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Preface

"...ajoint meeting of the Tuberculosis Association and the British Paediatric Association
was held, and, in spite of the friendly spirit evident, it was clear that each party viewed the
problem in an entirely different light. The Tuberculosis Association members quoted
figures from their official returns, both of morbidity and mortality, which were at total
variance with the clinical experience of the paediatricians, and in the main their
conclusion was that “childhood tuberculosis is not of great importance to the public
health services’, and their plea was for the paediatricians to preserve a sense of
proportion!”

Gaisford, 1946

"Physicians dealing with adults, either as individuals or in populations, knowing how
great is the reservoir of infection in any given country and the implications of this for
children, will want to spend as much of their resources as possible on problems relating to
adults. But paediatricians are faced with the need to treat children and naturally wish to
protect them from infection and so cannot avoid being concerned with these urgent human
problems. Each must under stand the other's position."

Miller, 1973

The new WHO Stop TB Strategy reflects the importance of the need to improve care for
children with TB: the am of the Strategy is to "ensure equitable access to care of
international standards for all TB patients — infectious and non-infectious, adults and
children, with and without HIV, with and without drug-resistant TB" (WHO, 2006a). The
new Strategy also highlights the importance of research in the global campaign to Stop
TB. The launch of the Stop TB Strategy therefore provides a timely opportunity to
promote a prioritized research agenda for improving the management of childhood TB
within national TB programmes (NTPs).



Summary

Childhood TB is a neglected aspect of the TB epidemic, despite constituting 20% or more
of the TB case-load in many countries with high TB incidence. This "orphan disease"
exists in the shadow of adult TB and is asignificant child health problem, but is neglected
because it is usually smear-negative and is thus considered to make a relatively minor
contribution to the spread of TB. In order to redress this neglect and integrate childhood
TB into the mainstream of TB control activities, research priorities are identified that will
assist in improving the prevention and management of childhood TB as a part of national
TB programmes (NTPs). The proposed research agenda seeks to better define childhood
TB, to optimize the treatment of childhood TB and to identify the best management
practices by which childhood TB can be accurately documented and recorded, and
efficiently managed within NTPs.

At the outset it should aso be recognized that HIV/AIDS is not only responsible for the
exacerbation of the TB epidemic in many developing countries, but has also added another
element of difficulty to the diagnosis and management of TB in young children.

The main elements of the proposed research agenda (Fig. 1) are:

1. Carry out a prospective evaluation of the incidence and burden of childhood TB in
different communities, making use of the diagnostic criteria (as defined in line
with WHO policy) for suspecting and diagnosing childhood TB. Evaluate trends in
case detection of childhood TB making use of data already available within some
NTPs. Study the annual risk of tuberculousinfection (ARTI) in young children.

2. Evaluate new methodologies to aid the diagnosis of Mycobacterium tuberculosis
infection and TB disease in children. Evaluate the Mantoux skin-test response in
HIV -infected and non-infected children. Determine the proportion of children
dying of suspected TB who do actually have TB, e.g. through postmortem studies.

3. Review existing published studies of the treatment of TB and the pharmacokinetics
of antituberculosis agents in childhood. Evaluate the pharmacokinetics of the
"first-line" and "second-line" antituberculosis agents under different conditions of
nutrition across a range of ages, accompanied by studies of drug-drug interactions
and drug toxicity, particularly in HIV-infected children who are receiving
antiretroviral treatment. Evaluate rates of adherence, treatment failure, recurrence
and relapse in children with and without HIV; and evaluate 3- and 4-month
regimens of treatment in paucibacillary forms of childhood TB, and the necessity
for longer treatment in HIV-infected children. Determine the most effective
treatment of disease caused by resistant bacilli. Assess how best to promote
compliance with treatment and the role of family members.

4. Determine the numbers of HIV-infected and non-infected children in contact with
both sputum smear-positive and smear-negative adults, both HIV-infected and
non-infected, that might qualify for chemoprophylaxis in different communities;
and the vaue of conventiona chemoprophylaxis with isoniazid compared to
shorter, multidrug chemoprophylaxis in both HIV-infected and non-HIV-infected
children. Explore different methodologies to ensure compliance with
recommendations for chemoprophylaxis. Determine the use of chemoprophylaxis



for the close childhood contacts of adults with both sputum smear-positive and
smear-negative drug-resistant TB. Evaluate TB chemoprophylaxis in sexually
active adolescent with TB and HIV co-infection.

5. Evaluate the needs for and availability of qualified staff and different diagnostic
investigations at the various levels of care under different circumstances. Evaluate
the quality of routine NTP data and its value in documenting the community
burden of childhood TB. Determine how best to promote the process of recording
and reporting childhood TB and the integration of the data into the national
reporting systems. Evaluate the accuracy of classification of individual cases.
Evauate the role of the private sector in the management of childhood TB.
Evaluate family-centred services and clinics for the management of TB and the
management of children with TB within afamily-oriented approach.

6. Document the complications of BCG immunization in children and evaluate the
most appropriate means of managing these complications. NTPs play akey role in
the preparation of vaccinetrial sites for the evaluation of new TB vaccines.

The value of these studies would be maximized if carried out at a number of centres
throughout the world under avariety of different epidemiological conditions.



Fig. 1 Research prioritiesfor childhood tuberculosis
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Introduction

The WHO policy document Guidance for national tuberculosis programmes on the
management of tubercul osis in children provides guidance on the effective management of
childhood TB as part of routine NTP activities (WHO, 2006b). One of the ways to redress
the chronic neglect of children with TB isto promote their diagnosis and treatment as part
of routine NTP activities. This helps to ensure high-quality care (including diagnosis in

line with international standards and treatment with recommended standardized regimens)
and improved documentation of disease burden and treatment outcomes.

Research plays an important role in the implementation of recommended policies for
effective management of childhood TB as part of routine NTP activities. The purpose of
this document is to identify priorities for such research, based on areview of the literature
relevant to the following six key areas of NTP activity (reflecting those set out in the
WHO policy document mentioned above):

1. Epidemiology; programme monitoring and evaluation
2. Diagnosis

3. Treatment

4. Contact-screening and -management

5. Roles and responsibilities of health staff and family
6. BCG vaccination.

This document reviews the literature relating to these six key areas of NTP activity. The
literature reviewed was derived from an electronic search using PubMed with the key
words:. tuberculosis, childhood, epidemiology, diagnosis, treatment and control in various
combinations. The search produced more than 400 papers starting from 1950. Cross-
referencing was aso undertaken using a comprehensive library on childhood TB
maintained by the the Denis Tutu Centre for Tuberculosis and the Department of Child
Health and Paediatrics of Stellenbosch University (South Africa). Preference was given to
papers based on substantial amounts of prospective data. “ State of the art” reviews were
also included as were policy statements by governmental and professional organizations
when important practice or policy points were stated or debated.

With regard to four of the key areas of NTP activity (epidemiology and programme
monitoring and evaluation; diagnosis; antituberculosis treatment; and BCG vaccination),
the individual papers consulted are summarized in annexes, with a commentary, where
appropriate.



1. Epidemiology; programme monitoring and evaluation (see Annex 1)

1.1 Epidemiology

Until the onset of the HIV/AIDS pandemic, TB was considered to be of declining
importance for science and the health services. TB could be controlled with available
treatments, and would in due course gradually disappear as a significant health problem.
By 1993 it was all too evident that not only was TB not under control in many developing
countries but that even in developed countries, mini-epidemics occurred involving
migrants, drug-abusers and those with HIV/AIDS, aso spilling over into the general
population. The urgency of the situation led to the declaration that the TB situation was an
international emergency and to the revitalization of the World Health Organization’s TB
activities. One of the first steps was the development and propagation of the DOTS
strategy (DOTS is the "brand name" of this strategy, derived from " Directly Observed
Treatment Short-course"). This strategy is composed of five essential elements:

(1) Sustained political commitment to increase human and financial resources and
make TB control a nationwide priority integral to the national health system.

