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Abstract

Background Tuberculosis (TB), a leading cause of infectious death, is curable when patients complete a course

of multi-drug treatment. Because entry into the TB treatment cascade usually relies on symptomatic individuals seek-
ing care, little is known about linkage to care and completion of treatment in people with subclinical TB identified
through community-based screening.

Methods Participants of the Vukuzazi study, a community-based survey that provided TB screening in the rural
uMkhanyakude district of KwaZulu-Natal from May 2018 — March 2020, who had a positive sputum (GeneXpert

or Mtb culture, microbiologically-confirmed TB) or a chest x-ray consistent with active TB (radiologically-suggested
TB) were referred to the public health system. Telephonic follow-up surveys were conducted from May 2021 - Janu-
ary 2023 to assess linkage to care and treatment status. Linked electronic TB register data was accessed. We analyzed
the effect of baseline HIV and symptom status (by WHO 4-symptom screen) on the TB treatment cascade.

Results Seventy percent (122/174) of people with microbiologically-confirmed TB completed the telephonic survey.
In this group, 84% (103/122) were asymptomatic and 46% (56/122) were people living with HIV (PLWH). By self-report,
98% (119/122) attended a healthcare facility after screening, 94% (115/122) started TB treatment and 93% (113/122)
completed treatment. Analysis of electronic TB register data confirmed that 67% (116/174) of eligible individuals
started TB treatment. Neither symptom status nor HIV status affected linkage to care. Among people with radiolog-
ically-suggested TB, 48% (153/318) completed the telephonic survey, of which 80% (122/153) were asymptomatic
and 529% (79/153) were PLWH. By self-report, 75% (114/153) attended a healthcare facility after screening, 16%
(24/153) started TB treatment and 14% (22/153) completed treatment. Nine percent (28/318) of eligible individuals
had TB register data confirming that they started treatment.
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are needed.

Conclusions Despite high rates of subclinical TB, most people diagnosed with microbiologically-confirmed TB

after community-based screening were willing to link to care and complete TB treatment. Lower rates of linkage

to care in people with radiologically-suggested TB highlight the importance of streamlined care pathways for this
group. Clearer guidelines for the management of people who screen positive during community-based TB screening

Keywords Tuberculosis, Asymptomatic, Subclinical TB, Linkage, Cascade of care

Background

Tuberculosis (TB) is a leading infectious disease cause
of death globally [1] and the leading cause of death
for people living with HIV (PLWH) in South Africa
[2]. TB is eminently curable but successful manage-
ment requires engagement in an entire care cascade
from diagnosis to completion of treatment [3]. In many
countries, including South Africa, many patients fall
out during this cascade, resulting in suboptimal treat-
ment, increased morbidity, mortality, drug-resistance
and onward transmission.

Diagnosis, the beginning of the care cascade, has tra-
ditionally relied on symptom-based screening [4]. How-
ever, there is increasing recognition that subclinical
disease, in which a patient has radiological or microbi-
ological evidence of TB with minimal or no symptoms,
could be a contributing factor to the global burden of
disease [5]. It is estimated that approximately half of
prevalent TB is asymptomatic [5], which fails to trigger
symptom-driven diagnostic testing and may serve as a
reservoir for ongoing transmission in the community
[6].

Little is known about the experiences of people diag-
nosed with subclinical, or asymptomatic TB, during
community-based screening: their likelihood of linking
to care, rates of treatment commencement and com-
pletion, and health outcomes. There are currently no
guidelines to assist healthcare providers in decisions
about treatment of these patients [7]. Care pathways for
patients whose screening indicates radiological signs
of active TB without microbiological confirmation are
especially complex, since it requires additional diag-
nostic and clinical evaluations before a decision can be
made whether or not to start TB treatment [8, 9].

Our objective was to understand linkage to TB care,
including starting and completing treatment, among
patients diagnosed with microbiologically-confirmed
or radiologically-suggested TB during community-
based screening in a rural South African setting, and to
determine if baseline symptom status and HIV status
played a significant role in the cascade of care.

Methods

Study setting

The study took place at the Africa Health Research
Institute (AHRI) demographic surveillance area (DSA),
which is located in the rural uMkhanyakude district
in KwaZulu-Natal, South Africa (light blue in Fig. 1).
The southern section of the AHRI DSA was targeted,
an area of 438km? with a population of approximately
65,000 [10]. This community has one of the highest
HIV prevalence rates in the world: 34% in the general
population and 62% among women aged 25-44 years
[11]. Six primary health care clinics are located in the
southern AHRI DSA. The closest hospital is Hlabisa
District Hospital, which is 23.5km away by road from
the western edge of the area. Demographic and health
surveillance, including record of deaths, is conducted
yearly in this area.

