
Articles
Mortality in HIV and tuberculosis patients following
implementation of integrated HIV-TB treatment:
Results from an open-label cluster-randomized trial
Kogieleum Naidoo,a,b* Santhanalakshmi Gengiah,a Nonhlanhla Yende-Zuma,a,b Regina Mlobeli,a Jacqueline Ngozo,c

Nhlakanipho Memela,a Nesri Padayatchi,a,b Pierre Barker,d Andrew Nunn,e and Salim S. Abdool Karim a,b,f

aCentre for the AIDS Programme of Research in South Africa (CAPRISA), University of KwaZulu-Natal Nelson R Mandela
School of Medicine, Private Bag X7 Congella, Durban 4013, South Africa
bSouth African Medical Research Council (SAMRC)-CAPRISA-TB-HIV Pathogenesis and Treatment Research Unit, University of
KwaZulu-Natal Nelson R Mandela School of Medicine, Durban, South Africa
cKwaZulu- Natal Provincial Department of Health, South Africa
dInstitute for Healthcare Improvement, Gilling’s School of Global Public Health, UNC Chapel Hill, Chapel Hill, Cambridge, MA,
USA
eMedical Research Council Clinical Trials Unit at University College, London, UK
fDepartment of Epidemiology, Mailman School of Public Health, Columbia University, New York, NY, USA
eClinicalMedicine
2022;44: 101298
Published online xxx
https://doi.org/10.1016/j.
eclinm.2022.101298
Summary
Background HIV-TB treatment integration reduces mortality. Operational implementation of integrated services is
challenging. This study assessed the impact of quality improvement (QI) for HIV-TB integration on mortality within
primary healthcare (PHC) clinics in South Africa.

Methods An open-label cluster randomized controlled study was conducted between 2016 and 2018 in 40 rural
clinics in South Africa. The study statistician randomized PHC nurse-supervisors 1:1 into 16 clusters (eight nurse-
supervisors supporting 20 clinics per arm) to receive QI, supported HIV-TB integration intervention or standard
of care (control). Nurse supervisors and clinics under their supervision, based in the study health districts were eli-
gible for inclusion in this study. Nurse supervisors were excluded if their clinics were managed by municipal
health (different resource allocation), did not offer co-located antiretroviral therapy (ART) and TB services, services
were performed by a single nurse, did not receive non-governmental organisation (NGO) support, patient data was
not available for > 50% of attendees. The analysis population consists of all patients newly diagnosed with (i) both
TB and HIV (ii) HIV only (among patients previously treated for TB or those who never had TB before) and (iii)
TB only (among patients already diagnosed with HIV or those who were never diagnosed with HIV) after QI
implementation in the intervention arm, or enrolment in the control arm. Mortality rates was assessed 12 months
post enrolment, using unpaired t-tests and cox-proportional hazards model. (Clinicaltrials.gov, NCT02654613,
registered 01 June 2015, trial closed).

Findings Overall, 21 379 participants were enrolled between December 2016 and December 2018 in intervention
and control arm clinics: 1329 and 841 HIV-TB co-infected (10¢2%); 10 799 and 6 611 people living with Human
Immunodeficiency Virus (HIV)/ acquired immunodeficiency syndrome (AIDS) (PLWHA) only (81¢4%); 1 131 and
668 patients with TB only (8¢4%), respectively. Average cluster sizes were 1657 (range 170−5782) and 1015 (range 33
−2027) in intervention and control arms. By 12 months, 6529 (68¢7%) and 4074 (70¢4%) were alive and in care,
568 (6¢0%) and 321 (5¢6%) had completed TB treatment, 1078 (11¢3%) and 694 (12¢0%) were lost to follow-up, with
245 and 156 deaths occurring in intervention and control arms, respectively. Mortality rates overall [95% confidence
interval (CI)] was 4¢5 (3¢4−5¢9) in intervention arm, and 3¢8 (2¢6−5¢4) per 100 person-years in control arm clusters
[mortality rate ratio (MRR): 1¢19 (95% CI 0¢79−1¢80)]. Mortality rates among HIV-TB co-infected patients was 10¢1
(6¢7−15¢3) and 9¢8 (5¢0−18¢9) per 100 person-years, [MRR: 1¢04 (95% CI 0¢51−2¢10)], in intervention and control
arm clusters, respectively.

