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Absolute risk of tuberculosis among untreated populations with 
a positive tuberculin skin test or interferon-gamma release assay 
result: systematic review and meta-analysis
Jonathon R Campbell,1,2 Nicholas Winters,1,2 Dick Menzies1,2,3

ABSTRACT
OBJECTIVE
To determine the annual rate of tuberculosis 
development after a positive tuberculin skin test 
(TST) or interferon-gamma release assay result 
(IGRA), or both, among untreated populations with 
characteristics believed to increase the risk of 
tuberculosis (at risk populations).
DESIGN
Systematic review and meta-analysis.
DATA SOURCES
Embase, Medline, and Cochrane Controlled Register of 
Trials from 1 January 1990 to 17 May 2019, for studies 
in humans published in English or French. Reference 
lists were reviewed.
ELIGIBILITY CRITERIA AND DATA ANALYSIS
Retrospective or prospective cohorts and randomised 
trials that included at least 10 untreated participants 
who tested positive to tuberculosis antigens 
(contained in TST or IGRA, or both) followed for at 
least 12 months. Following the preferred reporting 
items for systematic reviews and meta-analyses 
(PRISMA) and meta-analyses of observational studies 
in epidemiology (MOOSE) guidelines, two reviewers 
independently extracted study data and assessed 
quality using a modified quality assessment of 
diagnostic accuracy studies (QUADAS-2) tool. Data 
were pooled using random effects generalised linear 
mixed models.
MAIN OUTCOME MEASURES
The primary outcome was tuberculosis incidence per 
1000 person years among untreated participants 

who tested positive (TST or IGRA, or both) in different 
at risk subgroups. Secondary outcomes were the 
cumulative incidence of tuberculosis and incidence 
rate ratios among participants with a positive test 
result for latent tuberculosis infection compared with 
those with a negative test result in at risk subgroups.
RESULTS
122 of 5166 identified studies were included. In 
three general population studies, the incidence of 
tuberculosis among 33 811 participants with a TST 
induration of ≥10 mm was 0.3 (95% confidence 
interval 0.1 to 1.1) per 1000 person years. Among 
116 197 positive test results for latent tuberculosis 
infection in 19 different at risk populations, incidence 
rates were consistently higher than those in the 
general population. Among all types of tuberculosis 
contacts, the incidence of tuberculosis was 17.0 
(95% confidence interval 12.9 to 22.4) per 1000 
person years for participants with a positive IGRA 
result and 8.4 (5.6 to 12.6) per 1000 person years 
for participants with a positive TST result of ≥5 mm. 
Among people living with HIV, the incidence of 
tuberculosis was 16.9 (10.5 to 27.3) for participants 
with a positive IGRA result and 27.1 (15.0 to 49.0) for 
participants with a positive TST result of ≥5 mm. Rates 
were also high for immigrants, people with silicosis 
or requiring dialysis, transplant recipients, and 
prisoners. Incidence rate ratios among test positive 
versus test negative participants were significantly 
greater than 1.0 in almost all risk groups, for all tests.
CONCLUSIONS
The incidence of tuberculosis is substantial in 
numerous at risk populations after a positive TST or 
IGRA result. The information from this review should 
help inform clinical decisions to test and treat for 
latent tuberculosis infection.
STUDY REGISTRATION
PROSPERO CRD42019136608.

Introduction
Testing people for latent tuberculosis infection and 
providing effective treatment is critical to elimination 
of the disease.1 Deciding to test for latent infection 
depends on both the probability of infection and 
the risk for progression to active disease.2 As part of 
the assessment for latent tuberculosis infection, the 
tuberculin skin test (TST) or commercially available 
interferon-gamma release assay (IGRA; T-SPOT.TB or 
QuantiFERON-TB (QFT)), or both, are commonly used.3 
The TST and IGRA rely on an adaptive immune response 
to tuberculosis antigens. The TST involves an injection 
of non-specific tuberculosis antigens, which induces 
a delayed type hypersensitivity reaction that can be 
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WHAT IS ALREADY KNOWN ON THIS TOPIC
In the testing for and treatment of latent tuberculosis (TB) infection, 
international TB guidelines prioritise populations with recent exposure to TB 
or with concomitant health risks that affect immunocompetency and risk of 
exposure to TB
Many of the risk estimates that inform these guidelines are based on older 
literature and presented as relative risks, which conflate two different risks—
acquiring or having latent TB infection and progression to active disease
Therefore, among people with a positive test result for latent TB infection, 
absolute risk of progression to active disease is unclear

WHAT THIS STUDY ADDS
Rates of progression to active TB were highest among TB contacts, people living 
with HIV, recent immigrants or refugees, people requiring dialysis, people with 
silicosis, and prisoners
Incidence rate ratios suggest diagnostic tests for latent TB infection are 
useful in discriminating between people at higher and lower risk of TB among 
immunocompetent people and those living with HIV
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measured in infected individuals, whereas IGRAs 
are blood tests that measure interferon γ produced 
by lymphocytes in whole blood in the presence of 
tuberculosis specific antigens.4 In the presence of 
a positive test result for latent infection, treatment 
depends on a careful consideration of the benefits and 
risks.5 These primarily include the benefit of reducing 
an individual’s probability of developing tuberculosis 
and the risk of treatment related side effects, which are 
substantial with current treatment regimens for latent 
tuberculosis infection.6

Only a few people with a positive test result for 
latent tuberculosis infection will progress to active 
disease.7 The risk for progression is affected by 
time since infection and integrity of the individual’s 
immune system, which might be compromised 
as a result of drugs, habits (intravenous drug use, 
smoking, and alcohol use), or underlying conditions 
such as HIV infection.2 Although populations with 
any of these characteristics (at risk populations) are 
generally prioritised for tuberculosis testing and 
treatment,2 8-11 the exact risks for progression are not 
well established.12 With changing global tuberculosis 
epidemiology, including the introduction of effective 
treatment for HIV, better living conditions, and longer 
life expectancies for immunocompromised people, 
updated quantification of these risks in the modern era 
are urgently needed.

