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Key questions

What is already known?
 ► Active case finding enhances tuberculosis (TB) case 
detection by finding, diagnosing and treating miss-
ing patients with TB.

What are the new findings?
 ► There is limited TB research conducted in key popu-
lations such as diabetes, migrants/refugees and the 
elderly. This may lead to overestimation or underes-
timation of estimates in South Africa.

 ► Focusing active case finding in populations such as 
household contacts, inmates, informal settlements, 
HIV- infected and migrants/refugees, as they are like-
ly to have higher TB yields.

What do the new findings imply?
 ► Though more research is needed to provide accurate 
estimates, existing epidemiological information can 
provide evidence that can inform TB control efforts 
in South Africa.

AbsTrACT
Introduction Tuberculosis (TB) case finding strategies are 
recommended to increase yield for TB in key populations. 
Several key populations are identified in the literature, but 
techniques for estimating yield and prioritising interventions 
are needed.
Methods We conducted a scoping review of existing 
evidence on TB burden to assess contribution of key 
populations to the TB epidemic in South Africa. Reports, 
articles and conference abstracts from January 2000 
to December 2016 were reviewed to determine TB 
incidence, prevalence and size of key populations in 
South Africa. Meta- analysis summarised prevalence and 
incidence rates of TB in selected key populations assessed 
for heterogeneity. TB risk was calculated for each key 
population. Number needed to screen (NNS) to diagnose 
one case of TB disease was computed. Population 
attributable fraction estimated the potential impact of 
interventions on TB cases per population.
results The search yielded 140 citations, of which 49 
were included in the review and a final 32 were included 
in the meta- analysis. A high prevalence of TB disease was 
observed in HIV- infected patients with an estimated effect 
size (ES=0.25, 95% CI 0.20 to 0.30). Heterogeneity was high 
in this population (I2=94.8%, p value=0.000). The highest 
incidence rate of TB disease was observed in the HIV- infected 
population (ES=6.07, 95% CI 4.90 to 7.51). The risk of TB 
disease in South Africa was high in informal settlements 
(RR=5.8), HIV- infected (RR=5.4) and inmates (RR=5.0). 
Most cases of TB would be found in inmates (NNS=26) and 
household contacts of patients with TB (NNS=25). A larger 
impact would be observed if interventions are directed 
towards inmates (31%), people living with HIV (PLHIV (37%) 
and informal settlements (43%).
Conclusions Our findings illustrate the of value using 
available epidemiological evidence to inform targeted 
TB interventions. This review suggests that targeting 
interventions towards inmates, PLHIV and informal 
settlements would have a bigger impact on TB burden in 
South Africa.

InTroduCTIon
Tuberculosis (TB) is still a major public health 
challenge contributing to high morbidity and 

mortality rates globally. Early diagnosis and 
prompt linkage into care are essential for 
successful TB programmes. It is estimated 
that in 2018, nearly four million cases globally 
were unreported or undiagnosed,1 including 
approximately 160 000 ‘missing’ in South 
Africa. Since these patients are likely to perpet-
uate the spread of infection,2 it is important 
to find and link them to quality healthcare, 
as emphasised by the End TB strategy.34 In 
order to focus on innovative approaches to 
TB control, one could use epidemiological 
methods to estimate the size of TB epidemics 
in key populations and to adopt an integrated 
differentiated model of TB service delivery in 
vulnerable populations.

South Africa’s National Strategic Plan 
(NSP) for HIV, TB and STIs 2017–2022 has 
highlighted healthcare workers (HCWs), 
inmates, people living with HIV (PLHIV) 
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box 1 Key populations outlined in the national strategic 
Plan 2017–2022

Key populations at risk of exposure to or transmitting 
tuberculosis (Tb) disease

 ► Children.
 ► People living with HIV.
 ► Diabetics.
 ► Smokers.
 ► Alcohol and substance users.
 ► People who are malnourished or have silicosis.
 ► Mobile, migrant and refugee populations.
 ► People living and working in poorly ventilated environments, includ-
ing informal settlements.

Key populations at risk of Tb infection and reinfection
 ► Healthcare workers.
 ► Mineworkers.
 ► Inmates.
 ► Correctional officers.
 ► Household contacts of patients with confirmed TB.

