
International Circumpolar Surveillance (ICS) is a popu-
lation-based invasive bacterial disease surveillance net-
work. Participating Canadian regions include Yukon, North-
west Territories, Nunavut, and northern regions of Québec 
and Labrador (total population 132,956, 59% aboriginal). 
Clinical and demographic information were collected by us-
ing standardized surveillance forms. Bacterial isolates were 
forwarded to reference laboratories for confi rmation and 
serotyping. After pneumococcal conjugate vaccine intro-
duction, crude annual incidence rates of invasive Strepto-
coccus pneumoniae decreased from 34.0/100,000 popula-
tion (1999–2002) to 23.6/100,000 population (2003–2005); 
substantial reductions were shown among aboriginals. 
However, incidence rates of S. pneumoniae, Haemophilus 
infl uenzae, and group A streptococci were higher in ab-
original populations than in non-aboriginal populations. H. 
infl uenzae type b was rare; 52% of all H. infl uenzae cases 
were caused by type a. Data collected by ICS contribute to 
the understanding of the epidemiology of invasive bacte-
rial diseases among northern populations, which assists in 
formulation of prevention and control strategies, including 
immunization recommendations.

The circumpolar region of Canada is a sparsely popu-
lated area of 1.74 million square miles comprising 3 

territories (Yukon, Northwest Territories, and Nunavut) 
and the northern regions of Québec and Labrador. The es-
timated population is 132,956, which represents 0.4% of 
the Canadian population (1). The circumpolar population is 
younger (Table 1) and has a larger proportion of aboriginal 
persons than the general Canadian population. Approxi-
mately 59% of the population in the region self-identify as 
Inuit, First Nations, or Métis, compared with 3.3% of the 
total Canadian population (2). Northern populations tend to 

have higher rates of invasive bacterial diseases, including 
those caused by Streptococcus pneumoniae and Haemophi-
lus infl uenzae, with aboriginal persons at greatest risk for 
disease (3–5).

Canada has a universal healthcare system that includes 
access to both physician and hospital care. Publicly funded 
vaccination programs are a major component of disease 
control programs. Universal infant H. infl uenzae type b 
(Hib) vaccination programs were implemented in the Yu-
kon, Northwest Territories, Nunavut, and northern regions 
of Québec and Labrador in the early 1990s. Pneumococcal 
polysaccharide vaccine, which protects against 23 sero-
types of S. pneumoniae, has been available since 1983 and 
is recommended by the Canadian National Advisory Com-
mittee on Immunization (NACI) for all adults >65 years of 
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age and children >2 years of age at high risk for infection. 
The 7-valent pneumococcal conjugate vaccine (PCV7) 
protects against 7 serotypes of S. pneumoniae and has been 
available in Canada since 2001; NACI recommends it for 
all children <2 years of age and children <5 years of age 
at high risk for disease. Meningococcal C conjugate vac-
cine has been recommended by NACI for all children <5 
years of age, adolescents, and young adults since 2001 (6). 
Implementation of these NACI recommendations has oc-
curred at various times throughout the region.

In Canada, communicable disease reporting is mandat-
ed at the provincial or territorial level; the list of reportable 
diseases varies by region. Reporting to national notifi able 
disease surveillance is not mandatory, and timely submis-
sion of case-by-case data with epidemiologic, clinical, and 
laboratory information is variable. Therefore, to increase 
the understanding of the epidemiology of invasive bacterial 
diseases in northern populations, Canada has participated 
in International Circumpolar Surveillance (ICS) since its 
inception in 1999. ICS is a population-based invasive bac-
terial disease surveillance network of circumpolar coun-
tries that includes the United States, Canada, Greenland, 
Iceland, Finland, Norway, and Sweden. We describe Cana-
dian ICS data from 1999 through 2005, including the effect 
of universal PCV7 programs on invasive S. pneumoniae 
disease in children <2 years of age.

Methods

Case Reporting and Data Collection
Surveillance of invasive disease caused by S. pneu-

moniae began January 1, 1999. Surveillance for invasive H. 
infl uenzae, group A streptococci (GAS), group B strepto-
cocci (GBS), and Neisseria meningitidis commenced Janu-
ary 1, 2000. Cases reportable to ICS are defi ned as persons 
from whom an organism under surveillance is isolated from 
blood, cerebrospinal fl uid, or other normally sterile site. Pa-
tients with clinical epiglottitis from whom H. infl uenzae is 
isolated from an epiglottis swab are also reportable to ICS. 
Cases are reported to public health offi cials by physicians 
or laboratories serving regions under surveillance; this in-
cludes patients managed outside of the region. Unconfi rmed 
cases are not included. Standardized case report forms are 
completed in the region by trained communicable disease 
offi cers and include demographic, clinical, vaccination, and 
risk factor information. For the vaccine-preventable diseases 

(caused by S. pneumoniae, Hib, and N. meningitidis), details 
on the type of vaccine received are not currently available; 
however, information on the number of doses received is 
available. Reference laboratory representatives and com-
municable disease offi cers from each region participate in 
quarterly and annual data audits to ensure completeness of 
case fi nding and reporting.