Interpretation HIV-TB integration supported by a QI intervention did not reduce mortality in HIV-TB co-infected
patients. Demonstrating mortality benefit from health systems process improvements in real-world operational set-
tings remains challenging. Despite the study being potentially underpowered to demonstrate the effect size,
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integration interventions were implemented using existing facility staff and infrastructure reflecting the real-world
context where most patients in similar settings access care, thereby improving generalizability and scalability of
study findings.
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Research in context

Evidence before this study

Initially in 2013, Medline via PubMed was searched for
articles published between 2003 and 2013 reporting on
search terms: “epidemiology of HIV-TB co-infection”;
“integrated HIV-TB care, TB case finding among people
living with Human Immunodeficiency Virus (HIV)/
acquired immunodeficiency syndrome (AIDS) (PLWHA)”;
“isoniazid preventive therapy (IPT) and antiretroviral
therapy (ART) uptake”; and “strategies for improving TB
outcomes among patients HIV-TB in resource limited
settings”, yielding 288 relevant published articles that
suggested that co-location of TB and HIV services was
alone insufficient to substantially improve integrated
services, recommending additional interventions such
as quality improvement (QI) targeting health systems
performance improvements for evaluation. In 2015, an
expanded search for articles published between 2003
and 2015, evaluating impact of QI mediated integrated
TB and HIV services on improved patient outcomes,
using the terms 'Quality Improvement' AND 'resource-
constrained' AND 'HIV' AND tuberculosis, OR TB yielded
zero findings. Since our search, two new trials have
been published: the Merge trial found no patient out-
come improvement with placement of additional staff
supporting integrated HIV-TB care, and the TB-Fast
Track trial found no short-term mortality reduction
among PLWHA despite substantial increases in TB diag-
nosis and treatment coverage. Evidence guiding “how
to” effectively implement integrated services at the
frontline will optimize implementation of integrated
services and help address persistently high mortality
rates among HIV-TB coinfected individuals in resource
limited settings.

Added value of this study

This is the first randomised trial to test a scalable HIV-TB
integration strategy using QI methods. Despite the
intervention, similarly high mortality rates among HIV-
TB co-infected patients were found. Demonstrating
mortality benefit from health systems process improve-
ments in real-world operational settings remains chal-
lenging, with this study highlighting the high level of
health systems planning and organization required for
delivery of complex QI supported HIV-TB integration
interventions. Having rural clinics with their existing
facility staff participate in this research enabled a better
understanding of whether the QI intervention could be
translated irrespective of resources or setting. Despite
failing to show an impact on HIV-TB mortality rates the
study found the health system to be responsive to stra-
tegic implementation support, showing overall
improvements in performance.

Implications of all the available evidence

Growing evidence shows that affordable and sustain-
able QI strategies offer strengthened integrated HIV-TB
service delivery through establishment of clear guide-
lines that address weaknesses in PHC clinic systems.
This trial evaluated the effect of QI intervention to opti-
mise delivery of integrated TB and HIV services and
improve patient health outcomes. Incorporation of QI
strategies into routine support for PHC clinics to sustain
improved patient health outcomes yielded no added
benefit to patient outcomes.
Introduction
Tuberculosis (TB) is a leading opportunistic infection
among people living with Human Immunodeficiency
Virus (HIV)/ acquired immunodeficiency syndrome
(AIDS) (PLWHA). In 2018, 21% of the 1¢2 million TB
deaths occurred in PLWHA.1 In South Africa, approxi-
mately 300,000 new TB cases are notified each year
with approximately 70% of cases occurring in PLWHA.2

Multiple clinical trials demonstrated survival bene-
fits in PLWHA with cluster of differentiation 4 (CD4) <
50 cells/mm3 from early antiretroviral therapy (ART)
initiation during TB therapy, providing impetus for inte-
grated HIV and TB services.3−5 Guidelines from World
Health Organization (WHO) recommend earlier ART ini-
tiation for everyone with TB and HIV, accounting for pro-
grammatic, logistical, and patient preference reasons.1

Additional interventions that reduce mortality
among PLWHA include HIV and TB case detection,
www.thelancet.com Vol 44 Month February, 2022
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and Isoniazid preventative therapy (IPT).6 Despite adop-
tion of these interventions in TB and HIV policies and
treatment guidelines globally, knowledge on the extent
to which implementation of integrated HIV and TB
services occurs and its subsequent impact on mortality,
remains elusive.

