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ABSTRACT

Objective Tuberculosis (TB) stigma is a critical barrier
to timely diagnosis and treatment, yet few studies have
quantified community-level TB stigma or its variability
across geographic contexts. This study describes methods
for capturing community-level TB stigma and examines
stigma variability and correlations with community-level
sociodemographic and TB-related factors across urban,
periurban and rural communities.

Design Ecological study.

Setting 93 demarcated study communities in Buffalo City
Metropolitan Health District, Eastern Cape, South Africa.
Participants 3869 heads of household, age >18 years,
were surveyed in a geographically clustered random
sample of households across the 93 study communities.
Primary outcome measures Validated scales were
used to measure perceived TB stigma. Community levels
of TB stigma were generated by aggregating individual
responses within each study community.

Results Median community TB stigma scores varied
significantly by community location: compared with urban
communities, rural communities had lower TB stigma
scores (beta=—0.235; 95% Cl —0.362 to —0.108) while
periurban communities had higher scores (beta=0.136;
95% C1 0.017 to 0.254). Community TB stigma was
positively associated with community HIV stigma, with
the strongest associations in urban (beta=0.977 (95%
Cl 0.634 to 1.321) and rural (beta=0.816 (95% Cl 0.186
to 1.446) communities. No associations were observed
between TB stigma and TB prevalence, TB knowledge or
household demographics after adjusting for community
location.

Conclusions TB stigma varied meaningfully across
communities and was associated with urbanicity and
HIV stigma. Stigma is a complex social process and
there may be many other factors shaping TB stigma

at the community level. Future research and stigma-
reduction interventions should consider local contexts
and community-level determinants beyond individual
demographics, TB knowledge or community TB burden.

5% Andrew Medina-Marino®’

STRENGTHS AND LIMITATIONS OF THIS STUDY

= Single-stage, geographic cluster sampling process
including urban, periurban and rural areas.

= Community member engagement and local knowl-
edge ensured study communities were meaningful-
ly demarcated rather than relying on administrative
census units.

= Chance and/or participant non-response could lead
to a sample that is not representative.

= Self-reported data from heads of household may not
represent all household members.

INTRODUCTION

The WHO estimates that, in 2023, 10.8 million
people globally developed tuberculosis (TB)
disease and 1.25million died.! That same
year, South Africa’s estimated TB incidence
was 427 cases per 100000 population,” one of
the highest in the world, and remains one of
the high-burden countries for HIV-associated
and drug-resistant TB.! Yet South Africa is
also the only high-burden country to have
reduced TB incidence by 50% compared with
2015 rates, meeting the 2025 target of End
TB Strategy (ETBS).!

Historically, national TB programmes have
focused on treatment success rates, which
do not account for upstream indicators (eg,
case finding; treatment initiation). This was
powerfully evident from an analysis of the
South African TB care cascade, which esti-
mated that 23% of cases were missed, not diag-
nosed or never initiated treatment.” When
including the 15% of cases not successfully
completing treatment, nearly 40% of those
with TB in South Africa were not successfully
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identified, cared for and treated. While a TB care cascade
framework can identify major attrition points for inter-
vention,* ° this approach seldom identifies specific risk
factors contributing to patient attrition or delays between
successive steps. Furthermore, while individual-level and
system-level factors impacting progression along the TB
care cascade have been identified,”” community-level
risk factors potentially amenable to intervention (eg, TB
and HIV stigma) are rarely investigated.

Stigma remains a major concern for detecting TB
and successfully treating those with TB, while adversely
impacting well-being when ill with TB." "' Stigma has
been broadly defined as the convergence of ‘labelling,
stereotyping, separation, status loss, and discrimina-
tion occurring in a power situation that allows them to
unfold’." Specifically, this results in a separation of ‘Us’
versus “Them’ by those who have the power to do so. As
a result of this social process, those who have a specific
health condition may experience ‘exclusion, rejection,
blame, or devaluation that results from experience or
reasonable anticipation of an adverse social judgement’
because of their condition, even when such judgement is
not medically warranted."” In this way, societal attitudes
towards individuals with a particular health condition
can be manifested at the structural, community and/
or institutional level. The effects of these attitudes are
experienced at the individual level as anticipated stigma
(concern about prejudice, discrimination, or devalua-
tion from community members), experienced stigma
(discrimination, rejection, or isolation due to TB status),
and/or internalised stigma (endorsing negative attitudes
such as shame or blame about oneself due to one’s TB
status). '’

Although there is widespread recognition that much
of the stigma towards people with TB originates within
communities, most stigma studies (qualitative and quan-
titative) reduce the focus to individual-level factors. Many
qualitative studies from sub-Saharan Africa report TB
stigma driven by poor TB knowledge, fear of infection,
connection with HIV and drug-resistant TB as a barrier
to progression along the TB care cascade.'** Quantita-
tive studies of TB stigma and delay in testing uptake are
less common in sub-Saharan Africa and report contra-
dictory results. ™ These studies are primarily cross-
sectional and clinic-based and therefore miss those who
never present for testing. Quantitative studies of TB
stigma and treatment adherence or completion are not
common, particularly in sub-Saharan Africa.”® ****" These
studies are generally prospective and report TB stigma to
be associated with lower adherence and worse treatment
outcomes, but few used validated stigma measures. Even
fewer evaluated different TB stigma domains, but these
suggest stigma may differentially impact various steps in
the care cascade.”*"*

There have been limited efforts to intervene on TB
stigma. The few interventions implemented focus on
individual-level changes, following the trend of obser-
vational studies discussed above, and neglect attending

to social structures which help shape, impact and inter-
sect with TB stigma (eg, HIV-stigma, gender-norms,
poverty).* * To design and implement effective stigma
interventions, its multilevel and intersecting drivers and
impacts must be understood."’ Such insights can then
inform the development of community-level interven-
tions to promote individual TB care seeking behaviour.
Thus far, few studies report variability in TB stigma across
districts, regions or countries in sub-Saharan Africa.”**
While rural/urban differences in TB stigma have been
identified, there have been almost no attempts to
investigate community-level factors that could explain
this variability. One exception is Rood et al who report
individual-level and country-level factors associated with
TB stigma (wanting to keep a family member’s TB a
secret) using country Demographic Health Survey data.”
They found that a higher national TB incidence was asso-
ciated with lower TB stigma, while a higher national prev-
alence of both TB transmission knowledge and HIV were
associated with higher TB stigma.

A better understanding is needed of how and to what
extent community-level TB stigma and other social deter-
minants impact outcomes along the TB care continuum,
especially in the context of high HIV burden. Without
targeted interventions and resources to address these
issues, South Africa will not remain on track to reach its
post-2025 ETBS targets. To address these critical gaps in
knowledge, we conducted a prospective, mixed-methods
study on multilevel and intersectional stigma and other
social determinants affecting TB detection, care and
treatment (the MISSED TB Outcomes study). The goal
of this paper is to describe the community-level data
collection methods of the MISSED TB Outcomes study,
describe the variability in TB stigma levels across study
communities, and explore community-level sociodemo-
graphic and TB-related correlates of higher community-
level TB stigma.