(2) Access to quality-assured TB sputum microscopy for case detection among persons
presenting with symptoms of TB (most importantly, prolonged cough) or found
through screening. Special attention is necessary for case detection among the
HIV -infected and other high-risk groups, such as household contacts of infectious
cases and personsin institutions.

(3) Sandardized short-course chemotherapy for all cases of TB under proper case-
management conditions, including direct observation of treatment. Proper case-
management conditions imply technically sound and socially supportive treatment
Services.

(4) Uninterrupted supply of quality-assured drugs with reliable drug procurement and
distribution systems.

(5) Recording and reporting systems enabling outcome assessment of all patients and
assessment of overall programme performance. This is the basis for systematic
programme monitoring and correction of identified problems.

This strategy emphasizes the finding and management of sputum microscopy smear-
positive pulmonary TB patients as these are the main cause of the spread of infection and
thus the maintenance of the tuberculosis epidemic. As childhood TB is seldom confirmed
under programme conditions by culture of Mycobacterium tuberculosis, let alone sputum
microscopy smear-positivity, it has tended to be a neglected aspect of national TB control
programmes, despite the considerable number of children requiring treatment in high-
incidence communities and high morbidity and mortality.

Childhood TB arises most often as a result of the inhalation of M. tuberculosis bacilli
expectorated by sputum microscopy smear-positive adult pulmonary TB patients within
aerosol droplets 5-10 um in diameter and containing 1-3 bacilli. If infection is successfully
established, a primary focus forms in the lung parenchyma, most often subpleural in
location, and bacilli spread to the regional lymph nodes and later via the lymph and blood



to organs throughout the body. Depending upon age and the integrity of the immune
system, and perhaps the virulence of the infecting organism, a majority of infections are
contained, both at the site of the primary focus and the regiona lymph nodes and at the
extrapulmonary sites where the disseminated bacilli might have established themselves.

In young children, particularly those aged less than 2 years, progression of the various
elements of the primary complex and overwhelming dissemination of TB are particularly
likely to occur; at the other extreme of childhood, progression to adult-type pulmonary TB
becomes much more frequent in adolescents, athough there is a considerably reduced
propensity to disseminated forms of disease. Childhood TB thus comprises a diversity of
manifestations, both pulmonary and extrapulmonary, and it is not aways possible to
discern disease from infection.

Because of the uncertainty that surrounds the diagnosis of TB in childhood, it is not
surprising that very few firm data are available to accurately quantify the burden of
childhood TB worldwide. Most published figures are estimates, and these estimates also
often do not reflect the diverse features of childhood TB, where the occurrence of
extrapulmonary TB is much more common than in adult TB.

A considerable amount of published data is available from low-burden countries. Thisis
reflected in the literature review, and suggests that childhood TB constitutes
approximately 5% of the TB case-load. Incidence rates among children in these countries
vary from < 1/100 000 to 10/100 000. As young children are rarely exposed to infection,
serious disease that is more common in the very young is relatively unusual, and there
may be some justification for considering childhood TB to be a relatively uncommon,
often self-limiting condition that does not warrant too much attention. Even in low-burden
countries however, higher rates are often encountered, rising to > 50/100 000 in some
cities among subgroups within the socially disadvantaged and immigrant communities.

In developing underprivileged communities, the concurrence of a high TB annual risk of
TB infection (ARTI), coupled with a broad-based population pyramid with more than 40%
of the population under the age of 15 years, means that children are not only more often
exposed to TB infection, but aso become infected at a much younger age. This in turn
results in a greater frequency of severe disseminated forms of TB, such as miliary TB and
TB meningitis, and a higher incidence of lymphobronchia TB and its complications. In
the case of high-burden countries, there are relatively few published data documenting the
incidence of childhood TB. From what data there are, it emerges that in these high-burden
communities, 20% or more of the TB casedload may be comprised of children, and
childhood TB incidence rates in excess of 100/100 000, and more than 200/100 000 in
some cases, may be encountered. In one estimate from developing countries with an
overal TB incidence of 171/100 000, children represented 15% of the TB burden (Murray
et a., 1990). In South Africa in 1993, the nationa incidence of TB was 224/1 000 000
and children constituted 20% of the TB caseload (Department of Health, 1995). In a
community near Cape Town (South Africa) with a particularly high TB incidence of
1149/100 000, children constituted 39% of the caseload (Van Rie et a., 1999). These
figures suggest that as the TB incidence rises under the influence of deteriorating
socioeconomic circumstances, there is a disproportionate increase in the percentage of the
TB case-load comprised of children. Thisis schematicaly illustrated in Fig. 2 making use
of the figures quoted above.



Fig. 2 Schematic illustration of the increasing proportion of the TB caseload
comprising children astotal TB incidence increases
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In certain countries, when the ARTI has been calculated and the population age structure
is known, it may be possible to estimate the incidence of TB in children by drawing on
historical data. Thus an ARTI of 1%-2% was encountered in the Netherlands between
1936-1940 and 1941-1945, at which time mortality from al forms of tuberculosis (but
mainly TB meningitis and miliary TB) in children aged 0-4 years was between 32/100 000
and 34/100 000, and for children aged 5-14 years between 14/100 000 and 17/100 000
(Styblo & Sutherland, 1982). In a number of developing countries, an ARTI of between
1% and 2% has been calculated within recent years suggesting that an epidemiological
situation similar to that experienced in Europe between 1936 and 1945 prevails. Figures
from the Western Cape Province of South Africa for the period 1985-1987 suggest that
these figures till hold. With an ARTI of approximately 2.5%, the incidence of TB
meningitisin children aged 0-4 years was 24/100 000 (Berman et a., 1992).

In al analyses from many countries, children infected at <1 year of age have an
excessively high TB morbidity and mortality. Among children aged 1-4 years,
considerable mortality and morbidity are still encountered before children enter the so-
caled “safe school age” of 5-10 years. From age 10 years onwards, an ever-increasing
incidence of adult-type disease is found. In one caculation for the United States of
Americafor 1940, mortality per 100 000 infected children aged < 1 year was 4920, falling
to 123 for those aged 1-4 years and 18 for those aged 5-9 years (Rich, 1951). A similar
calculation for London during the period 1945-1949 found among those infected aged < 1
year a mortality of 5960/100 000, compared to 770 for those aged 1-4 years and 7 for
those aged 59 years (Bentley et al., 1954). The contrast between a hypothetical
developed community and a developing community with regard to the age-related
occurrence of TB in the absence of HIV infectionisillustrated in Fig. 3.



Fig. 3 Age- and sex-related incidence of TB in hypothetical high-incidence (A) and
low-incidence (B) communitiesin the absence of HIV/AIDS
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The epidemic spread of HIV/AIDS has added even more uncertainty to an already difficult
situation. Asis the case with adults, children with HIV/AIDS are exceptionally susceptible
to M. tuberculosisinfection and disease, and evidence of the interaction of HIV/AIDS and
TB among children continues to accumulate, particularly from sub-Saharan Africa (Chintu
et a., 1995). At the Queen Elizabeth Hospital, Blantyre (Maawi), the number of children
admitted with adiagnosis of TB increased from 64 in 1986 to 525 in 1993; of 105 children
HIV -tested in 1996, 64% were positive (Harries et a., 1997). In a further twist to this
already desperate situation, TB linked to HIV/AIDS has been documented as a major non-
obstetric cause of maternal death in South Africa and Zambia (Adhikari et a., 1997;
Ahmed et a., 1999). Infants are thus not only exposed to HIV infection, but also to TB.

