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Abstract

Background: The prevalence of tuber-
culosis infection is critical to the design
of tuberculosis prevention strategies,
yet is unknown in Canada. We estimated
the prevalence of tuberculosis infection
among Canadian residents born abroad.

Methods: We estimated the prevalence
of tuberculosis infection by age and year
of migration to Canada for people from
each of 168 countries by constructing
country-specific and calendar year-
specific trends for annual risk of infec-
tion using a previously developed
model. We combined country-specific
prevalence estimates with Canadian
Census data from 2001, 2006, 2011, 2016

and 2021 to estimate the overall preva-
lence of tuberculosis infection among
foreign-born Canadian residents.

Results: The estimated overall preva-
lence of tuberculosis infection among
foreign-born people in Canada was 25%
(95% uncertainty interval [Ul] 20%-
35%) for census year 2001, 24% (95% Ul
20%-33%) for 2006, 23% (95% Ul 19%-
30%) for 2011, 22% (95% Ul 19%-28%)
for 2016 and 22% (95% Ul 19%-27%) for
2021. The prevalence increased with
age at migration and incidence of
tuberculosis in the country of origin. In
2021, the estimated prevalence of infec-
tion among foreign-born residents was

lowest in Quebec (19%, 95% Ul 16%-
24%) and highest in Alberta (24%, 95%
Ul 21%-28%) and British Columbia
(24%, 95% Ul 20%-30%). Among all
foreign-born Canadian residents with
tuberculosis infection in 2021, we esti-
mated that only 1 in 488 (95% Ul 185-
1039) had become infected within the
2 preceding years.

Interpretation: About 1 in 4 foreign-born
Canadian residents has tuberculosis
infection, but very few were infected
within the 2 preceding years (the highest
risk period for progression to tuberculosis
disease). These data may inform future
tuberculosis infection screening policies.

Tuberculosis disease is the leading cause of death by a single
infectious agent worldwide, surpassed only by COVID-19 in 2020
and 2021.! Tuberculosis disease is preceded by tuberculosis
infection, which has traditionally been identified by testing for
immunoreactivity to the causative agent, Mycobacterium tuber-
culosis. An estimated 23% of the world’s population has tubercu-
losis infection. Depending on sociodemographic and medical
characteristics, the World Health Organization (WHO) suggests
that 5%-10% of persons with tuberculosis infection will progress
to tuberculosis disease, the cause of 1.6 million deaths in 2021.12

The WHO has established targets for tuberculosis disease
elimination in low-incidence countries such as Canada, with a
goal to reduce the annual incidence of tuberculosis disease to
1 case per million population. The incidence of tuberculosis dis-
ease in Canada declined steadily through the second half of the
20th century but has remained essentially unchanged over the
last decade. Despite a previous target of reducing tuberculosis
incidence in Canada to 3.5 per 100000 by 2015, it remained at 4.8

per 100000 in 20213* The lack of further progress toward elimina-
tion is the result of epidemiologic shifts without the implementa-
tion of new prevention strategies.

In Canada, foreign-born residents bear 80% of the burden of
tuberculosis disease, despite representing only 23% of the popu-
lation.>>® Tuberculosis disease among foreign-born residents
occurs largely because of the progression of tuberculosis infec-
tion acquired within their countries of origin.> Preventive treat-
ment for tuberculosis is highly effective at preventing progression
to tuberculosis disease. However, implementation of this preven-
tive treatment is limited in Canada.”® Widespread screening and
treatment programs for tuberculosis infection would likely be
cost-prohibitive® and could result in the provision of treatment to
large numbers of people who may derive minimal benefit.1%

Instead, targeting screening to those at highest risk of tubercu-
losis infection would improve cost-effectiveness and health gains
for treated people.’2 However, except for a small minority of people
with documented risk factors for progression, no systematic
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screening and treatment programs or policies exist for
migrants. Unlike in the United States, no Canadian population-
based surveys include testing for tuberculosis infection. The
prevalence of tuberculosis infection among Canada’s foreign-
born population is thus unknown. To support the design and
implementation of tuberculosis prevention programs, we
sought to estimate prevalence and patterns of tuberculosis
infection among foreign-born residents.