Community-based screening: study procedures,
definitions, referral for care

Study procedures

Eligible adolescent and adult residents aged 15 years
and older from the southern DSA were invited to par-
ticipate in a multi-disease community-based screen-
ing program called ‘Vukuzazi’ (which means “wake up
and know yourself” in isiZulu) from May 2018 to March
2020. Individuals were visited at their homes and invited
to attend a mobile health camp that moved through the
study area during the study period (dark blue dots in
Fig. 1). Screening activities included tests for TB, HIV,
elevated blood pressure and elevated blood glucose. The
detailed methods of the survey have been described
by Gunda et al. [10]; here, HIV and TB screening pro-
cedures are summarized. Research nurses conducted
standardized interviews including questions about HIV
history and treatment and current and previous TB
diagnoses and treatment. To assess TB symptoms, par-
ticipants were asked whether they currently had any of
World Health Organization’s TB 4-symptom screening
(WHO-4SS) questions: cough (of any duration), fever,
night sweats or unintentional weight loss (over the last
6 months) [4]. All non-pregnant participants under-
went posterior—anterior digital mobile chest X-ray, with
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Fig. 1 AHRI demographic surveillance area with sites of Vukuzazi community-based screening in relation to Department of Health facilities. Blue
dots=health screening camps, Red crosses=primary health care clinics, Green circle =district hospital

automated assessment by computer-aided detection
for TB (CADATB, Delft Imaging, Hertogenbosch, The
Netherlands) software and off-site interpretation by a
specialist radiologist with more than 35 years of expe-
rience. The radiologist, who was blinded to all clinical
information and CAD4TB version 5 (CAD4TBv5) score,
designated each image as having either normal or abnor-
mal lung fields and classified abnormalities according to
the WHOQ’s Tuberculosis Prevalence Surveys handbook
[12] which included a category “ADS-TB: Abnormal-
ity detected, significant — tuberculosis” (details in Addi-
tional file 1: Supplementary Methods). Any participant
who answered yes to any of the WHO-4SS questions,
who had a chest x-ray score>25 (CAD4TBv5), who
had abnormal lung fields (as determined by the radi-
ologist), or who was unable to undergo chest x-ray was
offered sputum collection. A CAD4TB score reflects the
degree of abnormality and likelihood of TB, but there is
no universally accepted CAD4TBv5 score to use in a TB
screening setting [13]. In a process previously detailed by
Fehr et al. [14], a CAD4TBv5 score of 25 threshold was

selected to maximize TB case-finding in this study. Spu-
tum was tested for Mycobacterium tuberculosis (Mtb)
with an Xpert MTB/RIF Ultra test (Cepheid, Sunnyvale,
CA, USA) and liquid mycobacterial culture (BACTEC
MGIT 960 System (Becton Dickinson, Berkshire, UK))
[11]. Blood was obtained to assess HIV status (Genscreen
Ultra HIV Ag-Ab enzyme immunoassay (Bio-Rad)); par-
ticipants with a positive HIV immunoassay always had
a reflex HIV-1 RNA viral load performed (Abbott Real-
Time HIV-1 Viral Load (Abbott, IL, USA)).

Definitions

According to pre-specified definition, individuals who
were not receiving TB treatment at the time of the sur-
vey and whose sputum was positive for Mtb by either
Xpert Ultra (including trace) and/or Mtb culture, were
considered to have newly diagnosed microbiologically-
confirmed TB. Individuals who were not receiving TB
treatment at the time of the survey and whose sputum
was negative for Mtb but whose chest x-ray was inter-
preted by the radiologist to be consistent with active
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TB (categorized as ADS-TB: abnormality detected, sig-
nificant — tuberculosis), were considered to have radi-
ologically-suggested TB. Participants with TB were
classified as symptomatic if they had any of the WHO-
4SS symptoms and asymptomatic if they had none of
the WHO-4SS symptoms. Participants who had micro-
biologically-confirmed TB and were asymptomatic at
baseline met the study definition for subclinical TB. HIV
status was defined as positive or negative based on the
HIV immunoassay result.

Referral to care

Individuals with newly diagnosed microbiologically-con-
firmed or radiologically-suggested TB were informed of
their results by a research nurse during a home visit, pro-
vided documentation of their results and a printed copy
of their chest x-ray and referred for further care to the
nearest primary health care clinic or hospital. Further
management was conducted by the local department of
health (DoH) personnel according to standard protocols.
Exceptions to standard protocols in management were
documented in a memorandum of understanding (MOU)
signed by AHRI and the local DoH prior to starting the
study. This document stated that positive Xpert Ultra
results would be considered as a microbiological diag-
nosis of TB disease even if subsequent sputum tests col-
lected in DoH clinics and tested by the National Health
Laboratory Service (NHLS) were negative. The MOU also
stated that patients with microbiologically-confirmed TB
diagnosed by AHRI would be referred to the nearest DoH
nurse-led primary health care clinic within 72 h and that
the DoH would be provided the names and addresses of
individuals from this category who failed to link to care
within 72 h. Because the evaluation of radiologically-sug-
gested TB required interpretation of the chest x-ray and
clinical assessment, these patients were referred directly
to the district hospital for physician evaluation.

