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Abstract 

Objective: To determine the prevalence and distribution of type-specific human papillomavirus (HPV) infections 
and their association with cytological outcomes in women living in the Canadian territory of Nunavut. 

Methods: Surveillance of type-specific HPV infection was conducted. Cervical specimens of all Inuit, First 
Nations and non-Aboriginal women in Nunavut who presented for a Pap test in any clinical setting between 
January 2008 and March 2009 were tested for HPV infection. The association between high-grade cervical 
lesions and HPV type was also examined. 

Results: HPV results were available for 4,043 individual women (13 to 77 years). Of those with known ethnicity 
(N=4,033), 89.2% were Inuit, 0.4% were First Nations and 10.4% were non-Aboriginal. First Nations women were 
included in all analyses except those making comparisons by ethnicity, due to the small number of individuals in 
this group. Overall, 29.9% of women were found to be infected with HPV (any type) and 19.9% with any high-risk 
HPV (type 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58 or 59). Most often, women were infected with HPV 16 (6.4%) 
followed by HPV 31 (3.1%). There were no statistically significant differences between Inuit and non-Aboriginal 
(reference group) women 20 years of age and older regarding the prevalence of any HPV (odds ratios (OR): 
1.19, 95% confidence intervals (CI): 0.92-1.54), high-risk HPV (OR: 1.06, 95% CI: 0.78-1.44) or HPV 16 and 18 
(OR: 0.81, 95% CI: 0.51-1.27). HPV 31 was the only type that was significantly more frequent among Inuit than 
non-Aboriginal women (OR: 3.95, 95% CI: 1.24-12.54). There was no difference in the overall occurrence of 
cervical abnormalities between non-Aboriginal and Inuit women (p-value = 0.17). HPV 16 was strongly associated 
with cervical dysplasia, being present in 50.9% of specimens with a high-grade lesion. 

Conclusion: HPV is a significant public health issue in the territory of Nunavut. The findings presented in this 
article are similar to those in other studies among Inuit women, with prevalence of HPV being higher than in 
studies conducted among non-Inuit women in other regions of Canada. These results provide a baseline of HPV 
prevalence that precedes the introduction of the Nunavut HPV Immunization Program in 2010 and will allow for 
future evaluation. The high prevalence of HPV infection among women living in Nunavut can be reduced through 
immunization and associated high-grade cervical abnormalities mitigated by regular cervical screening. 

Introduction 

Human papillomavirus (HPV), a necessary cause of cervical cancer, is estimated to be one of the most common 
sexually transmitted infections in Canada (1, 2). Two effective preventive vaccines have been developed and are 
available in Canada. The quadrivalent vaccine that protects against non-oncogenic (low-risk) HPV 6 and 11 and 
oncogenic (high-risk) HPV 16 and 18 was approved for use in Canada in 2006 and is offered to girls in all 
provinces and territories in Canada as a part of publicly-funded school-based immunization programs. In 2010 a 
bivalent vaccine against HPV 16 and 18 was approved for use, but it is not currently offered through publicly-
funded immunization programs.  
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The territory of Nunavut has a young, mainly Inuit population of approximately 30,000 that is sparsely distributed 
across two million square kilometers in 25 communities in the circumpolar region of Canada. There are 
challenges in health care and public health in Nunavut. For example, compared to Canadian averages, its 
inhabitants are disproportionately affected by poor birth outcomes, lower life expectancy and chronic and 
infectious diseases, including high rates of sexually transmitted infections (3). For example, reported rates of 
chlamydia in Nunavut are 15 times higher than the national average and gonococcal infections are 50 times 
higher (4). Elevated cervical cancer incidence rates have been reported in Inuit women compared to non-Inuit 
women in Nunavut (8.0 vs. 5.7 per 100,000 population) (5). Development of public health strategies and programs 
in Nunavut aims to improve health outcomes (6), including the implementation of publicly-funded school-based 
HPV immunization in March 2010 for girls in grade 6 (11 to 12 years of age).  

