were compared 

with those who had no SIL cytology result. This comparison was also completed for 

women with HGSIL.  

All cytology comparisons were limited to only those women who were HPV positive, 

because HPV-positivity is a prerequisite for a SIL. Crude and age-adjusted ORs will be 

calculated. 
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HPV Incidence 

HPV incidence was calculated for any HPV infection and for the three alpha-

papillomavirus species groups. The incidence rate was calculated as the number of new 

HPV infections per 1000 woman-months (WM) of follow-up. Women did not contribute 

to the person-time for an infection if they tested positive for an infection of that type at 

enrolment.  

Women months were calculated for each woman based on the time from enrolment to 

the first positive test (of the infection of interest) or until the end of follow-up (the last 

HPV-DNA negative test) if they did not test positive over the study period. The date of 

positivity was estimated to be halfway in between the positive HPV-DNA test and the 

preceding negative HPV-DNA test. Crude and age-adjusted rate ratios, as well as their 

corresponding confidence intervals, were calculated using SAS version 9.2 Poisson 

regression.   

 

Missing Data  

Approximately one-fourth of HPV-DNA tests were missing a date. Missing baseline HPV-

DNA test dates were given the date that the questionnaire was filled out. Using the 

medical chart review data, if there was a cytology test for a corresponding missing HPV-

DNA test then the date of the HPV-DNA test was given the date of the cytology test. If 

there was no corresponding cytology test, then the date was estimated based on the 

order in which the tests were received at the lab for analysis. It is reasonable to assume 

that the date of a missing test occurred between the preceding test and the subsequent 

test and therefore missing dates were assigned to the midpoint between the dates of 

the preceding and following tests.  
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Results 

Cohort Recruitment and Study Eligibility 

667 women were recruited into the cohort between January 2002 and December 2007 

and followed until July 2010. 548 women met the eligibility criteria (completed a 

baseline questionnaire and had a HPV-DNA and HLA test of acceptable quality).  

 

Coverage of Target Population 

This study captured 40.9% of the target population. The coverage was 42.5% in 

Kuujjuak, 54.3% in Kangiqsualujjuaq, 23.9% in Kangiqsujuaq, and 35.2% in Kangirsuk. 

The study captured 30.6% of women aged 15 to 19, 48.0% of 20 to 24 year olds, 50.8% 

of 25 to 44 year olds, and 24.8% of women 45 years old and older. The age distribution 

of the study population roughly mirrors the age distribution of the target population; 

this was also true for each village individually. Figure 7 shows the age distribution of the 

study population and the target population, which was determined using the 2006 

Canadian census.  46 

 

 

Figure 7: Age Distribution of Study and Target Population  
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Characteristics of Study Population 

Sociodemographic Characteristics 

Just over half of the study population was married or living with their partner. Thirty 

percent of the population was unemployed and forty percent had less than a grade 9 

education.  (Table 5) 

 

Table 5: Distribution of Sociodemographic Characteristics 

Independent variable n N % % missing 

Marital status:         

Married or living with partner 299 528 56.63 3.65 

Single 229 528 43.37   

Employed:         

Yes 367 524 70.04 4.38 

No 157 524 29.96   

Education:         

Less than grade 9 211 517 40.81 5.66 

Grade 9 or more 306 517 59.19   

 

Smoking and Alcohol 

Three quarters of the study population were current smokers and 66 percent of the 

population reported current alcohol use. (Table 6) 

 

Table 6: Distribution of Smoking and Alcohol Characteristics 

Independent variable n N % % missing 

Smoker:         

Yes 386 528 73.11 3.65 

No 142 528 26.89   

Alcohol use:         

Yes 353 530 66.60 3.28 

No 177 530 33.40   
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Reproductive Characteristics 

The percentage of women with none, one or two, and three or more lifetime deliveries 

was 17%, 29% and 54%, respectively. 36% of the population reported using birth control 

and 67% of the population self-reported having had a sexually transmitted infection 

(STI). (Table 7) 

 

Table 7: Distribution of Reproductive Characteristics 

Independent variable n N % % missing 

Lifetime deliveries:         

None 94 543 17.31 0.91 

One or two 158 543 29.10   

Three or more 291 543 53.59   

Birth control:         

Yes 187 517 36.17 5.66 

No 330 517 63.83   

Self-reported history of STI:         

Yes 350 519 67.44 5.29 

No 169 519 32.56   

 

Sexual Behaviour Characteristics 

The percentage of women whose age at first intercourse was less than 15, 15 to 20, and 

over 20 years old was 38%, 59%, and 3% respectively. 35% of the study participants had 

10 or more lifetime sexual partners. The percentage with none, one or two, and three or 

more sexual partners in the past year was 11%, 62%, and 28% respectively. (Table 8) 
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Table 8: Distribution of Sexual Behaviour Characteristics 

Independent variable n N % % missing 

Age at first sexual intercourse:         

<15 192 506 37.94 7.66 

15-20 299 506 59.09   

>20 15 506 2.96   

Number of lifetime sexual partners:         

Less than 10 320 495 64.65 9.67 

10 or more 175 495 35.35   

Number of sexual partners in the 
past year:         

None 54 505 10.69 7.85 

1 or 2 311 505 61.58   

3 or more 140 505 27.72   

 

Follow-up of Participants 

548 eligible women attended their first visit and had an adequate HPV-DNA and HLA 

test. 67% of these women returned for a second visit and 50% returned for a third visit. 

Less than 20% of the original 548 women returned for the sixth visit. The percentage of 

women per visit post-enrollment is shown in figure 8. The average length of time 

between follow-up visits was 1.36 years (or 16.3 months). 

 

 

Figure 8: Percentage of Women Per Visits Post Enrollment 
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Distribution of HLA Alleles and Haplotypes 

Alleles 

Table 9 shows the distribution of HLA-B*07 and class II HLA alleles. This table shows the 

number of women with each allele. The highlighting indicates those alleles that will be 

used in future comparisons. Just less than 5% of the population tested positive for the 

HLA-B*07 allele. The most common class II HLA allele in this population was HLA-

DQB1*03. It was present in 94% of women in this population. The other three class II 

HLA alleles (that were tested for) were present in less than 5% of the population: HLA-

DQB1*0602 (3.6%), HLA-DRB1*13 (4.7%) and HLA-DRB1*1501 (3.8%). (Table 9) 

 

Table 9: The distribution of HLA-B*07, DQB1*03, DQB1*0602, DRB1*13, and 

DRB1*1501 alleles 

Allele n N % 

HLA-B*07 23 514 4.47 

        

HLA-DQB1*03 486 516 94.19 

HLA-DQB1*0602 19 523 3.63 

HLA-DRB1*13 25 532 4.70 

HLA-DRB1*1501 20 527 3.80 

 
 

Table 10 shows the distribution of HLA-E and HLA-G alleles in this population; for each 

woman both HLA-E and HLA-G alleles were determined and therefore the denominator 

is twice the number of the women in the cohort. Two HLA-E alleles were found in this 

population. HLA-E*0103 was the most common, found in 66% of the women, and HLA-

E*0101 was found in 33% of the women. There were eight different HLA-G alleles that 

were found in this population. The most common HLA-G alleles were HLA-G*010401 

(50%), HLA-G*010101 (31%), and HLA-G*010102 (15%).  The HLA-G wild type is HLA-

G*0101. 48% of the alleles in this population were the wild type. (Table 10) 
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Table 10: Distribution of HLA-E and HLA-G alleles 

Allele n N % 

HLA-E*0101 343 1044 32.85 

HLA-E*0103 693 1044 66.38 

        

HLA-G*010101 328 1044 31.42 

HLA-G*010102 159 1044 15.23 

HLA-G*010103 11 1044 1.05 

HLA-G*010108 4 1044 0.38 

HLA-G*0103 4 1044 0.38 

HLA-G*010401 526 1044 50.38 

HLA-G*0106 14 1044 1.34 

HLA-G*0107 1 1044 0.10 

 

Haplotypes 

Table 11 shows the HLA haplotypes of the 5 HLA alleles which were chosen a priori 

because they were often associated with HPV and cervical cancer. None of the HLA 

haplotypes in table 11 were present in more than 5% of the population. HLA-

DRB1*1501-DQB1*0602 and B*07-DRB1*1501-DQB1*0602 have been linked to cervical 

cancer in previous literature and therefore will be used in further analysis. 

 
Table 11: HLA-B, DQB1, and DRB1 Haplotype Distribution 

HLA Haplotype n N % 

B*07-DQB1*03 18 494 3.64 

B*07-DRB1*13 1 510 0.20 

B*07-DRB1*1501 8 502 1.59 

B*07-DRB1*0602 8 479 1.67 

DQB1*03-DQB1*0602 13 505 2.57 

DQB1*03-DRB1*13 15 511 2.94 

DQB1*03-DRB1*1501 14 507 2.76 

DQB1*0602-DRB1*13 1 517 0.19 

DRB1*1501-DQB1*0602 19 511 3.72 

DRB1*1501-DRB1*13 1 520 0.19 

B*07-DRB1*1501-DQB1*0602 8 487 1.64 
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Table 12 shows the HLA-G genotypes of the most common three HLA-G alleles in this 

population (HLA*G-010101, HLA-G*010102, and HLA-G*010401).  

 

Table 12: HLA-G Genotype Distribution 

HLA-Genotype n N % 

G*010101       

Homozygous 51 522 9.77 

Heterozygous 227 522 43.49 

Absent 244 522 46.74 

G*010102       

Homozygous 8 522 1.53 

Heterozygous 138 522 26.44 

Absent 376 522 72.03 

G*010401       

Homozygous 131 522 25.10 

Heterozygous 268 522 51.34 

Absent 123 522 23.56 

 

HPV Period Prevalence 

HPV period prevalence was determined for any HPV, by oncogenic grouping and by 

alpha-papillomavirus species groups.  548 women were included in this analysis. 287 of 

these women were HPV-negative at baseline and remained HPV-negative over the 

follow up period. Of the 261 women who were HPV-positive at any point over the study 

period: 88 women had only LR infections; 171 women had only HR infections; and 72 

women had HPV type 16 or 18 infections.  

