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Tuberculosis and latent tuberculosis infection in close 

contacts of people with pulmonary tuberculosis in 

low-income and middle-income countries: a systematic 

review and meta-analysis

Janina Morrison, Madhukar Pai, Philip C Hopewell

Investigation of people exposed to cases of infectious tuberculosis (contact investigation) is key to tuberculosis control 
in countries with low tuberculosis incidence. However, in countries in which the incidence of tuberculosis is high, 
contact investigation is not commonly done. Increasing concerns about the failure to meet case-detection targets and 
about the spread of drug-resistant Mycobacterium tuberculosis have prompted a reassessment of the potential benefi ts 
of contact investigation. We did a systematic review to determine the yield of household contact investigation. The 
yield for all tuberculosis (bacteriologically confi rmed and clinically diagnosed) was 4·5% (95% CI 4·3–4·8, I²=95·5%) 
of contacts investigated; for cases with bacteriological confi rmation the yield was 2·3% (95% CI 2·1–2·5, I²=96·6%). 
Latent tuberculosis infection was found in 51·4% (95% CI 50·6–52·2, I²=99·4%) of contacts investigated. The 
substantial heterogeneity in all analyses indicated high variability among studies that was not accounted for by 
subgroup analyses. These results suggest that contact investigation merits serious consideration as a means to 
improve early case detection and decrease transmission of M tuberculosis in high-incidence areas.

Introduction
Mycobacterium tuberculosis is a prototypical airborne 
pathogen that is transmitted, almost exclusively, from 
person to person via shared air.1 Several factors related to 
the source case, the organism, the environment, and the 
people who are exposed to the source case determine 
whether transmission will occur and establish a new 
infection, but, generally, M tuberculosis is not highly 
infectious.2 Nevertheless, people who are in close contact 
with an individual who has an infectious form of 
tuberculosis are at increased risk of acquiring the 
infection and, once infected, of progressing to active 
tuberculosis infection.3 Consequently, the identifi cation 
and assessment of people who have been in contact with 
individuals who have pulmonary tuberculosis—hereafter 
referred to as contact investigation—is a recommended 
component of tuberculosis control programmes in many 
low-incidence areas.4 Contact investigation identifi es 
both the relatively small number of people who already 
have active tuberculosis and those with tuberculosis 
infection but without active tuberculosis (latent 
tuberculosis infection [LTBI]) who may be candidates for 
treatment. There are several international guidelines for 
contact investigations in high-incidence countries that 
recommend isoniazid prophylaxis for exposed children 
aged under 5 years who do not have active disease,5–8 and 
advocate case fi nding in settings where HIV-infected 
people are concentrated.9 However, in high-incidence 
areas, contact investigation for tuberculosis among close 
contacts is generally accorded a low priority, in part 
because of the workload imposed by active cases, who are 
the fi rst priority for treatment in any tuberculosis control 
programme. Furthermore, the use of contact investigation 
for LTBI is limited because the diagnostic criteria for 
LTBI in low-income country settings has not been 

standardised, and because treatment of LTBI is not 
usually provided, except for children under 5 years of 
age.10 

Despite expanded international eff orts to control the 
spread of tuberculosis through WHO’s directly observed 
short-course treatment (DOTS) strategy, the percentage 
of cases found globally has fallen short of WHO’s target 
to detect 70% of new smear-positive cases by 2005.11 
Furthermore, with 9 million new cases of tuberculosis in 
2004—an 8% increase from 2000—the transmission of 
M tuberculosis continues unchecked through many 
low-income and middle-income countries, particularly in 
settings with high HIV prevalence.11 The emergence of 
extensively drug-resistant tuberculosis has also served to 
increase concerns with regard to transmission and 
propagation of drug-resistant organisms in areas with 
high tuberculosis or high HIV prevalence.12,13 As a means 
of improving case detection in high-prevalence 
communities, and, potentially, as a means of interrupting 
the transmission of drug-resistant organisms, we have 
previously suggested that active contact investigation 
should be practiced more widely.14 Furthermore, contact 
investigation may be used increasingly to identify 
candidates for treatment of LTBI, especially in areas of 
high HIV prevalence. However, the potential contribution 
of contact investigation to case detection and identifi cation 
of people at increased risk of tuberculosis has not been 
systematically examined. 

Our aim was to review the evidence on the yield of 
household contact investigations in low-income and 
middle-income countries. Many of these countries share 
the dilemma of whether implementation of contact 
investigations should be pursued. This review will collate 
data from similar settings to provide information that 
can be used to estimate the benefi t of such interventions 
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in settings of high tuberculosis prevalence. Ultimately, 
the information can be used to guide the development of 
policies and procedures for tuberculosis control 
programmes in low-income and middle-income 
countries. 

Methods
Search strategy
We fi rst searched the literature for available systematic 
and narrative reviews that assessed the yield of household 
contact investigation for cases of active tuberculosis and 
LTBI. No systematic reviews were found. One narrative 
review of contact investigation in high-incidence 
countries assessed studies of household contact 
investigation but did not pool data on yield.10 This review 
reported a wide range of yields for cases of active 
tuberculosis among household contacts and concluded 
that contact investigation in high-incidence countries is 
most justifi ed among children who are contacts of 
individuals with sputum-smear-positive tuberculosis.10

Our search strategy then aimed to identify all studies 
that assessed the number of cases of active tuberculosis 
or LTBI found when contact investigation was done in 

households of people with active pulmonary tuberculosis 
(index cases). We reviewed all published articles that 
reported the yield of household contact-investigation 
eff orts, including cross-sectional and prospective studies. 
We restricted the language of the publications reviewed 
to English. 

