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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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Abstract 

This paper summarizes the most recent Invasive Bacterial Diseases (IBD) Working Group meeting of the 
International Circumpolar Surveillance (ICS) project. The ICS is a population-based surveillance network for 
invasive bacterial diseases that provides a mechanism to determine changes in incidence rates and antimicrobial 
resistance. The meeting took place in Montreal, Canada on February 12-13, 2014. Data were included from 
participating Canadian provincial and territorial jurisdictions as well as from the State of Alaska. This report is 
based on the audio records of the meeting as well as the meeting presentations.  

The ICS IBD Working Group focuses on invasive diseases caused by: Streptococcus pneumoniae (Sp), 
Neisseria meningitidis (Nm), Haemophilus influenzae (Hi), Group A Streptococcus (GAS) and Group B 
Streptococcus (GBS). Data on invasive disease caused by each of these organisms were reviewed through 
December 2012-2013. Although the incidence of some of these vaccine-preventable invasive diseases has 
decreased, emergence of H. influenzae serotype a (Hia) in both Alaska and Northern Canada was noted. An 
interlaboratory quality control (QC) program is ongoing to monitor laboratory proficiencies for serotyping. 
 

Introduction 

Surveillance for invasive bacterial diseases provides valuable information on their incidence, severity and 
laboratory characteristics. The International Circumpolar Surveillance (ICS) System’s Invasive Bacterial Diseases 
(IBD) Working Group falls within the mandate of the Sustainable Development Working Group of the international 
Arctic Council (1). The ICS System is an international collaboration of numerous working groups that investigate 
and study issues relevant to the circumpolar north (2). This paper provides a brief overview of the ICS System 
and its collaborative work and provides information on the most recent meeting of the Invasive Bacterial Diseases 
Working Group which took place in February 2014. 

Background 

The ICS System was founded in 1999 as a collaboration between Canada and the US Arctic (Alaska) to 
strengthen surveillance of invasive pneumococcal disease among circumpolar residents who were experiencing a 
higher incidence of this disease with a large proportion of isolates demonstrating antimicrobial resistance 
compared to US and Canadian residents living in southern regions (2). The system has continued to expand over 
the next one and a half decades and as of 2015, includes surveillance for invasive disease caused by 
Streptococcus pneumoniae (Sp), Haemophilus influenzae (Hi), Neisseria meningitides (Nm), Group A 
Streptococcus (GAS) and Group B Streptococcus (GBS) in Canada (the Territories, Newfoundland and Labrador 
and northern Quebec), the United States of America (Alaska), Greenland, Iceland, Norway, Sweden and Finland 
(3, 4, 5, 6).  

The northern regions of the circumpolar countries share many common factors such as demographics (small 
population size), geography (large areas but sparsely populated, challenges in accessing medical care that may 

file://NCR-A-PHACC1S/PHACC1/COMMON/IDPC/ADMO/ADMIN/CCDR/Vol%2041/3-%20PH%20issues%20in%20remote%20areas/Ready%20for%20Production/HTML/shalini.desai@phac-aspc.gc.ca
http://www.arctic-council.org/index.php/en/


 

53 | CCDR – 5 March 2015 • Volume 41-3 

 

necessitate transfer of patients to more urban locations), climate (extreme weather) and social issues (isolation, 
cultural differences). All of these factors make them more similar to one another than to inhabitants in the 
southern regions of their own countries.  Of the eight countries in the circumpolar north, Russia does not 
participate in IBD surveillance but does take part in other ICS initiatives such as surveillance for tuberculosis (7).  

The ICS network is a unique collaboration within the circumpolar north which combines population-based 
surveillance with epidemiological and laboratory linkages. Cases based on standard case definitions are identified 
by public health in each jurisdiction once laboratory confirmation is available and epidemiological data such as 
age, gender, clinical illness and risk factors have been collected in collaboration with local providers. The system 
is population-based in each participating country and provides epidemiological information on individual cases as 
well as laboratory data. These data are nominally linked within a jurisdiction and then de-identified to become a 
part of the overall surveillance system. Data are owned by each jurisdiction and compiled at the CDC Arctic 
Investigation Program in Alaska. These two factors (population based surveillance with epidemiological and 
laboratory linkages), make it a unique collaboration within the circumpolar north. The group meets annually either 
by WebEx or face-to-face in order to discuss current epidemiologic trends and to provide a forum to discuss 
invasive bacterial disease issues faced in the circumpolar north.  

The 2014 meeting of the ICS IBD Working Group  
The February 2014 ICS IBD Working Group meeting took place in Montreal, Canada. Participants represented 
Canada and US. Members from other countries were unable to attend. 