Methods

We used modelled estimates of the annual risk of tuberculosis
infection — the probability of becoming infected with M. tubercu-
losis each year — from countries from 1889 through 2021 to esti-
mate the probability of tuberculosis infection according to year
of birth, age at year of immigration (obtaining permanent resi-
dence) and country of origin among people who had immigrated
to Canada. We integrated Canadian Census data from 2001, 2006,
2011, 2016 and 2021 to estimate the prevalence of tuberculosis
infection among permanent residents and foreign-born Can-
adian citizens during each census year. We did not include tem-
porary workers, visitors and students.

Data sources

Census data

We obtained Canadian Census data detailing the number of per-
manent residents and foreign-born Canadian citizens living in
Canada (hereafter, collectively referred to as foreign-born resi-
dents) from Statistics Canada for years 2001, 2006, 2011, 2016
and 2021.2 These data include the number of permanent resi-
dents and citizens from each country (Appendix 1, Table S1 and
Table S2, available at www.cmaj.ca/lookup/doi/10.1503/
cmaj.230228/tab-related-content), further grouped into categor-
ies based on age and year of immigration (Appendix 1, Table S1).
Within each age and year of immigration category, we assumed a
uniform distribution of people for each specific age and year of
immigration.

Annual risk of infection data

We adapted a previously published approach to obtain country-
specific estimates for the annual risk of tuberculosis infection. In
brief, we estimated historic annual risks of infection (ARI) using
2 data sources. We used in-country tuberculin skin test surveys to
directly estimate the annual risk of infection, where available
(Appendix 1, Table S3).*4*> When tuberculin skin test surveys
were unavailable, we estimated historic annual risks of infection
based on World Health Organization (WHO) estimates of the
prevalence of smear-positive tuberculosis and the documented
relationship between smear-positive pulmonary tuberculosis
prevalence and annual infection risk,*-® while accounting for the
impact of HIV infection in each country.* We used the & method
to propagate uncertainty and estimate variance around esti-
mates of annual risk of infection.’ We excluded countries from
analysis if their population was below 500000 people, if they
could not be matched with data on the incidence of tuberculosis

disease or if neither tuberculin skin test survey data nor ade-
quate tuberculosis disease prevalence data were available.

Definitions

We categorized the annual incidence of tuberculosis disease per
100000 person-years in country of origin into groups of 0-9,
10-49, 50-99, 100-199 and 200 or higher based on WHO esti-
mates of global incidence of tuberculosis disease from 2021
(Appendix 1, Table S2).2°2* We used estimates from 2021 as this
was the final census year analyzed, and data on the incidence of
tuberculosis disease before the year 2000 are considered unreli-
able.?? We calculated year of birth as the census year minus
reported age. Year of immigration was the year in which individ-
uals acquired permanent residence. We calculated age at immi-
gration as the year of immigration minus the year of birth. We
categorized age during each census year and age at immigration
as younger than 15 years, 15-34 years, 35-54 years,
55-74 years or 75 years or older.

Data analysis

To account for uncertainty around estimates of annual risk of
infection, we used a Gaussian process regression model to simu-
late 200 log-scale trends of annual risk of infection for each coun-
try and calendar year from 1934 to 2014, conditioned on the
available data. Gaussian process regression models use a Bayes-
ian approach whereby the certainty of 1 variable is used to
reduce uncertainty in others, based on an understanding of the
covariance between 1 or more variables. In time-series modelling
studies, Gaussian process models can efficiently address inter-
actions between covariates and account for time-varying covari-
ates, more than methods such as general linear mixed effect
models and generalized estimating equations.?®?

We used estimates of the annual risk of infection for 1934 for
previous years back to 1889 and a random walk with drift time
series projection to estimate the annual risk of infection from
2014 to 2021. In total, this yielded annual risk of infection esti-
mates and uncertainty ranges for every country and year from
1889 to 2021.

For each of the 200 sampled log-scale trends of annual risk of
infection, we generated probabilities of tuberculosis infection for
each combination of country, birth year and migration year
(Appendix 1, Figure S1 for further details). First, we calculated
annual risks of tuberculosis infection, assuming risks were uni-
form among people from the same country, birth year and migra-
tion year, by exponentiating each log-annual risk of infection.
Second, we integrated annual risks of infection for each country,
birth year and migration year to estimate the cumulative risk of
infection for each census year (i.e., 2001, 2006, 2011, 2016 and
2021) — accounting for annual risks of infection in the country of
origin before immigration, as well as within Canada after immi-
gration. Since precise calendar dates of immigration were
unknown, we assumed that the average date of arrival for each
cohort was the midpoint of the calendar year, resulting in the
estimated risk of infection during the year of migration repre-
senting an average of the risk of infection in the country of origin
and in Canada. Finally, using the cumulative risk of infection, we
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calculated the probability of tuberculosis infection for each com-
bination of birth year, country of origin and immigration year.