Table 1 Detailed search strategy conducted with PubMed 
and Google Scholar

ID 
number Search

1 MeSH descriptor (tuberculosis)

2 MeSH descriptor (South Africa)

3 1 and 2

4 “Healthcare workers” or “Nurses” or “Doctors” 
or “Mineworkers” or “Miners” or “Inmates” or 
“prisoners” or “prisons” or “correctional facilities” 
or “Informal settlements” or “townships” or 
“peri- urban” or “resource- limited settings” 
or “tuberculosis contacts” or “Household 
tuberculosis contacts” or “HIV- infected” or 
“HIV- positive “or “Diabetics” or “diabetes” or 
“Paediatric” or “children” or “Pregnant women” 
or “antenatal”

5 3 and 4

MeSH, Medical Subject Headings.

and in informal settlements, pregnant women, children 
under 5 years, household contacts for index patients 
with TB, diabetics and mineworkers and perimining 
communities as key populations for TB (box 1).5 The 
90−(90)−90 targets of the Global Plan require tuber-
culosis programmes to increase their efforts in scaling 
up the coverage of TB care. This includes targeting 
and accessing key populations for tuberculosis control 
(second 90). The first step decision makers at the national 
level need to do is to determine the true burden of TB 
by understanding the local epidemiology, size estimation 
and contribution of key populations to the TB epidemic 
in South Africa. This information will support mobilising 
resources while taking into account the unique imple-
mentation challenges for each population. This review 
therefore uses the existing epidemiological information 
and readily available epidemiological tools to estimate 
the yield of TB and the potential impact of interventions 
on TB cases in each key population in South Africa.

MeTHods
We chose to perform a scoping review to answer our 
research question, given the broad nature of the topic, 
and to identify the nuances in the different key popu-
lations and gaps in the literature. The methods used in 
this review are in line with the Preferred Reporting Items 
for Systematic Reviews and Meta- Analyses Extension 
for Scoping Reviews (PRISMA- ScR).6 The PRISMA- ScR 
checklist was completed as the protocol for literature 
reviews.

search strategy
Two independent researchers (LAC and NM) conducted 
a review of peer- reviewed literature published between 
January 2000 and December 2016 from PubMed. 
The references of included articles were scanned to 

identify additional articles of interest. Grey literature 
from websites of national departments (ie, Health, 
Chamber of Mines, Correctional Services and Statistics 
South Africa) and international organisations (ie, WHO, 
United Nations High Commission for Refugees, Global 
Diabetes Scorecard and Stop TB partnership) were also 
searched using Google and Google Scholar. A compre-
hensive search strategy using the following Medical 
Subject Headings terms (table 1) was adopted. For each 
key population, we performed a separate search using 
the three- keyword combinations. A Boolean operator 
‘AND’ was used to refine the search by excluding articles 
outside South Africa. No authors were contacted and no 
additional ongoing research was included.

study selection
A three- pronged approach was used to analyse the search 
results. First, articles were included or excluded based 
on their title. Second, abstracts were reviewed and arti-
cles were either selected or dropped. Lastly, full- text 
versions were obtained for the remaining articles. LAC 
and NM scanned all articles by title, abstract and full- text 
independently. Where there was no agreement on the 
study selection or methodology, discussions were held to 
resolve so as not to exclude any article based on strict 
scientific criteria. We included English language arti-
cles that reported on TB prevalence and/or incidence 
rates and/or case notifications. The studies had to use 
direct measurement of prevalence or incident rates. 
Articles that did not meet the aforementioned criteria 
were excluded. We included observational studies with 
cross- sectional and cohort designs and experimental 
studies with randomised trial designs. Duplicates and 
articles published outside the defined review period were 
excluded. The selected studies and their characteristics 
are summarised in table 2.
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data collection
For every study, information on key characteristics was 
collected, which included the key population, study 
design, sample size, tuberculosis disease diagnosis, 
number of cases, follow- up period, study duration, preva-
lence and incidence rate.

definition of key populations
Informal settlements were defined as either areas 
recently urbanised, overcrowded (plot size 250–800 m2) 
with informal dwellings for a population of low socio-
economic status,7 or townships, periurban or resource- 
limited settings.8–10 HCWs were individuals employed in 
healthcare facilities or providing healthcare in communi-
ties.11 12 Tuberculosis contacts lived in the same household 
as an index patient with tuberculosis.13 14 The estimated 
size of household tuberculosis contacts (1.6 million) was 
determined by the number of tuberculosis cases reported 
in 2016 (437 000)15 multiplied by the average household 
size (3.6)16 reported in the 2011 census. Chronic alcohol 
users’ consumption of alcohol resulted in physical or 
psychological adverse events.17 18 Mineworkers were those 
working in mining sites. Definition of the three catego-
ries of key populations was adopted from the Stop TB 
Partnership 2015 report.4