Assessment of Linkage to Care: study procedures

and definitions

Telephonic survey

Vukuzazi participants who met the criteria for either
microbiologically-confirmed or radiologically-suggested
TB in the baseline survey were reapproached and offered
participation in a follow-up telephonic survey between
May 2021 - January 2023. Those whose death was con-
firmed by demographic surveillance data (accessed
October 2022), who were unable to be contacted on the
telephone after 3 attempts, or who were contacted but
were unable or unwilling to consent to spend 15-20 min
on the phone to complete the survey were excluded from
this study component. Using a structured questionnaire,
participants were asked whether they linked to a clinic
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or hospital for care for TB after Vukuzazi screening and
whether they started and completed TB treatment. Based
on answers to the telephonic survey, participants were
determined to meet the following primary outcomes:
“Linked to care’, defined as a self-reported visit to the
clinic/hospital as a result of the Vukuzazi screening test
within 90 days; “Started TB treatment’, defined as self-
reported starting of TB treatment within 90 days of the
Vukuzazi screening date; “Completed TB treatment’,
defined as self-reported completion of 6 months of treat-
ment for drug susceptible-TB within 1 year of screening
visit. Time to start and completion of TB treatment were
calculated from the date of screening visit.

Health data linkage

To mitigate the survivor bias inherent in the data
obtained by the telephonic survey, linkage to health sys-
tem data was attempted for all participants who met the
criteria for either microbiologically-confirmed or radio-
logically-suggested TB in the baseline survey, regardless
of vital status. The national DoH Tier.net database (elec-
tronic TB register) was queried from the date of Vuku-
zazi screening to March 2020 for individuals starting
treatment using determinative and probabilistic match-
ing based on first name, surname, date of birth, sex and
national identification (ID) number. These data resulted
in an alternate definition of “Started TB treatment”: start-
ing TB treatment within 90 days of the Vukuzazi screen-
ing date based on linkage data obtained from Tier.net.
Data after March 2020 were unavailable due to changes
in DoH policy in accordance with the national Protection
of Personal Information Act (POPIA).

Data analysis

The sex, age group, residency location, and socioeco-
nomic status of those eligible for each study group and
those who completed the telephonic survey were com-
pared. Deaths among eligible individuals were catego-
rized as occurring within the first 90 days after screening
and analyzed by baseline symptom status. The percent-
age of individuals in the microbiologically-confirmed TB
and radiologically-suggested TB groups who met the def-
inition of each link in the treatment cascade according to
self-report in the telephonic survey was calculated. Data
on TB treatment obtained from health system linkage
(Tier.net) was assessed for individuals who participated
in the telephonic survey and for eligible members of each
group. Care cascade and Tier.net data were stratified by
baseline symptom and HIV statuses to define the care
cascade for people who met the study definition of sub-
clinical TB (asymptomatic microbiologically-confirmed
TB) and to assess whether these exposures altered the
treatment cascade within each group. Statistical tests
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used for comparisons between groups included Pearson’s
Chi-squared test or Fisher’s exact test for binary data and
Wilcoxon rank sum test for ordinal data (specific statisti-
cal test used for each comparison indicated in the foot-
notes of each table). Analyses were done in R statistical
software version 4.3.2.

Results
Participation in telephonic survey and baseline
characteristics
174 individuals with microbiologically-confirmed TB and
318 with radiologically-suggested TB were identified,
based on baseline screening test results (Fig. 2). Among
those with microbiologically-confirmed TB, 14 (8%)
had recorded deaths between baseline and follow-up (of
which 21% (3/14) occurred within 90 days of baseline
screening), 28 (16%) were uncontactable after 3 attempts
and 10 (6%) were contacted but unwilling to participate,
resulting in 122 (70%) completing the telephonic survey
(Fig. 2a). Among those with radiologically-suggested TB,
33 (10%) had recorded deaths between baseline and fol-
low-up (of which 12% (4/33) occurred within 90 days of
baseline screening), 123 (39%) were uncontactable after
3 attempts and 9 (3%) were contacted but unwilling to
participate, resulting in 153 (48%) completing the survey
(Fig. 2b).

Among the 174 individuals eligible for the microbio-
logically-confirmed TB group, only 31 (18%) were symp-
tomatic at baseline while 143 (82%) were asymptomatic,

174 eligible

143/174 asymptomatic 31/174 symptomatic
at baseline (82%) at baseline (18%)
10/14 asymptomatic
at baseline (71%)

14 died (8%)

4/14 symptomatic
at baseline (29%)

| 28 uncontactable after
71 three attempts (16%)

A
132 successfully
contacted (76%)

122 consented

and completed
telephonic survey
(70%)

10 not willing to
participate (6%)
N —

Y

103/122 asymptomatic
at baseline (84%)

19/122 symptomatic
at baseline (16%)
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meeting the study definition for subclinical TB. Similarly,
among the 318 individuals eligible for the radiologically-
suggested TB group, only 58 (18%) were symptomatic
at baseline while 260 (82%) were asymptomatic. Among
eligible participants in the microbiologically-confirmed
group who died before being able to take part in the
survey, 10/14 (71%) were asymptomatic at baseline and
4/14 (29%) were symptomatic. Mortality rates in this
group were similar between the symptomatic individuals
(4/31 (13%)) and asymptomatic individuals (10/143 (7%),
p=0.3). In the radiologically-suggested group, 24/33
(73%) of those who died were asymptomatic at baseline
and 9/33 (27%) were symptomatic. Mortality rates in this
group were also similar between symptomatic individuals
(9/58 (16%)) and asymptomatic individuals (24/260 (9%),
p=0.2). Among the 122 individuals with microbiolog-
ically-confirmed TB who completed the telephonic sur-
vey, 103 (84%) were asymptomatic at baseline, meeting
the study definition for subclinical TB.

