Pediatric Tuberculosis

Ann M. Loeffler

Pediatric tuberculosis (TB) is different than that in
adults in several ways. (1) The diagnosis of TB is more
difficult in children due to non-specific or complete
absence of symptoms and difficulty in confirming the
diagnosis microbiologically. (2) Young children suffer
more extrapulmonary and disseminated TB than
adults. (3) Treatment of TB in children is challenging
due to the lack of pediatric drug formulations and
challenges in monitoring for toxicity. Fortunately,
children generally do very well with treatment and
tolerate the medications well. Treatment regimens
are very similar to those used in adults. Four drug
treatment should be initiated for treatment of pre-
sumed active TB if there are any risks of drug resis-
tance in the child or adult source case (including res-

LTHOUGH CHILDREN have the lowest tu-

berculosis (TB) case rates of any age group
in the United States, the importance of pediatric
TB must be stressed for severa reasons. First,
untreated children with latent TB infection (LTBI)
serve as the pool for future TB epidemics. A per-
centage of children with LTBI eventually will re-
activate their infection and develop active tubercu-
losis. This is particularly true in developing
countries where 40% to 60% of the population may
be infected in the first 20 years of life (2% to 3%
annual rate of infection).! Identification and treat-
ment of children and their families with TB infec-
tion and disease are therefore the key to TB elim-
ination. Second, TB disease and skin test
conversion in young children represent recent ac-
quisition and therefore ongoing transmission from
adolescents and adults in the community. The rec-
ognition of new infection and disease in young
children serves as an indicator of the need for
additional public health intervention. Because an
untreated adult with active TB infects 10 to 15 new
people each year, the identification of the child's
source case is very important. Third, the presenta-
tion of TB in children is often distinctly different
than that in adults. Children frequently have more
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idence or travel to an area where there is > 4%
resistance to INH). (4) Children should be TB skin
tested only if they have risks for TB infection, are
likely to progress to active TB, or are suspected of
having active TB. Unlike adults, all children should be
treated for latent TB infection if identified because the
therapy is very safe in young people, they were likely
to have been infected relatively recently, and they
have a long time to reactivate their latent infection. (5)
Young children are not contagious with active TB and
acquired their disease from shared airspace with ad-
olescents or adults with pulmonary TB or ingestion of
unpasturized milk products (M. bovis).
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subtle and modest symptoms when diagnosed with
TB. Unless these differences are recognized, chil-
dren at risk for or suspected of having tuberculosis
will receive suboptimal care. Finally, young chil-
dren are especially vulnerable because if infected,
they are more likely than adults to develop active
and disseminated TB.2 These forms need to be
recognized and treated early to avoid significant
morbidity and mortality.

In 2001, the state of California incurred an in-
creased number of TB cases for the first timein 8
years. Although the increase in cases was only 1%
overall, the increase among O to 4 year olds was
15%. Case rates increased for African American
and Hispanic children by 33% and 41%, respec-
tively. This suggests that there was an increase in
ongoing TB transmission in California and not
merely immigration of high-risk individuals. This
observation should be of concern to al U.S. juris-
dictions.

TRANSMISSION TO CHILDREN

In most cases, a child isinfected with Mycobac-
terium tuberculosigMtb) after an adolescent or
adult with active tubercul osis expels bacilli into the
shared air. Several other modes of infection occur
more rarely: ingestion of the organism (usually M.
bovig, vertical transmission (congenital tuberculo-
sis), or direct inoculation of the skin or other tissue.
In the case of aerosolized transmission, the likeli-
hood of infection depends on the symptomatic
status and persona habits of the active case, the
bacillary load in their sputum (as evidenced by
smear positivity), the volume of air in the shared
space, and the amount of time and intimacy of the
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interaction. When an individual with active TB
expels their secretions into the air, the smallest
mucus particles will dehydrate around just a few
Mtb organisms. The particles, which are less than
10 pm, are particularly aerodynamic and small
enough to reach the alveoli of their next host.
These infectious particles are termed the dreaded
droplet nuclei.

It frequently is quoted that 30% to 50% of
household contacts of an active source case will
become infected. The ability of public health ef-
forts to identify the adult responsible for infecting
the child (the source case) varies greatly based on
the age of the child, U.S. versus foreign birth, and
other factors. Published studies have quoted rates
of identified source cases as 15% to 90%.3° Very
young children, African American and U.S. born
children and children screened during a contact
investigation of an active case are more likely to
have a source case identified.

In 2 series with intermediate numbers of source
cases identified (37% and 58%), 25% of children
with active TB were infected by their mothers,
15% to 25% by their fathers, 24% to 30% by aunts
and uncles, and 7% to 22% by grandparents or
other relatives.28 In one of these series, 84% of
source cases lived in the home with the child, 10%
were family friends, and 3% were child-care pro-
viders.3 Because many of the source cases were not
identified, it is presumed that there are significant
numbers of active cases who have more distant or
transient relationships with the children.

To complicate our understanding of transmis-
sion of TB to children, 2 recent projects have
revealed that up to 25% of culture-positive pediat-
ric TB cases had a different molecular fingerprint
than their identified source case.11t In one of the
series, 16 of 111 children (14%) were linked epi-
demiologically with more than one other case of
active TB.10 Several studies have reported children
and their source cases as having different drug
susceptibility patterns. Susceptibility discordance
between child-source pairs has been reported as
2% to 10%.681213 The potential for misidentifica-
tion of the source case naturaly will be more
frequent in high-prevalence communities.

Accurate identification of a child’s source case
is important for severa reasons. First, identifica-
tion of the source case is an opportunity to treat
that adult and to avoid further transmission to other
individuals (including other children) in the com-
munity. Next, confirmation of a source case diag-
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nosis of TB provides supporting evidence that a
child' s radiographic changes or clinical disease are
in fact caused by TB in children with negative
cultures but who fulfill the clinical case definition
for TB. Finally, culture and susceptibility testing of
the source case's M. tuberculosis isolate provides
valuable information for treatment of the child.

IMMUNOLOGY

Like adults, most children infected with M. tu-
berculosis do not progress on to active TB, but
rather they have a successful immune response and
the organism becomes latent. A successful immune
response in adults appears to be associated with a
strong TH1/CD4 Iymphocyte response and high
levels of interferon-y. Very young children are at
particular risk of acute hematogenous dissemina-
tion (miliary disease) and meningitis. Several ele-
ments of the immune response to TB appear to be
different in children, perhaps explaining their dif-
ficulty in containing the infection or disease. Ani-
mal model and human data suggest that youngsters
have fewer and/or relatively poorer functioning
dendritic and CD4 cells. Young animals and hu-
mans are biased toward development of TH2 im-
mune responses rather than the TH1 response
prominent in the adult response to TB. Defective
chemotaxis of monocytes and macrophagesin chil-
dren may delay recruitment to sites of infection;
less efficient antigen presentation would slow the
antigen-specific immune response; interferon-y
levels in mycobacterial infections are significantly
lower (other cytokines are less depressed), which
may limit macrophage activation.4

The likelihood that a child will develop active
TB rather than controlling their infection in a dor-
mant or latent state is related primarily to the
child’s age. Although 10% of al individuals in-
fected with Mtb will develop active TB in their
lifetime, children lessthan 5 years of age are much
more likely to develop active TB. Babies less than
1 year of age have a 42% chance of progressing to
active TB if infected and 24% of infected children
1to 5 years of age will develop TB.15

TUBERCULIN SKIN TESTING AND SCREENING
FOR TB INFECTION

The Mantoux test is the standard skin test used
in the United States. The sensitivity and specificity
of the test are about 90% each, leading to the
possibility of false-positive and false-negative skin
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tests. In the circumstance of avery low rate of TB
in a community, the likelihood of a reactive tuber-
culin skin test (TST) being caused by Mtb infec-
tion (true positive) versus a false positive is low.
The vast mgjority of reactive skin tests in this
scenario will be false positives and significant re-
sources will be diverted from more valuable ef-
forts.t

To increase the positive predictive value of the
TST, 2 strategies have been undertaken. First, the
definition of a positive TST (the break-point) de-
pends on the likelihood that the child is exposed to
TB and the risk that the child will progress on to
active TB. An induration of 5 mm or greater is
considered to be positive if the child is immuno-
compromised, if the child has clinical or radio-
graphic evidence of active TB, or if the child has
been exposed to a known or suspected case of
active TB. An induration of 10 mm or greater is
considered positive if the child is exposed to indi-
viduals at high risk for active TB, has other med-
ical conditions that may put the child at risk for
progression of infection to disease, or if the childis
lessthan 4 years of age. Aninduration of 15 mm or
greater is considered positive if the child has none
of the earlier-described risks.16

The other strategy used to improve the value of
the TST is relatively new, but very exciting. In-
stead of applying the TST to large groups of people
who have little risk of TB exposures (and in which
case, the positive predictive value of the test is
low), the test is now recommended only for indi-
vidualsidentified as having risk of TB exposure. In
this way, the same 90% sensitivity of the test leads
to a much higher positive predictive value. The
goal of targeted screening and treatment of LTBI
has now been embraced by the American Academy
of Pediatrics (AAP), Centers for Disease Control
and Prevention, and the American Thoracic Soci-
ety.16.17 Targeted screening and treatment of chil-
dren is different than that in adults. Children
should be skin tested if risks for TB exposure are
identified. Any child diagnosed with LTBI should
be treated as described later. Adults should be
screened for risks of recent exposure and for other
risks for progression to active TB if infected. Only
adults at increased risk for progression to active
TB should be treated for LTBI. For both children
and adults, only individuals who would be treated
for LTBI if identified should be skin tested. A
decision to test is a decision to treat.