Laboratory Methods
A network of laboratories ascertains infection with any 

of the 5 organisms under surveillance within the region. 
Invasive isolates are submitted to 1 of 3 Canadian reference 
laboratories (National Centre for Streptococcus, National 
Microbiology Laboratory, and Laboratoire de Santé Pub-
lique du Québec). The reference laboratory confi rms the 
isolate’s identity, determines its serotype or serogroup, and 
tests for antimicrobial susceptibility. Laboratories also par-
ticipate in an ongoing quality control program.

Isolates were confi rmed as S. pneumoniae by using 
conventional methods of identifi cation (7). Strains were 
classifi ed by the capsular swelling technique (8,9) by using 
commercial antisera (Statens Serum Institut, Copenhagen, 
Denmark). Antimicrobial drug susceptibility testing was 
performed by using the broth microdilution method consis-
tent with National Committee for Clinical Laboratory Stan-
dards guidelines current at the time of testing (10,11).

M typing was performed on all submitted GAS isolates 
according to standardized methods (12) by using M type–
specifi c antisera prepared in-house. Antisera to 61 of 86 
internationally recognized M types, representing the most 
common M types (13), were available; strains for which 
an M type could not be assigned were classifi ed as M non-
typeable. GBS serotyping was performed according to con-
ventional serologic techniques (14) by using type-specifi c 
antisera prepared in-house. Antisera were available for all 
9 internationally recognized serotypes (Ia, Ib, II, III, IV, V, 
VI, VII, and VIII). For both organisms, Lancefi eld hot-acid 
extracts were prepared from the clinical isolates and tested 
in Ouchterlony immunodiffusion agar slides with appropri-
ate control strains.

H. infl uenzae was confi rmed by standard biochemi-
cal tests (15), and biotypes were determined according to 
current nomenclature (16). Serotyping was conducted by 
using a slide agglutination assay with antisera from com-
mercial sources (Difco, Oakville, Ontario, Canada, and 
Denka Seiken, Tokyo, Japan). N. meningitidis was identi-
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Table 1. Total and age-specific population estimates for the Canadian circumpolar region and entire population, 2001 census (1)
Age, no. (%) 

Region Total <2 y 2–4 y 5–19 y 20–64 y >65 y 
Circumpolar* 132,956 4,849 (3.7) 7,414 (5.6) 37,431 (28.2) 77,823 (58.5) 5,439 (4.1) 
Canada† 30,007,095 652,120 (2.2) 1,044,160 (3.5) 6,082,585 (20.3) 18,339,680 (61.1) 3,888,550 (13.0) 
*Yukon, Northwest Territories, Nunavut, northern Québec, and northern Labrador. 
†Includes the circumpolar region. 
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fi ed by using standard biochemical tests (17). Serogrouping 
was conducted by using bacterial agglutination with rabbit 
antisera to the different serogroups. Serotyping and sero-
subtyping were conducted by using an indirect, whole-cell, 
ELISA with monoclonal antibodies (18).

Statistical Analysis
Statistical analysis was conducted by using SAS sta-

tistical package version 9.1 (SAS, Cary, NC, USA). The 
analyses were stratifi ed by organism. Crude and age-spe-
cifi c annual incidence was calculated by using total and 
age-specifi c population estimates from the Demography 
Division of Statistics Canada for 2001 (1). Because of the 
small numbers of cases per year, 3-year period–based an-
nual incidence rates were calculated for each organism to 
determine time trends. Rates were calculated for 2 periods 
(1999 for S. pneumoniae or 2000 for H. infl uenzae, GAS, 
and GBS to 2002 and 2003–2005). Regression analysis was 
conducted to detect trends in crude annual incidence rates 
over time. Crude incidence rates by ethnicity were calculat-
ed by using population data from the aboriginal population 
profi le, which was developed from 2001 census data (2). 
Because of the lack of additional period estimates, no trend 
analyses were conducted on data by ethnicity.

