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BACKGROUND: While it is established that Aboriginal peoples in the
prairie provinces of Canada are disproportionately affected by tuberculosis
(TB), little is known about the epidemiology of TB either within or across
provincial borders.

METHODS: Provincial reporting systems for TB, Statistics Canada censuses
and population estimates of Registered Indians provided by Aboriginal Affairs
and Northern Development Canada were used to estimate the overall (2004
to 2008) and pulmonary (2007 to 2008) TB rates in the prairie provinces.
The place of residence at diagnosis of pulmonary TB cases in 2007 to 2008
was also documented.

RESULTS: The age- and sex-adjusted incidence of TB in Registered
Indians was 52.6 per 100,000 person-years, 38 times higher than in
Canadian-born ‘others’. Incidence rates in Registered Indians were highest
in Manitoba and lowest in Alberta. In Alberta and Saskatchewan, on-
reserve rates were more than twice that of off-reserve rates. Rates in the
Meétis and Registered Indians were similar in Saskatchewan (50.0 and 52.2
per 100,000 person-years, respectively). In 2007 to 2008, approximately
90% of Canadian-born pulmonary TB cases in the prairie provinces were
Aboriginal. Outside of one metropolitan area (Winnipeg, Manitoba),
most Registered Indian and Métis pulmonary TB cases were concentrated
in a relatively small number of communities north of the 53rd parallel.
Rates of pulmonary TB in 11 of these communities were >300 per 100,000
person-years. In Manitoba, 49% of off-reserve Registered Indian pulmonary
cases were linked to high-incidence reserve communities.
INTERPRETATION: The epidemiology of TB among Aboriginal peo-
ples on the Canadian prairies is markedly disparate. Pulmonary TB is
highly focal, which is both a concern and an opportunity.
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La disparité marquée de 1’épidémiologie de la
tuberculose au sein des peuples autochtones des
Prairies canadiennes : les défis et les occasions

HISTORIQUIE : Il est établi qu’un nombre disproportionné de membres des
peuples autochtones des Prairies canadiennes est atteint de tuberculose (TB),
mais on ne sait pas grand-chose de 1'épidémiologie de la TB a l'intérieur des
frontieres provinciales ou entre ces frontieres.

METHODOLOGIE : Les chercheurs ont utilisé les systémes provinciaux de
déclaration de la TB, les recensements de Statistique Canada et les évalua-
tions des populations d’Indiens inscrits fournies par le ministere des Affaires
autochtones et du Développement du Nord du Canada pour évaluer le taux de
TB global (2004 4 2008) et pulmonaire (2007 et 2008) dans les provinces des
Prairies. Ils ont également consigné le lieu de résidence au diagnostic de TB
pulmonaire en 2007 et 2008.

RESULTATS : Lincidence de TB rajustée selon P'age et selon le sexe chez les
Indiens inscrits était de 52,6 cas sur 100 000 personnes-années, un taux 38 fois
plus élevé que chez les « autres » d’origine canadienne. Le nombre d’Indiens
inscrits atteints de TB était plus élevé au Manitoba et moins élevé en Alberta.
En Alberta et en Saskatchewan, les taux sur les réserves étaient presque deux
fois plus élevés que ceux hors réserve. Le taux observé chez les Métis et les Indiens
inscrits était similaire en Saskatchewan (50,0 et 52,2 cas sur 100 000 personnes-
années, respectivement). En 2007 et 2008, environ 90 % des cas de TB pulmo-
naire chez des habitants d’origine canadienne vivant dans les Prairies
s'observaient chez des Autochtones. A 'extérieur d’une région métropolitaine
(Winnipeg, au Manitoba), la plupart des cas de TB pulmonaire chez les Indiens
inscrits et les Métis se concentraient dans un nombre relativement peu élevé de
communautés au nord du 53¢ parallele. Le taux de TB pulmonaire dans 11 de
ces communautés était de plus de 300 cas sur 100 000 personnes-années. Au
Manitoba, 49 % des cas de TB pulmonaire chez les Indiens inscrits hors
réserve étaient liés a une forte incidence dans les communautés sur les
réserves.

INTERPRETATION : Lépidémiologie de la TB au sein des peuples
autochtones des Prairies canadienne est trés disparate. La TB pulmonaire est
fortement localisée, ce qui constitue 2 la fois une inquiétude et une occasion
A saisir.

or as long as tuberculosis (TB) case rates have been measured in

Canada, they have been much higher in Aboriginal than non-
Aboriginal populations (1). Two recent developments have high-
lighted this disparity — a remarkable resurgence of TB in the Inuit after
decades of decline and the recent plateau of TB case rates in Registered
Indians (First Nations peoples registered with the federal government
according to the terms of the Indian Act; also referred to as Status
Indians) (2,3). Since 2003, and in spite of representing only 5% of the
Canadian-born population, Aboriginal peoples account for >50% of
all Canadian-born TB cases (Statistics Canada, 2006) (2,4). Such
statistics are troubling in light of the historical connection between
TB in Aboriginal peoples and colonization (5,6). In 1982, the
Constitution Act recognized three major groups of Aboriginal peoples

in Canada: First Nations (Registered and non-Registered Indians),
Meétis and Inuit (7). Of these groups, the Registered Indian and Métis
peoples in the provinces of Alberta, Saskatchewan and Manitoba (ie,
the ‘prairies’) contribute more than one-half of the total Aboriginal
TB cases in Canada. (3)

The generalization of epidemiological findings in broad population
groups, such as Aboriginal and non-Aboriginal, masks the heterogen-
eity of disease rates (and its associated factors) that exist in Aboriginal
communities and that are well known among those who conduct pub-
lic health fieldwork. An investigation of the epidemiology of TB on
the prairies that recognizes the heterogeneity among communities and
peoples is a necessary first step in improving our understanding of why
TB control is successful in some Aboriginal communities but not in
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others. In turn, strategic planning for TB elimination can be advanced
and TB programs better positioned to engage Aboriginal peoples.

