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ABSTRACT: Investigation of contacts of patients with tuberculosis (TB) is a priority for TB control

in high-income countries, and is increasingly being considered in resource-limited settings. This

review was commissioned for a World Health Organization Expert Panel to develop global contact

investigation guidelines.

We performed a systematic review and meta-analysis of all studies reporting the prevalence of

TB and latent TB infection, and the annual incidence of TB among contacts of patients with TB.

After screening 9,555 titles, we included 203 published studies. In 95 studies from low- and

middle-income settings, the prevalence of active TB in all contacts was 3.1% (95% CI 2.2–4.4%,

I2599.4%), microbiologically proven TB was 1.2% (95% CI 0.9–1.8%, I2595.9%), and latent TB

infection was 51.5% (95% CI 47.1–55.8%, I2598.9%). The prevalence of TB among household

contacts was 3.1% (95% CI 2.1–4.5%, I2598.8%) and among contacts of patients with multidrug-

resistant or extensively drug-resistant TB was 3.4% (95% CI 0.8–12.6%, I2595.7%). Incidence was

greatest in the first year after exposure. In 108 studies from high-income settings, the prevalence

of TB among contacts was 1.4% (95% CI 1.1–1.8%, I2598.7%), and the prevalence of latent

infection was 28.1% (95% CI 24.2–32.4%, I2599.5%). There was substantial heterogeneity among

published studies.

Contacts of TB patients are a high-risk group for developing TB, particularly within the first year.

Children ,5 yrs of age and people living with HIV are particularly at risk. Policy recommendations

must consider evidence of the cost-effectiveness of various contact tracing strategies, and also

incorporate complementary strategies to enhance case finding.

KEYWORDS: Contact tracing, early diagnosis, human, Mycobacterium tuberculosis, systematic

review, tuberculosis

T
uberculosis (TB) remains a major global
health challenge, affecting 8.8 million
people each year, most of whom live in

low- and middle-income countries [1]. The
importance of TB control in social and economic
development has been widely acknowledged,
including in the Millennium Development
Goals. In this context, the World Health
Organization (WHO) STOP TB Partnership has
set two targets: 1) to reduce prevalence and
deaths by 50% by 2015, relative to 1990 levels;
and 2) to eliminate TB as a public health problem
by 2050 [2]. In order to achieve these targets,
healthcare systems will need to identify more
cases of TB at an earlier stage of the illness [3].

Contact investigation involves the systematic
evaluation of the contacts of known TB patients
to identify active disease or latent TB infection
(LTBI). It is one of a number of active case-finding

strategies that have been proposed to increase case
detection [4]. Active case finding may be worth-
while in contacts of patients with TB because they
are at higher risk of exposure to the causative
organism than members of the general population
[5]. After exposure to airborne droplets containing
Mycobacterium tuberculosis, some contacts will be
infected and some of these will go on to develop
disease. The risk of a contact becoming infected
relates to the infectiousness of the TB patient, the
duration and proximity of the contact [6, 7], and
susceptibility of the contact [8, 9]. The onset of
disease may occur early, within 6 weeks, or many
years later [10]. Contact investigations are under-
taken to prevent or detect these cases.

Contact investigation has been standard practice
for decades in high-income countries, where the
incidence of TB in the general population is low
[11]. It may involve clinical assessment, chest
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radiography, microbiological evaluation of sputum or a test to
detect LTBI, such as a tuberculin skin test (TST) or an
interferon-c release assay. There has been a growing interest
in contact investigation in resource-limited settings as national
programmes seek new methods for improving case detection
[12]. The WHO currently recommends contact investigation in
two high-risk populations: children aged ,5 yrs [13] and
people living with, or at high risk of, HIV infection [14].
Recently, the WHO has also launched the first international
standards for the investigation of contacts of patients with
infectious TB [15].

One previous meta-analysis examined data from 41 household
contact investigation studies in low–middle-income countries
up to 2005 [16]. However, there has not yet been an analysis of
contact investigation beyond the household setting or in high-
income countries. Furthermore, the previous meta-analysis
was limited to cases of TB that were diagnosed at the time of
the initial contact investigation. There has not yet been a meta-
analysis of data on the incidence of TB among contacts during
the 5 yrs following exposure. Nor has there been an analysis of
key risk groups, such as contacts of patients with multidrug-
resistant (MDR)-TB. Therefore, the aim of the analysis
presented here is to systematically review and quantify data
on the prevalence of TB and LTBI and the subsequent
incidence of TB in contacts of patients with TB in household
and non-household settings in high-, middle- and low-income
countries and in various risk groups.

This systematic review and meta-analysis was conducted as a
part of a GRADE (Grading of Recommendations Assessment,
Development and Evaluation) [17] review for an Expert Panel
that was convened to contribute to the development of
international guidelines on contact investigation for the
WHO [15].