We searched four electronic databases for primary 
studies: PubMed, BIOSIS, Embase, and Web of Science. 
Searches in BIOSIS, Embase, and Web of Science 
included published reports through December, 2004. The 
PubMed search was extended to December, 2005. The 
search terms included “tuberculosis”, “Mycobacterium 
tuberculosis”, “contact tracing”, “contact investigation”, 
and “household contact”. The complete search strategy is 
detailed in the webappendix.

We supplemented this search with several additional 
search strategies to identify relevant articles not found in 
electronic databases. We hand-searched the indices of 
The International Journal of Tuberculosis and Lung Disease 
(1997 to 2005) and The Indian Journal of Tuberculosis (1953 
to 2004). We reviewed the reference lists of primary 
studies, reviews, and editorials. We contacted selected 
authors of the papers included and requested a complete 
list of their publications, and reviewed personal databases 
for relevant citations.

We excluded the following studies: (1) abstracts, 
editorials, case studies, outbreak reports; (2) contact-
investigation studies reporting yield for contacts other 
than household (eg, casual contacts); (3) studies in which 
the number of contacts screened (ie, denominator) was 
not reported; and (4) studies using molecular 
epidemiology in which only contacts with active 
tuberculosis were included, therefore providing no 
denominator for calculating yield.

Initial review of studies
The initial database created from the electronic searches 
was compiled and all duplicate citations were eliminated. 
Two reviewers (JM and MP) screened these citations by 
title and abstract review to capture relevant studies. 
Disagreements between the reviewers were resolved by 
consensus. This database was then screened again to 
include only primary articles, and the full text of each 
citation was obtained and reviewed. Studies were eligible 
for inclusion if they reported the yield of household 
contact investigations for active tuberculosis or LTBI, 
including the number of household contacts assessed 
and number of active cases found, or, for studies reporting 
LTBI, the number of contacts found to be infected. 

The relevant citations were classifi ed, according to 
World Bank defi nitions, by whether the studies had been 
done in low-income, middle-income, or high-income 
countries.15 Because the community incidence of 
tuberculosis was not reported in most of the studies 
reviewed, we also used the World Bank income 
classifi cation system as a proxy for incidence. For the 
purposes of this review, only those studies from 

2321 potentially relevant citations

identified from electronic

databases and other sources

1084 duplicate citations

excluded

1237 citations selected for further

review

874 non-English language

citations excluded

after first screen

363 citations relevant to contact

investigation selected for detailed

review; full texts acquired

102 citations excluded based on

lack of relevance

261 citations relevant to household

contact investigation

130 citations from high-income

nations put aside for

separate analysis

131 full-text articles screened for

eligibility criteria

41 articles included in systematic

review

90 articles excluded after

full-text screen:

9 reviews

5 letters

3 outbreak investigations

24 non-household contact

tracing

40 incomplete data for yield

calculation

9 same data reported in

more than one paper

Figure 1: Flow diagram for study selection

See Online for webappendix
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low-income and middle-income settings were included 
for data extraction. The studies from high-income settings 
will be reported in a separate review. In instances in which 
publications were found to have reported the same cohort 
of index cases and contacts at several timepoints, the most 
recent publication was used and all others were excluded.

Data extraction
A data extraction form was developed in consultation 
with experts in the area of contact investigation, and was 
designed and pilot tested by two reviewers (JM and MP). 
Five of the 41 studies were reviewed by both reviewers 
and an inter-rater agreement of 100% was obtained for 
the data from these studies. The remainder of data 
extraction was then completed by one reviewer (JM). The 
data extracted included the following information: study 
design, description of index cases, description of 
household contacts, and outcomes among contacts 
including bacteriologically confi rmed tuberculosis 
(sputum-smear microscopy and/or culture positivity), 
clinical and radiological diagnoses of tuberculosis, and 
LTBI. The defi nition of household in each study indicated 
the conditions of the community investigated and 
therefore varied between studies. For the purposes of this 
review, we used the defi nition of household set out in 
each paper to determine the contacts who qualifi ed as 
household contacts. Close contacts not specifi ed as 
household contacts were not included in this analysis.

For confi rmed tuberculosis among contacts, the process 
of diagnosis in all studies began with assessment of 
symptoms among household contacts. The symptoms 
for which contacts were screened varied little between 
the studies and included cough, fevers, night sweats, 
weight loss, and haemoptysis in all studies. The process 
of diagnosis for confi rmed tuberculosis then proceeded 
to sputum studies (smear and/or culture) for those with 
symptoms. A case of confi rmed tuberculosis was defi ned 
as a person with smear or culture positive for 
M tuberculosis. If possible, cases of infection by 
mycobacteria other than tuberculosis were excluded. 
Cases of smear-positive but culture-negative disease were 
excluded, but a few studies included smear-positive cases 
for which cultures were not done. These cases were 
included in our analysis. The yield of confi rmed 
tuberculosis among contacts was defi ned as the 
percentage of contacts assessed and found to have 
confi rmed tuberculosis. 

