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Abstract

Background: Screening of children in household contact with smear-positive tuberculosis (TB) is universally
recommended but seldom practiced in resource-poor settings. It has huge potential to reduce the burden of TB
disease in children, particularly if streamlined to focus on those at greatest risk.

Aims: To assess the prevalence of infection and disease amongst children aged <5 yrs in household contact with
smear-positive TB. To identify which source case characteristics are risk factors for infection.

Methods: A prospective, hospital-based audit was conducted over a 17-mth period in Southern Malawi. Smear-
positive adults were identified and encouraged to bring their children to the outpatient clinic, in accordance with
the national TB programme guidelines. Full assessment was performed, including tuberculin skin test.

Results: 195 children aged <5 yrs who were contacts of 161 source cases were assessed. Prevalences of TB infection
and disease were high (45% and 23%, respectively). The likelihood of a child being infected was significantly
greater with increasing smear-positivity of the source case, and also if the source case were female (OR 2.25, 95%
CI 1.19-4.27, p=0.01).

Conclusions: The high prevalence of TB infection and disease in child contacts attending this hospital-based clinic
supports the current policy of contact-screening in Malawi. However, community-based studies are needed to
provide a more accurate assessment of prevalence and risks for child contacts.

Introduction resource-poor setting, it might be useful if

contact management were streamlined to
Childhood tuberculosis (TB) is a common focus on children at greatest risk of infec-
cause of morbidity and mortality in African tion. We aimed to assess the prevalence of
children.'™ Contact screening and manage- infection and disease amongst children aged
ment has great potential to reduce the <5 yrs attending a hospital-based clinic and
burden of TB disease in children.*” living in the same house as adults with
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of Malawi® and the World Health characteristics are risk factors for infection.
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child TB outpatient clinic is at Queen
Elizabeth Central Hospital (QECH) which
serves Blantyre District, a population of
nearly 1 million people. Adults with smear-
positive PTB were identified on the adult
TB ward or at the point of registration with
the Blantyre District TB Office situated at
QECH. All children aged <5 yrs and those
aged =6 yrs who were unwell were
encouraged to attend the child TB out-
patient clinic for assessment, as per Malawi
NTP guidelines. To explain the importance
of contact screening, families were given a
one-page illustrated leaflet in the local
language. Although not specifically encour-
aged, some adults with smear-negative
PTB or extra-pulmonary TB also attended
the clinic with children with whom they
were in household contact and these
children were included in the assessment
and management.

Assessment included background data
that relate to risk of infection and/or disease.
For the source case this included age,
gender, relationship to the child, duration
of symptoms without treatment and degree
of sputum smear-positivity for acid-fast
bacilli (AFB). For exposed children, we
recorded age and nutritional status, BCG
vaccination status, clinical findings and the
relationship with the source case. We also
recorded where the child slept in relation to
the source case.

Tuberculin skin test (TST) was per-
formed on all children using the Mantoux
test with intradermal injection of 0.1 ml or 2
tuberculin units of Tuberculin PPD RT23
(Statens Serum Institut, Copenhagen).
Results were read at 48-72 hrs and recorded
as the transverse diameter of palpable
induration. TB infection was defined as a
positive skin test: =10 mm was regarded as
positive, irrespective of BCG status; >5 mm
was also regarded as positive if the child was
HIV-infected.

Management and further investigation
was according to usual practice in the
contact clinic. Asymptomatic children aged
<5 yrs received 6 months of daily isoniazid

(5 mg/kg/day). Chest X-ray (CXR) was
performed in symptomatic children with
suspected PTB; sputum for microscopy for
AFB was obtained when possible (usually in
older children). HIV antibody testing was
also undertaken when clinically indicated
but was not performed in asymptomatic
children or in children for whom the result
was not likely to affect management. TB
disease was defined as a compatible history
and examination and a compatible CXR
without other explanation and unresponsive
to standard antibiotics.

Results of sputum smear from the source
case were obtained from the NTP register
where results are recorded at diagnosis.
Patients with suspected PTB provide three
sputum samples for examination and cen-
trifuged specimens are treated with Ziehl-
Neelsen stain and examined under oil
immersion (x 1000 magnification) by
trained microscopists. Sputum is graded
as: negative (0); 1-9 AFB/100 fields
(scanty); 10-99 AFB/100 field (1+); up to
10 AFB/field (2+); >10 AFB/field (3+).
No sputum samples were cultured for
mycobacteria.

Statistical analysis

Coded data were entered and analysed with
a statistical programme (Epilnfo 6).
Nutritional status was calculated as weight-
for-age Z-scores using EpiNut programme.
Associations were assessed for categorical
variables with Yates’ corrected test and y°
for trend.