Prevention of TB disease among PLWHA remains a
key strategy in reducing HIV-associated TB mortality.
Published studies consistently report a statistically sig-
nificant association between TB preventive therapy
(TPT) uptake among PLWHA and reduced TB mortal-
ity.7 Despite widescale access to TPT, delays in facility
level TPT policy implementation and inadequacies in
health care worker (HCW) capacity commonly contrib-
ute to inadequate TPT uptake among PLWHA residing
in resource limited settings.8−13

Universal health coverage would ensure that all eligi-
ble patients access the required TB and HIV related
health services, that services are of high quality and suf-
ficiently comprehensive to reduce morbidity and mortal-
ity. Delivery of comprehensive integrated services can
be optimised through ongoing performance assessment
and improvement using key indicators. This will help
achieve alignment of integrated HIV and TB service
delivery with population health profiles and clinical out-
comes. Defining a scalable strategy to address shortcom-
ings in TB and HIV screening, TB diagnostic testing,
timely ART initiation, and TPT will help strengthen and
support delivery of integrated TB and HIV services in
endemic resource limited settings. The Scaling Up TB,
and HIV Treatment Integration (SUTHI) study,
assessed the impact of quality improvement (QI) sup-
ported TB and HIV treatment integration on mortality
and clinical outcomes within 40 rural Primary Health-
care (PHC) clinics in South Africa.
Methods