The present study aimed to bridge the aforementioned knowledge
gap by describing the overall occurrence of TB (2004 to 2008) as well
as the incidence of pulmonary TB (2007 to 2008) in different groups
of Aboriginal and non-Aboriginal peoples on the prairies and in rela-
tion to place of residence. It was hypothesized that the highest rates of
culture-confirmed pulmonary TB on the prairies would be associated
with Registered Indians living in northern communities as well as with
off-reserve members of those communities.

METHODS

Population

Annual population estimates for Registered Indians living on- and off-
reserve were acquired directly from Aboriginal Affairs and Northern
Development Canada (AANDC). Population estimates for Canadian-
born ‘others’ (comprised of non-Registered Indians, Métis, Inuit and
Canadian-born non-Aboriginal people) and foreign-born persons were
based on Canadian censuses conducted in 2001 and 2006. Specifically,
estimates for Canadian-born ‘others’ in each census year were calcu-
lated by subtracting the Registered Indian population as per AANDC
from the census-derived Canadian-born population estimate. For non-
census years, annual population estimates for Canadian-born ‘others’
and foreign-born persons were derived using linear interpolations (for
estimates between the censuses) and linear extrapolations (for esti-
mates in 2007 and 2008).

Disaggregate information for self-identified Métis peoples were also
available in each census and calculated for noncensus years using
linear interpolation or linear extrapolation. When TB rates for the
Métis were estimated, population estimates for non-Métis Canadian-
born ‘others’ (ie, non-Registered Indians, Inuit and Canadian-born
non-Aboriginals) were calculated by subtracting the census-derived
Meétis population estimates and AANDC-provided Registered Indian
population estimates from the census-derived Canadian-born
population.

Finally, community-level population estimates for communities
with two or more pulmonary TB cases reported in 2007 and 2008
were derived through 2001 and 2006 census data using linear
extrapolation.

TB cases

Individuals with active TB are reported to provincial public health
authorities in each of the prairie provinces. For the present study, case
data were extracted from these electronic provincial TB registries. All
notified cases included information regarding patients’ country of
birth, with anyone born in Canada or in a foreign country to Canadian
parents being considered Canadian-born. The Canadian-born popula-
tion was divided into two primary groups — Registered Indians and
Canadian-born ‘others’ — because of known differences in TB case
rates. Where indicated, these primary groups were further differenti-
ated such that cases among Registered Indian peoples were divided
into those living on-reserve versus those living off-reserve at the time
of diagnosis, and Canadian-born ‘others’ was further stratified into
Meétis peoples and non-Métis Canadian-born ‘others’.

Two nonexclusive study periods were used in the analysis. The first,
spanning 2004 to 2008, was used to describe the overall epidemiology
of active TB cases in the prairie provinces and places into a broader
context the observations in the second period. The second period,
spanning 2007 to 2008, provided prospective data about Canadian-
born adult (=15 years of age) culture-positive pulmonary TB cases
(‘potential TB transmitters’) on the prairies. The prospective study
was a component of the Determinants of TB Transmission in the
Canadian-born Population of the Prairies project (8).

For each study period, case data included age, sex, population
group, province of origin and date of diagnosis (defined as the start date
of treatment or the date of death in those who died before treatment
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could begin). In accordance with Canadian TB Standards (4), pedi-
atric TB cases were defined in the prairie provinces as TB in persons
<15 years of age as diagnosed through the recovery of Mycobacterium
tuberculosis in culture or, more frequently, by a clinical case definition.
Most commonly, clinical cases were diagnosed based on the triad of
a positive tuberculin skin test (TST); an abnormal chest radiograph
and/or physical examination; and an identified link to a known or
suspected case of infectious TB. For Registered Indians, case data also
included information regarding primary place of residence on the date
of diagnosis (defined as the ‘usual’ place of residence or ‘where you
lived most of the time’) as on-reserve or off-reserve.

For potential TB transmitters in 2007 to 2008, additional data
included bacillary status and community of residence at the time of
diagnosis. The place of residence of pulmonary TB cases and, espe-
cially, those with the greatest potential for transmission (ie, smear-
positive cases), was of particular epidemiological interest in the
present study as a means of identifying and comparing communities
with a high burden of potential transmitters. Each community of resi-
dence was classified as a major metropolitan area (Winnipeg
[Manitobal, Saskatoon, Regina [Saskatchewan], Edmonton or Calgary
[Alberta]), nonmajor metropolitan area (communities >500 persons
that were not major metropolitan areas), Métis settlement/community
or reserve community. Reserve communities in each province con-
sisted of those defined by the First Nations and Inuit Health office in
that province. Métis settlements in Alberta were defined in accord-
ance with the Métis Settlements General Council (www.msgc.ca) on
account of Alberta being the only province to have land-based Métis
settlements. For Saskatchewan and Manitoba, Métis settlements/
communities were identified through the Aboriginal Canada Portal and
consist of communities containing >25% Meétis residents based on
Statistics Canada census data. Reserve communities and Métis
settlements/communities were further dichotomized according to lati-
tude into northern or southern communities because isolated and
more northern communities have been associated with higher TB
rates (9-11). For the present study, communities north of the 53rd
parallel (the approximate midline of each province) were designated
as northern communities and all others as southern communities.