The goal of the annual meeting is to review ICS IBD data to better understand the epidemiology of the five 
invasive bacterial diseases under surveillance. The February 2014 meeting focused on data from 1999 to 
2012/2013. Data from the five regions in Canada (Nunavut, Northwest Territories, Yukon, Northern Quebec, 
Northern Labrador) participating in the collaboration were presented as well as data from the State of Alaska.  

Canadian ICS data from 1999 to 2012 were reviewed by organism, serotype, year, age, region, ethnicity and 
clinical manifestation. Compared with Canadian national rates, the average incidence rates of invasive diseases 
caused by Sp, Hi, Nm, GAS were much higher in the Canadian ICS regions. Incidence rates of GBS were not 
compared due to differences in case definition; ICS reports GBS in all ages where national data includes only the 
neonatal age group. In the ICS regions, Aboriginal residents had higher incidence rates of invasive pneumococcal 
disease, Hi and invasive GAS (iGAS) than non-Aboriginals. For invasive pneumococcal disease and invasive 
meningococcal disease (IMD), incidence rates were highest among children under two years of age. Regional 
differences were noted in the overall incidence of invasive pneumococcal disease and Hi. Invasive GAS was the 
only disease that showed an increasing trend over the surveillance period; with the most affected groups being 
children less than two years of age and those over 65 years of age. The case fatality ratio was highest for IMD 
and lowest for GBS.  

Alaskan data from 2000 to 2013 were reviewed with a focus on the data from 2011 to 2013. Data were stratified 
by organism, year, age, ethnicity and serotype. While IMD decreased over the surveillance period, invasive GAS 
and GBS showed an increasing trend Alaska Natives had much higher incidence rates of all targeted diseases 
compared with non-Alaska Natives. In reviewing cases of H. influenzae, Hia accounted for the majority of cases 
among children less than five years old whereas Hi non-typeable accounted for most cases among individuals five 
years and older. GBS is notifiable in all ages in Alaska. 

The ICS Interlaboratory Quality Control Program was established in 1999 as a means to test the comparability of 
data submitted via different methods employed by the laboratories in the network. The Quality Control Program 
initially compared results for Sp serotyping and antimicrobial susceptibility testing and has expanded to include 
Nm serogrouping, Hi serotyping and iGAS emm typing results. Serotyping data for GBS is not collected by ICS, 
therefore its inclusion in the Quality Control Program is not necessary. This Quality Control Program has shown a 
high degree of correlation among the centers (8, 9). This provides added confidence that differences or similarities 
in the data are likely due to true differences in epidemiology between countries rather than aberrant results due to 
different laboratory methods. 
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Conclusion 

The ICS is a unique and successful international collaboration providing population-based surveillance that 
includes both laboratory and epidemiological data on disease targets. The network is able to provide valuable 
information on existing and emerging invasive bacterial diseases as disease patterns change. Based on the most 
recent Invasive Bacterial Disease Working Group meeting, invasive Hia is seen as an emerging pathogen in the 
North American Arctic. Further work is planned to characterize the virulence and clinical severity of disease of this 
organism. 
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Abstract 

Objectives: Preexposure vaccination against rabies is recommended for some travellers and individuals exposed 
to the virus through their work. At a cost of at least $150 per intramuscular (IM) dose, few follow this 
recommendation. In Canada, provided certain conditions are met, the National Advisory Committee on 
Immunization (NACI) and the Comité d’immunisation du Québec allow a more economical alternative, intradermal 
vaccine administration (ID) which uses 1/10 the IM dose. The purpose of this study is to assess the feasibility and 
immunogenicity of intradermal preexposure vaccination. 

Methods: Students and employees at the Faculty of Veterinary Medicine received three doses of ImovaxRage™ 
(Sanofi Pasteur) inactivated, human diploid cell rabies vaccine at days 0, 7 and 21 or 28. An IM or ID booster 
dose was administered after two years when indicated.  

Outcomes: Among the 159 participants who received three doses, 139 underwent serological testing in the year 
following vaccination and all achieved protective antibody levels. The antibody level was higher when measured 
within five weeks of the third dose. When the serological control was performed two years later, 65% of 
participants had a <0.5 IU/ml titre. Of the 22/30 participants who chose an ID booster, 100% responded and the 
average antibody titres were multiplied by 11, indicating a strong anamnestic response.  

Discussion: ID rabies vaccination is immunogenic, economic and could be considered for the booster dose. 
Protective antibodies decline rapidly after primary immunization by ID, so it would seem prudent to perform a 
serological control one year later on individuals at high risk of occult occupational exposure. An alternative would 
be to give these individuals a routine ID booster dose one year after primary vaccination, which would simplify 
initial treatment and reduce related costs (follow-up, blood sampling, serological tests, etc.). The persistence of 
protective antibodies after this booster dose should be assessed to determine the need for subsequent serological 
tests and the ideal interval between tests. 

