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Prevention of tuberculosis in household members: estimates of
children eligible for treatment

Yohhei Hamada,? Philippe Glaziou,* Charalambos Sismanidis® & Haileyesus Getahun?

Objective To estimate of the number of children younger than 5 years who were household contacts of people with tuberculosis and were
eligible for tuberculosis preventive treatment in 2017.

Methods To estimate the number of eligible children, we obtained national values for the number of notified cases of bacteriologically
confirmed pulmonary tuberculosis in 2017, the proportion of the population younger than 5 years in 2017 and average household size
from published sources. We obtained global values for the number of active tuberculosis cases per household with an index case and for
the prevalence of latent tuberculosis infection among children younger than 5 years who were household contacts of a tuberculosis case
through systematic reviews, meta-analysis and Poisson regression models.

Findings The estimated number of children younger than 5 years eligible for tuberculosis preventive treatment in 2017 globally was
1.27 million (95% uncertainty interval, Ul: 1.24-1.31), which corresponded to an estimated global coverage of preventive treatment in
children of 23% at best. By country, the estimated number ranged from less than one in the Bahamas, Iceland, Luxembourg and Malta to
350000 (95% Ul: 320000-380000) in India. Regionally, the highest estimates were for the World Health Organization (WHO) South-East
Asia Region (510000; 95% Ul: 450 000-580000) and the WHO African Region (470 000; 95% Ul: 440 000-490 000).

Conclusion Tuberculosis preventive treatment in children was underutilized globally in 2017. Treatment should be scaled up to help
eliminate the pool of tuberculosis infection and achieve the End TB Strategy targets.

Abstracts in G H13Z, Francais, Pycckuii and Espafiol at the end of each article.

Introduction

The management of latent tuberculosis infection is a critical
component of the World Health Organization’s (WHO’s) End
TB Strategy. Given that between a quarter and a third of the
global population is estimated to be infected with Mycobac-
teria tuberculosis, '~ the Strategy’s ambitious targets and the
United Nations’ Sustainable Development Goals cannot be
achieved without tackling the reservoir of latent infection.*
The risk of progression from tuberculosis infection to active
disease is particularly high in young children, who are also
at the greatest risk of severe and disseminated disease.” As a
result, treatment of tuberculosis infection (i.e. tuberculosis
preventive treatment) is strongly recommended for children
younger than 5 years who are household contacts of people
with bacteriologically confirmed pulmonary tuberculosis.®
Accordingly, coverage of tuberculosis preventive treatment is
one of the key indicators used to monitor the implementation
of the End TB Strategy.” In 2018, world leaders committed to
providing 4 million child household contacts younger than
5 years with tuberculosis preventive treatment by 2022.°

A recent survey of policy and practice on latent tuber-
culosis infection in countries with a low tuberculosis burden
and in African countries found that many lacked recording
and reporting systems for infection.>'’ In 2016, WHO started
collecting data on the number of children younger than
5 years globally who were household contacts of people with
pulmonary tuberculosis and who had started tuberculosis
preventive treatment.'’ Although 118 countries, including 16
of the 30 countries with a high tuberculosis burden, reported
datain 2017," there was a lack of clearly defined denominators
for assessing coverage of preventive treatment, which makes
planning and monitoring difficult.”?

Consequently, the aim of this study was to use tuberculosis
notification data from 2017 to estimate of the number of chil-
dren younger than 5 years in individual countries who were
household contacts of people with pulmonary tuberculosis and
who were eligible for tuberculosis preventive treatment. This
information should help countries implement and monitor
preventive treatment.

Methods

Countries with a low tuberculosis burden comprised the 113
high-income or upper-middle-income countries in which the
estimated annual incidence of tuberculosis disease in 2015
was fewer than 100 cases per 100 000 population, WHO’s 2015
guidelines on the management of latent tuberculosis infection
are intended primarily for these countries.’*'* Countries with
100 or more cases per 100000 population were regarded as
having a high tuberculosis burden.

In countries with a high tuberculosis burden, the number
of children eligible for tuberculosis preventive treatment was
defined as the number younger than 5 years who are household
contacts (hereafter referred to as child household contacts) of
people with bacteriologically confirmed pulmonary tuber-
culosis and who do not themselves have active tuberculosis,
regardless of whether they have a confirmed tuberculosis
infection (in accordance with WHO guidelines on the man-
agement of tuberculosis in children).” In countries with a
low tuberculosis burden, the number of children eligible for
tuberculosis preventive treatment was defined as the number
of children younger than 5 years who are household contacts
of people with bacteriologically confirmed pulmonary tuber-
culosis, who do not themselves have active tuberculosis and
who have a confirmed tuberculosis infection, as indicated by
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a positive result on a standard tuber-
culin skin test or an interferon-gamma
release assay. Consequently, the number
of child household contacts eligible for
tuberculosis preventive treatment, N,
was calculated using:

N=2hp-a-1) (1)
Cc

in countries with a high tuberculosis
burden; and

N=2mp-a-1)-L @)
C

in countries with a low tuberculosis
burden; where # was the number of noti-
fied cases of bacteriologically confirmed,
pulmonary tuberculosis in the country,
C was the average number of active
tuberculosis cases per household with
an index case, h was the average house-
hold size, p was the proportion of the
national population that was younger
than 5 years, T was the proportion of
child household contacts who had active
tuberculosis, and L was the prevalence
of a confirmed latent tuberculosis infec-
tion among child household contacts.
For countries with a high tuberculosis
burden, L was not included in the calcu-
lation because eligibility for tuberculosis
preventive treatment did not depend on
confirmation of infection. We did not
estimate numbers for countries or ter-
ritories with a population under 300 000.