Since 1994, the AAP has recommended targeted
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Table 1. Risk Factors for TB Exposure or Progression
to Active TB

Clinical or radiographic findings suggesting TB
Exposure to an individual with known or suspected active
B
Foreign birth
Travel or exposure to individuals from high TB prevalence
areas
Incarceration
Exposure to other high-risk adults
HIV infected
lllicit drug users
Residents of congregate settings
Migrant workers
Homeless
HIV infection
Malnourishment
Diabetes
Renal failure

TB skin testing. A schedule of recommended skin
testing was devised based on risk factors known to
be associated with TB transmission or progression
of TB. Families should be questioned about TB
risks at each health care encounter. Table 1 liststhe
risk factors identified by the AAP. The recom-
mended skin testing frequency is based on the
degree of risk conferred. For example, exposure to
a case of active TB is known to cause infection in
30% to 50% of household contacts and therefore
skin testing should be undertaken immediately.16

A number of efforts have been made to evaluate
the usefulness of the risk factor questions and the
guestionnaire process. Their conclusions have been
uniform. Implementation of screening and targeted
skin testing can greatly decrease the number of
skin tests performed and increase the positive pre-
dictive value of the test. This decreases the number
of false-positive tests that lead to unnecessary
chest radiographs, evaluation of close contacts,
treatment with potentialy toxic drugs, and (not
inconsequential) great anxiety on the part of the
family.

In one study, the parents of more than 30,000
children in Northern California were asked to fill
out an 11-item questionnaire at the time of a visit
requiring a routine TST. The following risks were
associated with a positive TST: foreign birth, prior
receipt of bacille Calmette-Guérin (BCG) vaccine,
residence outside the United States, Asian or His-
panic race/ethnicity, and a household member with
TB or a positive TST. Other factors were not
independently significant predictors of TST posi-
tivity.18 Only 1% (mean age, 8.1 y) of children
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screened by TST had a positive result using the
10-mm cut-off standard in California. An abbrevi-
ated 5-question survey based on the earlier-de-
scribed significant risks would result in a question-
naire with a 47.5% sensitivity. Application of this
method of screening would have averted 15,000
skin tests, but would have failed to identify 19 of
159 children with a TST of 15 mm or greater
induration. Other series have found that birth in or
travel to a TB endemic area, having afamily mem-
ber with a positive TST, being over 11 years of
age, and consumption of raw milk products in-
creased the likelihood that a child would have a
positive TST.22-22 Some of these risk factors were
universal across the study populations, but some
were specific to individual locaes and groups of
people. Therefore, targeted screening will need to
be customized based on local epidemiology. Ad-
ditionally, each screening provider or agency will
need to consider its willingness to accept false-
negative tests and its magnitude of resources for
identifying, evaluating, and treating children with a
positive TST.

Rate of return for Reading, Misreading, and
Improving TST Reading in Children

The Mantoux skin test methodology requires
that the patient return to the health care profes-
sional for skin test reading 48 to 72 hours after
placement. Many studies have shown that individ-
uals cannot reliably read their own skin tests. Fam-
ilies in the Northern California screening study
incorrectly interpreted 10- to 15-mm skin test in-
duration as having no induration 9.9% of the
time.18 Caregivers of human immunodeficiency vi-
rus (HIV)-infected children misinterpreted 24% of
the candida controls and 41% of the tetanus con-
trols as negative.24

Unfortunately, many families do not return for
TST reading. Several interventions have been stud-
ied to improve the return rate for skin test reading.
In one setting with a baseline return rate for read-
ing of 45%, verbal and written instructions in-
creased the rate to 58%, a reminder phone call
resulted in a 70% return rate, and a transportation
token/toy brought 67% back. The intervention that
improved return most impressively was the with-
holding of required school forms, which resulted in
84% return.2s> The simple intervention of calling
the family if they had not returned for reading by
midday the second day after the test increased the
return rate from 59% to 91% in one Bronx clinic.26
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Another study evaluated a collaboration with the
school nurse for skin test reading. The clinic had a
43% historic skin test reading rate. After educating
and communicating with the nurses, skin test re-
sults were reported to the provider by the school
nurse for 92% of children in the study group.?’
This method seems ideal for school-aged children
and in schools with a school nurse. Another
school-based program placed and read the skin
tests at school and achieved a 98% reading rate.28

CONTRIBUTION OF BCG VACCINATION IN
INTERPRETATION OF THE TST

The most extensively used vaccine in the world
isthe BCG. The vaccine was devel oped after serial
passage of M. bovis in tissue culture until a non-
virulent mutant was isolated. Since then, seria
passage has led to numerous different vaccine
strains that are used in different parts of the world.
These various strains appear to have different ef-
ficacy and produce different degrees of reactivity
to the TST. Unfortunately, there appears to be no
correlation between TST reaction after BCG ad-
ministration and protection from disease. The ef-
fect of receipt of BCG on TST reaction is an
ongoing challenge for clinicians. The Centers for
Disease Control and the AAP advise the clinician
to ignore the history of receipt of BCG when
interpreting the TST. Thisis easier said than done
for children with small reactions (<15 mm) to TST
and a family who is adamant that the skin test
response is caused by BCG and not to TB infec-
tion. The following factors make it less likely that
the skin test reaction is caused by BCG: receipt of
a single rather than multiple BCGs, BCG given in
the first month of life, along period since the BCG
dose, receipt of no other TST in the past year, and
large TST induration.2® Although many studies
support the notion that BCG does not have along-
standing impact on TST size,2122.30 some reports
conclude that it does increase TST reactivity.23:31
New blood tests may clarify further the impact of
BCG on TST reactions and allow for more accu-
rate TST cut-off points in individuals who have
received BCG.3233

Of note, athough most children develop alocal
ulceration and subsequent scar after the BCG vac-
cination, recent studies show that not all children
with a record of receipt of BCG have a scar. In a
series of internationally adopted children, 27% of
children with a vaccine record of BCG receipt did
not have a scar.2® In Northern Brazil, 89% of
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children who reportedly had received BCG had a
scar.3° Thus, the presence or absence of a scar
cannot be relied on for purposes of inferring BCG
history.

EVALUATION OF A CHILD WITH
A POSITIVE TST

Once a tuberculin skin test is determined to be
positive based on the size of the induration, risk
factors for exposure, and likelihood of progression
to active tuberculosis, the child must be evaluated
to determine whether or not they have active TB. A
normal history and physical examination and nor-
mal frontal and lateral chest radiograph essentially
rule out active TB. Ideally the history should in-
clude information regarding a possible source case,
risk for resistance in the source case or child (pre-
vious treatment for TB, residence in areas with
high rates of resistance), symptoms of active TB
(both pulmonary and extrapulmonary), other med-
ications the child takes, and underlying diseases
including liver disease, HIV, and so forth. It must
be emphasized that at least half of children diag-
nosed with active TB in the United States have no
identifiable symptoms at the time of initial screen-
ing.8

The physical examination can be quite focused
and brief once the clinician is comfortable evalu-
ating for extrapulmonary TB in children. The fol-
lowing elements should be evaluated to assess for
forms of active TB or risks for drug toxicity:
general appearance and growth, color of the con-
junctiva, neck (including flexion and nodes) and
axilla, lungs and heart, abdomen and flank, spine,
and skin. Poor weight gain may be the only finding
of active TB. Similar to the history, the examina-
tion in children with TB can be deceptively nor-
mal. Even children with markedly abnormal radio-
graphs frequently have no abnormal lung findings.

The child should be in full inspiration and not
rotated for the best quality radiograph. Both the
frontal and lateral views should be obtained.34 The
lateral view is particularly helpful in distinguishing
other central shadows from lymph nodes, which
are spheric and can be seen frequently on both
views.35> Some nodes are only visible on the lateral
view and paratracheal nodes are only discernible
on a frontal view. Idedly, the films should be
interpreted by a clinician or radiologist very expe-
rienced in pediatric TB. For children less than 5
years of age the radiograph should be performed
no more than 3 months before institution of LTBI
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therapy. For children at increased risk for progres-
sion to active TB (LESS THAN 1 year of age,
immunocompromised, recent exposure to a conta-
gious case of TB) the radiograph should be per-
formed no more than 1 month before institution of
LTBI therapy (young children can progress to ac-
tive TB in amatter of weeksto months). Computed
tomography (CT) is not indicated in the evaluation
of an asymptomatic child with a normal chest
radiograph and a positive TST. A CT scan can be
very helpful when the radiograph is equivoca or
when required to evaluate for other causes of dis-
ease.