Introduction 

Rabies is an infection caused by a rhabdovirus of the Lyssavirus genus. It is transmitted through contact with the 
saliva of an infected mammal, usually by a bite. There is no way to diagnose the disease prior to its clinical stage 
(1). The virus causes acute, progressive encephalomyelitis, which is almost invariably fatal once symptoms 
appear, except in very rare cases where individuals manage to survive (2).  
 
Worldwide, more than 50,000 rabies-related deaths are reported every year. Most cases are caused by dog bites 
and occur in Asia, Africa and South America. India alone accounts for 20,000 rabies-related deaths per year (1). 
Travellers who visit areas where rabies is highly endemic are at risk, especially if they travel in rural areas (3). In 
several European countries, most reported human cases are imported and occur among travellers (4).  
 
In Canada, only 24 cases of human rabies were reported from 1924 to 2009 (5) and the last three cases were 
attributed to bats. Moreover, most cases of rabies occur through contact with an infected bat (6,7), even though 
the red fox is the main reservoir of terrestrial rabies. Although cases of animal rabies in Canada decreased from 
670 in 2000 to 141 in 2012 (8), the animal reservoir of rabies is still extensive (5). People who have contact with 
animals in their work, such as veterinarians, are at higher risk of exposure to the rabies virus.  
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In addition to intramuscular (IM) administration, the World Health Organization (WHO) allows intradermal (ID) 
administration of rabies vaccines that are prepared in cell culture or embryonated eggs, provided they contain 
2.5 IU per dose (6,9). This measure is used primarily in developing countries to promote use of these 
postexposure vaccines, which cost more, but are much more effective and cause far fewer severe side effects 
than vaccines prepared from animal nerve tissue (1, 6). A protocol for postexposure ID vaccination was 
introduced for the first time in Thailand in 1984 and subsequently implemented successfully in various countries 
including India, the Philippines, Sri Lanka and Thailand (10, 11).  
 
Both the WHO and the National Advisory Committee on Immunization (NACI) in Canada endorse ID 
administration of preexposure rabies vaccine. This practice reduces the costs of preexposure vaccination, which 
is not funded by the Canadian public health system because each dose of the vaccine costs between $150 and 
$180. It also simplifies postexposure procedures, eliminating the need for rabies immunoglobulin and reduces the 
required number of vaccine doses from four to two (12).  
 
In Quebec, vaccination is governed by the Protocole d’immunisation du Québec (PIQ), which was produced by 
Quebec’s Ministry of Health and Social Services and endorsed by a scientific advisory committee, the Comité 
d’immunisation du Québec. Under PIQ, preexposure rabies vaccines can be administered with a 0.1-ml ID dose 
or a 1-ml IM dose, using either of the two vaccines approved in Canada, RabAvert™ (Novartis) purified chick 
embryo cell rabies vaccine, or ImovaxRage™ (Sanofi Pasteur) human diploid cell rabies vaccine, both recognized 
as immunogenic and considered interchangeable (13). ID administration requires good technique to avoid 
subcutaneous injection and storage regulations and aseptic technique must be followed (6). In addition, according 
to the Canadian Immunization Guide and PIQ, a serological test is required after ID vaccination for documenting 
immune response because no ID formulation is approved in Canada. Finally, it is more economical to vaccinate 
multiple individuals at each session. For all these reasons, this route of administration is seldom used.  
 
Several studies throughout the world have demonstrated the immunogenicity of intradermal preexposure 
vaccination (14, 15, 16, 17). In addition, the increase in antibody levels achieved by administering an IM or ID 
booster dose in individuals who previously received ID vaccination is similar to that achieved in individuals who 
previously received IM vaccination, indicating a good anamnestic response (18, 19).  
 
The aim of this study was to assess the immunogenicity and feasibility of ID rabies vaccination in Canada. This 
could systemize the availability of the vaccine portfolio to risk groups and improve access to the rabies vaccine.  
 

Methodology 

The Université de Montréal Faculty of Veterinary Medicine in St-Hyacinthe, Quebec, Canada has a service 
agreement with the Richelieu-Yamaska Health and Social Services Centre (CSSS) to offer preexposure rabies ID 
vaccination at a lower cost to the Faculty’s students and employees. In the fall of 2006, participants were recruited 
by letter, on a voluntary basis to receive the ID rabies vaccine. Pregnant women, individuals under 18, previously 
vaccinated individuals, those with a history of severe allergic reaction to a previous dose of the vaccine or one of 
its components, as well as people taking or beginning to take chloroquine within one month after vaccination were 
excluded. 
 
ImovaxRage™ (Sanofi Pasteur) vaccine was utilized. It is a freeze-dried human diploid cell vaccine (HDCV), 
containing 2.5 IU/ml (13). Given the absence of formulations for ID injection in Canada, vaccination sessions 
involved sufficient numbers of participants to allow single-dose 1-ml vials to be split into 0.1-ml doses. In 
accordance with PIQ, vaccines were stored between 2 and 8°C and no doses were administered more than six 
hours after the product was reconstituted. A strict aseptic technique was used. 
 