For both microbiologically-confirmed and radiolog-
ically-suggested TB, the baseline characteristics — age,
sex, TB symptom status, HIV status, residency loca-
tion, sociodemographic status and CAD4TBv5 score
— of people who completed the survey were similar to
those of the entire group eligible (Table 1, Part I), with
three exceptions. In the microbiologically-confirmed
TB group, there were lower rates of participation in
the telephonic survey among people of higher socioec-
onomic status. In the radiologically-suggested group,

318 eligible

os}

260/318 asymptomatic 58/318 symptomatic
at baseline (82%) at baseline (18%)

L

24/33 asymptomatic
at baseline (73%)

33 died (10%)

9/33 symptomatic
at baseline (27%)

123 uncontactable after
7| three attempts (39%)

162 successfully
contacted (51%)

il
A

N 9 not willing to
participate (3%)
N —

A

153 consented

and completed
telephonic survey
(48%)

122/153 asymptomatic
at baseline (80%)

31/153 symptomatic
at baseline (20%)

Fig. 2 Study inclusion and exclusion pathway in (A) the microbiologically-confirmed TB group and (B) the radiologically-suggested TB group
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Table 1 Baseline characteristics, cascade of care and time to TB treatment commencement and completion following community-
based screening

Microbiologically-confirmed TB Radiologically-suggested TB Comparison between
participants from both
groups who completed

the survey
Eligible, Consented and P-value Eligible, Consented and P-value P-value
N=174* completed telephonic N=318" completed telephonic
survey, N=122?2 survey, N=153?
I. Baseline Characteristics
Age group 0.13? 0.032? <0001°
<25 24 (14%) 14 (11%) 14 (4%) 8 (5%)
25-44 57(33%) 42 (34%) 69 (22%) 27 (18%)
45-64 49 (28%) 39 (32%) 154 (48%) 86 (56%)
>65 44 (25%) 27 (22%) 81 (25%) 32 (21%)
Sex >09? >09° 022
Male 80 (46%) 56 (46%) 173 (54%) 83 (54%)
Female 94 (54%) 66 (54%) 145 (46%) 70 (46%)
TB symptom status 0.2° 04° 03°
Symptomatic (WHO- 31 (18%) 19 (16%) 58(18%) 31 (20%)
4SS)
Asymptomatic (WHO- 143 (82%) 103 (84%) 260 (82%) 122 (80%)
4SS)
HIV ELISA 04 0.7 03?
Negative 98 (56%) 66 (54%) 157 (49%) 74 (48%)
Positive 76 (44%) 56 (46%) 161 (51%) 79 (52%)
CADATBV5 Score 63 (43,76) 63 (45,77) 04* 85(70,93) 86(71,97) 0.045* <0001*
Residency location 03° 03° 03°
Rural 103 (59%) 74 (61%) 184 (58%) 95 (62%)
Peri-urban 64 (37%) 45 (37%) 114 (36%) 49 (32%)
Urban 7 (4%) 3(2%) 20 (6%) 9 (6%)
Socioeconomic status 0.034? 04° 06°
Lowest 22 (13%) 18 (15%) 48 (15%) 21 (14%)
Low 50 (29%) 39 (32%) 91 (29%) 44 (29%)
Middle 39 (22%) 29 (24%) 73 (23%) 31 (20%)
High 24 (14%) 15 (12%) 49 (15%) 29 (19%)
Highest 34 (20%) 17 (14%) 42 (13%) 21 (14%)
Unknown 5(3%) 4 (3%) 15 (5%) 7 (5%)
Il. Cascade of care
Attended clinic/hospital 119 (98%) 114 (75%) <0.001°
(self-reported)
Facility attended <0.0013
Clinic 115 (97%) 26 (23%)
Hospital 4 (3%) 88 (77%)
Started TB treatment 115 (94%) 24 (16%) <0001?
(self-reported)
Started TB treatment 116 (67%) 88 (72%) 03% 28(9%)  15(10%) 07*  <0001?
(Tier.net)
Completed TB treatment 113 (93%) 22 (14%) <0.001?

(self-reported)
lll. Time to starting and completing TB treatment

Time to starting TB 21(14,29) 42 (31,73) <0.001*
treatment (days, self-
reported)
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Microbiologically-confirmed TB

Radiologically-suggested TB

Comparison between
participants from both
groups who completed

the survey
Eligible, Consented and P-value Eligible, Consented and P-value P-value
N=174 completed telephonic N=318" completed telephonic
survey, N=1222 survey, N=153?