Only one HLA allele, HLA-G*010102, was significantly associated with a decreased risk of 

an overall HPV infection (OR=0.64 95% CI=0.42-0.98). The homozygous HLA-G*010102 

genotype was also associated with a decreased risk of overall HPV infection (OR=0.25 

95% CI=0.05-1.32) but the association was not significant. The HLA-DQB1*0602 and 

DRB1*1501 alleles were associated with a decreased risk of overall HPV infection, but 

the associations were not significant. (Table 13) 
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Table 13: Any HPV Type Period Prevalence by HLA Alleles 

Allele 
HPV Negative  

n 
HPV Positive  

n 
Any HPV type  

Age-Adjusted OR (95% CI) 

Cohort (n=548) 287 261   

HLA-B*07 12 11 0.68 (0.25-1.84) 

        

HLA-E*0101 151 142 1.00 (0.68-1.47) 

HLA-E*0103 246 222 0.93 (0.49-1.76) 

        

HLA-G*010101 144 133 1.02 (0.70-1.49) 

HLA-G*010102 84 67 0.64 (0.42-0.98) 

HLA-G*010103 4 7 1.38 (0.36-5.30) 

HLA-G*010401 206 186 1.38 (0.88-2.17) 

HLA-G*0106 6 7 0.77 (0.24-2.46) 

        

HLA-DQB1*03 250 236 1.66 (0.732-3.83) 

HLA-DQB1*0602 13 6 0.37 (0.13-1.06) 

        

HLA-DRB1*13 15 10 0.47 (0.19-1.20) 

HLA-DRB1*1501 13 7 0.37 (0.13-1.04) 

 

Period Prevalence of Only LR, Only HR and Type 16/18 Infections 

None of the women who had the B*07 allele were positive for only LR infection. The 

HLA-G*010102 allele was significantly associated with a decreased risk of being infected 

with only LR HPV infection (age-adjusted OR=0.37 95% CI= 0.16-0.83).  None of the 

associations between HLA alleles and haplotypes and only HR infections and HR HPV 

type 16/18 infections were significant. (See appendix 4) 

 

Period Prevalence of Alpha Papillomavirus Groups 1, 2 and 3 

42 women tested positive for an alpha group 1 (includes α-1, α-8, α-10, and α-13) HPV 

infections, 209 women tested positive for an alpha group 2 (includes α-5, α-6, α-7, α-9, 

and α-11)  HPV infections, and 126 women tested positive for an alpha group 3 (includes 

α-3 and α-15) HPV infection. Group 1 and 3 includes LR HPV species and group 2 

includes HR HPV species.  
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The HLA-G*010101 allele was associated with a significantly increased risk of LR alpha 

group 1 (OR=2.23 95% CI=1.08-4.59). Both the homozygous (OR=2.72 95% CI=0.86-8.60) 

and heterozygous (OR=2.14 95% CI=1.03-4.52) genotypes of this allele both appeared to 

be associated with an increased risk of alpha group 1 infection. The latter association 

was significant. None of the HR HPV alpha group 2 associations were significant. The 

HLA-G*010101 allele was associated with a significantly increased risk of LR alpha group 

3 (OR=1.70 95% CI=1.09-2.65). Both the homozygous (OR=1.81 95% CI=0.84-3.90) and 

heterozygous (OR=1.69 95% CI=1.07-2.67) genotypes of this allele appeared to be 

associated with an increased risk of alpha group 3 infection, the later association was 

significant. The homozygous genotype of HLA-G*010401 (OR=0.50 95% CI=0.25-0.97) 

was significantly associated with a decreased risk of HPV alpha group 3 infections. (Table 

14) 
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Table 14: Alpha Papillomavirus Group Period Prevalence by HLA Alleles, Haplotypes and 
Genotypes 

*Reference group  

Allele / Haplotype / 
Genotype 

α Group 1 (α-1, α-8, 
α-10, α-13)  

α Group 2 (α-5, α-6, 
α-7, α-9, α-11)  α Group 3 (α-3, α-15)  

Age-Adjusted  
OR (95% CI) 

Age-Adjusted  
OR (95% CI) 

Age-Adjusted  
OR (95% CI) 

HLA-B*07 n/a 0.84 (0.31-2.25) 0.22 (0.03-1.69) 

        

HLA-E*0101 0.96 (0.49-1.89) 1.04 (0.71-1.52) 0.95 (0.61-1.46) 

HLA-E*0103 2.02 (0.46-8.92) 1.13 (0.59-2.14) 1.29 (0.60-2.77) 

        

HLA-G*010101 2.23 (1.08-4.59) 1.15 (0.79-1.68) 1.70 (1.09-2.65) 

HLA-G*010102 0.45 (0.18-1.11) 1.13 (0.74-1.71) 0.90 (0.55-1.47) 

HLA-G*010103 1.14 (0.13-10.06) 0.67 (0.16-2.87) 0.39 (0.05-3.43) 

HLA-G*010401 0.90 (0.40-2.01) 0.71 (0.46-1.10) 0.74 (0.45-1.21) 

HLA-G*0106 n/a 1.54 (0.42-5.69) 2.72 (0.74-9.99) 

        

HLA-DQB1*03 0.99 (0.21-4.64) 0.99 (0.43-2.30) 0.60 (0.25-1.43) 

HLA-DQB1*0602 n/a 0.54 (0.18-1.61) 0.95 (0.32-2.84) 

        

HLA-DRB1*13 0.43 (0.05-3.50) 0.99 (0.42-2.34) 1.15 (0.44-3.05) 

HLA-DRB1*1501 0.48 (0.06-3.95) 0.64 (0.23-1.80) 1.09 (0.39-3.06) 

        

DRB1*1501-DQB1*0602 n/a 0.54 (0.18-1.62) 0.93 (0.31-2.77) 

B*07-DRB1*1501-
DQB1*0602   n/a 0.50 (0.10-2.54) 0.41 (0.05-3.50) 

        

G010101:       

Homozygous 2.72 (0.86-8.60) 1.71 (0.89-3.28) 1.81 (0.84-3.90) 

Heterozygous 2.14 (1.03-4.52) 1.05 (0.71-1.57) 1.69 (1.07-2.67) 

Absent* 1.00 1.00 1.00 

G010102:       

Homozygous 1.03 (0.11-9.32) 0.49 (0.09-2.62) 0.39 (0.05-3.46) 

Heterozygous 0.40 (0.15-1.07) 1.18 (0.78-1.80) 0.94 (0.57-1.53) 

Absent* 1.00 1.00 1.00 

G010401:       

Homozygous 0.68 (0.24-1.89) 0.62 (0.36-1.07) 0.50 (0.25-0.97) 

Heterozygous 1.02 (0.44-2.37) 0.77 (0.49-1.22) 0.89 (0.53-1.49) 

Absent* 1.00 1.00 1.00 



 

53 

 

Period Prevalence Sensitivity Analysis 

Three sensitivity analyses were performed for period prevalence of any HPV and alpha 

groups 1, 2 and 3: (1) where the cohort was limited to those women with three or more 

visits, (2) where the cohort was restricted to women with 10 or more lifetime partners, 

and (3) where both restrictions were put on the cohort. 

In the first analysis, the direction of the associations mentioned above remained the 

same but the majority of the associations moved toward the null, including that 

between HLA-G*010102 and period prevalence of any HPV (OR=0.75 95% CI=0.42-1.35). 

In this analysis, the homozygous HLA-G*010101 genotype was significantly associated 

with an increased risk of any HPV (OR= 2.55 95% CI=1.06-6.13) and alpha papillomavirus 

groups 1 (OR=4.41 95% CI=1.12-17.44), 2 (OR=2.83 95% CI=1.14-7.06) and 3 (OR=3.29 

95% CI=1.06-10.15).  

In the second analysis, the direction of the alpha group associations remained the same. 

The homozygous HLA-G*010401 genotype was significantly associated with a decreased 

risk of any HPV and LR alpha group 3. The direction of the associations between the 

HLA-G*010102, DQB1*0602 and DRB1*1501 alleles and any HPV all changed.  

In the third analysis, again the direction of the alpha group associations remained the 

same but the direction of the associations between the HLA-G*010102, DQB1*0602 and 

DRB1*1501 alleles and any HPV changed. (See appendix 4) 

 

HPV Persistence 

No HLA alleles, haplotypes or genotypes were significantly associated with HPV 

persistence. HLA-B*07 (OR=7.30 95% CI=0.86-61.96) and HLA-G*010103 (OR=2.75 95% 

CI=0.28-27.39) were associated with an increased risk of HPV persistence versus 

transient infections and HLA-G*0106 (OR=0.42 95% CI=0.04-4.82) was associated with a 

decreased risk of HPV persistence versus transient infections. (See appendix 4) 
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HR HPV Alpha Group 2 Persistence 

Again no HLA alleles, haplotypes or genotypes were significantly associated with HR HPV 

alpha group 2 persistence. HLA-B*07 (OR=3.29 95% CI=0.62-17.45) and G*010103 

(OR=1.86 95% CI=0.16-21.61) were associated with an increased risk of alpha group 2 

persistence, but the associations were not significant. Also, the HLA-DQB1*03 allele was 

associated with a decreased, but non-significant, risk of alpha group 2 persistence 

(OR=0.41 95% CI=0.10-1.72). (See appendix 4) 

 

HPV Persistence Sensitivity Analysis 

A sensitivity analysis was performed for any HPV persistence and for HR alpha group 2 

persistence, in which the definition of persistence was limited to only those women who 

tested positive for the same HPV infection on two or more consecutive visits. In these 

analyses, many of the associations moved towards the null or changed directions. The 

association between HLA-G*010103 (OR=2.24 95% CI=0.13-37.26) remained positively 

associated with any HPV persistence, but the association was still non-significant. (See 

appendix 4) 

 

Multiple HPV Infections 

548 women were included in the analysis of multiple HPV infections. Out of the 261 

women who tested positive for an HPV infection over the follow-up period, 117 women 

had concurrent co-infections (when a women tests positive for two different HPV types 

on the same visit). The remaining 144 HPV positive women had mono-infections.  