Written consent was obtained at the time of vaccination along with permission to send the research team 
information on immunization dates, demographic data, follow-ups and serological test results. Experienced nurses 
with good ID injection technique vaccinated participants at the Faculty of Veterinary Medicine between September 
11 and November 6, 2006. Three 0.1-ml doses were administered in the deltoid muscle on days 0, 7, 21 or 28. A 
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telephone and mail reminder system was introduced. A form was used to gather demographic information on 
participants and serious or unexpected clinical events occurring after vaccination.  
 
An initial serological test was prescribed from two to four weeks after the third dose of the vaccine, which is the 
interval recommended by PIQ (13) to confirm immunity. For people whose antibody assay was less than 0.5 
IU/ml, an additional dose of the vaccine by IM or ID was offered. A second serological test was recommended for 
these people to confirm adequate immune response.  
 
For those who had an adequate immune response, a serological control was performed two years after 
completion of the vaccine series to verify antibody persistence. At this stage, the subjects could choose to receive 
an ID or IM booster dose if their antibody assay was less than 0.5 IU/ml. All antibody assays were performed in 
Toronto at the Canadian national rabies reference laboratory using the rapid fluorescent-focus inhibition test 
(RFFIT). 
 
The chi-square test or t-test was used to monitor the demographics of participants and to compare those lost to 
follow-up. The correlation between the time of the first serological test and the antibody assay was measured 
using the Pearson coefficient. A significance level of 0.05 was used for the analyses and 95% confidence intervals 
(CIs) were calculated where appropriate. The research protocol for this study was approved by the Richelieu-
Yamaska CSSS’s Ethics Research Committee.  

 
Outcomes 

A total of 159 Faculty of Veterinary Medicine students and employees received the three doses of vaccine (Figure 
1) and agreed to allow their information to be sent to the research team. The subjects were 18 to 59 (mean of 23 
and median of 22) years of age and 84% were women. No serious or unexpected clinical events after vaccination 
were reported.  

Figure 1: Flowchart of participant follow-ups 
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The result of the first serological test was available for 147 people (Figure 2), 139 of who had their serological test 
within one year of completion of the vaccine series, with an interval ranging from two to 11 weeks between the 
third vaccine dose and the serological test. Those who had their serological tests done two weeks after the third 
dose had a 6.1 IU/ml mean antibody concentration, while this concentration averaged 2.6 IU/ml if the serological 
test was performed five weeks after the third dose. There is a negative correlation in the time between the third 
dose and antibody concentration antibodies: r=-0.31; p<0.05. Of the eight people who had their serological test 
done one year or more after vaccination (the deadline was up to 161 weeks), five had a score <0.5 IU/ml. 

Figure 2: Geometric mean titres (IU/ml) based on time after third dose (N=147)  

 

Of the 139 participants (87%) who had their serological test done in the first year (from 2 to 11 weeks after the 3rd 
dose), 100% achieved a ≥0.5 IU/ml rabies antibody titre (Table 1). Two years after completion of the vaccination 
series, 51 participants reported for serological control. Although there was a general decrease in antibodies 
between the first and second serological tests, 35% (18/51) still had a protective level of rabies antibodies. 
According to the results available for 22 participants who agreed to have the ID booster, 100% achieved rabies 
antibody levels ≥0.5 IU/ml and there was a sharp increase in antibody concentrations (Table 1). There was no 
difference in the average age of participants who reported for follow-up and those lost to follow-up (22 versus 24 
years of age, p = 0.44) and the percentage of women (82% versus 85%, p = 0.63). 

Table 1: Antibody titre (IU/ml) after the 3rd dose, at the serological control two years later and after 
the booster dose 

Variables First serological test 
(2-11 weeks after the 

3rd dose) 

Follow-up serological 
testing after 2 years 

Serological test after 
booster dose 

Number of cases 139 51 22 

Average concentration 
of antibody titres (IU/ml) 
[95% CI] 

5.3 [4.9 – 5.7] 0.74 [0.4 – 1]¹ 4.8 [4.1 – 5.5] 

Range 0.6 – 10.0 0.1 – 5.7 1.5 – 7.4 

Protective antibody titre 100% (139/139) 35% (18/51) 100% (22/22) 
¹Excluding a participant who showed an increase in antibody levels between the first and second serological test. 

Discussion 

To the authors’ knowledge, this is the first study on intradermal preexposure rabies vaccination published in 
Canada. A total of 159 participants received a series of three 0.1-ml doses of ImovaxRage™ (Sanofi Pasteur) ID 
vaccine. No serious adverse effects were noted and it appears that improved injection techniques and the efficacy 
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and safety of new generations of rabies vaccines have decreased the negative side effects that were observed 
following ID administration in the past (20,21). All participants who completed a serological test in the year 
following the third dose had protective levels of rabies antibodies. These results confirm that ID administration of 
rabies vaccine is safe and immunogenic in healthy people.  
 