METHODS

Search strategy and study selection
This review followed the methods described in the PRISMA
statement for the reporting of systematic reviews and meta-
analyses [18]. First, we searched the literature for available
systematic reviews and meta-analyses, identifying a Cochrane
review [19], a systematic review of household contact investiga-
tion [16], and two reviews focusing on specific populations [20,
21]. We then designed a search for all published studies that
provided a measure of prevalence or incidence of TB or LTBI
among contacts of patients with new or recurrent TB. We
conducted the search using PubMed, EMBASE, LILACS and
Web of Science for all studies up to October 1, 2011. Our search
included the terms: ‘‘tuberculosis’’, ‘‘Mycobacterium tuberculo-
sis’’, ‘‘tuberculosis, pulmonary’’, and ‘‘contact tracing’’, ‘‘disease
outbreaks’’, ‘‘contact’’, ‘‘spread’’, ‘‘contact screen*’’, ‘‘disease
transmission’’, ‘‘case find’’, ‘‘cluster analysis’’, ‘‘household’’,
‘‘household contact’’, ‘‘case finding" or ‘‘case detection’’. The
full search strategy is available in the supplementary material.

All titles and abstracts were assessed for inclusion according to
the following agreed criteria. We included all English language
studies that reported a quantitative measure of the TB or LTBI
diagnosed among contacts of patients with TB. We only
included studies where the number of cases tested was also
reported, and where specific source patients with TB (index

patients) had been identified before screening was conducted.
We excluded studies where the diagnosis of TB was not made
according to clinical, radiological or microbiological criteria or
where there were less than 10 index patients or contacts
identified in the study.

Cross-sectional, case–control studies and cohort studies were
included. We also sought evidence from any published
randomised controlled trials. We excluded editorials, confer-
ence abstracts and systematic reviews.

Data extraction and definitions
Two reviewers (G.J. Fox and C. Dobler (Woolcock Institute of
Medical Research, University of Sydney, Sydney, Australia))
independently screened all titles identified in the database
searches. The full-text of all articles included by either reviewer
on the basis of abstract was obtained. To determine eligibility
for inclusion, one author reviewed all full-text articles. A
second author (W.J. Britton) repeated this assessment inde-
pendently for a random selection of 10% of full-text articles
and there was complete agreement about excluded articles.

Two authors independently extracted data from all of the
included studies. One author (G.J. Fox) extracted all data from
all studies, and the other authors (S.E. Barry, W.J. Britton and
G.B. Marks) independently re-extracted data for six key data
fields from all of the included studies between them.
Disagreements were resolved by consensus.

Where data from the same contact cohort were included in
multiple papers, we included the study with the most
complete data. If the reviewers were certain the two studies
had the same participants and there were different sets of data
in two papers then the results were merged into one entry. If a
paper described outcomes in two countries, the data from each
were reported separately.

Data extracted from selected studies included: 1) study design,
country, location of exposure, selection criteria for index
patients and contacts; 2) screening methods employed; and
3) outcomes including number of contacts screened, the
number of cases of TB and microbiologically proven disease
among contacts, the number of contacts with LTBI, and the
number of incident cases each year during the first 5 yrs.
Subgroup data were extracted for outcomes of TB, micro-
biologically proven TB and LTBI among contacts of acid-fast
bacilli (AFB) smear-positive and AFB smear-negative source
patients (index patients), index patients with HIV, and MDR-
or extensively drug-resistant (XDR)-TB. Subgroup data were
also extracted for contacts that were known to be HIV positive,
household contacts, close contacts, casual contacts and contacts
from congregate settings.

We analysed data on TB and LTBI for the following age
groups: f5 yrs, 5–14 yrs and o15 yrs. Where the limits of the
age range reported in studies were up to 1 yr higher or lower
than our pre-defined age range, data were included in the pre-
defined range for analysis. Otherwise, the age-specific data
were not extracted. Where children were identified as ‘‘index
patients’’, then data were included for all screened ‘‘contacts’’
even if an undiagnosed adult might have been the source case.

Household contacts were those living in the same household as
the index patient. Contacts were defined as ‘‘close’’ if they
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were described as this in the manuscript, or if they were
household contacts.

Prevalent cases of TB among the screened contacts were defined
as previously undiagnosed cases of TB among contacts diagnosed
during the baseline contact investigation or within the first
3 months after diagnosis of the index patient. Contacts that had
been diagnosed with TB prior to the contact investigation were
not considered prevalent cases because the identification of these
cases could not be attributed to the contact investigation. Incident
cases of TB were separately analysed by year after exposure to the
index patient with incidence in the first year being from 3–
12 months after diagnosis of the index case, incidence in the
second year being between 13 and 24 months, and so on up to the
end of 5 yrs. Incidence data were not reported if annual incidence

could not be determined. Incidence at 1 yr was calculated
excluding the prevalent cases identified during the initial
investigation. Contacts were included in the ‘‘at risk’’ population
for analysis if they attended the first reported screening procedure
and had not already been diagnosed with TB prior to that
screening procedure. This at risk population was the denominator
for the estimation of prevalence and subsequent incidence.

We defined LTBI as having a TST o10 mm at 48–72 h. Where
these data were not available we used the definition applied in
the paper.

