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Prevalence of tuberculosis infection and disease in children
referred for tuberculosis medical surveillance in Ontario:
a single-cohort study
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Valerie Waters MD MSc, Ray Lam NP, Shaun K. Morris MD MPH, Ian Kitai MBBCh

Background: There are few data about the utility of the Canadian tuberculosis medical surveillance system for detecting tuberculosis
in children and adolescents. We sought to assess the prevalence of tuberculosis infection and disease in children and adolescents
referred by the tuberculosis medical surveillance program who were evaluated at The Hospital for Sick Children (SickKids) tuberculo-
sis program.

Methods: We retrospectively studied clinical records, radiographic findings and results of interferon-y release assays (IGRAs) of all
children less than 18 years of age referred by the tuberculosis medical surveillance program and evaluated at SickKids between
November 2012 and June 2016.

Results: The median age of the 216 children was 10.0 years. Most were born in the Philippines (157 [72.7%)]) or India (39 [18.0%)).
Of the 216, 166 (76.8%) had a history of prior treatment for tuberculosis, and 34 (15.7%) were federal-sponsored refugees from set-
tings with a high tuberculosis burden. Negative IGRA results were found in 110/130 (84.6%) of those with prior tuberculosis treat-
ment. Thirty-one children (14.4%) had any chest radiographic abnormality, of whom 4 had changes thought to be due to tuberculosis.
No child received a diagnosis of active tuberculosis at assessment or during follow-up; 3 (1.4%) were treated for latent tuberculosis
infection following IGRA testing at SickKids. A positive IGRA result was associated with contact with infectious tuberculosis (odds
ratio [OR] 5.97, 95% confidence interval [Cl] 2.06-17.52) and older age at first clinic visit (OR 2.98, 95% CIl 1.24-8.30) but not with
radiographic abnormalities or history of prior tuberculosis treatment.

Interpretation: Most children were referred because of a history of prior treatment for tuberculosis; few had clinical or laboratory evi-
dence of infection or prior disease. The tuberculosis medical surveillance process did not identify any children who required treatment
for active disease and requires improvement.

n Canada, pediatric tuberculosis affects predominantly

migrant children, children of migrant parents and Indig-

enous children.! During 2006-2011, 33.7% of migrants
to Canada were younger than 25 years.? Requirements for
screening children and adolescents for tuberculosis vary
widely between immigrant-receiving countries with a low
tuberculosis burden.’ In Canada, all prospective applicants
for residency undergo an immigration medical examination,
which includes medical history-taking and, for those older
than 11 years of age, chest radiography; it does not include
routine tuberculin skin tests or interferon-y release assays
(IGRAs).* Those deemed to be at high risk for reactivated or
new incident tuberculosis are referred by Immigration, Ref-
ugees and Citizenship Canada for postlanding tuberculosis
medical surveillance. Using cohort data from Ontario, Khan
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and colleagues’ showed that, for adults, current screening is
inefficient, identifying few cases of tuberculosis. Adults are
often referred for tuberculosis medical surveillance because
of abnormal findings on chest radiography. Recently,
Yasseen and colleagues® showed a close correlation between
referral for tuberculosis medical surveillance of children and
adolescents and a history of tuberculosis diagnosis. They
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reported that the proportion of migrant children with a
prior diagnosis of tuberculosis was significantly different
between countries with comparable tuberculosis incidence
rates. It is unclear whether this reflects inaccurate diagnosis
in some countries, underdiagnosis in others or a combina-
tion of the two. Referral for tuberculosis medical surveil-
lance incurs financial and other costs for families. Being
flagged with tuberculosis concerns is often associated with
fear of stigmatization and, erroneously, fear of loss of immi-
gration status.”

We examined records of a cohort of children referred for
tuberculosis medical surveillance in Toronto to ascertain rea-
sons for referral, the proportion of children who had evidence
of tuberculosis infection of prior disease and the utility of the
process in detecting tuberculosis in children and adolescents.