A rapid decrease in antibody titres was observed if the serological test was performed more than five weeks after 
primary immunization. This study did not include an IM control group to measure whether the route of 
administration influences the kinetics of the immune response. Some studies have reported that the titres 
achieved after primary immunization and booster dose were higher by IM than by ID (18, 22, 23). However, the 
protective antibody level obtained would be as adequate by ID as by IM (6, 21). In addition, it is known that cell 
culture rabies vaccines provide excellent immune memory and several studies have demonstrated an anamnestic 
response after a booster dose in individuals previously vaccinated by ID (19,24,25,26).  
 
The results of this study demonstrate that two years after primary immunization, rabies antibodies persist at 
varying levels, with 35% of subjects still showing a protective titre. After administration of the booster dose, 100% 
of participants for whom serological test results were available developed an anamnestic response with mean 
antibody titres multiplied by 11. All participants in this study were 18 years of age and older and a large majority 
were women, reflecting the demographics of the students in the Faculty of Veterinary Medicine. No significant 
differences between age and sex groups were identified in this study nor in the literature (26). The demographics 
of participants lost to follow-up were similar to those of participants who completed the study. 
 
Several studies have shown that memory response to a booster dose may be induced years after primary 
immunization, even among those whose antibody titres fell below the 0.5 IU/ml threshold considered protective 
(26, 27). Malerczyk et al reported an anamnestic response to a booster dose in individuals vaccinated 15 years 
earlier (25) and other studies report an anamnestic response to a booster dose to up to 21 years after primary 
immunization (6).  
 
In recent years, the emergence of rabies was observed in southern Quebec with the migration of a new strain of 
raccoon rabies from the United States (27, 28). Participants in this study were veterinary students working in an 
enzootic area. However, the results of this study revealed that antibody levels declined rapidly after the third dose 
and that a number of recipients already had titres below 0.5 IU/ml one year after primary immunization. A 
systematic review conducted in England reported that up to 13% of recipients’ antibody levels decreased to <0.5 
IU/ml one year after IM primary immunization (29). Since antibody titres may be lower with the ID route (25, 26), 
antibodies are expected to decrease more quickly after the vaccine is administered through this route. The results 
point in the same direction suggesting that for groups at risk of occult exposure, the date of the first serological 
control and administration of the 1

st
 booster dose be moved up from two years to one year. This recommendation 

would ensure that these individuals’ antibody titres do not fall below the protective threshold.  
 
Currently, it takes at least six to eight weeks to obtain serological test results. In addition, patient follow-ups and 
reminders for blood samples require substantial resources and the number of patients lost to follow-up remains 
problematic (63% in this study). More studies are needed to document the persistence of protective antibodies 
after ID primary immunization and after an ID booster dose, but it is likely that an ID booster administered after 
one year could provide protection long enough (5) to extend the time between subsequent serological controls.  
 
It also appears that cell culture vaccines are highly immunogenic and protective antibody titres after a booster 
dose can last up to five years in 96.2% of cases (5, 6). Research has shown that a booster dose administered one 
year after the primary immunization series could induce protective antibodies lasting up to 10 years (30) and that 
subjects who achieved a titre ≥30 IU/ml could receive a booster every 10 years and every three years for those 
with a titre <30 IU/ml. This course of action would eliminate the need for serological tests every two years.  
 
Five participants who completed their serological test one year or more after the third dose achieved a result 
below the protective threshold. With the data provided in this study, it is not known whether this is a primary failure 
of vaccination or an expected gradual decline in antibody concentrations over time. Given the excellent immune 
response in 139 participants who completed their serological tests during the first year, it is assumed that if 
serological testing had been done sooner after primary immunization, those five individuals could have achieved 
an adequate antibody level.  
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The economic benefits of this injection route were directly observed during vaccination sessions. A 1-ml vial of 
rabies vaccine was sufficient to vaccinate seven to eight people intradermally. The CSSS established the cost per 
dose of ID vaccine at $60, three times less than for an IM dose. The net savings calculation should take into 
account the cost of nursing time required for the ID technique, the costs of serological tests, follow-ups and results 
monitoring. It was also observed that 90% of participants whose rabies antibody level was <0.5 IU/ml after two 
years, chose to receive the booster dose via the ID route, even if they had to complete another serological test to 
document the response.  
 