METHODS

Study location and population

This study was conducted in Buffalo City Metropolitan
(BCM) Health District, Eastern Cape Province, South
Africa (see online supplemental figure S1). Eastern Cape
Province has the highest TB notification rate in South
Africa (703 per 100000 population) with BCM having
one of the highest notification rates in Eastern Cape Prov-
ince.” Among people with TB initiating treatment, BCM
has lower treatment success (74.1%) than that of the prov-
ince (76.6%) and country (77.9%) 5% Based on annual TB
headcounts and in consultation with the BCM Depart-
ment of Health, 18 primary healthcare clinics located in
urban, periurban and rural areas were selected for study
inclusion. From February to July 2022, Google Earth
satellite images were used to demarcate clinic catchment
areas. These were then divided into smaller demarcated
study communities using South African enumeration
areas and natural boundaries (eg, roads, gullies or natural
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Figure 1 Example of demarcated study communities (green shapes) in rural (upper panel) and urban (lower panel) areas. CHC,
Community Health Center. Images generated in Google Earth.
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land breaks) in consultation with community members’
understanding of communities and neighbourhoods. In
total, 93 study communities were demarcated (46 urban,
26 periurban and 21 rural) (see figure 1 for examples).

Household sampling

For each of the 93 study communities, households within
the community were selected for surveying using a single-
stage geographic cluster sampling design.”®*” To balance
field logistics with the representativeness of the sample,
we set the target sample size as a minimum of three sepa-
rate areas within each community that could provide
8-12 participating households, for a total of 24-36 partic-
ipating households per study community. To achieve this,
community outlines from Google Earth were imported
into a free, open-source mapping software (QGIS
V.3.24.1; https://qgis.org/) that included the Google
Satellite Hybrid plugin. QGIS was used to overlay each
demarcated community satellite image with an initial
50 m x 50 m or 100 m x 100 m grid, depending on the
approximate housing density in the community. Initial
review of the grid was done to ensure the grid size gener-
ally allowed for 15-20 households per square (to allow
for household non-response or vacant structures). As
needed, a larger 150 m x 150 m grid size was used in rural
areas, while smaller 25 m x 25 m grids were used in some
dense urban communities. After selecting the final grid
size for each study community, any squares that did not
lie on or within the community boundary were discarded.
The final gridded community files, which included a
unique identification number for each square in the grid,
were exported back to Google Earth for further labelling
of sampled clusters.

For each community, 10 squares were randomly selected
from the grid. See figure 2 for a hypothetical example from
a community not involved in our study. The first three
squares were the primary squares for household surveying.
The remaining seven squares were used as supplemental
squares if a minimum of 8 households per square was not
met. Supplemental squares would be needed if a primary
square fell close to the boundary of the community, on an
open or commercial area, or a substantial number of the
households were not able to be enrolled. When used, all
households in a supplemental square were approached.
If a selected square (primary or supplemental) appeared
to have >25 households, it was subdivided into four quad-
rants, randomly labelled A through D. If the subdivided
square was used, all households in the ‘A’ quadrant were
first approached. Subsequent quadrants were used if the
‘A’ quadrant was not sufficient to achieve the minimum
requirement of 8 households. The Google Earth satellite
image, community outline, and outlines and labels of the
10 selected clusters were exported as a high-resolution
image for use by the field survey teams.

The single-stage, geographic cluster sampling process
was used as a pragmatic approach to balance the need for
representative sampling with the logistical challenges of
working in both urban and rural settings where reliable

enumeration of households is not available; the most
recent South African Census was conducted in 2010,
and many of our study communities include dynamically
changing informal housing and settlements.

Data collection

All households whose front door fell on the boundary
or within a square (or quadrant if subdivided) were
approached by trained field workers. Heads of households
(HoH), age >18 years old (male or female), were identi-
fied by members of the household. Up to three attempts
were made to meet with the HoH, including at least once
on a weekend. HoHs were told about the study, and those
interested in participating were consented by study staff.
Each HoH completed a comprehensive, self-administered
or interviewer-administered study questionnaire in either
English or Xhosa using Research Electronic Data Capture
(REDCap).”®* The survey included questions about the
HoH and household demographics and previous history
of TB, the HoH’s TB and HIV knowledge, and validated
measures of TB and HIV stigma (see online supplemental
sample questionnaire for specific wording of questions).
Participants were compensated for their time with a small
food voucher.

If the target enrolment for a particular square (=8
surveyed households) was not achieved, the study team
moved to the supplemental square and repeated the
process, ensuring all possible households in that supple-
mental square were approached. Enrollment occurred
from June 2022 to January 2023.

Data analysis

The primary variable of interest was community-level TB
stigma. HoHs completed a 10-item scale on perceived
community stigma towards TB (eg, ‘People may not want
to eat or drink with friends who have TB’; ‘People are
afraid of those with TB’) that had been previously vali-
dated in South Africa and has been used extensively in
sub-Saharan Africa.”® ®* Each item had a four-point
Likert-type response option from strongly disagree
(coded as 0) to strongly agree (coded as 3). Responses
were summed and divided by the number of items to
create a standardised individual HoH TB stigma score
ranging from 0 to 3, where higher scores indicated higher
perceived community stigma. For each study commu-
nity, HoH scores were averaged to create composite
community-level TB stigma scores, which have a narrower
range than the individual stigma scores. Community-level
stigma scores at the extremes (at or near zero; at or near
three) would be possible only if all individual-level scores
were at or near the extremes. This does not occur with
valid scales as they capture variability across individuals
and do not exhibit a floor or ceiling effect.

In contrast to other analyses of stigma data, we used
standardised stigma scores which align the stigma score
with the scoring of the item response options. This not
only facilitates interpretation of the scores themselves (eg,
a stigma score of 1.5 corresponds to indicating ‘Disagree’
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Figure 2 Example of geographic clus

on half of all items and ‘Agree’ on half the items, on
average), but also allows for direct comparison with other
scales that use the same Likert-type response options,
but a different number of scale items. This includes the
HIV stigma scale (below) and other measures used in the
MISSED TB Outcomes study.

Other TB-related survey measures included TB knowl-
edge and household TB prevalence. TB knowledge was
measured using various items asking about the transmis-
sibility (cough/sneeze/talk/sing), symptoms (6 total),
and cause and treatment (11 items) of TB.*> One point
was assigned for each correct response, resulting in a
TB knowledge score ranging from 0 to 18. As with TB
stigma, these scores were averaged across HoH respon-
dents to create a composite community-level TB knowl-
edge score. Household TB prevalence was calculated as

o p.\““‘k u.‘v .
ter sampling using a community not involved in the study. Blue boxes indicate the 10
randomly selected squares from the grid overlay; red balloons identify the first three squares to be approached, with remaining
squares serving as supplemental if needed. Images generated in Google Earth.