Data for off-reserve Registered Indians diagnosed with pulmonary
TB in each province also included the first three digits of the individ-
ual’s AANDC number. These data linked these individuals with their
reserve community of origin, thereby enabling a preliminary assess-
ment of the reciprocal movement of Registered Indians as a potential
pathway for M tuberculosis transmission.

Statistical analyses

Associations between the province of diagnosis and the sex, age at
diagnosis and population group (Registered Indians, Métis, Canadian-
born ‘others’ and foreign-born) of individuals diagnosed with TB in
2004 to 2008 were assessed using Pearson’s y* tests or Fisher’s exact
tests at a 5% level of significance; two-sided P values were provided.
Similar analyses were completed among individuals diagnosed with
pulmonary TB, and particularly smear-positive pulmonary TB, in the
second period (2007 to 2008). In each period, incidence rate estimates
for the Canadian-born population were reported for on- and off-
reserve Registered Indians as well as for all other Canadian-born per-
sons (consisting of non-Registered Indians, Métis, Inuit and
Canadian-born non-Aboriginal peoples). Rates were adjusted for sex
and age at diagnosis using the direct method with the total population
of the prairie provinces as the reference population. Incidence rate
ratios and 95% Cls were used to compare rates.

A sensitivity analysis was completed to determine the potential
influence of including TB cases among non-Registered Indians with
those of Métis cases in Saskatchewan but not in Alberta or Manitoba.
To do so, the proportion of all non-Registered Indian and Métis TB
cases that were non-Registered Indians was first determined in Alberta
and Manitoba. The number of ‘Métis’ cases in Saskatchewan was then
reduced based on the assumption that this proportion was similar in
Saskatchewan and the analysis repeated.
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TABLE 1
Population structure in the prairie provinces at mid-study period (2006)
Population* per 100,000 (%)
Population group Alberta Saskatchewan Manitoba Prairie-wide
Canadian-born Aboriginal 1.88 (5.8) 1.42 (14.9) 1.75 (15.5) 5.06 (9.5)
Registered Indian 0.91 (2.8) 0.91 (9.5) 1.02 (9.0) 2.84 (5.3)
Nonregistered Indian 0.10 (0.3) 0.03 (0.3) 0.01 (0.1) 0.14 (0.3)
Métis 0.85 (2.6) 0.48 (5.0) 0.72 (6.3) 2.05 (3.8)
Inuit 0.02 (0.05) 0.002 (0.02) 0.01 (0.05) 0.02 (0.04)
Canadian-born non-Aboriginal 25.04 (76.9) 7.58 (79.5) 7.97 (70.3) 40.58 (75.9)
Foreign-born 5.64 (17.3) 0.54 (5.7) 1.62 (14.3) 7.80 (14.6)
Total 32.56 9.54 11.34 53.44
*As per the 2006 Statistics Canada census
TABLE 2 TABLE 3

Aboriginal communities on the prairies
Reserve communities*

Métis communities’

Demographic characterisitics of tuberculosis cases in the
prairie provinces of Canada, 2004 to 2008

Province n Northern* n (%) n  Northern¥, n (%)
Alberta 44 34 (77.3) 8 8 (100.0)
Saskatchewan 92 52 (56.5) 29 23 (79.3)
Manitoba 63 26 (41.3) 13 3(23.1)
Total 199 112 (56.3) 50 34 (68.0)

*As identified by First Nations Inuit Health, Health Canada; TThe number of
Métis settlement communities in Alberta was based on information from the
Métis Settlements General Council. For Saskatchewan and Manitoba, Métis
communities were identified with the Aboriginal Canada portal (www.aborigi-
nalcanada.gc.ca); *Defined as communities with latitudes north of the 53rd
parallel

An a posteriori decision was made to conduct a sensitivity analysis
on pediatric TB case rates. To do so, pediatric TB case counts in
Saskatchewan were decreased by 4.2% because a post hoc pediatric TB
case review in Saskatchewan indicated that 84% of pediatric TB cases
were culture negative and 5% of these cases did not meet the typical
clinical case definition (3% of cases were TST positive and symptom-
atic with normal chest radiographs and no known contact with an
infectious TB case, while an additional 2% of cases presented with
abnormal chest radiographs and negative TSTs, and were not a
contact).

Finally, in relation to the calculation of pulmonary TB rates in
communities with two or more potential transmitters, sensitivity
analyses were completed using community-reported population esti-
mates obtained from the Aboriginal Canada portal (www.aboriginal-
canada.gc.ca) in place of census-based estimates.

Statistical analyses were conducted using Stata/IC release 11
(StataCorp LP, USA).

Study approval was obtained from the Research Ethics Boards of
the Universities of Alberta, Calgary, Saskatchewan and Manitoba, the
Regina-Qu’Appelle Health Region and Health Canada.

RESULTS
The population structure of the prairie provinces at mid-study period
(ie, 2006) and the distribution of Registered Indian reserve commun-
ities and Métis settlements/communities on the prairies are outlined in
Table 1 and Table 2, respectively.