Study design and data sources
Using a single-cohort study design, we retrospectively ana-
lyzed data from a convenience sample of all children less than
18 years of age referred to the tuberculosis clinic at The Hos-
pital for Sick Children (SickKids), Toronto, for tuberculosis
medical surveillance between Nov. 29, 2012, and June 9,
2016. The clinic is the principal facility used by Toronto Pub-
lic Health to evaluate children notified to them for immigra-
tion tuberculosis surveillance. We obtained data from a stan-
dardized assessment form used at the initial tuberculosis clinic
visit and designed to capture demographic variables, travel
and immigration history, household characteristics in Canada,
symptoms including those of tuberculosis and physical exami-
nation findings. The form collects this information in a uni-
form way but has not been formally assessed for accuracy. We
also used clinic letters, supplementary case histories, immigra-
tion medical examination records and chest radiography
reports. Information extracted included demographic vari-
ables, reasons for referral, past medical history, and imaging
and investigation results before migration. Also collected was
information about the care received at SickKids, including
imaging, results of blood testing and tuberculin skin tests,
treatments, referrals and follow-up information. We excluded
foreign-born children referred to our clinic who had not been
identified by the tuberculosis medical surveillance system.
Chest radiography was performed at SickKids for all chil-
dren at the first clinic visit, and the radiographs were evalu-
ated by pediatric radiologists. Chest radiographs in which any
abnormalities were described were further reviewed by a study
pediatric radiologist (J.S.) according to standardized clinical
case definitions for classification of intrathoracic tuberculosis
disease.® The radiologist was blinded to the initial radiograph
interpretations, as well as the IGRA results, but was aware
that the evaluation was of a possibly abnormal chest radio-
graph in the context of a concern for tuberculosis. Follow-up
visits were scheduled at the discretion of the evaluating clini-
cian. Depending on availability, the Quani FERON-TB Gold
test (Qiagen), an IGRA, was performed as part of the clinical
evaluation in most of the children, especially after 2015.
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Statistical analysis

We displayed demographic characteristics using summary
statistics. We compared the referred children evaluated at
SickKids and those evaluated by other Ontario providers
using the y? or Fisher exact test. We used uni- and multivari-
able logistic regression models to identify risk factors for a
positive IGRA result. The variables entered into this analysis
were age at first SickKids clinic visit, known infectious tuber-
culosis contact (a field in the clinic entry data form), chest
radiograph abnormality on study radiologist review and his-
tory of prior tuberculosis treatment (obtained from the Pub-
lic Health referral and entered into the clinic entry form).
We conducted all analyses using SAS version 9.4 (SAS
Institute).

Ethics approval
This study was approved by the Research Ethics Board at
SickKids.

Data quality

All variables analyzed as predictors of a positive IGRA result
had complete data. Age at the time of tuberculosis treatment
was missing in 1 case, and bacille Calmette-Guérin status was
unknown in 4 cases.

Patient characteristics

We included all 216 study-eligible children referred for tuber-
culosis medical surveillance at SickKids during the study
period. Of the 216, 118 (54.6%) were boys (Table 1). The
median age at the time of the first clinic visit was 10.0 years.
Children born in the Philippines (157 [72.7%] and India
(39 [18.0%]) accounted for most of the referrals. Of the
39 children born in India, 37 (95%) were federally sponsored
refugees of Tibetan descent. Nine children born in Israel,
Saudi Arabia, Italy or Lebanon had migrated to the Philip-
pines before migration to Canada. A total of 207 children
(95.8%) were recorded as having received the bacille
Calmette—Guérin vaccine. In keeping with Toronto Public
Health’s policy of preferentially referring younger children to
SickKids (as evaluation for tuberculosis in this age group is
more difficult), overall, children referred for tuberculosis
medical surveillance in Ontario and seen at SickKids were
younger than those seen elsewhere (Table 2).

The most common reasons for referral for tuberculosis
medical surveillance were a history of prior treatment for
tuberculosis (166 children [76.8%]) and referral under a refu-
gee resettlement program involving communities at high risk
for tuberculosis (34 children [15.7%]). Of the 216 children,
166 (76.8%) had a prior diagnosis of tuberculosis made in the
country of migration, of whom 150 (90.4%) had received a
diagnosis of “primary complex tuberculosis” in the Philip-
pines. In 102 (61.4%) of the 166 instances, the mother or
both parents had immigrated to Canada before the child; par-
ents were often unsure of details of symptoms before treat-
ment. Based on immigration medical examination reports and