selecting prevalence and incidence estimates
The overall prevalence and incidence estimates were 
derived from the WHO Global Tuberculosis Reports 
201515 and 2018,19 respectively. For most of the key popu-
lations, previous estimates derived from the Evidence to 
Inform South African Tuberculosis Policies (EVISAT) 
conducted in 2014 on healthcare workers, inmates, mine-
workers, children under 5 years and PLHIV were used, as 
they were considered most representative. The EVISAT 
reports were individual systematic reviews that contained 
10–30 studies for each population. Of the remaining 
eight key populations discussed in this paper, estimates 
for diabetics, smokers, chronic alcohol users, migrants/
refugees, women and the elderly were derived from a 
single article. The articles reported either an incidence 
or a prevalence rate and a case notification rate for the 
elderlies. However, prevalence and incidence rates for 
migrants/refugees were reported from a single paper. 
Prevalence estimates for last two populations, household 
tuberculosis contacts and pregnant women, were derived 
from a meta- analysis involving five and four studies, 
respectively. The incidence rates were derived from one 
article per key population.

The relative risk (RR) was extrapolated by dividing 
the incidence in each population by that of the general 
population. The number of cases in each population 
were calculated by multiplying the absolute population 
by the tuberculosis incidence per 100 000. The number 
needed to screen (NNS) was computed by inversing the 
tuberculosis prevalence in each population. The popu-
lation attributable fraction (PAF), a function of RR and 
prevalence, was calculated by estimating the proportion 

of tuberculosis cases in the total population that would 
be averted if exposure to risk (key population) would 
be reduced using the formula  PAF = P×(RR−1)

P×(RR−1)+1 , where 
p is the prevalence and RR is the relative risk of tuber-
culosis in a particular key population. All formulae used 
are summarised in online supplementary 1. Negative PAF 
values were not reported.

Quality assessment for observational studies
A modified Newcastle- Ottawa Scale for non- randomised 
studies was used in assessing studies quality.20 This tool 
assessed four study characteristics: study design, sample 
size, tuberculosis diagnosis method and duration of 
study. Each of these criteria was assigned a score of 1–4. 
The highest possible score was 16, and studies with scores 
above 9 were considered good quality. No studies were 
excluded from analysis based on their quality scores 
(online supplementary 2).

Quality assessment for randomised controlled trial studies
The Consolidated Standards of Reporting Trials 
(CONSORT) 2010 checklist with 37 items was applied to 
evaluate the quality of the randomised controlled studies. 
A score of 1 was given if details required by the CONSORT 
were reported, and a score of 0 was reported where no 
item was reported. Compliance with the CONSORT was 
defined as the percentage of the items which was fulfilled 
by the paper, calculated by dividing the sum of the scores 
by 37. Papers that reported with randomisation, alloca-
tion concealment and blinding were considered high 
quality. No studies were excluded from analysis (online 
supplementary 3).

Meta-analysis
Meta- analyses were conducted to calculate an estimate 
of tuberculosis prevalence and incidence rate in selected 
key populations. For inclusion, studies reported on the 
number of tuberculosis cases, population size, incidence, 
prevalence and number of person years. Studies with 
survey, cross- sectional or evaluation designs contributed 
to prevalence, whereas cohort or trial designs provided 
incidence estimates. The associated SEs for incidence 
rates using the random effects model were calculated by 
estimating the inverse of the square root of the reported 
tuberculosis cases. These estimates were entered into 
Microsoft Excel V.2010, exported into STATA V.14 for 
analysis by using metaprop and metan commands for calcu-
lating pooled estimates for prevalence and incidence 
rates respectively. I2 estimates determined heterogeneity 
between studies in each population where >50% showed 
higher heterogeneity. Forest plots by the key population 
were drawn for tuberculosis prevalence and incidence 
rates.

Patient and public involvement
There has been no patient or public involvement during 
this review.
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Figure 1 Flow diagram of article inclusion, 2000–2016. MDR, multidrug resistant; XDR, extremely drug resistant.

resulTs
Database searches yielded 120 citations and 20 reports 
(figure 1). A full- text review of 109 studies was conducted. 
Duplicate studies (n=13), those outside defined study 
period (n=9), not accessible (n=9), short communica-
tions (n=11), studies on tuberculosis infection (n=15) 
and tuberculosis resistance (n=19) were excluded. 
Overall, 51 studies were considered eligible for review, 
and from these, 32 (63 %) of acceptable quality (score 
≥10) (see online supplementary 2 and 3) were selected 
for meta- analysis.

study characteristics
The characteristics of the studies included in the review 
are summarised in table 2. The studies were published 
between 2000 and 2016. Observational study designs 
were commonly used to report prevalence and incidence 
rates, and these included cross- sectional (n=15), prospec-
tive and retrospective cohorts (n=16), and programmatic 
analysis (n=5). We also included randomised control 
trials (n=5) and systematic reviews (n=8).

estimated population size
Several sources provided the estimated key population 
sizes as summarised in online supplementary 4. Women 
(24.6 million),21 those living in informal settlements 
(3.3 million)22 and smokers (9.5 million) made the largest 
population across the three categories.