There is a paucity of data on the prevalence and type distribution of HPV infections among women in Nunavut. In 
1999, a cross-sectional study that included 1,290 women in 19 Nunavut communities reported a prevalence of 
high-risk HPV of 26% and a prevalence of squamous intraepithelial lesions of 7.2% (7,8). These authors did not 
report their results by HPV type. Studies in other regions of Canada have found overall HPV prevalence rates that 
vary depending on population: 10.8% in women aged 18-69 in Newfoundland (9); 16.8% among women aged 13–
86 in British Columbia (10); 21.8% among female university students in Montreal (11); 13.3% among women aged 
15-49 in Ontario (12); 28.9% among Inuit women aged 15-69 in Nunavik, Quebec (13); 33% in women in 
Winnipeg (age range not reported) (14); and 24.2% among women aged 14-85 in the Northwest Territories (15). 

In response to a need for baseline epidemiological data to evaluate the effectiveness of implementing a publicly-
funded HPV immunization program for females, Nunavut public health authorities conducted surveillance from 
January 2008 to March 2009 with the objectives of determining the prevalence and distribution of HPV types in 
Inuit and other women living in Nunavut and examining the association between type-specific infection and 
cervical cytology results. This report provides the results from this surveillance initiative and the above objectives. 
All geographic regions of Nunavut were included in order to inform clinicians and public health practitioners 
throughout the territory. 

Methods 

Public health HPV surveillance was initiated in January 2008 under the authority of the Public Health Act and 
Regulations as executed by Nunavut’s Chief Medical Officer of Health. All females presenting to any community, 
public health, or hospital-based clinic for cervical screening in Nunavut between January 2008 and March 2009 
were included. In Nunavut, ethnicity is self-identified when individuals register with the territorial universal health 
care insurance plan (e.g., at birth or immigration).  

Liquid-based cervical specimens were collected using BC Surepath collection kits and processed as per standard 
practice at the Cytopathology Laboratory at DynaLIFEDx. Leftover aliquots were forwarded to the National 
Microbiology Laboratory (NML) of the Public Health Agency of Canada for HPV typing. An in-house Luminex test 
that detects 45 HPV types was used for the HPV typing, with amplification by nested polymerase chain reaction 
(PGMY) primers and GP5+/GP6+) (16). The NML-Luminex method compares favourably to the commercially 
available Roche LinearArray genotyping method, but fewer types are detected in samples with multiple infections 
with more than three types. However, in this population only 3% of positive specimens (about 1% of the 
participants) were positive for more than three HPV types, and therefore any difference in type distribution from 
the Roche LinearArray would be negligible. The rare type HPV 97 was not detected by the version of the NML-
Luminex method used for this study (16). HPV types were analysed according to species (as per deVilliers et al) 
and grouped by carcinogenic potential as assessed by the International Agency for Research on Cancer 
Monograph Working Group (high-risk: HPV 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59; and probably/possibly 
carcinogenic: HPV 68, 26, 53, 66, 67, 70, 73, 82, 30, 34, 69, 85, 97) (17, 18). HPV types were also analysed by 
species, in order to identify infections that include oncogenic types genetically related to the vaccine types HPV 
16 and HPV 18 (species a09 and a07, respectively). Within each species, HPV types show similar biological 
properties and there is some evidence of cross-protection following vaccination (19).  

Cytological findings were categorized using the Bethesda System: negative for intraepithelial lesion or 
malignancy; atypical squamous cells of undetermined significance (ASCUS); atypical squamous cells – cannot 
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exclude high-grade squamous epithelial lesion (ASC-H); low-grade squamous intraepithelial lesion (LSIL); high-
grade squamous epithelial lesion (HSIL); squamous cell carcinoma (SCC); atypical glandular cells, not otherwise 
specified (AGC) (20). Cytological and HPV results were linked by a unique identifier assigned to each specimen 
and a sub-identifier unique to each individual was used to identify women who had more than one Pap test during 
the surveillance period. When more than one specimen was available for a participant, only one randomly-picked 
specimen was included in order to estimate the prevalence among the individual women tested, rather than 
among the number of specimens. Comparisons between Inuit and non-Aboriginal women were made using an 
age-adjusted logistic regression model with non-Aboriginal as the reference group. Data on First Nations women 
were not part of this analysis.  

