
Paediatr Child Health Vol 8 No 3 March 2003162

CME ARTICLE

A clinical approach to
paediatric tuberculosis in

Canada

Ian Kitai FRCPC1,2,3, Patricia Malloy RN MSN CNS-NP1

1Division of Infectious Diseases, The Hospital for Sick Children, 2Department of Pediatrics, Faculty of Medicine, University of Toronto,
3Department of Pediatrics, Rouge Valley Health System, Toronto, Ontario

Correspondence and reprints: Dr Ian Kitai, Division of Infectious Diseases, The Hospital for Sick Children, 555 University Avenue, Toronto,
Ontario M5G IX8. E-mail ianwilkitai@rogers.com

I Kitai, P Malloy. A clinical approach to paediatric tuberculosis
in Canada. Paediatr Child Health 2003;8(3):162-172.

OBJECTIVE: To review clinical aspects of management of
tuberculosis (TB) infection and disease in Canadian children in
the context of the global TB epidemic and the rising incidence of
drug-resistant TB.
DATA SOURCES: Original and review articles pertinent to:
epidemiology of TB globally and in Canada; management of
latent TB infection and TB disease in children; diagnostic tests
for latent TB infection and TB disease; and management of drug-
resistant TB disease. Multiple Medline searches were used includ-
ing combinations of the MeSH terms ‘Tuberculosis*’ (and its
multiple subheadings), ‘Child*’, ‘Drug Resistance’,
‘Mycobacterium tuberculosis*’ and ‘Canada/epidemiology*’. Select
relevant textbooks were reviewed.
DATA SELECTION AND EXTRACTION: The articles were
analyzed from the perspective of clinicians managing children in
Canada today, and from our experience of managing children
with TB in Southern Ontario.
DATA SYNTHESIS: TB in Canada is largely a disease of the
foreign-born and their children, but continues to occur in aborig-
inal children. Drug resistance is increasing globally and in
Canada. Most children with TB disease in Canada are asympto-
matic and found through contact tracing. False positive skin tests
are frequent where TB prevalence is low.
CONCLUSIONS: Obtain source case drug sensitivities when
treating TB contacts and those with latent TB infection. Obtain
cultures before treating TB disease and treat disease with at least
four antituberculous drugs while awaiting sensitivities. Use
Directly Observed Therapy for TB disease. Confine TB skin test-
ing to children at high risk for TB infection or disease, including
contacts of infectious patients and recent immigrants. A team
approach and infection control measures including environmen-
tal controls are important in managing TB disease.
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Une démarche clinique face à la tuberculose pédia-
trique au Canada
OBJECTIF : Examiner les aspects cliniques de la prise en charge de la
tuberculose (TB)-infection et de la TB-maladie chez les enfants cana-
diens dans le contexte de l’épidémie mondiale de TB et de l’incidence
croissante de TB résistante aux médicaments. 
SOURCES DE DONNÉES : Des articles originaux et des exposés de
synthèses portant sur l’épidémiologie de la TB dans le monde et au
Canada, la prise en charge de la TB-infection latente et de la TB-maladie
chez les enfants, les tests diagnostiques de l’infection latente et de la ma-
ladie et la prise en charge de la maladie résistante aux médicaments. Des
recherches multiples dans Medline ont été utilisées, y compris les combi-
naisons suivantes de termes tirés du thésaurus MeSH : « tuberculosi* » (et
ses multiples sous-titres), « child* », « drug resistance, Mycobacterium
tuberculosis* » et « Canada/epidemiology* ». Des manuels sélectionnés
pertinents ont été examinés.
SÉLECTION ET EXTRACTION DE DONNÉES : Les articles ont
été analysés selon la perspective de cliniciens qui soignent des enfants au
Canada aujourd’hui et selon notre expérience du traitement d’enfants
atteints de TB dans le sud de l’Ontario.
SYNTHÈSE DE DONNÉES : La TB au Canada est en grande partie
une maladie des personnes nées en pays étranger et de leurs enfants, mais
elle continue de sévir chez les enfants autochtones. La résistance aux
médicaments augmente à l’échelle mondiale et au Canada. La plupart des
enfants atteints de TB-maladie au Canada sont asymptomatiques et ont
été dépistés par recherche de contacts. Les faux positifs cutanés sont
courants dans les régions où la prévalence de TB est faible.
CONCLUSIONS : Obtenir la réactivité aux médicaments du cas source
au moment de traiter les contacts de TB et les personnes atteintes d’une
TB-infection latente. Obtenir des cultures avant d’amorcer un traitement
pour la TB-maladie et traiter la maladie à l’aide d’au moins quatre antitu-
berculeux en attendant les résultats de la réactivité. Utiliser le traitement
sous observation directe de la maladie confirmée. Réserver les tests
cutanés de TB aux enfants à haut risque de TB-maladie, y compris les con-
tacts des patients infectieux et des immigrants récents. Une démarche
multidisciplinaire et des mesures de contrôle de l’infection, y compris des
contrôles environnementaux, s’imposent dans la prise en charge de la TB-
maladie.