Table 1 details how we derived
values for the parameters in these two
equations. From the literature, we ob-
tained country-specific values of n and
p for 2017, country-specific values of h
for different years and a global estimate
of T. To obtain a global value for L, we
updated a recent systematic review and
meta-analysis, and to obtain a global
value for C, we carried out a new sys-
tematic review of the literature from
1 January 2005 to 11 November 2017."
For both the updated and new system-
atic reviews, we used the reference list
of Fox et al’s systematic review,'® which
included publications up until 1 Oc-
tober 2011, and supplemented it with
papers subsequently published up until
11 November 2017. The new systematic
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Table 1. Parameters for estimating the number of child household contacts eligible for

tuberculosis preventive treatment

Parameter®

Value, mean (95%

Source
(d)]

Number of notified cases of
bacteriologically confirmed
pulmonary tuberculosis in 2017 (n)

Number of active tuberculosis cases
per household with an index case (C)

1.06 (1

Average household size (h)
values®

Proportion of the population aged
<5yearsin 2017 (p)

Proportion of child household
contacts (age < 5 years) of a
tuberculosis case who had active
tuberculosis themselves (T)

Prevalence of a confirmed latent
tuberculosis infection among
children aged < 5 years who were
household contacts of a tuberculosis
case in countries with fewer than
100 cases per 100000 population (L)

values®
6.1% (1

Country-specific
values (Table 4)

.04-1.07)

Country-specific

Country-specific

0-16.3)

27.9% (18.8-39.4)

WHO tuberculosis burden
estimates'

New systematic review of the
literature from January 2005 to
November 2017

National censuses, national
surveys (e.g. DHSs), statistical
yearbooks and official websites
of national statistical authorities

United Nations 2017 revision of
world population prospects'
Dodd et al., 2014/

Updated systematic review of
the literature from inception to
November 2017

Cl: confidence interval; DHS: demographic and health survey; WHO: World Health Organization.
¢ The characters in parentheses represent the parameters in equations in the text.
® Details available from the corresponding author on request.

review did not consider publications
before 2005 because we judged that
earlier publications would not reflect
the current situation. The following
search string was used in PubMed® for
both reviews: (tuberculosis[Title] OR
“tuberculosis”[MeSH Terms] OR “myco-
bacterium tuberculosis”’[MeSH Terms]
OR “tuberculosis, pulmonary”[MeSH
Terms]) AND ((“contact$”[All Fields])
OR (“contact tracing”[MeSH Terms])
OR “disease outbreaks”[MeSH Terms]
OR “contact*”[Title] OR “spread”[Title]
OR “contact screen*”[All Fields] OR
“contact tracing”[Title] OR “disease
transmission”[All Fields] OR “case
find*”[Title] OR (cluster*[Title] AND
analys*[Title]) OR “household*”[All
Fields] OR “household contact*”[All
Fields] OR (“case finding”[All Fields])
OR (“casefinding”[All Fields]) OR “case
detection”[All Fields]).

For the updated and new system-
atic reviews: (i) household contacts
were defined as people living in the
same household or people who satisfied
the definition of a household contact in
the original publication; (ii) an index
case was defined as the first identified
case of new or recurrent tuberculosis
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disease in a person of any age in a
specific household or as defined in the
original publication; (iii) a person was
defined as having a tuberculosis infec-
tion if the induration 48 to 72 hours
after a tuberculin skin test was 10 mm
or greater or, if this information was
not available, the person satisfied the
definition of a tuberculosis infection
in the original publication; and (iv) a
prevalent tuberculosis case was defined
as a case of active disease that was di-
agnosed at the baseline visit during the
study or within 3 months of diagnosis
of the index case.

To obtain a global value for L, we
included studies in the updated system-
atic review that reported the prevalence
of tuberculosis infection among child
contacts in countries with an annual
incidence of tuberculosis under 100
cases per 100000 population at the
time of the study, according to WHO
estimates."”” If an appropriate WHO
estimate was not available, we used
estimates from the published literature.
We also included studies that reported
data on children up to 4 or 6 years of
age. The reasons for excluding studies
are listed in Fig. 1.
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Fig. 1. Flowchart for the selection of studies on the prevalence of latent tuberculosis
infection among child household contacts, countries with a low tuberculosis

burden, worldwide, 1964-2017

2508 publications between
October 2011 and November
2017 identified in PubMed

240 publications up to October
2011 from the reference list of a
systematic review by Fox etal.”

17 studies included in
updated systematic review

2501 publications excluded on screening
of titles and abstracts
\
247 publications for full 230 publications excluded on full text review:
text review + 32articles had no data on tuberculosis infection
« 28 articles had no data on household contacts
« 137 articles had no data on children aged <5 years
+ 3articles had insufficient data for calculating prevalence
| .« 2articles had same data as reported in another
publication
v « 10 articles were reporting from a country with a high

tuberculosis burden
« 16 articles not in English
« 2 articles full text not available

Notes: We defined a child household contact as a child younger than 5 years living in the same
household as a person with active tuberculosis disease. A low tuberculosis burden was defined as fewer

than 100 cases per 100000 population.

Fig. 2. Flowchart for the selection of studies on active tuberculosis cases in households
with an index case, worldwide, 2005-2017

2508 publications between
October 2011 and November
2017 identified in PubMed

95 publications between January 2005 and
October 2011 from the reference list of a
systematic review by Fox et al., 2015

58 publications included in
new systematic review

2385 publications excluded on screening
of titles and abstracts
\
218 publications for full text 160 publications excluded on full text review:
review « 61articles had no data on household contacts
« 50 articles had no data on the number of active
tuberculosis cases among contacts
% | . l4articles had insufficient data
v « 2 articles only included child contacts

« 17 articles had same data as reported in another
publication
« 16 publication not in English

To obtain a global value for C, we
included studies in the new systematic
review that reported the number of in-
dex tuberculosis cases, the number of
household contacts and the number
of prevalent active tuberculosis cases
among household contacts. We excluded
studies if: (i) data on contacts other
than household contacts were included;
(ii) the number of cases or household
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contacts was less than 10; (iii) only child
contacts were included (this would have
led to an underestimate of the num-
ber of active tuberculosis cases in the
household); or (iv) the study was not
published in English (Fig. 2).