Finally, it should be pointed out that athough children are usually the victims of M.
tuberculosis infection, there are a number of well-documented cases of children as a
source of infection, infecting not only other children, but also adults (Rabalais et al., 1991;
Cardonaet al., 1999; Curtiset al., 1999).

Tuberculosisin adolescents

With the onset of adolescence there is a striking rise in TB incidence (Fig. 3). Not only
does TB incidence following infection increase, but it now often has the characteristics of
adult-type TB with involvement of the apices of the lungs and a tendency for cavity
formation. It is also of interest that more females than maes tend to develop the
characteristic features of apical infiltration and cavitation, and it has been calculated that
the risk of developing adult-type pulmonary TB in adolescence is 2-6 times greater in
females than males and that its occurrence is often associated with menarche (Grigg,
1958; Lincoln, 1960; Smith, 1967; Comstock et al., 1974; Comstock, 1975). At about the



same time large pleura effusions become a common phenomenon following infection
however, more males than females develop these large straw-coloured effusions (Bentley
et a., 1954). The reasons for the increased susceptibility to adult-type TB that
accompanies adolescence are not understood, although a number of researchers have
speculated that it must have an endocrinological foundation (Wallgren, 1938; Smith, 1967,
Nemir, 1986; Donad et al., 1996). A greater understanding of the factors determining
these well-established facts related to adolescent TB would greatly enhance knowledge of
the pathogenesis of TB and contribute to its control.

Although the investigation of the reasons for the sudden appearance of adult-type forms of
TB are of fundamental importance for the understanding of the pathogenesis of
tuberculosis, there are equally cogent reasons for considering adolescents to be an
important group for NTPsThese include:

e The fact that disease tends to follow infection more commonly in this group than
in children aged 5-10 years. Edith Lincoln (1960) followed up more than 600
children who became infected during childhood, and 7% developed TB after an
“average’ interval of 5 years, most disease followed infection sustained after 7
years of age, while none developed in those infected as infants. Although
adolescents are not usually considered for chemoprophylaxis, this could well prove
to be a rewarding intervention in this group if the occurrence of infection can be
demonstrated by tuberculin conversion or there has been close household contact
with sputum smear-positive cases of pulmonary TB.

e Adolescence is aso a time when sexual activity is likely to commence, and in
communities with a high incidence of HIV and TB the co-incidence of these two
formidable diseases creates the opportunity for dual interventions. Pregnant
teenagers might be a suitable group where counselling and voluntary HIV -testing
could well play an important preventiverole.

e This is aso an age group during which compliance with therapy is often
problematic and during which the ground might well be laid for later problems of
recurrence of TB disease or drug-resistance. Thus studies of the compliance with
therapy among adol escents might be important.

1.2 Programme monitoring and evaluation

The documentation of childhood TB at loca and nationa levels is more likely to be
successful if it can be incorporated into existing reporting systems using the same broad
groupings as are currently used for adult tuberculosis. WHO policy guidelines (WHO,
2006b) thus suggest that childhood TB should be classified as sputum smear-positive
pulmonary TB, smear-negative pulmonary TB or extrapulmonary TB. Those with both
pulmonary and extrapulmonary disease should be classified as pulmonary disease. With
this approach most children would fall into the category of smear-negative pulmonary
disease and treatment success ("cure") would be considered in most cases as treatment
completion. This would inevitably entail considerably more administrative work, again
depending on the epidemiological situation. From the point of view of research, this
process will need piloting in many communities before it can be applied nationally, and
guidance will often be needed on the appropriate classification of individual cases.



Resear ch priorities

Epidemiology

Evaluate data aready existing in some NTPs to assess how best to use these datato
improve the documentation of the burden of childhood TB.

Determine prospectively the incidence of childhood TB in different communities
making use of the diagnostic criteriain the WHO policy document (WHO, 2006b).
These studies should be carried out at a number of centres under a variety of
epidemiological conditions to assess the burden and trends over time of TB in at
least two different age groups (0-4 and 5-14 years), including the proportions of
children with pulmonary (smear-positive and smear-negative) and extrapulmonary
TB, and to assess the proportion of children with TB who are HIV -infected, and
the proportion with drug-resistant TB.

Study the annual risk of tuberculosis infection (ARTI) in children across a
spectrum of communities in rural and urban areas.

Programme monitoring and evaluation

Evaluate how NTPs can ensure that the reporting and recording of childhood TB is
an integral part of the routine NTP recording and reporting system. Assess the
accuracy of classification of cases as smear-positive pulmonary TB, smear-
negative pulmonary TB and extrapulmonary TB, and the quality of management of
Cases.

Evaluate trends in case detection of childhood TB making use of data already
available within some NTPs.

Assess NTP performance with reference to childhood TB using the standard
indicators for case detection and treatment outocmes.



2. Diagnosis (see Annex 2)

"It has been given many names, such as juvenile tuberculosis, puerile tuberculosis,
infantile tuberculosis, Ranke's primary complex, hilum tuberculosis, tracheobronchial
node tuberculosis, primary and secondary tuberculosis...."

Myers & Kernkamp, 1930

It is clear from all the documents reviewed that the diagnosis of childhood TB isacritica
aspect of the integration of childhood TB into national TB control programmes. Without
the assurance of an accurate and consistent diagnosis, the precise burden of childhood TB
and its importance will remain uncertain and controversial and many children who are
treated for TB may not have TB. It is aso clear that, in the short term, there is little
prospect of achieving a widely available “gold standard” diagnosis of TB in children
either by means of culture, microscopy, PCR or serology. Consequently one must fall
back on clinical criteria, chest radiography and tuberculin-testing. It is therefore of the
greatest importance that these criteria should be standardized as far as possible throughout
the world, and that the proposals contained in the WHO policy document (WHO, 2006b)
should be followed. It should aso be recognized that the current diagnostic criteriarelying
as they do on history, chest radiography and tuberculin skin-testing are not totally accurate
and that 15%-20% of children diagnosed using these criteria in high-incidence
communities may not have TB (Schaaf et al., 1995). From a programme point of view, it
could be argued that once a clinician has diagnosed TB in a child utilizing these criteria,
that child becomes the responsibility of the programme and part of the burden imposed by
the TB epidemic.

A further complicating factor is the confusion caused by HIV infection and AIDS in
children. The manifestations of HIV/AIDS and the various infections and other conditions
that complicate it have made the diagnosis of TB in young children even more difficult.
These difficulties are graphically illustrated by the experience of Rennert et al. (2002),
who undertook postmortem biopsies of lung and liver tissue from 93 children who died of
HIV infection and its complications. TB was confirmed before death in only 4 children
(4%), but a further 17 children (18%) had been empirically placed on TB treatment on the
basis of history and clinical and radiological features, and this diagnosis could not be
confirmed post mortem. Chest radiographs from these children were submitted for
independent assessment, and a panel proved incapable of distinguishing TB from
Pneumocysis carinii pneumonia, cytomegalovirus pneumonitis or interstitial lymphocytic
pneumonitis.

2.1 History

2. 1.1 Contact with an adult with TB

This is the most frequently used aspect of history. Often however, it is not stated whether
the adult was sputum microscopy smear-positive or not, whether there was close
household contact or not, and over what time period in relation to the child's illness the
contact existed. In the WHO policy document (WHO, 2006b) a close contact is defined as
someone “living in the same household or in frequent contact with a source case (e.g.
caregiver) with sputum smear-positive TB". Thetimely diagnosis of drug-resistant TB in a
child could aso be expedited by emphasizing the importance of a history of contact with



an adult with drug-resistant TB or a history of repeated treatment episodes of TB or poor
compliance with TB treatment.

2.1.2 Symptoms of childhood TB

2.1.2.1 Chronic cough

A variety of durations of cough have been proposed as a significant sign of TB. The
WHO policy document (WHO, 2006b) suggests that chronic cough should be defined as
“an unremitting cough, that is not improving and has been present for more than 21 days
(3 weeks) with or without wheezing being present”.