Paediatricians practising in Canada commonly have to
decide whether to screen children for infection with

tuberculosis (TB). We also may treat children who have
been exposed to patients with infectious TB or manage
children with suspected or proven TB disease.

This article is meant to supplement recent excellent
reviews of the pathogenesis and management of TB in
childhood (1-4), including the Canadian Tuberculosis
Standards (3), which is freely accessible on the Internet.
We hope to discuss childhood TB in Canada in the context
of rising drug resistance (5) and rising worldwide preva-
lence (6), and outline some of the evidence on which our
‘recipes’ for management are based. The accompanying
clinical scenarios and quiz (pages 171-172) are based on
cases seen in Southern Ontario.

It is estimated that worldwide one in three people alive
today are infected with Mycobacterium tuberculosis (6). Most
are well and latently infected but are at risk for progression
to TB disease. In 1997, the World Health Organization esti-
mated there were eight million new cases of active TB and
approximately 1.9 million deaths from TB (6). However,
this number, largely based on sputum smear examination,
likely excluded many children with active disease (7).
Childhood TB is often extrapulmonary and paucibacillary,
and many children are unable to produce sputum (4,7).

The incidence of TB in Canada has declined dramati-
cally since the 1930s, especially in Canadian-born individ-
uals (8). TB in Canada is predominantly a disease of
foreign-born people and their children (8). Over 75% of
active cases are confined to the urban areas of Ontario,
Quebec and British Columbia. TB continues to occur in

status Indians and Inuit, especially in Manitoba,
Saskatchewan and the Northwest Territories. Although
rates of TB disease continue to decline, case rates in chil-
dren younger than five years of age are actually increasing
(8).

PATHOGENESIS AND DEFINITIONS
The stages in the pathogenesis of TB in childhood and
accompanying clinical features are briefly summarized in
Figure 1.

Children typically inhale infectious particles expelled by
another person, usually an adult, with active pulmonary dis-
ease (4,9). Transplacental transmission leading to true con-
genital TB is rare (10). Rarely, the skin or gastrointestinal
tract may be the site of inoculation.

A primary reaction often occurs, consisting of a small
parenchymal lesion and regional lymphadenopathy. Bacilli
may now spread widely to the lung apices, liver, spleen,
meninges, pleura and bone. These may form the site of
reactivation TB; less commonly, meningitis, miliary or oth-
erwise disseminated disease develops within three to
six months of the primary infection. This especially occurs
in children younger than four years of age (11).
Occasionally, the primary complex may enlarge and caseate
immediately, or nodes may enlarge and either compress a
bronchus or erode through, leading to wheezing and seg-
mental pneumonia or atelectasis (12,13).

In the majority of children, however, the parenchymal
and node portions heal by fibrosis and sometimes calcify.
Some TB bacilli remain dormant, contained by host defens-
es, and may reactivate later. This dormant state constitutes
latent infection (1).

Most children infected with M tuberculosis have latent
infection. Whereas about 10% of infected adults will develop
active disease over a lifetime (14), up to 40% of young chil-
dren may progress to disease following infection, and much
of this is extrapulmonary or disseminated (11,14).

Latent TB infection
A child with latent TB infection (LTBI) is said to have a
few bacilli sequestered somewhere in the body in a dormant
state. We define this practically as a child with a positive
tuberculin skin test (TST), no physical findings of disease,
and a chest radiograph that is either normal, or only has
granulomas or calcification (1,15). A central problem with
this approach is the absence of a gold standard for a diagno-
sis of LTBI; the TST may not identify all those at risk for
disease (16).

Because most children acquire TB from adults, risk fac-
tors for infection follow the epidemiology of TB disease in
the adult population (1,3,17). In Canada this is most com-
monly related to immigration from a country with a high
prevalence of TB (8).

TB disease
TB disease occurs when signs and symptoms or radiograph-
ic manifestations caused by M tuberculosis appear. Disease
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Figure 1) Stages in the pathogenesis of childhood tuberculosis and
related clinical features. esp Especially; TB Tuberculosis



may be pulmonary, extrapulmonary or both.
Risk factors for progression to disease include age, espe-

cially younger than four years; immunosuppression, includ-
ing human immunodeficiency virus (HIV) infection; and
diabetes mellitus (1). Recently, the anti-tumour necrosis
factor alpha agents infliximab and etanercept have been
associated with risk for aggressive and unusual TB disease
(18).

Although we distinguish between infection and disease,
they are somewhat arbitrary points along a spectrum of
increasing bacterial load (15). The higher this load, the
greater the need for multiple drugs to prevent resistance
and ensure cure (4,15).

