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OBJECTIVE: To compare cases of tuberculosis (TB) diag-
nosed among aboriginal persons with a random sample of
nonaboriginal persons diagnosed with TB, and evaluate the
trends in rates of disease between both groups during the
same period.
DESIGN: A case-control study.
SETTING: A provincial TB control program.
PATIENTS AND METHODS: All patients with TB diag-
nosed among aboriginal persons in British Columbia be-
tween 1992 and 1996 were compared with control patients
diagnosed during the same period. For each patient a control
patient was identified.
INTERVENTION: The demographic details, type of dis-
ease, bacteriology, risk factors for TB, therapy received as
well as mode of administration were documented. The
number of contacts identified for each patient as well as the
number of patients completing chemoprophylaxis were iden-
tified. The rates of disease during the same period were also
documented.
RESULTS: During the study, 202 patients with TB were
diagnosed among aboriginal persons and 201 controls were
chosen. Apart from age at diagnosis (35.1±20 years versus

45.7±19.7), differences in the prevalence of lymphadeno-
pathy (5.9% versus 16.4%, P=0.0008) and pleural disease
(21.3% versus 16.4%, P=0.00008), there were no differences
in presentation between aboriginal and nonaboriginal people.
Aboriginal people were more likely to have a history of con-
tact with a patient with TB (53% versus 17.9%, P<0.05), to
have received directly observed therapy (55% versus 33.8%,
P=0.00002) and to have contacts who were purified protein
derivative (PPD) positive (4±9 versus 2±3, P=0.002). These
contacts were more likely to start isoniazid (2±3 versus 1±1,
P=0.002). Overall, there was a significant decline in rates of
TB among aboriginal persons compared with the general popu-
lation, but there was a small increase in rates among all subjects
in the final year of the study.
CONCLUSIONS: In the present study, significant varia-
tions in rates of TB among different population groups in
British Columbia were found. During the study period, there
was a greater decline in the rates of TB among aboriginal per-
sons. A greater use of directly observed therapy and greater
use of chemoprophylaxis occurred among aboriginal per-
sons, which may have contributed to this decline, or alterna-
tively, it simply reflects the natural evolution of the TB
epidemic.
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Rates of tuberculosis (TB) in Canada, after declining for
many years (1), plateaued in the late 1980s (2) and have

only recently begun to fall slightly again (3). Historically,
rates of TB among aboriginal Canadians have been signifi-
cantly higher than those among the general population (4).
Globally, TB is a major cause of morbidity and mortality (5),
particularly in developing countries where the rates of the
disease have been increasing, especially in areas where there
is significant coinfection with HIV (6).

In British Columbia, as in other regions, the rates of TB
among aboriginal Canadians have traditionally been much
higher than in the general population. Because of this, we
have attempted to treat all cases of active TB among aborigi-
nal persons with directly observed therapy (DOT) and to use
chemoprophylaxis more extensively among TB-infected
aboriginal persons in British Columbia. During the study pe-
riod, the rates of TB have declined significantly (7) while the
rates of TB among the general population have remained
static or increased slightly. We decided, therefore, to review
the characteristics of aboriginal TB patients, both on and off
reserves, and compare them with a random sample of
nonaboriginal patients.

PATIENTS AND METHODS
In British Columbia, all cases of TB are reported to the

Division of Tuberculosis at the British Columbia Centre for
Disease Control in Vancouver. Both the provincial labora-
tory for the province and the pharmacy for dispensing TB
drugs throughout the province are located in this division. In
British Columbia, the Aboriginal TB Control Program is run
as a separate unit within the larger provincial program. When

diagnosed, patients are classified as aboriginal on reserve,
aboriginal off reserve, Canadian nonaboriginal and foreign
born. For the present study, all cases of active TB that oc-
curred among aboriginal Canadians from January 1992 to
December 1996 were identified. For each case of TB diag-
nosed on and off reserves among aboriginal Canadians, a
control patient diagnosed with TB in the same month was
picked randomly from the TB registry. This registry contains
information on all cases of TB diagnosed in BC. Data are col-
lected in a systematic manner using standardized data sheets.
Control subjects were selected randomly from nonaboriginal
TB patients diagnosed the same month as the aboriginal
patients. Information collected included age, sex, symptoms,
whether patients were admitted to hospital, duration of hos-
pitalization and site of disease, whether pulmonary or ex-
trapulmonary, or if both sites were involved.