Tuberculosis estimates for key populations
Approximately 281 000 tuberculosis cases were reported 
in South Africa, resulting in an estimated incidence of 
520/100 000.15 The estimated tuberculosis prevalence was 
696/100 000.23 Table 2 provides the different prevalence 
and incidence estimates and the rationale for selecting 
the final estimate. Prevalence and incidence estimates for 
mineworkers, inmates, people living in informal settle-
ments, children under 5 years and PLHIV were derived 
from separate EVISAT systematic reviews. Estimates for 
migrants/refugees, smokers and chronic alcohol were 
derived from cohort studies. Two meta- analyses of several 
cohort studies provided prevalence and incidence esti-
mates for household contacts and pregnant women. 
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Prevalence estimates for diabetics and the elderly were 
derived from single cross- sectional studies.

Heterogeneity of tuberculosis prevalence and incidence in key 
populations
Heterogeneity was high in studies reporting on inmates, 
household TB contacts, HIV- infected and pregnant 
women (I2>90%, p=0.000) included in the meta- analysis 
to estimate tuberculosis prevalence (online supple-
mentary 5). Studies on healthcare workers, informal 
settlements and children under 5 years were reportedly 
homogenous (I2=0%). Ten studies reporting on inci-
dence rates were assessed for heterogeneity within the 
respective key populations. Heterogeneity within each 
key population was high (I2 >50%) in studies investi-
gating tuberculosis incidence rate in healthcare workers 
(I2=99%, p=0.000), mineworkers (I2=98%, p=0.000) and 
HIV (I2=81%, p=0.006). There was less heterogeneity in 
studies within children under 5 years (I2=29%, p=0.236) 
(online supplementary 6).

risk of tuberculosis in each key population
The risk of tuberculosis disease was highest in informal 
settlements (RR=5.8), HIV- infected (RR=5.4), inmate 
(RR=5.0) and refugee/migrant populations (RR=4.2).

Yield from tuberculosis screening
Populations with the lowest NNS and likely to produce 
a high yield from active tuberculosis screening were 
migrants/refugees (NNS=3), tuberculosis household 
contacts (NNS=25), inmates (NNS=26) and persons 
living in informal settlements (NNS=32) (table 3). Lowest 
yield of tuberculosis was observed in women (NNS=435), 
elderlies (NNS=382), children under 5 years (NNS=151) 
and smokers (NNS=115) (table 3).

Contribution to the tuberculosis epidemic of south Africa
From approximately 291 000 tuberculosis cases reported 
in 2018, most contribution was from PLHIV (n=231 420) 
and informal settlements (n=148 500). The populations 
with a smaller contribution to the TB epidemic included 
healthcare workers (n=3397), inmates (6318) and the 
elderly (n=7860). The largest and smallest reduction in 
TB cases would occur in informal settlements (PAF=43%) 
and smokers (PAF=0.2%), respectively, if TB control 
interventions were put in place.

dIsCussIon
Estimation of tuberculosis prevalence and incidence 
should include a measure of how much of its burden 
is attributed to key populations. Tuberculosis interven-
tions including active case finding, passive case finding 
and improved access to primary healthcare facilities 
need to target populations where a large impact may 
be expected. From this review, the largest contribution 
is attributable to PLHIVs and those in informal settle-
ments. If TB control efforts are intensified, it is possible 
to reduce TB cases in informal settlements and PLHIV 
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by 43% and 37%, respectively. HIV is a well- documented 
risk factor for tuberculosis, with identified prevention 
and care strategies, including intensive case finding 
and treatment. Results from meta- analysis showed high 
tuberculosis prevalence in HIV- infected, children under 
5 years, informal settlements and household contacts. 
Tuberculosis control activities in informal settlements 
are taking traction in South Africa, and our findings 
encourage enhancing active tuberculosis screening in 
this key population.

The review methods provide stakeholders with 
additional considerations needed to operationalise 
programmes for key populations. Extrapolated estimates, 
such as NNS and PAF, are useful in estimating the yield 
and the potential impact of interventions in key popu-
lations. These estimates can provide evidence necessary 
to inform tuberculosis case finding strategies and other 
interventions. The NNS identifies the populations most 
likely to generate higher yields from targeted screening 
activities, which informs priority setting and resource 
allocation while accounting for cost estimates.