CLINICAL PRESENTATION OF TB DISEASE
Most children with TB disease in North America are
asymptomatic and are discovered as part of investigation of
adult contacts. Typically these children have x-ray abnor-
malities but appear entirely well, without clinical signs
(17).

In contrast, children in resource-poor, high incidence
countries, where screening is not widely available, are iden-
tified because of significant involvement of almost any
organ system (19). This pattern is also seen in Canada,
chiefly in immigrant children.

Older children and adolescents are more likely to expe-
rience reactivation disease, and often have a classic triad of
symptoms: fever, weight loss and night sweats. However,
signs are still unusual and may be quite subtle (20).

Miliary disease is much more common in young infants
(21) and immunocompromised individuals (22). Miliary
refers to diffuse tiny nodules, similar in size to millet seeds,
that are seen on x-ray. Hepatosplenomegaly and weight loss

are frequent, as is hemophagocytosis. The TST is often neg-
ative (21,22).

Children co-infected with HIV and TB have an acceler-
ated progression from infection to TB disease. Co-infected
adults often have atypical presentations with extrapul-
monary disease, but children with HIV infection usually
present with typical childhood disease (23). The skin test is
often negative: a search for an infectious adult or adolescent
is an important clue to diagnosis (4).

DIAGNOSTIC TESTS
TST
The TST has changed little for almost a century (24). The
Mantoux test is the only standardized test that should be
used but has many limitations. Purified protein derivative
(PPD), an extract of over 200 antigens, some of which are
common to M tuberculosis, Mycobacterium bovis and envi-
ronmental mycobacteria is injected intradermally (25).
This elicits a cutaneous delayed hypersensitivity response in
sensitized individuals. The result is read at 48 to 72 h. False
negative tests occur in up to 10% of children with TB dis-
ease (26). False positive tests are common, especially in
areas of low prevalence of TB (27). The definition of a pos-
itive test is somewhat arbitrary but depends on both the size
of the reaction and the risk factors for LTBI. Interpretation
of results differs between Canadian and American guide-
lines (Tables 1,2) (1,28). Practically, an induration of 5 mm
or greater is regarded as positive in children exposed to TB
disease, while 10 mm or more is considered positive in chil-
dren born in endemic countries. Although Bacille
Calmette-Guerin (BCG) immunization may influence the
results, especially for boosted reactions, most children will
lose tuberculin reactivity after three years (4,27,29).
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TABLE 1
Interpretation of tuberculin skin test (TST) results: American guidelines
TSTs should be read at 48 to 72 h after placement

Induration more than 5 mm

Children in close contact with known or suspected contagious cases of tuberculosis disease

Children suspected to have tuberculosis disease:

– Chest radiograph consistent with active or previously active tuberculosis

– Clinical evidence of tuberculosis disease

Children receiving immunosuppressive therapy or with immunosuppressive conditions, including human immunodeficiency virus infection

Induration more than 10 mm

Children at increased risk of disseminated disease:

– Young age (younger than four years)

– Other medical conditions, including Hodgkin disease, lymphoma, diabetes mellitus, chronic renal failure or malnutrition 

Children with increased risk of exposure to tuberculosis disease:

– Born or whose parents were born in high-prevalence regions of the world

– Frequently exposed to adults who are infected with human immunodeficiency virus, homeless, users of illicit drugs, residents of nursing 

homes, incarcerated or institutionalized, and migrant farm workers

– Travel and exposure to high prevalence regions of the world

Induration less than 15 mm

Children four years of age or older without any risk factors

Data from reference 1



Because BCG vaccine is frequently used in areas with high
rates of transmission of TB, a history of BCG vaccination is
generally ignored when administering and interpreting a
TST (1,4). The technique for performing and reading the
test is as follows.
TST technique: Introduce 0.1 mL of tuberculin (5 tuber-
culin units) just under the top layer of skin (intradermally)
on the forearm. To ensure the child holds still, a second per-
son may be needed to stabilize the arm of young children.
Use a short, disposable, 26-gauge needle, with the needle
bevel facing upward. Injections should raise a discrete skin
elevation (a wheal) 6 to 10 mm in diameter. Label new vials
of tuberculin on opening and discard after one month.
Instruct the patient not to rub, scratch, or put a bandage on
the test site. The area may be washed and patted dry. To
avoid false negative reactions, administer skin tests on the
same day as, or at least six weeks after, measles-mumps-
rubella vaccine.

Ensure that only a trained health worker reads the test
result 48 to 72 h after administration. Measure only the
hard, swollen area, known as induration, at its widest point
using a flexible ruler. Do not measure any redness. Record
the size of the induration in millimeters. If there is no
induration, record the result as ‘0 mm’. A reporting form is
helpful to ensure the result reaches the patient’s record.