Previous summary estimates of tuberculosis 
incidence in at risk populations have been 
benchmarked against the general population but 
have not compared populations on the basis of 
diagnostic test results for latent tuberculosis infection. 
The estimates are thus a composite risk of the 
probability that someone has or will acquire latent 
tuberculosis infection and the probability someone 
will progress to active disease.2 9 This conflates 
two different phenomena, which are influenced by 
different factors: risk of latent tuberculosis infection 
is determined by local epidemiology, transmission 
dynamics, and patient history,13 14 whereas the risk 
of progression is determined by time since infection 
and immunocompetency.2 To help inform decision 
making by providers and patients,15 we conducted a 
systematic review and meta-analysis to determine the 
absolute risk of development of active tuberculosis 
among different populations of untreated people with 
a positive TST or IGRA result, or both.

Methods
In this meta-analysis we followed the preferred 
reporting items for systematic reviews and meta-
analyses (PRISMA) and meta-analyses of observational 
studies in epidemiology (MOOSE) guidelines.16 17

Search strategy and selection criteria
Because an earlier review12 including studies from 
1949 to 2003 examining risk for progression to active 
tuberculosis disease indicated that older studies might 
be confounded by previously healed tuberculosis18 
or by high levels of ongoing transmission, we limited 

our search to studies indexed from 1 January 1990 to 
17 May 2019 in Medline, Embase, or the Cochrane 
Controlled Register of Trials. We restricted the search to 
studies conducted in humans and published in English 
or French (see supplementary tables S1 to S3 for search 
strategies). Two reviewers (JRC and NW) independently 
reviewed titles, abstracts, and full texts and resolved 
disagreements with a third reviewer (DM). The reference 
lists of selected full texts and identified systematic 
reviews were reviewed for additional studies.

We included clinical trials and retrospective or 
prospective cohort studies in which more than 50% 
of participants were recruited from 1990 onwards. 
Included studies reported TST results at internationally 
accepted cut points for indurations (≥5 mm, ≥10 mm, 
or ≥15 mm) or used commercially available assays 
(QFT-Gold, QFT-Gold-In-Tube (QIAGEN, Netherlands) 
or T-SPOT.TB (Oxford Immunotec, Oxford, UK) and 
reported positive results using the manufacturers’ 
recommended cut points. Studies also had to have a 
mean or median follow-up of at least 12 months and 
include at least 10 untreated participants who tested 
positive for latent tuberculosis infection. We included 
studies of HIV uninfected general populations and 
populations at increased risk of tuberculosis, using a 
broad definition of increased risk (see supplementary 
S1 for populations selected a priori for inclusion, 
and methods for classification). We excluded studies 
that investigated only TST converters, TST boosters, 
Bacille Calmette-Guérin (BCG) or other experimental 
vaccinated populations, or participants who previously 
tested positive. To avoid confounding the interpretation 
of risk estimates, we further excluded studies of 
people living with HIV in countries with a tuberculosis 
incidence of more than 100 cases per 100 000 people 
owing to the high likelihood of reinfection,19 as well 
as studies conducted in countries with a general 
population prevalence of HIV of more than 5% where 
authors did not explicitly exclude, or report separately, 
people living with HIV. In our primary analysis, to 
minimise selection and publication bias, we further 
limited included groups to those where at least 100 
participants were tested and untreated.

Data extraction and quality assessment
Standardised data extraction forms were developed 
a priori (see fields in supplementary table S4). Two 
reviewers (JRC and NW) independently extracted and 
quality assessed data, with discrepancies resolved 
through consensus. Extracted information included 
study design; location; duration and method of follow-
up; diagnostic test used; distribution of population 
sex, age, and other information we believed might be 
relevant (eg, antiretroviral use); diagnostic test results 
and treatment information for latent tuberculosis 
infection; and the number of active tuberculosis events 
and method used for diagnosis. If mean follow-up 
duration was not reported among participants with a 
positive test result, we used the study mean or median 
follow-up time. If population size was not reported, 
we back calculated this value using reported rates, 
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follow-up time, and number of cases. We allowed 1 
mm deviations from TST cut points for inclusion in 
the respective categories (eg, ≥6 mm grouped with 
≥5 mm) and allowed one year deviations from age 
categories (eg, <19 years grouped with <18 years). Of 
17 authors contacted for additional information, eight 
responded. Quality assessment was based on nine 
items from a modified quality assessment of diagnostic 
accuracy studies (QUADAS-2) tool20 (see criteria in 
supplementary table S5). Studies meeting ≥7 criteria, 
4-6 criteria, or ≤3 criteria were classified as high, 
moderate, and low quality, respectively.

Outcomes
The primary outcome was the incidence of tuberculosis 
per 1000 person years, and a secondary outcome 
was the cumulative incidence of tuberculosis among 
untreated participants who tested positive for latent 
tuberculosis infection. An additional secondary 
outcome was the incidence rate ratio of tuberculosis 
among participants who tested positive for latent 
infection compared with those who tested negative 
(ie, indeterminates were excluded) in studies reporting 
both groups.

Data analysis
In the planned primary analysis, for each identified 
group and tuberculosis test we estimated the pooled 
primary and secondary outcomes using random effects 
meta-analysis. We pooled the results for QFT-Gold and 
QFT-Gold-In-Tube (referred to as QFT).21 We analysed 
outcomes separately for TST indurations at 5 mm, 10 
mm, and 15 mm cut points, T-SPOT.TB, QFT, and both 
IGRAs pooled together.