Information about PCV7 program implementation was 
collected from the regions (Table 2). The prevaccination 
period was defi ned as 1999–2002, and the program im-
plementation period was defi ned as 2003–2005. Because 
Labrador implemented its vaccination program during the 
second period, data from this region on the effect of the 
vaccine were excluded from the analysis. Sensitivity anal-
yses that included data from Labrador in both arms was 
conducted to ensure this did not alter the results. Annual 
incidence of S. pneumoniae for all ages and the number of 
cases in children <2 years of age were compared for the 2 
periods. Bivariate analysis was conducted by using χ2 and 
Fisher exact tests.

Results
There were 251 confi rmed cases of invasive disease 

caused by S. pneumoniae in northern Canada from 1999 
through 2005. During 2000–2005, 62 cases of invasive dis-
ease caused by H. infl uenzae, 45 caused by GAS, 17 caused 
by GBS, and 6 caused by N. meningitidis were reported. 
Because of the small number of N. meningitidis cases re-
ported, no further disease-specifi c analyses were conducted 
for this organism.

Cases and Incidence Rates
In the ICS region, the crude annual incidence rate for 

S. pneumoniae was highest in 2001 (38.4/100,000 popula-
tion) and lowest in 2005 (17.3/100,000 population), but this 
downward trend was not statistically signifi cant (p = 0.119 

by F test for slope). The age-specifi c incidence rate in chil-
dren <2 years of age decreased during 2000–2004 but in-
creased in 2005. However, these incidence rates are based 
on a small number of cases and changes in rates over time 
should be interpreted with caution. The incidence rates in 
the population >65 years of age, who were eligible for the 
23-valent polysaccharide vaccination, did not show any 
trend (Table 3). During 1999–2002 and 2003–2005, the 
crude annual incidence rates were 34.0 and 23.6/100,000 
population/year, respectively. Although this fi nding sug-
gests a decreasing incidence over the 2 periods, data from 
additional periods are necessary to determine if this is re-
fl ective of a trend.

Among the 240 (95.6%) of 251 S. pneumoniae cases 
with serotype information, the most common serotypes 
were type 1 (30.4%), type 8 (8.8%), type 14 (7.9%), type 
4 (6.3%), and type 6B (5.8%). A total of 47 (60%) of 52 
cases in children <2 years of age were caused by PCV7 
serotypes. Among persons >65 years of age, 23 (88.5%) 
of 26 cases were caused by serotypes in the polysaccharide 
pneumococcal vaccine.

There were no trends in overall crude annual inci-
dence rates of H. infl uenzae or GBS (Table 4). The crude 
annual incidence rate of H. infl uenzae was lowest in 2003 
(4.5/100,000 population) and highest in 2001 (13.5/100,000 
population). Among 59 cases with serotype information, 
31 (59%) were H. infl uenzae type a (Hia); 73.3% of these 
cases were in children <2 years of age. Eight cases (13.6%) 
of Hib were reported during the surveillance period: 6 in 
infants <5 months of age, 1 in a child 18 months of age, and 
1 in an adult. Two infants had no vaccine information. The 
adult and 1 infant had not been vaccinated; the remaining 4 
children had received only 1 Hib dose. Thus, none of these 
cases were considered vaccine failures. GAS incidence in-
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Table 2. Implementation dates of infant vaccination programs with 
universal 7-valent pneumococcal conjugate vaccine, by 
circumpolar region, Canada 
Region Date
Northern Québec Apr 2002 
Nunavit Sep 2002
Northern Labrador Jul 2003 
Yukon Jun 2005
Northwest Territories Jan 2006 

Table 3. Crude annual incidence of Streptococcus pneumoniae in 
the Canadian circumpolar region by age group, 1999–2005 

Incidence/100,000 population (no. cases) 
Year Total population Age <2 y Age >65 y 
1999 25.6 (34) 226.9 (11) 55.2 (3) 
2000 33.8 (45) 226.9 (11) 36.8 (2) 
2001 38.4 (51) 165.0 (8) 91.9 (5) 
2002 26.3 (35) 123.7 (6) 73.5 (4) 
2003 22.6 (30) 103.1 (5) 110.3 (6) 
2004 24.8 (33) 61.9 (3) 36.8 (2) 
2005 17.3 (23) 165.0 (8) 73.5 (4) 
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creased signifi cantly during 2001–2005 (F = 229.371, p = 
0.01). The largest number of cases (n = 14) was reported 
in 2005 with a crude incidence rate of 10.5/100,000 pop-
ulation. The increase in GAS cases was not clustered by 
region, period, or serotype. A total of 1–4 cases of GBS 
were reported in the region annually, for a crude annual 
incidence range of 0.8–3.0/100,000 population.

