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ABSTRACT
Intratypic DNA polymorphism has been described for human papillomavirus (HPV) types infecting
Inuit women in Nunavik, Quebec, a high-risk population for HPV infection and cervical cancer, but
there is no previous research on the association between HPV polymorphism and infection
persistence in Inuit women. Polymorphism of HPV types 16, 18 and 52 was described in
a subset of 64 participants with multiple clinic visits within a cohort of 677 Nunavik Inuit
women aged 15–69 recruited in 2002–2010 with testing results. Logistic regression and Cox
proportional hazards models were used to assess the association between HPV variants and
infection persistence and clearance. Infections with HPV16 lineage A3 variants cleared 3.13 times
faster (95% CI: 1.10–8.97) than those with lineage A1 variants. HPV52 lineage C variants cleared
slower than lineage A variants (HR = 0.28, 95% CI: 0.08–0.98). HPV polymorphism may be
associated with viral persistence for certain HPV types in this population.
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Introduction

Human papillomavirus (HPV), the most common sexu-
ally transmitted infection worldwide, is a necessary
cause of cervical cancer [1] and a key etiologic agent
in other anogenital cancers and in head and neck can-
cers. There are over 160 types of HPV, of which over 40
infect the anogenital tract [2–5]. HPV types such as
HPV16, 18 and 52 are classified as high-risk as they
have oncogenic potential, particularly when the infec-
tion is persistent [3, 6]. Although HPV infection persis-
tence is not completely understood, both host
characteristics such as older age, lifetime pregnancies,
polymorphism in human-leukocyte antigen (HLA)
genes, dietary factors and viral factors such as viral
load, multiple type infection and viral polymorphism
are associated with longer infection durations [7–12].

A viral isolate for any given HPV type that differs by
less than 2% with the prototype isolate in the L1 gene is
considered an intratypic variant [2]. There is evidence
that certain HPV types co-evolved with humans and
that variants are geographically segregated. For HPV16
and 18, lineages of variants were originally described
based on geographic clustering, indicative of human
migration [13]. HPV52 may show some signs of

geographic clustering but this is unclear and research
is limited [14, 15]. HPV polymorphism may mediate HPV
replication, transcriptional activity, protein function,
and host immune system recognition that invoke dif-
ferences both in the natural history of the virus and in
its oncogenic potential [16, 17, 18]. Overall, variants in
non-European lineages of HPV16 and HPV18 persist
longer and are more likely to be associated with cervi-
cal cancer than those in the European lineage [19,
20,21,22] These associations with persistence may be
a reflection of the adaptation of the virus to the host
population but these mechanisms are not yet under-
stood [21].

The cervical cancer rate among Indigenous people in
Canada is twice as large as the rate found in the general
population [22, 23]. The communities of Nunavik, the
northernmost region of Quebec, Canada, are predomi-
nately inhabited with residents who self-identify as
Inuit. Due to high rates of HPV infection and cervical
cancer, Nunavik, is considered a high-risk area for cervi-
cal cancer and a potential target for public health
initiatives concerning cervical cancer prevention
[24, 25].

As HPV persistence and associated cervical cancer
risk have been shown to be dependent on variant
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prevalence and ethnic origin [21], the previous literature
on other high-risk communities may not be generalisa-
ble to Nunavik. Previous research in this area showed
that there is a low diversity of variants present in this
population and all HPV16 and 18 variants were of
European lineage (lineage A) [26]. Additionally, high-
risk (HR) type HPV52 is relatively prevalent in this popu-
lation [24, 26]. The literature on HPV polymorphism and
risk of persistence and cancer has primarily focused on
HPV16 and 18 as they are implicated in the majority of
cervical cancer cases. There is some evidence that other
HR HPV types have polymorphisms that are associated
with greater risk of persistence [20,27,28], but it is not
clear if this association is present for HPV52 in all popu-
lations. This study aims to assess the association
between intratypic variants of HPV 16, 18 and 52 and
infection persistence/clearance among Inuit women in
Nunavik.

Methods

The prospective cohort of Inuit women living in
Nunavik used for this study has been described else-
where [24]. Ethics approval from the Tulattavik Health
Centre (which offers services to study participants) and
support from the local women’s association and health
board were obtained.

The sampling frame included women (aged
15–69 years) who presented for a Pap test between
January 2002 and November 2006. HPV DNA testing
and cytology was performed opportunistically until
the end of study follow-up in July 2010. To be eligible
for this study, participants had to have at least two
HPV-DNA test results of acceptable quality and had to
have a variant test for HPV type 16, 18 and/or 52.