In planned secondary analysis, for studies 
reporting results of TST and IGRA, we calculated the 
incidence rate ratio among people with concordant 
(same test results) and discordant (test results differ) 
results. In further planned secondary analyses, we 
included all studies, regardless of the number of 
participants tested, and conducted a priori defined 
stratified analysis based on method of follow-up 
(passive v active), median year of study start (≤2005 
v ≥2006), study design (randomised controlled trial 
v retrospective cohort v prospective cohort), mean 
or median duration of follow-up (≤24 months v >24 
months), annual tuberculosis incidence in country 
of study (<30 per 100 000 v ≥30 per 100 000), 
country level income (high v upper middle, lower 
middle, and low), method of tuberculosis diagnosis 
(microbiological v microbiological and clinical v not 
specified), and study quality (high v moderate v low). 
In post hoc analysis, we conducted stratified analysis 
based on proportion of patients excluded because of 
treatment for latent tuberculosis infection (<20% v 
≥20%) and stratified analysis based on country level 
policy of BCG vaccination (multiple or post-infancy v 
vaccination only at birth or none) according to the BCG 
World Atlas.22

All analyses were performed with package meta 
(version 4.9-5) in R. Individual study outcome 

estimates were log or logit transformed and random 
effects meta-analysed using generalised linear 
mixed models with a Poisson distribution; pooled 
estimates were back transformed. This method has the 
advantage of avoiding zero cell corrections that could 
bias estimates when events are rare.23 24 Heterogeneity 
was assessed using the I2 statistic.25 Publication bias 
was not assessed statistically, as factors other than 
results, such as investigator motivation and funding, 
might influence why a study is published, commonly 
used tests do not always agree, few population groups 
analysed met the minimum criteria for statistical 
assessment of publication bias, and lack of statistical 
significance or funnel plot asymmetry does not 
indicate lack of publication bias.26-30

Patient and public involvement
Patients were not involved in the development of the 
research question or its outcome measures, conduct of 
the research, or preparation of the manuscript.

Results
Overall, 5166 unique citations were identified. After 
screening of titles and abstracts, 505 remained for full 
text assessment, of which 122 studies were included. 
Of these, 102 studies reported results with TST, 71 
with IGRA, and 51 with both (see supplementary 
figure 1). Among the 102 studies using TST, 70 (69%) 
explicitly stated the TST method used; of these, 69 
(99%) used the Mantoux method and one (1%) used 
the Heaf method while reporting Mantoux equivalent 
measurements. Additionally, 78 (76%) studies 
reported the type and dose of tuberculin used; of 
these, 69 (88%) used two tuberculin units of RT23 
or five tuberculin units of purified protein derivative. 
According to quality assessment, the most commonly 
detected sources of bias in studies were follow-up 
(n=89; 73%) and selection (n=72; 59%); only eight 
(7%) studies had no detected source of bias, and 47 
(39%) studies were graded as low quality. In 52 studies 
(43%), at least 20% of participants were excluded 
because of treatment for latent tuberculosis infection. 
The median year of study start was 2006, 79 (65%) 
studies were prospective cohort studies, 87 (71%) 
took place in high income countries, and 104 (85%) 
took place in countries with an annual tuberculosis 
incidence of less than 100 per 100 000 population (see 
supplementary table S6).

Three studies of 33 811 people with a TST induration 
of ≥10 mm from HIV uninfected general population 
samples were included, and 120 studies evaluated 19 
different at risk populations, comprising 269 distinct 
cohorts with 116 197 people. Across these studies, 
32 507 people (48 studies, 61 cohorts), 49 482 people 
(59 studies, 71 cohorts), and 14 477 people (15 studies, 
20 cohorts) had a positive TST result at cut points of 5 
mm, 10 mm, and 15 mm, respectively, whereas 10 811 
people (44 studies, 55 cohorts) and 2564 people (18 
studies, 21 cohorts) had a positive result for QFT-Gold 
or QFT-Gold-In-Tube and T-SPOT.TB, respectively. In 
total, 6356 people (20 studies, 41 cohorts) were tested 
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using both a TST and an IGRA and had concordant 
positive or discordant positive results. Supplementary 
tables S7 to S9 report individual study characteristics 
and outcomes.

Primary analysis
In the three studies among HIV uninfected samples from 
the general population, the incidence of tuberculosis 
among 33 811 participants with a TST induration of 
≥10 mm was 0.3 (95% confidence interval 0.1 to 1.1) 
per 1000 person years; these studies did not report 
on rates among those with TST <10 mm (table 1). For 
the primary analysis, at risk populations included 37 
cohorts of active tuberculosis contacts (18 cohorts 
using TST and 19 cohorts using IGRAs), 18 cohorts of 
people living with HIV (nine using TST and nine using 
IGRAs), 40 cohorts of populations with other immune 
deficiency (22 with TST and 18 with IGRAs), and 41 
cohorts of populations with characteristics affecting 
exposure and immunocompetency (27 using TST and 
14 using IGRAs).

Rick of tuberculosis among exposed populations
Among all contacts—both close (ie, people with 
regular, extensive contact with a person with 
tuberculosis) and casual (ie, people with regular, 
but much less frequent contact with a person with 
tuberculosis) with a TST ≥5 mm, the incidence of 
tuberculosis was 8.4 (95% confidence interval 5.6 
to 12.6) per 1000 person years, whereas among all 
contacts with a positive IGRA result, the tuberculosis 

incidence rate was 17.0 (12.9 to 22.4) per 1000 
person years (table 1; supplementary figure 2). These 
rates are 28 times and 56 times higher, respectively, 
than the incidence in the three general population 
studies (table 1). Incidence rates after a positive 
TST result were not substantially higher in studies 
defining a positive TST result as ≥10 mm (9.4 per 
1000 person years). Overall, contacts with a TST 
result of ≥5 mm experienced tuberculosis at 6.0-fold 
(95% confidence interval 3.9-fold to 9.2-fold) the rate 
of contacts with a TST result of <5 mm, whereas the 
corresponding incidence rate ratio was 10.8 (95% 
confidence interval 6.1 to 19.0) among contacts with 
a positive IGRA result compared with contacts with a 
negative IGRA result (table 1; supplementary figure 
3). Most pooled incidence rate estimates were highly 
heterogeneous, but this was not appreciably reduced 
through stratified analyses (see supplementary tables 
S10 to S19).