Demographic Characteristics
Infections with S. pneumoniae, H. infl uenzae, and 

GAS were more common in male patients (59.8%, 58.3%, 
and 62.2%, respectively). Seventy-one percent of all cases 
of GBS were among female patients; 17.6% (3/17) of cases 
of GBS were among newborns <1 month of age. All of the 
newborn cases occurred in the early neonatal period. These 
4 organisms disproportionately affect children <2 years of 
age and persons >65 years of age. Although <4% of the sur-
veillance population was <2 years of age, 21%–67% of the 
infections occurred within this age group. Similarly, adults 
>65 years of age had a higher proportion of cases than the 
surveillance population they represent (Figure).

Data on patient ethnicity was missing for 42 (11.0%) of 
381 cases of invasive bacterial disease. Aboriginal persons 
represented 59% of the surveillance population and 84% 
of cases of S. pneumoniae, 92% of H. infl uenzae, 93% of 
GAS, and 53% of GBS. To assess changing incidence over 
time by ethnicity, the surveillance period was divided into 
2 periods (1999–2002 and 2003–2005 for S. pneumoniae 
and 2000–2002 and 2003–2005 for all other organisms). 
For all but GBS, the crude annualized incidence rates were 
higher in the aboriginal population than in the non-aborigi-
nal population (Table 5). For S. pneumoniae, the dispar-
ity between aboriginal persons and non-aboriginal persons 
decreased from 4.6-fold to 2.5-fold between the 2 periods. 
Among aboriginal persons, the GAS rate in the second pe-
riod was nearly double that seen in the fi rst period. Six of 8 
case-patients with Hib and all 27 case-patients with Hia for 
whom ethnicity data were available were among aboriginal 
persons.

Clinical Findings and Outcomes
Information on clinical fi ndings was available for 380 

of 381 cases (Table 6). The most common primary clinical 
fi nding for invasive S. pneumoniae was pneumonia (64.5%), 
followed by bacteremia/septicemia (21.5%). Among inva-
sive GAS cases, the most common primary clinical fi nding 
was cellulitis (31.1%); necrotizing fasciitis accounted for 
11.1%. For cases with H. infl uenzae or GBS, the most com-
mon primary clinical fi ndings were bacteremia/septicemia 
(33.9% and 47.1%, respectively). There were no reported 
cases of epiglottitis caused by H. infl uenzae.

Cases with GAS had the highest case-fatality rate 
(18.2%, 8 of 44 cases with outcome data). Two (40%) of 5 

cases with GAS and necrotizing fasciitis resulted in death; 
however, this difference was not statistically signifi cant (p 
= 0.065, by Fisher exact test). The case-fatality rates for 
infections with the other 3 organisms were 4.8% (11/230) 
for S. pneumoniae, 6.1% (3/49) for H. infl uenzae, and 7.1% 
(1/14) for GBS. The relative risk for death did not vary by 
ethnicity (p = 0.550, by Fisher exact test).

Effect of PCV7 Immunization Programs
Fifty-two cases of S. pneumoniae occurred in children 

<2 years of age. Eight of these case-patients had received 
>1 dose of pneumococcal vaccination: 1 case-patient with 
of PCV7-preventable S. pneumoniae had received only 1 
dose of vaccine (serotype 6b), 6 case-patients had serotypes 
that were not preventable with PCV7 (serotypes 19A, 20, 
13, 15a, 22, and 22F), and 1 case-patient had no informa-
tion on serotype. These fi ndings suggest that there were no 
known cases of vaccine failure.

Numbers of cases of disease caused by S. pneumoniae 
in children <2 years of age were compared during the pre-
vaccination and program implementation periods (Table 
7). In regions where universal PCV7 infant programs were 
implemented in 2002 (Nunavut and northern Québec), 19 
cases with PCV7 serotypes were reported during the pre-
vaccination period and no cases were reported during the 
program implementation period. In the other Canadian ICS 
regions where universal PCV7 infant programs were imple-
mented after 2002 (excluding Labrador), 6 cases of PCV7-
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Table 4. Crude annual incidence of Haemophilus influenzae,
GAS, and GBS in the Canadian circumpolar region, 2000–2005* 

Incidence/100,000 population (no. cases) 
Year H. influenzae GAS GBS 
2000 6.0 (8) 5.3 (7) 3.0 (4) 
2001 13.5 (18) 1.5 (2) 3.0 (4) 
2002 6.0 (8) 3.8 (5) 1.5 (2) 
2003 4.5 (6) 5.3 (7) 3.0 (4) 
2004 8.3 (11) 7.5 (10) 1.5 (2) 
2005 8.3 (11) 10.5 (14) 0.8 (1) 
*GAS, group A streptococci; GBS, group B streptococci. 