=~

the proportion of surveyed households in the commu-
nity who reported at least one household member previ-
ously being diagnosed with TB. Perceived HIV stigma was
measured using 11 items developed and validated for use
in South Africa.** HIV knowledge was measured with an
18-item index previously used in sub-Saharan Africa %%
Scoring of the HIV measures and creation of community-
level scores were done in the same way as the TB stigma
and knowledge measures.

Demographic characteristics of each HoH respondent
were similarly averaged across all participating house-
holds in each study community to create the following
community-level variables: (1) mean HoH age, (2)
proportion of HoH who were female, (3) proportion of
HoH who were Black South Africans, (4) mean number of
household members, (5) proportion of households with

Kipp AM, et al. BMJ Open 2026;16:e106835. doi:10.1136/bmjopen-2025-106835
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school-aged children (aged <13 years), (6) proportion
of HoH that completed matric (high school education)
and (7) proportion of households that had experienced
mortality of a child under 5 years old.

For each community-level variable, the median and
interquartile range (IQR) are reported for the 93 study
communities and by type of community: urban, peri-
urban and rural. Robust linear regression was used to test
for associations between each community-level variable
and community-level TB stigma (dependent variable).
Interaction terms between each community-level variable
and urban, periurban or rural status were tested in the
regression models using the Wald test. Stratified results
are reported when p<0.20. All analyses were performed
using Stata V.16.1.

Patient and public involvement

We actively engaged with community members during
the design of this portion of the study. We used workshops
with individuals living in or familiar with the planned
study areas to ensure community-informed demarcation
of study communities. This was particularly valuable when
no clear boundary existed (such as a major road). Our
study team also includes a community liaison who met
with Ward Counsellors under whose jurisdiction the study
communities fell. The Ward Counsellors were informed
of the purpose of the study and agreed to allow household
recruitment in their areas. While they did not directly
assist with participant recruitment, they did communicate
to the public that a research study would be on-going in
the area and assisted the field teams in addressing any
challenges that arose. Once we have results identifying
important social determinants impacting the TB care
cascade, community-based engagement will occur to seek
input and begin planning future interventions.

RESULTS
Enrolment details for the 93 communities, grouped by
their geographic areas, are reported in online supple-
mental table S1. The median number of squares surveyed
per community was 4 and ranged from 3 to 8. Overall,
69% of communities required use of at least one supple-
mental square: 25% required one, 18% required two,
16% required three and 10% required use of four or
five supplemental squares. Rural areas required more
squares to achieve the minimum target sample size per
community, in part due to lower participation. The
median participation was 87% of households approached
and nearly all communities had participation of at least
75%. Half of the rural communities, however, had partic-
ipation below 75%. The median number of households
surveyed was above the target of 24-36 per community,
primarily driven by higher-than-expected recruitment. In
total, 3869 households were surveyed, with 18% coming
from rural areas.

Household demographics varied by urban, periurban
or rural location (table 1). Urban communities tended

to have younger mean age, a lower proportion of indi-
viduals with matric (ie, high school diploma), lower
proportions of black South Africans and lower prev-
alence of households ever experiencing TB or HIV.
Meanwhile, rural communities were older, had more
female HoHs, were all black South African, had more
household members (including younger household
members), experienced low under-five mortality and
had the highest prevalence of households ever experi-
encing TB or HIV. Periurban communities shared char-
acteristics with both urban and rural communities. Like
rural communities, periurban communities were mostly
black South African, had a higher proportion of individ-
uals with matric and had experienced more household
TB. Like urban communities, periurban communities
had fewer household members and more experiences of
under-5 mortality.

Across all study communities, the median community
TB stigma score was 1.6, slightly higher than the midpoint
of possible scores (figure 3). Community stigma ranged
from a low score of 1.0 (community members tended to
disagree with TB stigma survey items) to a high score of
2.5 (community members tended to agree or strongly
agree with TB stigma survey items), reflecting consider-
able variability in community attitudes. Compared with
urban communities, rural communities had TB stigma
scores 0.235 points lower (95% CI -0.362 to -0.108),
while periurban communities had TB stigma scores that
were 0.136 points higher (95% CI 0.017 to 0.254).

Scatterplots of all community-level predictors and
community TB stigma are presented in online supple-
mental figure S2a through S21 and robust regression
results are presented in table 2. There was a slight increase
in TB stigma scores for communities with a higher propor-
tion of households with TB in the past 2 years, but this was
not statistically significant. Meanwhile, communities with
better TB knowledge had lower TB stigma scores, though
this was not significant after adjusting for study loca-
tion. All p values for interactions between community-
level characteristics and urban, periurban or rural status
were non-significant (all p>0.25) except for HIV stigma
(p=0.004). Stratified results by urban, periurban and
rural status can be found in online supplemental table S2.

As with community TB knowledge, some community
characteristics were initially associated with lower commu-
nity TB stigma, yet all were attenuated after adjusting for
urban, periurban or rural location. There were, however,
two exceptions. There was a strong association for
community HIV stigma and community TB stigma scores,
with the magnitude of association differing by community
type (figure 4): Both urban and rural communities had a
nearly one-pointincrease in TB stigma score for each one-
point increase in HIV stigma score, while in periurban
communities the association was substantially attenu-
ated, though still significant. Urban communities with a
higher proportion of black South Africans also showed
lower community TB stigma scores (online supplemental
table S2). Study participants from periurban and rural
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Figure 3 Distribution of community TB stigma scores across the 93 study communities (histogram) and by location (box plot

inset). TB, tuberculosis.

communities were all black South African so no analyses
were done for those communities.

DISCUSSION

The primary objective of this study was to obtain
community-level estimates of TB stigma for use in subse-
quent multilevel analyses of stigma and engagement with
the TB care continuum. We surveyed 93 study commu-
nities across urban, periurban and rural locations and
found considerable variability in community TB stigma
levels as well as prevalence of households experiencing
TB and HIV. Rural communities generally had lower levels
of TB stigma while periurban communities had higher
levels of TB stigma. Interestingly, some urban communi-
ties reported low TB stigma while others reported higher
stigma. A similar but less pronounced trend was seen for
HIV stigma. Across all communities, those with higher
HIV stigma also reported higher TB stigma. Community
household TB and HIV prevalence were not found to be
associated with TB stigma.

We are not aware of many studies that have evaluated
community or regional variability in TB stigma with such
a large sample of communities, let alone investigate
factors that may account for such variability. Bond et al
reported on the proportion of households that believed

TB is punishment for bad behaviour across 24 commu-
nities in Zambia and South Africa,68 with communi-
ties ranging from 1% to 32% of households endorsing
blame. On average, however, Zambian communities had
a higher prevalence of blame than South African commu-
nities. The authors suggest this may be due to South
Africa having a higher prevalence of TB and therefore
more familiarity with TB. However, they do not discuss
what may account for community variability within each
country. Similarly, Datiko et al administered a TB scale to
community members across regions in Ethiopia but did
not investigate demographic or other factors that might
explain the observed regional variation in TB stigma
scores.”