Time to starting TB treat- 9(8,27)  10(8,27) 06 41(33,74) 49(38,73) 02" <0001*
ment (days, Tier.net)
Percentage of individu- <0001°
als starting TB treatment
(by self-report) within:

0-30 days 86 (75%) 5(21%)

31-60 days 17 (15%) 8(33%)

61-90 days 5 (4%) 4(17%)

More than 90 days 4 (3%) 5(21%)

Unknown 3 (3%) 2 (8%)
Time to completing TB 207 (202, 217) 255 (225, 282) <0.0014
treatment (days, self-
report)
? Median (interquartile range—IQR); n (%)
2 Statistical test used: Pearson’s Chi-squared test
3 Statistical test used: Fisher's exact test
4 Statistical test used: Wilcoxon rank sum test
the 45-64 year old age group was overrepresented Cascade of care

among telephonic survey participants, compared with
the eligible population and telephonic survey partici-
pants had slightly higher CAD4TBv5 scores compared
to the eligible population. For clarity, results subse-
quently presented refer to participants who completed
the telephonic survey rather than the larger eligible
group, unless otherwise stated. Although the median
ages were similar between the microbiologically-con-
firmed TB patients — 48.5 years (IQR 33-63) — and
the radiologically-suggested TB patients — 52 years
(IQR 45-63) — the microbiologically-confirmed group
was younger with relatively more people aged<25
years (11% vs. 5%), and fewer aged 45-64 years (32%
vs. 56%). Approximately half of participants in both
groups were PLWH (46% of those with microbiologi-
cally-confirmed TB and 52% of those with radiologi-
cally-suggested TB).

Baseline age, sex, HIV status, CAD4TBv5 score and
socio-demographic characteristics did not differ by
symptom status in the microbiologically-confirmed
group (Table 2). In the radiologically-suggested TB
group, the symptomatic group was older than the
asymptomatic group, otherwise baseline charac-
teristics were similar regardless of symptom status
(Table 2).

In the microbiologically-confirmed TB group, 119/122
(98%) reported linking to care by having attended a
health care facility as a result of their referral, after
which 115/122 (94%) started TB treatment and 113/122
(93%) completed TB treatment (Table 1 Part II). Among
people with microbiologically-confirmed TB, people
who were asymptomatic at baseline and thus met the
study definition for subclinical TB completed the steps
along the cascade of care at high rates [98% (101/103)
linked to care, 95% (98/103) started TB treatment, 93%
(96/103) completed TB treatment] and these high rates
did not significantly differ from people with symptomatic
microbiologically-confirmed TB [95% (18/19) linked
to care, 89% (17/19) started TB treatment, 89% (17/19)
completed TB treatment] (Fig. 3A, Table 2 Part II). HIV
status at baseline was not associated with any significant
differences in percentage attending initial referral sites,
starting TB treatment or completing TB treatment in the
microbiologically-confirmed TB group (Fig. 3C, Addi-
tional file 1: Table S1 Part I).

Compared to people with microbiologically-con-
firmed TB, fewer people in the radiologically-suggested
TB group attended a health care facility as a result of
their referral (114/153 (75%), p<0.001), after which far
fewer started TB treatment (24/153 (16%), p<0.001)
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Table 2 Baseline characteristics, cascade of care and time to TB treatment commencement and completion among participants who
completed the telephonic survey, stratified by TB symptom status at baseline

