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Abstract
Childhood tuberculosis does not get the attention it deserves, both in the general child health services and the TB specific
services. The difficulty in identification of the organism due to lack of proper sample as well as lower sensitivity of the smear,
made it harder to detect cases with ease in the community. Newer diagnostic methods like cartridge based nucleic acid ampli-
fication tests (CBNAAT) and line probe assays (LPA) have the capacity to rapidly identifyMycobacterium tuberculosis with an
improved sensitivity over the smear testing and have been employed under Revised National Tuberculosis Control Programme
(RNTCP) across the country. As the symptoms suggestive of TB are very common and overlapping, the final yield of TB testing
is better if the microbiological confirmation is done on good quality specimen from cases suspected of TB based on clinical and
radiological abnormalities. Newer tests also provide simultaneous detection of much critical Rifampicin resistance. A Rifampicin
resistant case is not only unlikely to respond to first-line standard therapy but such a treatment can result in further amplification
of resistance to other companion drugs. Prevention of spread of the drug resistant disease thus requires that the treatment is guided
by universal drug sensitivity testing (U-DST) of all TB cases. Furthermore, several changes have come up in the treatment of TB
and are discussed. The dosages of anti TB drugs have been revised upwardly for optimal drug levels and now the fixed drug
combinations are used under RNTCP. With the awareness about high initial Isoniazid (INH) resistance and its contribution to
failure of retreatment regime, a companion third drug (Ethambutol) has been added to the continuation phase of the first-line
therapy. The standard retreatment regime, better known as category II therapy, has been replaced by specific therapy as per the
resistance pattern detected. The TB control activities have thus evolved a lot and the present article discusses the evolution and the
current status of diagnostics and therapy of TB in children.
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Introduction

WHO has identified TB in children as an important area of
intervention as the world takes up the formidable challenge of
eliminating TB. A road map to end TB among children has
been developed [1]. India has launched the ambitious pro-
gramme to make India TB free by 2025 and this obviously
cannot happen without a focussed strategy for children with
TB. Most common childhood illnesses are dealt under child
survival and child health programmes. Acute diarrheal and
respiratory illnesses not only make high contribution to mor-
bidity and mortality among children but are also easy to

identify and have simple and effective community manage-
ment tools thus making them a public health favourite. In
contrast, TB in children is not recognised as a major killer
though the impact of the disease can be far more devastating
and disabling among children. Lack of an easy and reliable
diagnostic tool, and, prolonged therapy often leads to poor
recognition and acceptance of diagnosis of TB among the
community of patients or their caregivers and care providers.

Revised National Tuberculosis Control Programme
(RNTCP) manages and implements the national policy for tu-
berculosis control. The infectious adults with TB form the main
focus of programme policy, strategies and interventions. Such
cases can be easily identified by a point of care staining for Acid
fast bacilli (AFB) of sputum, even at the periphery. However,
the same test is far less sensitive and the access to specimen is
so poor that this tool is not as good for children. TB in a child is
not like TB in a miniature adult, for it has many important
differences in presentation of the disease, type of the disease,
diagnostic and care pathways. The public health strategies used
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for managing TB among adults are often not suited for children
as the disease process and diagnostic pathwaysmay be different
e.g., inability to provide an easily testable specimen like spon-
taneously produced sputum; poor sensitivity of the commonly
employed tests for diagnosis like smear for AFB, reliance on
chest radiology, etc. Retro-fitting the strategies for children to
the existing adult oriented programme template creates difficul-
ties. A successful strategy to manage children with TB shall
require to take into account all the specific nuances related to it.

Despite all these odds, in our country, RNTCP has made
efforts to include childhood under its fold and has to its credit
many initiatives like the very first joint guideline in 2004 with
Indian Academy of Pediatrics (IAP) [2] which has subse-
quently been updated several times; introduction of pediatric
patient wise boxes for treatment; and, more recently, introduc-
tion of upfront testing of pediatric samples by newer tests like
cartridge based nucleic acid amplification tests (CBNAAT).