OPEN

Table 1: Characteristics of immigrant and refugee children referred to The Hospital for Sick
Children for tuberculosis medical surveillance, November 2012 to June 2016
No. (%) of children
No IGRA IGRA result IGRA result
done negative positive Total
Characteristic n =40 n=152 n=24 n=216
Sex
Male 22 (45) 86 (43.4) 10 (58) 118 (54.6)
Female 18 (55) 66 (56.6) 14 (42) 98 (45.4)
Age, yr
<5 2(5) 21 (13.8) 0(0) 23 (10.6)
6-10 24 (60) 70 (46.0) 10 (42) 104 (48.1)
11-16 14 (35) 61 (40.1) 14 (58) 89 (41.2)
Country of birth
Philippines 32 (80) 108 (71.0) 17 (71) 157 (72.7)
India* 3(8) 32 (21.0) 4 (17) 39 (18.0)
Israelt 2 (5) 3(2.0) 0 (0) 5(2.3)
Saudi Arabiat 0(0) 2 (1.3) 1(4) 3(1.4)
Russia 0 (0) 2 (1.3) 0 (0) 2(0.9)
Nepal 0 (0) 2 (1.3) 0 (0) 2(0.9)
Othert 3(8) 3(2.0) 2(8) 8(3.7)
Reason for medical surveillance referral
History of prior treatment for 36 (90) 110 (72.4) 20 (83) 166 (76.8)
tuberculosis
Refugee resettlement program 0(0) 31 (20.4) 3(12) 34 (15.7)
(automatic referral)
Possible tuberculosis contact 1(2) 3(2.0 0 (0) 4 (1.8)
Positive tuberculin skin test 2(5) 3(2.0 1(4) 6 (2.3)
result on immigration
Abnormal chest radiograph on 0 (0) 3(2.0) 0 (0) 3(1.4)
immigration
Other 1(2) 2 (1.3) 0 (0) 3(0.9)
Prior diagnosis
Primary complex tuberculosis 31 (78) 101 (66.4) 18 (75) 150 (69.4)
Tuberculosis disease (site 4 (10) 6 (3.9) 1(4) 11 (5.1)
specific)
Pulmonary tuberculosis 2 (5) 6 (3.9) 1(4) 9 (4.2)
Lymph node tuberculosis 2 (5) 0(0.0) 0(0) 2(0.9)
Latent tuberculosis infection 1(2) 2 (1.3) 1(4) 4 (1.8)
No prior diagnosis 0(0) 37 (24.3) 3(12) 40 (18.5)
Symptoms in country of origin that led to diagnosis of tuberculosis disease
None 13 (32) 56 (36.8) 9 (38) 78 (36.1)
Unknown 8 (20) 30 (19.7) 7 (29) 45 (20.8)
Known 19 (48) 66 (43.4) 8 (33) 93 (43.0)
Cough 17 (42) 57 (37.5) 6 (25) 80 (37.0)
Fever/headache 9 (22) 25 (16.4) 2(8) 36 (16.7)
Weight loss/poor appetite 2(5) 17 (11.2) 2(8) 21(9.7)
Lymphadenopathy 3(8) 5(3.3) 1(4) 9(4.2)
Cold- or “flu”-like symptoms 1(2) 6 (3.9) 2(8) 9(4.2)
Abdominal pain 1(2) 0 (0.0) 0 (0) 1(0.5)
Vomiting 1(2) 0 (0.0) 0 (0) 1(0.5)
Diarrhea 1(2) 0 (0.0) 0 (0) 1(0.5)
Note: IGRA = interferon-y release assay.
*Thirty-seven children born in India were federally sponsored refugees of Tibetan descent.
1Nine children born in Israel, Saudi Arabia, Italy or Lebanon had migrated to the Philippines before migration to Canada.
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Table 2: Comparison between country of birth and age at
immigration/first clinic visit of children referred for
tuberculosis medical surveillance and evaluated at The
Hospital for Sick Children and those evaluated elsewhere in
Ontario, November 2012 to June 2016
No. (%) of children
Hospital for
Elsewhere Sick Children
Variable n=292* n=216 p value
Country of birth
Philippines 236 (80.3) 157 (72.7) 0.04
India 26 (8.8) 39 (13.4) 0.1
China 8(2.7) 0(0.0) 0.02
Saudi Arabia 3(1.0) 3(1.4) 0.7
Nepal 4 (1.4) 2(0.9) 0.8
Other 15 (5.1) 25 (11.6) 0.02
Age at immigration/first clinic visit, yr
<4 7(2.4) 13 (6.0) 0.06
5-10 35 (11.9) 114 (52.8) < 0.001
11-17 250 (85.0) 89 (41.2) < 0.001
*Aggregate data from Public Health Ontario.

recorded history, 78 (47.0%) of the 166 children were asymp-
tomatic before diagnosis, 80 (48.2%) had cough, 36 (21.7%)
had fever, 21 (12.6%) had weight loss or poor appetite, and 9
(5.4%) had lymphadenopathy.