2.1.2.2 Fever
Various definitions of fever with regard to both degree and duration of the fever are

suggested by different investigators. The WHO policy document (WHO, 2006b) proposes
that fever for the purpose of suspecting TB in a child should be defined as “afever greater

than 38°C for 14 days after common causes like malaria or pneumonia have been
excluded”.

2.1.2.3 Loss of weight and failure to gain weight

When objectively documented, for example on a Road to health card, these often cause
TB to be considered as the possible etiology and they are a frequent part of the various
proposed scoring systems. The WHO policy document (WHO, 2006b) adds the important
consideration that weight loss or failure to gain weight are of particular significance
“...especially after being treated in a nutritional rehabilitation programme”.

2.2 Investigations

There are inevitably communities where even the bare minimum of investigations to
support the diagnosis of TB in childhood are not available. In developing a research
programme to more accurately define the diagnostic criteria for childhood TB, tuberculin-
testing and chest radiography should be an integral part of the e ements to be evaluated.

2.2.1 Tuberculin skin-testing

The use of different PPD products is probably unavoidable but, even when the same
product is used, different strengths are applied and different degrees of induration are
accepted as significant. Thus both 1or 2 TU PPD RT 23 are used. The WHO policy
document (WHO, 2006b) recommends that the tuberculin used should be standardized for
each country “... using either 5 TU of tuberculin PPD-S or 2 TU of tuberculin PPD
RT23". The Mantoux skin test should be regarded as positive if there is >5 mm
induration in high-risk children such as those who are severely manourished or HIV-
infected, or > 10 mm in all other children. As it is uncertain whether the use of 5 mm
induration as a "decision point" in those children who are HIV-infected is justified in
communities with a high prevalence of HIV infection, research should be directed at
determining at which point along the course of HIV infection an induration of > 10 mm
after tuberculin skin-testing becomes an unreliable diagnostic criterion. Although
tuberculin-testing is one of the cornerstones of the diagnosis of TB in childhood, its
sengitivity and specificity may at times be inadequate and a certain percentage of TB-
infected individuals may never react to tuberculin. Newer modalities such as assays for
gamma-interferon or T-cell-based tests, that might separate infection from disease, should



be evaluated in parallel with tuberculin-testing (Lalvani et al., 2001; Taggart et a., 2004;
Liebeschuetz et d., 2004; Ferrara et a., 2005; Zellweger, 2005).

2.2.2 Chest radiography

Chest radiography is probably the most frequently used method to support a diagnosis of
probable childhood TB. Before the advent of HIV/AIDS, the presence of mediastina
adenopathy or a micronodular (miliary) appearance could be accepted as areliable feature
of childhood TB. This interpretation has now been confused by HIV/AIDS, and its
complications and the value of chest radiology in the diagnostic process in areas of high
HIV infection should be reassessed. Other problems relate to the difficulty of taking a
chest radiograph of good quality in a fractious young child and interpreting the
radiograph, in particular the hilar shadows on a radiograph of doubtful quality that may be
subject to an overenthusiastic interpretation as hilar adenopathy by the inexperienced.

2.2.3 Cultureof M. tuberculosis

Culture of M. tuberculosis is the gold standard by which the diagnosis of TB in an adult
can be measured. As indicated in the literature reviewed, the frequency with which
M. tuberculosis is cultured from children in whom TB is suspected varies consideradly,
depending on whether the child is investigated in hospital or in the community, the age of
the child and the extent of disease. Gastric lavage has long been the standard investigation
to obtain material for culture and microscopy from a child in whom tuberculosis is
suspected. Although some investigators have performed the investigation with success in
community clinics, it remains a labour-ntensive technique and is frightening for a young
child and in some instances for the parent. Sputum induction has been shown to equal
gastric aspirate in yield, but it is also labour-intensive and not any less frightening for the
parent and child, and may prove difficult to implement on alarge scale in the community.
Nasopharyngeal aspiration and laryngeal swabbing are alternatives that remain to be fully
evaluated in a community clinic setting.

2.2.4 Smear microscopy for acid-fast bacilli

In many localities, sputum-smear microscopy is the sole means available to diagnose
pulmonary TB in adults. Children, however, make up a small minority of those TB
patients who are microscopy smear-positive in most communities, and this technique with
its present low sensitivity and specificity cannot play a major role in the diagnosis of TB
in childhood at a nationa level. Any evauation of childhood TB should nonetheless
document whether smear microscopy was attempted and the proportion of childhood TB
cases that are microscopy smear—positive.

2.2.5 Polymerase chain reaction (PCR)

The introduction of nucleic acid amplification techniques raised hopes that this would
provide a reliable alternative to culture for the diagnosis of TB in children (Pierre et al.,
1993). Unfortunately this has not proved to be the case, and the various tests available
have been described as "helpful” and at best have sensitivity and specificity comparable to
gastric aspirate and culture (Smith et a., 1996; Montenegro et al., 2003). At the present
stage of their development, PCR investigations probably have little to offer national
programmes with regard to improving the management of childhood TB. Nonetheless a
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research programme to evaluate the criteria for the diagnosis of childhood TB might
provide a platform for a more intensive and comprehensive evaluation of these techniques
and newer refinements and their predictive value under programmatic conditions than has
hitherto been possible.

Research priorities

Evaluate the use of the criteria as suggested and defined in the WHO policy
document (WHO, 2006b) to suspect and diagnose childhood TB, and evaluate

available new methodologies for assisting or confirming the diagnosis of TB in
children.

Evaluate new methodologies to aid the diagnosis of M. tuberculosis infection and
TB diseasein children.

Evaluate Mantoux skin-test responses in HIV-infected and non-infected children to
determine sensitivity, specificity and predictive value of the suggested "cut-points’
to support adiagnosis of M. tuberculosis infection.

Determine the proportion of children dying of suspected TB who do actually have
TB, e.g. through postmortem studies.
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3. Treatment (see Annex 3)

The lack of importance assigned to childhood TB has had a number of consequences in
the field of treatment. Therapeutic trials have focused understandably on adults with TB
where verifiable microbiological endpoints are available to accurately measure success.
Relatively few studies have thus been undertaken in children and, contrary to accepted
pharmacologica principles, children tend to be given the same mg/kg body-weight
dosages of antituberculosis drugs as adults. This approach can be summarized as “one size
fitsal". It is generaly acknowleged that in considering the dosage of any drug for usein
children, cognizance must be taken of the greater extravascular fluid volume of younger
children and of the relatively greater liver mass in proportion to body mass (McCarver,
2004). Given that the definition of the precise relationship between serum concentrations
of antituberculosis drugs and efficacy is often lacking even in adults, and often ams a a
range of values, the use of a uniform dose for adults and children may be acceptable with
regard to some agents. Evidence is emerging however that some caution is necessary
(Zhu et al., 2004; Schaaf et al., 2005; Graham et al., 2006). In severa instances it has
been demonstrated that children receiving equivalent mg/kg body-weight doses of
antituberculosis drugs are exposed to considerably lower serum concentrations than adults.
In addition to the above problem, there are a number of different recommendations for the
doses of al the antituberculosis drugs used in children.

Because of the diversity of disease in childhood, many studies of the treatment of
childhood TB enrol children with a wide spectrum of disease. The natura history of these
manifestations varies considerably, making it difficult to judge the success of treatment
among subgroups of children. Despite these reservations, it would be vauable to review
the existing literature relating to the trestment of childhood TB to establish a better
understanding of the response to treatment, and of relapse and recurrence rates occurring
in different forms of childhood TB. It is thus essential that in evaluating the success of the
treatment of childhood TB, the spectrum of disease being treated is accurately defined.
These studies should cover al the paediatric age groups (children aged < 2 years, 2-6
years and 7-14 years) and include children with HIV/AIDS.