Risk of tuberculosis among people living with HIV
The risk of tuberculosis among people living with 
HIV was substantially greater than rates among the 
general population (table 2). Among people living 
with HIV, the pooled incidence rates in those with a 
TST result of ≥5 mm were higher than in those with 
a positive IGRA result (27.1 v 16.9 per 1000 person 
years; table 2; supplementary figure 4). Over a mean 
follow-up of 2.9 years, the cumulative incidence 
of tuberculosis among people living with HIV was 
7.1% (95% confidence interval 4.2% to 11.9%) 

Table 1 | Risk of tuberculosis (TB) among exposed populations

Population and definition 
of positive test result

Among test positive participants Compared with test negative participants
No of 
cohorts

No of  
participants

Total (mean) person 
years follow-up

Active TB 
events (%)*

TB rate per 1000 person 
years (95% CI)† I2 (%)

No of 
cohorts

Incidence rate 
ratio (95% CI)† I2 (%)

General population‡
TST ≥10 mm 3 33 811 249 093 (7.4) 55 (0.2) 0.3 (0.1 to 1.1) 96 - - -
Close and casual contacts (together)§
All age groups:
 All IGRA positive 9 2199 6667 (3.0) 89 (4.0) 13.3 (10.8 to 16.4) 0 7 8.4 (5.2 to 13.5) 19
 TST ≥5 mm 4 7861 32 708 (4.2) 227 (2.8) 8.4 (4.3 to 16.5) 95 4 12.5 (6.9 to 22.5) 48
 TST ≥10 mm 5 5728 22 561 (3.9) 97 (2.6) 9.4 (4.0 to 21.8) 93 5 6.9 (3.3 to 14.4) 54
Age <18 years:
 TST ≥5 mm 2 1169 2766 (2.4) 55 (6.6) 14.7 (1.4 to 153.6) 97 2 20.1 (2.9 to 140.6) 77
 TST ≥10 mm 4 1002 2357 (2.4) 69 (7.2) 23.4 (8.0 to 68.4) 92 3 21.2 (6.4 to 70.2) 75
Close contacts only¶
All age groups:
 All IGRA positive 7 1663 4617 (2.8) 114 (6.5) 22.4 (12.1 to 41.8) 87 6 13.1 (3.3 to 51.9) 86
 TST ≥5 mm 9 7626 37 696 (4.9) 340 (3.8) 10.5 (7.7 to 14.3) 83 8 3.7 (2.1 to 6.5) 66
 TST ≥10 mm 13 8849 29 970 (3.4) 296 (2.7) 10.3 (6.1 to 17.4) 94 11 2.5 (1.3 to 4.8) 86
Age <18 years:
 QFT-GIT positive 2 159 305 (1.9) 6 (2.3) 14.5 (1.7 to 120.5) 27 1 13 (4.9 to 34.6) N/A
 TST ≥10 mm 3 584 1152 (2.0) 17 (2.4) 12.6 (2.3 to 69.8) 88 2 4.2 (1.8 to 9.7) 0
All studies in contacts above pooled**
All IGRA positive 19 4060 11 743 (2.9) 211 (4.6) 17.0 (12.9 to 22.4) 81 15 10.8 (6.1 to 19.0) 74
TST ≥5 mm 18 19 628 90 266 (4.6) 615 (2.8) 8.4 (5.6 to 12.6) 96 16 6.0 (3.9 to 9.2) 70
TST ≥10 mm 27 18 414 69 596 (3.8) 461 (2.6) 9.4 (6.3 to 14.1) 94 22 4.1 (2.6 to 6.4) 82
TST=tuberculin skin test; IGRA=interferon-gamma release assay; QFT-GIT=QuantiFERON Gold-In-Tube; N/A=not applicable.
*Percentage represents pooled cumulative incidence estimated from random effects meta-analysis.
†Pooled estimates using random-effects meta-analysis.
‡Data provided for reference. Populations are from British Columbia and Saskatchewan, Canada, and Florida, USA.
§Studies were conducted in populations of contacts, with no stratification by intensity of exposure or closeness of contact.
¶Studies were conducted in populations of contacts that were either solely close contacts or had outcomes reported stratified by close and casual contact.
**Representative of all studies in contacts, regardless of intensity of exposure. All studies included if >100 participants were tested. Participants are not double counted (i.e. we did not pool 
cohorts coming from the same study for which participants may fall into more than one group, such as the all ages group and the <18 age group, instead we only included the all age group).
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among those with a positive TST result of ≥5 mm and 
5.1% (3.5% to 7.2%) among those with a positive 
IGRA result. After stratifying by year of study start, 
tuberculosis incidence rates among people living 
with HIV with a TST result of ≥5 mm were 40.2 (95% 
confidence interval 24.9 to 64.7) per 1000 person 
years in six studies started before 2006 and 9.5 (2.1 
to 42.5) per 1000 person years in three studies started 
from 2006 onwards. Compared with people living 
with HIV and corresponding negative test results for 
latent tuberculosis infection, those with a TST result 
of ≥5 mm, or a positive IGRA result, experienced 
tuberculosis incidence rates that were 11-fold higher 
(see supplementary figure 5).