For each census year, by summing relevant strata, we esti-
mated the number of foreign-born residents living in Canada
overall and by subgroup. These subgroups reflected categor-
ization by age at immigration, age during each census year,
incidence of tuberculosis disease per 100 000 people in country
of origin and the most frequent countries of origin across cen-
sus years. Using our estimates of the probability of tuberculo-
sis infection, we estimated the prevalence of tuberculosis
infection for each census year overall, for each of these sub-
groups and by time since immigration. For the census year
2021 only, we estimated the prevalence of tuberculosis infec-
tion in Ontario, Quebec, Alberta and British Columbia (the
4 largest immigrant-receiving provinces), and in the rest of
Canada. We also estimated the prevalence of tuberculosis
infection acquired within the preceding 2 years, as the 2 years
after new infection represent the highest-risk period for pro-
gression to tuberculosis disease.

We calculated the point estimate and the 95% uncertainty
intervals (Uls) for tuberculosis infection estimates as the 50th,
2.5th and 97.5th percentile, respectively. We tested differences in
median prevalence of tuberculosis infection across census years
using the Kruskal-Wallis test. We performed all analyses using R
(version 4.0.2).

Ethics approval

This study involved the use of publicly available, deidenti-
fied, aggregate data. Approval by a research ethics board was
not required.

Results

Population composition
During census year 2021, 8.4 million Canadian permanent resi-
dents and citizens had been born outside Canada. This repre-
sented an increase of 3 million (56%) since 2001. The median age
of those born outside Canada in each census year from 2001 to
2021 was 46 (interquartile range [IQR] 32-58) years, 47 (IQR
32-61) years, 47 (IQR 32-61) years, 48 (IQR 33-62) years and 50
(IQR 39-63) years, respectively; 67% had immigrated before age
35 years in 2021 (Table 1). In all census years, 52% of those born
outside of Canada were female and 48% were male. Between the
2001 and 2021 census years, the number of foreign-born resi-
dents from Europe decreased in absolute number and propor-
tion, while those from Asia increased in both absolute number
and proportion. In line with these trends, the proportion of
foreign-born residents from countries with an incidence of tuber-
culosis disease of 200 per 100000 per year or higher increased
from 15% to 27% between 2001 and 2021, while the proportion
from countries with a tuberculosis incidence of less than 10 per
100000 decreased from 38% to 24% during the same period.
Over the 2001 to 2021 census years, 7 countries or jurisdic-
tions (China, India, Italy, Philippines, the United Kingdom, the
US and Hong Kong) were consistently among the 10 most fre-
quent places of origin. All except the US, Italy and the UK have

an incidence of tuberculosis disease of 50 per 100000 people or
higher, while the incidence is 200 per 100 000 people or higher in
India and the Philippines (Appendix 1, Table S2). In the
2021 census year, Pakistan, Vietnam and Iran also ranked
among the 10 most common countries of origin (Table 2); all 3
have an incidence of tuberculosis disease incidence greater than
100 per 100000 people.

Estimated prevalence of tuberculosis infection

We included 168 countries of origin in our analyses of tubercu-
losis infection prevalence, and excluded 50 countries
(Appendix 1, Table S4). The total number of people living in
Canada from these 50 countries combined was 66670 (1.3% of
all foreign-born residents) to 83180 (1.1%) in the 2001 and
2021 census years, respectively.!* The overall estimated preva-
lence of tuberculosis infection among foreign-born residents
did not change substantially over time. It was 25%
(95% Ul 20%-35%), 24% (95% Ul 20%-33%), 23% (95% Ul 19%-
30%), 22% (95% Ul 19%-28%) and 22% (95% Ul 19%-27%) in
census years 2001, 2006, 2011, 2016 and 2021, respectively.

Between 2001 and 2021, the estimated prevalence of tubercu-
losis infection decreased among foreign-born residents from
India, China, the Philippines and the US (p < 0.0001), decreas-
ing most substantially for China (Table 3).