TREATMENT OF LATENT TB INFECTION
IN CHILDREN

Evauation of treatment of latent TB infection
began shortly after the usefulness of isoniazid
(INH) for treatment of TB was identified in the
1950s. At that time, the treatment was called pre-
ventive or prophylactic therapy. Almost 3,000
asymptomatic young children with positive TST
and either norma or abnormal radiographs were
enrolled between 1955 and 1957 in a United States
Public Health Service (USPHS) trial. There was an
8.4-fold reduction in morbidity in the treatment
group who were treated with INH for 12 months.3¢

Intermittent therapy has been studied for treat-
ment of active TB but not for treatment of LTBI.
Expert opinion based on indirect evidence has led
to the use of 2 or 3 times weekly therapy for LTBI.
Intermittent TB therapy should be given only un-
der directly observed therapy (DOT).1”

Rifampin alone has had some limited evaluation
in treatment of LTBI.1” A 6-month regimen of
rifampin was used to treat 157 adolescents with
probable INH-resistant LTBI and none of these
developed active TB during the 2-year follow-up
period. Eight of the students discontinued rifampin
therapy, only one for transaminase level increase.
The minimum protective value of the regimen was
calculated at 56%.37

The use of isoniazid and rifampin together for
trestment of LTBI in children has been reported
from the Blackburn Health District in England.
The investigators observed a marked decrease in
pediatric TB notifications, initially using a9-month
regimen, then a 6-month regimen, then a 4-month
regimen, and, finaly, a 3-month regimen. They
examined and could not find any reason besidesthe
use of the LTBI regimen for the decrease in pedi-
atric TB cases. The children tolerated the regimen
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well and the investigators recommended no liver
function monitoring in the absence of symptoms.38
This regimen deserves further study in a more
controlled setting.

Based on clinical trials, observationa studies,
and extrapolation from adult data, the following
regimens are recommended by the AAP for treat-
ment of latent TB infection in children: (1) 9
months of INH daily (or if necessary, twice weekly
by DOT, preferably after 1 mo of daily therapy) at
a dose of 10 to 15 mg/kg/d for daily treatment up
to 300 mg/d or 20 to 30 mg/kg/dose for twice-
weekly therapy up to 900 mg per dose; (2) 6
months of rifampin daily at 10 to 20 mg/kg/d up to
600 mg for known infection with INH-resistant
strains.26 INH alone should be used unless there is
strong evidence of drug resistance in the source
case (not merely acquisition in a high-resistance
area).

Analysis of early INH preventive trials revealed
that short breaks in therapy were not particularly
detrimental to successful outcomes. For this rea-
son, the American Thoracic Society recommends
that instead of counting the months of therapy, 270
doses of INH should be the goal of LTBI treat-
ment. These 270 doses should be ingested within a
12-month period. When there is a prolonged break
after ashort initial period, it is probably prudent to
restart therapy, but short lapses are tolerated, es-
pecialy if the regimen is well underway.x”

Routine liver function testing is not indicated for
asymptomatic children who do not have underly-
ing liver disease and are not taking other hepato-
toxic drugs. INH rarely causes hepatotoxicity in
children. Many series of children receiving INH
report no hepatotoxicity, but it has been reported in
as many as 1% of cases in 2 series and even has
been fatal very rarely.l There appears to be an
increased risk in adolescent girls, especialy Afri-
can Americans and Latinas.3®

Families should be educated thoroughly to watch
for the symptoms of hepatotoxicity (anorexia, mal-
aise, abdominal pain, and vomiting) and to stop the
therapy and return to the clinic if the symptoms are
consistent with drug toxicity. Lack of association
with other viral symptoms and lack of improve-
ment after a few days should suggest the possibil-
ity of hepatotoxicity rather than an intercurrent
illness. Children should be seen in the clinic
monthly and questioned about toxicity symptoms
aswell asthe symptoms of active TB, adherenceto
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Table 2. Improving Adherence and Completion Rates
for TB Therapy

Use crushed tablets into semisoft vehicles to avoid stomach
upset from the liquid preparation

Warn the family that the first couple of weeks of therapy will
be challenging

See the patients monthly and supply only 1 month of
medication at a time

Provide written education regarding reasons for therapy and
symptoms of TB and toxicity

Develop a small, dedicated, and enthusiastic team of staff
providers, nurses, and interpreters

Develop systems to encourage compliance such as having
the child put a sticker on the calendar for each dose taken

Have convenient clinic hours and short waiting times

Develop a system of following-up patients who have missed
appointments

Praise the family and child for good adherence and clinic
attendance

therapy, and results of skin testing of their family
members and other contacts.

Children taking anti-epileptic drugs should be
monitored closely because INH affects the drug
levels of some of these medications.

Historically, the completion rate for a 9- to 12-
month regimen of LTBI is between 20% and
60%.40 Because we are how targeting our tubercu-
lin screening to high-risk individuals, every effort
should be made to maximize the efficacy of LTBI
treatment by helping patients complete the pre-
scribed course of therapy. Ideally, all children
should receive DOT for LTBI (formerly referred to
as directly observed preventive therapy). Because
few jurisdictions have the resources for universal
DOT for LTBI, most focus on those young chil-
dren at highest risk for progression: those exposed
to an active source case. DOT can be administered
at home, in school, at daycare, or in the clinic. One
school-based program in Brooklyn achieved a 54%
completion rate after one attempt and a 71% com-
pletion rate after 2 attemptsat LTBI DOT at school
(compared with 26% for traditional therapy).28

Table 2 lists some elements that may be helpful
for improving adherence to therapy completion
rates for LTBI.

PREVENTION OF TB IN CHILDREN

The most efficient way to prevent pediatric TB
isto evauate and treat those children exposed to a
contagious adult source case. Ideally all exposed
children should be evaluated promptly by TST, and
for children less than 5 years of age by physical
examination and chest radiograph. Children with a
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negative TST and no evidence of active TB by
examination or radiograph should be considered
for window prophylaxis to prevent the develop-
ment of TB. There are 3 reasons to start this
empiric therapy: (1) it can take aslong as 3 months
for the TST to turn positive after infection with
Mtb; (2) young children can develop disseminated
(as well as pulmonary) forms of active TB shortly
after infection and before the TST becomes posi-
tive; and (3) it is easier to treat al the household
members at the same time. If one member starts
treatment 3 months later, it is much more difficult
to maintain momentum. Many health jurisdictions
treat all children in ahousehold regardless of ageif
the source case is smear positive (suggesting high
bacillary load and risk for transmission) and chil-
dren less than 5 years of age with significant con-
tact with any case of active TB. Additionaly,
many experts recommend that treatment of young
children exposed to contagious adults receive win-
dow prophylaxis and treatment of LTBI by DOT.
Isoniazid can be used to treat children whose
sources cases have sensitive TB isolates. The INH
should be continued until arepeat TST is found to
be negative 3 months after the source case is
deemed to be noncontagious or contact between
the source case and the child was broken. If the
child is an infant who may be too young to mount
the delayed-type hypersensitivity reaction required
to document a positive skin test, the treatment
should be prolonged past the 3-month period.
Some providers wait until the child is at least 6
months of age*! to stop window prophylaxis and
others continue until the child is 1 year of age
before repeating the skin test. If the repeat TST is
positive, the child should complete a 9-month
course of INH. If the child is asymptomatic and
there has been no concern for nonadherence, a
repeat radiograph is not necessary.16

Children evaluated during a contact investiga-
tion whose initial TST is positive should be eval-
uated and treated as with al other children with
positive TST (see earlier).

Severa studies have detailed the devel opment of
pediatric TB during suboptima public health in-
terventions.354243 Various missed opportunities to
prevent cases of pediatric TB included delayed
reporting of a source case to the local health juris-
diction, failure to identify a child during the con-
tact investigation, failure to treat the source case
with DOT despite indications of nonadherence,
failure to document sterilization of cultures, failure
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to start the child on INH prophylaxis or LTBI
treatment, and failure to ensure that the child took
the treatment. These studies suggest that as many
as 20% of pediatric cases probably were prevent-
able and as many as 40% possibly were prevent-
able.

EPIDEMIOLOGY OF ACTIVE TB DISEASE
IN CHILDREN

In the United States in 2000, among children
less than 5 years of age reported with TB, 32%
were African American, 40% were Hispanic, and
12% were Asian/Pacific Islander. The epidemiol-
ogy of active TB in children differs somewhat
from that in adults. Compared with 47% of al U.S.
TB cases, only 18% of young children with TB
were foreign born.#4 In California more than 70%
of pediatric TB is in Hispanic children, whereas
only one third of the total cases are Hispanic.

Pediatric TB is concentrated in very young chil-
dren, 60% are less than 5 and 26% are less than 2
years of age.> The school-aged years have been
called the golden-age or favored-age because these
children have the lowest case rates of any age
group (1.0 case per 100,000 in 2000 compared
with 4.1 for 15 to 24 year olds and 9.9 for 65 years
and over).#4 Unlike adults, in whom TB is more
common in men, both sexes of children are repre-
sented equally in pediatric TB.44

For epidemiology to be helpful when caring for
an individual patient, one must know the local
epidemiology, but must also realize that TB can
occur in any child regardless of age, race, ethnicity,
or socioeconomic class.