HPV DNA typing and PCR-sequencing of the long
control region (LCR) for variant testing was previously
described [26]. The variant was assessed on the first
positive specimen for HPV16, 18 or 52.

HPV16, HPV18 and HPV52 lineages were identified
based on sequences obtained from high-quality elec-
tropherograms from the 3’ end of LCR. Variants of each
type were classified into lineages and sublineages by
phylogenetic analysis based on the neighbour-joining
algorithm with the Mega version 5.0 including variant
genomes of each sublineage or lineage [29].

Four different lineages (A, B, C and D) of HPV16 have
been described and are also subdivided in sublineages
[30], while HPV18 is divided in three lineages (A, B and
C) [31]. Four different lineages (A, B, C and D) of HPV52
have been defined in a study on isolates collected from
multiple geographic regions [32]. When comparisons
were not feasible across lineages due to homogeneity

in samples, comparisons were made by sublineages (A1
vs. A2, for example). Lack of genetic diversity means
that only two categories were present for each HPV.
The regression models used the first category (alpha-
numerically) as the reference category.

A persistent infection was defined as a positive HPV
test for the same HPV type on at least two consecutive
visits [6,9,19]. A negative test result that occurred at
a visit in between two positive visits was treated as
a false negative. The date of acquisition of an incident
infection was calculated as the mid-point between the
previous negative visit and the next positive visit. The
time to clearance of an infection was calculated simi-
larly, based on the midpoint between the last positive
visit and the next negative one. For prevalent infections
at study entry, infection duration was calculated from
the first type-specific HPV-positive laboratory date.
Subjects that remained positive at their last clinic visit
were censored at the last available type-specific HPV-
positive lab date.

We used actuarial analysis to infer the mean and
median duration of combined prevalent and incident
infections (in months) and 95% confidence intervals (CI)
by variant category. A Shapiro-Wilk test for normality
was also used.

Logistic regression was used to assess the odds of
infection persistence by variant category. The following
covariates measured at study entry were assessed: age,
community, marital status, employment status, educa-
tion, current smoker, alcohol use, birth control use, hor-
monal birth control use, age at first sexual intercourse,
lifetime number of sexual partners, lifetime number of
deliveries, pregnant, self-reported sexually transmitted
infection (STI) history. The following HPV testing vari-
ables defined at the start of an infection were also
assessed: coinfection with multiple HPV types or multiple
HR-HPV types, and overall number of clinic visits.
Univariate logistic regression models were performed
and possible collinearity between variables was first
assessed (data not shown). As the association between
variant category and persistent infection was of interest,
Bayesian (BIC) model selection was used to select final
models so that variant category probability of inclusion
could be set to 1.0. Analysis including, and not including
imputed missing covariate data, was performed. For the
multiple imputation, a prediction matrix was specified
which indicated that all covariates predicted each other.
Variant category was also used to predict missing covari-
ates. Twenty imputed datasets were created, logistic
regression models were run on each, and results were
pooled.

For the Cox proportional hazard models, univariate
models, age-adjusted models and as well as models
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adjusting for both age and number of clinic visits were
run [7, 8, 28]. Schönfeld residuals from all models were
used to tests assumption of proportionality. The models
were also tested for possible informative censoring. This
was done (1) assuming that those censored cleared the
infection and (2) by assuming that the time of clearance
for those censored was the maximum found in the
dataset. The results from these two scenarios were
compared to the results obtained originally.

All data analyses were performed in R version 3.1.2
[33] with the following packages: survival (for Cox PH),
mice (for multiple imputations) and BMA (for model
selection) [34, 35, 36)]. Non-overlapping 95% CI were
used to infer significant statistical differences between
variant categories.

Results

Of the 677 women in the Nunavik cohort with HPV DNA
testing results, 119 tested positive for HPV16, 18, or 52
at study entry and/or at follow-up visits and 64 of these
participants had at least two clinic visits and were
included in our analysis. Among them, 112 HPV infec-
tions occurred, including 69 incident infections, which
were included in the analysis (Figure 1).

The average duration of infection with HPV16 iso-
lates of the A1 sublineage was in general longer than
that for infections with variants from the A3 sublineage
(Table 1). Across all HPV types, as the 95% confidence
intervals were overlapping, we were not able to detect
statistically significant differences while comparing
either median or mean duration.

The mean estimates were higher than the median
estimates for most categories, suggesting a skewed dis-
tribution of infection duration times. For HPV18 and
HPV52, infection duration within variant categories
can be assumed normally distributed (p value <0.05
for Shapiro-Wilk test) but appears non-normal for
HPV16.