The association between the Pap result and HPV type was calculated using odds ratios (OR) and 95% confidence 
intervals (95% CI). The outcomes of particular interest were cytological results most likely to lead to invasive 
cervical cancer. To this end, ASC-H, AGC, HSIL and SCC results were combined to create a category of high-
grade cervical lesions. All other cervical cytology findings were combined as low-grade cervical lesions in the 
logistic regression model. Specimens without valid cytology results were excluded from this analysis, but were still 
tested for HPV. 

Results 

A database of 4,683 records with valid participant identification number, cytology and HPV results was created, 
representing 4,043 individual females (640 “repeat” testers). Of those with known ethnicity (n=4,033), 3,596 were 
identified as Inuit (89.2%), 17 as First Nations (0.4%) and 420 as non-Aboriginal (10.4%).  

Of those with known age (n=3,877), the median was 30 years (range: 13 to 77), 32.8% were under the age of 25. 
Inuit women were younger than non-Aboriginal women (median age: 29 vs. 35 years, respectively; p<0.001).  

Prevalence of HPV and cervical cytological abnormalities  
Of the 4,043 unique individuals, 1,207 (29.9%) tested positive for at least one HPV type, 19.9% were positive for 
at least one high-risk HPV and 7.5% were positive specifically for types 16 or 18, which are included in the 
commonly used vaccines (Table 1). In addition, 6.4% were positive for at least one probably carcinogenic HPV 
type and 9.5% tested positive for multiple HPV infections. Women under 25 years of age had the highest 
prevalence of HPV with 45.4% being HPV positive, compared to 30.9% in those aged 25 to 29, 23.3% in those 
aged 30 to 39 and 16.2% in those aged 40 and older.  

Table 1: Prevalence of human papillomavirus (HPV) infection by age group among women presenting 
for cervical cancer screening in Nunavut, January 2008 to March 2009 (n=4,043) 

Age: N 

 

HPV Infection: N (%) 

 

Age 
Group 

N for Age Group Any type Multiple High-risk
1
 Probably/ 

possibly 
carcinogenic

2
 

HPV 16/18 

<20 521 244 (46.8) 101 (19.4) 183 (35.1) 58 (11.1) 81 (15.5) 

20-24 749 333 (44.5) 118 (15.8) 245 (32.7) 73 (9.7) 96 (12.8) 

25-29 621 192 (30.9) 54 (8.7) 130 (20.9) 37 (6.0) 49 (7.9) 

30-39 945 220 (23.3) 59 (6.2) 133 (14.1) 41 (4.3) 45 (4.8) 

≥40 1041 169 (16.2) 41 (3.9) 84 (8.1) 41 (3.9) 20 (1.9) 

Missing 166 49 (29.5) 12 (7.2) 31 (18.7) 9 (5.4) 14 (8.4) 

Total 4043 1207 (29.9) 385 (9.5) 806 (19.9) 259 (6.4) 305 (7.5) 
1High risk: HPV 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59. 
2Probably/possibly carcinogenic: HPV 26, 53, 66, 67, 68, 70, 73, 82, 30, 69, 85. 
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Pap test results were available for 4,031 women of whom 92.7% had normal cytology, 5.7% were diagnosed with 

a low-grade cervical lesion (ASCUS and LSIL) and 1.4% with a high-grade cervical lesion (ASC-H, HSIL, AGC, or 

SCC). The highest rate of abnormal cytology (2.3%) was found in women aged 25 to 29 and this rate was below 

2% in all other age groups (data not shown).  

