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Abstract According to the WHO, half of the 10.4
million incident cases of TB in 2016 came from five
countries where 20–50% of the urban population live in
slums. Crowded living conditions and limited access to
healthcare further contribute to the burden of TB in
urban slums. This article aims to assess the odds of the
burden of TB in urban slums through a systematic
review and meta-analysis. Four electronic databases
were searched for studies published between 1993 and
2017, with TB defined as at least one sputum smear-
positive. The review followed the PRISMA protocol
and information was extracted from articles for a full-
text review to determine eligibility. Odds ratios were
calculated for studies reporting sputum smear-positive
TB cases in slum settings with national incidence as a
comparison. Summary estimates were calculated using
the random effects model (95% CI) and publication bias
was assessed through funnel plot analysis. A quality
assessment of included articles was also conducted. This
meta-analysis was conducted across three categories: (1)
across all 22 studies, (2) studies utilizing Active Case
Finding, and (3) studies conducted in a high TB-HIV
setting. The odds of sputum smear-positive TB were
significantly higher across all three categories of analy-
sis. Compared with national TB incidence rates, the
combined odds ratio of smear-positive TB within slums
was 2.96 (2.84, 3.09; p < 0.01). The combined odds

ratio for smear-positive TB with active case finding
across 15 studies was 2.85 (2.71, 2.99; p < 0.01).
Among the 11 studies that reported incidence of
smear-positive TB with prevalent TB-HIV coinfection
in the community, the combined odds ratio for slum
residents with the random effects model was 2.48
(2.34, 2.63; p < 0.01). Using Egger’s funnel plot, publi-
cation bias was not detected within the three categories
of analysis. The findings of this analysis indicate that the
odds of developing TB are almost five times as great in
urban slums. Reaching the most vulnerable and often
overlooked groups in slums is crucial to achieving the
SDGs and End TB Strategy by 2035.

Keywords Urban poor . Slums . Tuberculosis . Key
populations . End TB strategy

Introduction

In 2016, an estimated 10.4 million incident cases of TB
occurred, with 56% of these new cases in only five
countries: India, Indonesia, China, the Philippines and
Pakistan [1], which are between 33 and 60% urbanized
[2]. Due to high population density, crowded living and
working conditions, and lifestyle changes associated
with urban living, the rate of TB tends to be higher in
urban areas compared to rural areas [3, 4]. Thirty-five
countries (out of 93) with a high proportion of urban
populations living in slums also are characterized by a
high incidence of TB (Figs. 1 and 2) [1, 5].
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Fig. 1 New cases of TB (per 100,000) vs. percent of urban population living in slums. Data source; WHO Global Health Repository and
SDG Indicators Database (2016). Figure created with Tableau.

Fig. 2 Countries with the highest TB incidence rates and proportion of urban population living slums as measured by above/belowmedian.
Data source: WHO Global Health Repository and SDG Indicators Database (2016). Figure created with Tableau.
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Within urban areas, slum settlements exhibit TB-
facilitating qualities to an even greater degree. The
United Nations defines a “slum household” as one in
which the inhabitants suffer one or more of the follow-
ing “household deprivations”: (1) lack of access to
improved water source, (2) lack of access to improved
sanitation facilities, (3) lack of sufficient living area, (4)
lack of housing durability, and (5) lack of security of
tenure [6]. Slum communities are well-known as living
quarters for migrants, displaced persons, and other
groups that may not have access to national health
programs [6–8]; in addition, slums are breeding grounds
for infectious diseases, including tuberculosis, which
spread easily in highly concentrated populations
[9–11]. The 5 top-contributing countries to the contin-
ued global TB burden have between 25 and 50% of their
urban populations living in slum conditions [2].