DIAGNOSIS OF ACTIVE TB

The diagnosis of active TB in a child frequently
is challenging. Ideally, all children with active TB
would have a positive TST, a known exposure to
active TB, fever, cough, and the classic radio-
graphic findings of hilar lymphadenopathy and air-
space consolidation. In this idealized scenario,
there also would be highly sensitive and specific
tests to distinguish LTBI from active TB. But aas,
life of the TB clinician is not so easy. The diag-
nosis of TB in children is as much art as it is
science.

Approximately 10% to 15% of children with
active TB have anegative TST at the time of initial
diagnosis.”434546 Mosgt, but not all of these, devel-
oped apositive TST over time. Some children have
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a negative initial TST because they are diagnosed
with active TB in the first few months after infec-
tion, before the delayed-type hypersensitivity re-
sponsible for the TST reaction has developed.
Other children have disseminated or advanced pul-
monary disease, which are known to be associated
with anergy even in adults. The anergy to skin
testing can be specific to the TB antigen or can be
universal. For this reason, anergy panels are not
particularly helpful in clarifying the diagnosis.
Hence the rule: a negative TST never excludes
disease. The converse also is true, not al children
with abnormal skin tests and radiographs have
active TB. The diagnosis always needs to be made
in the context of demographics, exposure, and the
clinical presentation.

Between 17% and 59% of children come to be
diagnosed with TB because of symptoms.3-6.842.43
Approximately 30% to 60% of children diagnosed
with active TB in the United States have no symp-
toms reported by the parent at the time of diagno-
sis.847 Thisisin large part owing to the fact that a
significant number of children are diagnosed dur-
ing a contact investigation of a contagious adult. In
aseries from North Carolina, only 17% of children
presented because of symptoms because 80% were
identified during a contact investigation.> These
children were diagnosed early in their disease and
had not yet developed symptoms. On the other
extreme, 59% of children in San Diego, CA, pre-
sented for symptoms and only 15% had confirmed
source cases identified.4> Additionally, we con-
sider asymptomatic children with isolated intratho-
racic lymphadenopathy or primary complex dis-
ease (a small air-space focus with associated
proximal lymphadenopathy) to have active TB. We
know that many of these children would involute
their infections without treatment, but we treat
aggressively to avoid the progression of disease
and dissemination in a few patients. Finaly, we
have the luxury of obtaining a chest radiograph on
any child we are concerned may have TB. In
developing countries, radiology often is not avail-
able and active case finding, including contact in-
vestigations, frequently are not given high priority.
In these situations, a child must become symptom-
atic before the diagnosis of TB can be made. Var-
ious scoring systems or score cards have been used
to diagnose TB in these settings. Prolonged symp-
toms (cough and fever), weight loss, TST positiv-
ity, and exposure to a smear-positive case of TB
increase the likelihood of diagnosis.4849
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Interestingly, some children who are described
as being asymptomatic at the time of presentation
eat better, play harder, and generally are perkier
after initiation of TB treatment. A clinical rule of
thumb: the more modest the symptoms compared
with the radiographic findings, the more likely the
diagnosisis TB.

In children lessthan 5 years of agein New Y ork
City, 44% had cough and 44% had fever.> Among
culture-positive children in another series, 78%
had some symptoms on presentation: 62% had
cough, 55% had fever, and 32% had weight loss or
failure to thrive.> Because symptomatic children
are known to have higher cultureyield, thisfinding
is not surprising.1243 |nfants are much more likely
to be symptomatic. In children less than 1 year of
age, 79% had cough and 64% had fever.5° Adoles-
cents are also more likely to be symptomatic be-
cause their disease is frequently the adult-type re-
activation disease with prominent air-space
consolidation and frequent cavitation.

Among recent U.S. series, 19% to 64% of chil-
dren were diagnosed with active TB on clinical and
epidemiologic grounds and no culture confirmation
was sought.94551.52 \When the diagnosisis clear-cut
and susceptibilities of the source case are available,
it isappropriate to spare the child the discomfort of
culture collection. A positive culture, however,
confirms the diagnosis of TB and provides specific
susceptibility information. Specimens for culture
include morning gastric aspirates, induced sputum
and bronchoalveolar lavage fluid, blood, urine, ce-
rebrospinal fluid, biopsy materials (frequently
lymph node), pleura fluid, and others. The yield
for these various tests depends on the clinical pre-
sentation, age of the patient, and quality of the
specimen.

Gastric aspirates are obtained with the goa of
collecting mucus that has been swept up by the
mucociliary system of the respiratory tract and
swallowed. If the gastric contents are collected
before the stomach empties in the morning, the
mucus may be found and mycobacteria may be
cultured. Unlike sputum in adults with active TB,
gastric aspirates do not have a particularly good
yield despite the common practice of collecting 3
sequential morning samples. Most investigators re-
port yields of 40% to 50%, with much higher
yields for young infants.6.124351 | n one series, 75%
of babies less than 1 year of age with pulmonary
TB had positive gastric aspirate cultures.s°

Some details of gastric aspirate collection de-
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serve comment. The child needs to have had noth-
ing to eat or drink for at least 6 hours (very young
infants sometimes will not be able to fast so long
and should be sampled after several long naps)
before the test. The first gastric aspirate collected
has the best yield (88% to 93% of positive cultures
are obtained on the first attempt).1253 Therefore,
significant effort should be made to collect and
process the first day’s specimen very well. The
child should be immobilized well and the nasogas-
tric tube should be kept away from the nasal sep-
tum and aimed straight at the bed for the least
traumatic procedure. The health care provider
should puff in the child’ sface as the tube enters the
throat to elicit a swallow reflex. Once the child
swallows, the provider should quickly advance the
tube into the esophagus. If the tube coails in the
mouth, it is very difficult to proceed. The provider
should be prepared to collect any emesis and any
yield from the tube immediately. Sometimes these
are the best specimens. If irrigation is required, 20
to 30 cc of sterile water rather than saline should be
instilled. If the mucus pool is not found readily, the
provider should try to advance or withdraw the
tube or roll the child on the side (while continu-
ously aspirating with the syringe) to maximize the
yield. The specimen should be transported
promptly to the laboratory (within 30 min) or neu-
tralized at the bedside with bicarbonate.3> Smears
only rarely are positive because 10° to 10° organ-
isms per mL are required to be visualized and
children have paucibacillary TB disease. The
youngest children are more likely to yield gastric
aspirate specimens with positive smears.#s The
family should be warned that the results take many
weeks and that the test is less than 50% sensitive.
Only a positive test is helpful. A negative result
alone does not change clinical management.
Traditionally, gastric aspirates are collected dur-
ing hospitalization. Stomach emptying is more
likely to have occurred dready if the child is
transported from home the morning of the speci-
men collection. Unfortunately, some insurance
companies will no longer pay for hospitalizations
of relatively asymptomatic children for culture col-
lection. Additionally, some families whose chil-
dren are being diagnosed with TB are more com-
fortable coming to a dedicated pediatric TB clinic
than being submitted to isolation and negative ste-
reotypes in the hospital. In my practice, 39% of
children sampled as outpatients had at least one
positive culture compared with 56% of inpatients
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(P = .5).12 The hospitalized children were more
likely be symptomatic and younger, which are
factors associated with improved yield for gastric
aspirates.

Severa series have reported positive gastric as-
pirate cultures in children with normal chest radio-
graphs?*6:5354 and gastric aspirates sometimes are
positive in children with central nervous system or
disseminated TB. It is unclear what the natural
history of infection or disease would be for an
asymptomatic child with anormal chest radiograph
and a positive gastric aspirate for Mtb.

Sputum induction using nebulized 3% hyper-
tonic saline is used frequently for sputum collec-
tion from adults. In 29 Maawian children aged 3 to
15, sputum induction confirmed the TB diagnosis
in 28%.55 A recent abstract from South Africa
reported comparison of sputum induction with gas-
tric aspiration. Mtb was cultured from induced
sputum from 25% compared with 19% by gastric
aspiration.se

One report described the combination of these 2
procedures with great success. Children were ex-
posed to 20 minutes of superheated nebulized sa-
line after a fast in the late afternoon, immediately
followed by gastric aspiration. The following
morning another gastric aspirate was collected.
This was performed for 3 days for a total of 6
gastric aspirates per child. Some specimens were
pooled so it was not clear whether the afternoon or
morning specimen provided the best culture re-
sults. At least one positive culture was obtained
from 12 of 13 children (92%).5” These and other
strategies to improve culture confirmation of TB in
children deserve study.

Bronchoalveolar lavage (BAL) and bronchos-
copy are important tools for diagnosing pediatric
lung diseases but are somewhat invasive. Several
series have compared BAL with gastric aspiration
for the culture confirmation of pediatric TB. Two
series showed superior yields for gastric aspirates
versus BAL: 50% versus 10% in one series and
32% versus 12% in the other series.585° Only one
child in those 2 series (n = 100) grew Mtb from a
BAL and not from gastric aspiration. Two other
series concluded that BAL resulted in more posi-
tive cultures than gastric aspiration: 21% versus
12% in one series and 22% versus 12% in the
other.8061 Of note, the latter 2 studies, which
showed a better yield for BAL, had unusually low
yields for gastric aspirates (12%).

Mycaobacterial blood and urine cultures are rel-
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atively noninvasive and sometimes grow Mtb, es-
pecially in cases of disseminated or advanced dis-
ease.