There is now a considerable literature documenting poor absorption of antituberculosis
drugs in adults with TB and HIV infection (Berning et a., 1992; Peloquin et a., 1996;
Sahal et a., 1997) although not al studies have demonstrated poorer drug absorption in
HIV -infected TB patients (Choudri et al., 1997; Taylor & Smith, 1998). Few data are
currently available describing the absorption of antituberculosis drugs in children with TB
and HIV infection, and thisis obviously an important area for study.

The recurrence of TB, whether due to relapse or reinfection, has been documented in a
significant number of children, particularly in the presence of HIV infection. Nonetheless
relatively few studies of childhood TB record treatment success or failure, or relapse rates,
in children followed up for a substantial length of time. Also, as with the criteria for
diagnosis, the evaluation of treatment success or cure in children is seldom based on well-
defined consistent criteria. There is little reason to doubt that the treatment regimens used
in adults are also efficacious in children. It iseven likely that several less severe forms of
childhood TB could be treated with less intensive shorter regimens than is the practice in
adults. In the management of adult TB there are very clear definitions of treatment
outcome and failure. Because childhood TB is seldom microscopy smear-positive and
infrequently culture-positive, the definitions of treatment success or failure tend to rely on
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improvement in radiological findings and clinical features such as weight gain and the
parent's impression of the child's well-being. Even when these definitions are applied,
there are relatively few studies of the success of the treatment of childhood TB measured
with the same degree of rigour as adult forms of TB.

Severa studies have documented that 3- and 4-month regimens of treatment are successful
in adults with culture-positive but smear-negative TB, and also with smear- and culture-
negative TB (Hong Kong Chest Service/Tuberculosis Research Centre Madras/British
Medical Research Council, 1989; Dutt et a., 1989). Such shorter regimens would be of
considerable benefit to NTPs if shown to be efficacious in children, both with and without
HIV infection, with paucibacillary forms of disease, such as hilar lymphadenopathy with
no or limited lung infiltration, or with cervical adenopathy.

Drug-resistance in childhood

Drug-resistance occurs with varying frequency in different parts of the world, but
whatever the local situation, constitutes an ever-present threat to children. It is included
under a separate heading at this point as it is often not considered as an important priority
in drawing up nationa policy documents, and the importance of conducting ongoing
operational research on the subject needs emphasizing. The most important aspect of the
diagnosis of drug-resistance in childhood is that the possibility of the presence of drug-
resistance in a child should be considered as early as possible. All too often a child’s
clinical condition will deteriorate before drug-resistance is considered as a possible cause.

The occurrence of drug-resistance among children was recognized not long after the
introduction of antituberculosis chemotherapy, and the disastrous consequences of failure
to recognize its presence were documented by severa groups (Debré et a., 1959; Steiner
& Cosio, 1966; Steiner et al., 1973). These authors also recognized the potential
importance of resistance occurring among children. As this would nearly always be
primary resistance, the findings in children would represent the current situation whereas
the findings in adults would potentialy be influenced by the endogenous reactivation of
infection acquired as a child. There is now no doubt as to the pathogenicity of drug-
resistant strains, and the transmission of a resistant strain from household contacts to
children has been confirmed by several groups of researchers (Steiner et a., 1985; Schaaf
et al., 1999; Schaaf et a., 2000; Schaaf et al., 2002). From a programme point of view,
many of these clinical disasters could be prevented by a simple enquiry at the time of
diagnosis as to possible contact of a child with either a known case of drug-resistant TB or
contact with an adult who was known not to have complied with treatment, or to have
been treated previously for TB (Mukherjee et al., 2003).

The research priorities that arise out of this brief review of drug-resistance in childhood
TB are: (1) the regular quantification of the number of children who present following
contact with an adult with drug-resistant TB; (2) the consequences of that contact and the
best options for managing the children so exposed; and (3) surveillance of the incidence of
drug-resistance among children as being one of the best means of determining the number
of drug-resistant strains currently circulating in acommunity.
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Resear ch priorities

® Review existing literature relating to the treatment of childhood TB to establish the
response to treatment and recurrence rates, and to identify already existing
information regarding the pharmacokinetics of antituberculosisdrugs in children.

e Undertake pharmacokinetic studies of each of the first-line antituberculosis drugs
under different conditions of nutrition and HIV -infection status and across a range
of ages.

e Undertake pharmacokinetic studies of second-line drugs. A literature review
might reveal sufficient information to make well-founded assumptions with regard
to agents such as the fluoroquinal ones and aminoglycosides.

® Study drug-drug interactions, particularly in HIV-infected children who frequently
receive multiple drugs other than antituberculosis agents. Study drug toxicity in
this complex situation.

e Evaluate rates of treatment failure and recurrence, particularly in association with
HIV/AIDS.

® Evaluate 3- and 4-month treatment regimens in paucibacillary forms of childhood
TB and the necessity for longer periods of treatment in HIV -infected children.

® Evaluate the treatment of drug-resistant TB in children and determine the most
effective regimens.
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4. Contact-screening and management

The vaue of chemoprophylaxis among children in close contact with sputum smear-
positive fully drug-sensitive adults with pulmonary TB, or in children known to be
infected with M. tuberculosis (as judged by a positive tuberculin test), has been thoroughly
studied and there is no doubt as to its value (Ferebee, 1970). The argument in the past has
been rather about the priority of this intervention for NTPs in developing countries.
Although many programmes recommend chemoprophylaxis, in particular for the very
young, prophylactic treatment of children is not accorded a high priority and is not
generally viewed as an essential element in TB control activities. Under certain
circumstances this might be acceptable in view of the severe restrictions and personnel
shortages under which many community clinics operate, nonetheless there are certain
groups of children who would undoubtedly benefit from a more enthusiastic utilization of
contact-tracing and chemoprophylaxis. Infants and very young children in contact with a
sputum smear-positive adult would undoubtedly benefit from chemoprophylaxis to
prevent TB meningitis and miliary TB. Conversely the occurrence of M. tuberculosis
infection in a young child should lead to the evaluation of the child's household contacts
for the source of infection.

The prevention of TB following infection became a practical possibility after the
discovery of isoniazid (INH) and its introduction into clinical use in 1952. Shortly
afterwards Edith Lincoln, the noted American paediatrician, observed that no children
with miliary tuberculosis treated with INH developed TB meningitis, whereas such cases
had been observed following treatment with streptomycin and PAS (Lincoln, 1954). A
series of INH chemoprophylaxis trials were then organized (Ferebee, 1970) that led to the
widespread adoption of INH as chemoprophylaxis for infected individuals. The WHO
policy document (WHO, 2006b) recommends that chemoprophylaxis should be an integral
part of programme activities.

Controversy remained with regard to the length of treatment (and thisis still debated) and
in 1982 the results of alarge trial undertaken in eastern Europe under the auspices of the
International Union against Tuberculosis were published (International Union Against
Tuberculosis Committee on Prophylaxis, 1982). This trial evaluated daily INH taken by
adults with radiographically visible fibrotic lesions for 12, 24 and 52 weeks and the results
were compared to placebo. The follow-up period was 5 years, and at this point 24 weeks
of INH prevented 65% of active cases of TB compared to 75% for 52 weeks of treatment.
If however the results were restricted to those individuals taking > 80% of prescribed INH,
the figures were 69% and 93% for 24 weeks and 52 weeks respectively.

More recently experience with chemoprophylaxis trials was reassessed by Comstock
(1999) who concluded that among immunocompetent adults, 6 months of
chemoprophylaxis did not provide optimal treatment, but that more than 12 months was
unnecessary while 9-10 months appeared to be the optimal duration. To this he added that
the total duration may be more important than its continuity.