Investigations before immigration

There was some indication of chest radiographic findings at
the time of tuberculosis diagnosis in 138 tuberculosis-treated
children (Supplementary Table Al, Appendix 1, available at
www.cmajopen.ca/content/6/3/E365/suppl/DC1). Among
67 children with recorded findings at the time of tuberculosis
treatment, the descriptions were “abnormal” (38 [57%]), “pri-
mary complex/Kochs” (6 [9%]) and “normal” (11 [16%]);
12 children (18%) were noted to have hilar changes. During
the last 3 months of the study period, 27 radiographs obtained
in the country of origin were reviewed by SickKids radiolo-
gists, of which 12 were described as normal (Supplementary
Table A2, Appendix 1). Seventy-nine children (37%) had had
a tuberculin skin test performed: for 38, a quantified measure-
ment was recorded (= 10 mm in 31 and < 10 mm in 7), and for
41, the result was reported to be “positive” (33) or “negative”
(8). Gastric aspirate was not obtained in any of the children.
In 26 children (12%), a sputum sample was obtained via
expectoration: 23 specimens (88%) were smear and culture
negative, and 1 specimen (4%) was smear negative and culture
positive; in 3 cases (12%), the result was unknown. In 7 chil-
dren (3.2%), a sputum sample was obtained via induction; all
the specimens were smear and culture negative. Other investi-
gations included computed tomography scans (2 children
[0.9%]), lymph node fine-needle aspiration (1 [0.5%]) and
urine culture for Mycobacterium (1 [0.5%)]).
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The median age at initiation of treatment among the
166 children who had treatment for tuberculosis or latent
tuberculosis infection before immigration was 3.0 years. Immi-
gration medical examination records showed that 111 children
(66.9%) received triple-drug therapy with rifampin, isoniazid
and pyrazinamide, and 3 children (1.8%) received therapy with
rifampin, isoniazid, pyrazinamide and ethambutol. Records
suggested that 16 children (9.6%) received rifampin and isoni-
azid, 1 child (0.6%) received rifampin and pyrazinamide, and
6 children (3.6%) received isoniazid monotherapy.

Investigations and management at SickKids

All children underwent chest radiography at their first
SickKids clinic visit. The radiograph was reported as normal
in 165 (76.4%). Among the 53 radiographs that were noted to
have possible abnormalities or quality issues, the study pediat-
ric radiologist deemed 22 as normal; none of these children
had a positive IGRA result (Table 3). Twenty-seven radio-
graphs had questionable abnormalities, and 4 children had
abnormalities according to a structured classification:® a
12-year-old with an enlarged intrathoracic lymph node, an
11-year-old with upper lobe areas of lucency, a 13-year-old
with a possible granuloma and an 8-year-old with hilar
changes.

In total, 176 children (81.5%) (92% of those evaluated in
2016 and 60% of those evaluated from 2012 to 2015) had an
IGRA, of whom 24 (13.6%) had a positive result and 152
(86.4%), a negative result. Negative IGRA results were found
in 110/130 (84.6%) of those with a history of prior treatment
for tuberculosis disease or infection. Twenty-nine children
(13.4%) had a tuberculin skin test performed in Canada, of
whom 6 (21%) had induration greater than 10 mm; all 6 had a
history of bacille Calmette-Guérin vaccination. Three chil-
dren (1.4%) had expectorated sputum collected in clinic; all

Table 3: Findings on radiographs obtained at the initial
Hospital for Sick Children clinic visit
No. (%) with
No. of positive IGRA
Finding children result
Any abnormality 53 4(8)
Abnormal on second review 31 4 (13)
Suggestive of tuberculosis*
Intrathoracic lymphadenopathy 3 1(33)
Parenchymal disease 1 0(0)
Questionable abnormality
Peribronchial thickening 13 1(8)
Nodule/vessel 1(17)
Atelectasis 0(0)
Othert 4 1(25)
Note: IGRA = interferon-y release assay.
*Using criteria of Graham and colleagues.?
tIncludes possible pleural thickening (2 children), question of calcified nodule
(1 child) and possible areas of lucency (1 child).




specimens were smear and culture negative. Three children
(1.4%), all federally sponsored refugees without prior tubercu-
losis treatment, had a positive QuantiFERON-TB Gold test
result and were treated for latent tuberculosis infection. No
child received a diagnosis of or was treated for active tubercu-
losis at or following assessment at SickKids.