Polymerase chain reaction is a molecular ampli-
fication technique that is used with good sensitivity
and specificity in adults with smear-positive pul-
monary TB. The application of polymerase chain
reaction technology to gastric aspirates from chil-
dren suspected of having TB has been disappoint-
ing. In addition to limited improvement of sensi-
tivity compared with culture or clinical diagnosis,
a significant number of false-positive results are
seen (mostly in children with LTBI).62-65

In summary, unless the child is able to produce
induced sputum for mycobacterial culture, gastric
aspiration provides the best clinical specimen and
is fairly noninvasive. Although the mycobacterial
culture of gastric aspirates have suboptimal yield,
susceptibility information is very valuable, espe-
cially when these results are not available for the
source case or when risks for resistance are
present. Bronchoscopy generaly should be re-
served for situations in which TB is considered as
part of a broader differential diagnosis.

Radiology

Frontal and lateral chest radiographs are recom-
mended by experts for the evaluation of children
suspected of having intrathoracic TB.34 The lateral
view complements the frontal view in visualization
and confirmation of hilar lymph nodes, which are
noted in 63% to 95% of pediatric TB cases.6.34.66
Adjacent air-space disease sometimes makes the
lymph nodes difficult to discern initially and they
may be appreciated better on subseguent radio-
graphs.

Findings on chest radiographs of children with
TB are a combination of the effects of the organ-
ism, immune response, and secondary mechanical
effects. The organism and the immune response are
responsible for a small air-space focus and the
proximal lymph node. An infiltrate may be seen in
any lung field® and is seen in multiple lobesin 25%
of children. Adenopathy is seen more frequently in
the young child and is reported to be present in
85% of children lessthan 3 years of age.34 Thereis
a right-sided predilection for nodes as the right
hilar and right paratracheal nodes drain the right
lung and lower half of the left lung.3466 Lymph
nodes may have distinct edges with lobulations or
may have hazy borders. They tend to be dlightly
more dense than other hilar structures and usually
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(but not always) are asymmetric and unilateral.
Their compression or complete obstruction of air-
ways, splaying of the carina, and disruption of the
normal angle of the right pulmonary vessels are
sometimes clues to their presence. Lymph nodes
may calcify within several months of their infec-
tion. Paratracheal lymph nodes sometimes are dif-
ficult to distinguish from other superior mediasti-
nal structures. A central trachea from a right-sided
paratracheal node is sometimes helpful. Of note,
TB lymph nodes resolve very slowly, even with
appropriate TB therapy, and often still are visible
on the radiograph well after completion of success-
ful therapy.

Parenchymal disease may be caused by a num-
ber of processes. The small alveolar parenchymal
process associated with the primary process is a
combination of infection and immune response. A
larger consolidation may be associated with ad-
vancement of the infection—the so-called progres-
sive primary process—or may be caused by atel-
ectasis or collapse-consolidation secondary to
lymph node obstruction. Lymph node obstruction
also can cause air-trapping behind the node with
resultant hyperinflation.3+

Infection sometimesis spread to other parenchy-
mal locations after erosion of a lymph node with
spilling of infectious materia (bronchogenic
spread). This can cause a segmenta lesion when
the material is contained to one bronchus, or may
result in diffuse bronchopneumonia when the or-
ganism spreads throughout the lung.34

Distribution of Mtb via the bloodstream to the
lung usually is termed miliary disease because of
the small round appearance of the diffuse lesions.
The primary bacillemia occurs during the initial
process of sharing the original infection with the
proximal lymph nodes and subsequently the tho-
racic duct. The infection also may be disseminated
secondarily if a necrotizing lymph node or air-
space focus erodes into a blood vessel. These dis-
seminated processes do not always appear radio-
graphicaly in the classic miliary pattern. Larger,
patchy, reticulonodular lesions may be present and
difficult to distinguish from other diffuse lung in-
fections.

A CT scan with contrast can be a very helpful
adjunct to chest radiography and is particularly
sensitive for detection of adenopathy. Lymph
nodes, calcification, and small unsuspected cavita-
tions have been present on CTs of children with
TB, but not evident on plain films.6466 The use of
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these studies generally should be reserved for clar-
ification of abnormal but inconclusive radiographs
because subclinica and subradiographic lymph
node disease is likely part of the natural history of
the primary complex.

Many TB clinicians obtain a chest radiograph at
2 months into therapy and when completion of
therapy is considered. It should be noted that ra-
diographic abnormalities in pediatric TB resolve
slowly over time. More than 50% of children’s
films are not normal at the end of therapy, but
gradually improve over time5t Although it is fre-
quently not normal, the completion of therapy ra-
diographs should be improved significantly com-
pared with the original and will serve as a baseline
for monitoring future changes.

EXTRAPULMONARY TB IN CHILDREN

Extrapulmonary TB is more common in children
than adults and usually is caused by hematogenous
deposition. Shortly after infection, the organism
appears in the bloodstream via the primary com-
plex intrathoracic lymph node and the thoracic
duct. After seeding distant sites, the organism usu-
aly is contained by cell-mediated immunity, but if
not, very early disseminated disease may become
evident. For example, the mgjority of pediatric TB
meningitis occurs within 8 weeks of primary TB
and may be diagnosed even before the chest radio-
graph is abnormal .7 It is estimated that 20% to
25% of children will experience extrapulmonary
TB (many children with intrathoracic lymphade-
nopathy are not classified by their providers as
having extrapulmonary TB).67

Lymphatic disease is the most common ex-
trapulmonary TB site for children. Mycobacterial
peripheral adenopathy is called scrofula. Scrofula
is amost always in the neck, but may occur in
other nodes. The nodes are generally quite indolent
and enlarge and discolor dowly over time. Pain
usually occurs only when the node grows quickly,
resulting in capsular stretching. These nodes are to
be distinguished from pyogenic nodes, which gen-
eraly appear more quickly, are more erythema
tous, more tender, and more associated with sys-
temic symptoms. The more pertinent differential
diagnosis includes scrofula from nontuberculous
mycobacteria and Cat Scratch disease. Large TST
reactions, a chest radiograph consistent with TB
(present in approximately 20% of TB scrofula cases),
and exposure to TB are the most valuable clues
that the lymph node disease is caused by Mtb.
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Unfortunately, surgical excision is sometimes re-
quired to clarify the diagnosis. If there is signifi-
cant doubt as to the diagnosis, it is best to excise
the node rather than to aspirate or incise it for 2
reasons: (1) nontuberculous mycobacterial scrofula
is difficult to cure medically and generaly results
in a poor cosmetic outcome when delayed or in-
complete surgical procedures are used; (2) myco-
bacteria are not always easy to culture from lymph
nodes and a significant amount of tissue should be
sent for culture and pathology. Along the U.S.-
Mexican border, M. bovis is a significant cause of
scrofula after the child ingests infected unpasteur-
ized milk products. M. bovisis inherently resistant
to pyrazinamide and even when treated with the
best antituberculous therapy (INH, rifampin, and
ethambutol for 2 months, followed by at least 7
months of INH and rifampin), these nodes are
sometimes slow to recover and require prolonged
therapy (Alice Pong, personal communication).

Miliary or acute disseminated TB occurs when
large numbers of organisms are distributed into the
bloodstream and the local immune response cannot
control the infection. Symptoms may initialy be
nondescript and fever is present in only two thirds
of children. Fever may precede radiographic
changes by severa weeks. Other symptoms in-
clude fatigue, anorexia, vomiting, diarrhea, and
weight 10ss.5” The nonspecific nature of the symp-
toms and the very young age of most of these
children make the diagnosis difficult before the
classic radiograph is obtained. Culture confirma-
tion is difficult but the organism grows from 33%
of gastric aspirates and also may grow from my-
cobacterial blood or bone marrow aspirate or bi-
opsy cultures. Transbronchia biopsy examination
is valuable in confirming the diagnosis in adults
but is unstudied in children and more difficult to
obtain. Most pediatric TB clinicians treat miliary
disease for 12 months.

Tuberculous meningitis complicates approxi-
mately 20% of miliary TB cases and is the out-
come of between 1% and 2% of untreated TB
infections in children.s8 After lymphatic disease,
TB meningitis is the most common form of ex-
trapulmonary disease in children. Without treat-
ment, TB meningitis is fatal and even with treat-
ment, neurologic deficits are common when the
child presents in an advanced stage. It is believed
that hematogenous deposition seeds the brain or
meninges and that subsequent discharge of bacilli
into the subarachnoid space results in an intense
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inflammatory response.68 The symptoms of TB
meningitis generally increase gradualy over sev-
eral weeks, but sometimes occur abruptly and dra-
matically. Three stages frequently are used to de-
scribe the clinical progression. The first stage
consists of personality changes, irritability, listless-
ness, and anorexia with or without fever. The sec-
ond stage of symptoms are associated with in-
creased intracranial pressure and include
drowsiness, stiff neck, cranial nerve palsies, and
seizures. Headache and vomiting may be promi-
nent in older children in stage 2. The third stage
includes severe neurologic deficits of coma, pap-
illedema, hemiplegia, more prominent fever, and
autonomic instability. Many other neurologic ab-
normalities may be associated with CNS TB. Tu-
berculomas (intracranial granulomatous TB
masses) also cause signs and symptoms of a space-
occupying lesion including headache, seizures, and
focal neurologic changes.