For clinical and radiological diagnoses of active 
tuberculosis among contacts, the process of diagnosis for 
each reviewed study included assessment of symptoms, 
followed by chest radiograph and sputum studies among 
those with symptoms. A diagnosis of clinical and 
radiological active tuberculosis was defi ned as a person 
with symptoms and a chest radiograph showing fi ndings 
characteristic of tuberculosis (eg, opacities, cavitation, or, 
in children aged <5 years, hilar or mediastinal 
adenopathy). Pathological diagnoses were not reported in 

any of the included studies. The yield for all active 
tuberculosis among contacts was defi ned as the 
percentage of contacts assessed that either met the 
clinical and radiological criteria for active tuberculosis or 
had bacteriological confi rmation.

For LTBI, the process of diagnosis for each reviewed 
study included the use of a tuberculin skin test (TST) and 
exclusion of active tuberculosis through symptom and 
sputum assessment for those who had a positive test. 
Those who had been previously treated for tuberculosis 
were also excluded from the analysis. In all but one 
study16 the Mantoux method was used. History of BCG 
vaccination was not reported in most studies. A case of 
LTBI was defi ned in most studies as an individual with 
TST induration greater than 10 mm after 48–72 h in 
whom active tuberculosis was excluded. The remainder 

Year of 

study

Country Index 

cases

Contacts 

investigated*

Contacts 

with active 

tuberculosis† 

(% yield)

Contacts with 

confi rmed 

active 

tuberculosis‡ 

(% yield)

Afonja et al28 1973 Nigeria 33 288 38 (13·19%) ..

Aluoch et al29 1978 Kenya 124 628 3 (0·48%) 3 (0·48%)

Aluoch et al30 1982 Kenya 78 419 7 (1·67%) 7 (1·67%)

Andrews et al31 1960 India 191 693 48 (6·93%) 29 (4·18%)

Aziz et al32 1985 Pakistan 78 434 40 (9·22%) 10 (2·30%)

Bayona et al33 2003 Peru 192 945 72 (7·62%) 72 (7·62%)

Becerra et al34 2005 Peru 191 1094 10 (0·91%) 10 (0·91%)

Claessens et al35 2002 Malawi 770 2766 56 (2·02%) 56 (2·02%)

Devadatta et al18 1970 India 291 875 74 (8·46%) 29 (3·31%)

Egsmose et al36 1965 Kenya 125 775 89 (11·48%) 11 (1·42%)

Espinal et al17 2000 Dominican 

Republic

174 802 46 (5·74%) 23 (2·87%)

Gilpin et al16 1987 South Africa 67 132 4 (3·03%) 4 (3·03%)

Guwatudde et al37 2003 Uganda 302 1206 76 (6·30%) 40 (3·32%)

Kamat et al38 1966 India .. 773 70 (9·06%) 22 (2·85%)

Klausner et al39 1993 Zaire 169 1213 54 (4·45%) 54 (4·45%)

Kritski et al40 1996 Brazil 64 218 17 (7·80%) 17 (7·80%)

Kumar et al41 1984 India 50 312 17 (5·45%) 8 (2·56%)

Lemos et al42 2004 Brazil 69 282 10 (3·55%) ..

Narain et al43 1966 India 341 1442 32 (2·22%) 4 (0·28%)

Nsanzumuhire et al44 1981 Kenya 66 251 6 (2·39%) 6 (2·39%)

Nunn et al45 1994 Kenya 82 357 21 (5·88%) ..

Saunders et al46 1984 South Africa 806 3047 166 (5·45%) ..

Suggaravetsiri et al47 2003 Thailand 499 1200 58 (4·83%) 13 (1·08%)

Teixeira et al48 2001 Brazil 78 408 17 (4·17%) 17 (4·17%)

Wares et al49 2000 Nepal 668 2298 14 (0·61%) 14 (0·61%)

WHO20 1961 Kenya 74 398 40 (10·05%) 12 (3·02%)

Zachariah et al50 2003 Malawi 189 985 9 (0·91%) 2 (0·20%)

*The assessment involved questioning for symptoms, followed by chest radiograph and sputum analysis if symptoms 

were present. †All active tuberculosis includes all cases with fi ndings on chest radiograph consistent with active 

tuberculosis and cases with a positive sputum smear and/or positive culture for M tuberculosis. ‡Confi rmed tuberculosis 

includes all cases with either a positive sputum smear or culture for M tuberculosis.