Risk of tuberculosis among populations with 
conditions affecting immunity other than HIV
The risk of tuberculosis among populations with other 
conditions affecting immunity were more variable but 
still consistently greater than rates among the general 
population (table 2). The incidence rate for tuberculosis 
was high among people with silicosis and a TST result 
of ≥10 mm, at 36.9 (95% confidence interval 28.2 to 
48.1) per 1000 person years. Among people requiring 
dialysis, tuberculosis incidence rates were 100.6 
(41.6 to 243.2) per 1000 person years among those 
with a TST result of ≥10 mm and 3.4 (1.1 to 10.7) per 
1000 person years among those who with a positive 
IGRA result. All tuberculosis among people requiring 
dialysis occurred in studies where less than 20% of the 
study population was excluded because of treatment 
for latent tuberculosis infection (see supplementary 
table S18). Among transplant recipients, the 
tuberculosis rate was 3.7 (0 to 861.5) per 1000 person 
years among those with a TST result of ≥10 mm and 

6.7 (2.2 to 20.4) per 1000 person years among those 
with a positive IGRA result. Among people receiving 
immunosuppressant drugs, the risk of tuberculosis 
was similar among those with a TST result of ≥5 mm 
or a positive IGRA result (5.4 and 4.8 per 1000 person 
years, respectively). In two studies that evaluated the 
risk of tuberculosis among people with diabetes and a 
positive IGRA result the rate was 4.4 (95% confidence 
interval 0.9 to 22.0) per 1000 person years. Incidence 
rate ratios between people with a positive TST result 
and a negative TST result ranged from 0.6 to 2.6 for 
those who required dialysis, received a transplant, or 
had silicosis; the incidence rate ratio was 7.0 in the 
one study reporting IGRA results in people requiring 
dialysis.

Risk of tuberculosis among populations 
with characteristics affecting exposure and 
immunocompetency
The risk of tuberculosis was variable among 
populations with characteristics that affect exposure 
to tuberculosis and immunocompetency (table 3). 
Among participants older than 65 years, despite 
increased tuberculosis rates (3.6 and 11.2 per 1000 
person years for a TST result of ≥10 mm and positive 
IGRA result, respectively), incidence rate ratios were 
low (2.2 and 1.3, respectively). Among prisoners, the 
risk of tuberculosis and the corresponding incidence 
rate ratio in those with a TST result of ≥10 mm was high 
(45.0 per 1000 person years and 31.0, respectively). 
Among recent immigrants or refugees, most from 
countries with a tuberculosis incidence greater than 30 
per 100 000 (see supplementary S1), a TST of ≥5 mm 
or a positive IGRA result were associated with similar 
tuberculosis rates (9.5 and 10.7 per 1000 person 

Table 2 | Risk of tuberculosis (TB) among populations with conditions affecting immunity

Population and definition 
of positive test result

Among test positive participants Compared with test negative participants
No of 
cohorts

No of  
participants

Total (mean) person 
years follow-up

Active TB 
events (%)*

TB rate per 1000 person 
years (95% CI)† I2 (%)

No of 
cohorts

Incidence rate 
ratio (95% CI) I2 (%)

General population‡:
 TST ≥10 mm 3 33 811 249 093 (7.4) 55 (0.2) 0.3 (0.1 to 1.1) 96 - - -
Dialysis:
 All IGRA positive 4 375 871 (2.3) 3 (0.8) 3.4 (1.1 to 10.7) 0 1 7.0 (0.7 to 67) N/A
 TST ≥5 mm 2 151 379 (2.5) 10 (2.0) 11.8 (0.7 to 200.7) 59 1 1.5 (0.7 to 3.3) N/A
 TST ≥10 mm 3 129 253 (2.0) 19 (14.7) 100.6 (41.6 to 243.2) 71 3 2.6 (1.4 to 4.8) 0
HIV:
 All IGRA positive 9 573 1646 (2.9) 28 (5.1) 16.9 (10.5 to 27.3) 29 7 11.0 (4.6 to 26.2) 45
 TST ≥5 mm 9 1285 3782 (2.9) 148 (7.1) 27.1 (15.0 to 49.0) 87 7 11.1 (6.2 to 19.9) 46
Silicosis:
 TST ≥10 mm 2 352 1465 (4.2) 54 (12.5) 36.9 (28.2 to 48.1) 0 1 1.7 (0.5 to 5.5) N/A
Transplant§:
 All IGRA positive: 9 481 993 (2.1) 8 (1.6) 6.7 (2.2 to 20.4) 33 6 2.5 (1.0 to 6.0) 0
 TST ≥5 mm 7 518 1716 (3.3) 8 (0.1) 1.0 (0 to 64) 64 7 0.6 (0.1 to 3.0) 30
 TST ≥10 mm 3 105 215 (2.0) 5 (0.6) 3.7 (0 to 861.5) 88 3 2.4 (0.9 to 6.4) 0
Immunosuppressants§:
 All IGRA positive 3 110 248 (2.3) 4 (0.6) 4.8 (0.1 to 279.2) 73 1 48.1 (5.4 to 430.7) N/A
 TST ≥5 mm 5 212 551 (2.6) 3 (1.4) 5.4 (1.8 to 16.9) 0 3 6.6 (1.8 to 24.2) 0
Diabetes§:
 All IGRA positive 2 334 842 (2.5) 4 (1.2) 4.4 (0.9 to 22.0) 8 1 Not calculable N/A
TST=tuberculin skin test; IGRA=interferon-gamma release assay; N/A=not applicable.
*Percentage represents pooled cumulative incidence estimated from random effects meta-analysis.
†Pooled estimates using random effects meta-analysis.
‡Data provided for reference. Populations are from British Columbia and Saskatchewan, Canada, and Florida, USA.
§See supplementary S1 for a further description of studies comprising these analyses.
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years, respectively) and cumulative incidences (3.5% 
and 3.1%, respectively), although incidence estimates 
with TST were highly heterogeneous (I2=90%). Among 
immigrants or refugees, the paradoxical finding of 
decreasing tuberculosis rates as cut points for positive 
TST results increased was due to high rates among 
studies initiated before 2006 (see supplementary table 
S15). When considering only studies initiated from 
2006 onwards, immigrants or refugees with a TST 
result of ≥10 mm or positive IGRA result had similar 
incidence rates of tuberculosis (7.4 and 9.8 per 1000 
person years, respectively)—among those with a TST 
result of ≥5 mm, this rate was 5.4 (95% confidence 
interval 3.5 to 8.3) per 1000 person years. Studies of 
participants with occupational risk factors were largely 
among healthcare workers in whom risk was low, 
regardless of test used.