Of the 114 children initially seen in the first 30 months of
the study period, 95 (83.3%) had at least 1 follow-up clinic
evaluation, including chest radiography, after a median
interval of 3.5 months from the initial visit, and 69 (60.5%)
had a second clinic evaluation and chest radiography. A total
of 138 (79.8%) of the 173 children seen in the first 3 years
had at least 1 follow-up evaluation. For the 73 children
(33.8%) officially discharged, the mean length of follow-up
was 10 (standard deviation 10.5) months. New tuberculosis
infection or disease was not diagnosed in any child during
the follow-up period.

Predictors of positive interferon-y release assay result
On univariate analyses, only contact with an infectious source
case of tuberculosis and age at treatment (< 4 yr, 5-16 yr)
were significantly associated with a positive IGRA result
(Table 4). On multivariate logistic regression, older age at
first clinic visit as a continuous variable (odds ratio 2.98, 95%
confidence interval 1.24-8.30) and contact with a known case
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of tuberculosis (odds ratio 5.97, 95% confidence interval
2.06-17.52) remained significant risk factors for a positive
IGRA result (Table 4).

We present data for a cohort of children referred for tubercu-
losis medical surveillance to a regional tuberculosis program
that receives more than 40% of all such pediatric referrals in
Ontario. We found that most referrals were made because of
a history of tuberculosis disease, few of this cohort had evi-
dence of tuberculosis infection or past disease, and evaluation
did not detect active tuberculosis in any referred child.

In contrast to adults referred for tuberculosis medical sur-
veillance,® only 1.4% of referrals among our cohort were
because of radiographic abnormalities. On evaluation at
SickKids, most children had normal radiographs, and the
remainder had minor or questionable changes; evidence of
intrathoracic lymphadenopathy or calcification, the hallmarks
of childhood tuberculosis,® was rare. After review by a second
radiologist using a structured classification,® only 4 children
were found to have radiographic abnormalities suggestive of
tuberculosis. Radiographic abnormalities often persist after
treatment for tuberculosis disease in children, with only one-
third of children having normal chest radiographs at the

Table 4: Predictors of a positive result of the interferon-y release assay (QuantiFERON-TB
Gold)
IGRA result; no. (%)
of children OR (95% ClI)
Negative Positive Univariate Multiple logistic

Characteristic n=152 n=24 analysis regression
Age at first visit, yr

<10 91 (59.9) 10 (42) Reference -

11-17 61 (40.1) 14 (58) 0.48 (0.20-1.15) -

Continuous (older) - - 2.98 (1.24-8.30)
Age at treatment, yr

<4 76 (50.0) 9 (38) 2.81 (1.07-7.43) -

5-16 33 (21.7) 11 (46) Reference -
Known tuberculosis contact

No 138 (90.8) 16 (67) Reference Reference

Yes 14 (9.2) 8 (33) 4.93 (1.79-13.55)  5.97 (2.06-17.52)
Abnormal chest
radiograph*