In addition to environmental characteristics that facil-
itate the spread of TB, urban slum residents also have
access to a highly diverse set of healthcare providers that
pose numerous programmatic challenges for TB control.
Most importantly, private health care providers are the
most common first point of contact for urban residents,
even the urban poor who live in slum areas, despite the
high out-of-pocket costs [12–14]. Persons with presump-
tive TB are often not diagnosed or treated according to
international standards, and do not appear in national TB
reports. In recognition of this, the Stop TB Partnership
incorporated Engaging All Providers in the Global Plan
to Stop TB 2004–2008, with Public-Private Mix DOTS
(PPM-DOTS) as the primary strategy to strengthen this
weak link; PPM-DOTS was shown to be an effective
approach over the following decade [13, 15, 16].

Recently, the WHO announced the End TB Strategy
to “End the global TB epidemic” to reduce TB deaths by
95% and TB incidence by 90%, both by 2035 [1]. The
principles of the End TB Strategy address government
accountability, building a strong coalition with civil
society and communities, protecting and promoting hu-
man rights, and adapting the strategy at country level
with global collaboration [17]. The End TB Strategy
focuses on (1) integrated, patient-centered care and pre-
vention with a focus on diagnosis and treatment, and
preventative action for persons at high risk; (2) policy
and supportive systems, including political commit-
ment, universal health coverage, and social protection;
and (3) intensified research and innovation in strategies,
interventions and tools, as well as research to optimize
implementation [17].

In line with this strategy, the Sustainable Develop-
ment Goals also address the TB epidemic and improv-
ing the conditions for slum populations. Specifically,
Goal 3.3 aims to end the epidemics of AIDS, TB,
malaria, and those of neglected tropical diseases, as well
as to combat hepatitis, water-borne diseases, and other
communicable diseases; Goal 11.1 aims to ensure ac-
cess for all to adequate, safe, and affordable housing and
basic services and upgrade slums, both by 2030 [5].

The strategy of engaging all providers continues to be
an important element of the End TB Strategy (Pillar
2.B.) [17]; however, although “people who live in urban
slums” [18] is identified as a key population for
targeting, The Data for Action for Tuberculosis: Key,
Vulnerable and Underserved Populations report [19]
fails to specify slum residents, or even urban popula-
tions, as a key population, although a subsequently
published Key Population Brief [20] and the Global
Report on Urban Health [21] do focus on urban popu-
lations. This research reviews existing literature to esti-
mate the increased odds of TB faced by slum residents,
in the hopes that slum-specific strategies for ending TB
will be prioritized and developed.

Methods

This is a systematic literature review and meta-analysis
to assess the burden of TB among populations living in
slum settings.

Search Strategy

This review follows the research methods and reporting
guidelines as described in the PRISMA statement and in
the Cochrane Handbook for systematic reviews [22].
Four electronic databases were searched: CINAHL,
MEDLINE (OvidSP), Pubmed, and SCOPUS. Studies
that collected data or were published prior to 1993 were
excluded, as changes to TB strategies are assumed to
have taken effect after the WHO announced TB as a
global emergency and endorsed DOTS in 1993. The
population of interest for this review were individuals
living in slum settings. The outcome of interest was
tuberculosis, defined as at least one positive sputum
smear for TB. Specific search terms included: slum,
shanty-town, favela, kijiji, johpadpatti, gecekondu,
aashiwa’I, barriada, kampong, mudukku, and peri-
urban and tuberculosis [8]. The search strategy included

264 Noykhovich et al.



“tuberculosis” and the corresponding slum terms with
an “AND” operator; for example, tuberculosis AND
favela. References of the included articles were searched
to ensure a comprehensive review.

Inclusion/Exclusion Criteria

Only studies published in English were included. A three-
stage process was employed to select articles for the
systematic review and meta-analysis (Fig. 3). Stage one
excluded duplicate articles among the predefined data-
bases based on title alone and removed duplicate articles.
Stage two excluded articles through abstract review and
excluded studies which collected data prior to 1993, opin-
ion pieces, essays, the objective of the study was not

directly related to TB, the study was not in a slum setting,
or if the study’s primary focus was on describing molec-
ular techniques, vaccine development or zoonotic TB.