Figure. Age distribution of surveillance population and cases of 
infection with group B streptococci (GBS), group A streptococci 
(GAS), Haemophilus infl uenzae, and Streptococcus pneumoniae 
in the Canadian circumpolar region.
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preventable S. pneumoniae disease occurred in the prevac-
cination period and 3 cases in the program implementation 
period. A χ2 analysis showed that the number of cases of 
PCV7-preventable illness by vaccination region was statis-
tically signifi cant (p = 0.019, by Fisher exact test). These 
results are conservatively biased because PCV7 was avail-
able in all regions in the program implementation period 
and a universal vaccination program was started during the 
later half of 2005 in the Yukon, which may have reduced 
the number of cases seen in the comparison area. Our fi nd-
ings suggest that early implementation of universal PCV7 
programs was associated with a reduction in PCV7-prevent-
able illness in children <2 years of age. A sensitivity analysis 
including Labrador in both arms (program or no program) 
did not change the statistical signifi cance of the difference 
because 1 case in Labrador was not vaccine preventable.

Discussion
To our knowledge, this study is the fi rst comprehensive 

surveillance report on invasive bacterial diseases in the Ca-
nadian Arctic. Disease caused by S. pneumoniae continues 
to be a serious problem in northern Canada. The annual rate 

for 2003–2005 was 23.6/100,000 population/year, which is 
more than twice the reported rate of invasive pneumococ-
cal disease in the overall Canadian population (9.1/100,000 
population in 2004) (19). Although this rate is lower than 
that seen in the earlier period (1999–2002, 34.0/100,000 
population), additional data will be needed to determine if 
the decreasing trend is sustained. The decrease in the dis-
ease incidence may be partly attributed to PCV7 programs, 
as well as the mass pneumococcal polysaccharide vacci-
nation campaigns launched in 2001 and 2002 in response 
to outbreaks of serotype 1 disease in parts of the region, 
which reduced the occurrence of this predominant serotype 
in subsequent years (20,21). Reduction in the number of 
cases among children <2 years of age in regions where uni-
versal infant PCV7 programs were implemented in 2002 
(northern Québec and Nunavut) is an early indicator of the 
effect of the vaccination program. This fi nding is likely a 
conservative assessment of the effect of the program, given 
the staggered implementation of universal vaccine pro-
grams in the circumpolar region.

Although aboriginal persons represented 84% of inva-
sive S. pneumoniae cases, a substantial reduction in disease 
incidence was demonstrated in the program implementa-
tion period. Progress toward elimination of this health dis-
parity has also been reported for indigenous populations 
in Alaska (22) and Australia (23), where PCV7 has been 
available since 2001 to all indigenous children <2 years of 
age. The incidence of S. pneumoniae may be expected to 
decrease further among young children throughout north-
ern Canada, particularly in aboriginal children, as universal 
PCV7 programs become fully implemented with sustained 
high coverage rates.

In contrast, there continues to be a health disparity for 
invasive H. infl uenzae disease. Annual period incidence 
rates for H. infl uenzae during 2003–2005 were >4-fold 
higher among aboriginal persons than among non-aborigi-
nal persons. Although Hib disease is rare because of uni-
versal Hib vaccination, the greatest number of cases oc-
curred among aboriginal persons, a group known to be at 
increased risk for Hib disease (24–26). Studies in Alaskan 
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Table 5. Crude annualized incidence of Streptococcus 
pneumoniae, Haemophilus influenzae, GAS, and GBS by  
ethnicity in the Canadian circumpolar region, 1999–2005* 

Incidence/100,000 population/ 
year (no. cases) 

Organism, ethnicity 1999–2002 2003–2005
S. pneumoniae

Non-aboriginal 9.6 (20) 10.2 (16) 
Aboriginal 44.2 (134) 25.1 (57) 

2000–2002 2003–2005
H. influenzae

Non-aboriginal 0.6 (1) 1.9 (3) 
Aboriginal 11.9 (27) 8.4 (19) 

GAS
Non-aboriginal 0 1.9 (3)
Aboriginal 5.7 (13) 11.0 (25) 

GBS
Non-aboriginal 2.6 (4) 1.9 (3) 
Aboriginal 2.2 (5) 1.3 (3) 

*GAS, group A streptococci; GBS, group B streptococci.  