Studies were stratified by income level of the country in which
they were conducted by applying the World Bank definitions
of high-income or low–middle-income countries based on
gross national income from 2010 or the latest preceding year

Literature search:
  Databases: PubMed, EMBASE, LILACS,
  Web of Science
  9555 articles identified

Search results combined: 9863
studies screened on basis of title

1532 duplicate citations removed

7780 titles removed based on title 
and abstract

348 titles removed after
full-text review:

Same data in multiple articles n=45
Letters n=35
Non contact-tracing studies n=155
Insufficient data to calculate yield n=64
Low number patients or contacts (<10) in  
  study n=39)
Foreign language studies n=10

8331 studies screened on basis
of abstract

551 full-text articles reviewed and
application of inclusion criteria

203 studies included in this
systematic review

Hand searching:
  308 additional titles identified from hand
  searching conference abstract books and
  International Journal of Tuberculosis and
  Lung Diseases

95 studies from low and 
middle-income settings

Prevalence
studies

Incidence 
studies

71 TB studies
76 LTBI studies

Household studies
52 TB studies

73 LTBI studies

25 TB
incidence studies

108 studies from
high-income settings

Prevalence
studies

Incidence 
studies

87 TB studies
92 LTBI studies

29 TB
incidence studies

FIGURE 1. Flow diagram for study selection. TB: tuberculosis; LTBI: latent tuberculosis infection.
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for which data were available [22]. Studies were also stratified
by WHO region. We stratified outcomes according to proximity
of exposure (household, close and casual), age group, HIV
status of the index patient, HIV status of the contact, smear
positivity of the index patient and a diagnosis of MDR-TB in the
index patient. We stratified outcomes according to whether
contacts and index patients participating in contact investiga-
tion were foreigners or born locally. We planned to assess the
risk of bias of studies at the level of outcome level. We also
planned to determine whether study design was independently
associated with yield and, if so, to conduct separate analyses for
cross-sectional and cohort studies. More detailed definitions of
the diagnostic and stratification criteria are included in the
supplementary material.

Summary measures and methods of analysis
For each study, incidence rate was calculated as the number of
incident cases per year divided by the population at risk and
prevalence was calculated as the number of prevalent cases
expressed as a proportion of the size of the at-risk population.
Asymptotic 95% confidence intervals were calculated using the
method of FLEISS [23].

For the meta-analysis weighted average estimates of incidence
rate and prevalence were calculated using the exact binomial

method of HAMZA et al. [24] fitted using Proc NLMIXED in SAS
9.2 (SAS Institute Inc., Cary, NC, USA).

The effect of study design and country income level (low–
middle or high) on the estimates was tested using logistic
regression fitted by generalised estimating equations with an
unstructured covariance matrix in Proc Genmod. Since local
and foreign born contacts were assessed and reported in the
same study, we used a matched pair analysis to estimate the
odds ratios for LTBI and TB among foreign-born contacts
compared to local-born contacts. This was performed using
Proc Logistic with strata statement.

Incidence rate ratio was calculated for each study that reported
incidence in the first year as the ratio of the TB incidence rate
during the first year of follow-up, divided by the estimated
general population incidence of TB in the mid-year of the study
period or in 1990, whichever was the later [25]. For all studies,
and for studies classified by income group and by study design,
the median and interquartile range for the incidence rate ratio
was estimated for the first and second years.

We estimated between study inconsistency as I2, representing
the percentage of total variation across studies that was
attributable to heterogeneity, using the method proposed by
HIGGINS et al. [26] and RILEY et al. [27]. Values of I2 near 0%

TABLE 1 Prevalence of active tuberculosis (TB) among contacts in low–middle- and high-income countries

Included

studies

Contacts with

active TB

Contacts

screened

Proportion % 95% CI t2 I2

Low–middle income

All ages

All# 71 24799 878724 3.1 2.2–4.4 2.18 99.4

Index patient smear positive 44 1415 43960 3.3 2.2–5.1 2.04 98.5

Index patient with HIV 6 90 1526 5.4 2.2–12.4 1.14 95.5

Index patient XDR/MDR-TB 6 149 5584 3.4 0.8–12.6 2.88 95.7

Household contacts 68 22390 858422 3.1 2.1–4.5 2.35 98.8

All close contacts 70 22458 860638 3.1 2.2–4.4 2.22 98.8

Casual contacts only 1 34 1492 2.2 1.6–3.0 0.00

Contacts with HIV infection 8 96 391 21.6 8.8–44.1 2.04 92.3

f5 yrs 21 754 5112 10.0 5.0–18.9 2.35 97.8

5–14 yrs 9 155 1643 8.4 2.8–22.6 2.51 92.5

o15 yrs 11 127 3614 3.2 2.0–5.3 0.53 87.1

High income

All ages

All" 87 5058 308048 1.4 1.1–1.8 1.48 98.7

Index patient smear positive 27 1704 72936 3.3 2.2–4.8 1.08 98.3

Index patient XDR/MDR-TB 2 0 554 0.0 0.00 99.9

Household contacts 29 2047 56221 3.0 2.0–4.4 1.09 98.2

All close contacts 45 3053 127699 1.9 1.3–2.7 1.42 98.7

Casual contacts only 9 73 15607 0.4 0.2–0.6 0.30 79.9

Contacts with HIV infection 2 15 133 11.4 7.0–18.0 0.00 9.0

f5 yrs 10 212 4057 4.7 3.4–6.4 0.18 79.0

5–14 yrs 9 253 5665 2.9 1.7–5.1 0.56 95.5

o15 yrs 9 507 17867 2.3 1.1–4.8 1.19 99.0

Data are presented as n, unless otherwise stated. XDR: extensively drug resistant; MDR: multidrug resistant. Countries were classified according to World Bank Income