HLA-G*010101 allele (OR=1.54 95% CI=0.90-2.66) and its heterozygous genotype 

(OR=1.83 95% CI=1.03-3.21) were associated with an increased risk of multiple 

infections versus single infections. The latter was significant. The HLA-G*010102 allele 

was associated with a significantly decreased risk of multiple infections versus HPV-

negative (OR=0.45 95% CI=0.24-0.82). The homozygous genotype of HLA-G*010401 was 

associated with a significantly decreased risk of multiple infections versus HPV-negative 

(OR=0.44 95% CI=0.21-0.92). The HLA-DQB1*0602 and DRB1*1501 alleles and their 
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respective haplotypes were associated with an increased, but not significant, risk of 

multiple infections. (Table 15) 

 

Table 15: Multiple HPV Infections by HLA Alleles, Haplotypes and Genotypes 

Allele / Haplotype / Genotype 

Co-infection vs. Mono-
infection 

Age-Adjusted OR (95% CI) 

Co-infection vs. HPV-
negative 

Age-Adjusted OR (95% CI) 

HLA-B*07 3.91 (0.66-23.15) 1.20 (0.38-3.74) 

      

HLA-E*0101 1.04 (0.60-1.79) 0.92 (0.54-1.57) 

HLA-E*0103 0.84 (0.34-2.08) 0.90 (0.38-2.16) 

      

HLA-G*010101 1.54 (0.90-2.66) 1.36 (0.80-2.32) 

HLA-G*010102 0.72 (0.38-1.35) 0.45 (0.24-0.82) 

HLA-G*010103 1.08 (0.21-5.67) 1.71 (0.29-10.02) 

HLA-G*010401 0.65 (0.34-1.26) 1.09 (0.60-1.98) 

HLA-G*0106 n/a 1.73 (0.50-6.04) 

      

HLA-DQB1*03 0.91 (0.28-2.96) 1.59 (0.54-4.71) 

HLA-DQB1*0602 2.96 (0.46-19.21) 0.52 (0.15-1.79) 

      

HLA-DRB1*13 1.37 (0.33-5.66) 0.50 (0.16-1.58) 

HLA-DRB1*1501 2.81 (0.42-18.63) 0.49 (0.14-1.71) 

      

DRB1*1501-DQB1*0602 2.94 (0.46-18.91) 0.52 (0.15-1.78) 

B*07-DRB1*1501-DQB1*0602 3.00 (0.12-72.29) 0.47 (0.05-4.22) 

      

G010101:     

Homozygous 1.16 (0.50-2.70) 1.80 (0.76-4.30) 

Heterozygous 1.83 (1.03-3.21) 1.44 (0.84-2.48) 

Absent* 1.00 1.00 

G010102:     

Homozygous 1.86 (0.15-22.86) 1.21 (0.16-9.25) 

Heterozygous 0.71 (0.39-1.27) 1.14 (0.63-2.07) 

Absent* 1.00 1.00 

G010401:     

Homozygous 0.70 (0.33-1.49) 0.44 (0.21-0.92) 

Heterozygous 1.00 (0.53-1.85) 0.87 (0.46-1.60) 

Absent* 1.00 1.00 

*Reference category 
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High- and Low-Grade Squamous Intraepithelial Lesion Period Prevalence  

A total of 257 women were included in the analysis of Squamous Intraepithelial Lesions. 

59 women had an SIL, 37 of those women had a LGSIL and 22 had a HGSIL.  

None of the women with the B*07 allele had a SIL. The HLA-G*010102 allele was 

associated with a decreased risk of HGSIL (OR= 0.54 95% CI=0.17-1.67), but the 

association was not significant. HLA-G*0106 was associated with an increased risk of 

any SIL, LGSIL, and HGSIL, but none of the associations were significant.  

The HLA-DQB1*03 allele was associated (OR= 0.46 95% CI=0.13-1.69), non-significantly, 

with a decreased risk of LGSIL. The HLA-DRB1*13 allele was associated with an 

increased risk of any SIL (OR= 4.34 95% CI=1.27-14.78), LGSIL (OR= 5.56 95% CI=1.43-

21.63), and HGSIL (OR= 3.25 95% CI=0.58-18.30). The first two associations were 

significant. The homozygous G*010401 genotype was associated with an increased risk 

of both LGSIL and HGIL. (Table 16) 

 

Table 16: Any SIL, LGSIL, and HGSIL by HLA Alleles 

Allele 

Any SIL vs. Normal 
Cytology 

Age-Adjusted OR (95% CI) 

LGSIL  vs. Normal 
Cytology 

Age-Adjusted OR (95% CI) 

HGSIL vs.  vs. Normal 
Cytology 

Age-Adjusted OR (95% CI) 

HLA-E*0101 1.81 (0.94-3.47) 2.11 (0.93-4.74) 1.44 (0.56-3.63) 

HLA-E*0103 0.59 (0.23-1.53) 0.47 (0.16-1.39) 0.95 (0.20-4.52) 

        

HLA-G*010101 0.86 (0.46-1.59) 1.08 (0.51-2.29) 0.63 (0.26-1.55) 

HLA-G*010102 0.84 (0.42-1.67) 1.07 (0.48-2.41) 0.54 (0.17-1.67) 

HLA-G*010103 n/a n/a n/a 

HLA-G*010401 0.94 (0.47-1.85) 0.88 (0.39-1.98) 0.99 (0.36-2.72) 

HLA-G*0106 2.40 (0.55-10.50) 1.52 (0.25-9.31) 3.74 (0.63-22.33) 

        

HLA-DQB1*03 0.66 (0.20-2.16) 0.46 (0.13-1.69) 1.28 (0.15-10.84) 

HLA-DQB1*0602 1.42 (0.25-7.86) 1.12 (0.12-10.39) 1.92 (0.21-17.57) 

        

HLA-DRB1*13 4.34 (1.27-14.78) 5.56 (1.43-21.63) 3.25 (0.58-18.30) 

HLA-DRB1*1501 1.02 (0.19-5.48) 0.79 (0.09-7.15) 1.35 (0.15-12.00) 
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HPV Incidence 

HPV incidence was determined for any incident HPV infection and by alpha groups.   

None of the HLA alleles, haplotypes or genotypes were significantly associated with any 

incident HPV infections.  

 

Incident Alpha Groups Infections 

Two alleles were associated with a significantly increased rate of LR alpha group 1 

infection: HLA-G*010101 (RR=2.57 95% CI=1.01-6.53) and HLA-DRB1*13 (RR=3.53 95% 

CI=1.17-10.70). The heterozygous HLA-G*010101 genotype was also associated with a 

significantly increased rate of LR alpha group 1 infection.  No alleles, haplotypes or 

genotypes were significantly associated with incident HR alpha group 2 infections. HLA-

G*010101 and its homozygous and heterozygous genotypes were all significantly 

associated with an increased rate of LR alpha group 3 infections. The HLA-G*010401 

homozygous genotype was associated with a significantly decreased rate of alpha group 

3 infections (RR=0.39 95% CI=0.16-0.95). (Table 17) 
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Table 17: HPV Incidence by HLA Alleles, Haplotypes and Genotypes 
 

*Reference category 

Allele / Haplotype / 
Genotype 

Any HPV infection  
α Group 1 (α-1, α-8, 

α-10, α-13)  
α Group 2 (α-5, α-6, α-7, 

α-9, α-11)  
α Group 3 (α-3, α-15)  

Age-Adjusted Rate 
Ratio (95% CI) 

Age-Adjusted Rate 
Ratio (95% CI) 

Age-Adjusted Rate Ratio 
(95% CI) 

Age-Adjusted Rate 
Ratio (95% CI) 

HLA-B*07 0.77 (0.28-2.09) 1.56 (0.36-6.70) 0.76 (0.18-3.12) 0.92 (0.29-2.95) 

          

HLA-E*0101 1.02 (0.68-1.52) 1.25 (0.54-2.90) 1.06 (0.65-1.74) 1.25 (0.73-2.14) 

HLA-E*0103 0.90 (0.47-1.74) 1.07 (0.25-4.58) 0.80 (0.38-1.67) 0.64 (0.30-1.35) 

          

HLA-G*010101 1.27 (0.85-1.90) 2.57 (1.01-6.53) 1.25 (0.76-2.04) 2.05 (1.16-3.62) 

HLA-G*010102 0.64 (0.39-1.05) 0.95 (0.38-2.42) 0.95 (0.55-1.64) 0.64 (0.34-1.22) 

HLA-G*010103 0.90 (0.22-3.63) n/a n/a 0.99 (0.14-7.16) 

HLA-G*010401 0.69 (0.45-1.07) 0.63 (0.26-1.54) 0.83 (0.47-1.46) 0.67 (0.38-1.16) 

HLA-G*0106 1.47 (0.60-3.63) n/a 0.28 (0.04-2.06) 0.95 (0.23-3.93) 

          

HLA-DQB1*03 1.84 (0.68-5.00) 0.46 (0.14-1.55) 5.56 (0.77-40.08) 1.25 (0.39-4.02) 

HLA-DQB1*0602 0.70 (0.26-1.91) n/a 0.35 (0.09-1.43) 0.54 (0.13-2.23) 

          

HLA-DRB1*13 1.02 (0.44-2.36) 3.53 (1.17-10.70) 0.42 (0.10-1.74) n/a 

HLA-DRB1*1501 0.66 (0.24-1.80) n/a 0.35 (0.08-1.41) 0.56 (0.14-2.31) 

          

DRB1*1501-DQB1*0602 0.70 (0.26-1.90) n/a 0.35 (0.09-1.45) 0.55 (0.13-2.27) 

B*07-DRB1*1501-
DQB1*0602 0.47 (0.07-3.39) n/a 0.59 (0.08-2.31) 0.82 (0.11-6.04) 

          

G010101: 
 

      

Homozygous 1.42 (0.67-3.00) 0.77 (0.09-6.48) 1.61 (0.73-3.57) 2.86 (1.28-6.38) 

Heterozygous 1.20 (0.74-1.97) 2.60 (1.00-6.78) 1.02 (0.60-1.76) 2.03 (1.08-3.80) 

Absent 1.00 1.00 1.00 1.00 

G010102:         

Homozygous n/a 1.95 (0.26-14.70) n/a 0.88 (0.12-6.37) 

Heterozygous 0.84 (0.49-1.45) 0.78 (0.26-2.34) 1.05 (0.60-1.86) 0.56 (0.27-1.14) 

Absent 1.00 1.00 1.00 1.00 

G010401:         

Homozygous 0.92 (0.47-1.80) 0.66 (0.18-2.33) 1.06 (0.52-2.18) 0.39 (0.16-0.95) 

Heterozygous 0.83 (0.47-1.48) 0.63 (0.23-1.72) 0.83 (0.44-1.56) 0.75 (0.41-1.36) 

Absent 1.00 1.00 1.00 1.00 
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Discussion 

The data presented here represents a cohort study of HPV Infection in Inuit 

women form Nunavik, Quebec who were followed from January 2002 to July 2010. The 

primary results presented here are: (1) HLA allele, haplotype and genotype prevalence, 

(2) the association between HLA alleles, haplotypes and genotypes and HPV period 

prevalence, (3) the association between HLA alleles, haplotypes and genotypes and HPV 

persistence, (4) the association between HLA alleles, haplotypes and genotypes and 

multiple concurrent HPV infections, (5) the association between HLA alleles, haplotypes 

and genotypes and LGSIL and HGSIL period prevalence, and (6) the association between 

HLA alleles, haplotypes and genotypes and HPV Incidence. 