In 2021, the estimated prevalence of tuberculosis infection
varied from 8% (95% Ul 4%-17%) among people from coun-
tries with an incidence of tuberculosis disease lower than 10
per 100000 people to 35% (95% Ul 30%-42%) among people
from countries with an incidence of 200 per 100000 people or
higher. Similarly, prevalence increased markedly with age at
immigration, ranging from 7% (95% Ul 6%-13%) for those
who became permanent residents when younger
than 15 years to 62% (95% Ul 49%-73%) for those who
became permanent residents when aged 75 years or older
(Figure 1). Findings were generally similar in earlier census
years (Appendix 1, Table S5).

In 2021, 93% of all permanent residents and citizens born
outside Canada resided in Ontario, Quebec, Alberta or BC
(Appendix 1, Table S6). In these 4 provinces, the estimated
prevalence of tuberculosis infection increased with age at
immigration, while for the remaining provinces and territories,
the prevalence appeared similar among all those aged 15 years
or older at immigration (Table 4). The estimated prevalence of
tuberculosis infection was lowest in Quebec (19%, 95% Ul 16%-
24%) and highest in Alberta and BC at 24% (95% Ul 21%-28%)
and 24% (95% Ul 20%-30%), respectively.

The estimated prevalence of tuberculosis infection
increased with age during census year 2021 from 2%
(95% Ul 1%-2%) among those younger than 15 years in 2021
to 36% (95% Ul 29%-50%) among those aged 75 years or
older in 2021. Overall prevalence did not change substan-
tially by time since immigration. However, when stratified by
age during the census year, the estimated prevalence
decreased by time since immigration, reflecting lower values
among those who entered Canada at a younger age
(Appendix 1, Table S7).
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Table 1: Composition of the foreign-born Canadian population in census years 2001-2021

2001

Population n=5448480
Sex

Female 2825870 (52)

Male 2622610 (48)
Age during census year, yr, median (IQR) 46 (32-58)
Age during census year, yr

<15 301470 (6)

15-34 1207909 (23)

35-54 2011356 (38)

55-74 1189814 (23)

>75 565341 (11)
Region of origin

Americas 834260 (15)

Europe 2282795 (42)

Africa 281445 (5)

Asia 1986105 (37)

Oceania 47825 (0.9)

Tuberculosis disease incidence in country of origin in 2016

0-9 per 100 000 people 2017280 (38)
10-49 per 100 000 people 1011810 (19)
50-99 per 100 000 people 1098005 (21)
100-199 per 100 000 people 332735 (6)
=200 per 100 000 people 816060 (15)
Age at immigration, yr

<15 1613358 (31)
15-34 2291796 (43)
35-54 1140530 (22)
55-74 205982 (4)
>75 24224 (0.5)

Note: IQR = interquartile range.
*Unless indicated otherwise.

No. (%) of foreign-born residents by census year*t

2006 2011 2016 2021
n=6524190 n=17217295 n=17539895 n=8361505
3389085 (52) 3763070 (52) 3953825 (52) 4385340 (52)
3135105 (48) 3454225 (48) 3586070 (48) 3976160 (48)
47 (32-61) 47 (32-61) 48 (33-62) 50 (39-63)
336705 (6) 372190 (6) 373960 (5) 379880 (5)
1369695 (23) 1493443 (23) 1608233 (22) 1506616 (18)
2184035 (36) 2400517 (37) 2642352 (35) 3095514 (37)
1478539 (25) 1519770 (23) 1963148 (26) 2313980 (28)
666871 (11) 706630 (11) 877517 (12) 974975 (12)
946140 (15) 1058010 (16) 1127815 (15) 1200895 (14)
2267440 (37) 2127790 (31) 2088405 (28) 1967620 (24)
373340 (6) 492025 (7) 637485 (8) 821735 (10)
2521035 (41) 3041100 (45) 3629165 (48) 4307000 (51)
52625 (0.9) 54530 (0.8) 56920 (0.8) 61900 (0.7)
2019465 (33) 1884040 (29) 1890965 (25) 1996435 (24)
1144505 (19) 1257380 (19) 1480190 (20) 1824235 (22)
1341575 (22) 1450320 (22) 1671545 (22) 1577705 (19)
411935 (7) 473735 (7) 579945 (8) 594155 (7)
1118365 (19) 1427075 (22) 1842565 (25) 2278435 (27)