Stage three consisted of a full-text review for rele-
vance to the study objectives and extracted key informa-
tion from each article: study design, duration, setting,
sampling, participant/population information, TB case
definition and diagnostic methodology, and outcomes
(incidence, prevalence). Articles that did not provide a
clear description of study design and methods, used
qualitative methods only, collected data prior to 1993,
or conducted financial analyses among other reasons
(Fig. 3) were excluded at Stage three. Further review of
extracted articles produced amore refined list of included
articles for analysis based on the above information, with

Fig. 3 Search strategy and exclusion criteria
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specific focus on study design and diagnostic methodol-
ogy of a TB case. ProQuest Refworks and MS Excel
were used to identify duplicates, andMS Excel was used
to record and maintain information extracted from each
study through the review stages. Articles at all three
stages were reviewed and selected by one reviewer
(EN), but the methodology of each stage was confirmed
with the other authors (SM, AR).

Quality Assessment of Selected Studies

A series of questions were adapted to assess the quality
of the 22 included studies reporting on tuberculosis
among slum populations and assessed the independence
of the study, robustness of methodology, definition of a
tuberculosis case, robustness of data analysis, and
reporting of confounding factors [23, 24]. Responses

to these questions were recorded and maintained in an
MS Excel spreadsheet.

Outcomes and Definitions

The definition of a TB case was based on at least one
positive sputum smear result for TB. The comparison
group in this analysis was the national incidence rate of
smear-positive TB as within-study comparison groups
were not similar enough across all studies to serve as a
matched comparison group. To determine if diagnostic
methods or population groups have an effect on the rate
of TB among slum settings versus the national rate,
analyses were grouped by:

1) Smear-positive TB cases
2) Active case finding as method of TB case finding
3) TB-HIV coinfection reported in study population

Fig. 4 Forest plot of TB incidence in studies reporting sputum smear-positive TB in slum settings (n=22)
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Meta-analysis

To calculate an odds ratio, the number of new smear-
positive TB cases reported by each study was used as the
numerator, and the number of people within the study
sample (or slum population screened by the study when
study sample number was not available) was used as the
denominator; the comparison group was the national TB
incidence from the WHO Global TB Report [25].

This meta-analysis followed the guidelines of previ-
ous meta-analysis recommendations for Stata [26]. TB
incidence rates were pooled and odds ratios were calcu-
lated using the random effects model. The random ef-
fects model (DerSimonian and Laird) was chosen to
represent the combined summary estimate across stud-
ies because it assumes that the studies differ to the extent
that they could impact the risk estimate, whereas the
fixed effect model assumes that the effect size is the
same in all study populations and therefore was not
appropriate for this analysis [27]. All of the studies

included in the summary estimate calculations are not
equal in terms of sample characteristics—they vary
slightly in TB diagnosis (some use a combination of
sputum smear and bacterial culture, others use sputum
smear only), the age groups vary slightly across studies,
and the male-female ratio is different throughout studies.
Therefore, the random effects models were preferred for
this analysis and conducted using Stata 13.1.

The random effects models were also tested for
asymmetry which could stem from publication bias,
location bias, reporting bias, poor methodological qual-
ity, true heterogeneity, artefactual, or from chance alone
[28]. The Egger test for funnel plot symmetry was
employed based upon recommendations and that it
“corresponds to a linear regression of the log odds ratio
on its standard error, weighted by the inverse of the
variance of the log odds ratio” [22, 28]. Funnel plots
were generated by plotting the log odds ratio and its
standard error, as a measure of study size [26, 28, 29].
Although funnel plot tests are limited by low power and

Fig. 5 Forest plot of TB incidence in studies reporting use of active case finding for TB in slum settings (n=15)
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any large p values should be interpreted with caution,
this is still a standard test for bias [28].