Summary
To aid decisions to test for or treat latent tuberculosis 
infection, or both, we plotted tuberculosis incidence 
rates and corresponding incidence rate ratios for all 
at risk populations included in the primary analysis 
(fig 1). Populations in the upper right quadrant have 
both high incidence rates and high incidence rate 
ratios, whereas populations in the lower left quadrant 
have both low incidence rates and low incidence rate 
ratios. People living with HIV, tuberculosis contacts, 
prisoners, and recent immigrants or refugees had the 
most favourable incidence rate to incidence rate ratio 
relation. Supplementary table S20 further summarises 
these results.

Secondary analysis
In stratified, secondary analyses the method and 
duration of follow-up, country level incidence of 
tuberculosis, and study quality seemed to influence 
the incidence rate of tuberculosis across numerous 
populations (see supplementary tables S10 to 
S13). The design of the study, time when the study 
was conducted, country level income, method of 
tuberculosis diagnosis, proportion of people excluded 
who received treatment for latent tuberculosis 
infection, and country policy on BCG vaccination did 
not seem to have consistent effects on tuberculosis 
incidence rates (see supplementary tables S14 to S19).

Risk of tuberculosis with concordant and discordant 
TST and IGRA results could be estimated using six 
studies among contacts that reported results from 
concurrent dual testing. The incidence rate ratio for 
tuberculosis was 19.1 (95% confidence interval 2.9 
to 127.3) among participants with positive results for 
both tests compared with those with negative results 
for both tests (table 4). Pooled tuberculosis rates 
per 1000 person years were high in those with dual 
positive test results (range 30.6-43.1), compared with 
estimated rates in those with discordant positive test 
results (6.2-16.5) and in those with dual negative test 
results (2.6-3.1). In all the other at risk populations, 
few studies reported results of concurrent dual testing 
(see supplementary table S21 for results).

When the primary analysis was repeated and all 
studies regardless of the size of the included population 
were included, the results and their interpretation did 
not appreciably change. Supplementary tables 22-24 
show these analyses and outcomes for populations not 
included in the primary analysis.

Discussion
This review provides detailed information on the 
risk of tuberculosis associated with positive or 
negative results from commonly used tests for latent 
tuberculosis infection, in people with a wide variety 
of underlying conditions or in epidemiological 
risk groups. Findings of this review underscore the 
benefits of testing for latent infection, given the high 
incidence rate ratio of positive test results compared 
with negative test results in many at risk groups, and 
the potential benefits of treating people in many at 
risk subgroups with a positive test result for latent 
tuberculosis infection. Regardless of test used, high 
rates of tuberculosis were seen among people living 
with HIV, tuberculosis contacts, prisoners, and people 
with silicosis, whereas modest rates were seen among 
recent immigrants or refugees, people requiring 
dialysis, transplant recipients, and people requiring 
immunosuppressant drugs. This information should 
help guide the clinical decisions to test, perform a 
second test, and treat latent tuberculosis infection 
in the context of programme priorities and local 
assessments of feasibility, acceptability, and cost 
effectiveness.3 15

We found a considerable difference in the incidence 
rate of tuberculosis—but not the incidence rate ratio, 
which remained consistent—among people living with 
HIV with a TST result of ≥5 mm in studies conducted 
before 2006 compared with those conducted from 
2006 onwards (40.2 v 9.5 per 1000 person years). 
This difference could be attributable to healthcare 
system strengthening31 or differences in the study 
populations included in each period. This difference 
might also reflect the expanded use of antiretroviral 
treatment, which increased from a range of 0-61% in 
pre-2006 studies to 40-71% in studies initiated from 
2006 onwards.32 Among people requiring dialysis 
or undergoing transplantation, observed rates of 
disease were variable; estimates for incidence rate 
ratios were, however, consistently low. We speculate 
this might have reflected low sensitivity of all tests in 
these populations with severe immunodeficiency,33 or 
selective treatment by knowledgeable providers.

For several populations—notably people with 
diabetes, receiving immunosuppressant drugs, or with 
a body mass index of less than 18.5 kg/m2—few studies 
reported the incidence of tuberculosis after a positive 
test result for latent tuberculosis infection among 
untreated participants. Future research among these 
populations to better define the risk of tuberculosis 
should be prioritised. This is best accomplished by 
making use of high quality, administrative databases, 
which should provide the opportunity to control for 
several possible confounders.
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Comparison with other studies
Previous meta-analyses have estimated the risk of 
tuberculosis in at risk populations compared with 
populations without that characteristic—for example, 
risk in people with diabetes versus without diabetes.34 
These previous estimates have not managed to 
distinguish risk for progression to active tuberculosis 
from the risk of being infected. By providing estimates 

of tuberculosis risk among those with a positive test 
result for latent tuberculosis infection, this meta-
analysis more clearly and directly informs the clinical 
question encountered by providers: what is the 
likelihood that active disease will develop in someone 
with a positive test result for latent tuberculosis 
infection? Furthermore, this meta-analysis enables 
estimation of tuberculosis risk among those with a 

Table 3 | Risk of tuberculosis (TB) among populations with characteristics that might affect exposure and immunity

Population and definition 
of positive test result

Among test positive participants Compared with test negative participants
No of 
cohorts

No of  
participants

Total (mean) person 
years follow-up

Active TB 
events (%)*

TB rate per 1000 person 
years (95% CI)† I2 (%)

No of 
cohorts

Incidence rate ratio 
(95% CI)† I2 (%)