 

HLA Allele and Haplotype Prevalence 

Eight HLA-G alleles were found in this population, the three most common alleles 

were HLA-G*010101 (31%), HLA-G*010102 (15%), and HLA-G*010401 (50%). The five 

remaining alleles were each found in less than 5% of the population. HLA-DQB1*03 was 

the most common HLA class II allele (94%), the other three class II alleles investigated 

were each present in less than 5% of the population.  

There are few studies which have outlined the distribution of HLA alleles and 

haplotypes in Canadian populations and therefore the possibility of comparison is 

limited. The distribution of HLA alleles and haplotypes in the Inuit population is unique 

when compared to that found in Montreal (includes women from varied ethnic 

backgrounds). In Montreal women, the HLA-G*010101 and HLA-G*010102 alleles were 

also quite prevalent, but HLA-G*010401 (which was the most prevalent HLA-G allele 

found in the Inuit population) was only found in 9% of the population. 33 The HLA-B*07 

allele was more prevalent in the Montreal populations (15-18%) than the Nunavik 

population (<5%).  The HLA-DQB1*0602, DRB1*13, and DRB1*1501 alleles were also 

found in a greater proportion of the Montreal populations (20%, 17-25%, and 21-25%, 

respectively) than in the Nunavik one. HLA-DQB1*03 was found in 57-64% of the 
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Montreal student population, whereas it was found in almost all of the Inuit women 

(94%). 28,34 (For comparison table see appendix 4) 

Two studies investigated the distribution of HLA alleles in native populations of 

Alaska and Greenland, but they are not exactly comparable to this study because of the 

difference in allele nomenclature. In the Greenland population, HLA-B*07, DRB1*15 and 

DQB1*06 were all found in less than 2% of the population. 47 In the Alaskan population 

HLA-B*0702, DRB1*1501, DRB1*1301 and DQB1*0602 were again found in less than 2% 

of the population. 48 DQB1*0301 was found in 61.7% of the population of Alaskan 

Natives. 48 In the Nunavik population HLA-B*07, DRB1*1501, DRB1*03 and DQB1*0602 

were all found in less than 5% of the population and HLA-DQB1*03 was found in the 

majority of the population (94%). These three populations have somewhat similar HLA 

allele distributions, unfortunately the Greenland and Alaskan studies did not report on 

HLA typing for HLA-E or G thus precluding comparisons. (See appendix 4) 

A study by Matte et al. compiled the frequencies of HLA-G in various populations 

around the world (which can be seen in figure 8). In the majority of the populations the 

most common alleles were HLA-G*010101, G*010102, and G*010401. In all populations 

but one (German/Croatian) the most frequent allele was G*010101. In the Inuit 

population of Nunavik, the most common allele was HLA-G*010401 (50%) which makes 

it unique among these populations. 49  

 

Figure 8: HLA-G allele frequencies (%) in different populations around the world 49 
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HPV Period Prevalence 

Only one HLA allele or haplotype was associated with a significantly increased or 

decreased risk of any HPV. The HLA-G*010102 allele was associated with a significantly 

decreased risk of any HPV and only LR HPV period prevalence (OR=0.64 95%CI=0.42-

0.98 and OR=0.37 95% CI=0.16-0.83, respectively). Ferguson et al. also found that the 

HLA-G*010102 allele was associated with a significantly decreased risk of LR HPV 

infection (OR=0.57, 95% CI=0.37-0.89). 33 The direction of the association between HLA-

G*010102 and any HPV changed when the cohort was limited to those women at high 

risk of acquiring HPV, therefore this may not be a true association.  

The HLA-G*010101 allele and its respective homozygous and heterozygous 

genotypes were associated with an increased risk of LR alpha groups 1 and 3.  In fact, in 

the first sensitivity analysis (in which the cohort was restricted to those women who had 

three or more visits) the homozygous HLA-G*010101 genotype was significantly 

associated with an increased risk of any HPV and all three alpha papillomavirus groups.  

Both the homozygous and heterozygous genotypes were associated with an increased 

risk of HPV infection and therefore the effect of the allele is most likely dominant. In the 

paper by Ferguson et al, they found that the HLA-G*010101 allele was associated with a 

slightly increased risk of alpha papillomavirus groups 1 and 3, but the association was 

not significant. 38  

The homozygous HLA-G*010401 genotype was associated with a significantly 

decreased risk of alpha group 3 infection. This association was also significant in the 

sensitivity analysis where only women at high risk of exposure were included in the 

analysis. Ferguson et al. also found that HLA-G*010401 was significantly associated with 

an increased risk of alpha group 3 infection. 38 The heterozygous HLA-G*010401 

genotype had a null association with HPV infection and therefore it is likely that the 

effect of this allele is recessive. 

In this study, HLA-G*010101 and G*010102 were associated with an increased and 

a decreased risk of HPV infection, respectively. The HLA-G*010102 allele behaves 

differently from the wild type (HLA-G*010101), even though the G*010102 mutation 
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does not change the protein, but the mechanism is unknown. The G*010102 mutation 

does lie near Glu-63, which interacts with the P2 position of the loaded peptide and 

could affect the loading of antigens. 33 This could explain why these two alleles have 

different effects on HPV infection.   

In the sensitivity analyses, the associations between the HLA alleles, haplotypes, 

and genotypes and any HPV either went towards the null or changed direction. As for 

the alpha group associations, the directions remained in the same but the associations 

were closer to the null. This could indicate that using alpha groups rather than overall 

HPV period prevalence as an outcome may be more useful for determining true 

associations. The period prevalence analysis above suggests that HLA alleles interact 

differently with different alpha groups. The three alpha papillomavirus groups were 

used because the alpha species that are included in each group are phylogenetically 

related and therefore would have similar epitopes to which HLA proteins bind.  

 

HPV Persistence 

No alleles, haplotypes or genotypes were significantly associated with a persistent 

infection. Though three HLA alleles were associated with HPV persistence, when the 

definition of persistence was limited (to women who had the same HPV type on two or 

more consecutive visits) only one alleles (HLA-G*010103) retained its association. Three 

alleles were associated with HR alpha group 2 persistence, but none of them retained 

their association in the sensitivity analysis. HLA-G*010103 was positively associated with 

HPV persistence in three of the comparisons, but the associations were not significant 

(likely because HLA-G*010103 was present in such a small percentage of the 

population). Ferguson et al. also found that HLA-G*010103 was associated with an 

increased risk of HR alpha group 2 persistence (OR=1.39 95% CI=0.75-2.61). 38  

Measuring HPV persistence in this population is imprecise because the majority of 

women were already sexually active at enrolment; therefore it is unknown when the 

women who were HPV positive first became infected.  
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Though persistence of HPV infection has been linked to cervical cancer, there is no 

consensus on what defines a persistent infection verses a transient infection. Natural 

history studies suggest that more than 50% of women infected with HPV will be HPV-

negative within a year of first becoming infected and 90% will be HPV-negative within 

two years. Most longitudinal studies define viral persistence as the repeated detection 

of a specific HPV type at two consecutive follow-up visits. In these studies the time 

interval between consecutive follow-up visits is often inconsistent, and therefore the 

duration of a persistent and transient infection is inconsistent. 22,50 

It is also unclear whether undetected HPV infections have truly been cleared or if 

there is a period of latency where the viral load is too low to be detected. In this study, if 

a woman tested negative between two positive visits it was still defined as a persistent 

infection. It was assumed that on the middle visit that the virus load was too low to be 

detected. 22,50 

 

Multiple HPV Infections 

HLA-G*010101 (OR=1.54 95% CI=0.90-2.66) was associated with an increased risk 

of co-infection versus mono-infection, but the association was non-significant. Both the 

homozygous and heterozygous genotypes of HLA-G*010101 appeared to be associated 

with an increased risk of multiple infections (the second was significant); therefore the 

effect of the allele is most likely dominant. Smith, in her Master’s thesis, found that HLA-

G*010101 was significantly associated with an increased risk of co-infection versus 

mono-infection (OR=1.66 95% CI=1.02-2.70). 14  

The HLA-G*010102 allele and the homozygous HLA-G*010401 genotype were 

both associated with a significantly decreased risk of co-infection versus HPV-negative 

(neither of these allele were included in Smith’s analysis). The association between the 

heterozygous HLA-G*010401 genotype and multiple infections was close to the null. 

Therefore it is likely that the effect of the allele is recessive.  

In this study, the HLA-DRB1*1501 and DQB1*0602 alleles were associated with an 

increased risk of co-infection versus mono-infection, but the associations were not 
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significant. Smith also found these two alleles to be associated with an increased risk of 

co-infection, but the associations were not significant either. 14  

It has been shown that HPV types that are involved in co-infections occur at 

random, the risk of being co-infected with more than one HPV type was similar to the 

sum of the risks of being infected with each individual HPV type. Thus, HPV co-infections 

occur at random and contribute to cervical disease independently. This is likely because 

all HPV types have a common mode of transmission and have common risk factors. 