This review provides estimates for cost- effectiveness 
of a screening intervention through identification of 
suitable diagnostic methods and feasibility of screening 
programmes in resource- strained settings. Findings from 
this research show that higher yields of tuberculosis 
disease in South Africa can be realised by screening in 
informal settlements, correctional facilities and in HIV- 
infected patients. This review suggests that informal settle-
ments contribute largely to the tuberculosis epidemic in 
South Africa. As such, a targeted screening programme 
would yield significant tuberculosis cases. This finding 
is supported by similar findings in Brazil, where a trans-
mission model of tuberculosis in Rio de Janeiro showed 
a high incidence in an area contributing to 36% of all 
reported tuberculosis cases.24 In Nigeria, a high tubercu-
losis yield was observed (NNS=16) after screening about 
16 000 urban slum dwellers.25 In South Africa, there 
was a high likelihood of tuberculosis transmission in 
economically depressed areas where intimate and close 
contact occurred during social gatherings.26 These find-
ings reveal the need to direct tuberculosis control efforts 
towards informal settlements as overcrowding and lower 
socioeconomic status are probably at play to explain high 
tuberculosis transmission.26 27

Another consideration is feasibility of implementing 
active case finding in accessible populations. Inmates 
may be relatively accessible compared with HCWs and 
mineworkers who are widely dispersed in small numbers 
across the country. Access to HCWs may be impeded by 
issues of confidentiality in the workplace.28 There may 
be additional considerations when investing in HCWs as 
they provide health services and are crucial to epidemic 
control. One study showed 60% of unreported tubercu-
losis cases among HCWs originated from unimplemented 
tuberculosis screening programmes.11 Mineworkers, 
employed in large numbers in specific locations, are easy 
to access, although issues regarding stigma, confidentiality 

and migration need consideration. For inmate popula-
tions, additional infection control strategies are necessary 
due to very crowded living conditions and reduced venti-
lation. Although not included in the South Africa NSP 
2017–2022, accessing refugees/migrants for tuberculosis 
activities is essential. Access to this population may be 
complicated by legal issues, language barrier and lack of 
awareness of human rights.4 Some populations may prove 
less complicated to target, especially PLHIV accessing HIV 
care. The choice of screening tool in this population should 
be carefully considered as yield from symptom screening is 
generally overestimated and low sensitivity of GeneXpert 
MTB/RIF has been reported.29 Access to informal settle-
ments may be difficult due to failure to locate addresses.13 
Considerations for other populations include diagnosis 
difficulties (children and elderly), access to households 
(contacts) and absence of integrated services (diabetics).

Our review was not without limitations. First, there was 
scarcity of information on tuberculosis risk for all popu-
lations, explaining the high level of heterogeneity in 
estimates observed in studies across the populations. In 
addition, some populations had limited and outdated 
evidence limiting their generalisability outside of specific 
study settings. Information regarding diabetics, smokers, 
women, chronic alcohol users, the elderly and refugees/
migrants was extracted from single studies, which may 
affect the external validity of the studies; interpretation 
should be done with caution. Data on pregnant women, 
mineworkers and migrant/refugees populations were 
limited to PLHIV and thus overestimated their contribu-
tion to tuberculosis burden. Our review therefore provides 
evidence that there are new gaps in the available literature, 
and these findings present the need for further research 
in these key population groups. Most studies in informal 
settlements were conducted in Western Cape and Gauteng 
provinces, reflecting a limited geographical represen-
tation. Despite these limitations, we have attempted to 
address the contribution of key populations to the tuber-
culosis epidemic in South Africa as comprehensively as 
possible. Where possible, we included both cross- sectional 
(prevalence) and longitudinal studies (incidence) on the 
same population to negate the obscurity that one summary 
statistic may have introduced. We believe that this review 
can serve as a vital tool for governmental national tuber-
culosis programmes and other relevant stakeholders active 
in tuberculosis control in assessing the expected yield of 
available case finding strategies given the screening and 
diagnostic capabilities available in South Africa.

Lastly, although not included in the South Africa NSP 
2017–2022, findings suggest that populations such as 
refugees/migrants, the elderly, smokers, chronic alcohol 
users contribute to the overall tuberculosis epidemic. 
However, more studies in these populations are required 
to provide accurate estimates.

ConClusIons
Using epidemiological evidence to estimate the yield 
and burden of tuberculosis in specific populations allows 
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policy makers to focus the available case finding strategies 
where they are more likely to have an impact. Targeted 
interventions to informal settlements, in addition to 
PLHIV, mineworkers and inmates, are suggested as these 
populations are likely to have higher tuberculosis yields.
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