The spread of HIV and the demonstration that INH chemoprophylaxis can prevent TB in
these highly susceptible indivuals has given the debate surrounding INH
chemoprophylaxis and chemoprophylaxis itself new urgency (Wilkinson et a., 1998;
Bucher et a., 1999). Several studies have also shown that shorter regimens of multidrug
prophylactic regimens in individuals with silicosis (Hong Kong Chest Service et al., 1992)
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and HIV infection (Halsey et al., 1998; Gordin et a., 2000) gave results equivalent to INH
monotherapy, but experience with hepatic toxicity from regimens containing
pyrazinamide (PZA) has dampened enthusiasm for this approach (Whalen et al., 1997;
Stout et al., 2003; Jasmer & Daley, 2003). There is evidence however that this approach
may well be successful in children, without undue toxicity. Shorter regimens of two or
three months of drug chemoprophylaxis warrant evaluation in children and could ease the
task of chemoprophylaxis, particularly in areas where insufficient personnel are available
to supervise this strategy (Magdorf et al., 1991; Graczyk et al., 1991; Ormerod, 1998).
Research in this area should include an evauation of the number of children that might
qualify for chemoprophylaxis under different epidemiological circumstances and the
workload that this might create, and the exploration of aternative shorter
chemoprophylaxis regimens in children both with and without HIV infection.

Another aspect of prophylaxis related to HIV/AIDS is the fact that in devel oping countries
with a high prevalence of HIV infection, children are increasingly exposed to sputum
Ssmear-negative cases of pulmonary TB and an accurate assessment of the impact of these
contacts is needed to offer rational advice concerning chemoprophylaxis under these
circumstances.

In an uncontrolled study, appropriate chemoprophylaxis has been demonstrated to reduce
the incidence of disease among the childhood contacts of adults with multidrug-resistant
TB (Schaaf et a., 2002) but a more precise delineation of the drugs, dosages and duration
of chemoprophylaxis is needed. Because of the relatively small numbers of children that
any individual researcher is likely to encounter, collaborative studies in thisimportant area
would be advantageous.

As discussed in chapter 1, adolescents are a vulnerable group both for the development of
TB after infection, and for HIV infection if they are sexually active. Pregnant teenagers
might well constitute an appropriate group for a targeted evaluation of the value of
voluntary HIV -testing and -counselling, and tuberculin-testing and chemoprophylaxis.

Research priorities

e Carry out epidemiological studies to determine the numbers of HIV-infected and
non-infected children in contact with both sputum smear-positive and smear-
negative adults, both HIV-infected and non-infected, who might qualify for
chemoprophylaxis in different communities.

® Assess the value of standard isoniazid prophylaxis and compare it to shorter
multidrug chemoprophylaxis in both HIV -infected and non-infected children.

® Explore different methodologies to ensure adherence with recommendations for
chemoprophylaxis.

e Study chemoprophylaxis for the childhood contacts of adults with sputum smear-
negative and smear-positive drug-resistant TB.

® Study the concurrence of TB and HIV infection in pregnant teenagers and evaluate
TB chemoprophylaxis in those infected.
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5. Roles and responsiblities of health staff and families

The WHO policy document (WHO, 2006b) describes a structured hierarchy of case-
management for children with possible TB, but acknowledges that the precise model
adopted will vary from country to country depending on the epidemiological situation and
the resources available.

Research related to this section of the recommendations should focus on the optimal
approach to be followed under different circumstances. In different communities children
may enter the NTP following various pathways. Research is needed to document these
pathways as health service personnel need to be aware of the importance of these children
being notified to the NTP, and of the protocols to be followed with regard to children.

In developing communities, children frequently present to the health system with
symptoms which will then lead to the diagnosis of TB. In developed communities children
are more often diagnosed following contact-tracing activities and often have less advanced
forms of disease than in developing communities. When children are diagnosed as the
result of contact-tracing activities, another family or household member often also has TB.
It is uncertain how often this is the case when children present with disease symptoms.
Research is necessary to evaluate the effectiveness of a family-oriented approach to
contact-tracing, and of the mobilization of family members as treatment supporters (for
directly observed treatment) regarding their own child’'s adherence to treatment or
chemoprophylaxis (in addition to the counselling and advice that all parents or other child-
carers should receive). The establishment and evaluation of family-centred clinics and
services could make a valuable contribution in this respect.

Therole of the private sector

In the past TB policies were often oriented towards the diagnosis and management of TB
within government health facilities. It is however becoming apparent that a considerable
number of TB patients are diagnosed and managed within the private health system. This
is particularly true in Asia and South America, and it has been claimed that as many as
60% of TB patients are seen at some point by private practitioners in these countries
(Newell, 2002). It has adso been estimated that the private sector in India, which
comprises 6.4 million of the 8 million registered Indian medica practitioners, handles
approximately one-sixth of the world's TB cases (Uplekar, 1999). In Pakistan, as many as
80% of TB patients consult a private practitioner (Hussain et a., 2005).

On the one hand, shortcomings in the management of TB by the private sector include
management inconsistent with NTP policy and deficiencies in both diagnosis and
treatment prescription. On the other hand, it has been repeatedly demonstrated that
patients often prefer to see a private practitioner and have their disease managed within
the “privacy” of the private sector. This last factor may be particularly important in an age
where HIV is becoming very closely associated with TB. With regard to childhood TB,
there is amost no information as to the role of the private sector in its management. In
view of the number of initiatives that are now being launched for private/public
partnerships in TB control (Arora & Gupta, 2004; Rangan et a., 2004; Mantala, 2003;
Newell et a., 2004) it is important that childhood TB be seen as an integral part of these
plans and that evaluations of the epidemiology of childhood TB take into account the role
of the private sector.
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Research priorities

Document the pathway followed to diagnose childhood TB under different
epidemiological and social circumstances, and the personnel responsible for this
process.

Evaluate the availability of qualified staff and different investigations at various
levels of care under different circumstances and the accuracy of the diagnosis of
TB in children: is chest radiography or tuberculin-testing available?

Study the effectiveness of a family-oriented approach to contact-tracing, and of the
mobilization of family members as treatment supporters (for directly observed
treatment) regarding their own child’ s adherence to treatment or chemoprophylaxis
(in addition to the counselling and advice that all parents or other child-carers
should receive).

Evauate the role of family-centred clinics and services in managing children with
TB, including those with HIV co-infection.

Document the role of the private sector in all aspects of the management of

childhood TB and the extent to which existing public/private partnerships are
aware of childhood TB and its particular problems.

18



6. BCG vaccination (see Annex 4)

BCG is a most successfully administered vaccine and is given to close to 90% of the
world’s children. Although there is considerable doubt as to its effect on the occurrence of
adult forms of TB, it plays a key role in the prevention of disseminated forms of TB in
young children. While vaccine development does not fall within the ambit of this review,
the occurrence and management of the complications of BCG vaccination, in particular as
they affect HIV -infected children, are certainly of importance to an NTP. NTPs aso have
an important role in collaborating in the establishment of vaccine tria sites. In the past,
disseminated BCG disease was relatively unusual and nearly always associated with
severe forms of immunosuppression (Lotte et al., 1988). There was therefore
understandable concern regarding the possibility of the susceptibility of the newborn HIV -
infected infant to disseminated BCG disease (Von Reyn et al., 1987; Reichman,1989).
Although case reports have indicated that some degree of caution is needed (Tabot et al.,
1997; Hesseling et al., 2003), prospective evauation of immunization practices has
suggested that HIV infection is not associated with an increased incidence of BCG disease
(Ryder et a., 1993). In a study in Zambia, the occurrence of bacteraemia caused by
mycobacteria was documented in HIV -infected adults and children (Waddel et a., 2001).
Among 387 children (median age 15 months) hospitalized with symptomatic HIV disease,
only 1 child (0.26%) had a blood culture positive for M. bovis BCG. Although the authors
clamed that this illustrated that bacteraemia caused by BCG was a rare event, this
trandates into an incidence of 258/100 000, a not inconsiderable incidence for a
potentially lethal complication of vaccination. More recently the acquisition of resistance
in M. bovis BCG Danish strain has aso been described in a child with disseminated
disease, together with inherent resistance to INH (Hesseling et al., 2004).