General population‡:
 TST ≥10 mm 3 33 811 249 093 (7.4) 55 (0.2) 0.3 (0.1 to 1.1) 96 - - -
Age <18 years:
 TST ≥10 mm 3 3388 30 642 (9.0) 26 (0.5) 0.8 (0.1 to 6.4) 93 1 4.9 (2.7 to 8.8) N/A
Age ≥65 years:
 QFT-G(IT) positive 2 1879 3752.3 (2.0) 42 (2.2) 11.2 (8.3 to 15.1) 0 1 1.3 (0.1 to 14.1) N/A
 TST ≥10 mm 2 1376 3937.5 (2.9) 14 (1.0) 3.6 (2.1 to 6.0) 0 2 2.2 (0.9 to 5.2) 0
Recent immigrant or refugee arrival§:
 All IGRA positive 4 1597 4673 (2.9) 50 (3.1) 10.7 (8.1 to 14.1) 0 4 10.9 (6.3 to 18.9) 0
 TST ≥5 mm 3 2145 8132 (3.8) 103 (3.5) 9.5 (4.3 to 21.0) 90 2 6.4 (2.4 to 16.5) 0
 TST ≥10 mm 3 10 735 103 142 (9.6) 133 (1.7) 2.7 (1.0 to 7.1) 96 2 4.0 (2.1 to 7.9) 34
Prisoners:
 TST ≥10 mm 3 739 777 (1.1) 21 (6.1) 45.0 (9.0 to 224.6) 93 3 31.0 (4.1 to 233.9) 0
Occupational risk factor§:
 All IGRA positive 8 1467 3665 (2.5) 11 (0.7) 3.0 (1.7 to 5.4) 0 3 4.9 (0.5 to 48.3) 50
 TST ≥5 mm 3 401 837 (2.1) 3 (0.7) 3.6 (1.2 to 11.1) 0 1 0.5 (0.1 to 5.0) N/A
 TST ≥10 mm 6 2696 5580 (2.1) 14 (0.7) 2.8 (1.3 to 6.1) 34 4 1.7 (0.7 to 4.2) 0
TST=tuberculin skin test; QFT-G(IT)=QuantiFERON Gold-In-Tube; IGRA=interferon-gamma release assay; N/A=not applicable.
*Percentage represents pooled cumulative incidence estimated from random effects meta-analysis.
†Pooled estimates using random effects meta-analysis.
‡Data provided for reference. Populations are from British Columbia and Saskatchewan, Canada, and Florida, USA.
§See supplementary S1 for a further description of studies comprising these analyses.
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Fig 1 | Summary results of primary analysis showing risk of developing tuberculosis per 1000 person years versus the incidence rate ratio (IRR). The 
results for tuberculin skin test (TST) are presented for cut points of ≥5 mm and ≥10 mm for indurations, and the results for interferon-gamma release 
assay (IGRA) are presented as all types combined. Included populations have a minimum of two studies in the meta-analysis of incidence rate and 
have a calculable estimate for the incidence rate ratio
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negative test result for latent infection by dividing 
the incidence rate among those with a positive test 
result by the corresponding incidence rate ratio. These 
estimates of risk should be useful in the shared decision 
making process between providers and patients in the 
treatment of latent tuberculosis infection.

A consistent finding for both IGRA and TST was 
that for many populations the incidence rate ratio for 
people with a positive result versus negative result 
was high. This was particularly noticeable among 
people living with HIV. In resource limited settings, 
the World Health Organization recommends the 
treatment of latent tuberculosis infection for people 
living with HIV even if testing for latent infection is 
not available, although noting that such testing is 
preferred.10 For both TST and IGRA we found large, 
identical incidence rate ratios among people living 
with HIV. This strongly suggests that in areas with a 
high incidence of tuberculosis, improved access to the 
TST, an inexpensive test requiring little infrastructure 
to implement, could provide important benefits to 
people living with HIV, by focusing limited resources 
on treating those most at risk. Furthermore, the 
benefits of treating latent tuberculosis infection have 
been consistently shown to be greater among people 
living with HIV with a positive TST result compared 
with those with a negative result.35 36 However, we 
recognise that the absolute risk of tuberculosis among 
people living with HIV with a negative TST result is still 
higher than that in the general population, and this 
population might still benefit from treatment for latent 
tuberculosis infection.37

In our secondary analysis of incidence rate ratios 
among contacts being tested with both a TST and an 
IGRA, we found that among this high risk population, 
incidence rate ratios were high for both concordant 
positive and discordant positive groups, when 
compared with the concordant negative group. This 

implies that in the presence of a single negative test 
result for latent tuberculosis infection in a high risk 
person, there might be value in performing a second 
test. Whether to use TST or IGRA first is, however, 
unclear, as the direct comparison of these tests was not 
an objective of this meta-analysis. This question was 
assessed recently, but with inconsistent results.38

Strengths and limitations of this review
Our meta-analysis has key strengths. In our literature 
search we maximised sensitivity, and to further enhance 
sensitivity we applied loose criteria for citations to 
qualify for full text review. Using generalised linear 
mixed models to perform random effects meta-analysis 
reduced biases that would be introduced through other 
methods of pooling, such as inverse variance,23 24 that 
require zero cell corrections. Finally, we estimated 
several effect measures that policymakers and 
providers might use when determining whether to test, 
treat, or test and treat people for latent tuberculosis 
infection.

This meta-analysis has some limitations. Many 
studies used passive follow-up for detection of active 
tuberculosis and were of low quality; factors which 
we found to be associated with lower observed rates 
of active tuberculosis. Some studies included people 
who previously had tuberculosis. In such studies, 
however, these participants were most often a minority 
of the included population, and tuberculosis rates did 
not differ between studies with and without people 
who previously had tuberculosis. Publication bias was 
not statistically assessed but cannot be excluded. The 
included studies in this review were published from 
1990 to 2019. The risk of tuberculosis over this period 
might be variable owing to changes in health systems 
and population health, among others, resulting in 
higher tuberculosis rates being observed in studies 
conducted earlier in this period. However, we did 

Table 4 | Risk of tuberculosis (TB) in contacts tested with both the tuberculin skin test and an interferon-gamma release assay (all types). Tuberculin 
skin test considered positive if ≥10 mm

Group comparison
No of 
studies

No of  
participants

Total (mean) person 
years follow-up

Active TB events 
(%)*

TB rate per 1000 per-
son years (95% CI)†

Incidence rate 
ratio (95% CI)† I2 (%)