There were very few non-Aboriginal women less than 20 years of age that presented for cervical screening and 
consequently, statistical comparisons of ethnic groups did not include females less than 20 years of age. Among 
women 20 years of age and older, there were  no statistically significant differences between Inuit and non-
Aboriginal (reference group) women regarding the prevalence of any HPV (OR: 1.19, 95% CI: 0.92-1.54), high-
risk HPV (OR: 1.06, 95% CI: 0.78-1.44), HPV 16 and 18 (OR: 0.81, 95% CI: 0.51-1.27), or multiple HPV infections 
(OR: 1.23, 95% CI: 0.73-2.06) (Table 2). HPV 31 is the only type that was significantly more frequent among Inuit 
than non-Aboriginal women (OR: 3.95, 95% CI: 1.24-12.54, data not shown). There was no difference in the 
overall occurrence of cervical abnormalities (p-value = 0.17) between non-Aboriginal and Inuit women (data not 
shown).  

Table 2: Comparison of human papillomavirus (HPV) prevalence by ethnicity among Inuit and non-
Aboriginal women presenting for cervical cancer screening in Nunavut, January 2008 to March 2009 
(N=4,016) 

 
HPV Result 

Ethnicity
1 

 
OR (95% CI)

2 

 Non-
Aboriginal

3
 

(N=420) 

Inuit 
(N=3,596) 

Any 89 (21.2%) 1114 (31.0%) 1.19 (0.92-1.54) 

Multiple 22 (5.2%) 362 (10.1%) 1.23 (0.73-2.06) 

High-risk
4
 57 (13.6%) 747 (20.8%) 1.06 (0.78-1.44) 

HPV 16/18 24 (5.7%) 280 (7.8%) 0.81 (0.51-1.27) 
1First Nations and Missing ethnicity excluded from analysis. 
 2OR: odds ratio; CI: confidence interval 
  3Reference group 
  4High-risk: HPV 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59. 

There were 1,207 women who were positive for any type of HPV, with a total of 1,761 infections (accounting for 
women positive for multiple types). Infections with species a09 were most frequent (36.9% of infections), including 
HPV 16 (14.7%), HPV 31 (7.1%) and HPV 58 (4.7%). Species a07 was the second most common species (21.0% 
of infections), of which HPV 59 (5.2%) was the most prevalent type, followed by HPV 45 (4.4%), HPV 39 (4.0%) 
and HPV 18 (3.2%) (Table 3). 
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Table 3: Distribution of human papillomavirus (HPV) infections by type and species among specimens 
positive for any type of HPV in women presenting for cervical cancer screening in Nunavut, January 
2008 to March 2009 (N=1,761)1 

Species 

HPV 

Type N (%) 

 

Species 
HPV 

Type 
N (%) 

 

Species 
HPV 

Type 
N (%) 

 a01 

42 52 (3.0) 

 

a06 

66 75 (4.3) 

 

a09 

16 259 (14.7) 

32 8 (0.5) 

 

56 47 (2.7) 

 

31 125 (7.1) 

Total a01 60 (3.4) 

 

53 25 (1.4) 

 

58 82 (4.7) 

a03 

81 64 (3.6) 

 

30 8 (0.5) 

 

67 58 (3.3) 

72 46 (2.6) 

 

Total a06 
155 

(8.8) 

 

33 49 (2.8) 

89 36 (2.0) 

 

a07 

59 92 (5.2) 

 

52 46 (2.6) 

62 34 (1.9) 

 

45 77 (4.4) 

 

35 31 (1.8) 

Total a03 
258 

(14.7) 

 

39 71 (4.0) 

 

Total a09 650 (36.9) 

a05 

51 69 (3.9) 

 

18 57 (3.2) 

 

a10 

6 53 (3.0) 

69 8 (0.5) 

 

70 49 (2.8) 

 

11 13 (0.7) 

26 1 (0.1) 

 

68 17 (1.0) 

 

44 13 (0.7) 

82 1 (0.1) 

 

85 7 (0.4) 

 

74 13 (0.7) 

Total a05 79 (4.5) 

 

Total a07 
370 

(21.0) 

 

13 7 (0.4) 

    
a08 

40 20 (1.1) 

 

Total a11 99 (5.6) 

    

43 7 (0.4) 

 

a11 73 20 (1.1) 

    

91 1 (0.1) 

 

a13 54 27 (1.5) 

    

Total a08 28 (1.6) 

 

a14 90 15 (0.9) 
1The 1,207 HPV positive women had a total of 1,761 HPV infections (i.e. each HPV type was counted individually).  