It is also known that few travellers get the rabies vaccine, e.g., a study at Bangkok Airport involving 7,681 foreign 
travellers revealed that only 12% had completed their vaccination series, 15% received one or two doses, while 
73% had not been vaccinated at all (31). The risk of being bitten when travelling in endemic areas is difficult to 
assess. A study involving 1,882 tourists visiting Thailand for an average of 17 days estimated that 1.3% of them 
had been bitten (32). It is essential to reduce costs in order to make the vaccine more readily available to groups 
with occupational risk, such as the study participants or travellers in endemic areas. Another benefit of 
preexposure vaccination is that travellers bitten while abroad would no longer need rabies immunoglobulins, 
which are either in very short supply or unavailable in most developing countries (6) and recipients would also 
require fewer vaccine doses for postexposure. In addition, travellers, who are not considered at risk of occult 
exposure to the rabies virus, do not have to receive a booster dose or undergo repeated serological controls. 
 
Other intradermal preexposure vaccination schedules were studied around the world, such as simultaneous 
administration of two ID injections (one in each deltoid area) at days 0, 7, 21 or 28, at days 0, 3, 7 or only at day 0 
(19). Regardless of the schedule, a strong anamnestic response was observed one year later, after two booster 
vaccinations. Although empirical, it is likely that these practices would be helpful in cases where high-risk 
travellers are scheduled to leave shortly and there is not enough time to perform serological tests. 
 
In November 1982, a U.S. Peace Corps volunteer in Kenya completed preexposure rabies prophylaxis with a 
standard three dose intradermal (ID) series of human diploid cell rabies vaccine (33). In May 1983, she was bitten 
by a dog, but did not consult a health professional for postexposure vaccination and subsequently died of rabies. 
A serological test performed when her symptoms appeared revealed an inadequate antibody titre. At the same 
time, serological tests performed on other Peace Corps volunteers who also received ID vaccination revealed that 
nine of the 11 subjects had inadequate antibody titres. Although response after primary vaccination did not seem 
adequate, the survey considered that if two doses had been administered postexposure as recommended the 
death could have been avoided. This highlights the importance of serological control after primary intradermal 
vaccination to ensure antibody levels are ≥ 0.5 IU/ml. This incident and the recall of three lots of an approved 
rabies ID vaccine with insufficient antigen levels, led to the withdrawal of ID vaccines from the US market in 2001, 
even if the immunogenicity of the ID route was not called into question (3).  
 
Intradermal vaccination is still offered at the Université de Montréal Faculty of Veterinary Medicine. Between 2007 
and 2013, nearly 1,000 people were vaccinated and serological tests performed two to four weeks after the third 
dose produced only two results <0.5 IU/ml (0.36 and 0.47 IU/ml, respectively) (Jocelyne Angers, personal 
communication, July 2014). This route is always well tolerated and RabAvert™ and ImovaxRage™ vaccines are 
used interchangeably during vaccination sessions which facilitates vaccine stock management.  
 
The results of this study demonstrate that administering the vaccine intradermally using 1/10

th
 of the IM dose is an 

immunogenic, economic and feasible alternative where groups of clients can be scheduled for vaccination by 
qualified staff using good techniques and when there is enough time for post-vaccination serological testing. All 
these conditions were fulfilled in this study at the Faculty of Veterinary Medicine. Because antibody titres decline 
rapidly during the first year, it would be prudent to provide individuals at high risk of occult exposure to rabies with 
a booster dose one year after primary vaccination without prior serological testing. Serological follow-up to 
document the persistence of antibodies should be performed subsequently to determine the need and most 
appropriate time for other booster doses. 
 
Availability of an approved ID formulation in Canada and shorter serological test times would ease the logistical 
problems encountered in this study.  
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Abstract 

Citizen science is the systematic collection and analysis of data, development of technology, testing of natural 
phenomena and the dissemination of these activities by researchers on a primarily avocational or voluntary basis. 
The application of citizen science-informed mobile applications (apps) provides a means for Canadians to 
participate in the surveillance of infectious disease.  

This article makes the case for a mobile application that can be used to enhance the surveillance of vector-borne 
diseases in Canada. Lyme disease is used as an example due to its increasing incidence and lack of available 
real-time information. The authors also suggest how such an app could be designed and used in a way that would 
attract end users to download and use it as a public health tool. If successful, these type of apps could serve as 
supplements to active surveillance programs as well as a means for bidirectional communication between public 
health professionals and citizens. 
 

Introduction 

In the past decade, climate change and public health have become inextricably linked (1). A recent survey, 
reported that over 81% of Canadians were concerned about health risks associated with climate change. The 
same survey showed that 49% of Canadians felt climate change increased the incidence of infectious disease (2). 
As the Canadian climate continues to warm, tick and other vector populations are beginning to increase, most 
notably in areas such as Southern British Columbia and Ontario (3). Lyme disease is the most common vector-
borne zoonosis in North America and is on the rise across Canada. It was estimated that in 2010, 18% of the 
population of Eastern and Central Canada were living in areas at risk of Lyme disease and this percentage is 
projected to increase (4,5).  
 