Study design
This open-label, cluster randomized-controlled study,
published elsewhere, was conducted over 18-months in
the rural Ugu and King Cetshwayo districts, KwaZulu-
Natal (KZN), South Africa.14,15 In this study, a cluster
was defined as a PHC nurse supervisor. This individual
typically managed one to five PHC clinics. The Univer-
sity of KwaZulu-Natal Biomedical Research Ethics Com-
mittee (UKZN BREC) approved the study, with waiver
of participant informed consent {(ref no. BF108/14) and
Clinicaltrials.gov, NCT02654613, registered 01 June
2015}.14
Participants and randomization
Amaster list of PHC nurse supervisors and their respec-
tive clinics within the selected local health districts were
screened for study inclusion as per eligibility criteria
www.thelancet.com Vol 44 Month February, 2022
published elsewhere.14 A total of 16 eligible PHC super-
visors, each serving as a unit of randomization, were
included in the study, and randomized 1:1 using com-
puter-generated randomization code that was developed
by a Statistician in SAS (SAS Institute, Cary, North Car-
olina) version 9.4. statistical software. No matching or
stratification was used in the randomisation process.
The randomization list was kept in a password protected
file and the random allocation was sent to the study
coordinator when all the preparations to enrol each
PHC nurse supervisor and their respective clinic(s)
were completed. Upon receipt of the randomization
arm, the study coordinator initiated the documentation
of the study arm allocation and shared that information
with the study team including the statistician for verifi-
cation purposes. Eight PHC nurse supervisors (n=eight
clusters), supporting 20 clinics (total of 40 clinics in the
study) were allocated to the QI intervention and stan-
dard of care (SOC) arms, respectively. Supervisors were
excluded if their clinics were managed by municipal
health (different resource allocation), did not offer co-
located ART and TB services, services were performed
by a single nurse, did not receive non-governmental
organisation (NGO) support, patient data was not avail-
able for > 50% of attendees. As each PHC nurse super-
visor managed multiple clinics, randomization at the
PHC supervisor level helped address contamination of
the control clinics by the studies’ intervention effects.
Study intervention implemented in intervention arm
clinics
In this study, the QI intervention adopted the Break-
through Series Collaborative (BTSC) model to support
key aspects of HIV-TB service integration as published
elsewhere.14,15 A collaborative was formed by PHC
nurse supervisors, and QI teams comprising a clinic
appointed QI champion supported by selected staff
members including the clinics’ operations manager.
This collaborative was expected to improve clinic perfor-
mance on routine HIV-TB integration services mea-
sured by the following process indicators: HIV testing
(especially in TB patients), TB screening, IPT initiation
in new ART patients, ART initiation in TB patients, viral
load testing at month 12, and implementation of an
integrated electronic HIV and TB database as published
elsewhere.15 The study QI intervention package com-
prised three key elements aimed at embedding HIV-TB
integration within the clinics’ services: (i) healthcare
worker training and capacity building; (ii) in-person QI
mentorship; and (iii) Data quality improvement for
improved completeness and reliability of routinely col-
lected clinic data, published elsewhere.14,15 It is impor-
tant to note that QI Interventions aimed at optimizing
HIV-TB integration performance were not offered in a
bundled approach. Time of introduction of tailored
interventions corresponded to the urgency of the
3
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required intervention. Hence, interventions were initi-
ated at various time points over the study period.
Upstream activities in the HIV and TB care cascade
took priority and were addressed in the first few months
of implementing the study intervention. Tuberculosis
and HIV process indicators that reached or exceeded
90% were considered “optimally performing” with no
direct intervention implemented except for ongoing
tracking and action should indicator performance drop
to below 90%. Clinics prioritized indicator selection,
based on baseline performance and ease of access to
data.
Standard of care implemented in control arm clinics
South African Department of Health (DoH) guidelines
recommend integrated HIV and TB services as SOC
(control) and conducts programme monitoring through
electronic medical records. Standard support for inte-
grated HIV-TB services in SOC clinics included quar-
terly visits by the assigned PHC supervisor and district
Health Management team, with performance review
using routinely collected clinic data. In addition, the
ministry of health convened monthly data review meet-
ings called ‘Nerve centre meetings’, a platform for all
facilities, i.e., both intervention and non-intervention
clinics, to share performance on targeted HIV-TB ser-
vice delivery indicators. NGO provided technical sup-
port to control clinics was not discouraged. Factors
influencing background SOC were systematically
recorded and accounted for in the final analysis.
Outcomes
All-cause mortality at 12-months from enrolment
among newly diagnosed HIV-TB co-infected patients
was the primary outcome of this study. To ascertain the
primary outcome the rate of mortality in each cluster
was calculated as the number of patients who died,
divided by the total number of person-years at risk of
mortality. Deaths were ascertained through tracing by
facility staff, family member reports, clinic charts anno-
tation, or through review of the South African national
death registry, the only available national death registry.
Reliability of the South African Death registry is, based
on a deceased person having a valid South African ID.
Hence, the system may not include immigrants or
South African residents that demised without a valid
South African ID. Follow-up time for each patient was
calculated from date of enrolment to 12-months of lon-
gitudinal follow-up, or sooner if date of death, patient
transfer-out, patient’s last clinic visits in those lost-to-
follow-up from care occurred before 12-months.
Data collection
Patient level data was collected six months prior to study
enrolment (baseline) and follow-up study period for
patients. Patients participating in this study included
those: at least 18 years of age; newly diagnosed HIV-TB
co-infected patients based on any bacteriologically con-
firmed or clinically diagnosed case of TB with a positive
result or from HIV testing conducted at the time of TB
diagnosis or other documented evidence of enrolment
in HIV care; diagnosed with TB only based on a diagno-
sis with bacteriologically confirmed TB or who was
started on TB treatment by a health care worker based
on positive smear, microscopy, culture or rapid diagnos-
tic tests for TB bacilli, clinical presentation, and/or
radiologic evidence of TB; confirmed HIV-infected only
based on two rapid HIV tests.3,16 Reports on HIV-TB
integration process indicator performance were gener-
ated monthly from each clinics electronic data manage-
ment systems. A roving study data team provided
continuous data management QI activities in all inter-
vention and control clinics. Data improvement activities
included supervision of clinical staff and data capturers,
training in accurate interpretation and capture of clini-
cal and laboratory information, accurate completion of
laboratory request forms, and support in capturing file
backlogs onto electronic databases. Feedback on metrics
of data quality were provided to clinic staff throughout
study implementation. Quality assurance was achieved
through regular patient chart review comparison
against electronic records. Electronic records from inter-
vention and control clinics were used in this analysis.
Statistical analysis
A case fatality rate of 15% in the control arm was
assumed based on published local data.17 We assumed
that the SUTHI study intervention would achieve at
least half the mortality reduction of 56% achieved in
clinical studies.3−5 We anticipate that about 6000 HIV-
positive patients will be diagnosed with active TB in the
study population during a 12-month period. This is
based on the assumption that between 100 and 200
new TB and HIV co-infected patients are seen in each
of the 40 clinics per year. This translates to an average
of 350 patients per cluster (cluster sizes are expected to
be unequal). Therefore, with eight clusters per arm, a
between-cluster coefficient variation (CV) of 0¢25 and a
type I error of 5%, we estimated the power to detect a
30% reduction in all-cause mortality would be approxi-
mately 80%. When the CV is increased to 0.35, power
drops drastically to 57%.