One author screened all titles
and abstracts for relevance and then
reviewed the full text of all potentially
eligible articles. For both reviews, we

Yohhei Hamada et al.

extracted information on the country’s
name, the year of the study, the defini-
tions of index cases and household
contacts, and the number of household
contacts. For the updated systematic
review, we obtained information about
the number of child household contacts
with a confirmed latent tuberculosis
infection, the tuberculin skin test cut-off
criterion for infection in a child contact,
the child’s bacillus Calmette-Guérin
(BCG) vaccination status and the age
of index cases. For the new systematic
review, we extracted information on
the age and number of index cases and
the number of active tuberculosis cases
among household contacts. In evaluat-
ing the quality of individual studies,
we used a checklist modified from an
existing tool to assess issues related to
contact investigations and tuberculosis
infection.”

Data analysis

The meta-analysis of the prevalence of a
confirmed latent tuberculosis infection
among child household contacts (L)
was conducted using a logistic-normal
random-effects model.”” In the primary
analysis, we did not consider the differ-
ent definitions of tuberculosis infection
used in the studies. The heterogene-
ity of study findings was assessed by
visual inspection of forest plots and
from the results of likelihood-ratio
tests. Potential sources of heterogeneity
were investigated in subgroup analyses
that considered the following factors:
(i) whether the index case tested posi-
tive or negative on smear microscopy;
(ii) the tuberculin skin test cut-off value
(i.e. 10 mm or more versus other values);
(iii) the year of study publication (i.e.
before 2000 or later); (iv) the country’s
income status (i.e. whether high- or
upper-middle-income);*! and (v) BCG
vaccination coverage.

The average number of active tu-
berculosis cases per household with an
index case (C) was estimated as follows.
For each study, the average number of
active tuberculosis cases among con-
tacts in each household was calculated
by dividing the number of prevalent
active tuberculosis cases among house-
hold contacts by the number of index
cases, which was assumed to be equal
to the number of households. Data were
pooled using mixed-effects, Poisson
regression models. Subsequently, the
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Prevalence of latent tuberculosis infec-  Criterion for tuberculosis infection BCG vaccination status

Definition of index tuberculosis case

Year of study
enrolment

Country

Study reference

tion among child household contacts
aged < 5 years, no. infected children/

no. all children (%)

No specific data for children aged

Tuberculin skin test induration

>10mm

7/81 (8.6)

Smear-positive pulmonary tuberculosis

2006-2007

China

Lin et al., 2008*

<5 years; 28% of the study population

vaccinated

All children vaccinated

Tuberculin skin test induration

>10mm

23/87 (26.4)

Croatia 2008-2009  Not defined

Pavic et al.,
2011

76% of children aged < 5 years

vaccinated

Tuberculin skin test induration

>10mm

6/54 (11.1)

Culture-positive pulmonary

Venezuela 2010-2011
tuberculosis

Verhagen et al,,

2014

(Bolivarian

Republic of)
Canada

25% of children aged <5 years

vaccinated

Tuberculin skin test induration

10/35 (28.6)

Culture-positive pulmonary

tuberculosis

2008-2010

Rose et al,,
20154

>5 mm for contacts of a smear-
positive tuberculosis case and

> 10 mm for contacts of a smear-

negative tuberculosis case

All children vaccinated

Tuberculin skin test induration

>10mm

52/80 (65.0)

Pulmonary tuberculosis (smear-
positive or -negative)

2009-2010

Brazil

Perez-Porcuna
etal, 2016"

BCG: bacillus Calmette-Guérin; NA: not available.

¢ We defined a child household contact as a child younger than 5 years living in the same household as a person with active tuberculosis disease.

® We defined a low tuberculosis burden as fewer than 100 cases per 100000 population.

Yohhei Hamada et al.

average number of tuberculosis cases per
household was calculated as the pooled
average number of tuberculosis cases
among contacts in each household plus
one to account for the index case. The
heterogeneity of study findings was as-
sessed by visual inspection of forest plots
and the effect of the national tuberculo-
sis burden on estimates was assessed in
a subgroup analysis. We also conducted
a sensitivity analysis by excluding an
outlier value for the number of tuber-
culosis cases per household to assess its
influence on the pooled estimate.

We did not evaluate publication
bias using statistical tests (e.g. Begg’s test
or Egger’s test) or funnel plots because
their utility has not been established
in the meta-analyses of proportions
obtained from observational studies.'®*
We considered uncertainty in: (i) the
prevalence of tuberculosis infection
in child contacts; (ii) the number of
tuberculosis cases per household; and
(iii) the proportion of child household
contacts with active tuberculosis disease.
We ignored uncertainty in population
size estimates from the United Na-
tions Population Division. Errors were
propagated using a second-order Taylor
series expansion.”** All statistical analy-
ses were performed using Stata v. 13.1
(StataCorp LP, College Station, United
States of America) and Rv. 3.4.4 (The R
Foundation, Vienna, Austria).