Current WHO policy recommends that BCG vaccine should be given to children as soon
after birth as possible, and that it should also be used in asymptomatic HIV-infected
infants, but not in those who are symptomatic. This in effect means that all newborns in
countries with a high incidence of tuberculosis should receive the vaccine. Prospective
surveillance of the occurrence of BCG disease is urgently needed to inform both national
and internationa policies concerning the use of BCG in populations with a high
prevalence of HIV. Thereis also a need for systematic evaluation of the most appropriate
treatment for BCG-related disease.

Research priorities

e Carry out a prospective evaluation of the incidence of BCG disease and the drug-
sensitivities of the BCG organisms for the various antitubercul osis agents.

e FEvauate the management of BCG disease to assist decision-making in those
countries with asignificant prevalence of HIV infection.

® NTPsto collaborate in the establishment of vaccine trial sites for the evaluation of
new TB vaccines.
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Annex 1
Epidemiology; programme monitoring and evaluation

Summary of findings from the papersreviewed
The following conclusions can be drawn from the literature reviewed below.

In low-burden countries, childhood tuberculosis constitutes approximately 5% of the
tuberculosis case-load. Incidence rates anong children in these countries varies from
< 1/100 000 to 10/100 000. Rates among subgroups of the socialy disadvantaged, and
among immigrant communities, may be higher, rising to > 50/100 000 in some cities.

In high-burden countries, childhood tuberculosis constitutes approximately 20% of the
case-load and 40% in certain communities, with incidence rates in excess of 100/100 000
and more than 200/100 000 in some cases. Because many more younger children are
likely to be involved in these countries, more serious forms of disseminated tuberculosis
and extrapulmonary tuberculosis are al'so encountered more frequently.

In certain countries, when the ARTI has been calculated and the population age structure
is known, estimation of tuberculosisincidence in children may be possible using historical
data. Thus the ARTI was 1%-2% in the Netherlands between 1936-1940 and 1941-1945,
at which time mortality from al forms of tuberculosis in children aged 0-4 years was
between 32 and 34/100 000, and for children aged 5-14 years between 14 and 17/100 000.

In al analyses from many countries, morbidity and mortality are excessively high among
children < 1 year, and are still considerable among children aged 1-4 years before children
enter the so-called “safe school age” of 5-10 years. From age 10 years onwards, an ever-
increasing incidence of adult-type disease is found.

The occurrence of drug resistance among children probably reflects the situation among
adults, and might provide a more accurate picture of the sensitivities of bacilli currently in
circulation in acommunity than data from previously untreated adults.

Summary of each paper reviewed

[llingworth RS (1955). The epidemiology of tuberculosis in childhood. Medical
[lustrated, 9:561-563.

This paper describes the consequences of M. tuberculosis infection and summarizes
childhood tuberculosis incidence in several countries during the middle of the previous
century, illustrating the dramatic falls in incidence that antedated the chemotherapy era.

Country Y ear Incidence/100 000

Norway 1930 52
1949 8
1951 4.3
Denmark 1930 36.4
1952 0.9
England & 1947 214
Wales
1951 8.5
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Myers JA (1964). Eradication of tuberculosis from the schools of America. Journal of
School Health, 34:458-463.

The purpose of this paper was to promote steps to eradicate tuberculosis from American
schools, but its interest with regard to the burden of childhood tuberculosis lies in some of
the data provided concerning tuberculosis in childhood. These data are tabulated below
and show the abrupt decline in tuberculosis mortality that started even before the
availability of chemotherapy. It also illustrates, once again, the greater vulnerability of the
infant (< 1 year of age) and the risein mortality associated with puberty.

Age-related mortality in the United States of America, 1900-1960

Age group 1900 1934 Age group 1960

(vears) (vears)
All 1944  56.7 All 51
<1 3116 372 <1 1.0
1-4 101.4 184 1-4 0.5
5-9 0.2
5-14 36.2 8.2 10-14 0.1
15-19 0.2
15-24 205 52.1 20-24 0.4

Myers also gives figures in this paper for the follow-up of children found to be tuberculin-
positive. Thus 1886 children reacted to tuberculin between the ages of 6-12 years from
1921-1941 and were observed for 51 005 person years; of 1585 traced recently (i.e. 1964),
4.2% developed clinical disease whereas of 1127 who reacted to tuberculin when aged 13-
17 years between 1921-1941, 899 were followed up for 30 099 person-years and 11.9%
developed clinical disease. This again suggests a relative protection from disease
following infection enjoyed between the ages of 5-12 years.

Haro AS, Makipaja J (1966). Factors decreasing the tuberculosis mortality of children in
Finland, 1936-1961. Scandinavian Journal of Respiratory Diseases, 47:37-52.

This study reflects events described in other similar reports from developed countries. An
interesting variation is that the decline in childhood mortality did not appear to be
adversely affected by the war years. In 1936-1940, infant mortality resulting from
tuberculosis was 258.8/100 000 per year and decreased to 4.2/100 000 by 1960. In 1960,
no death occurred as aresult of tuberculosisin any child < 10 years of age.

McGeorge M, Taylor AJ (1967). Childhood tuberculosis in Otago. New Zealand Medical
Journal, 66:526-530.

The authors describe the circumstances under which 65 children with tuberculosis in
Otago were diagnosed in the period 1961-1965. No incidence is given, athough the
description of incidence is claimed as one of the aims of the paper.

Forty of the children (62%) presented as contacts of known cases of tuberculosis, 19

(29%) were referred because of symptoms and 6 (9%) were detected through routine
screening. A more detailed description of the circumstances surrounding the transmission
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of infection is given, and one is impressed by the relatively brief nature of the contact in
some cases. A source was identified in 51 cases (78%) and all of the discovered source
cases were domiciliary in one way or another.

Styblo K, Sutherland | (1982). Epidemiology of tuberculosis in children. Bulletin of the
International Union against Tuberculosis and Lung Disease, 57:133-139.

In this review the authors made use of historical datato evaluate the relationship between
the incidence of childhood tuberculosis and annual risk of infection (ARI), and aso the
proportion of childhood tuberculosis that is smear-positive or that constitutes an infection
risk.

In the prechemotherapy era, mortality caused by tuberculosis in children 0-4 years of age
was very high: 600/100 000 in England and Wales in the second half of the 19" century,
faling to 300/100 000 by 1900 and 100/100 000 by the late 1920s and <50/100 000 by
1936-1940. Accurate data from the Netherlands permitted the calculation of a rough
relationship between the ARI and tuberculosis mortality in children. For an ARI of 1%-
2.5%, mortality in those aged 0-4 years, mainly as a result of tuberculous meningitis, was
18-19/100 000, and total tuberculosis mortality 32-34/100 000. In those aged 5-14 years,
it was 14-17/100000 and 7/100 000 respectively. Figures from the Western Cape
Province of South Africa for the period 1985-1987 suggest that these figures still hold:
with an ARI of approximately 2.5%, the incidence of TBM in children aged 0-4 years was
24/100 000 (Berman et al., 1992).

The percentage of infectious tubercul osis cases (smear-positive) occurring among children
was calculated from Norwegian data for the period 1936-1955 at approximately 8% for
children aged 0-4 years, 5% for those 5-9 years, and 10% for those 10-14 years.

Powell KE, Meador MP, Farer LS (1984). Recent trends in tuberculosis in children.
JAMA, 251:1289-1292.