TB care community all over the world feels that there is a
definite possibility of the transformation of the current epidemic
of TB to the next epidemic of drug resistant TB, despite shrink-
ing numbers of cases. Therefore, in recent times, innovative
technologies with possibility of scaling up of capacities to rap-
idly detect drug resistance have come up due to a concerted
global effort. The leaders of this rapid diagnostic pack are
CBNAAT and line probe assays (LPA); and, efficient liquid
culture methods like Mycobacterium growth indicator tube
(MGIT™). Over past decade, RNTCP has absorbed these
newer technologies in a scaled up fashion covering the whole
country, developed better and larger laboratory network. It has,
therefore, now aligned its strategy to upfront detection of drug
resistance for an early management in order to prevent further
spread of disease as well as amplification of resistance.

The present article provides an insight into how this
evolved TBmanagement scenario has impacted the childhood
TBmanagement; providing basis for some of the key changes
that are being made for diagnosis as well as treatment among
children.

Evolution of Diagnostic Tools under RNTCP

For Confirmation of Tuberculosis

Ziehl- Nelsen (ZN) staining of the sputum or gastric aspirate
was the primary strategy for microbiological confirmation un-
der RNTCP but was not adequately utilised as the smear pos-
itivity among children with paucibacillary primary disease
was very low (around 10%). Further, lack of skills or facilities
for collection and processing of non-sputum specimens at the
designated microscopic centres further decreased the use of
this diagnostic modality.

RNTCP approved newer tests like CBNAAT (e.g., Xpert-
Rif™ from Cepheid, USA and TrueNat™ from MolBio,

India) have provided an alternative point of care, rapid method
for microbiological confirmation. These tests can provide re-
sult in a matter of about a couple of hours of testing time.
Xpert Rif™ has been shown to have a much higher sensitivity
than ZN smear as it requires just above a hundred DNA copies
(organisms) per ml of the specimen as compared to tens of
thousands for a smear. The studies have reported a 3-fold
increase in the diagnostic yield with this tool [3]. It has shown
to be as useful with a variety of respiratory and non-
respiratory specimens. Refinements to the cartridge called
Xpert Ultra™ are likely to better the sensitivity further bring-
ing it close to that of liquid culture [4]. Being a nested poly-
merase chain reaction (PCR), these tests also simultaneously
provide information about Rifampicin resistance of the
Mycobacterium tuberculosis (MTb) detected. Ease of testing,
possibility of testing any type of respiratory specimens and
rapidity of results are great potentials of this method.
Despite the refinement, it however still falls short of the need
of the profession. As no more than 40–50% of pediatric cases
are culture-positive and a lesser or similar proportion are ex-
pected to be CBNAAT positive, thus, a negative CBNAAT
does not rule out TB. Further, the test is far more expensive as
compared to the smear (over 25–30 times) and requires elec-
trical supplies and temperature control facilities. Under
RNTCP, CBNAAT machines have been provided for free of
cost testing all over country and upfront testing of all samples
by this method is being advocated. Thus, rapid microbiolog-
ical confirmation in pediatric samples is now a possibility.

Conventionally, all children suspected to have pulmonary
TB would be subjected to a chest radiograph, Tuberculin skin
test and possibly a smear test for sputum or gastric aspirate on
the first visit despite a miserably low yield to effort for the
smear test in children with primary disease. Now smear can,
and should be replaced by more efficient CBNAAT even
though it still can detect no more than 30–40% of childhood
cases. Experience from the country shows that when the mi-
crobiological testing by CBNAAT is positioned like a sputum
smear, right at the beginning for all those suspected to have
TB, the yield of the test is dismally poor, under 10%. This is
expected because the TB suggestive symptoms are common
and lack specificity if not well characterised [5]. This raises an
important question as to how this useful innovation can be
properly utilised without wasting resources and overwhelm-
ing the laboratory system.