Results

Our systematic review of the preva-
lence of a latent tuberculosis infec-
tion among child household contacts
younger than 5 years (L) in countries
with a low tuberculosis burden includ-
ed 17 studies (Fig. 1 and Table 2).>*
Nine of the 17 (52.9%) were conducted
in high-income countries. The pres-
ence of a tuberculosis infection was
defined as an induration of 10 mm
or more on the tuberculin skin test in
11 studies, whereas the other six used
different criteria: (i) one used an indu-
ration cut-off of 5 mm; (ii) three used
multiple induration cut-offs, ranging
from 5 to 15 mm depending on BCG
vaccination status, the infectiousness
of the index case or the study site;
(iii) one used a Heaf grade of 2, 3 or
4; and (iv) one did not specify the
criterion. The median prevalence of
latent tuberculosis infection among
child contacts was 26.4% (interquar-
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tile range: 11.1-42.2). Twelve studies
included children who had received a
BCG vaccination, one included only
unvaccinated children and BCG vac-
cination status was not specified in
four studies. There was substantial
heterogeneity across the studies. The
pooled prevalence of latent tubercu-
losis infection among child contacts
younger than 5 years was 27.9% (95%
confidence interval, CI: 18.8-39.4;
Fig. 3). None of the subgroup analyses
found significant differences between
subgroups.

Our systematic review of the
number of active tuberculosis cases
per household with an index case
(C) included 58 studies (Fig. 2 and
Table 3).>77*227 Of the 58, 16 (27.6%)
were conducted in countries with a low
tuberculosis burden. The number of ac-
tive tuberculosis cases among contacts
in each household ranged from 0 to
0.33, except for one study that reported
a value of 0.93.> The pooled number
of active tuberculosis cases among
contacts in each household was 0.06
(95% CI: 0.04-0.07). Consequently, the
average number of active tuberculosis
cases per household was 1.06 once the
index case had been included. There
was no significant difference between
countries with a low or high tubercu-
losis burden (P=0.33). Furthermore,
excluding the one outlier reduced the
average number of cases per household
by only 0.002.

Using the values we obtained for
L and C with the values of other pa-
rameters from the literature (Table 1),
we estimated that the number of child
household contacts younger than 5 years
who were eligible for tuberculosis pre-
ventive treatment in 2017 ranged from
less than one in four countries (i.e. Ba-
hamas, Iceland, Luxembourg and Malta)
to 350000 (95% uncertainty interval,
UI: 320000-380000) in India (Table 4;
available at: http://www.who.int/bulle-
tin/volumes/96/8/18-218651). Globally,
the estimated number of child contacts
eligible for preventive treatment was
1.27 million (95% UI: 1.24 to 1.31).
Viewed regionally, the highest estimate
was for the WHO South-East Asia Re-
gion: 510000 (95% UI: 450 000-580 000;
Table 5).
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Discussion

We estimated that 1.27 million chil-
dren younger than 5 years who were
household contacts of people with
bacteriologically confirmed pulmo-
nary tuberculosis were eligible for
preventive treatment globally in 2017.
According to the WHO Global tuber-
culosis report 2018, countries reported
that 292182 child contacts received
preventive treatment in 2017, which
makes the best estimate of the global
coverage of preventive treatment in
children only 23%.%

Our study has several limitations.
First, our estimate of the number of
child household contacts was based on
the number of notified bacteriologically
confirmed tuberculosis cases. However,
3.6 million of the estimated 10.0 million
people with incident tuberculosis glob-
ally in 2017 were neither reported nor
enrolled in tuberculosis care.” Conse-
quently, our estimates are conservative,
there would be substantially more eli-
gible child contacts if all incident tuber-
culosis cases were considered. Second,
we used national values for the average
household size and for the proportion of

the population younger than 5 years to
estimate the number of child contacts.
It is possible that the composition of
households with a tuberculosis case may
have differed from the national average
and thus people with tuberculosis may
have lived with a different number of
children younger than 5 years from
the national average. Furthermore, we
did not consider people with tubercu-
losis who lived in a prison or nursing
home. Doing so would have reduced
the estimated number of child contacts,
especially in countries where where
number of tuberculosis cases among the
prison and nursing home populations
was high.the prison and nursing home
populations were high. Third, we used
the value for the average number of tu-
berculosis cases per household from our
new systematic review for all countries,
even though it may have varied between
countries.

Fourth, in our updated system-
atic review, we observed substantial
heterogeneity across studies in the
prevalence of a latent tuberculosis
infection among child household
contacts in countries with a low tu-
berculosis burden. This heterogeneity

Fig. 3. Forest plot of the prevalence of latent tuberculosis infection among child
household contacts, countries with a low tuberculosis burden, worldwide,

1964-2017

Study Prevalence, % (95% Cl) Prevalence, % (95% Cl)

Chapman etal,, 1964 —— 483 (43.4-53.2)
Grzybowski etal., 1975 - 20.7 (18.2-233)
Zakietal., 1976 -~ 22.6(20.2—- 25 2)
Payne 1978 —— 10.6(0.50-19.2)
Almeida et al., 2001 —_— 450(29.3-61.5)
Carvalho et al., 2001 —_— 21.2(0.90-38.9)
Lobato et al., 2003 - 48.4(37.9-59.0)
Militao de Albuguerque et al., 2004 — 28.4(18.5-40.1)
Soysal etal., 2005 —— 4. (374~ 47 2)
Aissa etal., 2008 —— 11.0(0.66—16.8)
Alavi 2008 —_— 8.37(69.3-93.2)
Diel etal., 2008 —— 0.56 (0.01-27. 3)
Linetal, 2008 —— 0.86(0.35-1.70)
Pavicetal., 2011 — 26.4(17.6— 37 0)
Verhagen etal 2014 —_— 11.1(0.42-22.6)
Roseetal., 2015 —_— 28.6(14.6-46.3)
Perez-Porcunaetal,, 2016 — 65.0 (53.5-75.3)
Pooled value E— 27.9(18.8-39.4)

I T 1
0 0.5 1

Cl: confidence interval.