1828028 (30) 2253488 (35) 2504326 (34) 2451323 (29)

2655510 (44) 2626257 (41) 3007347 (40) 3190961 (38)

1303154 (22) 1349278 (21) 1643312 (22) 2274234 (27)
225683 (4) 240426 (4) 279984 (4) 324228 (4)
23470 (0.4) 23101 (0.4) 30241 (0.4) 30218 (0.4)

TThe column totals refer to the total number of foreign-born residents in Canada in each census year. As region of origin is based on a 25% sample of the population, the sum
of the population according to region of origin does not sum to the column totals shown in the headers. For age during the census year, tuberculosis disease incidence in
country of origin and age at immigration, the denominator for each census year also excludes people from the 50 countries excluded from our analysis of tuberculosis
infection prevalence and therefore these do not sum to column header totals. The denominators for these 3 categories for each census year are 5275890 in 2001, 6 035845 in

2006, 6492550 in 2011, 7465210 in 2016 and 8270965 in 2021.

As expected, the estimated prevalence of tuberculosis infec-
tion acquired in the preceding 2 years increased with the inci-
dence of tuberculosis disease in the country of origin (Table 5).
Overall, only an estimated 0.05% (95% Ul 0.04%-0.08%) of
foreign-born residents in Canada in 2021 had acquired tubercu-
losis infection in the preceding 2 years. This increased to 0.8%
(95% Ul 0.6%-1.0%) when considering only those who immi-
grated in 2020 and 2021. These data suggest that, among all
residents born outside of Canada with tuberculosis infection, an

estimated 1 in 488 (95% Ul 185-1039) had been infected within
the preceding 2 years. For those with tuberculosis infection
who had arrived in 2020 or 2021, an estimated 1 in 54
(95% Ul 20-312) had been infected within the preceding
2 years. To detect 1 person infected within the last 2 years
among all foreign-born residents, 2410 (95% Ul 775-7505)
would need to be tested. To detect 1 person infected within the
preceding 2 years by testing only those who had arrived in 2020
or 2021, 231 (95% Ul 59-2787) would need to be tested.
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Table 2: Number and proportion of foreign-born Canadians from top 10 countries of origin by census year

2001 2006
No. (%) of No. (%) of
people from people from
top 10 top 10
Country of countries Country of countries Country of
origin n=2777075 origin n=3045705 origin
India 314265 (11) India 443120 (15) India
Philippines 232330 (8) Philippines 302 860 (10) Philippines
China 332235 (12) China 465 940 (15) China
United 604380 (22) United 574740 (19) United
Kingdom Kingdom Kingdom
United 236225 (9) United 247870 (8) United
States States States
Poland 180150 (6) Poland 169 740 (6) Pakistan
Hong Kong 235315 (8) Hong Kong 215080 (7) Hong Kong
Italy 315215 (11) Italy 296 250 (10) Italy
Germany 173515 (6) Germany 170 165 (6) Germany
Portugal 153445 (6) Vietnam 159 940 (5) Vietnam

2011 2016 2021
No. (%) of No. (%) of No. (%) of
people from people from people from
top 10 top 10 top 10
countries Country of countries Country of countries
n=3201565 origin n=3630485 origin n=4070745
538325 (17) India 668 565 (18) India 898 050 (22)
440 925 (14) Philippines 588 310 (16) Philippines 719 585 (18)
533035 (17) China 649 260 (18) China 715820 (18)
525 475 (16) United 499 125 (14) United 464 145 (11)
Kingdom Kingdom
256970 (8) United 253700 (7) United 256 080 (6)
States States
155330 (5) Pakistan 202 250 (6) Pakistan 234105 (6)
191 405 (6) Hong Kong 208 945 (6) Hong Kong 213865 (5)
255 350 (8) Italy 236 635 (7) Italy 204 050 (5)
150 085 (5) Iran 154 430 (4) Iran 182 945 (4)
154 665 (5) Vietnam 169 265 (5) Vietham 182100 (4)

Table 3: Estimated prevalence of tuberculosis infection among foreign-born residents from the 7 most

frequent countries or jurisdictions of origin by census year

Prevalence by census year, % (95% Ul)

Place of origin 2001 2006
India 4 (22-4T) 33 (23-45)
China 6 (14-73) 38 (13-63)
Philippines 54 (22-79) 51 (24-74)
United Kingdom 3 (1-40) 3(1-36)
United States 10 (1-54) 8 (1-47)
Italy 5 (1-58) 5(1-57)
Hong Kong 20 (4-65) 19 (4-64)

Note: Ul = uncertainty interval.