The evidence for a better positioning comes from some
other studies. The yield improved several folds when respira-
tory secretions were tested only in cases where lesions were
detected on chest radiology in a child with suggestive symp-
tom. Delhi TB study group reported much higher yield of
CBNAAT (22%) on their archived samples from clinico-
radiologically diagnosed pediatric cases of pulmonary TB
[6]. This is far more than the yield reported on upfront testing
of the chest symptomatics referred to above. Several
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unpublished studies by the author have also found similar
results. The pediatric TB experts thus agreed that CBNAAT
could be used more efficiently if the respiratory specimens are
tested in presumed cases with abnormal chest radiology.

CBNAAT has also shown fairly good to moderate sensitiv-
ity with extra-pulmonary specimens like pus, needle aspirates
from the lymphnode, tissue biopsies, cerebrospinal fluid, etc.
[7]. The yield is universally poor with pleural and ascitic fluid
specimens. CBNAATmay be the initial test for aspirates from
suspected TB lymphadenitis and the more challenging
cytopathological diagnosis may be used in cases where the
CBNAAT is negative for TB, particularly when the facilities
for cytopathological testing are limited.

Universal Drug Sensitivity Testing (U-DST)
and Testing for Drug Resistance

Under RNTCP, the current strategy is to have sensitivity guided
therapy and thus universal drug sensitivity testing (U-DST) is
recommended for all TB cases for early detection and appropriate
treatment of the drug resistant cases (particularly the Rifampicin
resistant cases). In the past, every new case was presumed drug
sensitive and was initially given a standard regime of 4 first-line
drug combination and the retreatment cases a 5 first-line drug
regime. The scarcity of drug resistance testing facilities and the
long time involved in testing, restricted the use of these tests for
only those who were failing the retreatment regime or who
interrupted treatment. The patients with drug resistance to
Rifampicin and/ or Isoniazid (INH) were the commonest reasons
for the failure of these regimes. The usage of standard therapy in
such cases not only delayed their appropriate treatment but also
contributed to further amplification and extended drug resistance.

The country has adopted robust technologies for rapid TB
diagnosis and detection of resistance to Rifampicin and INH.
This evolution now makes it possible to know the presence of
resistance to these drugs upfront and plan an optimised therapy to
improve cure rates and to prevent amplification of drug resis-
tance, which was a risk with use of standard initial treatment
regimens. The current technology (CBNAAT) employs a nested
PCR which permits rapid simultaneous detection of Rifampicin
resistance. This is very helpful as resistance to Rifampicin is a
singular factor associated with the failure of first-line therapy and
further amplification of resistance. So for all practical purposes at
the current time, U-DST under RNTCP refers to upfront testing
for rifampicin resistance.

Testing for resistance to INH, the other critical first-line
drug, is possible with another approvedmolecular test belong-
ing to the genre of line probe assay (LPA). LPA approved by
WHO and used under RNTCP is GenoType MTBDR plus™
(Hain Lifescience GmbH, Nehren, Germany) and it uses PCR
and reverse hybridisation assay to simultaneously detect TB
and mutation associated with resistance to rifampicin as well
as high and low level of INH resistance. In contrast to

CBNAAT, this test is only suited for smear positive samples
or on culture isolates and takes about 2 d of laboratory time.

More recently WHO has approved LPA for testing second-
line drug resistance too (GenoType MTBDRsl™ from Hain
Lifescience GmbH, Nehren, Germany) and it primarily tests for
MTB diagnosis and class resistance to fluoroquinolones and
second-line injectables. This test is recommended for all speci-
mens showing Rifampicin resistance to select an appropriate
drug regimen [8].

In summary, nested PCR in CBNAAT allows an upfront
testing for both the mycobacterium and presence of
Rifampicin resistance in all kinds of specimens at a much
higher sensitivity even among smear negative cases, thus
making it the preferred initial test for U-DST under the pro-
gramme. Testing for INH resistance by LPA can only be done
on smear positive specimens or on culture isolate. Thus, we
are going to see major shift on positioning of sputum/ allied
sample testing in the diagnostic algorithm for children. It is
recommended that the CBNAAT testing of the respiratory
specimens is done if only a presumed case demonstrates an
abnormality on the chest skiagram, to get maximum yield to
effort. For testing with CBNAAT, a single good quality spec-
imen is recommended instead of the two specimens as re-
quired for the microscopy based methods.