Extrapulmonary disease was classified as lymphadeno-
pathy, pleural, bone and joint, abdominal or other. In addi-
tion, the method of diagnosis was outlined. These included
smear and culture positivity, histology consistent with the
diagnosis or if the diagnosis was based on clinical and radio-
logical features characteristic of TB in which there was an
appropriate response to therapy. Bacteriological information
included the percentage of patients with a positive sputum
smear, or bronchoalveolar lavage or other body fluids. In ad-
dition, sensitivity patterns to first-line drugs including
isoniazid (INH), rifampin, pyrazinamide, ethambutol and
streptomycin were evaluated.

The drug therapy prescribed to the patients was docu-
mented as either self-administered or directly observed for
the complete treatment period.
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La tuberculose chez les personnes aborigènes et
non aborigènes de la Colombie-Britannique

OBJECTIF : Comparer les cas de tuberculose (TB)
diagnostiqués chez les personnes aborigènes avec un
échantillon aléatoire de personnes non aborigènes
diagnostiquées avec une TB, et évaluer les tendances des
taux de la maladie entre les deux groupes pendant la même
période.
MODÈLE : Étude cas/témoins.
CONTEXTE : Programme provincial de contrôle de la TB.
PATIENTS ET MÉTHODES : Tous les patients atteints de
TB diagnostiquée chez des aborigènes de la Colombie-
Britannique entre 1992 et 1996 ont été comparés avec des
patients témoins diagnostiqués pendant la même période.
Pour chacun des patients, on a identifié un patient témoin.
INTERVENTION : On a documenté les données
démographiques, le type de la maladie, les données
bactériologiques, les facteurs de risque pour la tuberculose,
le traitement reçu ainsi que son mode d’administration. On a
également identifié le nombre des contacts pour chaque
patient de même que le nombre de patients ayant achevé leur
chimioprophylaxie. On a aussi documenté les taux de
maladie pendant la même période.
RÉSULTATS : Pendant l’étude, on a diagnostiqué 202
patients avec une TB chez des personnes aborigènes et on a
choisi 201 témoins. À l’exception de l’âge au moment du

diagnostic (35,1 ± 20 ans par rapport à 45,7 ± 19,7), de
différences dans la prévalence d’une lymphadénopathie (5,9 %
par rapport à 16,4 %, P = 0,0008) et d’une atteinte pleurale (21,3
% par rapport à 16,4 %, P = 0,00008), il n’y avait aucune
différence dans le tableau clinique entre les personnes
aborigènes et non aborigènes. Il était plus probable que les
personnes aborigènes avaient été en contact avec la
tuberculose (53 % par rapport à 17,9 %, P < 0,05), qu’elles
avaient suivi une thérapie sous observation directe (55 % par
rapport à 33,8 %, P = 0,00002) et qu’elles avaient eu des
contacts avec des sujets tuberculo-positifs (4 ± 9 par rapport à
2 ± 3, P = 0,002). Il était plus probable que ces contacts
avaient débuté un traitement avec de l’isoniazide (2 ± 3 par
rapport à 1 ± 1, P = 0,002), Globalement, on a observé une
diminution significative des taux de TB parmi les personnes
aborigènes comparativement à la population générale tandis
qu’on a noté une légère augmentation des taux de TB chez
tous les sujets dans la dernière année de l’étude.
CONCLUSIONS : La présente étude a révélé des variations
significatives dans les taux de TB parmi différents groupes
de population de la Colombie-Britannique. Pendant la
période de l’étude, on a observé une plus grande diminution
des taux de TB chez les personnes aborigènes. La thérapie
sous observation directe et la chimioprophylaxie ont été plus
utilisées chez les personnes aborigènes ce qui pourrait avoir
contribué à cette diminution, ou bien, ce qui reflète
simplement une évolution naturelle de l’épidémie de
tuberculose.
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Historical information included whether there was a prior
diagnosis of TB, a history of TB treatment, a contact history
or known exposure, a prior tuberculin test or a prior positive
tuberculin test. A history of bacille Calmette-Guerin (BCG)
vaccination was identified as were risk factors for the reacti-
vation of TB infection. The number of contacts identified per
patient was documented. In addition, the percentage of
patients considered to have a positive tuberculin test (5 mm
or greater in duration to 5TU purified protein derivative) was
documented. The number of contacts initiating chemopro-
phylaxis was also identified. Rates of disease were based
upon population data from Statistics Canada for the
nonaboriginal population and the aboriginal off-reserve
population. Aboriginal on-reserve data were based on popu-
lation figures supplied by the Medical Services Branch,
Health Canada, Ottawa, Ontario, responsible for health care
for this population.
Statistical analysis: This analysis was performed with the
SPSS PC for DOS version 4.0 (SPSS Inc, Chicago, Illinois)
and SPSS for Windows version 6.1.3 (SPSS Inc) statistical
software. �

2 analyses were performed on categorical vari-
ables, and a two-sided t-test and ANOVA were performed
on continuous variables. A Bonferroni method of multiple
comparison adjustment was used when necessary. P<0.05
was adopted as the level of significance (8). The curve esti-
mation procedure on SPSS for Windows was adopted to
analyze trends for the rate of TB across time. Regression
analysis was performed to identify differences between both
groups.

RESULTS
During the study, the rates of disease declined signifi-

cantly among aboriginal Canadians, both on and off reserves
(91/100,000 to 27/100,000, P<0.05). The decline in rates was
most notable among on-reserve patients, with the rate falling
from 112/100,000 to 17/100,000, while in off-reserve
patients the rates declined from 71/100,000 to 36/100,000.
The rates for nonaboriginal Canadian-born and foreign-born
people remained essentially unchanged during much of this
period but rose slightly between 1995 and 1996 (Figure 1). A

total of 202 cases of TB were diagnosed among aboriginal
persons and 201 control subjects were chosen from cases of
TB diagnosed among Canadian nonaboriginal and foreign-
born patients. The characteristics and demographics of both
aboriginal and nonaboriginal patients are shown in Table 1.
Aboriginal patients were more likely to be younger
(35.1±20.0 versus 45±19.7 years of age, P<0.001). Patients’
symptoms as well as number of subjects admitted to hospital
did not differ between the groups. In Table 2, the type of dis-
ease and bacteriological results are shown. Nonaboriginal
patients were more likely to have disease of the lymph nodes
(14.4% versus 5.9%, P=0.001) and less likely to have pleural
disease (7.5% versus 21.3%, P=0.001). There was no differ-
ence in the proportion of patients with culture-proven dis-
ease. A history of TB of either diagnosis or treatment and
predisposing factors, if any, are shown in Table 3. Aboriginal
persons were more likely to have a contact history (53% ver-
sus 17.9%, P<0.001), a prior tuberculin skin test (75.7% ver-
sus 54.7%, P<0.001), a prior positive tuberculin skin test
(65.8% versus 46.3%, P<0.001) and BCG vaccination
(25.2% versus 10.9%, P<0.001). Aboriginal persons were
more likely to report a history of significant alcohol intake
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TABLE 1
Characteristics and demographics of both the aboriginal and nonaboriginal tuberculosis patients