All analyses were performed according to the inten-
tion-to-treat (ITT) principle. This analysis population
consists of all patients newly diagnosed with (i) both TB
and HIV (ii) HIV only (among patients previously
treated for TB or those who never had TB before) and
(iii) TB only (among patients already diagnosed with
HIV or those who were never diagnosed with HIV) after
QI implementation in the intervention arm or
www.thelancet.com Vol 44 Month February, 2022
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enrolment in the control arm. No adjustments for mul-
tiple comparisons were carried out.

The demographic and clinical characteristics were
summarized at an individual level and adjusted for clus-
tering. At an individual level, descriptive summary
measures were expressed as frequencies, and percen-
tages for all variables, while the adjusted summaries
were calculated as geometric means (GM) of cluster-spe-
cific proportions. Among HIV-TB co-infected patients,
the timing of TB treatment or ART initiation was sum-
marised and estimates not adjusted for clustering as
inferential statistics were not drawn from these analyses.

Time at risk of death for each patient was calculated
from the date of enrolment into care (which could be the
date of HIV test, date of ART or TB treatment initiation,
whichever occurred first), to either the date of patient
death, transfer out, last clinic visit if lost-to-follow-up, or
the month-12 cut-off date, whichever occurred first.

Mortality rate in each cluster was calculated as the
number of patients who died, divided by the total num-
ber of person-years at risk of death. Thereafter, mortality
rates in each of the intervention and control arms were
calculated as GM of cluster-specific rates. Log cluster-
specific mortality rates between study arms were com-
pared using unpaired t-tests, with the confidence limits
for mortality rates based on t-distribution. Mortality rate
ratio (MRR), derived as a ratio of intervention to control
arm mortality rates, was used to assess the effect of the
intervention on mortality. Standard error for differences
in log cluster-specific mortality rates between arms
were obtained, and the 95% confidence interval (CI)
from this standard error, using t-statistic with 14° of
freedom were calculated. The t-test is robust in analy-
sing cluster randomised studies with small number of
clusters. This method has its own limitations because it
gives equal weight to each cluster, meanwhile the calcu-
lation of weights is not always recommended for studies
with a small number of clusters due to possible inaccu-
racies in between-cluster variance.18 However, due to
huge variation in cluster sizes, we conducted a weighted
cluster-level sensitivity analysis where optimal weights
were calculated using the inverse variance method. A
weighted t-test was used when comparing mortality
rates between study arms.