Microbiologically-confirmed TB

Radiologically-suggested TB

Characteristic Asymptomatic, Symptomatic, p-value Asymptomatic, Symptomatic,  p-value
N=103? N=19? N=122° N=31°
1. Baseline Characteristics
Age group 03’ 0.039°
<25 13 (13%) 1(5%) 7 (6%) 1(3%)
25-44 38 (37%) 4(21%) 26 (21%) 1 (3%)
45-64 31 (30%) 8 (42%) 67 (55%) 19 (61%)
>65 21 (20%) 6 (32%) 22 (18%) 10 (32%)
Sex 0.7 0.7
Male 48 (47%) 8 (42%) 67 (55%) 16 (52%)
Female 55 (53%) 11 (58%) 55 (45%) 15 (48%)
HIV ELISA 0.9? 0.11?
Negative 56 (54%) 10 (53%) 55 (45%) 19 (61%)
Positive 47 (46%) 9 (47%) 67 (55%) 12 (39%)
CADA4TBVS Score 64 (45,77) 60 (55,71) >09*  86(70,95) 85 (74,98) 06*
Residency location 04° 0.10°
Rural 62 (60%) 12 (63%) 71 (58%) 24 (77%)
Peri-urban 39 (38%) 6 (32%) 42 (34%) 7 (23%)
Urban 2 (2%) 1(5%) 9 (7%) 0 (0%)
Socioeconomic status 0.5° 03?
Lowest 16 (16%) 2 (11%) 15 (12%) 6 (19%)
Low 29 (28%) 10 (53%) 33 (27%) 11 (35%)
Middle 26 (25%) 3 (16%) 28 (23%) 3(10%)
High 13 (13%) 2 (11%) 22 (18%) 7 (23%)
Highest 15 (15%) 2 (11%) 18 (15%) 3(10%)
Unknown 4 (4%) 0 (0%) 6 (5%) 1(3%)
Il. Cascade of care
Attended clinic/hospital (self-reported) 101 (98%) 18 (95%) 04> 90 (74%) 24 (77%) 0.7°
Facility attended 05° 06°
Clinic 98 (97%) 17 (94%) 22 (24%) 4(17%)
Hospital 3(3%) 1 (6%) 68 (76%) 20 (83%)
Started TB treatment (self-reported) 98 (95%) 17 (89%) 03 19(16%) 5 (16%) >09°
Started TB treatment (Tier.net) 72 (70%) 16 (84%) 0.2°  11(9%) 4(13%) 0.5°
Completed TB treatment (self-reported) 96 (93%) 17 (89%) 03> 17(14%) 5 (16%) 08°
1II. Time to starting and completing TB treatment
Time to starting TB treatment (days, self-reported) 22 (14,30) 20(10,22) 0.12* 41(31,72) 43 (42,73) 074
Time to starting TB treatment (days, Tier.net) 9(8,24) 26(11,29) 0.14* 45 (34, 58) 66 (55, 79) 024
Percentage of individuals starting TB treatment (by self- 06° >09°
report) within:
0-30 days 72 (73%) 14 (82%) 4 (21%) 1 (20%)
31-60 days 16 (16%) 1 (6%) 6 (32%) 2 (40%)
61-90 days 4 (4%) 1 (6%) 3 (16%) 1 (20%)
More than 90 days 4 (4%) 0 (0%) 4 (21%) 1 (20%)
Unknown 2 (2%) 1(6%) 2 (11%) 0 (0%)
Time to completing TB treatment (days, self-report) 208 (202, 218) 205 (202, 216) 03* 259 (224,292) 255 (225, 257) 0.74

2 Median (IQR); n (%)

2 Statistical test used: Pearson’s Chi-squared test
3 Statistical test used: Fisher’s exact test

4 Statistical test used: Wilcoxon rank sum test
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and completed TB treatment (22/153 (14%), p<0.001).
Symptom status at baseline was not associated with any
significant differences in percentage attending initial
referral sites, starting or completing TB treatment in
the radiologically-suggested TB group (Fig. 3B, Table 2).
In this group, a higher percentage of PLWH completed
TB treatment compared to their HIV negative counter-
parts (20% vs 8%, p=0.032, Fig. 3D, Additional file 1:
Table S1 Part I).

Self-reported time to starting treatment also differed
between the two groups: those with microbiologically-
confirmed TB group started earlier than those with radi-
ologically-suggested TB (median times of 21 days (IQR
14-29) and 42 days (IQR 31-73), respectively, p<0.001,
Table 1, Part III). Within each group, time to starting
treatment did not differ depending on baseline symp-
tom or HIV status. Due to different referral pathways, the
health care facility visited after referral differed between
the microbiologically-confirmed and radiologically-
suggested groups: of the 119 individuals who attended
a referral visit in the microbiologically-confirmed TB
group, 115/119 (97%) attended a local primary health
care clinic as their initial referral site and 4/119 (3%)
attended Hlabisa District Hospital, whereas only 26/114
(23%) of the individuals who attended a referral visit in
the radiologically-suggested TB group attended a local

primary health care clinic and 88/114 (77%) attended
Hlabisa District Hospital. Within both groups, attend-
ance at clinic or hospital as initial referral site did not dif-
fer depending on baseline symptom or HIV status.

Health systems data

Data obtained from the national Tier.net database
showed that more patients with microbiologically-con-
firmed TB than those with radiologically-suggestive
TB had a matching electronic record that documented
starting of TB treatment (88/122 (72%) vs. 15/153 (10%),
p<0.001, Table 1, Part II). According to Tier.net data,
time to TB treatment commencement was shorter in
the microbiologically-confirmed group (10 days (IQR
8-27)), compared with the radiologically-suggested
group (49 days (IQR 38-73), p<0.001). These data, which
corresponded to people who completed the telephonic
survey, did not show any significant differences in TB
treatment commencement rates or days to TB treatment
commencement when stratified by baseline symptom
status or HIV status (Table 2, Part II, Additional file 1:
Table S1 Part II). When the health system data analysis
was expanded to those who were eligible regardless of
whether they participated in the follow-up survey, the
rates of TB treatment commencement (116/174 (67%) in
the microbiologically-confirmed TB group and 28/318
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(9%) in the radiologically-suggested TB group) and days
to TB treatment commencement (median 9 days (IQR
8-27) in microbiologically-confirmed TB group and
median 41 days (IQR 33-74) in the radiologically-sug-
gested TB group) did not differ significantly from rates
from the subgroup that participated in the follow-up
survey (Table 1, Parts II & III). Treatment commence-
ment rates also did not differ between the subclinical TB
group and those with symptomatic microbiologically-
confirmed TB in the larger eligible group (94/143 (66%)
vs. 22/31 (71%), p=0.6).