A total of 1792 persons were diagnosed with TB on the prairies in
2004 through 2008 and notified to provincial public health author-
ities. Overall, 786 (43.9%) of these cases were in Registered Indians,
135 (7.5%) in Métis, 169 (9.4%) in non-Métis Canadian-born ‘others’
and 702 (39.2%) in foreign-born individuals (Table 3). There were
several notable differences in the distribution of TB cases across the
prairies in terms of sex (P=0.027), age (P<0.0001) and population group
(P<0.0001) (Table 3). In particular, Registered Indians accounted for a
distinctly lower proportion of cases in Alberta than Saskatchewan
(P<0.0001) or Manitoba (P<0.0001), whereas the proportion of Métis
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Demographic Province* Prairie
group AB SK MB wide

Assessed 663 (37.0) 492 (27.5) 637 (35.5) 1792 (100.0)
Age, years
<15 35(5.3) 149 (30.3) 65 (10.2) 249 (13.9)
15-34 201 (30.3) 177 (36.0) 236 (37.0) 614 (34.3)
35-64 259 (39.1) 139 (28.3) 273(42.9) 671(37.4)
>64 168 (25.3) 27 (5.5) 63 (9.9) 258 (14.4)
Sex
Male 331 (49.9) 268 (54.5) 365(57.3) 964 (53.8)
Female 332 (50.1) 224 (45.5) 272 (42.7) 828 (46.2)
Population group’
Registered Indians 60 (9.0) 321(65.2) 406 (63.7) 787 (43.9)
Métis 15 (2.3) 115 (23.4) 5(0.8) 135 (7.5)
Non-Métis CBO 77 (11.6) 22 (4.5) 69 (10.8) 168 (9.4)
Foreign born 511 (77.1) 34(6.9) 157 (24.6) 702 (39.2)

Data presented as n (%). *Three patients were not included in the analysis on
account of missing data; TNon-Métis Canadian-born ‘others’ (CBO) included
eight non-Registered Indians and three Inuit. In Saskatchewan, non-Regis-
tered Indians were included with Métis within the provincial TB registry. AB
Alberta; MB Manitoba; SK Saskatchewan

cases was notably higher in Saskatchewan compared with the other
two prairie provinces (P<0.0001 for each). In the present study, eight
(28.57%) of the 28 TB cases among non-Registered Indian and Métis
peoples in Alberta and Manitoba were non-Registered Indians. Based
on the assumption that this proportion was similar in Saskatchewan, a
sensitivity analysis was performed whereby the total number of Métis
cases (which included non-Registered Indians due to the coding
within the TB Registry) in Saskatchewan in 2004 to 2008 was reduced
by the anticipated number of TB cases among non-Registered Indians
(115 cases — [115 x 0.2857] = 82). Using this adjusted case count for
‘Métis only’ cases, the proportion of TB cases in Saskatchewan that
were Métis continued to be significantly higher than either Alberta
(P<0.0001) or Manitoba (P<0.0001). Unlike Saskatchewan and
Manitoba, nearly three-quarters of cases in Alberta were among foreign-
born persons (P<0.0001 for each).

In relation to sex, a higher proportion of cases were male in
Manitoba compared with Alberta (P=0.008); the proportion of male
cases in Saskatchewan was similar to that of Alberta (P=0.126) and
Manitoba (P=0.342). In terms of age at diagnosis, the proportion of
cases that were pediatric (<15 years of age) was higher in Saskatchewan
than in Manitoba (P<0.0001) or Alberta (P<0.0001), whereas Alberta
had a higher proportion of elderly (>64 years of age) cases (P<0.0001
for each). The proportion of pediatric cases in Saskatchewan con-
tinued to be significantly higher than the other two provinces in the
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TABLE 4

Tuberculosis case rates in the Canadian-born popuation of the prairie provinces according to province, population group
and place of residence at diagnosis, 2004 to 2008

Place of Incidence rate (95% CI)
Province Population group* residence’ Cases, n PYs (100,000s) Unadjusted* Adjusted*
Alberta Registered Indians On 43 3.2 13.6 (9.5-17.7) 27.0 (21.3-32.8)
Off 17 1.8 9.7 (5.1-14.3) 11.6 (6.5-16.6)
On and off 60 4.9 12.2 (9.1-15.3) 20.4 (16.4-24.4)
Canadian-born ‘others’ - 92 131.4 0.7 (0.6-0.8) 0.8 (0.6-0.9)
All Canadian born - 152 136.3 1.11 (0.9-1.3) 1.2 (1.0-1.4)
Saskatchewan Registered Indians On 222 3.1 72.2 (62.7-81.7) 72.0 (62.5-81.4)
Off 99 3.1 32.2 (25.9-38.6) 34.0 (27.5-40.5)
On and off 321 6.1 52.2 (46.5-58.0) 52.9 (47.2-58.7)
Canadian-born ‘others’ - 137 39.6 3.5 (2.9-4.0) 3.6 (3.0-4.2)
All Canadian born - 458 45.7 10.0 (9.1-10.9) 10.2 (9.3-11.1)
Manitoba Registered Indians On 269 3.9 68.8 (60.6-77.0) 83.3 (74.2-92.3)
Off 137 2.3 59.6 (49.4-69.2) 68.1 (57.5-78.8)
On and off 406 6.2 65.3 (58.9-71.6) 77.0 (70.1-83.9)
Canadian-born ‘others’ - 74 43.1 1.7 (1.3-2.1) 1.7 (1.3-2.1)
All Canadian born - 480 49.3 9.7 (8.9-10.6) 10.0 (9.1-10.9)
Prairie-wide Registered Indians On 534 10.1 52.6 (48.2-57.1) 62.2 (57.3-67.0)
Off 253 7.1 35.4 (31.1-39.8) 40.0 (35.4-44.6)
On and off 787 17.3 455 (42.4-48.7) 52.6 (49.2-56.0)
Canadian-born ‘others’ - 303 2141 1.4 (1.3-1.6) 1.4 (1.3-1.6)
All Canadian born - 1090 231.3 4.7 (4.4-5.0) 4.7 (4.4-5.0)