The Ixodes black legged tick known to carry the Lyme disease causing bacteria Borrelia burgdorferi, is distributed 
across Canadian deciduous or mixed forests habitats (6). In addition to Lyme disease, cases of vector-borne 
diseases uncommonly identified in Canada are beginning to present closer to Canadian borders. For example, in 
2014 the United States Centers for Disease Control and Prevention (CDC) reported the first cases of two 
tickborne diseases (Powassan virus, known to produce long-term neurological problems and Anaplasmosis, a 
disease with typical symptoms of fever and headache) in the Great Lakes region (7). 
 
Infectious disease surveillance in Canada has successfully identified the appearance and spread of infectious 
diseases such as Influenza H1N1, H7N9, SARS, Lyme disease and others. Increasing available ‘real-time’ 
information on these diseases could improve public health officials’ understanding of a potential outbreak and also 
provide public education. Ideally, the collection of real-time information should be a collective effort. The recent 
Ebola outbreak has led to exploration of how smartphone user activity could be used to track disease spread (8). 
At this time smartphone user activities are monitored retroactively, whereas citizen science could inform 
processes for real-time monitoring of disease spread (8).  
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Citizen science has been defined by Kinder as, “the systematic collection and analysis of data, development of 
technology, testing of natural phenomena and the dissemination of these activities by researchers on a primarily 
avocational basis” (9). Simply put, it is citizen observations or data that is collected on a volunteer basis. Citizen 
science is a fairly new term, but is an old practice (10, 11). In recent years, researchers have used citizen 
science, in their work to support findings described in publications or presentations (10, 12, 13).  
 
Incorporating citizen involvement in the surveillance or raising awareness of vector-borne disease, such as Lyme 
disease, could be a novel form of citizen science. This could be achieved through the use of a mobile phone 
application designed to collect information on vector habitats or breeding grounds. To the authors’ knowledge, a 
smartphone app allowing for bidirectional flow of vector-borne disease information (from end user to administrator 
and vice versa), has not yet been developed (14).  
 
It is proposed that citizen science-informed applications should be developed to raise awareness of notifiable 
vector-borne disease. In doing so, they could empower the community and aid in the protection of public health. 
This commentary explores how the collective power of smartphone users could be harnessed to support 
awareness and surveillance of vector-borne disease. 
 

Analysis 

It is very difficult to accurately track vector-borne diseases, such as Lyme disease in real-time (i.e., the actual time 
during which an event occurs). Tracking and identifying areas endemic with Ixodes blacklegged ticks carrying B. 
burgdorferi requires a significant number of hours and is often challenged by many other competing demands on 
public health officials. This challenge could be reduced by recruiting the assistance of public citizens in collecting 
this information. Engaging citizens via mobile applications where citizens can observe natural events and be 
linked to scientific research on a particular vector-borne disease provides an opportunity for public participation in 
the protection of public health. 
 
Smartphone usage among Canadian adults (18-65 years of age) is on the rise. In 2013, a Google report 
estimated that 56% of adults were using a smartphone, up from 33% in early 2012 (15). Google Canada indicated 
smartphone users “are using their mobiles to change the way they communicate with others and specifically trying 
to understand the world around them” (16). The increased use of mobile devices and their applications has 
expanded Canadians’ ability to participate in and protect the health of their communities. Mobile applications 
grounded in the concepts of citizen science (9) present a viable option to mobilize citizens in the surveillance of 
and awareness-raising efforts about vector-borne diseases. 
 

Citizen science, mobile applications and health 
Smart phone technology allows a natural extension of citizen science with the added benefit of being real-time. 
Much like the call for citizens to scan millions of images for clues in an attempt to solve the case of the missing 
Malaysian Airlines plane (17), incorporating citizen science functionality into a mobile application would provide an 
opportunity for citizens to engage in real-time prodromic (pre-diagnostic health information) vector-borne disease 
surveillance and potentially provide warnings for impending public health concerns.  
 
An example of an app developed for infection surveillance is Flu near You designed by HealthMap at Boston’s 
Children Hospital (18). This is a community-driven flu-tracking site that provides real-time information to the 
public. Another example of a public health-oriented app is ImmunizeON, an app designed to monitor, track and 
remind Ontarians of their immunization schedules (19). The app maintains vaccination records, alerts end users 
about immunization schedules and informs them about potential harms related to defective vaccines or other 
events of public health significance through the use of banners. ImmunizeON is an excellent app for monitoring 
and tracking, but it does not promote the collection and submission of observations and data. The communication 
function between end users and public health officials remains limited to emails through an external site and there 
is no user interface which allows for direct communication through the app itself. A citizen science-informed app 
would expand the communication functionality to include a way to allow submissions from end users back to 
public health. 
 