The diagnosis of TB meningitis is urgent, but
difficult. The most helpful findings include (1)
contact with aknown TB case and (2) chest radio-
graphic findings consistent with TB (which are
apparent in about 40% to 90% of children).” Up to
50% of children with TB meningitis initially are
nonreactive to TST.67:68 Classic cerebrospinal fluid
(CSF) findings include moderate lymphocytic
pleocytosis, modestly low glucose level, and an
increased protein level. Early changes may not be
impressive and serial examination may be helpful.
Staining of the CSF for acid fast bacilli (AFB)
should be performed after centrifuging 10 to 20 cc
of fluid and preparing a thick smear of the pellet.
These efforts may yield a positive smear in 90% of
cases, compared with most series that report the
CSF AFB smear positivity rate at only 20% of
cases.®8 Cultureis positive in 10% to 50% of cases.
At least one study has shown promise for use of the
Gen-Probe Amplified Direct Test (MTD) (Gen-
Probe Incorporated, San Diego, CA) for CSF sam-
ples. Culture was 21% sensitive and MTD was
33% sensitive using the standard cut-off level used
for respiratory specimens. The sensitivity was im-
proved to 83% if the cut-off level was lowered.
Using either cut-off level, the specificity of the test
was 100%.5° Another study evaluated the Roche
AMPLICOR DAT (F. Hoffmann-La Roche Ltd,
Basel, Switzerland) for diagnosis of tuberculous
meningitis. The AMPLICOR was found to have
60% sensitivity and 100% specificity in patients
treated for TB meningitis for less than 10 days.”°
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CT or magnetic resonance imaging in TB men-
ingitis frequently reveals thickened inflamed me-
ninges (particularly in the basilar area), hydroceph-
alus, and ischemia (secondary to vasculitis and
seen in 40% to 60% of cases).3* Tuberculomas are
parenchymal granulomatous mass lesions that are
sometimes seen in central nervous system (CNS)
TB disease.3* They sometimes become apparent
(clinically and radiographically) only &fter initia-
tion of antituberculous therapy in an apparent para-
doxic immune reaction. Neuroimaging also is vital
for evaluating for other causes of CNS pathology.e8

Bone disease complicates TB in isolation or
along with other sitesin 1% to 2% of children. Itis
most frequently found in the spine, long bones, and
hip. The TST is aimost aways reactive and the
symptoms are typically slowly progressive with
modest pain in comparison with bacterial bone
disease.t”

Many other extrapulmonary sites have been de-
scribed less commonly including eye, laryngeal,
middle ear, mastoid, genitourinary and abdominal,
pleural, skin, and others. Unlike miliary and CNS
TB, many of the other extrapulmonary manifesta-
tions are seen some time after the primary infection
and are caused by reactivation disease, direct ex-
tension from another focus, or an inflammatory
response.

CONGENITAL AND NEONATAL TB

Congenital TB is a rare event with only a few
hundred cases reported. It is hard to distinguish
clearly from postnatal acquisition, which isamore
common phenomenon. There are 3 modes of trans-
mission of TB to the baby: (1) the baby’s blood-
stream can become seeded by maternal bacillemia
or rupture of a placental tubercle into the fetal
circulation causing disseminated disease; (2) the
baby can ingest infected amniotic fluid (or cervical
secretions) frequently causing primary gastrointes-
tinal, ear, or parotid disease; (3) the baby can
inspire amniotic fluid resulting in a primary lung
process.” These babies are diagnosed in the first
weeks to months of life. Earlier presentation may
be associated with bacillary seeding. Congenital
TB appears to be associated with maternal dissem-
inated disease and endometrial disease and in only
40% of casesin 2 series was the mother diagnosed
with TB before the baby.7273 New reports from
South Africa suggest an increased association with
maternal/child HIV.7475

Common clinical manifestations are nonspecific
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and include respiratory symptoms (cough and in-
creased work of breathing), fever, hepatic and/or
splenic enlargement, poor feeding, irritability, leth-
argy, lymphadenopathy, skin lesions (papul opustu-
lar, necrotic, atrophic), and ear discharge.”>72 Oc-
casionaly, these children can progress on to sepsis
and disseminated intravascular coagulopathy.”s.77
Mortality for congenital tuberculosis is around
40%.7273 The diagnosis is difficult and many chil-
dren have been diagnosed on autopsy. Common
radiographic appearances include miliary and re-
ticulonodular patterns, infiltrates, and pleural effu-
sions. Evaluation of the placenta and biopsy spec-
imen of the endometrium may reveal granulomata
and may yield a positive Mtb culture. It must be
noted that the placentais an efficient organ and not
al children born to mothers with granulomatous
placentas will develop congenital TB. Smear and
AFB culture of gastric aspirates and endotrachesl
aspirates in these children is very fruitful. Up to
88% of gastric aspirate cultures and 91% of smears
are positive.71-73.76

Infants with TB in the first year of life were
reviewed by Vallgo et a.° The investigators re-
ported that among 47 infants, 70% had intratho-
racic TB, 23% had CNS TB, 4% had disseminated
disease, and 2% had scrofula. Symptoms were
noted at the time of diagnosis in 79%. Cultures of
gastric aspirates were positive in 75% of babies
with pulmonary disease and CSF cultures were
positive in 40%.

TREATMENT OF ACTIVE TB

Current TB chemotherapy is based on severa
characteristics of the organism, host, and the drugs.
The first goa of therapy is to kill the organism
quickly (early bactericidal activity) to decrease
morbidity and transmission. The next goal is to
prevent emergence of drug resistance, and the third
goal isto eliminate the persistent bacilli to prevent
treatment failures and relapse.t

Untreated, many children with active primary
complex disease will resolve their disease process
spontaneously. However, 25% of untreated chil-
dren will die of TB or complications within 5
years.13 At this point in time, we have no way to
discern which children are on their way to healing
and need only to be treated for latent TB infection
and which children are not controlling their infec-
tions and deserve full adult-type TB treatment.
Complicating this conundrum is the fact that chil-
dren with TB are very difficult to study. They have
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small populations of organisms and do not readily
share their secretions (at least not for culturing).
Their radiographs frequently worsen before im-
proving, even on appropriate and aggressive TB
therapy. Relatively few children have agiven form
of TB in one geographic location and resources for
meticulous studies in the areas of high TB rates are
scarce. All these factors make the objective com-
parison of drug regimensin a study setting exceed-
ingly difficult and logistically challenging.

For all these reasons, we have relied on data
from adult trials to choose pediatric TB regi-
mens—particularly the 6-month short-course regi-
mens that have become standard for most cases of
nondisseminated TB. The following are brief sum-
maries of some of the pediatric short-course TB
trias.

Two pediatric trials studied the use of 2 months
of INH, rifampin, and pyrazinamide daily followed
by 4 months of INH and rifampin twice weekly
compared with the same regimens with daily ther-
apy used throughout. In the U.S. trial, no failures
or relapses were noted over a short follow-up time.
In the trial from India, 3 of 250 children died,
apparently of TB disease. Two of these deaths
were in the first 2 weeks of therapy, and one child
died 3 months into therapy.”8

In another trial from India, 76 children were
enrolled. Children with primary complex disease,
CNS disease, underlying kidney, liver or heart
disease, and those less than 1 year of age were
excluded. Fully intermittent therapy (2 months of
twice-weekly INH, rifampin, and pyrazinamide,
followed by 4 months of twice-weekly INH and
rifampin) was compared with daily therapy for the
first 2 months (INH, rifampin, and pyrazinamide)
followed by 2 months of twice-weekly INH and
rifampin. Two children died: one died of compli-
cations of extensive bronchiectasis and the other
died of complications of bronchospasm. At au-
topsy the second child had AFB visualized, but
cultures were not performed so we do not know if
he had active TB at the time of death. There were
no relapses in either group and 70% of children
had marked clinical response to therapy in the first
3 months.”

Starke et a5t treated 175 children with pulmo-
nary, pleural, or lymph node TB whom they
deemed to be at low risk for drug resistance with 2
weeks of daily INH, rifampin, and pyrazinamide
(PZA), followed by 3 drugs twice weekly, fol-
lowed by INH and rifampin twice weekly in the
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continuation phase. Fifteen percent of children re-
ceived ethambutol until information about suscep-
tibilities was available.

They found the regimen to be well tolerated and
had only one treatment failure (a girl admitted to
keeping the medication in her cheek during thefirst
course of treatment and relapsed 4 years later). Of
the 175 evaluable patients, 33 (19%) required treat-
ment longer than 6 months. Approximately half of
these were extended because of inadequate initial
response to therapy and half because of poor ad-
herence with DOT. Only 2 children required
course extension owing to significant adverse
events. Cultures were collected from 48% of chil-
dren and, of these, 43% had positive cultures for
Mtb. None of the TB isolates from the children or
their source cases were found to have drug resis-
tance.51

Four-drug empiric therapy is becoming the stan-
dard of care for adults with suspected active TB
because of concern for possible drug resistance.
Clinicians have been reluctant to use ethambutol
routinely for children because of the difficulty in
monitoring children’s vision and color discrimina-
tion. There are no confirmed reports of optic tox-
icity in children caused by ethambutol in the liter-
ature. In adults, optic toxicity is dose related and
doses over 30 mg/kg/d were associated with optic
toxicity rates of 18%. The use of ethambutol at
doses of 15 mg/kg/d are recommended when tox-
icity cannot be monitored carefully. Graham et al8°
provide a nice review and reassurance regarding
the use of ethambutol in children.