Results

After a full-text review of 152 articles, 124 were exclud-
ed based on the identified criteria, with 28 papers con-
sidered eligible for the analysis (Fig. 3). Among the 28
papers reviewed, 6 were deemed ineligible based on
duplicated study populations and limited data availabil-
ity. Of the 22 included articles, there were 14 cross-
sectional studies, three retrospective surveys, two pro-
spective studies, one evaluation, one longitudinal study,
and one randomized trial.

Three studies were carried out in India, three in
Brazil, two in South Africa, three in Pakistan, two in
Haiti, two in Uganda, and one each in Bangladesh,
Cambodia, Iran, Nepal, Nigeria, Peru, and the Philip-
pines. All of these countries, excluding Iran, are or have
been high-burden countries in the twenty-first century.

All studies were carried out in slum settings as stated in
the articles—slums, peri-urban neighborhoods/town-
ships, and urban poor settlements [30–32].

All 22 studies used sputum smears as at least one
form of TB diagnosis. Active case finding for TB
was reported in 15 of the 22 studies. No studies
reported an incentive for reporting TB cases, and
there was no reported epidemic of TB in the study
populations, although the studies in Haiti were con-
ducted after the major 2011 Haiti earthquake. Eleven
out of 22 studies reported TB-HIV coinfection with-
in the study population. Two studies reported drug
resistance to at least one drug within the study
population [33, 34].

The results from each random effects model are
shown in Figs. 4, 5 and 6 as forest plots; these graphs
show the odds ratio estimates and 95% confidence
interval from each study included in the analysis, the
weight based on original study sample size, and the
overall odds ratio estimate and 95% confidence interval
across all studies.

Fig. 6 Forest plot of TB incidence in studies reporting prevalence of HIV within slum settings (n=11)
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Fig. 7 a Egger test to assess
publication bias—all studies
defining TB as sputum smear-
positive. b Egger test to assess
publication bias—all studies
defining TB as sputum smear-
positive and using active case
finding. c Egger test to assess
publication bias—all studies
defining TB as sputum smear-
positive and reporting TB-HIV
coinfection within the study
population
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Among the 22 studies that reported incidence of
smear-positive TB cases, the combined odds ratio for
slum residents with the random effects model was 2.96
(2.84, 3.09; p < 0.01) (Fig. 4). Publication bias was not
detected using Egger’s funnel plot for all 22 smear-
positive TB studies, which shows a symmetric pattern
(P for bias 0.702 (Fig. 7a). Among the 15 studies that
reported incidence of smear-positive TB cases through
active case finding, the combined odds ratio for slum
residents with the random effects model was 2.85 (2.71,
2.99; p < 0.01) (Fig. 5). Publication bias was not detected
using Egger’s funnel plot for smear-positive TB and
active case finding studies which shows a symmetric
pattern (P for bias 0.771) (Fig. 7b). Among the 11 studies
that reported incidence of smear-positive TB with preva-
lent TB-HIV coinfection in the community, the combined
odds ratio for slum residents with the random effects
model was 2.48 (2.34, 2.63; p < 0.01) (Fig. 6). Publication
bias was not detected using Egger’s funnel plot, which
shows a symmetric pattern (P for bias 0.289) (Fig. 7c).
However, funnel plots are limited in their low power and
large p values should be interpreted with caution [28].

The results of the quality assessment indicate that the
majority of studies (17 of 22) reported no conflict of
interest, with an undeclared conflict of interest in five
studies (Fig. 8). Almost all studies clearly described
methods and reported sampling procedures implemented
(21 of 22), with all 22 studies clearly defining TB cases
(Table 1). All but two studies described limitations to some
extent; one study reported on the potential confounding
role of underlying lung disease, and five studies described
potential factors that may have affected result leading to
underestimated incidence of TB in the study population.

The results from this meta-analysis indicate an in-
creased likelihood for an individual to develop TB in a
slum setting when compared to their country as a whole,

ranging from three to five times greater likelihood, de-
pending on context and TB control program strategies.
The odds of sputum smear-positive TB, with active case
finding, were significantly higher in slum settings than the
national-level odds. Sputum smear-positive TB incidence
in high-HIV burden countries was also significantly higher
in slum settings, compared to national incidence rates.