*p values comparing census year 2021 with 2001 from Kruskal-Wallis test.

Interpretation

Our estimates suggest that almost one-quarter of Canadian per-
manent residents and citizens born outside the country have
tuberculosis infection, a proportion that did not substantially
change between 2001 and 2021. However, despite the large num-
ber of people with tuberculosis infection, very few were likely
infected within the preceding 2 years, the highest risk period for
progression to tuberculosis disease.?

Our prevalence estimates for tuberculosis infection are con-
cordant with those from other low-incidence settings, notably an
analysis that used similar methods to estimate prevalence
among migrants living in Australia.?® They are also concordant
with cross-sectional surveys. Using tuberculin skin tests, the US
National Health and Nutrition Examination Survey (NHANES)
estimated the prevalence of tuberculosis infection to be 18.1%

2011 2016 2021 p value
31(23-41) 30 (23-39) 29 (24-37) <0.0001
31(12-53) 28 (12-48) 28 (13-48) <0.0001
47 (27-65) 45 (29-61) 45 (31-60) <0.0001
(1-30) 3(1-26) 3(1-20) 0.3
(1-37) 5(1-35) 4(1-31) <0.0001
(1-54) 4 (1-45) 4 (1-40) 0.3
19 (4-62) 19 (5-65) 20 (5-68) 0.8

and 20.5% among foreign-born people in 1999-2000 and 2011-
2012, respectively.?’-2® Other surveys in the UK and the Nether-
lands using interferon-y release assays estimated a prevalence of
about 20% among foreign-born people between 2008 and
20123031

By census year 2021, most permanent residents and citizens
born outside Canada originated from countries with an incidence
of tuberculosis disease of 50 per 100000 people or higher, with a
substantial increase in those from countries with incidence of
200 per 100000 people or higher. This was balanced by a
decrease in estimated prevalence of tuberculosis infection
among those from some of the countries with the highest inci-
dence of tuberculosis, including China, India and Vietnam. This
decline may potentially reflect the impact of improvements in
both socioeconomic conditions and tuberculosis care programs
in those countries.2%3

CMAJ | December 11,2023 | Volume 195 | Issue 48

E1655

yoieasay



Research

>

Age 0-14 yr atimmigration B

100

Age 15-34 yr at immigration C

Age 35-54 yr at immigration

100 100
5 5 5
B3 80 B3 80+ B3 80
u“— O w © w S
o o o
o2 60 o2 60 o2 60
22 2 29 !
U o [T [T
s 5 0 s6 0 ) s6 0 3
T T 2B I
S 9 20 -9 20 r 9 204
o« { Qo u= I Qo u
E |l 1 3 i3 E ! £ i
3 e S & 8 . T R R
5 ® F S S D £ b ) § D s ) S S N
MRS R A A ARSI A A MEECHNR IR A
S S >
Incidence of TB disease in country Incidence of TB disease in country Incidence of TB disease in country
of origin per 100 000 people of origin per 100 000 people of origin per 100 000 people
D Age 55-74 yr at immigration E Age = 75 yr atimmigration  F All ages
100 100 100
m S @S m S
80 80 80
Eg Eg Eg
°3 °3 °3
o2 60 o2 60 o2 60
g s Pl g= g s
Y & 40 9 & 404 9 & 40
35 % { 25 35 i
2T 2% 2% { by
&g a8 27 &g 7 ¢
£ £ £ {
0 T T T T T T 0 T T T T T T 0 T T T T T T
VIS N I T SN VLIRS N TR R SN VIS N I R RN
M A M A N A

Incidence of TB disease in country
of origin per 100 000 people

Incidence of TB disease in country
of origin per 100 000 people

Incidence of TB disease in country
of origin per 100 000 people

Figure 1: Estimated prevalence of tuberculosis infection among foreign-born residents aged (A) 0-14 years, (B) 15-34 years, (C) 35-54 years,
(D) 55-74 years and (E) 75 years and older at immigration, and (F) among all foreign-born residents according to 2021 tuberculosis disease incidence
per 100 000 people in country of origin. Note: TB = tuberculosis, Ul = uncertainty interval.