The primary function of a citizen science-based Lyme disease app would be to provide citizens with information 
on how to identify ticks and their habitats. The Lyme disease mobile app developed by the Eastern Ontario Health 

https://flunearyou.org/
http://www.ohri.ca/newsroom/newsstory.asp?ID=327
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Unit provides information on symptoms of Lyme disease, physical characteristics of the ticks and what to do if 
bitten (20), but it does not include the feedback loop to help track where ticks are located. By adding a geotagging 
capability (that is, the ability to track the exact geographic location of ticks), the end user could tag and take 
photos of prospective pathogen-carrying ticks. The final layer of functionality would be to have public health 
officials engage with the tags/photos in real-time. When public health officials receive submissions, a team of 
trained professionals could identify whether the submission warrants further investigation (i.e., is in fact a 
pathogen-carrying tick species). To the authors’ knowledge, current available apps do not include the function of 
allowing citizens to submit photos or data.  
 
Citizen science allows end users to interact with health professionals and submit observations that professionals 
themselves would not be able to. In the case of ImmunizeON, prodromic surveillance of potential adverse effects 
related to defective vaccines is possible by embedding a two-way communication functionality (i.e., In-App 
Messaging). A number of successful citizen science projects have been launched that demonstrate the potential 
of citizen science apps, such as National Moth Week 2014, which promotes contributing photos and data to online 
databases and Drexel University’s Dr. Dan Duran’s Elderberry Longhorn Beetle Project (13). 
 
Theoretically, a citizen science-informed surveillance app, complete with diagnostic criteria for the vector in 
question, would allow citizens to confidently identify risk areas for ticks. This would occur as citizens were 
engaging in activities such as (hiking, hunting, gardening, etc.) in yards, parks or forests in or near known risk 
areas. 
 

Application development 

According to Google’s Mobile Movement Report, 82% of smart phone users in Canada use their smart phones to 
research and read news and 27% look up health-related information. Smartphone users currently accessing 
health-related information would be a prime target audience for a citizen science-based app. However, the 
promotion for this application should be open to all who are interested as citizen science is not meant to focus 
solely on individuals or groups with subject knowledge. A citizen science-based app should be user friendly and 
targeted to even the most novice smartphone user.  
 

Considerations 
There are several key considerations when developing and launching a citizen science initiative (21). The first is 
the issue of incentives for use. Citizen science for the purposes of awareness and data/information collection is 
considered avocational and distinct from work that is compensated (9). Much of the software or “freeware” is 
distributed at no cost to the consumer with little or no restrictions on use (12). Attaching incentives (monetary or 
other) to the citizen science activity might increase participants’ use, but would also introduce potential 
unintended consequences such as engagement for monetary gain (22).  
 
“Gamifying” or the use of game design elements in non-game contexts (23) is a second consideration. By making 
the app fun to use, gamifying can help gain traction with participants by maintaining their engagement (24) as well 
as attracting and retaining users (23).  
 
A third consideration is the promotion of the app. Usage of traditional multimedia advertising (television, social 
media, print ads etc.) and Web 2.0 (such as blogs and online forums) are reliable methods of promotion. 
Innovative social marketing tools such as RSS feeds (Rich Site Summary or Really Simple Syndication – 
broadcasting information to external websites) are also useful in engaging a broad target audience.  
 
There are other questions to consider when developing a platform for any citizen science-based tool.  For 
example: Who will be responsible for managing the information (a vendor or public health agency? Who will fund 
the initiative (local, national private)? How will results be disseminated back to the end user and the broader 
public?  
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Conclusion 

Canada is witnessing an increase in vector-borne diseases due to climate change, modification of the ecology 
and other factors. A citizen science-informed mobile application could provide a creative medium to disseminate 
learning tools about vectors and vector-borne diseases and to interact with Canadians. Citizen science also has 
the potential to empower Canadians and maximize their ability to contribute to knowledge creation and health 
surveillance. If successful, a Lyme disease app could serve as a template to track other similar vector-borne 
disease (for example: Powassan virus and Anaplasmosis).  
 
Citizen science is gaining traction in the mobile application and the academic sector and there are opportunities to 
explore its use in public health. Since an app to track and monitor vector-borne diseases has to the authors’ 
knowledge, not been developed or evaluated, we cannot be sure that it would be successful, however we do 
know from the study of citizen science and through the use of other similar applications that engaging the 
community in this way could provide valuable potential in monitoring and raising awareness.  
 
This commentary is part of a larger discussion around public participation in infectious disease surveillance. 
During disease outbreaks or pandemics, members of society may feel powerless and often rely on healthcare 
authorities for guidance and protection. Increased use of mobile devices in the Canadian population coupled with 
the rise of mobile news apps and social media could provide a point of access to augment capacity for real-time 
infectious disease surveillance. 
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