General population, TST positive‡ 3 33 811 249 093 (7.4) 55 (0.2) 0.3 (0.1 to 1.1) - -
Dual positive v dual negative
IGRA positive and TST positive v IGRA 
negative and TST negative§ 4 588 v 2724 1576 (2.7) v 5856 (2.1) 36 (8.7) v 15 (0.6) 30.6 (10.9 to 85.9) v 

2.6 (1.2 to 5.6) 19.1 (2.9 to 127.3) 80

Dual positive v discordant (positive/negative)
IGRA positive and TST positive v IGRA 
positive and TST negative¶ 3 566 v 476 1464 (2.6) v 956 (2.0) 34 (8.8) v 29 (3.3) 37.3 (10.5 to 132.4) v 

16.5 (3.7 to 74.8) 3.0 (0.2 to 40.7) 83

IGRA positive and TST positive v IGRA 
negative and TST positive** 6 641 v 1428 1715 (2.7) v 4410 (3.1) 47 (12.1) v 29 (1.8) 43.1 (21.1 to 88.0) v 

6.2 (2.4 to 15.9) 7.6 (1.6 to 36.7) 86

Discordant (positive/negative) v dual negative
IGRA positive and TST negative v IGRA 
negative and TST negative†† 3 476 v 2643 956 (2.0) v 5541 (2.1) 29 (3.3) v 15 (0.7) 16.5 (3.7 to 74.8) v  

3.1 (1.4 to 6.6) 5.1 (2.4 to 10.8) 0

IGRA negative and TST positive v IGRA 
negative and TST negative‡‡ 4 672 v 2724 1534 (2.3) v 5856 (2.1) 18 (2.4) v 15 (0.6) 9.1 (3.0 to 28.0) v  

2.6 (1.2 to 5.6) 3.6 (1.8 to 7.2) 0

TST=tuberculin skin test; IGRA=interferon-gamma release assay; N/A=not applicable.
*Percentage represents pooled cumulative incidence estimated from random effects meta-analysis.
†Pooled estimates using random effects meta-analysis.
‡Data provided for reference. Populations are from British Columbia and Saskatchewan, Canada, and Florida, USA.
§One study used the T-SPOT.TB IGRA, while the remaining three used the QFT-GIT (QuantiFERON Gold-In-Tube) IGRA. One study, using QFT-GIT, was exclusively in contacts aged <18 years.
¶One study used the T-SPOT.TB IGRA, whereas the remaining two used the QFT-GIT IGRA. One study, using QFT-GIT, was exclusively in contacts aged <18 years.
**One study used the T-SPOT.TB IGRA, whereas the remaining five used the QFT-GIT IGRA. Two studies, using QFT-GIT, were exclusively in contacts aged <18 years.
††One study used the T-SPOT.TB IGRA, whereas the remaining two used the QFT-GIT IGRA. One study, using QFT-GIT, was exclusively in contacts aged <18 years.
‡‡One study used the T-SPOT.TB IGRA, whereas the remaining three used the QFT-GIT IGRA. One study, using QFT-GIT, was exclusively in contacts aged <18 years.
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not identify a consistent difference in tuberculosis 
risk between studies conducted before and studies 
conducted after 2006. In studies using a TST, rounding 
of induration measurements might introduce bias, but 
since this is a common issue in clinical practice, we do 
not think it affects the generalisability of our results. 
Most included studies were conducted in settings with 
a tuberculosis incidence of less than 100 per 100 000 
population, potentially restricting generalisability 
of our results to settings with a low incidence of 
tuberculosis and low risk of reinfection.

Many national and international guidelines2 8-11 
recommend treatment of latent tuberculosis infection 
for many of the populations included in this meta-
analysis. Of the studies included, about 40% prescribed 
treatment for latent tuberculosis infection to 20% or 
more of participants. It might be expected that in these 
studies those untreated were at lowest risk of disease, 
resulting in an underestimation of the population risk 
of tuberculosis. Given the aggregate nature of the data 
it is difficult to control for this possible confounding 
factor and determine the potential effect it had on 
estimates. In stratified analyses comparing studies 
prescribing treatment for latent tuberculosis infection 
to less than 20% of the study population compared 
with 20% or more we did not notice a consistent trend 
that studies prescribing treatment to 20% or more of 
the population had lower rates of tuberculosis.

Other factors could contribute to underestimation 
of tuberculosis risk, such as possible dropouts, death, 
or emigration. Additionally, among non-HIV infected 
immunocompromised populations, such as people 
requiring dialysis, immortal time bias might be present 
as tuberculosis incidence is highest in the immediate 
months after diagnosis.39 40

Alternatively, some factors might result in 
overestimation of risk. It is possible some populations, 
such as tuberculosis contacts, included people with 
additional characteristics, such as diabetes, that 
further increased their risk of tuberculosis. The mean 
follow-up time in most studies was two to three years, 
so our estimates might overestimate long term risk, 
after many years. However, our estimates of cumulative 
incidence help clarify total future risk of tuberculosis 
in a fixed timeframe; the high estimates of risk seen 
underscore the importance of treatment for latent 
tuberculosis infection to reduce that risk. Lastly, 
although 85% of studies were conducted in countries 
with an annual tuberculosis incidence of less than 100 
per 100 000, re-exposure and reinfection could have 
contributed to incident tuberculosis.

Conclusion and policy implications
Among members of certain risk groups with a positive 
TST or IGRA result, incidence rates for tuberculosis 
were high compared with members of the same group 
with a negative test result for latent tuberculosis 
infection, or people in the general population with a 
positive TST result but no other risk factor. The highest 
rates were seen among tuberculosis contacts, people 
living with HIV, recent immigrants or refugees, people 

requiring dialysis, people with silicosis, and prisoners. 
The findings of this review should encourage 
providers to test for latent tuberculosis infection and 
consider treatment in people with one of the risk 
factors associated with an increased risk of incident 
tuberculosis.
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