 

Association between HPV type and cervical cytological results 
HPV 16 was the most common type, being present in 50.9% of specimens with a high-grade cervical lesion 

(Table 4, all ethnic groups combined). HPV 18 was found in 5.5% of high-grade lesions. HPV 16 was associated 

with the highest risk of being diagnosed with a high-grade lesion (OR=16.8, 95% CI: 9.8-29.0), followed by HPV 

35 (OR=11.4, 95% CI: 3.9-34.0), HPV 45 (OR=6.7, 95% CI: 2.8-16.2) and HPV 18 (OR=4.2, 95% CI: 1.3-13.8); 

however, confidence intervals for these types overlapped so the differences between them are not statistically 

significant. Women who were positive for HPV 31, 33, 39, 51, 52, 56 and 59 were not at statistically higher risk of 

high-grade lesions (Table 4).  
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Table 4: Association of high-grade cervical lesions with high-risk human papillomavirus (HPV) 
infections, all ethnic groups combined 

 

HPV 
type 

 

Cytology 

OR (95% CI)
1
 

 

Normal2 

(n=3,747) 

Low-grade3 

(n=229) 

High-grade4 

(n=55) 

N (%) N (%) N (%) 

16/18 216 (5.8) 60 (26.2) 29 (52.7) 15.0 (8.7-25.7) 

16 178 (4.8) 53 (23.1) 28 (50.9) 16.8 (9.8-29.0) 

18 42 (1.1) 12 (5.2) 3 (5.5) 4.2 (1.3-13.8) 

31 101 (2.7) 21 (9.2) 3 (5.5) 1.8 (0.6-5.9) 

33 32 (0.9) 16 (7.0) 1 (1.8) 1.5 (0.2-11.2) 

35 22 (0.6) 5 (2.2) 4 (7.3) 11.4 (3.9-34.0) 

39 54 (1.4) 16 (7.0) 1 (1.8) 1.03 (0.1-7.6) 

45 58 (1.5) 13 (5.7) 6 (10.9) 6.7 (2.8-16.2) 

51 50 (1.3) 19 (8.3) 0 (0.0) -- 

52 38 (1.0) 7 (3.1) 1 (1.8) 1.6 (0.2-12.0) 

56 36 (1.0) 9 (3.9) 2 (3.6) 3.3 (0.8-13.9) 

58 61 (1.6) 17 (7.4) 4 (7.3) 3.9 (1.4-11.1) 

59 71 (1.9) 18 (7.9) 3 (5.5) 2.5 (0.8-8.2) 
1OR: odds ratio; CI: confidence interval 
2Reference category 
3Low-grade lesions: atypical squamous cells of undetermined significance and  low-grade squamous intraepithelial lesion. 
4High-grade lesions: atypical squamous cells – cannot exclude high-grade squamous epithelial lesion; high-grade squamous epithelial lesion; squamous cell 

carcinoma; atypical glandular cells, not otherwise specified. 

Discussion 

This analysis identified that HPV infection is more prevalent among women living in Nunavut than in many other 
geographical regions of Canada where HPV prevalence has been studied (9, 10, 12, 13, 15); 29.9% of all women 
tested during the surveillance period were positive for one or more HPV types. Of those positive, HPV 16 was the 
most common type (14.7% of infections) followed by HPV 31 (7.1% of infections). The prevalence of HPV 
infections was greatest among women less than 25 years of age of any ethnicity. The prevalence of HPV was 
31.0% among Inuit women compared to 21.2% among non-Aboriginal women, but this difference was not 
statistically significant. 