Newer tests for LTBI
Newer tests for LTBI attempt to overcome the problems
associated with TSTs, including the need for return visits
for reading, and the effect of BCG immunization on test
results. Evaluation of these tests is complicated by the lack
of a gold standard for LTBI. The QuantiFERON-TB, a
whole-blood assay, measures interferon gamma production
when PPDs of mycobacteria are incubated with venous
blood samples (30). Guidelines for its use and interpreta-
tion have recently been published by the Centers for
Disease Control and Prevention (31), but the test has not
been evaluated in children. Although its performance may
be better than the TST, the test still has problems of speci-
ficity when M tuberculosis-PPD is used as the antigen (32),
and has had disappointing results in populations with a
high rate of TB (33). A similar test using early secretory
antigenic target (ESAT-6), an antigen specific to M tuber-

culosis (and not found in BCG), may hold more promise for
the future (25). As IFN production is often suppressed in
TB disease, both tests are not helpful in the detection of
disease caused by M tuberculosis (31).

Chest x-rays
Chest x-rays are important but may be difficult to interpret
in a young child. A lateral view is important to evaluate for
hilar lymphadenopathy, a hallmark of primary TB (34)
(Figures 2,3). Parenchymal lesions may be anywhere in pri-
mary disease and are typically, but not always, apical in
reactivation disease (35,36) (Figures 4,5).

Magnetic resonance and computed tomography
Magnetic resonance and computed tomography typically
show basal cistern inflammation enhancement in central
nervous system disease (37). Skeletal TB typically has min-
imal periosteal reaction on x-ray (38).

Gastric aspirates
Gastric aspirates are used to obtain respiratory specimens in
children who are unable to expectorate (usually younger
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TABLE 2
Canadian tuberculosis standards: interpretation of tuberculin test

Tuberculin reaction
(induration [mm]) Setting in which reaction was considered significant (meaning probable tuberculosis infection)

0-4 Human immunodeficiency virus infection and/or expected risk of tuberculosis infection is high (eg, patient is an 

immigrant from a country where tuberculosis is endemic, is a household contact, or has an abnormal 

radiograph). This reaction size is not normally considered significant, but in the presence of immune 

suppression may be important

5-9 Human immunodeficiency virus infection

Close contact of active contagious case

Abnormal chest radiograph with fibronodular disease 

10 All others

Data from reference 28

Figure 2) Lateral chest x-ray showing marked hilar lymphadenopathy
in a child with primary tuberculosis



than 10 or 12 years of age). They are probably more effec-
tive than bronchoalveolar lavage in mucus culture of chil-
dren with smear negative TB (39).
Some tips: During sleep the mucociliary mechanism in
their respiratory tract sweeps mucus, which may contain TB
bacilli, into the mouth. The material is swallowed and may
be a source of organisms, especially if the stomach has not
emptied.

Obtain aspirates after a long sleep, at least 6 h, and before
the stomach has emptied. Patients should not drink or eat

anything overnight to prevent the stomach emptying; avoid
exposure to the smell or sight of food, which may encourage
gastric emptying. The ideal time is just at the time of waking.
Aspirate the stomach contents first, then instill no more
than 50 mL of sterile distilled water – the type used for infant
feeding is suitable – aspirate back and add the aspirate to the
first specimen. As soon as possible, place specimens in a gas-
tric lavage kit for M tuberculosis. There is a special buffer, usu-
ally sodium carbonate, in the tube that is essential to prevent
rapid death of the organisms.

Sputum induction
Sputum induction using hypertonic saline may be helpful in
older children with pulmonary lesions who are not able to
expectorate (40). Facilities need to be in place to protect
the health worker or respiratory therapist from the droplets
generated by this procedure (41).

Cultures
Current culture methods are confirmed positive more rapid-
ly than with older techniques and are often reported posi-
tive within two weeks (42). Nucleic acid amplification tests
using polymerase chain reaction have great specificity for
M tuberculosis (43). Tests such as the Amplified
Mycobacterium Direct and polymerase chain reaction, if
positive on sputum, are very strong evidence for M tubercu-
losis infection (44), but may have limited use in children
with paucibacillary disease (45). Conversely, a negative
result in a specimen that has numerous acid-fast bacilli on
direct smear strongly suggests that the infection is with
mycobacteria other than TB.
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TABLE 3
Drugs used for the treatment of tuberculosis (TB) in children

Medication Daily dose *Intermittent twice weekly dose Available dosage forms Adverse reactions

Isoniazid (INH) 10-20 mg/kg† 20-30 mg/kg 10 mg/mL suspension Hepatitis
(max 300 mg) (max 900 mg) 100 mg tablet Gastritis

300 mg tablet Neuropathy
(see pyridoxine below)

Hypersensitivity 

Rifampin 10-20 mg/kg 10-20 mg/kg 10 mg/mL suspension Vomiting
(max 600 mg) (max 600 mg) (reconstituted shelf life: 1 month) Hepatitis