Gross National Income per capita: low income (f$1,005 per yr); lower-middle income ($1,006 to $3,975 per yr); upper-middle income ($3,976 to $12,275 per yr); high

income (o$12,276 per yr) [22]. #: [9, 32–101]; ": [10, 30, 31, 102–184]. Refer to supplementary material for outcomes of individual included studies.
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indicates no observed heterogeneity and larger values show
increasing heterogeneity. This measure does not inherently
depend upon the number of studies in the meta-analysis and
can be applied to all study designs [26]. Portions of the code
used for the analysis are included in the supplementary
material.

Role of the funding source
No funding bodies had any role in the study design, data
collection, data analysis, data interpretation or writing of the
report. The authors had access to all study data and are
responsible for the decision to submit for publication.

RESULTS
Study selection and study characteristics
We identified 9,555 unique publications, and included 108
(53.2%) studies performed in high-income countries and 95
(46.8%) studies performed in low- and middle-income coun-
tries. These 203 studies included 158 studies reporting data on
TB disease status of 1,186,772 contacts and 168 studies
reporting LTBI status on 345,062 contacts. We included 15
cross-sectional studies, two case–control studies, 185 cohort
studies and one randomised controlled trial in the analysis.
The reasons for exclusion at each stage are summarised in
figure 1. There were an average of 3.8 (95% CI 2.3–5.0) contacts
per index patient in studies from low–middle-income coun-
tries and an average of 5.1 (95% CI 3.1–10.4) contacts per index
patients in studies from high-income countries.

Definitions used in studies
The definitions of ‘‘household contact’’ varied considerably
between studies. Some described household based on location,
such as a common eating or sleeping area, while some studies
stipulated a minimum duration of exposure or degree of

proximity [28]. Definitions of close contact also varied
considerably in the requisite intensity of exposure to patients.
Some studies had a broad definition, with close including any
known exposure [29], others used expressions such as intimate
[30], sharing the air for a prolonged period [31], or specifying a
minimum duration of exposure in other closed spaces such as
the workplace [32]. Some studies did not provide precise
definitions of close contacts [33].

Low and middle-income countries
Table 1 shows the summary estimates for prevalence of
previously undiagnosed TB. Figure 2 shows the incidence of
TB for the first 5 yrs after exposure to the index patient. Table 2
shows the prevalence of LTBI in contacts and table 3 shows the
prevalence of microbiologically proven TB. The findings of the
individual studies that form the basis of these summary
estimates are shown in the supplementary material. There was
substantial heterogeneity between studies, indicated by high I2

statistics. TST was used as the primary measure of LTBI in all
but six studies, where only Heaf test results were available
[34, 102–104].

The estimated overall prevalence of TB (clinically and/or
microbiologically diagnosed) in all contacts in low- and
middle-income countries was 3.1% (95% CI 2.2–4.4, I2599.4%).
In these countries, the prevalence of TB in household contacts
was 3.1% (95% CI 2.1–4.5, I2598.8%). Prevalence according to
setting of exposure is shown in figures 3 and 4. The prevalence
of LTBI among contacts is shown in table 2, and prevalence of
microbiologically proven TB is shown in table 3. The incidence
rates for TB up to 5 yrs after exposure are shown in figure 2,
with additional incidence data included the supplementary
material.

Among contacts of smear-positive index patients the pre-
valence of TB was 3.3% (95% CI 2.2–5.1, I2598.5%) and the
prevalence of LTBI was 52.9% (95% CI 48.9–56.8, I2597.7%).
Among contacts of MDR- or XDR-TB, the prevalence of TB
was 3.4% (95% CI 0.8–12.6, I2595.7%) and the prevalence of
LTBI was 61.3% (95% CI 39.1–79.6, I2595.2%). Only one
study, from Peru, compared the effect of exposure to XDR-TB
to MDR-TB and found that the odds of TB among contacts of
patients with XDR-TB was 1.88-fold higher than the odds of
TB among contacts exposed to MDR-TB (95% CI 1.1–3.21)
[35]. Among contacts of index patients with known HIV,
the prevalence of TB was 5.4% (95% CI 2.2–12.4, I2595.5%)
and prevalence of LTBI was 45.7% (95% CI 38.7–52.9,
I2590.9%).

The prevalence of TB and LTBI among sub-groups including
child contacts, close contacts, household contacts and casual
contacts are shown in tables 1–3. Outcomes for individual
studies are included in the supplementary material.