Table 1: Yield of contact investigations for all active tuberculosis (confi rmed tuberculosis and clinical/

radiological diagnoses) and bacteriologically confi rmed tuberculosis
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of studies reported outcomes for greater than 5 mm 
(three studies),17–19 greater than 8 mm (one study),20 and 
greater than 15 mm (two studies).21,22 One study used the 
Heaf test and defi ned a positive reaction as grade 3 or 
higher when read 4–7 days after administration.16 For the 
purposes of data extraction, a case of LTBI was defi ned as 
an individual with TST induration greater than 10 mm 
(or, if 10 mm was not used, the publication cut-off  was 
used) and in whom active tuberculosis had been excluded. 
Yield for LTBI was defi ned as the percentage of contacts 
assessed who met the criteria. One of the included 
studies reported the outcomes for a test other than TST 
(purifi ed protein derivative ELISPOT), but TST was also 
reported and used to give the yield for LTBI.23 

Data collation and meta-analysis
For each study, the yield of contact investigation for all 
active tuberculosis, confi rmed tuberculosis, and LTBI 
was calculated. Meta-analysis of the yield data was done 
using Meta-DiSc software (version 1·4).24 Because the 
yield data are simple proportions, we used methods 
appropriate for pooling rates and proportions.25 A 
meta-analysis was done with studies weighted by the 
number of contacts screened in each study to pool 
(summarise) yields for active tuberculosis and LTBI 
across studies. To account for the expected between-study 
variability, we corrected for over-dispersion (to simulate a 
random-eff ects meta-analysis).26

Year of 

study

Country Index 

cases

Contacts 

investigated*

Contacts with LTBI† 

(% yield)

Andrews et al31 1960 India 191 647 286 (44·20%)

Aziz et al32 1985 Pakistan 78 434 244 (56·22%)

Devadatta et al18 1970 India 291 875 618 (70·63%)

Elliot et al51 1993 Zambia 71 307 150 (48·85%)

Espinal et al17 2000 Dominican 

Republic

174 802 571 (71·20%)

Gilpin et al16 1987 South Africa 67 86 24 (27·91%)

Guwatudde et al37 2003 Uganda 302 1206 801 (66·42%)

Hill et al23 2004 Gambia 130 735 300 (40·82%)

Kamat et al38 1966 India .. 186 80 (43·01%)

Klausner et al39 1993 Zaire 169 1213 749 (61·75%)

Kritski et al40 1996 Brazil 64 186 173 (93·01%)

Lemos et al42 2004 Brazil 69 269 172 (63·94%)

Lienhardt et al52 2003 Gambia 315 2870 1165 (40·59%)

Lutong et al19 2000 China 76 646 266 (41·18%)

Narain et al43 1966 India 341 1442 473 (32·80%)

Rathi et al53 2002 Pakistan 77 385 190 (49·35%)

Suggaravetsiri et al47 2003 Thailand 499 1192 663 (55·62%)

Teixeira et al48 2001 Brazil 78 364 145 (39·83%)

WHO20 1961 Kenya 74 398 251 (63·07%)

*The screening process involved the placement of a tuberculin skin test (TST) with purifi ed protein derivative and 

reading the results after 48–72 h. †LTBI was defi ned as a TST reaction of >10 mm in most studies; see text for other 

cut-off s used.

Table 2: Yield of contact investigations for LTBI

All active tuberculosis Confi rmed tuberculosis

Studies Pooled % yield 

(95% CI)

Heterogeneity References Studies Pooled % yield 

(95% CI)

Heterogeneity References

p I² p I²

Geographic region

Africa 13 4·6% (4·2–5·0%) <0·001 95·7% 16,20,28–30,35–37, 

39,44–46,50

10 2·2% (1·9–2·6%) <0·001 88·8% 16,20,29,30,35–37,39, 

44,50

Asia 8 4·2% (3·8–4·7%) <0·001 96·7% 18,31,32,38,41,43,47,49 8 1·6% (1·3–1·9%) <0·001 92·0% 18,31,32,38,41,43,47, 

49

Americas 6 4·6% (4·0–5·3%) <0·001 93·2% 17,33,34,40,42,48 5 4·0% (3·4–4·7%) <0·001 94·6% 17,33,34,40,48

National income status*

Low-income economy 18 4·3% (4·0–4·6%) <0·001 96·6% 18,20,28–32,35–39,41, 

43–45,49,50

16 2·0% (1·8–2·2%) <0·001 90·9% 18,20,29–32,35–39,41, 

43,44,49,50

Middle-income economy 9 4·9% (4·5–5·4%) <0·001 89·6% 16,17,33,34,40,42,46–48 7 3·3% (2·8–3·8%) <0·001 94·2% 16,17,33,34,40,47,48

Year 

Pre-1980 8 6·7% (6·1–7·4%) <0·001 96·7% 18,20,28,29,31,36,38,43 7 2·0% (1·6–2·4%) <0·001 91·4% 18,20,29,31,36,38,43

1980 and later 19 3·8% (3·5–4·1%) <0·001 94·4% 16,17,30,32–35,37,39–42, 

44–50

16 2·3% (2·1–2·6%) <0·001 92·8% 16,17,30,32–35,37, 

39–42,47–50

HIV status of index case

HIV negative 4 5·1% (4·2–6·1%) 0·449 24·4% 17,39,45,47 2 .. .. .. 39,47

HIV positive 4 4·9% (3·8–6·2%) 0·493 0% 17,39,45,47 2 .. .. .. 39,47

Sputum smear status of index case

Positive sputum smear 12 4·0% (3·6–4·4%) <0·001 92·9% 16,20,32,35,37,39,41,45, 

47–50

10 2·3% (2·0–2·6%) <0·001 88·0% 16,20,32,35,37,39, 

47–50

Defi nitions used for all active and confi rmed tuberculosis are the same as in tables 1–3. *Defi ned by the World Bank income groups, classifi ed according to 2004 gross national annual income per head: low 

income, <US$825; middle income, US$825–10 066. ..=too few studies for meta-analysis.