The multivariable-adjusted model with the highest
posterior probability (43%) included the following vari-
ables along with variant category: age at first sexual
intercourse, lifetime number of partners at baseline,
and number of clinic visits. HPV16 and 52 variant
lineages were not significantly associated with persis-
tent infection, with and without imputed covariates
(Table 2). Due to small numbers and high variability
we were unable to detect an association of HPV18
variant lineages with persistence.

For each HPV type, no univariate model revealed an
association between HPV polymorphism and clearing
an infection (Table 3). From the age-adjusted model,
the risk of clearance of an infection was 3.13 times

higher (95% CI 1.10, 8.97) for individuals infected with
HPV16 variants in lineage A3 than in those infected
with variants in lineage A1. Between-lineage differences
did not reach statistical significance in the age-adjusted
models for HPV18 and 52. When all covariates were
adjusted for, the risk of infection clearance in partici-
pants infected with lineage C HPV52 variants was 72%
lower than those infected with lineage A variants.

Overall, there were no significant difference detected
in infection duration for variants of HPV types 16, 18
and 52 when categorised in lineage groups.

Discussion

The duration of type-specific infections was longer than
what has been typically reported for HR-HPV, less than
15 months, but reports of similarly long durations do
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Figure 1. Flow chart of participants.
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exist [7, 8, 37]. Previous estimates of infection duration
from this cohort were similarly long despite being
restricted to incident infections [25]. This may be
a reflection of the opportunistic follow-up of partici-
pants with an estimated median time between visits
of 12.5 months [25]. As time of onset/clearance of infec-
tion was calculated as the midpoint between visits,
adoption of this long interval between visits may have
led to an overestimation of infection duration.
Alternatively, it is possible that the duration of infection
was truly longer, as similar infection duration times
have been shown in other high-risk cohorts. Indeed, in

a study involving female university students in
Montréal, the mean duration for HR-HPV (16.3 months)
and for HPV16 (18.3 months) was similar to this study
cohort despite the fact that the interval between visits
in the former cohort was only 6 months [38]. In fact,
since our study included participants already infected
by HPV at baseline, we may have underestimated the
duration of HPV infection. Additionally, many infections
were not cleared during follow-up and therefore may
have persisted longer than what was accounted for.

We used Cox proportional hazards models to control
for age and number of visits when assessing infection
clearance differences. The infection clearance risk was
significantly higher in individuals infected with HPV16
lineage A3 variants as compared to those infected with
lineage A1 variants. For HPV52, infections, lineage
C variants clearance was significantly less likely than
lineage A variants.

Although our study was small, the cohort had a high
participation rate by enrolling a large proportion of
women in Nunavik, which makes it nearly population-
based which means it is highly representative of this
population [39]. Nevertheless, constrained by the small
size, we had low power to detect an association
between individual intratypic variants and persistence.

Table 1. Comparison of length of infection (in months) for HPVs 16, 18, and 52.
N Mean Duration (Months) 95% CI Median Duration (Months) 95% CI (Q1–Q3)

HPV16
Lineage A1 23 23.23 (16.68, 29.78) 18.21 (12.99, 24.97) (11.62, 31.99)
Lineage A3 15 17.99 (11.05, 24.93) 15.99 (7.42, 23.82) (7.67, 25.35)
No Variant Information 17 14.05 (11.13, 16.98) 14.82 (7.14, 19.70) (8.60, 19.70)
Overall 55 18.69 (15.41, 22.51) 15.99 (11.79, 19.70) (9.00, 22.82)
HPV18
Lineage A2 10 17.07 (7.92, 26.21) 12.72 (2.88, 28.03) (7.26, 25.58)
Lineage A4 6 16.57 (4.88–28.24) 9.98 (5.16, 25.71) (7.08, 21.92)
No variant information 11 15.73 (11.40, 20.06) 15.63 (6.27, 23.90) (10.35, 20.95)
Overall 27 16.41 (11.99, 20.83) 14.56 (8.60, 18.24) (7.71, 24.47)
HPV52
Lineage A 6 14.60 (8.31, 20.90) 13.53 (3.04, 22.78) (11.08, 20.90)
Lineage C 13 16.53 (11.06, 22.00) 16.09 (6.20, 19.46) (6.89, 19.46)
No variant information 11 15.73 (1.28, 30.18) 9.75 (2.80, 15.65) (4.10, 14.15)
Overall 30 15.85 (10.09, 21.09) 12.23 (6.89, 16.09) (6.11, 19.02)

Q: Quartile range

Table 2. Logistic regression results for association between HPV16, 18 and 52 lineage category and persistent infection.
HPV16 HPV18 HPV52