Since female sex behaviours cannot alone explain the increased prevalence, 

immunological mechanisms may also play a role. As previously stated, the prevalence of 

multiple infections is high among immunosuppressed HIV-infected women. HPV co-

infections may indicate immunological susceptibility to HPV infections. 13,15  

  

High and Low Grade Squamous Intraepithelial Lesion Period Prevalence  

Low-grade squamous intraepithelial lesions (LGSIL) are the result of a productive 

viral infection and can be caused by both LR and HR HPV types. High-grade squamous 

intraepithelial lesions (HGSIL) occur when infected immature epithelial cells are 

prevented from undergoing maturation and differentiation and are caused by HR HPV 

types. HGSIL is equivalent to CIN 2 and 3. 2,22 Only 45 women in this study had a HGSIL 

and therefore there was little power to find any association in this analysis. HGSIL is a 

more important outcome than LGSIL because HGSIL is a precursor lesion whereas LGSIL 

is indicative of a productive viral infection. Once a HGSIL is found it is treated before it 

can further develop into invasive cancer and therefore HGSIL is a surrogate measure for 

cervical cancer. 2,22 

In the majority of previous literature, HLA-DQB1*03, DQB1*0602, and DQB1*1501 

were associated with an increased risk of cervical lesions. 12,27 This study found that all 

three of these alleles were associated with an increased risk of HGSIL, but the 

associations were not significant. In this study HLA-DRB1*13 was associated with a 

significantly increased risk of any SIL and LGSIL. It was also associated with an increased 

risk of HGSIL but the association was not significant.  In the majority of the literature this 
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allele is usually associated with a decreased risk of cervical lesions. 12,27 This difference 

could be because of a different distribution of HLA-DRB1*13 allele subtypes in the Inuit 

population. Maciag et al., Wu et al. and Yang et al. found that different DRB1*13 allele 

subtypes have different directions of association with cervical cancer. 39,51,52 For 

example, Yang et al. did a meta-analysis of the associations between HLA-DRB1 alleles 

and cervical squamous cell carcinomas (SCC) and found that HLA-DRB1*1301 and 

DRB1*1302 were associated with a significantly decreased risk of SCC and DRB1*1305 

was associated (non-significantly) with an increased risk of SCC (OR=5.51 95% CI=0.61-

49.99). 52  

Three HLA-G alleles were found to be associated with a SIL in this study: 

G*010102, G*010401, and G*0106.  The HLA-G*010102 allele (OR=0.54 95% CI=0.17-

1.67) and its heterozygous genotype (OR=0.41 95% CI=0.11-1.45) were associated with a 

decreased risk of HGSIL. Ferguson et al. found that the heterozygous HLA-G*010102 

genotype was significantly associated with a decreased risk of CIN2 (OR=0.63 95% 

CI=0.40-0.98). 33 In this study, the homozygous HLA-G*010401 genotype was associated 

with an increased risk of any SIL, LGSIL and HGSIL, but the associations were not 

significant. Ferguson et al. found that the homozygous HLA-G*010401 genotype was 

associated with an increased risk of CIN3 (OR=3.1 95% CI=0.14-75.8) and Simões et al. 

found that the HLA-G*0104/14bp genotype was associated with an increased risk of 

HGSIL. 33,37 The heterozygous genotype association was close to the null; this again 

suggests that the effect of the allele is recessive. In the population of Nunavik, HLA-

G*0106 was associated with an increased risk of any SIL, LGSIL, and HGSIL. Ferguson et 

al. found that the homozygous genotype of this allele was associated with an increased 

risk of both CIN2 and CIN3, but neither of the associations were significant. 33 Cancer 

cells display tumor-associated antigens that are presented by HLA class I proteins, HLA-G 

proteins in particular play an important role in the elimination of tumor cells. A common 

tumor-escape mechanism involves the downregulation of HLA-G proteins. It is thought 

that certain HLA-G polymorphisms influence HLA-G expression, and therefore would be 

associated with cervical cancer and its precursors. 53 
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HPV Incidence 

No HLA alleles, haplotypes or genotypes were associated with significantly 

increased or decreased rate of any HPV infection. The HLA-G*010101 allele and its 

homozygous and heterozygous genotypes were associated with an increased rate of 

both LR alpha group 1 and 3. Ferguson et al. found that the HLA-G*010101 allele was 

associated with an increased risk of alpha group 1 (OR=1.43 95% CI=0.80-2.57) and 3 

(OR=1.42 95% CI=0.82-3.46), but the associations were not significant. 38 HLA-DRB1*13 

was associated with a significantly increased rate of LR alpha group 1 incidence. This 

allele has been associated with an increased risk of LR HPV infection in studies by both 

Maciag et al. (OR=2.2 95% CI=1.1-4.3) and Mahmud et al. (OR=1.5 95% CI=0.7-3.3). 28,39 

The homozygous HLA-G*010401 genotype was associated with a significantly decreased 

rate of LR alpha group 3. As previously mentioned, Ferguson et al. found that HLA-

G*010401 was associated with a decreased risk of alpha group 3. 38  

 

Adjustment 

In this study, all odds ratios and rate ratios were adjusted for age at baseline 

(entry into the cohort). In order to avoid over-adjustment it was decided to adjust for 

just one variable. Age was chosen because it is the most consistent determinate of HPV 

infection and because there was no missing values for age. 1,2 Previous studies which 

have investigated the association between HLA polymorphisms and HPV infection have 

adjusted for ethnicity and age or age at first intercourse. The majority of studies 

adjusted for age at study entry rather than age at first intercourse. 34,38,39  

Ethnicity is considered to be a possible confounder because it is associated with 

both an individual’s genetics and lifestyle behaviour factors. In this study, there was no 

need to adjust for ethnicity because study participants all self-identified as Inuit. Other 

than ethnicity, there are no other known confounders of this association because no 

other factors affect both an individual’s genetics as well as their likelihood to be infected 

with HPV.     
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Limitations  

While reviewing the results of this study it is important to also consider its 

limitations. In all of the analyses the 95% confidence intervals were quite wide because 

the study population was fairly small (and many HLA alleles were found in only a small 

percentage of the population), therefore this study had little power to find significant 

associations. In the case of rare alleles or a rare outcome, the study may lack sufficient 

power to detect an association. For any HPV period prevalence, there was less than 50% 

power to detect an association (at the 0.05 level) for any of the alleles present in less 

than 5% of the population. There was 55-70% power to detect an association for HLA-

E*0101, G*010101, and G*010102 and >90% power to detect an association for HLA-

E*0103, G*010401, and DQB1*03. 

As mentioned above, the frequency of HLA polymorphisms in a population 

depends greatly on the ethnicity of the population. This population was ethnically 

homogenous, but there may be some regional differences in HLA frequency within 

Nunavik (for example between Hudson and Ungava bay communities) but our study 

sample was not able to address this specifically.     

This was an exploratory study of a small population and therefore the data was 

not adjusted for multiple testing. Since the results were not adjusted for multiple 

testing, some of the associations found could be due to chance. All associations must 

therefore be looked at with caution and either compared with previous studies or 

repeated in future studies to be verified. Mahmud et al. completed a small analysis to 

determine if any associations were likely to be occurred by chance, and found that most 

of the 72 observed associations in their study were unlikely to have occurred by 

chance.28 

The recruitment was non-random (an analysis of selection and non-participation 

bias can be found below) and some dates were missing from the incidence analysis (see 

methods for how this was dealt with). 
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Selection and Non-participation Bias 

Women who presented for regularly scheduled Pap tests at clinics in one of the 

four participating communities were asked to participate in the study. Nurse 

practitioners did not collect any information from the women who declined to 

participate in the study, so no evaluation of the difference between participants and 

non-participants was possible.  The nurse practitioners estimated that the participation 

rate was over 80%, but the total number of women approached was not recorded. 

A partial evaluation of selection bias was performed by comparing 

sociodemographic and lifestyle characteristics of the study participants to data on the 

general population of Nunavik collected by Statistics Canada and Santé-Québec.  

Statistics Canada reported in their 2006 Census Aboriginal Profiles on Nunavik that 

only 12% of Inuit females over the age of 15 years old had a high school certificate (or its 

equivalent). In women aged 25-34, 20% of the census population and 19.7% of the study 

population had at least a high school education. In women aged 35-64, 6.6% of the 

census population and 9.2% of the study population had at least a high school 

education. 46 The 2006 census reported that 64.6% of Inuit females in Nunavik were 

single, 27.1% were married, 2.4% were separated, 1.6% were divorced and 4.3% were 

widowed. 46 In the study population, 42.2% of women were single, 27.5% were living 

with a partner, 26.9% were married, 1.9% were divorced or separated, and 1.6% were 

widowed. The distribution of education and marital status found in the study population 

mirrors that found in the 2006 Canadian census. The study population did differ from 

the census on employment: 70% of the study population was employed whereas only 

53.2% of the census population was employed. 46 

According to a 2004 Nunavik Inuit Health Survey (completed by the Institut 

National de Santé Publique du Québec and the Nunavik Regional Board of Health and 

Social Services), three-fourths of the Nunavik population were smokers and were 

occasional or regular drinkers (men and women). 54 In this study, 73% of the women 

were smokers and 66.6% reported alcohol consumption. These two measures were 

similar to what was reported in the Nunavik Inuit Health Survey. The section of the 
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survey on women’s health and sexual health reported that 30.3% of the women had no 

sexual partners in the past year, 51.2% had one sexual partner and 18.5% had two or 

more. 54  This study found that 10.7% of the women had no sexual partners in the last 

year, 61.6% had one or two sexual partners and 27% had three or more. The Nunavik 

Inuit Health Survey also reported that 28.0% of women reported the use of birth control 

in the past year. 54 In this study, 36.2% of women reported using birth control.aore 

sexually active than the general population of Nunavik and that the proportion of 

women in the study using birth control is also greater than the proportion in the general 

population.  

Using information from the Canadian Census and Nunavik Inuit Health Survey it 

appears that the study population is representative of the general population of 

Nunavik in terms of marital status, education, smoking and alcohol consumption. The 

study population did differ from the general population in that more women in the 

study were employed, more of them reported using birth control and they were more 

sexually active, which suggests that the study population is at greater risk of acquiring 

HPV.  

The differences outlined above between the study population and the target 

population should not have affected the distribution of alleles, haplotypes, and 

genotypes. It is therefore reasonable to assume that the distribution of HLA alleles, 

haplotypes, and genotypes in the study population is similar to that of the target 

population, the Inuit population of Nunavik.  

 

Strengths 

Even though this study does have some limitations, it also has many strengths. 

This study captured 41% of the target population and the age distribution of the women 

in the study was similar to that of the target population.  