Notes: We defined a child household contact as a child younger than 5 years living in the same
household as a person with active tuberculosis disease. A low tuberculosis burden was defined as fewer

than 100 cases per 100000 population.
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Total no. of tuber-
culosis cases per
household, including

No. of tuberculosis
cases among contacts

No. of No. of tuberculosis

Definition of index tuberculosis case Eligible age

Year of study
enrolment

Country

.continued)
Study reference

(.

542

cases among
household contacts®

index

group

per household"

cases®

the index case

1.06

0.06
0.02

389

6015

All ages
All ages

Smear-positive pulmonary tuberculosis

Not defined

2013-2014
2009-2013

Ethiopia

Jerene et al,, 2015%

1023

Ten European
countries
India

Zellweger et al., 2015%

LN
<

™
(32]

=)

<b
<

o~
(@}

0.05
033
0.10
0.04
0.02

133

154

29

280
213
293

Smear-positive pulmonary tuberculosis

Multidrug-resistant tuberculosis

2013-2014
2012-2015
2007-2014

Guputa et al,, 2016%

Pakistan
India

Javaid et al,, 2016%
Nair et al., 2016

Smear-positive pulmonary tuberculosis

Pulmonary tuberculosis

2012-2013
2015-2016

Brazil

Wysocki et al,, 2016%

Pulmonary tuberculosis (microbiological
confirmation was required for patients

aged > 5 years)

Uganda

Armstrong-Hough et al,,

2017

1.03
1.02
1.06

0.03
0.02
0.06

169

5345

All ages
All ages
All ages

Smear-positive pulmonary tuberculosis
Smear-positive pulmonary tuberculosis
Initiation of antituberculosis treatment

2011-2013

2014

Ethiopia
Viet Nam

Eswatini

Datiko et al., 2017
Fox et al, 2017

212
3258

196

2013-2015

Mandalakas et al,,

2017%

1.02

0.02

977

All ages

Bacteriologically confirmed tuberculosis

2013-2014

Zambia

Muyoyeta et al., 2017%

SAR: Special Administrative Region.

? We assumed that the number of index cases was equal to the number of households studied.

® We defined household contacts as people living in the same household as the index case or people who satisfied the definition of a household contact in the original publication.

Yohhei Hamada et al.

probably reflects differences between
studies in characteristic, such as the
study population, setting, incidence
of tuberculosis, the tuberculin skin
test cut-off used and BCG status. We
were unable to identify the source of
the heterogeneity because the number
of studies included in our subgroup
analyses was small. Moreover, our
estimates of the number of child
household contacts eligible for pre-
ventive treatment in these countries
were derived using an average value
for the prevalence of a confirmed
tuberculosis infection among child
contacts, whereas the prevalence
may have varied between countries.
Using country-specific values would
have given more accurate estimates.
Nevertheless, as countries with a low
tuberculosis burden accounted for
only 14% of notified tuberculosis cases
globally in 2017,'*% their impact on
our global estimate was small.

Fifth, we assumed that children
were judged eligible for tuberculosis
preventive treatment according to
WHO guidelines.” However, eligibil-
ity criteria may have varied between
countries according to national policy.
Sixth, we used a value for the propor-
tion of child household contacts of
a tuberculosis case who had active
tuberculosis themselves (T) that was
derived from a modelling study in
22 countries with a high tuberculosis
burden,'” which together accounted
for 80% of the global burden. How-
ever, the prevalence of active disease
among household contacts in these
countries was likely to have been
higher than in others. Consequently,
by using this proportion, we may have
underestimated the number of child
household contacts without active
tuberculosis disease who were, there-
fore, eligible for preventive treatment.
Our estimates of the number of chil-
dren eligible for preventive treatment
need to be validated using national
data on the number of child contacts
from well-functioning surveillance
systems or surveys. These data could
also be used to assess the coverage of
preventive treatment directly, which
should give more accurate figures than
our modelling estimates with their
inherent limitations. Nevertheless,
in the absence of such data, our esti-
mates should help galvanize efforts to
implement, and monitor the progress

Bull World Health Organ 2019;97:534-547D| doi: http://dx.doi.org/10.2471/BLT.18.218651
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Table 5. Child household contacts® eligible for tuberculosis preventive treatment, by

region, 2017

of, tuberculosis preventive treatment
among child contacts.
In conclusion, using our estimate

WHO Region No. of notified, bacte-
riologically confirmed,

pulmonary tuberculosis

Estimated number of child household
contacts® eligible for tuberculosis preven-
tive treatment, no. (95% Ul)

of the number of children younger
than 5 years eligible for tuberculosis
preventive treatment, we calculated
that the coverage of preventive treat-

cases’
African 713693 470000 (440 000-490000)
Of the Americas 152730 25000 (22 000-28000)
South-East Asia 1414408 510000 (450000-580000)
European 129110 16000 (14 000-18000)
Eastern 210073 150000 (130000—-170000)
Mediterranean
Western Pacific 487089 95000 (83000-110000)
Global 3107103 1270000 (1240000-1310000)

ment in children in 2017 was only
23%. Despite its proven efficacy, tu-
berculosis preventive treatment is still
being underutilized. As the End TB
Strategy targets can only be achieved
by addressing the pool of tuberculosis
infection, urgent action is needed to
scale up the implementation of preven-
tive treatment. Ml

Ul: uncertainty interval; WHO: World Health Organization.

¢ We defined a child household contact as a child younger than 5 years living in the same household as a

person with active tuberculosis disease.

Competing interests: None declared.
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Résumé

Prévention de la tuberculose chez les membres de la famille: estimation des enfants éligibles au traitement

Objectif Estimer le nombre d'enfants de moins de 5 ans qui étaient en
contact avec des membres de la famille atteints de tuberculose et qui
étaient éligibles a un traitement préventif de cette maladie en 2017.

