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The World Health Organization (WHO) estimates that
around 1 million children (<15 years) develop tubercu-
losis (TB) annually [1]. Recent mortality estimates from
modelling are that 239,000 children died of TB in 2015,
that the majority (80%) of these deaths occurred in
infants and young children (<5 years) and that more
than 96% of the deaths occurred in children not
detected with or treated for TB [2]. It is well recognised
that young age is associated with an increased risk of
disease following infection as well as an increased risk of
severe disease and mortality compared with school-age
children [3,4]. While young children make a minimal
contribution to ongoing transmission of TB in the com-
munity, TB is an important treatable and preventable
cause of under-5 morbidity and mortality [5]. It is less
well recognised that TB is also a cause of life-long dis-
ability, for example, as a consequence of TB meningitis
or spinal TB or severe pulmonary TB, especially if not
detected and treated early [6].

Improving case detection, diagnostic accuracy and
treatment availability are clearly critical to reduce TB-
related child morbidity and mortality [7]. However,
important challenges for health services in providing
these are common and inter-related. There is epidemio-
logical overlap between areas where TB is endemic and
under-5 mortality high which are also usually resource-
limited. TB is endemic in poor and vulnerable popula-
tions for whom access to diagnosis and management
may be difficult [8]. When health services are accessed,
most children with TB will first present to the same
peripheral health facility as other sick children. While
health workers in the community and at the primary
care level may be equipped to diagnose and manage
common childhood illnesses such as acute respiratory
infection or diarrhoea, they are less well equipped to
detect and diagnose TB in children [9]. Frequently, there
is an overlap between the clinical presentation of TB,
either as a primary cause or co-morbidity, and the pre-
sentation of a number of the more common childhood
diseases in these settings [5,10]. Smear microscopy for
acid-fast bacilli may be available in primary-care

settings, but it has limited diagnostic value in young
children because of low yield, and chest radiography
which is commonly required to support the clinical
diagnosis is rarely available in primary-care settings in
many TB-endemic areas. In practice, the diagnosis and
confirmation of childhood TB will often be limited to
secondary or tertiary facilities, either as a primary pre-
sentation in the community or by referral from
a peripheral health facility, which further increases the
challenges of access to care [11–13]. Therefore, at the
primary-care level, childhood TB may not be detected
early or even at all, resulting in a poor outcome. On the
other hand, efforts to increase case detection can readily
lead to over-diagnosis, resulting in unnecessary treat-
ment and/or referral with costs to the family and health
system.

The WHO guidance on the approach to diagnosing
TB in children includes ‘bacteriological confirmation
whenever possible’ [14]. Strengthening the accuracy of
diagnosis is important for better patient management
and outcome, including of children with drug-resistant
TB, as well as the quality of the programmatic surveil-
lance data. The WHO classifies TB cases, including child
TB cases, for notification and reporting either as ‘bacter-
iologically confirmed’ (i.e. a biological specimen is posi-
tive by smear microscopy, culture or WHO-approved
rapid diagnostics such as Xpert MTB/RIF) or as ‘clinically
diagnosed’ (i.e. not bacteriologically confirmed), which
includes cases diagnosed and treated for TB on the basis
of radiological abnormalities [14].

Over the last decade, evidence has emerged of the
potential feasibility and diagnostic yield of a range of
sampling methods as well as tools for bacteriological
confirmation [15–19]. This evidence is from a number of
TB-endemic countries but is largely from studies of
children presenting to tertiary facilities who may be at
a more advanced stage of the disease and with
a potentially greater diagnostic yield [20]. These
research settings also have established laboratory and
radiological facilities and staff with expertise and train-
ing in diagnosing childhood TB above and beyond that
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which is usually available at the primary-care level in
most TB-endemic settings. These diagnostics also
require evaluation at the primary-care level where
most children with TB will present initially and where
the challenges for detection, diagnosis and manage-
ment may be greatest.

In this issue of the journal, findings are presented
from the evaluation of methods for bacteriological con-
firmation in 119 children aged 2 months to 10 years
presenting with TB-related symptoms and signs to
a primary-care facility in South Africa [21]. The majority
(58%) of children had a known, current TB case in their
household. In addition to clinical evaluation, tuberculin
skin test and chest radiograph, samples were collected
for bacteriological confirmation of TB including smear
microscopy, mycobacterial culture and Xpert MTB/RIF
(Xpert) assay. The collection of sampleswas feasible, and
laboratory investigation was completed for a majority of
the 469 samples. Successfully tested samples included
a single stool sample (for Xpert) from 114 (or 96%) study
participants, a single sputum sample from 14 partici-
pants, and, from the 105 who were unable to provide
sputum, an induced sputum sample (n = 103), at least
one nasopharyngeal aspirate (n = 101), two nasophar-
yngeal aspirates (n = 83) and gastric aspirate (n = 57).
Twenty-one (18%) participants were HIV-infected, 13 of
whom provided urine for lipo-arabinomannan assay.
Despite the range of samples tested, the diagnostic
yield for bacteriological confirmation was very low—
four cases or 3% overall, and, of these, two were com-
menced on treatment for TB, one died before treatment
was commenced and one was lost-to-follow-up before
treatment could be commenced. Treatment for TB was
commenced in an additional 46 participants with clini-
cally diagnosed TB and a further 32 were commenced
on isoniazid preventive therapy.