*Canadian-born ‘others’ includes non-Registered Indians, Métis, Inuit and Canadian-born non-Aboriginals.; TPlace of residence refers to on-reserve (On) or off-
reserve (Off); *Rate estimates are per 100,000 person-years (PYs) of observation

Rate per 100,000 person-years

Figure 1) Age-sex specific tuberculosis case rates per 100,000 person-
yearsin the Prairie Provinces, 2004 to 2008. Rates for male cases are indi-
cated closed (solid) circles and rates for females by open circles. Lines
represent different population groups: solid lines, cases among Registered
Indians; dashed lines, foreign-born cases; dotted lines, Canadian-born
‘others’ cases

sensitivity analysis, which adjusted for the potential use of a more
inclusive clinical case definition in Saskatchewan (P<0.0001).

Of the pediatric TB cases, a similar proportion were male and
<5 years of age in each province (P=0.538 and P=0.267, respectively).
Specifically, two (50.0%) cases in Alberta, 59 (56.2%) in Saskatchewan
and 23 (42.6%) in Manitoba were <5 years of age at diagnosis. There
was, however, significant variation in the population groups of pediat-
ric cases among the prairie provinces (P<0.0001). In particular, most
pediatric cases in Saskatchewan (n=105 [70.5%]) and Manitoba
(n=54 [83.1%]) were Registered Indians, whereas Registered Indians
contributed the smallest proportion of pediatric cases in Alberta (n=4
[11.4%]). The majority of cases in Alberta occurred among foreign-
born children (n=19 [54.3%]), whereas three (2.0%) and eight
(12.3%) cases were foreign-born in Saskatchewan and Manitoba,
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respectively. Despite these differences, a similar proportion of Registered
Indian children with TB resided on-reserve in each province with three
(75.0%) on-reserve pediatric cases in Alberta, 81 (77.1%) cases in
Saskatchewan and 41 (75.9%) cases in Manitoba (P=0.982).

Opverall, the age- and sex-adjusted incidence of TB in Registered
Indians on the prairies in 2004 to 2008 was 52.6 per 100,000 person-
years (Table 4). Moving from east to west, the adjusted rate per
100,000 person-years fell from 77.0 in Manitoba to 52.9 in Saskatchewan
(P<0.0001) and then to 20.4 in Alberta (P<0.0001) (Table 4). There
were marked disparities in the TB rates of Registered Indians in each
province, the rates being 45 times, 26 times and 15 times that of
Canadian-born ‘others’ in Manitoba, Alberta and Saskatchewan,
respectively (P<0.0001 for each). Rate disparities were also associated
with the place of residence of Registered Indians (Table 4). In both
Alberta and Saskatchewan, the adjusted on-reserve TB rate was nearly
twice that of off-reserve Registered Indians (P=0.034 and P=0.0003,
respectively) while it was 1.2 times higher in Manitoba (P<0.0001).
Meétis rates were much higher in Saskatchewan than in Alberta or
Manitoba (P<0.0001 for each), and similar in Alberta and Manitoba
(P=0.066) (data not shown).

Prairie-wide, the TB rates of females and males increased incre-
mentally with age in Registered Indians and Canadian-born ‘others’
with the peak rate occurring among those >64 years of age at diagnosis
(Figure 1). This contrasted with the age-specific rates in the foreign-
born, which had a double peak in rates at ages 15 to 34 and >64 years.
At age >64 years, Registered Indian females and males had rates that
were 44 times (P<0.0001) and 33 times (P<0.0001) that of Canadian-
born ‘others’ females and males, respectively. Among Registered
Indians, males had higher rates in each age group, the rate difference
increasing with age. Similar rates were observed between males and
females among foreign-born and Canadian-born ‘others’ cases.

In 2007 to 2008, there were 248 adult (>15 years of age) Canadian-
born culture-positive pulmonary TB cases on the prairies. Of these,
145 (58.5%) were sputum smear-positive and, therefore, more infectious
(Table 5). Overall, most pulmonary cases were <64 years of age (91.9%),
male (59.3%) and Registered Indian (73.4%). Smear-positive cases were
more common in Métis and non-Métis Canadian-born ‘others’ than
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TABLE 5

TB in Aboriginal people of the prairies

Culture-positive pulmonary tuberculosis in the adult Canadian-born population of the prairie provinces according to age,

sex and population group, 2007 to 2008

Demographic Alberta Saskatchewan Manitoba Prairie-wide
group Cases S+ Cases S+ Cases S+ Cases S+
Assessed, n 37 26 (70.3)* 86 60 (69.8)* 125 59 (47.2)* 248 145 (58.5)*
Age, years