High-income countries
The reported prevalence of previously undiagnosed active TB
among all contacts from high-income countries was 1.4% (95%
CI 1.1–1.8, I2598.7%) (table 1). The prevalence of disease in
household contacts was 3.0% (95% CI 2.0–4.4, I2598.2%). The
prevalence of LTBI among contacts is shown in table 2. The
prevalence of microbiologically proven disease is shown in
table 3. Incidence rates of TB among contacts are shown in

2500 Low–middle-income 
countries#

High-income countries¶
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FIGURE 2. Annual incidence rate of tuberculosis (TB) in contacts by year of

follow-up, according to country income. World Bank Income Gross National Income

per capita: low income (f$1,005 per yr); lower-middle income ($1,006 to $3,975

per yr); upper-middle income ($3,976 to $12,275 per yr); high income (o$12,276

per yr) [22]. *: p,0.05, statistically significant difference between contacts from

high compared to low–middle-income countries. #: [25, 32, 36–50, 102–106, 110–

127, 185–193]; ": [33, 34, 103–105, 129, 135, 136, 140, 143, 144, 148–151, 153,

157, 163, 164, 172, 194–202]. Refer to the supplementary material for complete

details of outcomes, estimates of heterogeneity and outcomes of individual

included studies.
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figure 2, with additional details in the supplementary material.
For the 11 studies from high-income countries that reported the
country of origin of screened subjects, an average of 36.2% of
screened contacts were born overseas. Table 4 shows the
weighted prevalence of LTBI was significantly higher among
contacts born overseas compared to those born locally (OR 3.39,
95% CI 3.10–3.71, p,0.0001). Similarly, contacts of foreign born
index patients were more likely to be infected than contacts of
locally born index patients (OR 2.27, 95% CI 2.08–2.38, p,0.0001)
(refer to supplementary material). There were insufficient data to
validly estimate the odds ratio for TB disease.

Among contacts of smear-positive patients in high-income
settings, the prevalence of TB was 3.3% (95% CI 2.2–4.8,
I2598.3%) and the prevalence of LTBI was 34.8% (95% CI
27.6–42.7, I2599.1%). Tables 1–3 provide data for contact sub-
groups including contacts of patients with MDR- or XDR-TB,
contacts of patients living with HIV, child contacts and contacts
with known HIV infection. Outcomes for individual studies are
included in the supplementary material.

The median incidence rate ratio (IRR) among contacts during
the first year in 29 studies from high-income countries (ratio

46.6, interquartile range (IQR) 3.2–68.0) was substantially
higher than that for 25 studies in low–middle-income countries
(ratio 15.9, IQR 2.6–21.4). During the second year after
exposure, the median IRR for contacts was 9.7 (IQR 2.3–28.6)
for 18 high-income and 6.0 (IQR 1.8–105) for 19 low–middle-
income countries.

Congregate settings and casual contacts
We identified no studies of contact investigation from low–
middle-income countries in congregate settings or among only
casual contacts. Table 5 summarises the outcomes of the
contact investigation for published studies from congregate
settings in high-income countries.

Effect of study design and country income status
The study design had no significant effect on the estimates
for either active disease or LTBI, overall or in any population
subgroup. Compared to case–control studies, the odds of
prevalent disease were 0.88 (95% CI 0.68–1.13, p50.31) in
cohort studies and 1.24 (95% CI 0.65–2.37, p50.51) in cross-
sectional studies. There was a significantly lower prevalence
of TB overall among all studies from high-income countries

TABLE 2 Prevalence of latent tuberculosis (TB) infection in the contacts of TB patients in low–middle- and high-income countries

Included

studies

Contacts with

active TB

Contacts

screened

Proportion % 95% CI t2 I2

Low–middle income

All ages

All# 76 35788 60557 51.5 47.1–55.8 0.58 98.9

Index patient smear positive 51 19003 33875 52.9 48.9–56.8 0.32 97.7

Index patient with HIV 12 1138 2376 45.7 38.7–52.9 0.22 90.9

Index patient XDR/MDR-TB 6 431 684 61.3 39.1–79.6 1.21 95.2

Household contacts 73 23577 49512 45.4 40.7–50.2 0.69 98.4

All close contacts 73 23577 49643 45.3 40.6–50.1 0.69 98.4

Contacts with HIV infection 8 123 247 53.5 40.6–66.0 0.36 71.4

f5 yrs 33 5102 12389 35.5 30.3–41.1 0.42 96.6

5–14 yrs 21 6587 11123 53.1 42.0–63.9 1.05 98.6

o15 yrs 10 11980 14057 65.3 35.5–86.5 3.80 99.6

High income

All ages

All" 92 79511 284505 28.1 24.2–32.4 0.99 99.5

Index patient smear positive 34 25910 78784 34.8 27.6–42.7 0.96 99.1

Index patient with HIV 1 131 363 36.0 31.2–41.0 0.00

Index patient XDR/MDR-TB 2 287 554 52.6 49.5–55.7 0.00

Household contacts 33 20960 67175 30.0 21.3–40.5 1.80 99.6

All close contacts 29 20213 68738 28.0 18.9–39.4 1.96 99.6

Casual contacts only 7 5779 27383 18.7 11.8–28.5 0.52 99.4

Contacts with HIV infection 3 28 151 25.0 11.4–46.4 0.53 86.6

f5 yrs 17 2093 6900 16.3 9.2–27.0 1.73 99.2

5–14 yrs 10 1,407 4,871 18.4 11.8–27.5 0.64 98.4

o15 yrs 8 6221 12633 41.9 30.5–54.2 0.50 99.4

Data are presented as n, unless otherwise stated. XDR: extensively drug resistant; MDR: multidrug resistant. World Bank Income Gross National Income per capita: low

income (f$1,005 per yr); lower-middle income ($1,006 to $3,975 per yr); upper-middle income ($3,976 to $12,275 per yr); high income (o$12,276 per yr) [22]. #: [9, 32,