Table 3: Pooled yields among subgroups for all active and confi rmed tuberculosis
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The presence of heterogeneity across studies was 
assessed by the conventional chi-squared test for 
heterogeneity and by calculating the I² statistic.27 This 
heterogeneity may indicate diff erences in community 
incidence of tuberculosis, index-case characteristics, or 
contact characteristics. To investigate sources of 
heterogeneity, we supplemented simple pooling of all 
yield data with pre-specifi ed subgroup analyses. We 
stratifi ed study results by the geography of the study 
setting (Africa, Asia, and the Americas), World Bank 
income classifi cation (low income, gross national 
income per head <US$825 per year; middle income, 
$825–10 066 per year), year of study publication (before 
1980, 1980 and later), sputum-smear status of the index 
case, HIV status of the index case, and age of household 
contacts. The age of the index case and HIV status of 
contacts were also considered, but there were 
insuffi  cient studies with these outcomes to warrant 
analysis. 

Results
The study selection process is shown in fi gure 1. We 
identifi ed 1237 unique citations from all literature searches, 
and of these 41 publications were eligible for inclusion. 
The median number of index cases in each study was 
103 (range 32–806, IQR 70·5–201·5; webtable). Of the 
41 studies, 27 reported the yield of all active tuberculosis 
(clinical/radiological diagnoses with or without 
bacteriological confi rmation; table 1). 23 studies reported 
the yield of bacteriologically confi rmed active tuberculosis. 
19 studies reported the yield of LTBI (table 2). The median 
number of contacts screened in each study was 523·5 
(range 56–3046, IQR 286·25–1012·25) for active 
tuberculosis, and 384 (range 32–2870, IQR 186–768·5) for 
LTBI. Only four studies reported the incidence of multiple 
tuberculosis cases in the household contacts of one index 
case.21,33,41,54 In these studies, 25–56% of the households had 
more than one contact with tuberculosis. The remaining 
studies did not report on the household breakdown of the 
secondary cases, and no studies described the household 
breakdown of LTBI cases. 

The 41 studies were done in 17 countries: 20 (49%) were 
done in Africa, 12 (29%) in Asia, and nine (22%) in 
Central or South America. By the World Bank 
classifi cation system, 26 (63%) studies were from 
11 low-income nations, and 15 (37%) were from seven 
middle-income nations. Eight (20%) of the studies 
reviewed were published before 1980 and 33 (80%) were 
published in 1980 or later. 17 studies reported outcomes 
for all contacts (children and adults combined) of 
sputum-smear-positive index cases. Of these 17 studies, 
12 reported yield for active tuberculosis, ten for confi rmed 
tuberculosis, and 12 for LTBI. Six studies reported results 
of contact investigations stratifi ed by the HIV status of 
the index case: four reported active tuberculosis, two 
reported confi rmed tuberculosis, and fi ve reported LTBI 
(table 3). 23 studies reported outcomes for children 

Figure 2: Forest plot of the yield of contact investigations for all active tuberculosis (confi rmed and clinical/

radiological diagnoses)

Symbol size is proportional to sample size of study.
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Figure 3: Forest plot of the yield of contact investigations for confi rmed tuberculosis

Confi rmed tuberculosis includes all cases with either a positive sputum smear or culture for M tuberculosis. Symbol 

size is proportional to sample size of study. 
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separately (see webtable), and 18 of these reported 
outcomes for children aged under 5 years. One study 
reported on contact investigation of adult contacts of 
child index cases.55 This study was not included in the 
pooled analysis.

Table 1 and fi gure 2 show the results of the 27 studies 
that reported yield for all active tuberculosis (with or 
without bacteriological confi rmation) among all 
household contacts. The pooled yield was 4·5% (95% CI 
4·3–4·8). The pooled yield of the 23 studies reporting the 
yield for confi rmed tuberculosis among all household 
contacts was 2·3% (95% CI 2·1–2·5; table 1, fi gure 3). 
Table 2 and fi gure 4 show the results of the 19 studies 
reporting the yield for LTBI. The pooled yield was 51·4% 
(95% CI 50·6–52·2). All the above meta-analyses had 
substantial statistical heterogeneity. In the one study that 
screened only adult contacts of child index cases the yield 
for all active disease was 16·1%.55 

Of the subgroups examined, the groups sorted by 
geographical region, national income status, year of 
publication, and HIV status of the index case had 
insuffi  cient numbers to warrant comparative analysis. 
The pooled yields for these subgroups are reported in 
table 3 and table 4. The subgroup of studies reporting 
outcomes for contacts of sputum-smear-positive index 
cases included more than ten studies (table 3 and table 
4), but there were not enough studies reporting outcomes 
for sputum-smear-negative index cases to warrant 
comparison. There was substantial heterogeneity 
(p<0·001, I²>85%) in all but a few analyses. One exception 
was the subgroups sorted by HIV status of the index case, 
but these subgroups contained data from only four 
studies and were therefore also inappropriate for 
comparison. Results for the studies reporting subgroup 
outcomes sorted by the age of the contacts are reported 
in table 5 and table 6. There was signifi cant statistical 
heterogeneity in all subgroups (table 6). 