15-34 9 (24.3) 7 (26.9) 39 (45.3) 25(41.7) 45 (36.0) 23 (39.0) 93 (37.5) 55 (37.9)

35-64 22 (59.5) 17 (65.4) 42 (48.8) 31 (51.7) 71 (56.8) 31 (52.5) 135 (54.4) 79 (54.5)

>64 6 (16.2) 2(7.7) 5 (5.8) 4(6.7) 9(7.2) 5 (8.5) 20 (8.1) 11 (7.6)
Sex

Male 24 (64.9) 16 (61.5) 45(52.3) 30 (50.0) 78 (62.4) 30 (50.8) 147 (59.3) 76 (52.4)

Female 13 (35.1) 10 (38.5) 41(47.7) 30 (50.0) 47 (37.6) 29 (49.2) 101 (40.7) 69 (47.6)
Population group’

Registered Indian 18 (48.6) 11(42.3) 54 (62.8) 34 (56.7) 110 (88.0) 47 (79.7) 182 (73.4) 92 (63.4)

Métis 6 (16.2) 5(19.2) 26 (30.2) 20 (33.3) 6 (4.8) 5 (8.5) 38 (15.3) 30 (20.7)

Non-Métis CBO 13 (35.1) 10 (38.5) 6 (7.0) 6 (10.0) 9(7.2) 7 (11.9) 28 (11.3) 23 (15.9)

Data presented as n (%) unless otherwise indicated. *Percentage of cases that were smear positive (S+); TCanadian-born ‘others’ (CBO) includes two known non-
Registered Indians and one Inuit. In Saskatchewan, non-Registered Indians are included with Métis within the provincial tuberculosis registry

TABLE 6

Culture-positive pulmonary tuberculosis case rates in the Canadian-born population of the prairie provinces according to
province, population group and place of residence, 2007 to 2008*

Place of PYs Incidence rate (95% CI)
Province Population group residence’ Cases, n (x100,000) Unadjusted Adjusted
Alberta Registered Indian On 13 0.8 15.3 (7.0-23.7) 17.0 (8.2-25.8)
off 5 0.5 9.3 (1.1-17.4) 12.7 (3.2-22.2)
On and off 18 1.4 13.0 (7.0-19.0) 15.8 (9.2-22.4)
Canadian-born others - 19 42.5 0.4 (0.2-0.6) 0.5 (0.3-0.7)
All Canadian born - 37 43.9 0.8 (0.6-1.1) 0.9 (0.6-1.1)
Saskatchewan Registered Indian On 40 0.8 48.6 (33.5-63.6) 45.9 (31.2-60.5)
Off 14 0.9 15.4 (7.4-23.5) 13.0 (5.6-20.4)
On and off 54 1.7 31.2 (22.9-39.5) 29.0 (21.0-37.1)
Canadian-born others - 32 12.9 2.5 (1.6-3.3) 2.7 (1.8-3.5)
All Canadian born - 86 14.7 5.9 (4.6-7.1) 6.2 (4.9-7.4)
Manitoba Registered Indian On 75 1.0 71.5 (55.3-87.6) 77.6 (60.8-94.5)
Off 35 0.7 49.8 (33.3-66.3) 53.5 (36.4-70.6)
On and off 110 1.8 62.8 (51.0-74.5) 67.4 (55.2-79.5)
Canadian-born others - 15 13.9 1.1 (0.5-1.6) 1.1 (0.5-1.7)
All Canadian born - 125 15.6 8.0 (6.6-9.4) 8.2 (6.8-9.6)
Prairie-wide Registered Indian On 128 2.7 47.0 (32.4-61.6) 49.3 (34.4-64.3)
Off 54 21 25.1 (18.4-31.8) 27.4 (20.4-34.3)
On and off 182 4.9 37.4 (31.9-42.8) 39.7 (34.1-45.3)
Canadian-born others - 66 69.3 1.0 (0.7-1.2) 1.0 (0.7-1.2)
All Canadian born - 248 74.2 3.3(2.9-3.8) 3.3(2.9-3.8)

*Canadian-born ‘others’ includes non-Registered Indians, Métis, Inuit and Canadian-born non-Aboriginals; TPlace of residence refers to on- or off-reserve; ¥Rate

estimates are per 100,000 person-years (PYs) of observation

Registered Indian cases (P<0.0001) (Table 5). Although 85% of pul-
monary TB cases on the prairies occurred in Manitoba and
Saskatchewan, the frequency of smear-positive cases was highest in
Alberta and Saskatchewan (P=0.001) (Table 5).