This paper antedates the full impact of the HIV epidemic on the tuberculosis situation in
the United States of America, and documents the incidence of tuberculosis in children
aged 0-14 years for the period 1976-1981. During this period, the incidence of
tuberculosis in children did not decline and rates ranged from 3.4/100 000 in1976 to
3.0/100 000 in 1978. The authors also noted that the failure of the incidence rates to
decline appeared to be due to high rates of disease among Indochinese refugees and
Hispanic children, although this assumption did not fully explain their findings.

Paul FM (1987). Mortality and morbidity of childhood tuberculosis in Singapore. Jour nal
of the Sngapore Paediatric Society, 29:80-86.

In this paper the author reviews the control of childhood tuberculosis in Singapore over a
period of nearly 30 years. In 1948, tuberculosis accounted for 14% of al deaths in
Singapore and by 1965 this had fallen to 5.1% and in 1985 1%. In 1955 the Paediatric
Unit of the Singapore General Hospital admitted 112 cases of tuberculous meningitis in
children aged < 12 years and in 1976 only 2 cases. A similar dramatic fall in admissions to
the hospital for various other forms of childhood tuberculosis is also documented. The
author ascribes the i mprovement to:
the introduction of BCG vaccination
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the improved nutritional status of the children

agood tuberculosis case-finding system

an improvement in housing conditions

good medical services for treatment

the availability of good antituberculosis drugs.
Snider DE et al. (1988). Tuberculosis in children. Pediatric Infectious Disease Journal,
7:271-278.

The authors note that the case rates of tuberculosisin children aged <5 yearsin the United
States of America declined from 10/100 000 in 1962 to 2.4/100 000 in 1985. The largest
number of cases (19%) was in the group < 1 year of age, and 60% of childhood cases
occurred in those aged <5 years. In 1985, the case rate for children 0-4 years
(4.4/100 000) was three times that in children aged 514 years (1.4/100 000). It is also
pointed out that childhood tuberculosis was increasingly focused in certain areas and was
reported in only 11.6% of the country's 3138 counties. Four states (California, South
Carolina, New Y ork and Texas) accounted for half of the childhood cases.

Mortensen J et a. (1989). Childhood tuberculosis in a developed country. European
Respiratory Journal, 2:985-987.

Between 1975 and 1985, 65 children with tuberculosis were diagnosed in Copenhagen: 25
were of Danish extraction and the remainder the children of immigrants. In Denmark in
1987, the incidence of tuberculosis among children < 15 years of age was 1/100 000; in
Copenhagen the incidence among Danish children was 5/100 000, but among immigrant
children it varied from 68 to 200/100 000, depending on the country of origin. Severa
differences were noted between the Danish children and the immigrant children. Although
there was no difference between the two groups of children as regards sex or age, none of
the Danish children had extrapulmonary tuberculosis, whereas 68% of the immigrant
children had respiratory tuberculosis only. In 44 children, M. tuberculosis was cultured
(48% of the Danish children and 80% of the immigrant children). Symptoms led to the
diagnosisin 45% of cases, contact-screening in 39%, and routine screening in 16%.

As in anumber of developed countries, this paper illustrates again that among subgroups
in low-incidence countries remarkably high incidence rates of tuberculosis may be found.
Mulholland EK, Gilbert GL, Kempster RE (1989). Childhood tuberculosis in Victoria,
1970-1986. Australian Pediatric Journal, 25:31-34.

During the 17-year period that the authors review, the incidence of childhood tuberculosis
in the Australian state of Victoria declined from 3.84/100 000 to 1.94/100 000. During the
study period, the number of cases notified was 460 of whom 170 (37%) were born outside
Australia, mainly in South-East Asia. The 84 natifications from Sout-East Asian children
represented a mean crude incidence of 158/100 000 among this group. Primary pulmonary
disease was present in 356 patients (77%), more advanced pulmonary disease in another
25 (5.4%), and non-pulmonary disease in 79 (17%). In contrast to the fall in the incidence
of pulmonary disease, the incidence of non-pulmonary disease remained constant
throughout the period reviewed.
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Tuberculosis was confirmed by culture of M. tuberculosis in 134 children (29%), and this
percentage varied from 41% and 43% in children aged <2 years and 15-16 years
respectively to 26% in those aged 2-14 years. This variation most probably mirrors the
more serious forms of tuberculosis seen at the extremes of the childhood spectrum.

Uke BT, Seth V (1991). National tuberculosis programme in India: lacunae in relation to
childhood tuberculosis. Indian Pediatrics, 28:239-241.

This paper reviews the development of the Indian National Tuberculosis Programme up to
the point of publication. Problems in relation to childhood tuberculosis are pointed ouit.
The annua “incidence of infection” is given as 0.8% at age < 5 years, 1.1%, at 5-9 years,
1.3% at 10-14 years, and 1.6% for all ages. The authors plead for urgent attention to the
following:
7. “Uniform diagnostic criteriafor common forms of childhood tuberculosis.
8. Dosage and regimens as for short-course antituberculosis treatment.
9. Children of sputum-positive patients must be considered as high risk for the
disease and need at least atuberculin test and an X -ray test.
10. Pharmacokinetic studies in children should be done at referral centres so that
proper dosages can be recommended.”

This programme is not very different to that now being promoted to advance the
integration of childhood tuberculosis into national tuberculosis programmes.

Styblo K (1991). Epidemiology-I11l: Global Scenario. In: Puri RK, Sachdev HP, eds.
Tuberculosisin children. New Delhi, Indian Academy of Pediatrics.53-61.

In this book chapter, Karel Styblo provides an estimate of the number of “... infected,
diseased and at-risk children aged 0-14 years in a genera population of 10 million
exposed to arisk of infection of 1% in a developing country ...".

General population 10 000 000
Children aged 0-14 years 4500 000
1% infected annually 45000
Active tuberculosis (10%) 4500

A similar caculation is often used to estimate the burden of childhood tuberculosisin the
devel oping world.

Starke JR, Jacobs RF, Jereb J (1992). Resurgence of tuberculosis in children. Journal of
Pediatrics, 120:839-853

This extensive review of a number of aspects of the epidemiology of childhood
tuberculosis does not give case rates in the USA, but does record that the number of cases
of tuberculosisin children < 5 years of age increased by 39% between 1987 and 1990.
Barazzone C et al. (1993). Childhood tuberculosis at a Swiss university hospital: a 2-year
study. European Journal of Pediatrics, 152:805-8009.

This paper describes the incidence of tuberculosis seen at the University Hospital of
Geneva, Switzerland during the period October 1989 to October 1991. Of the 43 cases
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identified during this period, 42% had active disease or clinica evidence of organ
involvement, while the remainder were asymptomatic. It was noted that all the children
were from families originating from countries outside Switzerland.

Okot-Nwang M, WabwireMangen F, Kagezi VB (1993). Increasing prevalence of
tuberculosis among Mulago Hospital admissions, Kampala, Uganda (1985-1989).
Tubercle and Lung Disease, 74:121-125.

The authors describe the prevalence of tuberculosis among admissions to Mulago
Hospital, Uganda during the period 1985-1989. During these years the number of cases of
tuberculosis doubled from 835 in 1985 to 1614 in 1989. Unfortunately the precise
numbers of children are not given, but interestingly the percentage of cases with
pulmonary tuberculosis falling in the age group 0-14 years increased from 25% in 1985 to
44% in 1989. The authors do not comment upon this, but children with HIV infection
often have pulmonary involvement. HIV -positivity among al tuberculosis patients at the
hospital increased from 37% in 1985 to 68% in 1988. Extrapulmonary disease was most
frequent among children aged 0-14 years, accounting for close to 60% of such disease
seen, but again the actual numbers are not given.

Medical Research Council Cardiothoracic Epidemiology Group (1994). Tuberculosis
in childr