34, 36–39, 41–43, 48, 49, 52, 55, 57–60, 62–67, 69, 71, 73, 74, 77–79, 81, 83–89, 91, 93–95, 97–101, 185–187, 194–196, 199–201 203–215]; ": [10, 28, 30, 31, 102, 103,

105, 107, 109–111, 115, 116, 119, 121–125, 128–138, 142–145, 147–157, 159–184, 188, 189, 193, 202, 216–233].
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compared to all studies from low–middle income countries
(OR 0.57, 95% CI 0.39–0.84, p50.005). However, there were
no associations between disease prevalence and country
income level for either household contacts (OR 1.40, 95% CI
0.93–2.08, p50.10) or close contacts (OR 0.55, 95% CI 0.37–
0.81, p50.29).

DISCUSSION
Contacts exposed to patients with TB, in a variety of settings,
are at substantial risk of LTBI and active TB. The incidence of
new cases is highest in the first year and remains above
background incidence for at least 5 yrs after exposure to a
patient with TB. The prevalence of LTBI and TB among
contacts is significantly less in high-income countries than in
low–middle-income countries, although this difference was
not evident among household contacts. Foreign-born contacts
are significantly more likely to have LTBI than locally born
contacts in high-income countries.

This systematic review and meta-analysis is broader in scope
than a previous meta-analysis on this topic [16]. The inclusion
of data from low-, middle- and high-income countries, as well
as data on prevalence and incidence in household, close
contacts and congregate settings means that the findings are
generalisable to most circumstances in which contact investi-
gations are considered. We used an exact binomial approach to
meta-analysis, which does not make distributional assump-
tions or rely on the normal approximation. Hence, our
methods are broad in scope and robust in application.

A major limitation on the interpretation of the meta-analysis is
the substantial heterogeneity among the studies summarised.
This heterogeneity exists even within the strata and sub-
groups we have investigated and, therefore, must be
attributable to factors that we have not investigated in this
analysis. These factors may include the background preva-
lence of disease in the study population and differences in
aspects of the study methodologies, such as inclusion criteria
for contacts, time of screening relative to the time of diagnosis
of the index case, methods of recruiting contacts for
investigation, and diagnostic tests implemented during
screening. Furthermore, some studies merged incident and
prevalent cases, consequently overestimating prevalence. The
confidence intervals derived from the random effects meta-
analysis reflect the increased uncertainty consequent upon
this heterogeneity. Nevertheless, this heterogeneity means
that the summary estimates shown here need to be inter-
preted with caution.

There are other reasons for caution when interpreting the
results. The recruitment of contacts in contact investigations is
almost always incomplete and is subject to selection bias.
Symptomatic contacts may be more likely than those without
symptoms to comply with contact investigation. Hence, the
measured prevalence of TB among contacts may overestimate
the true prevalence of disease among contacts. Nevertheless, it
does reflect the likely yield in contact investigations.

There is substantial risk of bias in each of the reported
outcomes, owing to the observational design of most studies

TABLE 3 Prevalence of microbiologically proven tuberculosis (TB) in the contacts of TB patients in low–middle- and high-income
countries

Included

studies

Contacts with

active TB

Contacts

screened

Proportion % 95% CI t2 I2

Low–middle income

All ages

All# 38 8633 841721 1.2 0.9–1.8 1.00 95.9

Index patient smear positive 17 150 10241 1.2 0.8–1.8 0.47 87.4

Index patient with HIV 4 35 1317 1.9 0.8–4.5 0.53 89.7

Index patient XDR/MDR-TB 2 2 1056 0.2 0.0–0.8 0.00 82.7

Household contacts 36 8336 811231 1.4 1.0–2.1 1.16 97.9

All close contacts 37 8426 824541 1.4 1.0–2.1 1.14 97.8

Casual contacts only 1 12 1492 0.7 0.4–1.3 0.00

High income

All ages

All" 21 264 45897 0.4 0.2–0.7 1.56 96.1

Index patient smear positive 6 108 5970 0.7 0.3–1.9 1.08 97.6

Index patient XDR/MDR-TB 2 0 554 0.0 0.00 99.9

Household contacts 6 116 5459 1.4 0.8–2.5 0.33 92.6

All close contacts 14 187 30269 0.4 0.2–0.9 1.35 96.9

Casual contacts only 1 0 275 0.0 1.87

Data are presented as n, unless otherwise stated. XDR: extensively drug resistant; MDR: multidrug resistant. World Bank Income Gross National Income per capita: low

income (f$1,005 per yr); lower-middle income ($1,006 to $3,975 per yr); upper-middle income ($3,976 to $12,275 per yr); high income (o$12,276 per yr) [22].#: [9, 33,