150 mg caplet Flu-like illness
300 mg caplet

Pyrazinamide 15-30 mg/kg 50-70 mg/kg 500 mg scored tablet Hepatotoxicity
(max 2 g) (max 4 g) Hyperuricemia

Arthralgia 

Ethambutol 15 mg/kg‡ 50 mg/kg 100 mg tablet Optic neuritis
400 mg tablet GI disturbance

Pyridoxine 0.1-1 mg/kg/day 25 and 50 mg tablets Few. Used to prevent INH
(Note: has no neuropathy where diet is 
anti-TB activity) pyridoxine deficient (eg,

milk- and meat-deficient 
diets, and in breastfed 
and lactating patients)

*Intermittent doses are prescribed when Directly Observed Therapy is available. INH and rifampin suspension is usually dispensed in the concentration of
10 mg/mL; †Hepatotoxicity is greater when INH doses are greater than 10 to 15 mg/kg/day; ‡For ethambutol, 15 mg/kg/day is the preferred dose because there is
less risk of optic neuritis. At this dose, ethambutol is bacteriostatic, but it will help to prevent the development of resistance. It is bactericidal at a dose of 25
mg/kg/day. GI Gastrointestinal; max Maximum

Figure 3) Posteroanterior x-ray of the same child as in Figure 2



APPROACHES TO TREATMENT
The problem with antimicrobial resistance
There has been a significant increase in the incidence of
drug-resistant TB both globally and in Canada (5,46,47).
Resistance is chromosomally mediated, and a small propor-
tion of bacilli will be inherently resistant to any one agent.
When large bacterial populations are exposed to a single-
agent resistance invariably occurs rapidly due to an over-
growth of nonsusceptible bacilli (48). Interruptions in the
drug therapy, improper drug prescription and nonadherence
to treatment protocols promote drug resistance. Treatment
must take into account the possibility of resistance and
include at least two drugs, preferably three, to which the
isolate is proven or anticipated to be susceptible (48).

Medications
The drugs most commonly used for treating TB are listed in
Table 3. These, together with an aminoglycoside such as
streptomycin, constitute first line drugs.

Management of contacts
Close contacts of adults with infectious TB are at high risk
for infection and for progression to disease. Because it may
take up to three months for skin tests to become positive,
we provide preventive therapy to young children as soon as
they are identified, irrespective of skin test results. Exposed
patients require a careful history and physical examination
as well as a TST and chest radiograph. It is vital to obtain
the sensitivities of the index strain. In the authors’ experi-

ences this may take more than one phone call (for example
to the public health department, the physician treating the
adult or the central public health laboratory).

If the initial TST is positive (5 mm or more for close
contacts) and you have ensured no disease is present, treat
the infant or child with a full course of therapy for LTBI,
choosing a regimen based on the sensitivities of the contact
strain (see below).

If the initial TST is negative, evaluate for clinical dis-
ease. If no disease is present, give preventive therapy for all
young contacts (typically younger than five years). Isoniazid
(INH) is used for INH-sensitive contacts and rifampin for
INH-resistant rifampin-sensitive disease. Retest those with
an initial negative TST 12 weeks after the last contact. If
the TST is still negative, discontinue preventive therapy. If
the TST result becomes positive, completely re-evaluate
the child for the presence of disease and treat for LTBI if no
disease is present.

Treatment of LTBI
Latently infected children are at risk for reactivation TB
both soon and in the remote future. Several well-controlled
randomized controlled trials have shown INH to be very
effective in reducing the progression to disease both over
one year and in the long term (49-51). Nine months of
treatment is estimated to reduce the risk of this progression
by over 80% (1).

If the contact strain is known to be INH-sensitive, use
INH 10 mg/kg/day (maximum of 300 mg/day) for nine
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Figure 4) Typical cavitary apical disease in an adolescent
Figure 5) Bilateral  infiltrates in an adolescent with smear positive pul-
monary tuberculosis. Note that upper lobe disease may be minimal



months. Routine monitoring of blood transaminases is not
recommended; however, advise parents that the medicine
should be withheld and medical attention sought if anorex-
ia, nausea, vomiting or jaundice occurs. In addition, the
patient should be seen by a physician monthly to evaluate
for toxicity. Pyridoxine supplementation is given to select
children receiving INH (Table 3).

If the source patient is known to have INH resistance,
consultation with an infectious diseases expert is advised. In
general, provided disease has been excluded, treat with
rifampin daily for six months, or twice weekly for nine
months. Directly Observed Therapy (DOT) is recommend-
ed for all contacts of patients with resistant TB. There is
only one randomized controlled trials of rifampin as pre-
ventive therapy (52), but in experimental models, rifampin
is better at dealing with latent TB organisms than INH
(53).