Using Ghana Demographic and Health Survey (DHS)
data, another study analysed responses to the question ‘If

salfojouyoal Jejiwis pue ‘Buiurel) |y ‘Buluiw erep pue 1xa1 01 pale[al sasn Joj Buipnjoul ‘1ybluAdoos Aq paloslold

a member of your family got TB, would you want it to

remain a secret or not?’ as a proxy for TB stigma.5O The
regional variability in TB secrecy found in the Ghanan
study was attributed to cultural variations in how TB
disease is perceived. Dormechele et al evaluated the same
TB secrecy question in DHS data from seven sub-Saharan
Africa countries.”* While there was variability in responses
to this question across countries, they did not investigate
potential explanatory factors. Finally, Rood et al used the
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Table 2 Crude and adjusted robust regression results for community-level predictors of community TB stigma

Crude beta estimate (95% CI) Adj. beta estimate  (95% CI)

Average # HH members -0.141 (—0.234 to -0.048) -0.041 (-0.140 to
0.058)

Average HoH age, per 10 years -0.147 (—0.268 to -0.027) —0.063 (-0.207 to
0.082)

% HH with member <13 years, per 10%  -0.049 (-0.097 to -0.000) -0.016 (-0.060 to
0.029)

% HoH female, per 10% -0.026 (-0.102 to 0.049) -0.010 (-0.076 to
0.055)

% HoH completing matric, per 10% -0.004 (-0.043 t0 0.036) -0.025 (-0.061 to
0.010)

% HH experience U5 mortality, per 10%  0.067 (-0.061 t0 0.194) -0.032 (-0.150 to
0.085)

% HH ever having TB, per 10% 0.000 (—0.056 to 0.056) 0.001 (-0.050 to
0.052)

% HH recent TB, per 10% 0.033 (-0.047 t0 0.113)  0.039 (-0.029 to
0.107)

% HH with HIV, per 10% -0.001 (-0.060 to 0.057) 0.003 (-0.047 to
0.053)

Community TB knowledge score -0.086 (-0.166 to —-0.007) —0.036 (-0.110to
0.038)

Community HIV knowledge score -0.052 (-0.097 to -0.007) -0.034 (-0.076 to
0.009)

Bolded results indicate p<0.05
*Adjusted for urban, periurban or rural status.
HH, household; HOH, heads of household; TB, tuberculosis.

same question to conduct a multi-level analysis of DHS
data from 13 countries (7 in Africa).”! They found that in
countries with a higher national TB incidence rate there
was less intent to keep a TB diagnosis secret. In contrast,
countries with higher levels of TB knowledge and higher
HIV prevalence had more intent to keep a TB diagnosis
a secret. In their conclusion, the authors focus on HIV
as the driving factor behind TB stigma, noting that TB
infection often remains a marker of HIV and therefore
negative attitudes about HIV are imposed on people with
TB or at risk for TB.

Our study did not find any association between commu-
nity TB stigma and TB knowledge or the prevalence of
households in the community that had experienced TB
(ever or in the most recent 2 years). This could be due to
the use of different measures for stigma and knowledge
or our ecological study design while Rood et al evaluated
individual TB stigma through a multilevel design. Like
Rood et al, however, our study does report a strong asso-
ciation between higher community-level HIV stigma and
higher community-level TB stigma. This is not surprising
given the well-documented relationship between TB and
HIV; HIV is the most common risk factor for TB disease in
South Africa, with ~54% of people diagnosed with TB also
living with HIV.? This influences the social perception of
TB which often conflates having TB with also having HIV.
As a result, people with TB bear the burden of historic

societal attitudes about TB in addition to stigmatising atti-
tudes related to HIV."* %

Prior studies that have measured both TB and HIV
stigma report a strong correlation between the two among
community members and/or individuals with TB,‘:’3 ol
while individuals co-infected with TB and HIV also report
higher stigma than those who are not co-infected.®" ™
Of particular interest in our study, however, was that the
strength of the relationship between TB and HIV stigma
was greatly attenuated among periurban communities.
This suggests that compared with urban and rural areas,
there may be different drivers of TB stigma in periurban
areas, which have a blend of both urban and rural charac-
teristics. Unfortunately, our analysis did not identify any
specific factors associated with TB stigma among peri-
urban communities (see online supplemental table S2).
We are not aware of any other studies that have consid-
ered anything other than a strict urban/rural dichotomy,
warranting more research on how to interpret these
observed differences.

Lastly, we found a significant association between TB
stigma and a community being urban, periurban or rural;
rural communities had the lowest TB stigma scores while
periurban communities had the highest. While urban
and rural differences in stigma are often discussed, few
studies have evaluated this. Studies that have focused on
an urban/rural status have done so as an individual-level
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Figure 4 Associations between community TB stigma scores and community HIV stigma scores, by urban, periurban and rural

community status. TB, tuberculosis.

characteristic, not a characteristic of communities, and
they report conflicting results. In contrast to our find-
ings, a study from Nigeria found that urban community
members reported higher TB stigma than rural individ-
uals,” while studies from Ethiopia and South Africa have
reported no association with TB stigma.”* > Studies using
DHS data on intent to keep a TB diagnosis secret are
also inconclusive.”” ** ™ Future analyses of the MISSED
TB Outcomes study data may shed light on what may be
driving the observed disparities in stigma levels between
urban, periurban and rural areas. It is possible that urban
versus rural status may be better viewed as a potential

moderator of other drivers of TB stigma, rather than
a driver in and of itself, as it is likely to be a proxy for
other drivers of stigma. As we seek to identify community-
level drivers that can inform TB stigma interventions,
those interventions may need to consider how narrowly
(urban areas only, periurban areas only or rural areas
only) or broadly (across the urban/rural spectrum) to be
implemented.

As with all population surveys, various limitations
should be considered. First, it is possible that our sample
is not representative of the target population. We used
a single-stage, geographic cluster sampling process that
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balanced the need for representative sampling with the
logistical challenges in the field. Our study communities
included urban, periurban and rural settings where reli-
able enumeration of households was not available. As a
result, individual household selection using probability
proportional to size, as is done in many two-stage survey
sampling designs, was not feasible. We did not rely on
single clusters, but rather ensured three or more clus-
ters were surveyed per community. This ensured a more
representative population. Second, we surveyed the HoH
for each selected household. We believed the HoH would
have the most complete knowledge about that house-
hold, and that their attitudes and perceptions would
influence those of other household members. However, if
TB stigma differed within households, our representation
of community-level TB stigma may not be fully accurate.
Third, all data were obtained via participant self-report
and, thus, we cannot rule out social desirability or poor
recall. Nevertheless, we did use validated measures of
stigma that capture forms of stigma while minimising
social desirability bias. Knowledge of a family member
having TB is likely accurate, though non-disclosure and
under-reporting of household health characteristics may
also have been possible. Fourth, selection bias due to non-
participation is always a concern in household surveys.
While participation was 275% in nearly all study commu-
nities, community stigma scores would be biased if those
who refused to participate (perhaps due to stigma) or
were not home during surveying periods differed in their
attitudes. Finally, it should be noted that our focus was
on community-level stigma as a measure of community
norms and environments and was not an investigation of
individual-level stigma. Thus, our results may not trans-
late to understanding or predicting why individuals hold
more or less stigmatising attitudes.