Discussion

In a community-based TB screening program in rural
KwaZulu-Natal that referred people with microbiolog-
ically-confirmed and radiologically-suggested TB to
routine health services, we found high rates of linkage
to care, TB treatment commencement and TB treat-
ment completion among people with microbiologically-
confirmed TB, despite the fact that over 80% of people
in this group had no symptoms at baseline, consistent
with subclinical TB. Among people with chest x-ray
findings consistent with active TB but no microbiologi-
cal confirmation, rates of linkage to care were lower. In
both groups, links along the cascade of care, whether
measured by self-report or linkage to the health system
electronic record, did not differ by baseline symptom sta-
tus. The results of this study highlight that participants in
community-based TB screening may be highly willing to
accept referrals, start and complete treatment for micro-
biologically-confirmed subclinical TB.

Subclinical TB is increasingly being recognized as an
important part of the TB pandemic [5, 7, 15, 16]. A recent
systematic review by Frascella et al. showed that a median
of 50.4% of microbiologically-confirmed TB cases was
subclinical, based on prevalence surveys conducted glob-
ally [5]. Similarly, South Africa’s First National TB Preva-
lence Survey from 2021 showed that 57.8% of participants
with microbiologically-proven TB did not report any
symptoms [17]. Despite this, real-world TB screening
programmes emphasize TB symptoms for selecting those
for sputum testing. The symptom-based approach would
therefore miss a large proportion of prevalent TB cases.
Active case-finding (ACF) approaches which do not
focus on symptoms are therefore increasingly important
[18], and people’s willingness to link to care and complete
TB treatment when diagnosed with asymptomatic TB
during screening programmes will determine the impact
of these programs.

This study used two complementary methods to assess
linkage to care. In those participants whom we were
able to re-contact by telephone approximately 3 years
after the initial screening, we obtained detailed cascade
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of care information; by this method, people with micro-
biologically-confirmed subclinical TB reported very
high rates of linkage to care (98%), TB treatment com-
mencement (95%) and completion (93%). These num-
bers should be considered a “best possible” estimate due
to several sources of bias that may have inflated linkage
rates: survivor bias (eligible individuals who had died
or otherwise been lost to follow-up were excluded from
this study component), recall bias (difficulty accurately
remembering events of 3 years prior) and social desir-
ability bias (perceived pressure to report positive results
to please the interviewer). Use of health system linkage
data for the entire eligible group, including those who
had died and been lost-to-follow-up, found evidence that
66% of people with microbiologically-confirmed subclin-
ical TB commenced TB treatment (the only care cascade
measure reliably recorded in the database). This estimate
should be considered a “worst possible” estimate because
incomplete or incorrect data entry into the electronic TB
registry and imperfect performance of matching algo-
rithms may have resulted in an undercounting of people
who actually started TB treatment. If the true number of
people with microbiologically-confirmed subclinical TB
who commenced TB treatment likely lies between 66 and
95%, the proportion of persons starting TB treatment in
this study was higher or as high as rates that have been
reported in other ACF studies recently conducted in
Southern Africa, where it ranged from 51 to 93% [19-23].
Possible explanations for the high rates of linkage in our
study is the longstanding relationship that AHRI has with
the local community, which has resulted in trust between
the two parties, and the establishment of a memorandum
of understanding between the study and the local DoH
regarding clinical use of study screening results prior to
commencement of the study.

Linkage to care after a positive test during community-
based screening differed between the microbiologically-
confirmed and radiologically-suggested groups (98% vs
75%). This difference is most likely due to the difference
in referral sites, with local standards of care requiring
that most individuals with negative sputum microbiol-
ogy but chest x-rays suggestive of TB be referred to the
district hospital for evaluation by a medical doctor rather
than referral to primary health care clinics, where care
is provided by nurses. Since the hospital is farther away,
requiring added transport costs and time, this could have
accounted in part for the number of participants that
did not link to the referral centre in this group. A study
in Zimbabwe found the opposite result in their popula-
tion, with a larger percentage of their microbiologically-
confirmed group being lost to follow-up before treatment
initiation than their clinically diagnosed group [24]. This
suggests that the difference in linkage to care that we
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see may be due to logistical barriers to care as described
above rather than the basis of diagnosis.