There are no data regarding treatment of LTBI where the
source patient has multidrug-resistant (MDR) TB, defined
as INH- and rifampin-resistant TB. In this situation it is
crucial to exclude disease. We use gastric aspirates or
induced sputum and computed tomography if there is any
question about the chest x-ray appearance. It may some-
times be preferable to withhold preventive therapy and
reserve drugs for treatment of the disease should it develop.
If prophylaxis is used, choose two agents to which the
source patient’s strain is susceptible (eg, pyrazinamide and
ethambutol, or in the older child or adult, pyrazinamide and
a quinolone) for six to 12 months. Preventive DOT is
mandatory.

The authors also consider BCG immunization for very
young infants whose parents have MDR TB and are at high
risk for relapse.

If the source patient is unknown, the authors offer treat-
ment for LTBI with INH only. As the prevalence of INH
resistance rises this policy may have to be reviewed. A
recent decision analysis suggests that rifampin-based 
regimens may be a better choice for prophylaxis in those
emigrating from countries with a high incidence of drug-
resistant TB (54).

Treatment of TB disease
A team approach is very helpful in evaluating and treating
children with TB disease. The authors’ team includes physi-
cians, one of whom has a specific interest in TB, a clinical
nurse practitioner, a clinic nurse, a public health nurse who
attends all clinics, a social worker and translator services. In
treating disease, the following principles have been found
to be helpful.

• Ensure patients are well informed and feel like
partners in the therapy. Inform patients about
reasons for therapy, drug side effects and monitoring.
Wherever possible, information should be written
and culturally sensitive. Where possible, involve a
social worker early in patient assessment. We
routinely offer social work contact to all patients.

Use translators wherever necessary. Use a telephone-
based translation service, if available, when a reliable
translator cannot be obtained locally.

• Protect yourself and your patients (41). MDR TB has
spread from patients to other patients and health
care workers (55). Until screened, regard all new
adolescent patients and adults accompanying
patients as potentially infectious, as well as all
children with extensive or cavitary disease. Use TB
precautions, including N95 masks. Have an annual
TST. Ensure all potentially infectious patients and
adults are immediately placed in a negative pressure
room (41).

• Use DOT for treatment. DOT is the most important
advance in the past decade in ensuring cure and
preventing resistance (56). Optimally all patients
with TB disease should receive DOT. This often
depends on the resources of the local health
department: paediatricians should advocate DOT
where it is unavailable. In children being treated for
resistant TB, DOT is mandatory.

• Obtain specimens before beginning therapy for TB
disease. Because we can no longer predict the
sensitivities of the strain we are treating, make every
attempt to obtain cultures before starting therapy for
TB disease. Gastric aspirates, or sputum if the child is
old enough, should be obtained on three separate
days from all children with suspected abnormal chest
x-rays and submitted for acid-fast bacilli, a rapid
amplification test for TB (eg, the Amplified
Mycobacterium Direct), cultures and drug
susceptibilities. For extrapulmonary TB, obtain the
relevant specimens depending on the site of disease:
biopsies (eg, lymph nodes, pleura and pleural fluid,
and skin), cerebral spinal fluid or early morning
urine. Ensure the specimens are suitable for TB
culture and are not placed in preservatives. In other
instances, the adult isolate is the best available
information for guiding therapy. Treatment with an
insufficient number of drugs to which the strain is
sensitive may result in partly resistant TB being
converted into MDR disease.

• Unless sensitivities are known begin therapy with at
least four drugs. Unless contraindicated, use INH,
rifampin, pyrazinamide and ethambutol. When
ethambutol is used at a dose of 15 mg/kg/day there is
a very small risk of optic neuritis (57). Once
sensitivities are obtained, modify therapy.

• For fully sensitive TB, discontinue ethambutol, and
give INH and rifampin for six months, together with
pyrazinamide for the first two months. In sputum-
positive cases, pyrazinamide should be continued
beyond two months until cultures convert.
Meningeal, disseminated and osseous TB require a
longer duration of therapy, just as does therapy of
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disease in the HIV-infected child.
• Isolated INH resistance is increasingly common. Use

rifampin, pyrazinamide and ethambutol for the
duration of treatment. If the patient has extensive
disease, consider adding a fourth agent – a
fluoroquinolone, an aminoglycoside or capreomycin.
Treatment is six to nine months, or six months after
culture conversion (whichever is longer) for HIV-
seronegative patients.

• Management of other resistance patterns includes
the use of at least four drugs initially. Wherever
possible use two bactericidal drugs to which the
isolate is sensitive. Do not use intermittent therapy
regimens for resistant disease. Unless the isolate is
rifampin-sensitive, it may take 12 to 24 months of
therapy to effect a cure: rifampin should not be
discontinued because of minor side effects. In general
do not treat resistant TB without obtaining expert
consultation.

• Children receiving aminoglycosides require
meticulous attention to monitoring of hearing, drug
levels and serum urea and creatinine (tested weekly
initially). In the authors’ experience, administration
via a long line (eg, a percutaneously inserted central
line) is kind to the child and allows weekly blood
work to be done without pain. The necessary
supports need to be in place for line care. Ensure
blood volumes for tests are as small as possible,
monitor hemoglobin periodically, and supplement
with iron where necessary.