This study also has major strengths, making it an
important contribution to the scientific literature on
TB stigma. First, to our knowledge, this is the only study
documenting variability across many communities repre-
senting urban, periurban and rural areas, thus making it
more informative than studies focused only on regional
or national data. Moreover, it was conducted in a setting
with a very high TB burden that also suffers from many
of the structural drivers of TB. Although focused on the
Eastern Cape Province in South Africa, our findings
may be relevant for other high TB/HIV burden areas,
including both urban and rural. Second, many ecological
or multilevel studies traditionally rely on census units for
their sampling and data collection. Our engagement with
community members to more meaningfully demarcate
smaller community areas within clinic catchment areas
allowed for more meaningful division and variations
between communities.

CONCLUSIONS
Aside from HIV stigma, we did not identify demographic
or TB-related community-level factors associated with TB

stigma. We did, however, find that stigma levels varied by
urban, periurban and rural location. Stigma is a complex
social process and there may be many other factors
shaping TB stigma at the community level. Our ongoing
MISSED TB Outcomes study aims to identify additional
community-level drivers that can inform TB stigma
interventions.

Author affiliations

"Department of Public Health, East Carolina University Brody School of Medicine,
Greenville, North Carolina, USA

2Desmond Tutu HIV Centre, University of Cape Town, Cape Town, South Africa
®Department of Psychology & Human Development, Vanderbilt University, Nashville,
Tennessee, USA

“Department of Health, Buffalo City Metro Health District, East London, South Africa
5School of Global Health and Dahdaleh Institute of Global Health Research, York
University, Toronto, Ontario, Canada

SCentre for the AIDS Programme of Research in South Africa (CAPRISA), University
of KwaZulu-Natal, Durban, South Africa

"Department of Psychiatry, University of Pennsylvania Perelman School of Medicine,
Philadelphia, Pennsylvania, USA

Acknowledgements We would like to thank all community members who
participated in the survey; Freedom Mukomana, Mbasa Njomane and Kuhle Fiphaza
for development and maintenance of the REDCap project database; and the many
field staff who carried out the household surveys across the 93 study communities.

Contributors AMK helped with the conception of the overall project, acquisition

of grant funds, design and selection of data collection procedures and measures
and carried out the primary analyses. He was primarily responsible for drafting

the manuscript. He is the guarantor. DO helped develop study procedures and
oversaw all aspects of study implementation including data collection, reporting
and training and quality control; he also helped select data collection measures
and aided in drafting the manuscript. NS and LM helped define boundaries of study
communities and oversaw field data collection teams. EF assisted with selecting
areas for surveying and developing maps to aid the field data collection teams.

KP assisted with sampling design and statistical analysis plan. AD helped with the
conception of the overall project and drafting the manuscript. NN helped to develop
study procedures for data collection, consultation and engagement with study
clinics. AM-M helped with the conception of the overall project, acquisition of grant
funds and aided in drafting the manuscript. All authors provided critical input on
manuscript text and/or interpretation of results at various steps of the manuscript
writing process. All authors have seen and approved the final version.

Funding This study was funded by a grant from NIH/NIAID (RO1 5-Al150485-04;
MPIs: AM-M and AMK).

Map disclaimer The depiction of boundaries on this map does not imply the
expression of any opinion whatsoever on the part of BMJ (or any member of its
group) concerning the legal status of any country, territory, jurisdiction or area or
of its authorities. This map is provided without any warranty of any kind, either
express or implied.

Competing interests KP receives payment for statistical workshops provided
through Statistical Horizons. All other authors declare no conflicts of interest.

Patient and public involvement Patients and/or the public were involved in the
design, or conduct, or reporting, or dissemination plans of this research. Refer to
the Methods section for further details.

Patient consent for publication Not applicable.

Ethics approval This study was approved by the University of Cape Town human
research ethics committee (HREC Ref: 532/2020) and the Eastern Cape Provincial
Research Office (Ref #: EC_202110_011). Participants gave informed consent to
participate in the study before taking part.

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement Data are available on reasonable request. All
data produced in the present study are available on reasonable request to the
corresponding author.

Supplemental material This content has been supplied by the author(s). It has
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been

Kipp AM, et al. BMJ Open 2026;16:¢106835. doi:10.1136/bmjopen-2025-106835

—
—

'salfojouyoal Jejiwis pue ‘Buiurel) |y ‘Buluiw erep pue 1xa1 01 pale|al sasn Joj Buipnjoul ‘1ybluAdoos Agq paloslold

' uonoes
s[ellas Aleiqi [ealpaswolg puiys3 1e 920z ‘sz Ae uo jwoo fwg-uadolwqy/:dily wouy papeojumoq '9z0z AeN TZ U0 §£890T-520z-uadolwa/9eTT 0T se paysiignd 1siiy :uado NG


http://bmjopen.bmj.com/

peer-reviewed. Any opinions or recommendations discussed are solely those

of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and
responsibility arising from any reliance placed on the content. Where the content
includes any translated material, BMJ does not warrant the accuracy and reliability
of the translations (including but not limited to local regulations, clinical guidelines,
terminology, drug names and drug dosages), and is not responsible for any error
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited, appropriate credit is given, any changes made indicated, and the use
is non-commercial. See: https://creativecommons.org/licenses/by-nc/4.0/.

ORCID iDs
Aaron M Kipp https://orcid.org/0000-0003-2651-2445
Amrita Daftary https://orcid.org/0000-0003-2275-3540

REFERENCES

1 Global Tuberculosis Report 2024. World Health Organization, 2024.

2 WHO country tuberculosis profile: South Africa. N.d Available:
https://worldhealthorg.shinyapps.io/tb_profiles/

3 National TB recovery plan 3.0: April 2024 — March 2025. South Africa
National Department of Health; 2024.

4 Naidoo P, Theron G, Rangaka MX, et al. The South African
tuberculosis care cascade. J Infect Dis 2017;216:S702-13.

5 Subbaraman R, Nathavitharana RR, Satyanarayana S, et al. The
tuberculosis cascade of care in India’s public sector: a systematic
review and meta-analysis. PLoS Med 2016;13.

6 Munro SA, Lewin SA, Smith HJ, et al. Patient adherence to
tuberculosis treatment: a systematic review of qualitative research.
PLoS Med 2007;4.