The age- and sex-adjusted incidence of pulmonary TB in Registered
Indians on the prairies was 39.7 per 100,000 person-years in 2007 to
2008 (Table 6). This rate was 40 times higher than that of Canadian-
born ‘others’ (P<0.0001). The adjusted rate of pulmonary TB in
Registered Indians was also higher than that of Canadian-born ‘others’
in each province (Table 6), the ratio being higher in Manitoba (61 times)
than Alberta (32 times) or Saskatchewan (11 times). Furthermore,
although the prairie-wide adjusted rates of pulmonary TB was 1.8 times
higher in on-reserve than off-reserve Registered Indians (Table 6), the
ratio was remarkably higher in Saskatchewan (3.5 times) than
Manitoba (1.5 times) or Alberta (1.3 times).
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The distribution of pulmonary TB according to community of
residence at the time of diagnosis was highly focal: outside of the
major metropolitan areas, only 47 (23.6%) of 199 reserve communities
(Figure 2), five (10.0%) of 50 Métis settlements/communities and
18 (2.5%) of 726 nonmajor metropolitan areas reported a pulmon-
ary TB case. Of the 112 reserve communities that were north of the
53rd parallel and the 87 reserve communities that were south of it,
17 (15.2%) and four (4.6%) had two or more pulmonary TB cases,
respectively. Of the 157 on-reserve Registered Indian and in-settlement/
community Métis pulmonary TB cases, 131 (83.4%) resided north of the
53rd parallel. Ten reserve communities and one Métis settlement,
all north of the 53rd parallel, had pulmonary TB case rates of >300 per
100,000 person-years in 2007 to 2008. The sensitivity analysis, which used
census-based population estimates in place of community-reported
estimates, found that all but one of these communities continued to
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Figure 2) Frequency distribution of Registered Indian pulmonary tuberculosis cases according province, reserve community and sputum smear status in 2007
to 2008. Numbers written over the provincial abbreviations refer to the total number of reserve communities in each jurisdiction. AB Alberta; SK Saskatchewan;

MB Manitoba; No Number

TABLE 7

Culture-positive pulmonary tuberculosis in the adult Canadian-born population of the major metropolitan areas on the
prairies according to population group and smear status, 2007 to 2008

Population group*

Registered Indian Métis Canadian-born ‘other’ Total

Major metropolitan area Cases S+ Cases S+ Cases S+ Cases S+
Assessed, n 38 23 (60.5) 9 8(88.9) 18 14 (77.8) 65 45 (69.3)
Calgary, Alberta 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 3(16.7) 3(100.0) 3(4.6) 3(100.0)
Edmonton, Alberta 2(5.3) 1 (50.0) 3(33.3) 3(100.0) 5(27.8) 3(60.0) 10 (15.4) 7 (70.0)
Saskatoon, Saskatchewan 5(13.2) 5 (100.0) 1(1.1) 1 (100.0) 1(5.6) 1 (100.0) 7 (10.8) 7 (100.0)
Regina, Saskatchewan 4(10.5) 3 (75.0) 1(1.1) 1 (100.0) 2 (11.1) 2 (100.0) 7 (10.8) 6 (85.8)
Winnipeg, Manitoba 27 (71.0) 14 (51.9) 4 (44.4) 3(75.0) 7 (38.9) 5(71.5) 38 (58.4) 22 (57.9)

Data presented as n (%) unless otherwise indicated. *Métis includes one known non-Registered Indian, Canadian-born ‘others’ includes one Inuit. S+ Smear-positive

cases

have pulmonary TB rates >300 cases per 100,000 person-years. The
other community had a pulmonary TB rate of 291 per 100,000 person-
years in the sensitivity analysis.

Of the five major metropolitan areas on the prairies, Winnipeg
(Manitoba) had more pulmonary TB cases than the other four com-
bined (Table 7). Consequently, the rate of pulmonary TB in the
Registered Indians of Winnipeg (157.8 per 100,000 person-years) was
two to 158 times that of Regina, Saskatoon, Edmonton or Calgary
(rates of 68.3, 73.0, 14.1, and O per 100,000 person-years, respect-
ively). Of the five, 14, and 35 off-reserve Registered Indian pulmonary
TB cases in Alberta, Saskatchewan and Manitoba, respectively, one
(20.0%), three (21.4%) and 17 (48.6%) were linked by AANDC
numbers to reserve communities that reported two or more pulmonary

TB cases (P=0.999).
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DISCUSSION
The present study highlights the persistence of markedly disparate TB
rates on the Canadian prairies in Aboriginal peoples compared with
Canadian-born ‘others’. Overall, Registered Indians had an age- and
sex-adjusted TB incidence rate that was 38 times that of other
Canadian-born individuals (range 15 to 45 times in the individual
prairie provinces). Marked disparities in the incidence of TB among
Registered Indians were also evident among the three prairie prov-
inces, the TB rates increasing in a west to east direction (the lowest
and highest rates being in Alberta and Manitoba, respectively). This
result contrasts with the prevailing view that the incidence of TB in
Registered Indians in Canada varies inversely with time since first
European contact, which occurred in an east to west direction
(3,6,12). Saskatchewan was unique in that it was the only province in
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which Métis and Registered Indians had similar TB rates. Pediatric cases,
indicative of ongoing transmission, were also most common in
Saskatchewan. The place of residence of Registered Indians was another
important predictor of TB rates in two provinces (Alberta and
Saskatchewan) given that on-reserve rates were nearly twice that of off-
reserve rates. That the on- and off-reserve rates in Manitoba were similar
is possibly explained by the finding that almost one-half of all off-reserve
Registered Indian cases in that Province were linked by AANDC number
to reserve communities with two or more pulmonary cases.

Furthermore, with respect to place of residence, we found that the
geographical distribution of adult Canadian-born pulmonary TB cases
on the prairies (approximately 90% of whom were Aboriginal) was
highly focal. With the exception of the major metropolitan area of
Winnipeg, most Registered Indian and Métis pulmonary TB cases were
concentrated in a relatively small number of reserve communities and
Meétis settlements/communities in the northern portion of each prov-
ince. Several of these northern communities also had pulmonary TB
rates comparable with those in developing countries (>300 cases per
100,000 person-years). This epidemiological picture is interpreted
within a historical context.