• Children receiving ethambutol require monitoring of
vision at least monthly, especially when the dose is
greater than 15 mg/kg/day. Of second line agents,
ethionamide is usually well tolerated by children.
Ciprofloxacin has modest efficacy, but an oral
suspension is readily available.

Extrapulmonary: meningitis, disseminated (miliary),
bone or joint disease
In meningeal, disseminated and skeletal TB, treatment
may be prolonged for 12 to 18 months. Regimens are
based on the sensitivities of the isolate. Corticosteroids
are an important adjunct in the management of TB
meningitis (58,59) and endobronchial TB (13,59), and
produce at least short term benefit in tuberculous peri-
carditis (59).

SCREENING FOR LTBI
In North America we have moved from universal screening
for TB infection to targeted testing of high risk children (27).
The Mantoux test is of unknown sensitivity and specificity
for LTBI (15), but there is a potentially high false positive
rate depending on the true prevalence of LTBI in the com-
munity (Table 4). Even if the test is 95% sensitive and spe-
cific, 84% of positive tests will be falsely positive if the true
prevalence of LTBI in the population is only 1% (60). In the
authors’ clinic, several children are seen who have positive

tests with no specific risk factors for infection. The risk/ben-
efit ratio for preventive therapy in this situation is unclear,
and much anxiety is unnecessarily generated in the family.

Routine screening of schoolchildren and infants is not
indicated. Energy should be devoted to the testing of chil-
dren at high risk for LTBI, including:

• Contacts of a known case of TB

• Persons with suspected disease

• Children who have arrived in Canada from countries
where TB is endemic

• Frequent visitors to endemic countries
(recommended ages for testing are at five years and
again between 11 and 16 years)

Patients at high risk for progression from TB infection to
TB disease but at low risk for infection should be considered
for testing. Although most positive tests will be false posi-
tive, there are some situations where the treatment or con-
dition may lead to serious or fatal TB disease if LTBI is
present. Examples include children who are to undergo solid
organ transplants (1) or treatment with anti tumour necrosis
factor alpha agents (17), or who are HIV positive (23).

CONCLUSIONS
TB continues to be a major cause of disease and death in
the world today (5). This worldwide epidemic inevitably
affects Canada, which derives much of its vitality and
strength from new immigrants. Although there is a pressing
need for better tests for latent infection (15,24), Canadian
clinicians should use TSTs to screen children at high risk
for infection. Those with positive results should be treated,
to both protect them now and to prevent them from
becoming the next generation of adults who develop infec-
tious TB. Currently, the management of TB disease must
always take into account the possibility of drug resistance.
Ultimately, prevention of TB in Canada depends on con-
trolling the disease globally. For both altruistic and selfish
reasons we should find ways to assist with this struggle.
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TABLE 4
Positive predictive value of the tuberculin skin test*
related to prevalence of tuberculosis infection in the
community

Tuberculosis prevalence (%) Positive predictive value (%)

20 83

1 16

0.5 9

*Assume the specificity and sensitivity of the tuberculin skin test is 95%
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1. The whole blood gamma interferon assay
for tuberculosis (TB):
(a) may be useful in the detection of TB disease.
(b) is specific for Mycobacterium tuberculosis.
(c) is a test for latent TB infection.
(d) is useful in populations where TB is highly 

prevalent.
(e) has been extensively evaluated in children.

2. Complications of pyrazinamide include:
(a) hepatotoxicity.
(b) optic neuritis.
(c) arthralgias.
(d) pyridoxine-dependent peripheral neuropathy.
(e) hyperuricemia.

3. You are treating a child exposed to an adult with 
infectious TB with isoniazid. You should:
(a) measure serum transaminases and bilirubin levels 

monthly.
(b) review the patient  monthly for clinical signs of 

toxicity.
(c) always prescribe pyridoxine supplementation.

(d) discontinue therapy if a Mantoux test three months
after last contact produces 6 mm of induration.

(e) confirm the susceptibilities of the source patient’s
isolate.

4. Risk factors for progression of TB infection to disease 
include:
(a) human immunodeficiency virus infection.
(b) young age.
(c) nonsteroidal anti-inflammatory therapy.
(d) infliximab therapy.
(e) origin from a country where TB is prevalent.

5. The tuberculin skin test:
(a) is not affected by live virus vaccines.
(b) is negative in less than 3% of children with TB 

disease.
(c) may be administered subcutaneously or 

intradermally.
(d) should be read at 48 to 72 h.
(e) should have results recorded in millimetres of 

erythema.

CONTINUING MEDICAL EDUCATION – QUIZ

Tuberculosis in children – Quiz

Answer the following questions by circling the letter of the correct answer(s). Answers can be found on the next page.