Table 4: Estimated prevalence of tuberculosis infection by age at immigration and province or territory of residence in 2021

Province or territory of residence in 2016

Prevalence by age at immigration, % (95% Ul)

0-14yr 15-34yr 35-54 yr 55-74 yr =75yr All

Alberta 8 (6-15) 24 (21-28) 39 (34-45) 56 (49-66) 67 (55-77) 24 (21-28)
British Columbia 8 (6-15) 22 (19-27) 36 (30-44) 55 (42-67) 64 (45-77) 24 (20-30)
Ontario 7 (5-14) 21 (18-25) 35 (30-41) 52 (42-61) 61 (47-73) 22 (19-27)
Quebec 7(5-13) 19 (16-24) 29 (26-35) 47 (40-57) 57 (46-69) 19 (16-24)
Other 7(6-9) 25 (21-31) 36 (30-43) 29 (22-40) 35 (24-52) 22 (18-26)
All 8 (6-16) 22 (19-26) 37 (31-43) 55 (45-63) 65 (50-74) 22 (19-28)

Note: Ul = uncertainty interval.

These results can help inform clinical and programmatic
decision-making around screening and treatment for tuberculo-
sis infection. They provide a provincial-level picture of the preva-
lence of tuberculosis infection, which is relevant as health care
policies fall within the provincial purview. They also have impli-
cations for tuberculosis infection screening and treatment pro-
grams. Our results reinforce earlier suggestions that screening

for tuberculosis and providing preventive treatment to people
who immigrated before adulthood will have limited public health
impact as the prevalence of tuberculosis infection among this
group is low.12%3 Although prevalence is higher among older resi-
dents, the risk of adverse events with preventive treatment for
tuberculosis — even newer, rifamycin-based regimens — increases
with age,**%* and the likelihood that tuberculosis infection was
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Table 5: Estimated prevalence of recently acquired tuberculosis infection among foreign-born residents in 2021

All foreign-born residents Only foreign-born residents who immigrated in 2020-2021

No. (95% U1) No. (95% Ul) No. (95% Ul) No. (95% U1)

Incidence of Prevalence Prevalence of TB infections of people to Prevalence of TB infections of people to test
TB in country of TB infection of TB to identify test to detect of TB infection Prevalence to identify to detect
of origin acquired infection to detect 1person acquired in of TB infection to detect 1person
per 100000 in previous overall, % 1 person infected infected in previous 2 yr, overall, % 1 person infected infected
people 2yr, % (95% UI) (95% UI) in previous 2 yr* previous 2 yr % (95% UI) (95% UI) in previous 2 yr* in previous 2 yr
0-9 0.02 8 (4-17) 373 (131-1061) 4725 0.04 (0.03-0.06) 2 (2-4) 183 (97-428) 2371
(0.01-0.05) (1886-10106) (1803-3116)
10-49 0.03 16 (12-22) 583 (288-1106) 3632 0.1(0.1-0.2) 9(8-12) 88 (58-135) 546
(0.01-0.06) (1698-6276) (414-692)
50-99 0.04 23 (14-33) 626 (328-1178) 2769 0.4 (0.3-0.6) 20 (15-27) 54 (29-82) 230
(0.02-0.07) (1476-4328) (160-329)
100-199 0.06 37 (24-49) 581 (343-906) 1607 1.0 (0.8-1.1) 28 (25-32) 37 (22-55) 98
(0.05-0.09) (1034-2156) (74-128)
>200 0.10 35 (30-42) 326 (228-460) 943 1.4 (1.0-1.9) 34 (30-38) 25 (17-36) 71
(0.08-0.14) (697-1266) (52-102)
All 0.05 22 (19-27) 488 (185-1039) 2410 0.8 (0.6-1.0) 21 (19-23) 54 (20-312) 231
(0.04-0.08) (775-7505) (59-2787)

Note: TB = tuberculosis, Ul = uncertainty interval.
*Number of tuberculosis infections that must be diagnosed to detect 1 person infected in the previous 2 years is equal to the prevalence of tuberculosis infection overall
divided by the prevalence of tuberculosis infection acquired in the previous 2 years.

acquired within the previous 2 years is low. Even if tuberculosis
infection testing targets foreign-born residents from high-
burden countries shortly after arrival, few residents found to
have tuberculosis infection will have been infected within the
previous 2 years.