Results

From 1 December 2003 until the end of
April 2005, 285 children who were house-
hold contacts of 219 patients treated for
PTB presented for assessment at the child
TB outpatient clinic. Twenty-three children
were over 5 yrs of age (6-14 yrs) and ten
(43%) of them were diagnosed as active TB,
including a 12-year-old girl with smear-
positive PTB. There is a bias towards a
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higher prevalence of disease in children aged
=6 yrs because only symptomatic children
of this age group were encouraged to attend
the contact clinic. Therefore, analysis
included only children aged <5 yrs as all
contact children of this age group were
encouraged to attend, irrespective of symp-
toms. A further 67 children (24%) did not
return after initial assessment for TST
reading and management and were not
included in further analysis. The data
included 195 children aged <5 yrs who
were household contacts of 161 source cases
with PTB.

Characteristics of source cases

The mean age of source cases was 30 yrs
(range 14-75); 106 (66%) were female and
55 (34%) male. The sputum-smear result
of the source cases was smear-positive in
111, smear-negative in 35 and not known
for 15. The mean duration of symptoms
until TB treatment was commenced was 5
mths (range 1-36). The relationship of the
female source case to the child was mother
(n=86), grandmother (n=11) and aunt
(n=8), and, of the male index cases, was
father (#=49), uncle (®=4), brother
(n=2), grandfather (n=1) and not related

TABLE 1. Chnical findings in child contacts.
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(n=2). Of the mothers,
breast-feeding.

24 were still

Characteristics of the child contacts

Over the 17-month period, 195 children
were fully assessed. Age ranged from 1 to 71
mths (mean 26). There were 106 girls
(54%) and 89 boys. The mean and median
weight-for-age (WFA) Z-score was —1.26
(range —3.99-2.46) and 28% of children
had WFA Z-scores of <—2.0; 181 (93%)
had received neonatal BCG and 143 (73%)
had a BCG scar. Table 1 lists the prevalence
of abnormal clinical findings in all children.

The source case was female for 121
children and male for 74. The commonest
relationships of source cases to exposed
children were mother (#=98), father
(n=66) and grandmother (z=11). For 139
children (71%), sputum was smear-positive
in the source case and negative for 39
children (20%). A further 17 children
(9%) were assessed because the source case
was reported to have been diagnosed as
smear-positive PTB but actual smear results
could not be found. The mean number of
people sharing the same house was five
(range 2—-11) and 158 (81%) children slept
in the same room as the source case.

No TB infection

TB-infected/

Total or disease no disease TB disease
n=195 n=99 n=52 n=44
Chronic symptoms >1 month, n (%):
Cough 73 (37) 31 (31) 12 (22) 30 (68)
Night sweats 52 (27) 19 (19) 10 (19) 23 (52)
Weight loss 35 (18) 10 (10) 1(2) 24 (55)
Loss of appetite 20 (10) 7(7) 2 (4) 11 (25)
Dyspnoea 9 (5) 4 (4) 0 (0) 5(11)
Two or more chronic symptoms 58 (30) 21 (21) 0 (0) 37 (84)
Clinical findings, 7 (%):
WFA Z-score <—2 69 (35) 34 (34) 15 (28) 20 (45)
Abnormal chest findings 6 (3) 1) 0 (0) 5 (11)
TST-positive 88 (45) 0 52 (100) 36 (82)
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FIG. 1. Results of TST in all child contacts.

The range of TST results are shown in
Fig. 1. There was no induration in 105
children and two had an induration of
5 mm, both asymptomatic, well nourished
infants who had received neonatal BCG. An
induration of 8 mm was recorded in two
children and both were HIV-positive.
Therefore, a total of 88 (45%) children
had a reactive TST consistent with TB
infection. Infection prevalence was 49% in
child contacts of adults with smear-positive
PTB.

TB disease was diagnosed in 44 (23%)
children and 36 (82%) of these had a
reactive TST. Table 1 compares clinical
features between those with TB infection
alone and those with disease who received
TB treatment. Disease prevalence was not
found to be higher in contacts <2 yrs of age
than in those aged 2-5 yrs; 84% of those
with disease had two or more chronic
symptoms. Children with disease were more
likely to be underweight than other children
but the difference was not statistically
significant. Chronic symptoms and poor

nutritional status are important clinical
features in diagnosing TB.

Outcome data for the 44 children who
received TB treatment are: satisfactory
response and treatment complete, 30;
transferred out, 2; defaulted or unknown,
10. Two children died: one known to be
HIV-positive died 2 mths after starting TB
treatment and the other of unknown HIV
status died 7 months after treatment
commenced.