Discussion

The findings from this meta-analysis indicate an in-
creased likelihood for an individual to develop TB in a
slum setting when compared to their country as a whole,
ranging from three to five times greater likelihood, de-
pending on context and TB control program strategies.
The odds of sputum smear-positive TBwere significantly
higher across all three areas of analysis. The results of this
meta-analysis support the reported challenges and rec-
ommendations stated in previous studies [54–59].

Governments and non-governmental organizations
continue to face challenges for controlling TB in slum
settings, and several studies have made recommenda-
tions to address key issues. One barrier to TB control in
slums is government recognition of slums as areas that
have rights to publicly provided services, including
health services, as well as water and sanitation, electric-
ity, etc. Lack of knowledge and access to TB diagnosis
and treatment among slum residents, in addition to
treatment non-adherence, delay in diagnosis, lack of
pills, and lack of money, are contributing factors that
must be addressed to reduce the burden of TB [60, 61].

Another barrier for effective TB control in slum
settings is the role the private sector plays. Coupled with
the ongoing challenge of limited information about the
health status of slum communities [8], TB control

Fig. 8 Quality assessment of 22 included studies for analysis
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programs need slum-specific innovations to effectively
address the information gap and to identify and treat all
people affected by TB. Active case finding and innova-
tive screening and treatment programs building on the
PPM-DOTS approach should be explored in countries
with a high proportion of the urban population living
slums, as recommended in the Stop TB Partnership’s
Key Population Brief: urban populations [20].

A global push towards regional collaboration and
national recognition of the rights of people living in
slum settings are a necessary step to ending the burden
of TB. While the Key Populations Brief: Urban Popu-
lations outlines actions to address poor urban residents,
the End TB Strategy does not include this group in the
report, and the lack of coherence between the Global
Strategy and the specific recommendations for key pop-
ulations increases the risk that urban slum populations
will continue to be overlooked in terms of comprehen-
sive, effective TB control strategies and actions. For the
five highest burden countries that contributed more than
half of new TB cases in 2016, 10–20% of their total
populations live in slum settings [2]. It remains to be
seen to what extent the urban poor, and slum residents,
are explicitly integrated into the End TB Strategy. De-
veloping a slum-specific TB control strategy should be
part of the UN General Assembly High-Level Meeting
on TB in September 2018, if the End TB goal is to be
met by 2035 or 2025, as India has called for [62].
Furthermore, to address the information gap and to
identify and treat people affected by TB, the feasibility
of active case finding and innovative screening and
treatment programs should be explored in countries with
a high proportion of the urban population living slums.
SDG 3 cannot be achievedwithout addressing the health
risks faced by people living in urban slums.

Limitations

This study compared TBwithin slum settings to national
incidence rates, which include slum settings, and there-
fore may represent a conservative estimate of the actual
TB risk within slum settings. Nineteen of the 22 articles
reported incidence rates within slum settings while three
reported prevalence measures of tuberculosis; due to the
differences in reporting, the results of this study may be
overestimated where prevalence is used as part of the
meta-analysis calculations. Where possible and infor-
mation provided, the slum population was used as the

denominator; however, only the survey sample was
provided in nine studies and may underestimate the true
estimates of TB in the population. In addition, because
slum residents rely heavily on private sector health
providers, reporting of actual TB cases from these set-
tings may be low. The actual difference in odds of
having active TB is therefore likely to be even higher
than what was estimated in this analysis. This review
was limited to four databases and articles published in
English; it is possible that further research may be
available in non-English literature. Regardless of the
limitations, the results of this analysis fit well with what
is known about TB transmission and the environmental,
progammatic, and individual level conditions that facil-
itate transmission of both drug-susceptible and drug-
resistant TB in urban slum settings.
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