Case 1: A 13-month-old Canadian born, male infant is
evaluated for a prolonged fever and cough following a
three-week visit to his grandparents in Kenya. A Mantoux
(5 tuberculin units) test produces 22 mm of induration at
72 h. A chest x-ray is reported probably normal, the radiol-
ogist notes poor inspiration and vessel crowding.

Case 2: A 6-year-old is referred because of a 22 mm
Mantoux test and a possible tuberculosis (TB) contact.
History is complicated by language difficulties, though a
Burmese friend of the family helps with translation. The
child has a normal physical examination and chest x-ray.

Case 3: An 18-month-old girl entered your practice having
recently been adopted from Mainland China. An initial
Mantoux test produces 18 mm of induration. She had
Bacille Calmette-Guerin at birth, and the mother believes
this is the likely cause of her positive test. She is hepatitis B
surface antigen negative. Should she have treatment for
latent TB infection?

Case 4: A 15-year-old girl presents with a nine-day history
of productive cough and fever unresponsive to amoxycillin.
A chest x-ray shows bilateral lower lobe infiltrates. She
immigrated to Canada from the Indian subcontinent three
years ago.

CLINICAL SCENARIOS IN PAEDIATRIC TUBERCULOSIS – CASE PRESENTATIONS

How do you approach the following situations?

Answers can be found on the next page.
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CLINICAL SCENARIOS IN PAEDIATRIC TUBERCULOSIS – CASE ANSWERS

Case 1
1. Rule out disease: Obtain specimens before starting ther-
apy. This is a highly significant Mantoux reaction.

Three gastric aspirates were obtained, as an outpatient,
on successive mornings. All were immediately placed in a
buffered kit containing sodium carbonate. All were smear
negative. Following the third test, treatment for tuberculo-
sis (TB) disease was commenced using isoniazid (INH),
rifampin, pyrazinamide and ethambutol (at a dose of
15 mg/kg/day). The third aspirate grew Mycobacterium
tuberculosis after two weeks. A repeat chest x-ray at that
time showed a left lower lobe infiltrate. Ethambutol was dis-
continued after the strain was reported to be sensitive to all
first line agents. INH, rifampin and pyrazinamide were giv-
en for two months and INH and rifampin were contined for
a further four months. The child’s energy improved within
a few days and he is clinically well and cured.
2. Identify the source: The patient’s Grandmother in
Kenya was identified as having active pulmonary TB.

Case 2
Principle: Make every effort to establish the contact strain.
A history taken through a Burmese translator (obtained
through a telephone translation service) revealed the iden-
tity of the TB contact, the child’s caregiver. It was then
established that the contact’s strain of M tuberculosis was
resistant to INH, rifampin, ethambutol and ethionamide
and sensitive to pyrazinamide and second line agents. A
computed tomography scan of the chest, obtained to help
rule out TB disease conclusively, was normal.

This child is likely infected with a highly resistant
strain. Like all latently infected children she is at risk for
active disease. After consultation with several experts,
directly observed preventive therapy with ciprofloxacin
and pyrazinamide was commenced and was well tolerated:

we plan on 12 months of therapy. An alternative approach
is to follow this child closely, reserving drugs for disease if
it develops.

Case 3
Although the Bacille Calmette-Guerin is a possible cause of
a false positive reaction, it is much more likely that the
reaction is due to latent TB infection. The child comes
from a country with a high prevalence of TB. Her birth cir-
cumstances were unknown and may have been in an espe-
cially high risk environment. If she is latently infected she
has a 20% to 40% chance of developing TB disease. The
highest risk is in the next few years, and up to 40% of this
will be extrapulmonary, including TB meningitis.

Complications of INH at this age are rare, and can usual-
ly be predicted from side effects. The benefit to risk ratio in
this situation is strongly in favour of treatment. Treatment
with INH for nine months should be strongly advised. The
child should be seen monthly to monitor side effects. If any
anorexia, nausea or jaundice occurs, the INH should be with-
held and liver function tests should be checked.

Case 4
Again, obtain specimens. Ideally this patient should be hos-
pitalized and isolated until the diagnosis is clear. However,
sputum should be submitted for direct smear, TB culture
and a rapid test for TB as soon as possible. Her sputum was
smear numerous and AMTD positive, immediately con-
firming the diagnosis of pulmonary TB. In similar cases,
adolescents have received multiple courses of antibiotics
before the diagnosis of pulmonary TB was established, and
have infected several classmates. Although reactivation
disease typically occurs in the upper lobes, any combination
of airspace disease in the right epidemiological setting is
potentially due to TB.

Tuberculosis in children – Quiz

Correct anwers for “Tuberculosis in children” quiz
found on the previous page.

1. (c)
2. (a)

(c)
(e)

3. (b)
(e)

4. (a)
(b)
(d)

5. (d)

CONTINUING MEDICAL EDUCATION – QUIZ