Méthodes Pour estimer le nombre d'enfants éligibles, nous nous
sommes procuré, a partir de diverses publications, les valeurs nationales
correspondant au nombre de cas signalés de tuberculose pulmonaire
confirmée par des analyses bactériologiques en 2017, a la part de la
population agée de moins de 5ans en 2017 et a la taille moyenne
des familles. Nous nous sommes procuré, au moyen d'une revue
systématique, d'une méta-analyse et de modeles de régression de
Poisson, les valeurs mondiales correspondant au nombre de cas de
tuberculose active par foyer avec cas de référence et a la prévalence de
l'infection tuberculeuse latente chez les enfants de moins de 5 ans qui
étaienten contact avec un membre de la famille atteint de tuberculose.

Résultats Le nombre estimé d'enfants de moins de 5 ans éligibles a
un traitement préventif de la tuberculose dans le monde en 2017 était
de 1,27 million (intervalle d'incertitude de 95%, II: 1,24-1,31), soit une
couverture mondiale de traitement préventif chez les enfants estimée
a 23% au mieux. Par pays, le nombre estimé allait de moins d'un aux
Bahamas, en Islande, au Luxembourg et a Malte a 350 000 (Il 95%:
320 000-380 000) en Inde. Au niveau des régions, les estimations les
plus élevées se retrouvaient dans la Région OMS de I'Asie du Sud-Est
(510 000; 11 95%: 450 000-580 000) et la Région africaine de I'OMS
(470 000; 11 95%: 440 000-490 000).

Conclusion Au niveau mondial, le traitement préventif de la tuberculose
chez les enfants était sous-utilisé en 2017. Il faudrait intensifier le recours
au traitement afin d'éliminer les foyers de tuberculose et d'atteindre
les objectifs de la Stratégie de I'OMS pour mettre fin a la tuberculose.

Pesiome

MpodunakTuka Ty6epKynesay uneHoB cemeii: OLeHKa KonnyecTBa JeTel, HY»KAAIOLWMNXCA B IeYeHNUN

Lenb OueHka no coctosHuio Ha 2017 rof KonnyecTsa AeTel mnagLle
NATU NET, NPOXKMBAIOLLVX B OHOW CeMbe C O60MbHBIM TyOepKyie3om
U HYXKAAIOWMXCA B MPODUNAKTAUECKOM NIeUeHNM.

MeToabl [1nAa oueHKM KONmMuyecTsa AeTen, HYXAAWNXCA B
fleyeHnI, aBTopbl MOAYUUIN 13 ONyOIMKOBAHHBIX NCTOUHMKOB
HaLMOHasbHble MoKasaTenn Mo COCTOAHMIO Ha 2017 rof O KonuyecTse
MOCTaBNEHHbIX Ha AMCMAHCEPHDIN YUeT CilyyaeB 6akTepUONOrMIecKm
NOATBEPXIEHHOMO TyOepKyne3a nerkvx, CBeAeHVA O KonmyecTse
feter mnagwe 5net 8 2017 rogy 1 CpefiHne OUeHKM pasmepa
cembM. 10 pe3ynbTatam CUcTeMaTnyeckx 0030poB, MeTaaHanm3a v
perpeccnoHHbix mofeneit NyaccoHa 6einv nonyyeHsl robanbHble
CBefieHNsA O KONMUeCTBE ClyUaeB akTUBHOM GopMbl TybepKynesa 13
PacyYeTa Ha CEMbIO C M3BECTHbBIM VCTOUYHMKOM 3a00/1€BaHIIS 11 OLIEHKM
PacNPOCTPAHEHHOCTM TAaTEHTHOM TybepKyne3Hon nHdeKLmnn cpeam
neTer mnage 5 neT, NPOXMBAIOLLMX B OHOV ceMbe C 6OMbHbIM
TybepKynesom.

Pesynbtatbl [10 npeasapuTefibHbIM OLEHKaM, BO BCEM MUpe
KONMUeCTBO AeTeMMaLLIe 5 NeT, HyKAaloWMXCA B NPOGUIaKTUUECKOM

neyeHnn ot Tybepkynesa, coctasuno B 2017 rogy 1,27 MinnvoHa
yenosek (95%-11 HTepBan HeonpeaeneHHocTy, VIH: 1,24-1,31), uto
B Jlydllem Cryyae COOTBETCTBYET YAOBNETBOPEHMIO MOTPEOHOCTH
feTein B NpoPUNaKTUYECKOM NedeHnn npubnmsmTensHo Ha 23%.
OueHKa pacnpefieneHunsa No CTpaHam nokasana pa3dbpoc oT MeHee
ofHoro pebeHkKa B Takyx CTpaHax, kak baramckne ocTpoBa, VicnaHausa,
Jliokcembypr 1 Maneta, o 350 000 (95%-# VH: 320 000-380 000)
B MHann. B pernoHanbHoM paspese MakcvManbHble OLeHKM Obinm
nonydeHbl Ana tOro-Boctourol Asnm no KnaccudukaLmn BcemmpHon
opraHvsauny 3apasooxpaHeHna (BO3) (510 000 uenosek; 95%-i
H: 450 000-580 000) 1 ans AppvikaHckoro perrona BO3 (470 000;
95%-11 VIH: 440 000-490 000).

BbiBog o coctosHMo Ha 2017 rof BO BCEM MMPE MPOdUNaKTUYECKoe
neyeHue OT TybepKynesa y AeTer NPUMEHAETCA B HeOCTaTOYHOM
Mepe. HeobxoanMo HapallvBaTb MacWTabbl neyeHuns, 4Toobl
COAENCTBOBATb VCKIIIOUEHMIO pe3epByapoB TyOepKynesHow
NHOEKUMM 1 AOCTVKEHWIO Lienelt cTpaTerimn no npekpaLleHuio
anuaemnn Tybepkynesa.