7 Storla DG, Yimer S, Bjune GA. A systematic review of delay in the
diagnosis and treatment of tuberculosis. BMC Public Health 2008;8.

8 Finnie RKC, Khoza LB, van den Borne B, et al. Factors associated
with patient and health care system delay in diagnosis and treatment
for TB in sub-Saharan African countries with high burdens of TB and
HIV. Tropical Med Int Health 2011;16:394-411.

9 Ogundele OA, Moodley D, Pillay AW, et al. An ontology for factors
affecting tuberculosis treatment adherence behavior in sub-Saharan
Africa. Patient Prefer Adherence 2016;10:669-81.

Macintyre K, Bakker MI, Bergson S, et al. Defining the research
agenda to measure and reduce tuberculosis stigmas. int j tuberc lung
dis 2017;21:87-96.

11 Medina-Marino A, de Vos L, Daniels J. Social isolation, social
exclusion, and access to mental and tangible resources: mapping
the gendered impact of tuberculosis-related stigma among men and
women living with tuberculosis in Eastern Cape Province, South
Africa. BMC Glob Public Health 2025;3:50:50:.

Link BG, Phelan JC. Conceptualizing stigma. Annu Rev Sociol
2001;27:363-85.

Weiss MG, Ramakrishna J. Stigma interventions and research for
international health. The Lancet 2006;367:536-8.

Daftary A. HIV and tuberculosis: The construction and management
of double stigma. Soc Sci Med 2012;74:1512-9.

Daftary A, Padayatchi N. Social constraints to TB/HIV healthcare:
accounts from coinfected patients in South Africa. AIDS Care
2012;24:1480-6.

Skinner D, Claassens M. It’'s complicated: why do tuberculosis
patients not initiate or stay adherent to treatment? A qualitative study
from South Africa. BMC Infect Dis 2016;16.

Makgopa S, Cele LP, Mokgatle MM. Pre-diagnosis health seeking
behaviors and experiences post-diagnosis, among men diagnosed
with tuberculosis in a district of Gauteng Metropolitan city, South
Africa: in-depth interviews. Int J Environ Res Public Health 2022;19.
Moodley N, Saimen A, Zakhura N, et al. “They are inconveniencing
us” - exploring how gaps in patient education and patient centred
approaches interfere with TB treatment adherence: perspectives
from patients and clinicians in the Free State Province, South Africa.
BMC Public Health 2020;20.

Tadesse S. Stigma against tuberculosis patients in Addis Ababa,
Ethiopia. PLoS ONE 2016;11.

Gugssa Boru C, Shimels T, Bilal Al. Factors contributing to non-
adherence with treatment among TB patients in Sodo Woreda,
Gurage Zone, Southern Ethiopia: a qualitative study. J Infect Public
Health 2017;10:527-33.

20

21 Cremers AL, de Laat MM, Kapata N, et al. Assessing the
consequences of stigma for tuberculosis patients in urban Zambia.
PLoS One 2015;10.

Chimbatata NBW, Zhou C-M, Chimbatata CM, et al. Post-2015, why
delay to seek healthcare? Perceptions and field experiences from TB
healthcare providers in Northern Malawi: a qualitative study. Infect
Dis Poverty 2017;6.

Dodor EA, Kelly S. ‘We are afraid of them’: attitudes and
behaviours of community members towards tuberculosis in

Ghana and implications for TB control efforts. Psychol Health Med
2009;14:170-9.

De Schacht C, Mutaquiha C, Faria F, et al. Barriers to access and
adherence to tuberculosis services, as perceived by patients: a
qualitative study in Mozambique. PLoS One 2019;14.
Godfrey-Faussett P, Kaunda H, Kamanga J, et al. Why do patients
with a cough delay seeking care at Lusaka urban health centres?

A health systems research approach. Int J Tuberc Lung Dis
2002;6:796-805.

Woith WM, Larson JL. Delay in seeking treatment and adherence to
tuberculosis medications in Russia: a survey of patients from two
clinics. Int J Nurs Stud 2008;45:1163-74.

Pungrassami P, Kipp AM, Stewart PW, et al. Tuberculosis and AIDS
stigma among patients who delay seeking care for tuberculosis
symptoms. Int J Tuberc Lung Dis 2010;14:181-7.

Sabawoon W, Sato H, Kobayashi Y. Delay in the treatment of
pulmonary tuberculosis: a report from Afghanistan. Environ Health
Prev Med 2012;17:53-61.

Adenager GS, Alemseged F, Asefa H, et al. Factors associated with
treatment delay among pulmonary tuberculosis patients in public and
private health facilities in Addis Ababa, Ethiopia. Tuberc Res Treat
2017;2017:5120841.

Abebe G, Deribew A, Apers L, et al. Knowledge, health seeking
behavior and perceived stigma towards tuberculosis among
tuberculosis suspects in a rural community in SouthWest Ethiopia.
PLoS One 2010;5.

Cambanis A, Yassin MA, Ramsay A, et al. Rural poverty and delayed
presentation to tuberculosis services in Ethiopia. Tropical Med Int
Health 2005;10:330-5.

Cambanis A, Ramsay A, Yassin MA, et al. Duration and associated
factors of patient delay during tuberculosis screening in rural
Cameroon. Tropical Med Int Health 2007;12:1309-14.

Osei E, Akweongo P, Binka F. Factors associated with DELAY in
diagnosis among tuberculosis patients in Hohoe Municipality, Ghana.
BMC Public Health 2015;15.

Diagnostic and treatment delay in tuberculosis. World Health
Organization regional office for the Eastern mediterranean. 2006.
Ambaw F, Mayston R, Hanlon C, et al. Is depression associated with
pathways to care and diagnosis delay in people with tuberculosis in
Ethiopia? Glob Ment Health (Camb) 2019;6.

Christian C, Burger C, Claassens M, et al. Patient predictors of
health-seeking behaviour for persons coughing for more than two
weeks in high-burden tuberculosis communities: the case of the
Western Cape, South Africa. BMC Health Serv Res 2019;19.
Chaychoowong K, Watson R, Barrett DI. Perceptions of stigma
among pulmonary tuberculosis patients in Thailand, and the links to
delays in accessing healthcare. J Infect Prev 2023;24:77-82.

Finlay A, Lancaster J, Holtz TH, et al. Patient- and provider-level risk
factors associated with default from tuberculosis treatment, South
Africa, 2002: a case-control study. BMC Public Health 2012;12.
Meulemans H, Mortelmans D, Liefooghe R, et al. The limits to
patient compliance with directly observed therapy for tuberculosis:
a socio-medical study in Pakistan. Int J Health Plann Manage
2002;17:249-67.