Evolution of TB Drug Therapy under RNTCP

TB Drug Dosages

Studies commissioned by WHO and from within the country
have revisited the pharmacokinetics (PKA) of all first-line TB
drugs. This had led to an understanding that an upward revi-
sion of their dosages was needed for children. Pediatric pa-
tients show more rapid metabolism of Isoniazid as compared
to adults and therefore require higher mg/kg body weight dose
requirement [9–12]. More recent guidelines recommend an
upward revision of the daily INH dose among children [13].
While the PKA data suggests much higher dosages for
maximising area under curve above the minimum inhibitory
concentration (MIC) for most first-line drugs, but there is lack
of safety data when these drugs are used as a combination in

Table 1 Anti TB drug dosages for children

Range
mg/kg/d

Average
mg/kg/d

Maximum
dose (mg)

Rifampicin R 10–20 15 600

Isoniazid H 7–15 10 300

Pyrazinamide Z 30–40 35 2000

Ethambutol E 15–25 20 1500

Streptomycin S 15–20 20 1000
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higher doses, as many of the components have similar toxicity
(e.g., INH, Rifampicin and Pyrazinamide are essential part of
the current regimes and each of these can cause liver injury).
Table 1 details the currently recommended doses as per the
revised updated RNCP guidelines.

New Fixed Dose Combinations (FDCs)

FDCs incorporating the multi-drug therapy for TB are pre-
ferred due to safety and simplified treatment, no errors in
missing one or more of the combination drugs, and thus a
reduced risk of emergence of drug-resistant strains. From pro-
grammatic view point, it simplifies drug supply management,
shipping and distribution. As the bioavailability of some of the
component drugs, particularly Rifampicin can be affected
when used in a combination formulation, FDC tablets of good
quality and proven bioavailability of Rifampicin are required.
Furthermore, with the upward revision of the first-line drug
dosages, most existing FDCs do not have the appropriate dos-
ing combination, In order to meet the needs of a wide range of
weight bands, a low drug size combination pill has been de-
veloped with preferred ratio of H:R:Z as 1:1.5:3 for children.
In order to decrease the pill burden and for ease of adminis-
tration, the pediatric FDC formulations are developed as dis-
persible tablet (DT). Ethambutol being a hygroscopic drug is
difficult to be formulated as a DT and hence is not part of
the pediatric FDC DT [14].

Currently, two types of FDCs, which meet the WHO rec-
ommendations, are available under RNTCP. They are:

& 3 drugs pediatric FDC DT (H 50, R 75, Z150) (10:15:30)
for children, (a separate non-DT Ethambutol 100mg tablet
is added to complete the regime);

& 4 drugs FDC adult (H 75, R 150, Z 400, E 275).

The recommended therapy for the various weight bands
using these FDCs per body weight is detailed in Table 2.

Adjunct Therapy- Pyridoxine

There has been a concern about need for pyridoxine in patients
on ATT to prevent peripheral neuropathy. Isoniazid interferes
competitively with pyridoxine metabolism by inhibiting the
formation of the active form of the vitamin, and hence can
result in peripheral neuropathy. It is difficult to recognise or
diagnose peripheral neuropathy in young children but an
unrecognised and untreated peripheral neuropathy can result
in severe and prolonged morbidity. Given that our country has
a high prevalence of malnutrition in children, particularly
among those with active TB, hence it could be said that most
of our patients are Bat risk^ of peripheral neuropathy with
INH. This may be more so now due to currently recommend-
ed higher daily dosage of the drug. In the past, the pyridoxine
supplementation was recommended only for high risk groups
like human immunodeficiency virus (HIV), alcohol abuse,
severe malnutrition, diabetes mellitus, renal or liver failure,
and for MDR treatment. It was not recommended routinely
for children. However, when intermittent regimen was being
used under the RNTCP, the patients received pyridoxine on
non-drug days to create a quasi-daily regime during the con-
tinuation phase so that they would not forget taking pills.