Table 6. Primary clinical symptoms for patients infected with Streptococcus pneumoniae, Haemophilus influenzae, GAS, or GBS in the 
Canadian circumpolar region* 

Symptoms 
S. pneumoniae  (n = 251), 

no. (%) 
H. influenzae (n = 62), 

no. (%)
GAS (n = 44),†  

no. (%)  
GBS (n = 17),  

no. (%) 
Septicemia/bacteremia 21.5 (54) 33.9 (21) 22.7 (10) 47.1 (8) 
Pneumonia 64.5 (162) 21.0 (13) 13.6 (6) 0
Meningitis 6.0 (15) 27.4 (17) 0 11.8 (2) 
Cellulitis 0.8 (2) 4.8 (3) 31.8 (14) 11.8 (2) 
Empyema 3.2 (8) 3.23 (2) 2.3 (1) 0
Necrotizing fasciitis 0 0 11.4 (5) 0
Septic arthritis 0.8 (2) 4.8 (3) 9.1 (4) 17.7 (3) 
Other‡ 3.2 (8) 4.8 (3) 9.1 (4) 11.8 (2) 
*GAS, group A streptococci; GBS, group B streptococci.  
†One patient had no information recorded for clinical symptoms. 
‡Includes peritonitis, appendicitis, pericarditis, osteomyelitis, and endocarditis. 
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aboriginal populations suggest that continued low-level 
nasopharangeal colonization facilitates transmission to 
susceptible children (4). Environmental and housing con-
ditions, including overcrowding, are also potential contrib-
uting factors to these health disparities (27–29). The data 
also indicate an apparent emergence of type a disease, with 
all Hia cases occurring among aboriginal persons. Hia dis-
ease has also been reported in aboriginal populations in the 
United States and Australia (30–32). A possible shift in dis-
ease epidemiology to non-b serotypes has been suggested 
from fi ndings in an adjacent Canadian region (33), whereas 
a sustained increase in non-b serotypes has not been de-
tected in Alaska (4).

The incidence of GAS in the ICS region has been in-
creasing since 2001. Although changes in rates over time 
should be interpreted with caution because the number of 
cases is small, this apparent increase in GAS disease is be-
ing monitored. The rate in northern regions is greater than 
that in the overall Canadian population. In 2004, the inci-
dence of GAS in the ICS population was 7.5 compared with 
the Canadian rate of 2.7/100,000 population (Public Health 
Agency of Canada, unpub. data). Aboriginal persons repre-
sented the greatest proportion of GAS cases; this has also 
been observed among indigenous populations in the United 
States (34) and Australia (35). As with S. pneumoniae and 
H. infl uenzae, this may be partially attributed to poverty 
and crowded living conditions in these populations (36).

A major limitation of the data is that the number of re-
ported cases is too small to permit analysis of smaller areas 
and subpopulations within the region. In addition, changes 
in rates over time should be interpreted with caution due to 
small numbers of cases. It is also expected that the number 
of reported cases of invasive bacterial diseases is an under-
estimate. However, the enhanced nature of the surveillance 
system and regular data audits represent improvements over 
routine passive surveillance. Laboratory specimens may 
not have been taken before initiation of empiric treatment, 
and collection and transportation of clinical specimens are 
diffi cult in remote areas experiencing extreme temperatures 
(20,21). Unfortunately, because vaccine registries have not 
yet been fully implemented in Canada, immunization cov-
erage rates are not available. This situation limits our abil-
ity to evaluate the effect of vaccination programs.

Despite these limitations, data collected by ICS con-
tribute to understanding the epidemiology of invasive bac-
terial diseases among northern populations in Canada and 
throughout the world. These data assist in formulation of 
prevention and control strategies, including immunization 
recommendations (6). ICS data have also been instrumental 
in identifying potentially emerging pathogens such as Hia. 
Continued collection of data will be used to assess the ef-
fect of vaccination in this population and monitor serotype 
replacement, antimicrobial drug resistance, and reductions 
in disparities in Northern populations.

Dr Degani works at the Child Health Evaluative Sciences 
Unit at the Hospital for Sick Children in Toronto, Canada. Her 
research interests include infectious diseases and their prevention 
in marginalized populations.

References

  1.  Statistics Canada. 2001 Census of population. Statistics Canada. 
2001 [cited 2006 Dec 1]. Available from http://www12.statcan.ca/
english/census01/home/index.cfm

  2.  Statistics Canada. Aboriginal peoples of Canada: a demographic pro-
fi le. 2001 census analysis series. 2006 [cited 2006 Dec 1]. Available 
from http://www12.statcan.ca/english/census01/products/analytic/
index.cfm

  3.  Vaudry W, Talling D. Invasive pneumococcal infection in First 
Nations children in Northern Alberta. Can Commun Dis Rep. 
2002;28:165–72.