Discussion
Transmission of M tuberculosis from an infectious source 
case to people with whom they share air is governed by 
several factors, among which are the closeness of contact 
and duration of exposure. Studies have generally shown 
a gradation in the indicators of transmission (active 
tuberculosis and LTBI) by closeness and duration of 
contact with the infectious source.61 Thus, household 
contacts are a particularly high-risk population for LTBI 
and for active tuberculosis.61 Assessment of people who 
are likely to have recently acquired infection with M 
tuberculosis is important because of the risk such people 
have of progressing to active tuberculosis soon after 
infection has occurred, generally within 1–2 years. In 
many areas of low tuberculosis incidence, contact 
investigation with emphasis on household contacts is an 
integral part of tuberculosis control, contributing to case 
fi nding and to prevention of tuberculosis by treatment of 
LTBI. According to the US Centers for Disease Control 
and Prevention, contact investigation is one of the highest 
priority activities in tuberculosis control, and had an 
important role in bringing about the 44% decrease in the 
incidence of tuberculosis in the USA between 1993 and 
2004.4 However, whether the use of contact investigations 

Andrews et al31

Ariz et al32

Devadatta et al18

Elliot et al51

Espinal et al17

Gilpin et al16

Guwatudde et al37

Hill et al23

Kamat et al38

Klausner et al39

Kritski et al40

Lemos et al42

Linehardt et al52

Lutong et al19

Narain et al43

Rathi et al53

Suggaravetsiri et al47

Teixeira et al48

WHO20

Pooled yield

0·442 (0·403–0·481)
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Figure 4: Forest plot of the yield of contact investigations for LTBI

Symbol size is proportional to sample size of study. 

See Online for webtable

Studies Pooled % yield 

(95% CI)

Heterogeneity References

p I²

Geographic region

Africa 7 50·5% (49·3–51·7%) <0·001 98·4% 16,20,23,37,39,51,52

Asia 8 48·6% (47·3–49·9%) <0·001 98·1% 18,19,31,32,38,43,47,53

Americas 4 65·5% (63·1–67·8%) <0·001 98·4% 17,40,42,48

National income status*

Low-income economy 12 49·6% (48·7–50·6%) <0·001 98·4% 18,20,23,31,32,37–39, 

43,51–53

Middle-income economy 7 56·8% (55·2–58·5%) <0·001 98·2% 16,17,19,40,42,47,48

Year 

Pre-1980 5 48·1% (46·5–49·8%) <0·001 98·9% 18,20,31,38,43

1980 and later 14 52·5% (51·5–53·4%) <0·001 98·2% 16,17,19,23,32,37,39,40,

42,47,48,51–53

HIV status of index case

HIV negative 5 63·1% (61·1–65·0%) <0·001 95·3% 17,39,47,48,51

HIV positive 5 52·0% (49·5–54·6%) <0·001 92·9% 17,39,47,48,51

Sputum smear status of index 

case

Positive sputum smear 12 51·8% (50.9–52·8%) <0·001 98·0% 16,17,19,20,23,32,37,39,

47,48,52,53

Defi nitions used for LTBI are the same as in tables 1–3. *Defi ned by the World Bank income groups, classifi ed according 

to 2004 gross national annual income per head: low income, <US$825; middle income, US$825–10 066.

Table 4: Pooled yields among subgroups for LTBI
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applies to high-prevalence settings is not clear. Although 
close contacts are certainly a high-risk group for 
tuberculosis transmission,62 most secondary cases in any 
high-prevalence community will still arise outside 
close-contact invest igations for any given source case.63 
Also, in high-incidence countries, contact investigation 
has historically been viewed as an expensive, low priority 
endeavour. Although the International Standards for 
Tuberculosis Care recommend contact investigation as a 
public-health standard,14 the overwhelming emphasis in 
most low-income and middle-income countries is, 
appropriately, on detection and treatment of patients with 
active tuberculosis.

During the past decade, many countries have committed 
more resources towards tuberculosis control eff orts with 
an emphasis on implementation of the DOTS strategy. 
Since 2000, the number of countries implementing the 
DOTS strategy has increased from 119 to 182, with a 
parallel increase in the number of identifi ed cases of 
tuberculosis and cases in which treatment is completed.64 
Unfortunately, there has not been a decrease in the 
incidence of tuberculosis globally. With the growing 
prevalence of co-infection with M tuberculosis and HIV, the 
current control strategy that stresses treatment of disease 
alone may not be enough to have an impact on the 
transmission of M tuberculosis and on the incidence of 

tuberculosis in low-income and middle-income countries.65 
Consequently, contact investigation both as a means of 
case fi nding and to identify high-priority candidates for 
treatment of LTBI may prove to be important interventions, 

Total 

studies (n)

Pooled yield 

(95% CI)

Heterogeneity References

p I²

Active tuberculosis

Child contacts

<5 years 13 8·5% (7·4–9·7%) <0·001 88·8% 18,21,22,31,37–39, 

41,45,46,50,59,60

5–14 years 6 6·0% (4·7–7·5%) 0·064 43·5% 18,31,38,39,45,59

<15 years 8 7·0% (6·0–8·0%) <0·001 88·3% 17,18,31,33,38,39,45,59

Adult contacts 

(>15 years)