Table 2 Drug dosage for various anti-TB drugs using new fixed drug combination tablets (FDC) under RNTCP

Weight Band Number of Pediatric FDC dispersible tablets (See below)* Inj. Streptomycin
(in mg)

Intensive phase (IP) Continuation phase (CP)

RHZ FDC (50 + 75 + 150 mg
respectively)

Ethambutol
(100 mg non-dispersible
tablet)

RH FDC
(50 + 75 mg
respectively)

Ethambutol
(100 mg non-dispersible
tablet)

4–7 (kg) 1 1 1 1 100

8–11 (kg) 2 2 2 2 150

12–15 (kg) 3 3 3 3 200

16–24 (kg) 4 4 4 4 300

25–29 (kg) 3 + 1A 3 3 + 1A 3 400

30–39 (kg) 2 + 2A 2 2 + 2A 2 500

H Isoniazid; R Rifampicin; Z Pyrazinamide

*Number suffixed with A indicate the number of 4 drugs Adult intensive phase FDC containing HRZE 75, 150, 400, 275 mg respectively in each tablet;
and 3 drugs Adult continuation phase containing HRE 75, 150, 275 mg respectively in each tablet. For children weighing 40 kg or above, the adult
dosage chart is recommended.
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In light of the above, there has been a rethink and experts
now recommend pyridoxine supplementation (10 mg per day)
to all those receiving INH therapy. Low cost, safety and lack
of any interference with INH action in the small prophylactic
dose used, favour its use for its potential benefit.

Otherwise, no supplemental treatment in the form of mul-
tivitamin or multi-mineral is advised as there is no evidence
that any of these improve the treatment outcome.

Addressing the Issue of Initial INH Resistance

Most countries, particularly the high TB burden and resource
constrained nations, were guided by the erstwhile WHO guid-
ance of using 2 major standard regimes for treating TB i.e., 4
drug regime for new cases and 5 drug retreatment regime for
the relapse, failure and defaulters. There was little nationwide
data on prevalence of drug resistance except that the resistance
to Rifampicin or MDR was less than 5% among new cases
and there was a wide variation of MDR TB among the
retreatment cases with the RH (Rifampicin, Isoniazid) resis-
tance being low among the relapses but it was higher among
the failure and defaulters.

Gradually, programmatic data mounted to identify another
problem related to drug resistance. Increasing evidence
showed that the level of initial INH resistance was high among
new cases and this could lead to amplification of resistance to
Rifampicin as there was no effective companion drug for
Rifampicin in the continuation phase. Thus, a need for adding
a third companion drug (Ethambutol) to RH in the continua-
tion phase of the primary regime for new cases was articulated
in the Standards for TB care in India (2014) and later imple-
mented under RNTCP [15].

WHO commissioned a systematic review on the outcomes
of retreatment regime and it reported that the empiric use of
this regimen in settings where resistance to Isoniazid and
Rifampicin was unknown but likely to be high, led to unac-
ceptably low rates of treatment success (median of 68%).
Higher rates of poor outcomes and acquired drug resistance
was reported among retreatment cases with confirmed isonia-
zid resistance when treated with category II regimen as com-
pared to those who remained susceptible to isoniazid. There
was also evidence to suggest that intermittent regimes, not
fully supervised, may be associated with higher failures in
the presence of INH resistance [16, 17].

This stepped way for shifting to a daily regime as was
elucidated in the Standards of TB care in India (2014) and
subsequently IAP-RNTCP guidelines for treating new child-
hood cases, in 2015. The programmatic changes were effected
gradually by 2017 as it entailed nationwide training and pro-
curement of new dose combinations for the daily regime.

Ethambutol was added as a third drug to strengthen the con-
tinuation phase to improve cure rates and prevent amplifica-
tion of resistance.