No 132 (86.8) 20 (83) Reference -

Yes 20 (13.2) 4(17) 0.76 (0.23-2.45) -
Prior treatment

No 42 (27.6) 4 (17) Reference -

Yes 110 (72.4) 20 (83) 1.91 (0.61, 5.91) -
Note: Cl = confidence interval, IGRA = interferon-y release assay, OR = odds ratio.
*On second review.
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completion of treatment in a study in Texas.” The absence of
such abnormalities suggests that many in this cohort did not
ever have tuberculosis disease. Few of the 166 children treated
for tuberculosis had undergone diagnostic microbiologic
investigations in their country of origin, and in only 1 child
was the sputum sample culture positive. Pediatric tuberculosis
is often paucibacillary, and diagnosis is difficult. Investigations
may be expensive and difficult to access in many countries, but,
in contrast, over 40% of pediatric tuberculosis cases in North
America have positive culture results.”'® In addition, only 15%
of children with a history of tuberculosis in our cohort had a
positive IGRA result. Denkinger and colleagues!! found that,
in 87% of adults with a positive IGRA result in Montreal, pos-
itivity persisted at the end of treatment for tuberculosis disease,
and IGRA positivity was found in 70% of patients with a
remote history of tuberculosis evaluated in a Norwegian tuber-
culosis clinic.’? In a US study, all health care workers with a
positive result of the QuanttFERON-TB Gold assay treated
for latent tuberculosis infection still had a positive result at the
end of treatment.”® Persistence of a positive tuberculin skin test
result was shown 3-9 years following treatment for latent
tuberculosis infection.'* Given that both the tuberculin skin
test and the IGRA depend on immunologic memory of
M. tuberculosis, it is likely that a much greater proportion of
IGRA results would have remained positive if most of our
cohort truly had tuberculosis infection or disease. The most
significant predictor of a positive IGRA result was known con-
tact with an infectious source case, the most important known
predictor of tuberculosis infection.” This further validates the
IGRA as a useful investigative tool and emphasizes the impor-
tance of taking a detailed contact history as part of the screen-
ing process. Increasing age was weakly associated with IGRA
positivity, which has been described elsewhere.!¢

Most of the children in our cohort were born in and/or
migrated from the Philippines and had been treated for tuber-
culosis. Our findings suggest that many children are treated
without strong evidence of disease. Frequently, the immigra-
tion medical examination recorded a diagnosis of “primary
complex tuberculosis,” but no child with that diagnosis had
microbiologically proven tuberculosis. Yasseen and colleagues®
showed very different rates of tuberculosis diagnosis in chil-
dren immigrating from countries with comparable overall inci-
dence of tuberculosis: 2.3% of children immigrating from the
Philippines had a tuberculosis diagnosis, compared to 0.06% of
those immigrating from Pakistan. The 2016 tuberculosis inci-
dence in these countries was 322/100 000 and 270/100 000,
respectively.”” Our study adds clinical detail to these data and
confirms that, based on chest radiograph findings and IGRA
results, most of the referred children had no evidence of tuber-
culosis. The Canadian immigration medical examination for
children, which involves only history-taking and a physical
examination, generates most surveillance referrals because of a
past diagnosis of tuberculosis. We found that, for this cohort,
prior tuberculosis diagnosis was a poor marker of past tubercu-
losis disease or latent tuberculosis infection, and that the cur-
rent process results in burdens to many families and health
care services without identifying cases.
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Limitations

Our study was retrospective, although some data were col-
lected prospectively at the time of the first clinic visit. The
validity of recorded data has not been formally assessed. Data
from the countries of origin, including details about why chil-
dren were treated for tuberculosis, were sparse. Furthermore,
most, but not all, children had an IGRA at our centre,
although this was related to availability of the test. Our cohort
was fairly representative of all pediatric tuberculosis medical
surveillance referrals in Ontario, although it included more
young children and fewer adolescents. Since most of the chil-
dren referred to SickKids and elsewhere in Ontario were born
in the Philippines, our findings may not be generalizable
nationwide owing to differing migration patterns in various
Canadian provinces.

Conclusion

Our study identifies several problems with the current tuber-
culosis medical surveillance system for children. First, the ini-
tial clinical visit had limited utility in diagnosing tuberculosis.
No child was treated for tuberculosis disease as a result of our
evaluation, and treatment for latent tuberculosis infection,
prescribed in 3 cases, resulted from the IGRA, which is cur-
rently not part of the immigration medical examination or
tuberculosis surveillance process. Second, follow-up visits also
failed to identify reactivated or incident cases. Third, contact
with an infectious case of tuberculosis is highly predictive of a
positive IGRA result, which highlights the importance of
obtaining a detailed history regarding contact with tuberculo-
sis during the immigration medical examination and after
immigration. Ultimately, we found that the current system
did not identify children with tuberculosis disease in this
cohort, either at first visit or at follow-up. Relying on a history
of treatment as the major driver of tuberculosis surveillance
results in overreferral of children from countries with high
rates of empiric treatment. Consideration should be given to
approaches including pre- or postimmigration testing for
infection with a tuberculin skin test or IGRA, especially in
populations at high risk for infection.! Our findings suggest
that a better system needs to be designed and assessed to find
a balance among identifying those at risk for tuberculosis,
protecting public health, and minimizing undue burden on
children, families and the health care system.
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