Kipp AM, Pungrassami P, Stewart PW, et al. Study of tuberculosis
and AIDS stigma as barriers to tuberculosis treatment adherence
using validated stigma scales. int j tuberc lung dis 2011;15:1540-6.
Yan S, Zhang S, Tong Y, et al. Nonadherence to antituberculosis
medications: the impact of stigma and depressive symptoms. Am J
Trop Med Hyg 2018;98:262-5.

Comolet TM, Rakotomalala R, Rajaonarioa H. Factors determining
compliance with tuberculosis treatment in an urban environment,
Tamatave, Madagascar. Int J Tuberc Lung Dis 1998;2:891-7.

Park C-K, Shin H-J, Kim Y-I, et al. Predictors of default from
treatment for tuberculosis: a single center case-control study in
Korea. J Korean Med Sci 2016;31:254-60.

Anaam MS, Mohamed Ibrahim MI, Al Serouri AW, et al. Factors
affecting patients’ compliance to anti-tuberculosis treatment in
Yemen. J Pharm Health Serv Res 2013;4:115-22.

Kebede T, Gach Jing W, Girma A, et al. Nonadherence predictors to
tuberculosis medications among TB patients in Gambella region of
Ethiopia. Can J Infect Dis Med Microbiol 2022;2022:9449070.

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

12

Kipp AM, et al. BMJ Open 2026;16:6106835. doi:10.1136/bmjopen-2025-106835

'salfojouyoal Jejiwis pue ‘Buiurel) |y ‘Buluiw erep pue 1xa1 01 pale|al sasn Joj Buipnjoul ‘1ybluAdoos Agq paloslold

' uonoes
s[ellas Aleiqi [ealpaswolg puiys3 1e 920z ‘sz Ae uo jwoo fwg-uadolwqy/:dily wouy papeojumoq '9z0z AeN TZ U0 §£890T-520z-uadolwa/9eTT 0T se paysiignd 1siiy :uado NG


https://creativecommons.org/licenses/by-nc/4.0/
https://orcid.org/0000-0003-2651-2445
https://orcid.org/0000-0003-2275-3540
https://worldhealthorg.shinyapps.io/tb_profiles/
http://dx.doi.org/10.1093/infdis/jix335
http://dx.doi.org/10.1371/journal.pmed.1002149
http://dx.doi.org/10.1371/journal.pmed.0040238
http://dx.doi.org/10.1186/1471-2458-8-15
http://dx.doi.org/10.1111/j.1365-3156.2010.02718.x
http://dx.doi.org/10.2147/PPA.S96241
http://dx.doi.org/10.5588/ijtld.17.0151
http://dx.doi.org/10.5588/ijtld.17.0151
http://dx.doi.org/10.1186/s44263-025-00166-6
http://dx.doi.org/10.1146/annurev.soc.27.1.363
http://dx.doi.org/10.1016/S0140-6736(06)68189-0
http://dx.doi.org/10.1016/j.socscimed.2012.01.027
http://dx.doi.org/10.1080/09540121.2012.672719
http://dx.doi.org/10.1186/s12879-016-2054-5
http://dx.doi.org/10.3390/ijerph192013635
http://dx.doi.org/10.1186/s12889-020-08562-3
http://dx.doi.org/10.1371/journal.pone.0152900
http://dx.doi.org/10.1016/j.jiph.2016.11.018
http://dx.doi.org/10.1016/j.jiph.2016.11.018
http://dx.doi.org/10.1371/journal.pone.0119861
http://dx.doi.org/10.1186/s40249-017-0279-1
http://dx.doi.org/10.1186/s40249-017-0279-1
http://dx.doi.org/10.1080/13548500802199753
http://dx.doi.org/10.1371/journal.pone.0219470
https://pubmed.ncbi.nlm.nih.gov/12234135
http://dx.doi.org/10.1016/j.ijnurstu.2007.07.014
https://pubmed.ncbi.nlm.nih.gov/20074409
http://dx.doi.org/10.1007/s12199-011-0219-9
http://dx.doi.org/10.1007/s12199-011-0219-9
http://dx.doi.org/10.1155/2017/5120841
http://dx.doi.org/10.1371/journal.pone.0013339
http://dx.doi.org/10.1111/j.1365-3156.2005.01393.x
http://dx.doi.org/10.1111/j.1365-3156.2005.01393.x
http://dx.doi.org/10.1111/j.1365-3156.2007.01925.x
http://dx.doi.org/10.1186/s12889-015-1922-z
http://dx.doi.org/10.1017/gmh.2019.17
http://dx.doi.org/10.1186/s12913-019-3992-6
http://dx.doi.org/10.1177/17571774231152720
http://dx.doi.org/10.1186/1471-2458-12-56
http://dx.doi.org/10.1002/hpm.675
http://dx.doi.org/10.5588/ijtld.10.0273
http://dx.doi.org/10.4269/ajtmh.17-0383
http://dx.doi.org/10.4269/ajtmh.17-0383
https://pubmed.ncbi.nlm.nih.gov/9848609
http://dx.doi.org/10.3346/jkms.2016.31.2.254
http://dx.doi.org/10.1111/jphs.12012
http://dx.doi.org/10.1155/2022/9449070
http://bmjopen.bmj.com/

46

47

48

49

50

51

52

53

54

55

56

57

58

59

Suliman Q, Lim PY, Md Said S, et al. Risk factors for early TB
treatment interruption among newly diagnosed patients in Malaysia.
Sci Rep 2022;12.

Méda ZC, Lin Y-T, Sombié |, et al. Medication-adherence predictors
among patients with tuberculosis or human immunodeficiency virus
infection in Burkina Faso. Journal of Microbiology, Immunology and
Infection 2014;47:222-32.

Sommerland N, Wouters E, Mitchell EMH, et al. Evidence-based
interventions to reduce tuberculosis stigma: a systematic review. Int
J Tuberc Lung Dis 2017;21:81-6.

Foster I, Galloway M, Human W, et al. Analysing interventions
designed to reduce tuberculosis-related stigma: a scoping review.
PLOS Glob Public Health 2022;2.

Amo-Adjei J. Individual, household and community level factors
associated with keeping tuberculosis status secret in Ghana. BMIC
Public Health 2016;16.

Rood EJJ, Mergenthaler C, Bakker MI, et al. Using 15 DHS surveys
to study epidemiological correlates of TB courtesy stigma and
health-seeking behaviour. Int J Tuberc Lung Dis 2017;21:60-8.
Datiko DG, Jerene D, Suarez P. Stigma matters in ending
tuberculosis: nationwide survey of stigma in Ethiopia. BMC Public
Health 2020;20:190.

Bresenham D, Kipp AM, Medina-Marino A. Quantification and
correlates of tuberculosis stigma along the tuberculosis testing and
treatment cascades in South Africa: a cross-sectional study. Infect
Dis Poverty 2020;9.

Dormechele W, Bonsu EO, Boadi C, et al. Determinants of intention
to conceal tuberculosis status among family members: an analysis of
seven Sub-Saharan African countries. BMC Infect Dis 2024;24.
Ndlovu N, Padarath A. District Health Barometer 2022/23. Health
Systems Trust 2024.