To the authors best knowledge this is the first time that HLA polymorphisms have 

been investigated in this unique and isolated population. There have only been a few 

published analyses reporting the association between HLA polymorphisms and HPV 
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period prevalence, persistence, and multiple infections and no published analyses (to 

the best of the author’s knowledge) have reported the association between HLA 

polymorphisms and HPV incidence.  

This study attempted to report the distribution of HLA alleles, haplotypes, and 

genotypes in Nunavik and to determine their influence on HPV infection. Through 

interpretation of the results, this study may contribute to a better understanding of the 

relationship between HPV infections and the host immune response.  
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Conclusions 

This is the first analysis of the distribution of HLA alleles and haplotypes in the 

Inuit population of Nunavik, Quebec. The association between these alleles, haplotypes 

and genotypes and HPV incidence, period prevalence, persistence, multiple infections 

and SILs was investigated. This data, along with other previous studies, will hopefully 

provide insight into the role of the host immune system, in particular HLA 

polymorphisms, in HPV infections. This study, along with the previous analysis 

performed on this population, will further our understanding of HPV infection the 

Nunavik population. 

The distribution of HLA alleles, haplotypes, and genotypes in Nunavik, Quebec is 

different from that found in other Canadian populations and other populations around 

the world. Two alleles in particular, HLA-G*010401 and HLA-DQB1*03 (found in 76% 

and 94% of individuals, respectively) were found more frequently in the Nunavik 

population than in other populations which have been studied. 

The results of this study show an association between the HLA-G*010101 allele 

and an increased risk of LR alpha group 1 and 3 period prevalence and incidence. Both 

the homozygous and heterozygous HLA-G*010101 genotypes were also associated with 

an increased risk of HPV infections, which suggests that this allele’s effect is dominant. 

The HLA-G*010102 allele was associated with a significantly decreased risk of any HPV 

infection and LR HPV infections. The homozygous HLA-G*010401 genotype was 

associated with a significantly decreased risk of LR alpha group 3 infection period 

prevalence and incidence. The association between the heterozygous HLA-G*010401 

genotype and HPV infection was close to the null, which suggests that this allele’s effect 

is recessive. These results are consistent with the results of Ferguson et al. and Smith. 

14,33,38 In the period prevalence sensitivity analyses, the associations between HLA and 

overall HPV infection changed according to the different sensitivity analysis whereas the 

alpha papillomavirus group associations remained the same. This suggests that the 

alpha groups are a more indicative outcome than any HPV type and that HLA alleles 
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interact differently with different alpha groups. It could be that certain HLA 

polymorphism recognize (or fail to recognize) epitopes on similar HPV species.  

No HLA alleles, haplotypes or genotypes were found to be significantly associated 

with HPV persistence (duration of infection). This suggests that HLA polymorphisms may 

play a greater role in the acquisition of an HPV infection rather than virus clearance. The 

HLA complex likely acts early in the etiological pathway at stage of host immune 

recognition rather than the stage of clearance of a viral infection. 28 

The HLA-G*010101 allele and the homozygous HLA-G*010401 genotype were 

found to be associated with an increased and decreased risk of concurrent multiple 

infections, respectively. It has been shown that co-infections occur at random and co-

infections may indicate immunological susceptibility to HPV infections.  

The HLA class II allele HLA-DRB1*13 was associated with a significantly increased 

rate of LR alpha groups 1 infections, any SIL and LGSIL (a LGSIL is indicative of a 

productive viral infection). HLA-DRB1*13 is usually associated with a decreased risk of 

cervical cancer, but few studies have investigated the association between HLA-

DRB1*13 and LR HPV infections. 

This study’s data supports the theory that HLA polymorphisms play a role in the 

natural history of HPV infections. Regardless of the unique distribution of HLA alleles, 

haplotypes, and genotypes in Nunavik, this and other studies suggest that HLA 

polymorphisms act at the stage of viral acquisition and that HLA polymorphisms interact 

differently with different alpha papillomavirus groups. 28,38 Knowledge about an 

individual’s (or family’s) genetic susceptibility to HPV infection or cervical cancer may 

allow for elaboration of cervical cancer screening and HPV vaccination. 
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Appendix 3: Medical Chart Review Form 
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Frequency of HLA alleles in Nunavik, Montreal and Alaska  
 
 Inuit Population 

of Nunavik 
McGill-Concordia 
Cohort study* 28 

Biomarkers of 
Cervical Cancer Risk 
(BCCR) study* 34 

Yup’ik Alaskan 
Natives** 48 

HLA Allele:     
B*07 4.47% 14.7% 17.7% 1.6% 
DQB1*03 94.19% 63.7% 57.1% 61.7% 
DQB1*0602 3.63% 21% 19.7% 0.8% 
DRB1*13 4.70% 16.6% 25.3% 0.4% 
DRB1*1501 3.80% 25.2% 21.3% 0.8% 

HLA Haplotype:     
B*07-DQB1*03 3.64% - - - 
B*07-DRB1*13 0.20% - - - 
B*07-DRB1*1501 1.59% - 9.2% - 
B*07-DRB1*0602 1.67% - 8.5% - 
DQB1*03-DQB1*0602 2.57% - - - 
DQB1*03-DRB1*13 2.94% - - - 
DQB1*03-DRB1*1501 2.76% 13.5% - - 
DQB1*0602-DRB1*13 0.19% - - - 
DRB1*1501-
DQB1*0602 3.72% 

21% 19.7% 0.8% 

DRB1*1501-DRB1*13 0.19% - - - 
B*07-DRB1*1501-
DQB1*0602 

1.64% - 8.5% - 

*Montreal, Canada 
**Difference in allele nomenclature so not exactly comparable 
 
 

HLA Allele: 
Inuit Population 
of Nunavik 

BCCR study* 33 

E*0101 32.85% - 
E*0103 66.38% - 

G*010101 31.42% 45% 
G*010102 15.23% 24% 
G*010103 1.05% 7% 
G*010108 0.38% 0.5% 
G*0103 0.38% - 
G*010401 50.38% 9% 
G*0106 1.34% 6% 
G*0107 0.10% - 

*Montreal, Canada 
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LR and HR HPV Period Prevalence 
 

Allele / Haplotype / 
Genotypes 

LR-HPV only HR-HPV only  HPV type 16/18 

Age-Adjusted  
OR (95% CI) 

Age-Adjusted  
OR (95% CI) 

Age-Adjusted  
OR (95% CI) 

Cohort (n=548)       

HLA-B*07 n/a 0.90 (0.29-2.85) 1.11 (0.26-4.68) 

        

HLA-E*0101 0.79 (0.43-1.44) 1.18 (0.72-1.93) 1.03 (0.53-2.02) 

HLA-E*0103 1.06 (0.39-2.93) 0.89 (0.41-1.92) 1.20 (0.39-3.68) 

        

HLA-G*010101 0.93 (0.51-1.70) 0.74 (0.45-1.20) 0.86 (0.45-1.65) 

HLA-G*010102 0.37 (0.16-0.83) 1.05 (0.63-1.75) 0.70 (0.35-1.40) 

HLA-G*010103 1.28 (0.14-11.85) 1.96 (0.39-9.81) 2.13 (0.21-22.03) 

HLA-G*010401 1.45 (0.68-3.09) 1.28 (0.72-2.26) 1.61 (0.73-3.51) 

HLA-G*0106 1.44 (0.28-7.53) 0.30 (0.03-2.78) 1.18 (0.23-6.12) 

        

HLA-DQB1*03 2.07 (0.46-9.41) 2.03 (0.68-6.05) 1.56 (0.44-5.57) 

HLA-DQB1*0602 0.34 (0.04-2.69) 0.29 (0.06-1.39) 0.22 (0.03-1.87) 

        

HLA-DRB1*13 0.60 (0.13-2.76) 0.27 (0.07-1.02) 0.46 (0.11-1.87) 

HLA-DRB1*1501 0.34 (0.04-2.66) 0.29 (0.06-1.41) 0.22 (0.02-1.86) 

        

DRB1*1501-DQB1*0602 0.34 (0.04-2.67) 0.29 (0.06-1.39) 0.22 (0.03-1.89) 

B*07-DRB1*1501-DQB1*0602 n/a 0.54 (0.06-4.90) n/a 

        

G010101:       

Homozygous 1.23 (0.53-2.85) 1.27 (0.60-2.70) 0.82 (0.25-2.71) 

Heterozygous 0.95 (0.56-1.61) 0.80 (0.50-1.29) 0.84 (0.43-1.64) 

Absent* 1.00 1.00 1.00 

G010102:       

Homozygous 0.59 (0.11-3.14) 0.58 (0.11-3.10) 0.70 (0.08-6.61) 

Heterozygous 0.35 (0.18-0.70) 1.00 (0.62-1.63) 0.81 (0.40-1.65) 

Absent* 1.00 1.00 1.00 

G010401:       

Homozygous 1.72 (0.86-3.45) 1.26 (0.65-2.43) 1.70 (0.65-4.45) 

Heterozygous 1.06 (0.57-2.01) 1.25 (0.73-2.14) 1.41 (0.63-3.15) 

Absent* 1.00 1.00 1.00 

 *Reference group  
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HPV Period Prevalence Sensitivity Analysis 1*  
 

Allele / 
Haplotype / 
Genotypes 

Any HPV type 
α Group 1  

(α-1, α-8, α-10, α-13)  

α Group 2  
(α-5, α-6, α-7, α-9, 

α-11)  
α Group 3  
(α-3, α-15) 

Age-Adjusted OR (95% CI) 

HLA-B*07 0.70 (0.21-2.34) n/a 0.84 (0.25-2.87) 0.40 (0.05-3.41) 

HLA-E*0101 1.07 (0.63-1.82) 0.84 (0.35-2.03) 1.04 (0.59-1.81) 1.04 (0.54-2.01) 

HLA-E*0103 0.88 (0.37-2.07) 2.40 (0.29-19.57) 0.87 (0.35-2.16) 0.82 (0.28-2.36) 

HLA-G*010101 1.20 (0.71-2.02) 2.23 (0.86-5.78) 1.27 (0.73-2.20) 1.82 (0.93-3.58) 

HLA-G*010102 0.75 (0.42-1.35) 0.32 (0.09-1.14) 0.82 (0.44-1.50) 0.66 (0.32-1.39) 