Aboriginal Nonaboriginal

Number % Number % P

Age at diagnosis (years) 35.1±20.0 45.7±19.7 <0.001

Male 112 55.4 118 58.7

Female 90 44.6 83 41.3

Medical history (symptoms)
Cough 68 33.7 75 37.3

Sputum 44 21.8 34 16.9

Nightsweats 24 11.9 25 12.4

Fever 28 13.9 31 15.4

Other 44 21.8 39 19.4

Admitted to hospital 78 38.6 64 31.8

Figure 1) Rates of disease per 100,000 people among the different
study groups between 1992 and 1996
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(26.7% versus 11.9%, P<0.001) but less likely to be HIV
positive (4.0% versus 11.5%, P<0.01). The treatment admin-
istered, drug susceptibility, data on number of contacts and
chemoprophylaxis administered are shown in Table 4. The
results were most notable for the higher use of directly
observed therapy (55% versus 33.8%) among aboriginal per-
sons and the greater number of contacts per active patient
taking INH (P=0.002). Logistical regression analyses using
two models, integrating univariate variables that were sig-
nificant, into two different models were carried out and these
results are shown in Table 5. Aboriginal persons were more
likely to be vaccinated with BCG (OR 1.9, 95% CI 0.9,3.8),
have prior contact (OR 2.4, 95% CI 1.4,4.2) and excessive al-
cohol intake (OR 2.7, 95% CI 1.4,5.1). They were less likely
to self-administer treatment (Odds ratio [OR] 0.35, 95% CI
0.21,0.59) or be treated with ethambutol (OR 0.47 95% CI
0.26,0.88).

DISCUSSION
In the present paper, we have outlined the character-

istics of TB cases that occur among aboriginal persons,

both on and off reserves in British Columbia, and compared
them with nonaboriginal Canadian-born and foreign-born
subjects. Our primary interest was not to compare separately
Canadian-born nonaboriginal and foreign-born patients with
aboriginal patients. Although we did complete this analysis,
the differences related primarily to the higher rate of lympha-
denopathy, the greater likelihood of resistance and the
greater use of ethambutol in foreign-born persons. There
were 118 foreign-born and 90 Canadian-born people in the
comparison group. It has been well documented that primary
disease is more likely to occur among aboriginal Canadians
(9) and that foreign-born people, especially from Asian
countries, are more likely to have TB lymphadenopathy (10).
These differences did not change over time and are unlikely
to account for the decline in TB rates seen among the aborigi-
nal group. Although there was an excess of TB cases in the
early 1990s related to clustering on reserves, when we com-
pleted an analysis of trends, the significant differences in
rates of decline persisted over the study period. Specifically,
we compared rates from 1994 to 1996, and the statistically
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TABLE 2
Type of disease and bacteriological results in the aboriginal and nonaboriginal groups

Aboriginal Nonaboriginal

Number % Number % P

Pulmonary tuberculosis 130 64.4 132 65.7

Extrapulmonary tuberculosis 37 18.3 61 30.3

If extrapulmonary tuberculosis

Lymph nodes 12 5.9 33 16.4 0.001
Pleural 43 21.3 15 7.5 0.001
Bone and/or joint 5 2.5 3 1.5 –
Abdominal 4 2.0 1 0.5 –
Both 35 17.3 8 4.0

Smear positive 80 39.6 81 40.3

Culture positive 145 71.8 157 78.1

Clinical or pathological diagnosis 57 28.6 52 20.8

TABLE 3
Tuberculosis history and predisposing factors

Aboriginal Nonaboriginal

Number % Number % P

Prior tuberculosis diagnosis 12 5.9 29 14.4 –
Prior tuberculosis treatment 10 5.0 20 10.0 –
Prior contact/known exposure 107 53.0 36 17.9 <0.001
Prior tuberculin test 153 75.7 110 54.7 <0.001
Positive tuberculin test 133 65.8 93 46.3 <0.001
BCG Vaccination 51 25.2 22 10.9 <0.001
Predisposing factors

Intravenous drug abuse 14 6.9 13 6.5 –
HIV sero positive 8 4.0 21 11.5 0.01
HIV risk patient 4 2.0 3 1.5 –
Alcoholism 54 26.7 24 11.9 0.001
Renal disease 5 1.5 2 1.0 –
Renal dialysis 2 1.0 – – –
Others* 10 5.0 12 6.0 –

*Others include patients prescribed corticosteroids or other immunosuppressive therapy, predisposing condition such as cancer and diabetes
mellitus. BCG bacille Calmette-Guerin vaccination; HIV Human immunodeficiency virus
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significant trend (P<0.024) persisted for both on-reserve and
off-reserve patients. We identified no clustering off reserves
nor an increase in the absolute number of cases among off-re-
serve subjects during the study period.