Risk factors for transmission

Table 2 shows the relationship of infection
and disease to characteristics of source cases
and child contacts. Prevalence of TB infec-
tion was high (45%), particularly in contacts
of source cases with sputum smear 3+
(58%) and where the source case was the
mother (56%) (Fig. 2). The highest pre-
valence of infection (64%) was in children of
mothers with smear-positive PTB. The
likelihood of a child being infected was
significantly higher if the source case was



Risk factors for TB in Malawian children 209
TABLE 2. Infection and disease prevalence in relation to characteristics of source case and child.
Contact TB-infected Test of TB disease Test of
children (%) significance (%) significance
Total 195 88 (45) 44 (23)
Source case
Relationship to child:
Mother 98 55 (56) $»=0.01% 28 (27) »=0.07*
Other female 19 7 (37) 4 (23)
Father 66 22 (33) 11 (18)
Other male 12 4 (33) 1(8)
Age:
<30 yrs 107 59 (55) $<0.01 31 (29) £=0.03
=30 yrs 88 29 (33) 13 (15)
Duration of symptoms:
<3 mths 100 40 (40) NS 21 (21) NS
=3 mths 95 44 (46) 23 (24)
Mother breastfeeding:
Yes 29 15 (52) NS 6 (21) NS
No 69 40 (58) 22 (32)
Sleeps where:
Same room 158 74 (47) NS 37 (23) NS
Different room 37 14 (38) 7 (19)
Crowding:
>4/house 98 39 (40) NS 20 (20) NS
<4/house 97 49 (51) 24 (25)
Sputum smear:
3+ 50 29 (58) > for 12 (24) 2 for
24 41 17 (41) trend: 5.5 8 (20) trend: 1.7
1+ 39 19 (49) »=0.027 8 (21) p=0.2"
Scanty 9 3 (33) 3 (33)
Negative 39 12 (31) 4 (10)
Not known 17 8 (47) 9 (53)
Child
Gender:
Male 89 45 (51) NS 20 (22) NS
Female 106 43 (41) 24 (23)
Age:
<2 yrs 109 47 (43) NS 26 (24) NS
2-5 yrs 83 41 (48) 18 (21)
BCG scar:
Yes 143 69 (48) NS 36 (25) NS
No 52 19 (37) 8 (15)
Weight-for-age:
<—2 Z-score 69 35 (51) NS 20 (29) NS
=—2 Z-score 126 53 (42) 24 (19)

* 42 test compared female with male contacts;  analysis does not include the sputum smear ‘not known’ group.

female (OR 2.25, 95% CI 1.19-4.27,
p=0.01), despite grades of smear-positivity
being similar in male and female source
cases (Table 3). Smear-positive source cases
were more likely than smear-negatives to
be associated with infection in child

contacts (OR 2.15, 95% CI 0.95-4.93,
p»=0.07), and there was a significant trend
for increased infection of child contacts as
smear-positivity in source cases increased
(Table 2). The likelihood of infection was
more than double if the source case was the



210 R. Sinfield et al.

70

60

50

40 -

30 A

20 4

10 +

Prevalence of infection amongst contacts (%)

Neg Scanty

1+ 2+ 3+

Sputum smear result of source case

FIG. 2. Prevalence of TB infection among contacts in relation to gender and smear positivity of source case,

males, [] females.

mother rather than the father (OR 2.56,
95% CI 1.27-5.17, p<<0.01).

Risk factors for TB disease were similar to
those for infection. The prevalence of
disease was high (23%) and highest (34%)
in children exposed to a female source case
with smear-positive PTB and AFBs 2+ or
34+. A source case aged <30 yrs was
associated with a significantly increased
prevalence of infection and disease in
child contacts but this is likely to reflect
other age-related associations. Significantly
more mothers than fathers were aged <30
yrs (73% wvs 32%, p<0.001) and the
proportion of smear-positive PTB was
higher in mothers than fathers aged <30

yrs (78% wvs 59%, p=0.1). It is noteworthy
that the duration of symptoms in the source
case, the number of people living in the
house, and the place of sleeping in relation
to the source case were not significant risk
factors for the child developing infection or
disease.

Discussion

The TB infection prevalence found in this
study (45%) is much higher than expected
from background community-based data
reported for well Malawian children which
reported an infection prevalence of 10% for
6-year-olds in primary school and estimated

TABLE 3. Relationship of child contact to sputum smear result of source case compared by gender.