HLA-G*010103 0.33 (0.03-3.38) n/a 0.41 (0.04-4.22) 0.73 (0.07-7.66) 

HLA-G*010401 0.66 (0.37-1.19) 0.76 (0.28-2.02) 0.58 (0.31-1.07) 0.55 (0.27-1.11) 

HLA-G*0106 0.89 (0.16-4.86) n/a 0.64 (0.09-4.37) 1.25 (0.17-9.03) 

HLA-DQB1*03 0.81 (0.27-2.41) 1.47 (0.17-12.85) 0.91 (0.29-2.90) 0.45 (0.14-1.47) 

HLA-DQB1*0602 0.54 (0.16-1.76) n/a 0.35 (0.09-1.44) 0.94 (0.25-3.51) 

HLA-DRB1*13 1.49 (0.42-5.25) n/a 1.75 (0.49-6.22) 1.96 (0.47-8.14) 

HLA-DRB1*1501 0.64 (0.21-1.98) 0.49 (0.06-4.19) 0.47 (0.13-1.71) 1.10 (0.32-3.80) 

DRB1*1501-
DQB1*0602 0.56 (0.17-1.82) n/a 0.37 (0.09-1.51) 0.94 (0.25-3.49) 

B*07-
DRB1*1501-
DQB1*0602 0.61 (0.11-3.58) n/a 0.76 (0.13-4.51) 0.82 (0.08-8.07) 

G010101:         

Homozygous 2.55 (1.06-6.13) 4.41 (1.12-17.44) 2.83 (1.14-7.06) 3.29 (1.06-10.15) 

Heterozygous 0.95 (0.54-1.67) 1.88 (0.69-5.11) 0.97 (0.53-1.76) 1.59 (0.78-3.24) 

Absent** 1.00 1.00 1.00 1.00 

G010102:         

Homozygous 0.52 (0.08-3.22) 1.10 (0.11-11.18) 0.34 (0.03-3.36) 0.49 (0.05-4.89) 

Heterozygous 0.78 (0.43-1.41) 0.24 (0.05-1.06) 0.86 (0.46-1.61) 0.68 (0.32-1.47) 

Absent** 1.00 1.00 1.00 1.00 

G010401:         

Homozygous 0.70 (0.34-1.46) 0.69 (0.20-2.44) 0.62 (0.29-1.33) 0.51 (0.20-1.30) 

Heterozygous 0.64 (0.34-1.20) 0.80 (0.28-2.24) 0.54 (0.28-1.06) 0.57 (0.27-1.20) 

Absent** 1.00 1.00 1.00 1.00 

*cohort restricted to women with three or more visits 
**Reference group  
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HPV Period Prevalence Sensitivity Analysis 2* 
 

Allele / Haplotype / 
Genotypes 

Any HPV type α Group 1  
(α-1, α-8, α-10, α-

13)  

α Group 2  
(α-5, α-6, α-7, α-9, 

α-11)  
α Group 3  
(α-3, α-15) 

Age-Adjusted OR (95% CI) 

HLA-B*07 0.35 (0.07-1.82) n/a 0.43 (0.08-2.29) 0.40 (0.05-3.53) 

HLA-E*0101 0.94 (0.50-1.77) 0.48 (0.14-1.67) 0.91 (0.46-1.80) 1.10 (0.48-2.49) 

HLA-E*0103 0.79 (0.23-2.65) n/a 0.76 (0.21-2.72) 0.51 (0.13-1.95) 

HLA-G*010101 1.03 (0.55-1.95) 1.75 (0.47-6.50) 0.88 (0.44-1.74) 2.08 (0.88-4.88) 

HLA-G*010102 1.24 (0.58-2.64) n/a 1.39 (0.63-3.06) 0.58 (0.19-1.78) 

HLA-G*010103 0.45 (0.04-5.18) n/a 0.56 (0.05-6.47) 0.97 (0.08-11.41) 

HLA-G*010401 0.51 (0.24-1.07) 1.20 (0.23-6.32) 0.53 (0.24-1.18) 0.41 (0.17-1.01) 

HLA-G*0106 2.04 (0.37-11.29) n/a 2.17 (0.37-12.84) 2.27 (0.34-15.36) 

HLA-DQB1*03 0.86 (0.23-3.18) 0.26 (0.04-1.77) 1.18 (0.26-5.47) 0.51 (0.12-2.11) 

HLA-DQB1*0602 2.22 (0.51-9.63) n/a 2.44 (0.52-11.42) 3.33 (0.66-17.03) 

HLA-DRB1*13 3.25 (0.34-31.07) n/a 2.54 (0.24-27.43) 7.06 (0.72-69.75) 

HLA-DRB1*1501 2.27 (0.53-9.77) n/a 2.51 (0.54-11.66) 3.32 (0.65-16.86) 

DRB1*1501-
DQB1*0602 2.25 (0.52-9.72) n/a 2.48 (0.53-11.57) 3.32 (0.65-16.83) 

B*07-DRB1*1501-
DQB1*0602 0.83 (0.13-5.40) n/a 1.07 (0.16-7.14) 1.05 (0.10-11.10) 

G010101:         

Homozygous 1.86 (0.64-5.35) 3.15 (0.47-21.24) 1.74 (0.57-5.37) 3.32 (0.93-11.91) 

Heterozygous 0.87 (0.44-1.73) 1.44 (0.35-5.85) 0.72 (0.34-1.51) 1.89 (0.77-4.62) 

Absent** 1.00 1.00 1.00 1.00 

G010102:         

Homozygous 1.37 (0.12-16.01) n/a 1.67 (0.14-19.64) n/a 

Heterozygous 1.23 (0.56-2.68) n/a 1.36 (0.60-3.10) 0.64 (0.21-1.97) 

Absent** 1.00 1.00 1.00 1.00 

G010401:         

Homozygous 0.48 (0.20-1.18) 1.17 (0.19-7.34) 0.57 (0.22-1.46) 0.27 (0.08-0.89) 

Heterozygous 0.53 (0.24-1.18) 1.08 (0.18-6.43) 0.52 (0.22-1.22) 0.46 (0.17-1.23) 

Absent** 1.00 1.00 1.00 1.00 

*cohort restricted to women with 10 or more lifetime partners 

 **Reference group  
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HPV Period Prevalence Sensitivity Analysis 3* 
 

Allele / 
Haplotype / 
Genotypes 

Any HPV type α Group 1  
(α-1, α-8, α-10, 

α-13)  

α Group 2  
(α-5, α-6, α-7, α-9, 

α-11)  
α Group 3  
(α-3, α-15) 

Age-Adjusted OR (95% CI) 

HLA-B*07 0.53 (0.09-3.48) n/a 0.64 (0.10-4.25) 0.63 (0.06-6.88) 

HLA-E*0101 1.03 (0.39-2.70) 0.94 (0.19-4.61) 1.05 (0.38-2.92) 1.31 (0.40-4.31) 

HLA-E*0103 0.60 (0.09-3.87) n/a 0.49 (0.07-3.26) 0.34 (0.04-2.98) 

HLA-G*010101 1.22 (0.46-3.22) 2.53 (0.42-15.02) 0.88 (0.32-2.41) 3.36 (0.86-13.04) 

HLA-G*010102 1.59 (0.48-5.20) n/a 2.07 (0.61-7.01) 0.52 (0.09-3.23) 

HLA-G*010103 1.07 (0.06-19.27) n/a 1.36 (0.07-25.20) 2.62 (0.13-53.79) 

HLA-G*010401 0.38 (0.13-1.17) 0.67 (0.10-4.39) 0.33 (0.10-1.10) 0.40 (0.10-1.49) 

HLA-G*0106 1.68 (0.13-22.54) n/a 2.06 (0.14-29.35) 1.94 (0.07-56.97) 

HLA-DQB1*03 0.50 (0.05-5.27) 0.40 (0.02-7.53) 0.86 (0.07-10.56) 0.27 (0.02-2.96) 

HLA-DQB1*0602 3.16 (0.32-31.42) n/a 2.94 (0.26-33.22) 5.97 (0.48-73.71) 

HLA-DRB1*13 n/a n/a n/a n/a 

HLA-DRB1*1501 3.40 (0.35-33.28) n/a 3.18 (0.29-34.91) 5.96 (0.50-71.15) 

DRB1*1501-
DQB1*0602 3.26 (0.33-32.27) n/a 3.06 (0.27-34.28) 5.84 (0.48-71.57) 

B*07-
DRB1*1501-
DQB1*0602 1.88 (0.15-22.96) n/a 2.36 (0.19-29.80) 2.94 (0.15-58.37) 

G010101:         

Homozygous 2.88 (0.64-13.01) 
6.99 (0.46-
105.31) 2.31 (0.49-10.96) 7.46 (0.88-63.11) 

Heterozygous 0.83 (0.28-2.46) 1.95 (0.28-13.79) 0.48 (0.14-1.61) 2.82 (0.68-11.73) 

Absent** 1.00 1.00 1.00 1.00 

G010102:         

Homozygous 0.76 (0.04-12.96) n/a 0.94 (0.05-16.06) n/a 

Heterozygous 1.81 (0.50-6.47) n/a 2.39 (0.64-8.94) 0.72 (0.11-4.78) 

Absent** 1.00 1.00 1.00 1.00 

G010401:         

Homozygous 0.29 (0.07-1.18) 0.52 (0.05-5.63) 0.33 (0.08-1.37) 0.18 (0.03-1.28) 

Heterozygous 0.45 (0.14-1.45) 0.79 (0.11-5.44) 0.36 (0.10-1.28) 0.53 (0.13-2.06) 

Absent** 1.00 1.00 1.00 1.00 

*cohort restricted to women with three or more visits AND to women with 10 or more 
lifetime partners 
**Reference group  
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HPV Persistence 

Allele / Haplotype / 
Genotype 

Transient 
Infections 

Persistent 
Infections 

Persistent 
Infections vs. 