Interestingly, there was a much higher proportion of abo-
riginal persons who had a history of contact and a prior
positive tuberculin test. These results indicate that further
reductions in the rates of aboriginal TB could be achieved

with even more aggressive use of chemoprophylaxis. Not
surprisingly, a greater proportion of aboriginal persons had
BCG vaccination, and this is consistent with the fact that
BCG offers only partial protection against the development
of TB and that this protection is time limited (11). Although
the efficacy of BCG is controversial, it is unlikely to have
affected the decline seen among aboriginal persons because
the use of BCG did not change during the study period.
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TABLE 4
Treatment administered, drug susceptibility and data on number of contacts and chemoprophylaxis administered to
the aboriginal and nonaboriginal groups

Aboriginal Nonaboriginal

Number % Number % P

Self administration† 84 41.6 126 62.7 0.001

Directly observed treatment† 111 55.0 68 33.8 0.001

Treatment (drug use)

INH 193 95.5 195 97.0

RIF 193 95.5 194 96.5

PZA 151 74.8 163 81.1

Ethambutol 33 16.3 61 30.3 0.001

Streptomycin 3 1.5 7 3.5

Sensitive to all drugs 138 68.3 129 64.2

If not senstive, resistant to

INH 4 2.0 16 8.0 0.006

RIF 1 0.5 4 2.0 –

Ethambutol 1 0.5 2 1.0 –

Streptomycin – – 4 2.0 0.06*

Number of contacts 18±36 14±55 –

Number of contacts with PPD (+) 4±9 2±3 0.002

Number taking INH 2±7 1±1 0.002

INH Isoniazid; PPD Purified protein derivative; PZA pyrazinamide; RIF Rifampin. *Fishers exact test used because of small numbers. †The total
number treated is incomplete because of a small number of subjects in both groups who either did not initiate treatment or left the province

TABLE 5
Logistical regression analysis on the differences between aboriginal and nonaboriginal Canadian cases of
tuberculosis

Independent variable Model one Model two

OR 95% CI OR 95% CI

Age at diagnosis (years) 0.98 0.97-0.99 0.98 0.97-0.99

BCG vaccination (yes versus no) 1.9 0.9-3.8 1.9 0.9-3.8

Prior contact (yes versus no) 2.4 1.4-4.2 2.3 1.3-4.0

Prior tuberculin test (yes versus no) 1.8 1.1-3.2 1.7 0.9-2.9

Risk factors

HIV 0.19 0.02-1.76 0.21 0.02-1.96

Alcoholism 2.7 1.4-5.1 2.8 1.1-4.1

Extent of disease

Lymph nodes 0.27 0.11-0.68 0.27 0.11-0.68

Pleural 2.3 1.1-4.7 2.2 1.1-4.6

Treatment with ethambutol 0.47 0.26-0.88 0.49 0.26-0.90

Resistant to isoniazid 0.50 0.14-1.74 0.50 0.14-1.74

Treatment self-administered 0.35 0.21-0.59 – –
Directly observed therapy – – 2.5 1.5-4.1

Pseudo R2 0.24 0.24

BCG bacillus Calmette-Guerin; HIV human immunodeficiency virus; OR Odds ratio. Univariate variables that were significant have been
integrated into the models
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In general, risk factors for TB were equivalent in both
groups, with a notable exception of alcoholism occurring in
over 25% of aboriginal subjects compared with just under
12% among nonaboriginal persons (P<0.001). Interestingly,
one would have anticipated that this would have adversely
affected the efficacy of the control program, but this did not
appear to be the case. Infection with HIV as a risk factor
occurred more commonly among nonaboriginal persons, but
a significant proportion of both aboriginal and nonaboriginal
patients were known to be HIV positive. Also, a significant
number of patients were from a group putting them at risk of
being HIV positive (especially intravenous drug users) or
had confirmed HIV as a risk factor for their TB. In all, 63 of
the 403 patients studied (15.6%) fell into these high risk
groups. This increase is consistent with a change from pre-
vious (12) and more recent reports on HIV-related TB in
British Columbia (13), outlining a greater tendency for
AIDS- related TB to occur among intravenous drug users and
aboriginal persons. This increase in the number of HIV-re-
lated TB cases over time highlights the need for targeted sur-
veillance among those at risk of dual HIV-TB infection,
especially aboriginal persons. We have also identified clus-
tering of TB cases in these same groups (14).