Sputum smear result Female source case, n (%) Male source case, n (%) p-value
3+ 33 (27) 17 (23) 0.6
2+ 20 (17) 21 (28) 0.07
1+ 32 (26) 70) 0.007
Scanty 4 (3) 5 (7T%) 0.4
Negative 23 (19) 16 (22) 0.8
Not known 9 (7) 8 (11) 0.6
Total 121 74
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the annual risk of TB infection to be 1%."!
This suggests that the majority were infected
by household contact with PTB and
supports the policy of contact-screening.
Sputum-smear positivity is an important
and consistent risk factor for infection of
household contacts.'?"!” Previous hospital-
based studies’>!®'® have found rates of
infection in childhood contacts of adults
with smear-positive PTB to be similar
to those reported in this study while a
community-based study in The Gambia
found a lower prevalence of 26%.°

Contact screening and management has
the potential to reduce the burden of TB
disease in children. Studies have shown that
isoniazid preventive therapy can reduce the
likelihood of an infected child developing
disease by as much as 80%.%%2° Further-
more, contact tracing will identify at an
earlier stage children who require TB treat-
ment.?"** This could reduce the likelihood
of death from TB. In this study, 23% of
child contacts of known sputum-positive
PTB source cases were diagnosed with TB
disease. Earlier reports found a disease
prevalence of 34—64% in childhood contacts
of smear-positive PTB.”>!>2>

There are a number of important limita-
tions in this study. Variation of disease
prevalence between studies is likely to reflect
different population risk factors and diffi-
culties in diagnosing PTB in young children.
Hospital-based studies also have an inherent
bias towards identifying more symptomatic
children than community-based studies. In
contrast with the findings in this study,
active case-finding in a rural district in
Malawi found that only 10% of 113 contacts
were symptomatic with chronic cough and
that <10% had a diagnosis of TB.?' A
major limitation of this study is that it
represents contacts of only a very small
proportion (7.7%) of the 1438 smear-
positive PTB cases (655 females, 783 males)
registered and treated in Blantyre district
over the same period.?* This is consistent
with an earlier cross-sectional survey under-
taken in Malawi which found that only 9%
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of adults with smear-positive PTB actually
presented for contact-screening of child-
hood contacts.!® The smaller than expected
number of children per household who
attended this clinic and the predominance
of female source cases suggest a further
probable selection bias towards more symp-
tomatic children being screened. Finally, the
high loss to follow-up (24%) after the first
visit and the number of contacts for whom
sputum smear results could not be found
are additional limitations that highlight
operational problems within the contact-
screening service. Prospective community-
based studies of child contacts with active
tracing will provide a more accurate esti-
mate than hospital-based studies of the
prevalence of TB infection and the burden
of disease.

An important obstacle to child contact
management is the lack of human resources
in the NTP and the added workload of
tracing and managing the children. It would
be very useful if the contact management
strategy were streamlined to focus on
children at greatest risk of infection. We
aimed to identify which source case char-
acteristics are significant risk factors for
infection. Recent studies report that contact
with a female household member, especially
the mother, carries a significantly greater
risk of infection and disease for the child
than contact with a male household mem-
ber.!416:2%:26 I 4 study from Botswana, the
risk of infection following contact with a
male household member, including the
father, was similar to that in controls.'*
We found a similar trend, even though
grades of smear-positivity were not higher
in female than in male source cases. This is
most likely explained by the fact that in
Malawi, as in many parts of the world,
children under 5 yrs are in closer physical
contact with their mothers than their fathers
and spend more time in close contact with
female than male relatives. Nevertheless, we
found the infection prevalence in childhood
contacts of male source cases to be suffi-
ciently high to continue to recommend
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that child contacts be screened for all
smear-positive source cases, irrespective of
gender.

Natural history data from the pre-
chemotherapy era found that, if infected,
young age is an important risk factor for
disease; however, we did not find signifi-
cantly more disease in younger children.?’
Previous contact studies have found other
environmental or source case characteristics
to be significant risk factors for TB infection
in children, including duration of cough,
passive smoking, crowding, sleeping in the
same room and time spent sharing activ-
ities.'®%?® We did not find these to
be significantly associated with infection,
although the sample size was probably not
sufficiently large to detect a difference.

We also found a relatively high preva-
lence of infection and disease in children of
source cases whose sputum smear results
were recorded as negative for AFB. While
it is recognised that individuals with smear-
negative PTB can infect close child con-
tacts,”>>° this finding might also reveal
problems with sputum quality and labora-
tory diagnosis of sputum-smear results.’!
Patients with sputum smear-negative PTB
are not expected or encouraged to bring
childhood contacts to the clinic for assess-
ment and so those who do present might
do so because the children are unwell,
thereby reflecting again a potential bias
towards a higher prevalence of TB.
Furthermore, smear-negative but culture-
positive source cases are known to be an
important source of TB transmission, and
we do not have relevant data because
sputum culture for M. tuberculosis is not
routine in Malawi.

This study illustrates the high risk of TB
infection and disease in child contacts of
patients with PTB, especially female house-
hold members with smear-positive PTB.
Prospective community-based studies with
active follow-up are required to provide a
more accurate indication of the potential of
child contact screening and management in
Malawian children.
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