9 6·5% (5·7–7·4%) <0·001 70·1% 16–18,31,33,38,39,41,45

LTBI

Child contacts

<5 years 14 30·4% (28·6–32·3%) <0·001 94·4% 17,18,21,22,31,39,43,45, 

53,54,56,57,59,60

5–14 years 7 47·9% (45·5–50·4%) <0·001 96·0% 17,31,39,43,53,56,59

<15 years 10 40·4% (38·7–42·2%) <0·001 97·8% 16,17,31,39,44,48,53,56, 58,59

Adult contacts 

(>15 years)

7 64·6% (62·9–66·2%) <0·001 98·7% 17,18,31,39,43,48,53

Table 6: Pooled data for all active tuberculosis and LTBI among household contacts, by age

Yield (%) for active tuberculosis Yield (%) for LTBI

Child contacts Adult contacts 

(>15 years)

Child contacts Adult contacts 

(>15 years)

<5 years 5–14 years <15 years <5 years 5–14 years <15 years

Almeida et al56 .. .. .. .. 36·7% 53·3% 47·5% ..

Andrews et al31 9·2% 3·0% 5·5% 8·3% 16·2% 53·6% 38·8% 52·4%

Bayona et al33 .. .. 1·5% 10·1% .. .. .. ..

Beyers et al22 8·9% .. .. .. 41·8% .. .. ..

Devadatta et al18 19·7% 6·9% 11·1% 5·7% 24·1% .. .. 70·6%

Espinal et al17 .. .. 7·0% 4·7% 48·9% 60·7% 56·3% 83·1%

Gilpin et al16 .. .. .. 3·0% .. .. 27·9% ..

Guwatudde et al37 11·0% .. .. .. .. .. .. ..

Kamat et al38 24·8% 9·2% 15·2% 5·9% .. .. .. ..

Klausner et al39 2·6% 6·2% 4·8% 4·0% 45·9% 54·7% 51·3% 75·5%

Kumar et al41 3·5% .. .. 7·1% .. .. .. ..

Lienhardt et al57 .. .. .. .. 25·8% .. .. ..

Madico et al58 .. .. .. .. .. .. 55·4% ..

Narain et al43 .. .. .. .. 5·8% 26·6% 18·5% 50·2%

Nunn et al45 12·7% 4·8% 7·3% 5·8% 27·2% .. .. ..

Rathi et al53 .. .. .. .. 23·3% 52·0% 39·3% 54·8%

Salazar-Vergara et al59 3·9% 2·9% 3·3% .. 51·3% 76·9% 69·2% ..

Saunders et al46 11·2% .. .. .. .. .. .. ..

Schaaf et al21 11·2% .. .. .. 52·8% .. .. ..

Singh et al60 3·2% .. .. .. 33·8% .. .. ..

Teixeira et al48 .. .. .. .. .. .. 31·0% 46·4%

Topley et al54 .. .. .. .. 28·4% .. .. ..

Zachariah et al50 1·7% .. .. .. .. .. .. ..

Table 5: Yields for all active tuberculosis and LTBI among household contacts, by age
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even in low-income settings, when pursued as part of a 
comprehensive tuberculosis control programme. 

This systematic review presents pooled data on the 
yield of household contact investigation from a large 
number of studies in low-income and middle-income 
countries with the aim of providing the evidence base for 
formulation of appropriate policies. We also aim to clarify 
the best targets for contact-tracing activities in settings in 
which resources are limited. 

Unfortunately, the pooled analysis of all studies showed 
substantial heterogeneity across studies. The high level 
of heterogeneity seems to indicate that there is not a yield 
around which all the studies can be pooled. This limits 
the ability to compare pooled yields among subgroups 
and calls into question the ability of pooled results from 
these studies to predict outcomes in other low or middle-
income settings. Nevertheless, the yields among 
household contacts were high enough for a tuberculosis 
control intervention to warrant serious consideration.

The pooled yield among household contacts was 4·5% 
for all active tuberculosis, 2·3% for confi rmed 
tuberculosis, and 51·4% for LTBI. These are remarkably 
high yields for a tuberculosis control intervention. 
However, less than half of the cases of active tuberculosis 
have bacteriological evidence to confi rm the diagnosis. 
Assuming that there was an attempt to confi rm a 
microbiological diagnosis, this fi nding could either be 
interpreted as a consequence of over-diagnosis or as 
being consistent with early diagnosis before the bacillary 
population has reached the threshold of detection.

With regard to the age subgroups, analyses showed that 
the yields of both active tuberculosis and LTBI vary with 
age. However, direct comparison of the pooled yields was 
not appropriate because of the high heterogeneity within 
each subgroup analysis. The variation among age-groups 
for active tuberculosis is consistent with evidence that 
young age is a risk factor for tuberculosis.37 However, 
because of the diffi  culty in diagnosing tuberculosis in 
children, there may be a tendency towards over-diagnosis 
in children in contact with an infectious case. The variation 
among age-groups for LTBI may be explained by the 
limited years of exposure to tuberculosis that children have 
had compared with adults, resulting in lower yields of LTBI 
among the youngest children and the highest among 
adults. Neither the subgroup analysis by age or by any 
other index case characteristic were able to account for the 
heterogeneity in the comparisons of all studies.