Model N Lineage Category OR 95% CI N Lineage Category OR 95% CI N Lineage Category OR 95% CI

Original data Age-adjusted 38 A1 Reference 16 A2 Reference 19 A Reference
A3 0.47 (0.06, 3.53) A4 0 (0, Inf) C 0.73 (0.07, 7.53)

Adjusteda* A1 Reference A2 Reference A Reference
A3 0.17 (0.01, 2.30) A4 0 (0, Inf) C 0.51 (0.04, 6.69)

Imputed data Age-Adjusted 55 A1 Reference 27 A2 Reference 30 A Reference
A3 0.76 (0.16, 3.59) A4 0 (0, Inf) C 0.95 (0.10, 9.16)

Adjusteda* A1 Reference A2 Reference A Reference
A3 0.44 (0.08, 2.26) A4 0 (0, Inf) C 1.04 (0.08, 12.89)

* Adjusted based on best model fit. For HPV16 this includes: Age at first sexual intercourse, lifetime number of partners (baseline), and number of clinic visits.
For HPV18 and HPV52: Age at first sexual intercourse

Table 3. Cox proportional hazards regression results for asso-
ciation between variant category (HPV16: lineage A3 versus
lineage A1; HPV18: lineage A4 versus lineage A2; HPV52: line-
age C versus lineage A) and clearance.

Univariate Age-adjusted
Multivariable-adj.

*†

HPV
Type N HR 95% CI N HR 95% CI HR 95% CI

16 38 1.71 (0.76, 3.85) 37 3.13 (1.10, 8.97) 3.08 (1.05, 9.03)
18 16 1.39 (0.46, 4.13) 16 1.34 (0.44, 4.10) 3.70 (0.74, 18.60)
52 19 0.56 (0.19, 1.64) 18 0.29 (0.08, 1.00) 0.28 (0.08, 0.98)

*Adjusted for age and number of clinic visits
†N is the same as age-adjusted model
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Moreover, there were a very limited number of HPV
variants detected in this population which is expected
as Nunavik is a relatively geographically isolated region
with limited in-migration. This has also been a common
finding in other cohort studies that have assessed intra-
typic variants, particularly for types other than 16 and
18 [20,27]. Due to sample size constraints, prevalent
infections at study entry were included in the analysis.
Analysis restricted to incident infections was also per-
formed and compared to ensure that including preva-
lent infections which leads to left censoring and
underestimating infection duration did not significantly
change the trends. Although right censoring was also
present, it is important to include those infections that
did not clear by study end to minimise bias[3].
Detection opportunity bias is possible for those who
had fewer visits and this was adjusted for in the analy-
sis. The time interval between visits varied across the
cohort and this may have influenced the infection onset
and clearance times but more consistent and frequent
follow-up was not feasible and number of clinic visits
was adjusted for. Additionally, as in every study, low
viral load infections may not be detected which results
in misclassification of infection time but this is similar to
other HPV persistence studies.

Only the first type-specific infection per participant
was included for molecular variant testing. Other stu-
dies have shown that the same variant is detected in
consecutive HPV-positive visits and have also found
that co-infection with multiple variants is rare so this
seemed to be a reasonable assumption [19, 20, 40].
Additionally, the same variant was detected for the
subset of participants for whom multiple samples
were tested for variant analysis (N = 30 total) [26]. Most
reports categorise variants into phylogenetic lineages
which was not feasible here for HPV16 and 18 due to
high homogeneity of sequences in this cohort. Variants
were all in the same lineage and therefore sublineage
comparisons were made instead [26]. The impact on
cervical cancer and pre-cancer outcomes could not be
assessed because of the small number of these out-
comes (N = 16).

Conclusion

Our findings add to the understanding of HPV intra-
typic variants by demonstrating the association
between viral polymorphism with clearance of infec-
tion in a population that had not been studied yet.
Additionally, these findings add support to the uni-
versal role of HPV polymorphism in pathogenesis.
More research into the application of information on
variants is necessary, especially with larger cohorts

with higher statistical power. This work contributes
to the understanding of the natural history of HPV
infection within Nunavik and supports the potential
transition to HPV screening as the primary means of
cervical cancer detection [41]. Indeed, improved
screening for early detection and treatment remains
the best option for reducing cervical cancer burden.
With HPV screening as a primary screening method in
Nunavik, health care providers will be able to identify
and encourage HR-HPV positive women to undergo
subsequent evaluation. By directing limited resources
in such remote communities towards women who are
at higher risk of cervical cancer should improve the
public health response for cervical cancer prevention.
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