34, 38, 42–46, 54, 56–58, 60, 62, 63, 66–68, 70–73, 75, 76, 79, 82, 84, 85, 88, 90, 91, 95, 97, 99–101, 234]; ": [30, 31, 111–113, 116, 119, 120, 122, 134, 135, 137, 138,

148–150, 154, 165, 166, 170, 177].
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and the lack of suitably matched control populations in
almost all studies. Publication bias is also an important
consideration in all meta-analyses. However, the usual
methods for assessing bias using visual or statistical tests
are only applicable to randomised controlled trials or trials
with matched controls [236, 237] and not to observational
studies. Therefore, we were unable to apply the formal
assessments of publication bias to this analysis. It is important
to consider the possibility that contact investigation with low
yield may have been withheld from publication and those
reporting higher prevalence of TB may be more likely to be
available in the public domain. This possible cause for over-
estimation of the prevalence of TB in contacts should be
considered when interpreting these results.

The reported data on prevalence of LTBI are subject to all of the
known limitations of methods for identifying LTBI in popula-
tion studies including problems due to anergy, exposure to
environmental mycobacteria, and bacilli Calmette–Guérin
vaccination. It is probable that the estimate of the prevalence
of LTBI among HIV infected contacts is an underestimate as
tests for LTBI are more likely to be falsely negative in the
presence of HIV infection [185].

Interpreting the findings
Many of the patterns of TB disease and LTBI observed among
contacts reflect those observed in the general population. These

include findings of a higher prevalence of TB among child
contacts compared with adults, and a higher prevalence of TB
among contacts in low–middle-income countries compared
with high-income countries. This explanation is also supported
by the observation that there is no difference between low–
middle- and high-income countries when analyses are limited
to household contacts, because we would expect the risk in
more distant, non-household contacts to be less influenced by
the recent exposure to the index case and more influenced by
general population risk factors.

The location of exposure to an infectious index patient is one
factor that is likely to influence the risk of infection. Another is
the contact’s prior risk of exposure. The high prevalence of TB
and LTBI among household contacts in high-income countries
is likely to be explained, in part, by our finding that 36.7% of
contacts investigated in high-income countries were foreign
born. This is supported by other research that showed an
association between the prevalence of LTBI among migrants
and the prevalence of TB in the country of origin [107].

The prevalence of clinically diagnosed TB among contacts was
substantially higher than the prevalence of microbiologically
proven disease. It is likely that prevalence and incidence
estimates based on clinically diagnosed TB are an over-
estimate of the true prevalence and incidence of disease. This
is particularly likely among child contacts, from whom it is
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FIGURE 3. Forest plot of the prevalence of active tuberculosis (TB) among contacts of smear-positive TB in low–middle-income countries. The size of the symbols is

proportional to the study sample size.
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often difficult to obtain specimens. The true burden of disease
probably lies somewhere between the estimate based on
clinical criteria and the estimate based on microbiological
criteria.

In the absence of accurate measures of disease prevalence in
the general community, it is difficult to estimate the relative
contribution that transmission from index patients makes to
the TB prevalence among contacts. Modern molecular epide-
miology combined with conventional contact tracing has
substantially clarified this issue in low-prevalence settings,
where a high proportion of all isolates can be tested [108].
However, in high-prevalence countries there may be consider-
able difficulty in using this technique, as an insufficient
proportion of cases may be captured for testing [6].

The estimated prevalence of TB among HIV infected contacts
in this meta-analysis was higher than in another recent
systematic review [238]. This may be because the previous
review included patients ‘‘at risk’’ of HIV, as well as those
known to be infected with HIV in the risk group. This is likely
to have diluted the estimated prevalence of TB in that review.

Our analysis also shows there is a substantial ongoing risk of
developing TB after the contact intervention at baseline,
particularly during the first year. This risk is significantly
higher in low–middle-income countries than high-income
settings. This difference may be explained by the lower risk
of ongoing transmission within the community in high-income
countries and also the greater likelihood that contacts will have
been treated for LTBI in high-income countries [109, 186, 235].

Prevalence of active TB %
50 10 15 20 25 30 35 40 45 50 55

UK
UK

Canada
UK

USA
Canada

UK
Spain

USA
South Korea

New Zealand
The Netherlands

Finland
France

USA
Hong Kong

UK
USA
USA

UK
USA
USA

UK
UK

Spain
Spain

The Netherlands

227
1582
200

1517
639

4355
873
723

33521
1223
461
715
609
91

6225
627
151
985

1096
647

11838
304
17

263
3071
823
153

72936

0.4 (0.0–2.8)
2.9 (2.2–3.9)
3.0 (1.2–6.7)
5.6 (4.5–6.9)
2.5 (1.5–4.1)
6.5 (5.8–7.3)

11.5 (9.5–13.8)
2.2 (1.3–3.7)
1.1 (1.0–1.2)

10.5 (8.9–12.4)
9.3 (6.9–12.4)
2.0 (1.1–3.4)

0.0 (0.01–0.78)
6.6 (2.7–14.4)
2.2 (1.8–2.6)
2.7 (1.6–4.4)