  4.  Singleton R, Hammitt L, Hennessy T, Bulkow L, DeByle C, Parkin-
son A, et al. The Alaska Haemophilus infl uenzae type b experience: 
lessons in controlling a vaccine-preventable disease. Pediatrics. 
2006;118:e421–9.

  5.  Christiansen J, Poulsen P, Ladefoged K. Invasive pneumococcal dis-
ease in Greenland. Scand J Infect Dis. 2004;36:325–9.

  6.  National Advisory Committee on Immunization. Canadian immu-
nization guide, 7th ed. Ottawa: Public Health Agency of Canada; 
2006.

  7.  Ruoff KL, Wiley RA, Beighton D. Streptococcus. In: Murray PR, 
Baron EJ, Pfaller MA, Tenover FC, Yolken RH, editors. Manual of 
clinical microbiology, 7th ed. Washington: American Society for 
Microbiology; 1999. p. 283–96.

  8.  Lund R, Henrichsen J. Laboratory diagnosis, serology and epidemi-
ology of Streptococcus pneumoniae. In: Bergan T, Norris JR, edi-
tors. Methods in microbiology. New York: Academic Press; 1978. 
p. 241–62.

  9.  Henrichsen J. Six newly recognized types of Streptococcus pneu-
moniae. J Clin Microbiol. 1995;33:2759–62.

 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 14, No. 1, January 2008 39 

Table 7. Effect of universal PCV7 programs for children <2 y of age in the Canadian circumpolar region* 
Location, period No. cases with PCV7 serotypes No. cases without PCV7 serotypes Total
Northern Québec and Nunavut 
 Prevaccination (1999–2002) 19 5 24
 Program implementation (2003–2005) 0 8 8
 Total cases 19 13 32
Northwest Territories and Yukon 
 Prevaccination (1999–2002) 6 2 8
 Program implementation (2003–2005) 3 3 6
 Total cases 9 5 14
*PCV7, 7-valent pneumococcal conjugate vaccine.  



INTERNATIONAL POLAR YEAR RESEARCH

10.  National Committee for Clinical Laboratory Standards. Methods for 
dilution antimicrobial susceptibility tests for bacteria that grow aero-
bically, approved standard 5th edition. Wayne (PA): The Committee; 
2000. Report no. M7–A5. 

11.  National Committee for Clinical Laboratory Standards. Methods for 
dilution antimicrobial susceptibility tests for bacteria that grow aero-
bically, approved standard 6th edition. Wayne (PA): The Committee; 
2003. Report no. M7–A6.

12.  Johnson DR, Sramek J, Kaplan EI, Bicova R, Havlicek J, Havlicko-
va H, et al. Laboratory diagnosis of group A streptococcal infections. 
Geneva: World Health Organization; 1996.

13.  Facklam R, Beall B, Efstratiou A, Fischetti V, Johnson D, Kaplan E, 
et al. emm typing and validation of provisional M types for group A 
streptococci. Emerg Infect Dis. 1999;5:247–53.

14.  Wilkinson HW, Moody MD. Serological relationships of type I anti-
gens of group B streptococci. J Bacteriol. 1969;97:629–34.

15.  Kilian M. Haemophilus. In: Murray PR, Baron EJ, Pfaller MA, 
Tenover FC, Yolken RH, editors. Manual of clinical microbiology, 
8th ed. Washington: American Society for Microbiology; 2006. p. 
623–35.

16.  Kilian M. A taxonomic study of the genus Haemophilus, with the 
proposal of a new species. J Gen Microbiol. 1976;93:9–62.

17.  Riou JY, Guibourdenche M. Laboratory methods: Neisseria and 
Branhamella. Paris: Institut Pasteur; 1992.

18.  Abdillahi H, Poolman JT. Typing of group-B Neisseria meningitidis 
with monoclonal antibodies in the whole-cell ELISA. J Med Micro-
biol. 1988;26:177–80.

19.  Public Health Agency of Canada. Canadian National Report on Im-
munization, 2006. Can Commun Dis Rep 2006;32S3:1–44. 

20.  Ndiaye AA, De Wals P, Proulx JF, Ouakki M, Jette L, Dery S. Impact 
of a mass immunization campaign to control an outbreak of severe 
respiratory infections in Nunavik, northern Canada. Int J Circumpo-
lar Health. 2006;65:297–304.