As the yield and cost-effectiveness of any screening and treat-
ment program for tuberculosis infection increase with both pre-
test probability of tuberculosis infection and risk of progression
to tuberculosis disease among those with tuberculosis infec-
tion,10-1230.33 our results are directly relevant to future tuberculo-
sis prevention programs. They suggest that, although tuberculo-
sis infection is common among foreign-born Canadian residents,
it has usually been acquired many years previously. For that rea-
son, groups most likely to benefit from screening for tuberculosis
infection are new entrants and very recent arrivals (within
1-2 yr) — particularly adults who have arrived from countries
with high incidence of tuberculosis. In the absence of major risk
factors for progression to tuberculosis disease (e.g., HIV coinfec-
tion, end-stage renal disease, recent contact with a person with
contagious tuberculosis disease), most foreign-born residents
already established in Canada should not be screened.

With currently available tests, without preventive treatment,
a maximum of 5%-10% of people who test positive for tubercu-
losis infection will ever develop tuberculosis disease. Hence the
number needed to screen to prevent tuberculosis disease in
1 person likely exceeds 1000, even if screening focuses on people
from high-incidence countries who have recently immigrated.
Given the low case fatality rate in Canada, the number needed to
screen to prevent 1 death from tuberculosis disease in this group
is at least an order of magnitude higher. To contextualize these
numbers, although within a completely different disease setting,
Canadian guidelines estimate that for females aged 50-59 years,

the number needed to screen with mammography every
2-3 years to prevent 1 death from breast cancer is 1333
(95% confidence interval 909-2857).36

Strengths of this analysis include the use of robust, previously
reported methodology for estimating risks of acquiring tubercu-
losis infection over time in many countries. We also accounted
explicitly for uncertainty around our country- and time-based
estimates of infection risk.

Limitations

The source data assumed that people with positive results on the
tuberculin skin test truly had tuberculosis infection and
remained infected with viable mycobacteria for life, with no
allowance for self-clearance. Thus, we may have overestimated
the prevalence of tuberculosis infection, particularly in older age
groups.’’-* However, this is a potential shortcoming of any
analysis based on current immunologic tests for tuberculosis
infection. Indeed, failure to account for self-clearance has been
argued to lead to an underestimate of the number of people who
have recently acquired tuberculosis infection and their ensuing
risk for tuberculosis disease and subsequent transmission.*

We assumed that the annual risk of infection was consistent
among people within a given country in any given year, which
obscures variation related to geography, mixing patterns and
other social factors.*#? Although the rate of immigration to Can-
ada is expected to increase substantially,* prevalence patterns for
tuberculosis infection may change according to numbers within
specific immigration categories (e.g., economic class, family reuni-
fication, refugee), which we were unable to account for with Can-
adian Census data. For example, refugees are more likely to have
tuberculosis infection and to progress to tuberculosis disease than
others from the same countries.*® The quality of data on the
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annual risk of infection also varied substantially by country and
year, with annual risk of infection estimates most frequently based
on incidence of tuberculosis disease as estimated by the WHO.

Similarly, we lacked estimates of annual risk of infection strat-
ified by immigration category or sex, meaning we were unable to
stratify our tuberculosis infection prevalence estimates accord-
ingly.” Our analysis was limited to permanent residents and cit-
izens born outside Canada; we could not provide estimates for
temporary residents, nor could we account for time spent in Can-
ada before acquiring permanent residency. Our annual risk of
infection estimates do not account for migrants’ return visits to
their countries of origin or for residence in multiple countries
before immigration to Canada. Finally, in categorizing countries
by tuberculosis incidence, we relied on recent WHO estimates
rather than those corresponding to the exact dates when foreign-
born residents moved to Canada as robust data were not consist-
ently available before 2000; therefore, some older foreign-born
residents from countries with decreasing tuberculosis incidence
may have faced higher past infection risks than current incidence
estimates implied. We did account for changing annual infection
probabilities in our cumulative risk estimates.

Conclusion

About one-quarter of foreign-born residents likely have tubercu-
losis infection, but few were recently infected. The composition
of foreign-born residents has changed over time, with more
immigration from countries with high incidence of tuberculosis
disease, althought the estimated prevalence has dropped some-
what among immigrants from several key countries. These data
can help inform future strategies to reduce the burden of tuber-
culosis disease among foreign-born residents in Canada.
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