The AAP recommends the use of an empiric
4-drug TB regimen for children who live in areas
of more than 4% INH resistance or who are ex-
posed to adults who come from an area of more
than 4% resistance.’® The American Thoracic So-
ciety recommends the use of a 4-drug empiric
regimen for children with: (1) adult-type pulmo-
nary disease, (2) disseminated or CNS disease, (3)
travel to an area of high prevalence of drug resis-
tance, or (4) exposure to an individual with risk for
resistance (known drug-resistant TB, history of
previous TB treatment, residence in an area of high
prevalence of drug resistance, or poor response to
therapy). Other children can be treated with an
initial 3-drug TB regimen.8t

There isapaucity of data regarding the outcome
of TB in children with INH-resistant disease
treated with a 3-drug regimen. Some experts argue
that children with TB have so few organisms that
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3-drug therapy may be sufficient even for drug-
resistant cases. | have been involved in the care of
3 children with INH-resistant disease who were
treated empirically with INH, rifampin, and pyra-
zinamide. On thisregimen, all 3 had progression of
disease. One child underwent a surgical biopsy
examination of a pleural-based mass to diagnose
INH-resistant disease after several months of ther-
apy and required extended therapy. The other 2
children (siblings) have required prolonged ther-
apy including the use of a fluoroquinolone drug. A
treatment failure associated with resistance to INH
and streptomycin is reported in a child treated with
2 months of daily INH, rifampin, pyrazinamide,
and streptomycin followed by twice-weekly INH,
pyrazinamide, and streptomycin.s2

In contrast, | have treated many children with
INH, rifampin, pyrazinamide, and ethambutol until
the susceptibilities returned as INH resistant, then
rifampin, pyrazinamide, and ethambutol twice
weekly for 6 months with good response and no
toxicity.

Pyrazinamide resistance is an important clinical
consideration in children infected with M. bovis.
The organism inherently is resistant to pyrazin-
amide and recommended treatment is 9 months of
INH and rifampin, with 2 months of ethambutol
during the initial phase. M. bovis scrofula fre-
quently is difficult to manage and requires pro-
longed medical therapy.

Corticosteroids have been shown to be benefi-
cial in CNS disease, particularly stages 2 and 3.
Some clinicians would use steroids for any child
with symptomatic TB meningitis. Steroids also are
used frequently for TB pericarditis and some types
of pleura disease. Two reports support the use of
steroids in children with symptomatic airway com-
pression caused by lymphatic disease.* Prednisone
at 1 to 2 mg/kg/d for 4 to 8 weeks and tapered over
several weeks frequently is used.

The most important element of treatment of TB
therapy is the actual ingestion of the drugs. Chil-
dren are difficult to dose with TB drugs because
the formulations are not particularly child friendly.
Only INH comes as a commercially available lig-
uid product. This product causes diarrhea and ab-
domina pain in more than half of children owing
to the osmotic load of sorbitol in which it is sus-
pended. INH crushed into sugary liquids is unsta-
ble and should be avoided. Rifampin frequently is
compounded into a suspension by pharmacists, but
the stability and homogeneity are unproven. | favor
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Table 3. Treatment Regimens for TB in Children*

ANN M. LOEFFLER

Minimum
Duration
TB Manifestation of Therapy Initial Regimen Follow-Up Regimen Comments
Pulmonary TB 6 mo INH, rifampin, Drop the fourth drug as soon as Four-drug initial therapy is
pyrazinamide, and the patient or reliable source recommended if there are
either ethambutol or case isolate is found to be any risks for drug resistance
streptomycin daily for drug susceptible including previous TB
2 months (3-drug Many pediatricians document a treatment, foreign born, or
therapy only if no risk follow-up chest radiograph residence in an area with
for resistance) around 2-3 months into >4% INH resistance (for child
therapy or source)
If the isolate is sensitive, the
patient is clinically well and
radiographically stable,
change to INH and rifampin
at 2 months to complete a
6-month course; if directly
observed therapy is used,
twice-weekly therapy can be
given
Document chest radiograph at
end of treatment—frequently
not quite normal
Extrapulmonary 9-12 mo Same as pulmonary 7-10 mo of INH and rifampin, Some clinicians use an
(meningitis, either daily or if directly injectable drug (usually
bone or joint, observed, twice weekly streptomycin) for initial
miliary) treatment of disseminated or
meningeal disease; consider
steroids for some types of
extrapulmonary disease
Other Same as Same as pulmonary Same as pulmonary disease Same as pulmonary disease
extrapulmonary pulmonary disease except no need to follow-up
(cervical disease chest radiographs if initially

adenopathy)

normal

*DOT is strongly recommended for all children with active TB.
Adapted with permission from Pediatric Tuberculosis: A Video Guide to Diagnosis and Treatment.3%

crushing the tablets into a semisoft vehicle (such as
pudding, baby food, yogurt, Nutella (Ferrero, New
York, NY), and chocolate sauce) and warning the
parents that there will be a several-week period of
trial and error.3>

Adherence to therapy is as much an issue in
children as it isin adults. Many factors contribute
to poor adherence, not the least of which are the
great difficulty in getting the drugs into the child
and the long duration of treatment. To maximize
the benefits of therapy, all children should be
treated by DOT.8! The reversal of the TB resur-
gence experienced in the United States from the
mid-1980s to 1992 and the decline in drug-resis-
tance in New York City are largely attributable to
the widespread application of DOT.83 The experi-
ence of Starke et a5t in treating 175 children with
as few as 58 doses by DOT with only one relapse,
is a testament to the benefits of this approach.st

Table 3 shows recommended treatment regi-

mens for active TB in children. For children who
live in areas with more than a 4% risk for INH
resistance or who have other risk factors for resis-
tance, 4-drug empiric therapy is recommended.
After the initial 2-month period, a repeat radio-
graph should be performed. If the patient has been
adherent to therapy there is no reason to suspect
drug resistance, and if the radiograph is not worse
the regimen can be changed to 2 drugs (INH and
rifampin) to complete a 6-month course. DOT is
recommended for treatment of TB in children.
Doses of drugs observed should be counted when
considering whether a patient has completed ther-
apy. Patients receiving daily doses for the first 2
months typically will receive 45 observed doses
(Monday through Friday for approximately 9
weeks) followed by 34 twice-weekly doses in the
following 4 months.
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Patients should be followed-up monthly during
therapy. Routine laboratory evaluation need not be
performed unless the patient has symptoms of tox-
icity, underlying liver disease, or is taking other
medications that might interfere with TB medica-
tions or cause similar toxicities.

An end-of-therapy radiograph should be ob-
tained. Most children do not have a normal radio-
graph at the end of therapy, but significant im-
provement is expected. The patient should be
followed-up for at least for 1 year clinicaly and
radiographically to ensure continued resolution.

Tables 4 and 5 show recommend doses for TB
drugsin children when used daily or twice weekly.

Drug Resistance

Children diagnosed with active TB caused by a
monoresistant isoniazid strain can receive ri-
fampin, pyrazinamide, and ethambutol for 6
months. Patients with monoresistant pyrazinamide
TB should receive INH, rifampin, and ethambutol
for 2 months, followed by INH and rifampin for an
additional 7 months (minimum based on clinical
response).

Children with rifampin monoresistance or mul-
tidrug-resistant TB (resistant to INH and rifampin)
should be managed by an expert in pediatric TB
because of the difficulty in using second-line drugs
in children.

Most second-line TB drugs can be used with
caution in children. Fortunately, many of them are
better tolerated in children than in adults. An im-
portant class of second-line drugs, the fluorogquino-
lones, should be used with caution in children. Dog
model studies have resulted in arthropathy when
puppies were treated with flouroquinolone drugs.
Many thousands of children have received quino-
lones, many for treatment of infectious complica-
tions of cystic fibrosis. Although some children
have reported reversible arthralgias (which is often
aclinical aspect of cystic fibrosis), none have suf-
fered arthropathy.8* Most of these therapies were
used for short or intermittent periods of times. Few
reports of the safety of prolonged therapy used in
treatment of multidrug-resistant TB are found in
the literature. If the fluoroquinolones are used, the
parents should be alerted as to the risk and advised
to report any musculoskeletal symptoms immedi-
ately.