21.  Macey JF, Roberts A, Lior L, Tam TW, van Caeseele P. Outbreak of 
community-acquired pneumonia in Nunavut, October and Novem-
ber, 2000. Can Commun Dis Rep. 2002;28:131–8.

22.  Hennessy TW, Singleton RJ, Bulkow LR, Bruden DL, Hurlburt DA, 
Parks D, et al. Impact of heptavalent pneumococcal conjugate vac-
cine on invasive disease, antimicrobial resistance, and colonization 
in Alaska Natives: progress towards elimination of a health dispar-
ity. Vaccine. 2005;23:5464–73.

23.  Roche PW, Krause VL, Bartlett M, Coleman D, Cook H, Davis C, et 
al. Invasive pneumococcal disease in Australia, 2004. Commun Dis 
Intell. 2006;30:80–92.

24.  Scheifele D, Halperin S, Law B, King A, Halperin S, Morris R, et 
al. Invasive Haemophilus infl uenzae type b infections in vaccinated 
and unvaccinated children in Canada, 2001–2003. CMAJ. 2005;172:
53–6.

25.  Bisgard KM, Kao A, Leake J, Strebel PM, Perkins BA, Wharton 
M. Haemophilus infl uenzae invasive disease in the United States, 
1994–1995: near disappearance of a vaccine-preventable childhood 
disease. Emerg Infect Dis. 1998;4:229–37.

26.  Millar EV, O’Brien KL, Watt JP, Lingappa J, Pallipamu R, Rosen-
stein N, et al. Epidemiology of invasive Haemophilus infl uenzae 
type a disease among Navajo and White Mountain Apache children, 
1988–2003. Clin Infect Dis. 2005;40:823–30.

27.  First Nations and Inuit Health Branch. A statistical profi le on the 
health of First Nations in Canada. Ottawa: Health Canada; 2005.

28.  Banerji A, Bell A, Mills EL, McDonald J, Subbarao K, Stark G, et al. 
Lower respiratory tract infections in Inuit infants on Baffi n Island. 
CMAJ. 2001;164:1847–50.

29.  Kovesi T, Creery D, Gilbert NL, Dales R, Fugler D, Thompson B, 
et al. Indoor air quality risk factors for severe lower respiratory tract 
infections in Inuit infants in Baffi n Region, Nunavut: a pilot study. 
Indoor Air. 2006;16:266–75.

30.  Hammitt LL, Block S, Hennessy TW, Debyle C, Peters H, Parkinson 
A, et al. Outbreak of invasive Haemophilus infl uenzae serotype a 
disease. Pediatr Infect Dis J. 2005;24:453–6.

31.  Gratten M, Morey F, Hanna J, Hagget J, Pearson M, Torzillo P, et 
al. Type, frequency and distribution of Haemophilus infl uenzae in 
central Australian Aboriginal children with invasive disease. Med J 
Aust. 1994;160:728–9.

32.  Losonsky GA, Santosham M, Sehgal V, Zwahlen A, Moxon ER. 
Haemophilus infl uenzae disease in the White Mountain Apaches: 
molecular epidemiology of a high risk population. Pediatr Infect 
Dis. 1984;3:539–47.

33.  Tsang RS, Mubareka S, Sill ML, Wylie J, Skinner J, Skinner S, et al. 
Invasive Haemophilus infl uenzae disease in Manitoba, Canada, in 
the postvaccination era. J Clin Microbiol. 2006;44:1530–5.

34.  Hoge CW, Schwartz B, Talkington DF, Breiman RF, MacNeill 
EM, Englender SJ. The changing epidemiology of invasive group 
A streptococcal infections and the emergence of streptococcal toxic 
shock-like syndrome. JAMA. 1993;269:384–9.

35.  Carapetis JR, Walker AM, Hibble M, Sriprakash KS, Currie BJ. 
Clinical and epidemiological features of group A streptococcal bac-
teraemia in a region with hyperendemic superfi cial streptococcal 
infection. Epidemiol Infect. 1999;122:59–65.

36.  Galanis E, Skotniski E, Panaro L, Tam T, Dignan T. Investigation of 
a varicella outbreak complicated by group A streptococcus in First 
Nations communities, Sioux Lookout Zone, Ontario. Can Commun 
Dis Rep. 2002;28:157–63.

Address for correspondence: Shelley L. Deeks, National Centre for 
Immunisation Research and Surveillance, Locked Bag 4001, Westmead, 
New South Wales 2145, Australia; email: shelled2@chw.edu.au

40 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 14, No. 1, January 2008