Resumen

Prevencion de la tuberculosis en los miembros de la familia: estimaciones de nifos elegibles para el tratamiento

Objetivo Estimar el nimero de nifios menores de cinco afnos que
tuvieron contacto con personas con tuberculosis en sus hogares y que
eran elegibles para el tratamiento preventivo de la tuberculosis en 2017.
Métodos Para estimar el nimero de nifos elegibles, se obtuvieron
valores nacionales para el nimero de casos notificados de tuberculosis
pulmonar bacteriolégicamente confirmada en 2017, la proporcién de
la poblacion menor de 5 afios en 2017y el tamafio promedio del hogar
de fuentes publicadas. Se obtuvieron valores globales para el nimero
de casos de tuberculosis activa por hogar con un caso indice y para la
prevalencia de infeccién de tuberculosis latente entre los nifios menores
de 5 afios que estaban en contacto con un caso de tuberculosis en el
hogar mediante las revisiones sistematicas, el metanalisis y los modelos
de regresion de Poisson.

Resultados El nimero estimado de nifios menores de 5 afios elegibles
para el tratamiento preventivo de la tuberculosis en 2017 a nivel
mundial fue de 1,27 millones (intervalo de incertidumbre del 95 %, IU:

1,24-1,31), lo que corresponde a una cobertura mundial estimada de
tratamiento preventivo en nifios del 23 % en el mejor de los casos. Por
pals, el nimero estimado oscila entre menos de uno en las Bahamas,
Islandia, Luxemburgo y Malta y 350 000 (95 % UI: 320 000-380 000) en
laIndia. A nivel regional, las estimaciones mas elevadas correspondieron
ala Regién de Asia Sudoriental de la Organizacién Mundial de la Salud
(OMS) (510 000; IC del 95 %: 450 000-580 000) v a la Regién Africana
de la OMS (470 000; IC del 95 %: 440 000-490 000).

Conclusion El tratamiento preventivo de la tuberculosis en los nifios
fue utilizado muy poco a nivel mundial en 2017. El tratamiento
debe ampliarse para ayudar a eliminar el conjunto de infecciones
de tuberculosis y alcanzar los objetivos de la Estrategia de Fin a la
Tuberculosis.
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Table 4. Child household contacts® eligible for tuberculosis preventive treatment, by country, 2017