Study limitations are acknowledged and, although
well recognised for all diagnostic studies in childhood
TB, research aiming to improve certainty of diagnosis
(or exclusion) of TB in children is central to closing the
wide policy–practice gap to improve detection and
outcome as well as assessment of a child contact’s
eligibility for preventive therapy [7,14]. A further
important consideration is the wider representative-
ness of the study’s findings. The clinical and radiolo-
gical assessment available at this primary-care level in
South Africa may be more comparable to that which
is available only at the secondary or tertiary level of
care in other TB-endemic settings such as Malawi or
Papua New Guinea [13,22]. Furthermore, samples
were transported for laboratory testing to a national
TB reference laboratory situated less than an hour’s
drive from the study site, and so there was ready
availability of a good laboratory service which would
not be accessible in most settings. These are not
criticisms of the study but rather a relevant perspec-
tive. A low diagnostic yield is reported despite the

availability of resources that might be considered
optimal and which certainly would not be unavailable
in many primary-care settings.

The low yield of bacteriological confirmation
reported [21] is not unexpected even in this population
with a relatively high pre-test probability of TB—a highly
TB-endemic setting with a recent TB contact in the
majority. Children often have paucibacillary disease,
and those presenting as outpatients to a primary-care
facility are likely to have less advanced disease with
lower potential yield [20,22] than those admitted to
a higher level facility. Even in a research setting in
a tertiary facility, TB is many children is not bacteriolo-
gically confirmed [15–19]. The use of Xpert assay is
feasible to confirm diagnosis at the primary-care level;
it is more sensitive than smear microscopy and can
provide rapid detection of rifampicin resistance.
However, Xpert does not detectMycobacterium tubercu-
losis in most children with TB. A meta-analysis reported
pooled sensitivities for Xpert for sputum and gastric
aspirate as 62% and 66%, respectively, compared with
culture, but, given that children with TB are often cul-
ture-negative, the sensitivity of Xpert for all TB in chil-
dren is low [22]. In a recent prospective evaluation at
Papua New Guinea’s largest paediatric care facility,
Xpert assay of sputum or gastric aspirates was positive
in only 26 (28%) of 93 inpatient children with presump-
tive TB [23]. Xpert can not rule out active TB, and this is
also important in the evaluation of a child’s eligibility for
preventive therapy. Therefore, health workers at all
levels will continue to rely heavily on clinical evaluation
for the detection and management of TB in children,
including diagnosis, treatment and prevention.

The decentralisation of child TB services was recently
piloted and evaluated in two districts in Uganda, one
rural and one urban [11]. Health service strengthening
included engagement, training and ongoing mentor-
ship of community and primary-care health workers.
The training improved knowledge of diagnosis, includ-
ing of sputum collection techniques, and the project
also provided support to improve clinic and laboratory
functionality (e.g. repair of non-functioning micro-
scopes) [11]. Job aids and training tools developed for
health workers at the primary or secondary level of care
were also employed [24,25]. Evaluation included pre-
and post-implementation comparison of TB program-
matic data from within the districts, as well as compar-
ison of child TB notifications in two similar districts
where there was no intervention. The main findings
were a large increase in child TB notification, including
TB in young children, an increase in bacteriologically
confirmed TB in children although the majority were
diagnosed clinically, an increase in adult TB notification,
an improved outcome in children treated for TB and the
successful introduction of community-based child con-
tact screening andmanagement with a high uptake and
completion of preventive therapy [11]. Efforts are
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ongoing to expand and further evaluate this model in
other districts of Uganda as well as in other countries in
the region. Furthermore, given the funding challenges
of setting priorities in TB control programmes, the eva-
luation of cost-benefit is important. Nonetheless, it
demonstrated that decentralisation of health system
capacity is feasible with potential benefits for TB control
which reach beyond a focus on children.

Finally, the ability of the health worker at primary-
care level to provide optimal care for children pre-
sumed to have TB should not be limited to diagnosis.
While dependent on many health-care worker and
health system-related factors which will vary between
local and national settings in TB-endemic countries,
important considerations at primary-care level
include: (i) the clinical competence and confidence
of the health worker to identify the sick child with
TB as the primary cause of illness or as a co-morbidity;
(ii) the availability of tools to diagnose TB, HIV and
malnutrition; (iii) the availability of treatment for TB
(including child-friendly treatment formulations), HIV
and malnutrition, and preventive therapy for eligible
TB contacts; (iv) support for community health work-
ers in the screening and management of TB contacts
of all ages, through strengthening TB case detection
and provision of preventive therapy for eligible con-
tacts without active TB; and (v) the identification of
those who require immediate or non-urgent referral
for further diagnosis and/or care. Indications for refer-
ral might include: (a) patient requires inpatient facility
care on the basis of disease severity such as severe
respiratory distress, malnutrition or suspected menin-
gitis; (b) diagnostic work-up requires sampling that
cannot be performed at the primary-care level owing
to a lack of equipment, lack of training or lack of
ability to transfer samples to the laboratory; (c) diag-
nostic work-up requires other investigations unavail-
able at the primary-care level, for example, chest
radiograph or Xpert assay; (d) drugs unavailable at
the primary-care level to treat TB (or co-morbidities
such as HIV); and/or (e) presumptive drug-resistant TB
for diagnostic work-up and management.

In summary, there is a need to strengthen detec-
tion, diagnosis and management of TB in children at
the primary-care level to which many children with TB
will initially present and where the challenges may be
greater than at more central levels of care. The limita-
tions of bacteriological tests highlight the need for
training and support in clinical diagnosis and man-
agement. It is critical to change the commonly held
misconception and dogma that the diagnosis of TB in
children is ‘always difficult’. A clinical diagnosis can
often be made with reasonable accuracy even in
a resource-limited context. Developing and strength-
ening the decentralisation of child TB services will
provide important opportunities to potentially
improve case detection and treatment outcomes as

well as to implement a more family-integrated, com-
munity-based model for treatment support and
prevention.
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