Both groups were as likely to have bacteriologically
proven disease, but there were significant differences in the
resistance pattern between the groups studied, with the non-
aboriginal persons much more likely to be resistant to isonia-
zid, rifampin or streptomycin. Multidrug resistant disease
was not documented during the study period. Our data with
regard to the risk of resistance are consistent with previous
reports of resistance patterns in TB cases in western Canada
(15), and reflect the impact on immigrants from high preva-
lence countries where drug resistance is a major problem.
The pattern of resistance was unchanged during the study
period and therefore is unlikely to account for the differences
in rates of TB seen.

Recent attention has focused on the benefits of directly
observed therapy versus self-administered therapy (16). A
number of reports have been presented recommending the
more widespread use of directly observed therapy (17,18).
There are limited data, however, to justify its use, although
some have argued persuasively with regard to the financial
benefits of this type of therapy delivery (18). A recent ran-
domized, controlled trial study from South Africa showed no
benefit from the use of directly observed therapy compared
with self-administered therapy, but this study has been criti-
cized because of the relatively small percentage of eligible
subjects enrolled (19).

In the present study, we found significantly more aborigi-
nal persons received directly observed therapy than did
nonaboriginal persons. Given the equivalent characteristics
of the patients at the time of presentation, greater use of di-
rectly observed therapy may be a factor that accounts for the
decline in rates of TB among aboriginal persons both on and
off reserves. Contact tracing among aboriginal persons was
also more successful. Unfortunately, for the early part of the
study, data regarding chemoprophylaxis offered were not

coded for nonaboriginal persons. In addition to greater com-
pletion rates with directly observed therapy and greater
assurance that the therapy has in fact been taken, we have
shown recently greater efficacy in terms of completion of
medication when directly observed chemoprophylaxis is
used (20) among the aboriginal population. This greater sur-
veillance may reflect the fact that aboriginal persons diag-
nosed with TB, particularly on reserves, live in relatively
small communities, and because of the high risk of clustering
in these populations (21), the entire communities may be sur-
veyed. We have argued previously that, in high prevalence
groups, there should be caution in initiating chemoprophy-
laxis (22) unless there is a satisfactory program in place to
deliver therapy to patients with active cases of TB, especially
those that are smear positive.

CONCLUSIONS
We have compared the presentation and management of

TB among aboriginal and nonaboriginal persons in British
Columbia. In the early part of this study, there was a signifi-
cant reduction in rates of TB among aboriginal persons in
British Columbia. It is unclear if the decline in rates of dis-
ease is primarily related to the greater use of directly
observed therapy and chemoprophylaxis in the high risk
population, or is part of the natural decline in rates expected
at this stage of the epidemic among aboriginal persons. More
recently, this decline has been reversed in all groups, includ-
ing aboriginal persons, and indicates a need for continued
vigilance and strategies to improve control in all groups. This
cautionary note needs to be emphasized particularly for abo-
riginal persons, given the relatively high prevalence of TB
infection in this population, and because recent epidemiol-
ogical surveillance that we have undertaken indicates a dis-
proportionately high HIV sero-prevalence among aboriginal
intravenous drug users in Vancouver (23) compared with the
nonaboriginal population. There is a significant risk that
these encouraging results may not be sustained. The risk of
dual HIV-TB infection is such that ongoing, targeted surveil-
lance of this high risk population will need to persist if the
currently reported declining rates of TB among aboriginal
persons in British Columbia are to continue, and we are to
avoid the documented rising rates of HIV-related TB
reported from New York City and other large urban centres
in the United States (24). Further studies, especially random-
ized, controlled trials with appropriate cost effectiveness
analysis, are needed urgently to support our recommenda-
tions that directly observed therapy should be used on a more
widespread basis. Such studies should also account for the sig-
nificant gaps in knowledge about TB that patients have (25)
and the added challenge of controlling TB in the inner city (26).
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