Thomson DR, Rhoda DA, Tatem AJ, et al. Gridded population survey
sampling: a systematic scoping review of the field and strategic
research agenda. Int J Health Geogr 2020;19:34.

Yu AT, Shakya R, Adhikari B, et al. A cluster-based, spatial-sampling
method for assessing household healthcare utilization patterns in
resource-limited settings. Clin Infect Dis 2020;71:S239-47.

Harris PA, Taylor R, Minor BL, et al. The REDCap consortium:
building an international community of software platform partners. J
Biomed Inform 2019;95:103208.

Harris PA, Taylor R, Thielke R, et al. Research electronic data capture
(REDCap)--a metadata-driven methodology and workflow process
for providing translational research informatics support. J Biomed
Inform 2009;42:377-81.

60

61

62

63

64

65

66

67

68

69

70

71

72

Van Rie A, Sengupta S, Pungrassami P, et al. Measuring stigma
associated with tuberculosis and HIV/AIDS in southern Thailand:
exploratory and confirmatory factor analyses of two new scales.
Tropical Med Int Health 2008;13:21-30.

Kipp AM, Pungrassami P, Nilmanat K, et al. Socio-demographic and
AIDS-related factors associated with tuberculosis stigma in southern
Thailand: a quantitative, cross-sectional study of stigma among
patients with TB and healthy community members. BMC Public
Health 2011;11.

Bergman AJ, McNabb K, Farley JE. A systematic review and
psychometric appraisal of instruments measuring tuberculosis
stigma in sub-Saharan Africa. Stigma Health 2024;9:81-93.
Huddart S, Bossuroy T, Pons V, et al. Knowledge about tuberculosis
and infection prevention behavior: a nine city longitudinal study from
India. PLoS One 2018;13.

Visser MJ, Kershaw T, Makin JD, et al. Development of parallel
scales to measure HIV-related stigma. AIDS Behav 2008;12:759-71.
Carey MP, Schroder KEE. Development and psychometric
evaluation of the brief HIV knowledge questionnaire. AIDS Educ Prev
2002;14:172-82.

Wagenaar BH, Sullivan PS, Stephenson R. HIV knowledge and
associated factors among internet-using men who have sex with
men (MSM) in South Africa and the United States. PLoS One
2012;7.

Paintsil E, Renner L, Antwi S, et al. HIV knowledge, stigma, and
iliness beliefs among pediatric caregivers in Ghana who have not
disclosed their child’s HIV status. AIDS Care 2015;27:18-27.

Bond V, Floyd S, Fenty J, et al. Secondary analysis of tuberculosis
stigma data from a cluster randomised trial in Zambia and South
Africa (ZAMSTAR). int j tuberc lung dis 2017;21:49-59.

Watermeyer J, Penn C. Community perspectives on tuberculosis
care in rural South Africa. Health Soc Care Community
2019;27:182-90.

Deribew A, HaileMichael Y, Tesfaye M, et al. The synergy between
TB and HIV co-infection on perceived stigma in Ethiopia. BMC Res
Notes 2010;3.

Oladele DA, Balogun MR, Odeyemi K, et al. A comparative study of
knowledge, attitude, and determinants of tuberculosis-associated
stigma in rural and urban communities of Lagos state, Nigeria.
Tuberc Res Treat 2020;2020:1964759.

Pengpid S, Peltzer K. Knowledge, attitudes, and practices regarding
tuberculosis in timor-leste: results from the demographic and health
survey 2016. J Prev Med Public Health 2019;52:115-22.

Kipp AM, et al. BMJ Open 2026;16:¢106835. doi:10.1136/bmjopen-2025-106835

-
w

'salfojouyoal Jejiwis pue ‘Buiurel) |y ‘Buluiw erep pue 1xa1 01 pale|al sasn Joj Buipnjoul ‘1ybluAdoos Agq paloslold

' uonoes
s[ellas Aleiqi [ealpaswolg puiys3 1e 920z ‘sz Ae uo jwoo fwg-uadolwqy/:dily wouy papeojumoq '9z0z AeN TZ U0 §£890T-520z-uadolwa/9eTT 0T se paysiignd 1siiy :uado NG


http://dx.doi.org/10.1038/s41598-021-04742-2
http://dx.doi.org/10.1016/j.jmii.2013.05.001
http://dx.doi.org/10.1016/j.jmii.2013.05.001
http://dx.doi.org/10.5588/ijtld.16.0788
http://dx.doi.org/10.5588/ijtld.16.0788
http://dx.doi.org/10.1371/journal.pgph.0000989
http://dx.doi.org/10.1186/s12889-016-3842-y
http://dx.doi.org/10.1186/s12889-016-3842-y
http://dx.doi.org/10.5588/ijtld.16.0909
http://dx.doi.org/10.1186/s12889-019-7915-6
http://dx.doi.org/10.1186/s12889-019-7915-6
http://dx.doi.org/10.1186/s40249-020-00762-8
http://dx.doi.org/10.1186/s40249-020-00762-8
http://dx.doi.org/10.1186/s12879-024-09064-y
http://dx.doi.org/10.1186/s12942-020-00230-4
http://dx.doi.org/10.1093/cid/ciaa1310
http://dx.doi.org/10.1016/j.jbi.2019.103208
http://dx.doi.org/10.1016/j.jbi.2019.103208
http://dx.doi.org/10.1016/j.jbi.2008.08.010
http://dx.doi.org/10.1016/j.jbi.2008.08.010
http://dx.doi.org/10.1111/j.1365-3156.2007.01971.x
http://dx.doi.org/10.1186/1471-2458-11-675
http://dx.doi.org/10.1186/1471-2458-11-675
http://dx.doi.org/10.1037/sah0000328
http://dx.doi.org/10.1371/journal.pone.0206245
http://dx.doi.org/10.1007/s10461-008-9363-7
http://dx.doi.org/10.1521/aeap.14.2.172.23902
http://dx.doi.org/10.1371/journal.pone.0032915
http://dx.doi.org/10.1080/09540121.2015.1007116
http://dx.doi.org/10.5588/ijtld.16.0920
http://dx.doi.org/10.1111/hsc.12637
http://dx.doi.org/10.1186/1756-0500-3-249
http://dx.doi.org/10.1186/1756-0500-3-249
http://dx.doi.org/10.1155/2020/1964759
http://dx.doi.org/10.3961/jpmph.18.170
http://bmjopen.bmj.com/

	Association of community sociodemographic and tuberculosis-­related factors with variability in community-­level tuberculosis stigma in South Africa: an ecological analysis from the MISSED TB Outcomes study
	Abstract
	Introduction﻿﻿
	Methods
	Study location and population
	Household sampling
	Data collection
	Data analysis
	Patient and public involvement

	Results
	Discussion
	Conclusions
	References