Other HPV prevalence studies conducted among women in regions of Canada with large Inuit populations have 
found similar results. In their cross-sectional study of HPV prevalence among Inuit and non-Inuit women aged 13 
to 79 in Nunavut, Healey et al (2001) found a 25.8% prevalence of oncogenic HPV, with those aged 13 to 20 
having the highest odds of infection and no statistically significant difference between Inuit and non-Inuit women 
(8). Hamelin-Douglas et al (2008) conducted a study among Inuit women living in Nunavik (northern Quebec), 
reporting a prevalence of any HPV infection of 28.9% (high-risk HPV: 20.4%); prevalence of any type of HPV was 
highest (58%) in those younger than 20 years of age (high-risk HPV: 46.9%) (13).  

HPV 16 was associated with the highest odds of high-grade cervical lesions (ASC-H, AGC, HSIL and SCC). 
Although the prevalence of HPV 18 was low (1.4%), this type was associated with a significant risk of high-grade 
lesions. (Note: These results must be interpreted with caution due to the small number of infections detected with 
this type.) Approximately 52% of the specimens with high-grade lesions were positive for HPV 16 and/or 18, a 
finding that is consistent with other North American studies as reported in a meta-analysis by Bosch et al (2008), 
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who reported that the fraction of vaccine-preventable cervical cancer due to these types could be as high as 70% 
(21). The HPV vaccines currently in use in Canada protect against both types 16 and 18 and as such, the 2010 
implementation of routine immunization for HPV in grade 6 girls in Nunavut should, in time, yield good results in 
reducing infection with these types and related abnormal cervical cytology. With evidence for cross-protection 
against related HPV types, the burden of infection with other species a07 and a09 types may be reduced as well 
(19, 22, 23). 

Without a longitudinal component, it is not possible to determine the persistence of type-specific infections and 
their impact on the risk of future abnormal cervical cytology. Over half (51.4%) of the participants were 30 years of 
age or younger, as were the majority of women infected with high-risk or probably/possibly carcinogenic HPV. 
HPV infections in younger women are likely to be transient and thus may not result in a cancerous outcome (24). 
Future work in this population could examine persistence of type-specific infection and associated risk of high-
grade cervical lesions.  

No survey was administered during the surveillance period and therefore it is not possible to interpret the findings 
with respect to related risk factors such as sexual activity (e.g., number of partners, age of sexual debut and 
condom use), parity and smoking practices. These risk factors would be important to assess as cofactors in the 
acquisition and persistence of HPV infection in any future study conducted in this population. 

There are several limitations in the surveillance methods used in this population. For example, this study 
represents only women who presented for Pap testing (primary screening or follow-up testing) in Nunavut 
between January 2008 and March 2009. Those who did not seek cervical screening may present different 
demographic and/or behavioural characteristics. No risk survey was used to examine cofactors for the acquisition 
of HPV or the development of cervical outcomes which limits the inferences that can be made. There were low 
numbers of observations in a number of categories used for comparison which restricts the explanatory power of 
the data and the relatively small number of non-Aboriginal women precludes adequate explanatory power for 
many sub-group analyses by ethnicity. It was not possible to perform detailed statistical analyses on First Nations 
women because of the small population living in Nunavut. 

Conclusion 

A large proportion of women who attend cervical screening in Nunavut tested positive for one or more types of 
HPV. Similar to other studies, HPV 16 was the most prevalent and showed the strongest association with high-
grade cervical lesions. HPV 31 was the second most prevalent type, but its association with high-grade cervical 
dysplasia was not demonstrated.  

HPV infection can be prevented with routine immunization and the associated high-grade cervical abnormalities in 
females can be mitigated through early detection with regular cervical screening. The results of this study provide 
a baseline of HPV prevalence that allows for the evaluation of the population-based HPV immunization program 
implemented in Nunavut in 2010, although it may take a decade or more of routine immunization with good 
coverage of the eligible population (grade 6 girls) before a significant impact on cervical screening results can be 
detected. Evaluation of public health programs such as HPV immunization can lead to evidence-informed 
interventions and improved health outcomes for the women of Nunavut. 
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