The initial belief which proposed a standard retreatment
regimen was based on the reports that the resistance to the
non-Rifampicin drugs in the initial therapy, can in most situ-
ations be overcome by a 8 mo, 5 drug retreatment regime,
which had longer intensive phase (3 mo) and a 5 mo 3 drug
continuation phase (RHE). Despite treating increasing number
of new cases of TB with high cure rates under RNTCP strat-
egy, evidence was building that the outcomes of retreatment
(category II) was modest to poor and many of these cases had
MDRTB [18–20]. Optimal therapy of these retreatment cases
and prevention of further emergence of multidrug resistant TB
was the new challenge.

With the addition of Ethambutol in the continuation phase,
there was hardly any difference between the new and
retreatment regime. This, coupled with moderate failures with
category II, raised the demand for revisiting the therapy for
retreatment cases. Simultaneously, the TB world was
witnessing development and adoption of better robust rapid
technologies to detect INH and Rifampicin resistance. As a
result of better capacities to identify drug resistance, the stan-
dard retreatment regimen has been withdrawn and now all
retreatment cases are put on optimised therapy based on their
resistance pattern. In retreatment cases, where no resistance to
H and R is detected, the initial drug regime is given again.
While among those identified to have INH (mono or poly)
resistance but no resistance to Rifampicin, a 6 momonophasic
regime consti tuted by Rifampicin, Levofloxacin,
Pyrazinamide and Ethambutol is recommended [21]. This
can be given for upto 12mo in those who have central nervous
system (CNS) and/or bone TB.

Management of Rifampicin Resistance in Children

With the availability of CBNAAT, patients having Rifampicin
resistant (RR) disease can get identified early on. It is to be
noted that R resistance is quite rare without H resistance.
Majority of DST results with R resistance usually have H
resistance, i.e., MDR TB. This has been substantiated in the
recent National Drug Resistance Survey from our country
[22]. Therefore, RNTCP has taken the programmatic decision
that patients, who have any R resistance, should be managed
as MDR TB case and this is in line with WHO global guide-
lines for Programmatic management of drug resistance TB
(PMDT).

The drug therapy for MDR disease has recently undergone a
lot of change and the recommended regimes are listed in the
Table 3. This may require further change when the Drug
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Controller of India gives permission for the use of drugs
like Bedaquiline among children. Globally, there is now a
push towards having an all oral regime for treating MDR
TB, which shall be possible once the newer drugs are
approved for use in children.

Preventive Therapy

Children are more susceptible to TB infection, more like-
ly to develop active TB disease soon after infection, and
more likely to develop severe forms of disseminated TB.
Children under 6 y of age, who are close contacts of a
microbiologically confirmed pulmonary TB patient, need
to be evaluated for active TB by a medical officer/ pe-
diatrician as early as possible. After excluding active TB,
INH preventive therapy is to be offered to such a child,
irrespective of their BCG or nutritional status. The dose
of INH for preventive therapy is 10 mg/kg body weight
administered daily for a minimum period of six months.

INH preventive therapy is also recommended in the follow-
ing situations:

& For all HIV infected children who either had a known
exposure to an infectious TB case or are Tuberculin skin
test (TST) positive (> = 5 mm induration) but have no
active TB disease.

& All TST positive children who are receiving immunosup-
pressive therapy (e.g., Children with nephrotic syndrome,
acute leukemia, etc.).

& A child born to mother who was diagnosed to have TB
in pregnancy should receive prophylaxis for 6 mo, pro-
vided congenital TB has been ruled out. BCG vaccina-
tion can be given at birth even if INH preventive therapy
is planned.

To conclude, the management of TB among children has
witnessed some important changes in the recent past.
Optimised drug regimes shall now replace the standard treat-
ment regimes. Universal upfront testing for Rifampicin resis-
tance shall lead to early detection and proper management of
the RR cases. This has largely been made possible with the
advent of newer rapid detection molecular tests.
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