This systematic review has several strengths. The 
comprehensive search strategy enabled us to review 
articles from multiple databases covering the period 
1955–2005, and yielded more studies than any previous 
review. The systematic nature of the review resulted in 
inclusion of studies from a large number of countries in 
several geographical areas. Moreover, two reviewers 
independently and reproducibly completed screening, 
study selection, and data extraction. An additional 
strength was the ability to divide the studies on the basis 

of the economic status of the country in which each study 
was done, giving us a unique picture of M tuberculosis 
transmission in low-income and middle-income 
countries. 

This review also has limitations. Although our search 
strategy was systematic, we were not able to include 
non-English-language papers, thereby limiting the scope 
of included studies. Additionally, in almost all reported 
studies, community incidence of tuberculosis was not 
reported. We therefore could not compare outcomes 
among household contacts with the overall community 
incidence of tuberculosis. Since incidence could not be 
used, we used the World Bank income classifi cation 
system to examine contact investigation in low-income 
and middle-income nations as a proxy for high-incidence 
areas. Had it been available, incidence would have been a 
more appropriate measure on which to group studies to 
guide tuberculosis control eff orts.

As in any systematic review, publication bias was a 
concern. However, existing methods such as funnel plots 
and regression asymmetry tests for publication bias were 
designed for meta-analysis of randomised controlled trials. 
To our knowledge, they cannot be used to detect publication 
bias in meta-analysis of diagnostic studies or rates.66 

The pooled data were also limited by the variability in 
diagnostic criteria among studies, although, for active 
tuberculosis, this was minimised by the separate analysis 
of bacteriologically confi rmed and clinical/radiological 
diagnoses. The pooling of data for LTBI among contacts 
was also limited by the lack of diagnostic standards for 
LTBI, especially in the setting of high HIV prevalence 
and high incidence of BCG vaccination. Unfortunately, 
there were not enough studies reporting HIV or BCG 
status of the contacts for subgroup analysis to minimise 
this limitation. Some cases of mycobacterial infection 
other than tuberculosis may have been included in the 
analysis, although this was minimised by the exclusion 
of smear-positive but culture-negative cases. The pooled 
data were also limited by the fact that most studies did 
not report clustering among contacts, though the few 
studies that did report clustering showed it to be common 
within household contacts. In general, the outcome data 
had uniformly high heterogeneity, even with subgroup 
analyses, limiting the confi dence with which pooled data 
can be used to predict yields in a given community. 
However, to some extent, the analyses were helpful in 
exploring reasons for heterogeneity. The lack of molecular 
epidemiology data limited the ability to establish 
transmission links between index cases and contacts. 
Finally, this meta-analysis took into account only a limited 
number of index and contact characteristics, and ignored 
the many other individual characteristics that are known 
to infl uence household transmission. 

Conclusions
Overall, this systematic review and meta-analysis provides 
information on the yield of household contact investigations 
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in high-incidence areas that may be used to determine the 
benefi t of investing resources in this activity. The yield of 
household contact investigations for active tuberculosis is 
high throughout low-income and middle-income countries. 
Contact investigation for active tuberculosis among 
children under 5 years results in the highest yield of any 
subgroup. The evidence for targeting this age-group is 
consistent with the current recommendation by WHO and 
the International Union Against Tuberculosis and Lung 
Disease to provide contact investigation and treatment of 
LTBI for children under 5 years who are household contacts 
in low-income countries.7 This fi nding may be especially 
salient for those nations that are unable to implement 
full-scale contact investigation but that could target 
high-risk populations such as young children. Finally, the 
high yield of LTBI among household contacts is a telling 
glimpse at the pervasiveness of this epidemic and the need 
for expansion of control eff orts in the future. An important 
step in the consideration of household contact investigation 
in high-incidence areas is a determination of policies for 
treatment of LTBI. This may be necessary to realise the full 
value of contact investigations and to have a substantial 
impact on the transmission of tuberculosis in these 
settings. 

This review raises several important questions that 
warrant exploration through further research. Because of 
the resources needed to pursue contact investigation in 
high-incidence areas, further assessment of the projected 
impact of household contact-tracing investigation on 
community incidence of tuberculosis, possibly through 
computer modelling, is warranted. Epidemiological 
studies need to follow the community impact of contact 
investigation interventions over time. It will also be 
essential to consider the implementation of contact 
investigation policy, which, even in high-income countries, 
faces the hurdles of non-adherence and incomplete 
follow-up for close contacts. Additionally, to determine the 
use of contact investigation in these resource-poor settings, 
cost-eff ectiveness analyses will be essential. 

Very little information exists on the results of contact 
investigations in cases of drug-resistant tuberculosis. In 
low-income and middle-income countries, there are few 
data on the prevalence of drug resistance, and testing for 
drug susceptibility in individual patients is rare. However, 
in situations in which drug resistance in the index case is 
known, contact investigation could be a cost-eff ective 
method for early identifi cation of secondary cases and 
prevention of further propagation of drug resistance. The 
available information suggests that contacts of 
drug-resistant cases who themselves are found to have 
tuberculosis usually have drug-resistant organisms as 
well, but the data are very limited.21,28,40,48 
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