Country No. of notified, bacteriologically Estimated number of child household contacts® eligible for
confirmed, pulmonary tuberculosis tuberculosis preventive treatment, no. (95% Ul)
cases’”
Afghanistan 20946 20 000 (19000-22000)
Albania 210 2(8-17)
Algeria 6575 1100 (720-1 600)
Angola 27086 25000 (23 000-27 000)
Argentina 6042 430 (270-590)
Armenia 369 80 (73-87)
Australia 780 33 (21-46)
Austria 379 0(6.5-14)
Azerbaijan 3125 340 (220-470)
Bahamas 16 1.0 (0.6-1.3)
Bahrain 80 8 (5-11)
Bangladesh 144817 55000 (50 000-59000)
Belarus 2171 81(51-110)
Belgium 563 19 (12— 26)
Belize 71 82(5.2-11)
Benin 2947 00 (1900-2 300)
Bhutan 440 60 (140-170)
Bolivia (Plurinational State of) 5412 1800 (1 700-2 000)
Bosnia and Herzegovina 479 8 (11-24)
Botswana 2098 780 (720-850)
Brazil 49922 3000 (1900-4 100)
Brunei Darussalam 179 21 (13-29)
Bulgaria 694 9 (12-26)
Burkina Faso 3841 3 300 (3 000-3 600)
Burundi 4728 3600 (3 300-3 900)
Cambodia 12049 5600 (5 100-6 000)
Cameroon 14515 10000 (9 500-11000)
Canada 1144 39 (24-53)
Cabo Verde 178 67 (61-73)
Central African Republic 5146 3500 (3 200-3 800)
Chad 5162 4500 (4 100-4 900)
Chile 2028 20 (77-170)
China 235547 1000 (6 900-15000)
China, Hong Kong SAR 2486 74 (47-100)
China, Macao SAR 279 3(8-1 )
Colombia 8627 630 (400-860)
Comoros 53 38 (35-41)
Congo 3997 2400 (2 200-2 600)
Costa Rica 313 20 (12-27)
Cote d'lvoire 14311 11000 (10000-12000)
Croatia 287 9(6-13)
Cuba 517 21 (13- 28)
Cyprus 39 1.5(1.0-2.1)
Czechia 366 12 (7-16)
Democratic People's Republic of 40233 9500 (8 700-10000)
Korea
Democratic Republic of the 98516 85000 (77 000-92 000)
Congo
Denmark 159 3(2.7-5.8)
Djibouti 1072 610 (550-660)
Dominican Republic 2076 180 (120-250)
Ecuador 4299 400 (260-550)
Egypt 3660 1800 (1 600—1900)
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Country No. of notified, bacteriologically Estimated number of child household contacts® eligible for
confirmed, pulmonary tuberculosis tuberculosis preventive treatment, no. (95% Ul)
cases’”
El Salvador 3029 950 (860—1 000)
Equatorial Guinea 893 550 (500-600)
Eritrea 770 490 (440-530)
Estonia 141 9 (2.5-5. 4)
Eswatini 2171 1 200( -1300)
Ethiopia 46148 28000 (25 000-30000)
Fiji 141 6(10-22)
Finland 146 1 (26— 56)
France 2494 85 (54-120)
Gabon 2301 00 (1 000-1 200)
Gambia 1429 800( 700-2 000)
Georgia 1780 390 (360 430)
Germany 3262 74 (46-100)
Ghana 8359 3700 (3 400-4 000)
Greece 313 8(5-12)
Guatemala 2760 1400 (1 300-1500)
Guinea 7737 6900 (6 300-7 500)
Guinea-Bissau 1769 2 100 (1 900-2 300)
Guyana 342 110 (99-120)
Haiti 10633 4700 (4 300-5 100)
Honduras 2190 880 (800-960)
Hungary 333 9(6-12)
Iceland 8 0.35(0.22-0.48)
India 905513 350000 (320000-380000)
Indonesia 215586 72000 (66 000-78 000)
Iran (Islamic Republic of) 4785 360 (230-490)
Iraq 2676 700 (440-960)
Ireland 165 8 (5-11)
Israel 131 1(7-15)
Italy 2160 55 (35-75)
Jamaica 69 4 (3-5)
Japan 11227 290 (180-400)
Jordan 179 30 (19-41)
Kazakhstan 9489 3300 (3 000-3 600)
Kenya 46875 25000 (23 000-27 000)
Kiribati 189 30 (120-140)
Kuwait 373 (27 58)
Kyrgyzstan 3171 1500 (1 400-1700)
Lao People's Democratic Republic 3876 2000 (1 900-2 200)
Latvia 443 3(8.5-18)
Lebanon 325 28 (18-39)
Lesotho 3670 1800 (1 600-1900)
Liberia 3382 2300 (2 100-2 500)
Libya 514 68 (43-94)
Lithuania 1004 32 (20-44)
Luxembourg 21 .7 (0.5-1.0)
Madagascar 21773 13000 (12000-15000)
Malawi 6984 4600 (4 200-4 900)
Malaysia 15888 1 400 (900-2 000)
Maldives 98 4(9-20)
Mali 4420 6 100 (5 500-6 600)
Malta 25 9(06-1.2)
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Country No. of notified, bacteriologically Estimated number of child household contacts® eligible for
confirmed, pulmonary tuberculosis tuberculosis preventive treatment, no. (95% Ul)
cases'”
Mauritania 1376 1 100 (10001 200)
Mauritius 109 2(33-7.1)
Mexico 14883 1 300 (8401 800)
Mongolia 1861 690 (630-750)
Montenegro 58 7 (1.7-37)
Morocco 13635 5500 (5 000-5 900)
Mozambique 31606 21000 (19000-23 000)
Myanmar 48088 16000 (15000-17000)
Namibia 5867 3200 (2 900-3 400)
Nepal 16966 6900 (6 300-7 500)
Netherlands 367 1(7-15)
New Zealand 167 8 (5-10)
Nicaragua 1676 650 (600-710)
Niger 8288 8800 (8 100-9 600)
Nigeria 75980 53000 (48000 57000)
North Macedonia 152 8(5-11)
Norway 137 5(2.8-6.2)
Oman 193 33 (21-45)
Pakistan 138818 110000 (98 000—120000)
Panama 1012 96 (61-130)
Papua New Guinea 3944 2400 (2 200-2 700)
Paraguay 1823 740 (670-800)
Peru 19956 6200 (5 600-6 700)
Philippines 119712 55000 (51 000-60000)
Poland 3944 130 (81-180)
Portugal 1112 30(19-41)
Puerto Rico 30 1(0.7-1.5)
Qatar 335 23 (14-31)
Republic of Korea 19972 600 (380-820)
Republic of Moldova 1880 220 (200-240)
Romania 8 686 280 (180-380)
Russian Federation 40254 1800 (1 100-2 400)
Rwanda 4175 2300 (2 100-2 500)
Samoa 13 0(9-10)
Sao Tome and Principe 46 25 (23-27)
Saudi Arabia 1802 230 (150-320)
Senegal 10117 13000 (12000-14000)
Serbia 781 31(19-42)
Sierra Leone 9674 700 (7 100-8 400)
Singapore 1238 51 (32-69)
Slovakia 134 46(29-6.3)
Slovenia 89 29(1.8-3.9)
Solomon Islands 126 84 (76-91)
Somalia 7691 7400 (6 700-8 000)
South Africa 127187 41000 (37 000-45000)
South Sudan 4333 3600 (3 300-3 900)
Spain 2735 77 (48-100)
Sri Lanka 4243 1100 (1 000-1 200)
Sudan 7419 6 000 (5 500-6 500)
Suriname 90 8 (5-11)
Sweden 273 9(6-13)
Switzerland 348 10 (7-14)
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Country No. of notified, bacteriologically Estimated number of child household contacts® eligible for
confirmed, pulmonary tuberculosis tuberculosis preventive treatment, no. (95% Ul)
cases’”
Syrian Arab Republic 1080 560 (510-610)
Tajikistan 2820 2100 (1 900-2 300)
Thailand 36470 5500 (5 100-6 000)
Timor-Leste 1954 1600 (15001 800)
Togo 2142 1300 (1 200—1400)
Trinidad and Tobago 120 9 (44— 94)
Tunisia 956 91 (57-120)
Turkey 6162 470 (300 650)
Turkmenistan 693 0 (69-150)
Uganda 27039 21 OOO( 9000-23000)
Ukraine 16561 1900 (1 800-2 100)
United Arab Emirates 47 8(1.8-3. 8)
United Kingdom 2245 82 (52-110)
United Republic of Tanzania 28542 21000 (19000-23 000)
United States 5848 230( 50-320)
Uruguay 613 30 (19-42)
Uzbekistan 5705 2 600 (2 400-2 900)
Vanuatu 47 26 (24-28)
Venezuela (Bolivarian Republic of) 7189 670 (420-910)
Viet Nam 57246 16000 (1400017 000)
Yemen 3487 3000 (2 800-3 300)
Zambia 16115 11000 (9 700-12000)
Zimbabwe 13263 7600 (7 000-8 300)

SAR: Special Administrative Region; Ul: uncertainty interval.
¢ We defined a child household contact as a child younger than 5 years living in the same household as a person with active tuberculosis disease.
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