Transient 
Infections 

Persistent Infections 
vs. HPV Negative 

n n 
Age-Adjusted OR 
(95% CI) 

Age-Adjusted OR 
(95% CI) 

Cohort (n=282) 87 80     

HLA-B*07 1 7 7.30 (0.86-61.96) 0.94 (0.29-3.06) 

HLA-E*0101 47 49 1.30 (0.68-2.49) 1.40 (0.71-2.75) 

HLA-E*0103 74 66 0.47 (0.16-1.35) 0.70 (0.25-1.93) 

HLA-G*010101 43 48 1.32 (0.69-2.52) 1.14 (0.58-2.23) 

HLA-G*010102 24 20 0.81 (0.40-1.63) 0.67 (0.32-1.40) 

HLA-G*010103 1 3 2.75 (0.28-27.39) 2.00 (0.24-16.44) 

HLA-G*010401 59 52 0.77 (0.38-1.54) 0.77 (0.38-1.59) 

HLA-G*0106 2 1 0.42 (0.04-4.82) 0.80 (0.07-8.91) 

HLA-DQB1*03 81 70 0.79 (0.23-2.72) 1.13 (0.32-4.01) 

HLA-DQB1*0602 2 3 1.46 (0.23-9.15) 0.53 (0.12-2.29) 

HLA-DRB1*13 4 4 0.90 (0.21-3.81) 0.69 (0.16-3.02) 

HLA-DRB1*1501 2 4 1.88 (0.33-10.78) 0.61 (0.16-2.36) 

DRB1*1501-DQB1*0602 2 3 1.46 (0.23-9.14) 0.52 (0.12-2.24) 

B*07-DRB1*1501-
DQB1*0602 0 1 n/a 0.34 (0.04-3.27) 

G010101:         

Homozygous 11 9 1.07 (0.39-2.95) 1.51 (0.53-4.29) 

Heterozygous 30 33 1.37 (0.66-2.84) 0.99 (0.49-2.04) 

Absent* 35 27 1.00 1.00 

G010102:         

Homozygous 0 1 n/a 0.27 (0.03-2.57) 

Heterozygous 22 15 0.70 (0.33-1.50) 0.69 (0.31-1.53) 

Absent* 54 53 1.00 1.00 

G010401:         

Homozygous 17 15 0.90 (0.35-2.31) 1.09 (0.43-2.81) 

Heterozygous 39 34 0.84 (0.39-1.85) 0.71 (0.31-1.63) 

Absent* 20 20 1.00 1.00 

*Reference group  
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HPV Alpha Group 2 Persistence (α-5, α-6, α-7, α-9, α-11) 
 

Allele / Haplotype / 
Genotype 

Transient 
Infections 

Persistent 
Infections 

Persistent 
Infections vs. 

Transient 
Infections 

Persistent 
Infections vs. HPV 

Negative 

n n 
Age-Adjusted OR 

(95% CI) 
Age-Adjusted OR 

(95% CI) 

Cohort (n=282) 75 63     

HLA-B*07 2 6 3.29 (0.62-17.45) 1.50 (0.44-5.15) 

HLA-E*0101 42 38 1.27 (0.61-2.64) 1.29 (0.65-2.55) 

HLA-E*0103 64 51 0.39 (0.12-1.28) 0.68 (0.25-1.83) 

HLA-G*010101 38 38 1.29 (0.63-2.65) 1.24 (0.62-2.45) 

HLA-G*010102 23 18 0.86 (0.40-1.85) 1.14 (0.54-2.38) 

HLA-G*010103 1 2 1.86 (0.16-21.61) 1.51 (0.20-11.54) 

HLA-G*010401 49 39 0.76 (0.36-1.63) 0.61 (0.29-1.26) 

HLA-G*0106 1 0 n/a n/a 

HLA-DQB1*03 71 53 0.41 (0.10-1.72) 0.86 (0.27-2.77) 

HLA-DQB1*0602 2 2 1.10 (0.15-8.20) 0.46 (0.09-2.47) 

HLA-DRB1*13 3 4 1.34 (0.28-6.33) 0.99 (0.25-4.02) 

HLA-DRB1*1501 2 3 1.51 (0.24-9.51) 0.61 (0.14-2.69) 

DRB1*1501-
DQB1*0602 2 2 1.10 (0.15-8.19) 0.46 (0.09-2.45) 

B*07-DRB1*1501-
DQB1*0602 1 0 n/a n/a 

G010101:         

Homozygous 10 8 1.17 (0.39-3.52) 1.92 (0.66-5.57) 

Heterozygous 26 24 1.14 (0.50-2.57) 0.93 (0.44-1.96) 

Absent* 29 21 1.00 1.00 

G010102:         

Homozygous 0 1 n/a 0.62 (0.06-5.93) 

Heterozygous 21 14 0.80 (0.35-1.80) 1.24 (0.56-2.77) 

Absent* 44 38 1.00 1.00 

G010401:         

Homozygous 14 10 0.78 (0.27-2.23) 0.75 (0.28-2.01) 

Heterozygous 33 26 0.78 (0.33-1.84) 0.64 (0.28-1.44) 

Absent* 18 17 1.00 1.00 

*Reference group  
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HPV Persistence Sensitivity Analysis* 
 

Allele / Haplotype / 
Genotype 

Transient 
Infections 

Persistent 
Infections 

Persistent 
Infections vs. 

Transient 
Infections 

Persistent 
Infections vs. HPV 

Negative 

n n 
Age-Adjusted OR 
(95% CI) 

Age-Adjusted OR 
(95% CI) 

Cohort (n=266) 105 46     

HLA-B*07 4 2 1.06 (0.18-6.21) 1.06 (0.20-5.69) 

HLA-E*0101 64 25 0.83 (0.40-1.74) 1.10 (0.51-2.37) 

HLA-E*0103 92 38 0.96 (0.28-3.35) 1.52 (0.44-5.24) 

HLA-G*010101 61 26 1.07 (0.51-2.25) 1.59 (0.74-3.41) 

HLA-G*010102 28 9 0.72 (0.30-1.69) 0.60 (0.25-1.45) 

HLA-G*010103 1 1 2.24 (0.13-37.26) 1.77 (0.15-21.39) 

HLA-G*010401 73 28 0.79 (0.36-1.72) 0.60 (0.27-1.38) 

HLA-G*0106 2 1 1.34 (0.12-15.37) 1.12 (0.11-11.91) 

HLA-DQB1*03 96 40 0.71 (0.20-2.57) 0.42 (0.10-1.84) 

HLA-DQB1*0602 4 2 1.12 (0.20-6.46) 0.79 (0.15-4.08) 

HLA-DRB1*13 5 3 1.56 (0.35-6.94) 1.36 (0.27-6.91) 

HLA-DRB1*1501 5 2 1.00 (0.18-5.44) 0.82 (0.16-4.23) 

DRB1*1501-
DQB1*0602 4 2 1.21 (0.21-6.97) 0.82 (0.16-4.24) 

B*07-DRB1*1501-
DQB1*0602 1 2 3.93 (0.32-47.59) 2.44 (0.27-16.08) 

G010101:         

Homozygous 15 6 0.97 (0.31-3.01) 2.36 (0.69-8.09) 

Heterozygous 46 20 1.12 (0.51-2.48) 1.38 (0.61-3.12) 

Absent** 40 16 1.00 1.00 

G010102:         

Homozygous 1 1 2.25 (0.14-37.20) 0.62 (0.06-6.36) 

Heterozygous 27 8 0.66 (0.27-1.61) 0.60 (0.24-1.50) 

Absent** 73 33 1.00 1.00 

G010401:         

Homozygous 19 9 0.94 (0.34-2.62) 0.63 (0.23-1.74) 

Heterozygous 54 19 0.73 (0.32-1.69) 0.61 (0.25-1.49) 

Absent** 28 14 1.00 1.00 

*persistence is defined as a woman who tests positive for the same HPV type on two or 
more consecutive visits 
**Reference group 
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HPV Alpha Group 2 Persistence Sensitivity Analysis (α-5, α-6, α-7, α-9, α-11) 
 

Allele / 
Haplotype / 
Genotype 

Transient 
Infections 

Persistent 
Infections 

Persistent 
Infections vs. 

Transient 
Infections 

Persistent 
Infections vs. HPV 

Negative 

n n 
Age-Adjusted OR 
(95% CI) 

Age-Adjusted OR 
(95% CI) 

Cohort (n=266) 88 39     

HLA-B*07 4 1 0.59 (0.06-5.38) 0.7 (0.08-6.63) 

HLA-E*0101 56 21 0.68 (0.30-1.54) 1.10 (0.50-2.41) 

HLA-E*0103 76 32 0.72 (0.20-2.66) 1.12 (0.33-2.85) 

HLA-G*010101 51 22 0.98 (0.44-2.19) 1.45 (0.66-3.21) 

HLA-G*010102 27 7 0.50 (0.20-1.29) 0.65 (0.25-1.68) 

HLA-G*010103 0 1 n/a 1.46 (0.13-16.00) 

HLA-G*010401 57 26 1.17 (0.49-2.79) 0.82 (0.34-1.98) 

HLA-G*0106 1 1 2.30 (0.14-37.88) 0.82 (0.07-9.16) 

HLA-DQB1*03 78 35 1.80 (0.36-8.90) 0.77 (0.14-4.34) 

HLA-DQB1*0602 3 1 0.77 (0.08-7.65) 0.37 (0.04-3.20) 

HLA-DRB1*13 5 2 0.92 (0.17-5.03) 0.96 (0.16-5.73) 

HLA-DRB1*1501 4 1 0.62 (0.07-5.76) 0.39 (0.04-3.44) 

DRB1*1501-
DQB1*0602 3 1 0.84 (0.08-8.36) 0.39 (0.04-3.41) 

B*07-DRB1*1501-
DQB1*0602 1 1 2.55 (0.15-42.97) 1.51 (0.15-15.58) 

G010101:         

Homozygous 13 4 0.77 (0.21-2.84) 1.47 (0.39-5.60) 

Heterozygous 38 18 1.09 (0.47-2.56) 1.42 (0.62-3.27) 

Absent** 32 14 1.00 1.00 

G010102:         

Homozygous 1 0 n/a n/a 

Heterozygous 26 7 0.52 (0.20-1.35) 0.75 (0.28-1.96) 

Absent** 56 29 1.00 1.00 

G010401:         

Homozygous 14 8 1.48 (0.48-4.62) 0.81 (0.28-2.39) 

Heterozygous 43 18 1.08 (0.42-2.73) 0.83 (0.33-2.11) 

Absent** 26 10 1.00 1.00 

*persistence is defined as a woman who tests positive for the same HPV type on two or 
more consecutive visits 
**Reference group 
 