21.0 (15.0–28.5)
0.9 (0.5–1.8)
0.9 (0.5–1.7)
5.6 (4.0–7.7)
0.7 (0.6–0.9)
4.3 (2.4–7.4)

5.9 (0.3–30.8)
4.9 (2.7–8.5)
5.7 (5.0–6.6)
4.6 (3.3–6.3)

11.1 (6.8–17.4)
3.3 (2.2–4.8)

ANSARI [106]
CAPEWELL [144]
DASGUPTA [128]
EMERSON [117]
GOLUB [181]
GRZYBOWSKI [131]
HOME [116]
HORTONEDA [136]
JERAB [174]
JIN [154]
KARALUS [157]
KIK [156]
LIIPPO [112]
MADHI [138]
MARKS [10]
NOERTJOJO [147]
PAYNE [102]
REICHLER [235]
ROSE [175]
RUBILAR [104]
SPRINSON [176]
SWAYNE [127]
THOMAS [145]
UNDERWOOD [139]
VIDAL [111]
DEL CASTILLO OTERO [135]
VAN GEUNS [30]
Overall

First author [ref.] Country
Screened 

n
Proportion %

(95% CI)

FIGURE 4. Forest plot of the prevalence of active tuberculosis (TB) among contacts of smear-positive TB in high-income countries. The size of the symbols is

proportional to the study sample size.

TABLE 4 Prevalence of latent tuberculosis infection (LTBI) among foreign and locally born contacts in high-income countries#

Country of origin Included

studies

Contacts

with LTBI

Contacts

screened

Proportion

%

95% CI t2 I2 OR (95% CI) p-value

Contacts born locally 6 1536 7576 17.0 11–8–24.0 0.28 98.5 1.0

Contacts born overseas 6 1849 4298 39.2 30.0–49.3 0.24 97.9 3.39 (3.10–3.71) ,0.0001

Data are presented as n, unless otherwise stated. #: [10, 107, 133, 145, 168, 189, 216].
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The incidence in the first 5 yrs may be even higher than we
have estimated, as many contacts from the included studies
did not complete follow-up.

Policy implications for contact investigation
The studies we reported herein are almost all observational
studies. In the absence of randomised controlled trials of
contact tracing it is not possible to make strong recommenda-
tions for the implementation of specific interventions [17].
Nonetheless, this review provides support for the existing
priority given in WHO recommendations [239] for screening
children aged ,5 yrs and contacts with HIV infection. Our
data also demonstrates that children between 5 and 14 yrs of
age are at a relatively high risk of active disease and latent
infection, hence this group may also benefit from additional
interventions. The finding that the prevalence of TB decreases
with more remote exposure lends support to the current
practice of progressively implementing contact screening in
concentric circles starting with household contacts and
progressing through other close contacts to more remote
contacts [240].

The primary goal of contact investigation is to identify
disease and infection among high-risk individuals near the
time of exposure. However, the contribution of contact
tracing to reducing the burden of disease in the population
as a whole is unclear at this time. Although recent infection is
more likely to lead to disease, all individuals with latent TB
infection, including those who acquired infection at a much
earlier time, are at risk of reactivation. Further research,
including detailed mathematical modelling applied to differ-
ent epidemiological settings, will be required to estimate the
impact of contact investigation on the burden of TB disease
over time.

The substantial incidence of TB disease during the 5 yrs after
exposure, and particularly within the first 12 months, high-
lights the potential importance of serial screening for TB in
contacts that do not receive treatment for LTBI. An alternative
to repeated screening, for low resource settings, may be
providing comprehensive information to contacts about their
ongoing risk of developing disease even after the index case is
treated and facilitating referral in the case of contacts
developing symptoms.

Contact investigation is a central component of the public
health response to TB in most high-income countries [11, 241,

242]. In recent years there has been an increasing trend in low–
middle-income countries to implement contact investigation in
some form but considerable heterogeneity in the practice of it
[12]. Although we have shown that the estimated prevalence of
TB and LTBI is higher in low–middle-income countries than in
high-income countries, it does not necessarily follow that
National Tuberculosis Programmes in resource-limited settings
should implement this intervention. Tuberculosis control pro-
grammes in all countries need to consider the effectiveness and
cost implications of any contact investigation policies carefully.
Our finding that the IRR for screening contacts in high-income
settings is substantially higher than in low–middle income
settings supports the current priority placed upon contact
investigation in high-income countries. In order to show that
contact investigation is effective in high-prevalence settings,
studies must compare contact investigation to case-finding
alone [19]. This will require evidence from randomised trials,
such as cluster randomised controlled trials or ‘‘step-wedge’’
trials [243] conducted in the appropriate settings.

Conclusion
In summarising the available data on the burden of TB and
LTBI among contacts of patients with TB we have highlighted
the substantial heterogeneity in available estimates. Although
this article does provide evidence that contacts are a high-risk
group for developing TB, policy recommendations must
consider evidence of the cost-effectiveness of various contact
tracing strategies, and also incorporate alternative strategies to
enhance case finding. These will require investment in well-
designed, robust randomised studies conducted in relevant
populations.
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