The largest difference between the care cascades of the
two groups was how many started treatment after their
referral visits. Treatment initiation in the microbiolog-
ically-confirmed group was very high at 94%, regardless
of the patient’s symptom status. In the radiologically-
suggested group, only 16% of participants initiated TB
treatment. It is expected that there would be a differ-
ence between the two groups — in those individuals who
made it to care, the treating clinicians could have right-
fully decided that there was not enough evidence to start
TB treatment, since many other infectious and non-
infectious diseases can mimic TB’s x-ray findings [25]. It
is, however, possible that some of these participants did
have TB disease and other factors played a role in them
not initiating treatment. The complexity of the clinical
approach to managing individuals with only radiologi-
cal signs of TB and the extra steps in the referral path-
way (travel distance to the hospital, repeat sputum or
other further investigations, and/or trial of antibiotics
and follow-up), could have led to some participants being
lost to follow-up. These extra steps also explain the dif-
ference in time to treatment initiation between the two
groups — since the microbiologically-confirmed group
had fewer steps in their referral pathway, they could start
treatment earlier. This difference was also noticed in a
recent ACF study in Peru [26]. Studies have also shown
that x-ray interpretation in an ACF setting differs mark-
edly depending on the level of training of the interpreter,
and therefore the treating clinician at the hospital could
have disagreed with the radiologist’s interpretation of
the x-ray [27, 28]. A more appropriate outcome measure
for this group would have been the quality of diagnostic
and clinical care these participants received rather than a
treatment initiation percentage, but this is complicated to
assess and falls outside the scope of this paper.

While there were many differences in the care cascades
between the two study groups, baseline symptom sta-
tus was not associated with significant differences within
either group. We initially anticipated that symptom status
would alter the treatment cascade, with asymptomatic peo-
ple being less likely to follow up their referral and/or start
and complete treatment, but that was not the case. This
is an important finding since little is known about peo-
ple’s willingness to start treatment when they do not have
symptoms. This question will become even more relevant
as TB screening programmes are rolled out more broadly,
as recommended by the WHO’s operational handbook
on tuberculosis [29]. Other ACF studies have also found
no difference in linkage to care between symptomatic
and asymptomatic participants [22, 24, 30], but Ananda
et al. reported that although they found no difference in
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treatment initiation between the two groups, their sympto-
matic group had better treatment outcomes [30].

Baseline HIV status was also not associated with any
significant differences in the microbiologically-con-
firmed TB group, but in the radiologically-suggested
group PLWH commenced and completed TB treatment
more frequently than their HIV-negative counterparts.
Although the reason for this difference was not appar-
ent in our data, it is possible that people living with HIV
are better established in primary health care at the clinic
level or that local clinicians have a lower threshold for
commencing TB treatment in a person living with HIV
who has a suggestive chest x-ray.

In addition to the sources of bias discussed above, this
study had other limitations. Conducting telephonic sur-
veys has many inherent challenges, including failure to
reach all eligible people. This can be due to a wide vari-
ety of reasons, such as changed phone numbers, death,
imprisonment, and people being unable to take calls dur-
ing working hours. Unfortunately, the reasons for survey
non-response potentially introduced bias. Additionally,
refusal to be surveyed could have been because of a nega-
tive experience during the initial population-based survey;
such bias may have led to overestimation of linkage to care
and TB treatment commencement. There was a significant
difference in response rates between the microbiologi-
cally-confirmed and radiologically-suggested groups. One
reason for this is that individuals eligible for the micro-
biologically-confirmed TB group were also eligible for
another study at AHRI; therefore, at the time of this study,
their contact telephone numbers were more up-to-date
than those individuals eligible for the radiologically-sug-
gestive TB group. The higher response rates in the micro-
biologically-confirmed group is a source of potential bias
and overestimate the differences between the two groups.
The sampled group could also be biased towards health-
seeking behaviour compared to the general population,
since they form part of the approximately 50% of the pop-
ulation that participated in the initial population-based
survey [11]. An additional limitation is that our study was
only based in one district and specific features of our study
population limits generalizability. These features include
the high HIV prevalence and the longstanding relationship
between AHRI and the community, and AHRI and the
DoH. We also do not have additional information regard-
ing what further examinations and investigations the radi-
ologically-suggested group underwent after referral, which
could have determined which participants were advised to
start TB treatment. For this reason, we limited our study
definition of subclinical TB to asymptomatic individu-
als with microbiological confirmation of TB. Limitations
related to the Tier.net system are highlighted above, and
in addition we only had access to the Tier.net data until
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March 2020 and therefore data regarding TB treatment
may have been incomplete.

Conclusions

Clear guidelines do not yet exist to treat subclinical TB and
there is concern that even once such guidelines exist people
who screen positive for TB in the absence of symptoms may
be unwilling to accept TB treatment. We have shown that
the majority of people diagnosed with microbiologically-
proven subclinical TB during a population-based survey in
rural KwaZulu-Natal, South Africa, were willing to start TB
treatment despite the lack of symptoms. Design of decen-
tralized diagnostic and care pathways for patients received
from community-based screening programs, especially
for patients who have a positive screening chest x-ray and
negative sputum are urgently needed to increase access to
quality care and decrease barriers to TB treatment, when
clinically warranted. Further research is needed in other
regions to determine if linkage to care in asymptomatic
people is similarly high in other settings, or if our high
rates of linkage are a result of the research organisation’s
strong relationship with the community. Further research
is also needed to better understand the benefits and poten-
tial harms of community-based screening. Subclinical TB
forms a large part of the global TB burden, and therefore
improving the experience of people diagnosed with sub-
clinical TB during active case-finding will be an important
part of future efforts to end TB in our lifetime.
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