Schaaf et alt report on 125 children exposed to
adults with pulmonary multidrug-resistant TB in
South Africa. Of the 119 followed-up, 29 (24%)
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Table 4. Pediatric TB Drug Dosing Tables
by Weight—Daily Dosing

Daily INH Dose (10-15 mg/kg)

Child’s Weight 100-mg 300-mg
kg lbs mg tablets tablets
Isoniazid daily dosing

3-5 6.6-11 50 0.5 0
5-7.5 11-16.4 75 0.75 0
7.5-10 16.5-22 100 1 0
10-15 22-33 150 0 0.5
15-20 33-44 200 2 0
Over 20 Over 44 300 0 1

Maximum daily dose is 300 mg

Daily Rifampin Dose
(10-20 mg/kg/dose)

Child’s Weight
150-mg 300-mg
kg Ibs mg caplets caplets
Rifampin daily dosing
4-7.5 9-16 75 0.5 0
7.5-12.5 17-27 150 1 0
12.5-17.5 28-38 225 1.5 0
17.5-25 39-55 300 0 1
25-35 55-77 450 1 1
Over 35 Over 77 600 0 2

Maximum daily rifampin dose is 600 mg

Daily Pyrazinamide Dose
(20-40 mg/kg/dose)'®

Child’s Weight 500-mg
kg Ibs mg tablets
Pyrazinamide daily dosing

3-6.25 6.6-13 125 0.25
6.25-12.5 14-27 250 0.5
12.5-20 27-44 500 1
20-27 44-59 750 1.5
27-35 59-77 1,000 2
35-46 77-101 1,250 25
46-54 102-119 1,500 3
54-62 119-136 1,750 4
Over 62 Over 136 2,000 5

Maximum daily pyrazinamide dose is 2,000 mg (2 g)

Ethambutol Daily Dose
(15-25 mg/kg/dose)

Child’s Weight

100-mg 400-mg
kg Ibs mg tablets tablets
Daily Ethambutol dosing
4-6 9-13 100 1 0
6-8 14-17 150 1.5 0
8-12.5 18-27 200 2 0
12.5-17.5 28-38 300 3 0
17.5-22.5 39-49 400 0 1
22.5-27.5 50-60 500 1 1
27.5-32.5 61-71 600 2 1
32.5-37.5 72-82 700 3 1
37.5-42.5 83-93 800 0 2
42.5-47.5 94-104 900 1 2
47.5-52.5 105-115 1,000 2 2
52.5-57.5 116-126 1,100 3 2
57.5-62.5 127-137 1,200 0 3
62.5-67.5 138-148 1,300 1 3
67.5-72.5 149-159 1,400 2 3

Maximum daily ethambutol dose is 1,600 mg.”’!
Dose obese children on lean body weight

Adapted with permission from Pediatric Tuberculosis: A Video Guide
to Diagnosis and Treatment.3
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Table 5. Pediatric TB Drug Dosing Tables by Weight—Twice
weekly dosing

Twice Weekly INH Dose

(20-30 mg/kg)
Child’s Weight
100-mg 300-mg
kg lbs mg tablets tablets
Isoniazid twice-weekly dosing
3-5 6.6-11 100 1 0
5-7.5 11-16.4 150 0 0.5
7.5-10 16.5-22 200 2 0
10-15 22-33 300 0 1
15-20 33-44 450 0 1.5
20-25 44-55 600 0 2
25-30 55-66 700 1 2
30-35 66-77 800 2 2
Over 35 Over 77 900 0 3

Maximum twice-weekly dose is 900 mg

Twice-Weekly Rifampin Dose
(generally 15-20 mg/kg/dose)

Child's Weight 150-mg 300-mg
kg lbs mg caplets caplets
Twice-weekly rifampin dosing

4-75 9-16 75 0.5 0
7.5-11.25 16-24 150 1 0
11.25-15 25-33 225 1.5 0
15-22.5 33-49 300 0 1
22.5-30 50-66 450 1 1
Over 30 Over 66 600 0 2

Maximum twice-weekly rifampin dose is 600 mg

Twice-Weekly PZA Dose
50 mg/kg/dose

Child’s Weight 500-mg
kg Ibs mg tablets
Pyrazinamide twice-weekly dosing
4.5-7.5 10-16 250 0.5
7.5-12.5 17-27 500 1
12.5-17.5 28-38 750 15
17.5-22.5 39-49 1,000 2
22.5-27.5 50-60 1,250 2.5
27.5-32.5 61-71 1,500 3
32.5-37.5 72-82 1,750 3.5
37.5-48 83-105 2,000 4
48-58 106-127 2,500 5
58-68 128-149 3,000 6
68-78 150-171 3,500 7
Over 78 Over 172 4,000 8

Maximum twice-weekly pyrazinamide dose is 4 g.%'

Ethambutol Twice-Weekly Dose
50 mg/kg/dose

Child's Weight 100-mg 400-mg
kg lbs mg tablets tablets
Twice-weekly ethambutol dosing
4-5 9-11 200 2 0
5-7 11-15 300 3 0
7-9 15-19 400 0 1
9-11 20-24 500 1 1
11-13 25-28 600 2 1
13-15 29-33 700 3 1
15-17 34-37 800 0 2
17-19 38-41 900 1 2
19-21 42-46 1,000 2 2
21-23 47-50 1,100 3 2
23-27 51-59 1,200 0 3
27-31 59-68 1,400 2 3
31-35 68-77 1,600 0 4
35-39 78-85 1,800 2 4
39-47 86-103 2,000 0 5
47-52 104-114 2,400 0 6
52-60 115-132 2,800 0 7
60-68 132-149 3,200 0 8
68-76 150-167 3,600 0 9

Maximun twice-weekly ethambutol dose is 4,000 mg.91
Dose obese children on lean body weight

Adapted with permission from Pediatric Tuberculosis: A Video Guide
to Diagnosis and Treatment.3®
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developed active disease and 64 (54%) had LTBI.
Interestingly, 2 of 41 (5%) children who received
appropriate treatment of multidrug-resistant LTBI
developed active TB compared with 13 of 64
(20%) who did not. Regimens for treatment of
LTBI included high-dose INH (15-20 mg/kg/d) for
al but 4 children and usually 2 other drugs based
on susceptibility of the source case (pyrazinamide,
ethambutol, or ethionamide). Of the 29 diseased
children, 26 were diagnosed within 12 months of
exposure, consistent with historic data. Treatment
for active disease was given with 4 to 5 oral drugs
only (no injectable drugs were used). Most treat-
ment regimens lasted 9 to 12 months, but children
with hilar adenopathy only received 6 months of
treatment. Drugsincluded in the regimensincluded
high-dose isoniazid, pyrazinamide, ethambutol,
ethionamide, and ofloxacin. Fifteen children re-
ceived ofloxacin for 6 to 12 months. One child
discontinued ofloxacin because of arthralgia. The
children who received ofloxacin were 7 to 63
months of age (median, 37 mo).

Most U.S. literature of multidrug-resistant TB
describes treatment and outcomes in adults. Com-
monly described treatment regimens include 3 or
more drugs to which the isolate is susceptible.
Treatment duration is usually 18 to 24 months after
sputum culture conversion. An injectable drug (an
aminoglycoside or capreomycin) isincluded in the
regimen and is used until the cultures are sterile for
4 to 6 months. Unfortunately, culture conversion is
difficult to document in children and the toxicities
of second-line drugs also may be more difficult to
monitor (ototoxicity and psychiatric/neurologic
toxicities in particular). Without more compelling
clinical trials to suggest that less-aggressive treat-
ment regimens are effective, children should be
treated with regimens similar to adults. At least 3
drugs to which the isolate is susceptible and a
regimen of at least 18 months should be the goal .85

HIV

Children with HIV infection are at increased risk
for TB for 2 reasons. They are exposed to their
parents, who also usualy are HIV infected and
therefore at risk for active and contagious TB.
Second, if infected, they are more likely to develop
active TB because of their deficient immune sys-
tem. HIV testing is recommended for al individ-
uals diagnosed with active TB.1681 Few U.S. stud-
ies have reported a major impact from HIV on
pediatric TB disease. One series from Miami de-
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scribed 9 children with acquired immune defi-
ciency syndrome and TB. Only one child had a
positive TST, 4 had extrapulmonary disease, and 3
diagnosed after January 1989 had Mtb strains re-
sistant to multiple antituberculous drugs. Median
survival after the TB diagnosis was 20 months.86
Through 1998, 27 cases of TB were diagnosed in
3,331 HIV-infected children enrolled in 13 pediatric
acquired immune deficiency syndrome trials (0.4
cases per 100 person-years). The median age was
7.6 years and the median CD4 count was 189.87

SUMMARY

Pediatric TB is a huge global problem and a
somewhat focal problem within the United States.
Elimination of TB in adults will stop the spread to
children, but we must address the large pool of
latently infected children if we have any hope of
substantial declines in TB disease. To use re-
sources wisely, we should screen children for TB
risk factors before placing a TST. A child at risk
should have complete evaluation and treatment.
These should include proper placement and read-
ing of the skin test, evaluation by history, physical
examination, 2-view radiograph if the skin test is
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positive, and the full duration of best therapy.
Creative efforts are required to maximize these
efforts without wasting time, energy, and money of
al involved.

The diagnosis of TB in a child is somewhat
challenging because of the lack of a single diag-
nostic test or feature. The TST is not universaly
positive, the child may or may not have symptoms
of TB, the radiograph may look similar to many
other lung processes, and cultures are difficult to
collect and freguently negative. The history of
exposure to an adult case with active TB is one of
the most helpful features.

Treatment of active TB in children reguires at
least 6 months of multidrug therapy. Serious con-
sideration should be given to the child’s risk for
drug resistance when choosing an empiric drug
regimen. Four-drug therapy (INH, rifampin, pyra-
zinamide, and ethambutol) should be used when
the child has extensive disease or any individual or
exposure risks of drug resistance.
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