Epidemic TB among First Nations peoples on the prairies arose in
the late 1870s and early 1880s following a series of cataclysmic eco-
logical, economic and political events. These events included the near
extermination of buffalo, loss of ancestral lands through treaties, con-
finement to reserves and the creation of the residential school system.
(5,13) At its peak in 1886, TB mortality in First Nations was estimated
to be 9000 per 100,000 persons; with death rates exceeding birth rates
for many years, the spectre of extinction of First Nations peoples was
raised (14). Nearly 100 years later (1970 to 1981) and after a com-
bination of natural selection, acquired immunity, sanatorium treat-
ment, bacille-Calmette-Guérin  vaccination, chemotherapy,
chemoprophylaxis and modest improvements in socioeconomic
status (5,13-16), the TB morbidity rate in First Nations on the prai-
ries was 161 per 100,000 persons (TB deaths were fortunately too few
to provide a meaningful epidemiological index) (3).The results of the
current study highlight that further reductions in the TB morbidity
rate of First Nations peoples on the prairies were achieved between
2004 and 2008 (52.6 per 100,000 person-years).

However, for reasons that remain unclear, the present study found
that the usual east-west TB incidence gradient has been reversed
(3,6,10). Moreover, extraordinarily high rates of pulmonary TB indi-
cate that the disease has become entrenched in selected northern
communities and one major metropolitan area. The latter presents
both reasons for concern and, more importantly, opportunity for
intervention.

Concerns about persistent TB in middle northern communities are
not new, with one report from Manitoba dating back to 1925 (10,11,17-
19). Causes for concern include social disruption, a formidable obstacle
to TB control in many Aboriginal communities due to its association
with colonialism (20-22). Summary statistics, such as the overall prov-
incial TB estimates provided in the present study, while convenient
and technically correct, inadvertently obscure the cultural diversity
and relative resilience of Aboriginal communities (23,24). That TB
primarily affects minority groups and is increasingly focal also raises
concerns about funding. Funding concerns for diseases, such as TB and
HIV, are further accentuated by the blurring of federal and provincial
public health jurisdictional lines through the on-reserve/off-reserve
mobility of Aboriginal peoples (25-29). Finally, geography itself chal-
lenges equitable administrative and provider responses (30).

In terms of opportunities, the concentration of pulmonary TB in a
limited number of communities allows for a ‘high burden’ as opposed
to a ‘population’-based approach. This affords the community a greater
opportunity to have direct involvement in the selection and imple-
mentation of the programs that are to be undertaken (31). Issues
related to on-reserve/off-reserve mobility highlight the need for
improved stakeholder collaboration. Enhanced collaboration and con-
sultation among provincial and federal TB controllers as well as First
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Nations would also be beneficial given that apparent contradictions
exist within Treaty areas that cross provincial boundaries — namely,
that the same Treaty area might have a different TB epidemiology in
each province. Finally, with respect to geographical barriers, it has
been demonstrated that different delivery models can enhance TB
program performance (32).

Thessignificantly higher prevalence of pediatric TB in Saskatchewan
suggests one of three things: that, because most pediatric cases are
culture-negative and the diagnosis is dependent on a clinical case
definition, a more sensitive pediatric case definition was applied in
that province that perhaps reflects interprovincial variation in the
radiological identification of pediatric TB cases; there is a higher inci-
dence of pediatric TB in Saskatchewan relative to Alberta and
Manitoba; or a combination of the former two.

Among off-reserve Registered Indians, the situation in Winnipeg is
clearly exceptional and raises the possibility that mobility between
Winnipeg and reserve communities is sustaining disease prevalence
(24). However, our data are limited in this regard. Estimation of Métis
rates was another limitation because information regarding Métis status
is not systematically collected at the time of diagnosis of TB and cen-
sus-based population estimates are dependent on self-identification as
Meétis. Another study limitation relates to non-Registered Indians and
Métis peoples being coded together in the TB Registry in Saskatchewan.
Consequently, the ability to describe the occurrence of TB in Métis
peoples was not consistent in each province. Despite this limitation,
the reporting of TB data for Métis peoples was considered to be highly
valuable due to the paucity of published literature in this subject area.
The necessity of including TB cases among non-Registered Indians
with those of Métis peoples in Saskatchewan was anticipated to have a
minimal influence on the study results because non-Registered Indians
only comprised 0.3% of the total population in Saskatchewan in 2006
(0.3% in Alberta and 0.1% in Manitoba) and 5.6% of the subpopula-
tion of Métis and non-Registered Indians (Statistics Canada).The
results of the sensitivity analysis also suggested that the inclusion of TB
cases among non-Registered Indians with those of Métis peoples did
not significantly influence the study results.

The collection, analysis and presentation of the data in the present
study, including specific comparisons, followed an inclusory process of
consultations and approvals involving governments, universities and
Aboriginal communities. (8) Data were openly discussed at provincial
and prairie-wide meetings of TB stakeholders and Aboriginal peoples
organized in accordance with national guidelines for health research
involving Aboriginal peoples (8,33,34). Its interpretation reflects
those discussions.

Similar to Canada overall, TB case rates in Aboriginal and non-
Aboriginal Canadian-born people on the prairies remain markedly
disparate. Although there has been some progress when viewed over
an extended period of time, progress could be accelerated if the current
epidemiology and geographical distribution of cases are taken into
account.
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