A two-stage approach based on cluster level summa-
ries was used to calculate an adjusted MRR. The poten-
tial confounders such as age, gender, baseline CD4
count (for newly diagnosed HIV patients) and the
municipality district where clusters are located were
included in the model. Since not all patients are
expected to have CD4 count measurements, we fitted
one model with and the other without the CD4 count.
In the first stage, we ignored the clustering at PHC
supervisor level and used multivariable Poisson regres-
sion with all potential confounders included in the
model except for the study arm, to obtain the ratio of
observed to expected events (i.e., log-residuals) for each
www.thelancet.com Vol 44 Month February, 2022
cluster. In the second stage, we compared the log-resid-
uals between the study arms by calculating the GM of
the log-residuals in each arm and these were used in
the derivation of the adjusted MRR. Inferences were
also based on t-distribution. This analytical approach
described is recommended for cluster randomized trials
with small (<15) number of clusters per arm.18

Even though individual-level regression methods are
not robust for cluster randomized studies with fewer
clusters, we conducted a secondary analysis using Cox
proportional hazards regression with random effects
(frailty models) to determine the effect of QI on mortal-
ity after adjusting for baseline characteristics. These
models take clustering by PHC clinic supervisor into
account through the random effects and adjust for age,
sex, baseline CD4 count (for newly diagnosed PLWHA),
and district. Kaplan-Meier plots of cumulative probabil-
ity of death were provided for exploratory purposes.

Performance of HIV-TB process indicators at base-
line and post-intensive phase in the intervention and
control arms were calculated as follows: First, the pro-
portions per cluster were calculated by summation of
numerators divided by the sum of the denominators of
all respective clinics in a cluster per month. A propor-
tion of zero was replaced with 0¢00001 (or 0¢001 when
using percentages). If a denominator was zero (i.e., no
one was eligible), then that month was ignored. Second,
we calculated cluster-specific GM across months associ-
ated with a phase. Third, study arm-specific GM were
calculated as cluster-specific proportions per phase. All
statistical analyses were performed using SAS (SAS
Institute, Cary, North Carolina) version 9.4.
Role of funding source
The funders, South African Medical Research Council
(SAMRC), and UK Government’s Newton Fund
through the United Kingdom Medical Research Council
(UKMRC) had no role in the study design, study execu-
tion, analyses, data interpretation, or decisions to sub-
mit the study findings for publication. Kogieleum
Naidoo, Santhanalakshmi Gengiah, Nonhlanhla Yende-
Zuma, Regina Mlobeli, Jacqueline Ngozo, Nhlakanipho
Memela, Nesri Padayatchi, Pierre Barker, Andrew
Nunn, and Salim S. Abdool Karim decided to submit
the paper for publication. Access to this studies’ dataset
and data dictionary can be made via an online request
lodged on the CAPRISA website: www.caprisa.org.
Results
Between December 2016 and December 2018, 21 379
participants were enrolled: 13 259 (62¢0%) in the inter-
vention and 8 120 (38¢0%) in control arms. Of the total
enrolled: 2 170 (10¢2%) were HIV-TB co-infected, 1 799
(8¢4%) had TB only, and 17 410 (81¢4%) were PLWHA
(Figure 1 and Table 1).
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Figure 1. Randomization and follow-up of HIV-TB co-infected patients, TB only, and PLWHA only attending PHC clinics that were
supervised by 16 PHC nurse supervisors (clusters) in the SUTHI study.
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At baseline, the two study arms had similar demo-
graphic and clinical characteristics including rates of

HIV-TB co-infection, and proportion with advanced
HIV at ART initiation (Table 1 and Supplementary
Table 1). All participants in this study were Black Afri-
can. Median CD4 count among newly initiated ART
patients randomized to the intervention and control arms
was 360 [interquartile range (IQR) 202−551], and 352
(IQR 198−545) cells/µL, respectively (data not shown).
Median duration of follow-up for patients with TB only
was 5.5 months (IQR 2¢0−6¢0), HIV-TB co-infected
patients was 8¢2 months (IQR: 4¢2−12¢8), and PLWHA
only was 6.5 (IQR: 2¢5−12¢1) months (data not shown).

Average number of patients per cluster was 1657
(range 170−5782) and 1015 (range 33−2027), with
63¢8% (8465) and 62¢1% (5045) female patients, in the
intervention and control arms, respectively (Figure 1).
Average number of clinics per cluster was 2.5 in both
study arms (Figure 1). More intervention arm patients
lived in urban areas and more control arm patients lived
in rural areas, 60¢2% (7979) vs 64.7% (5256), and
retention rates at study completion, retention was 89%
in both arms (Table 1 and Supplementary Table 1).
Adherence to the QI intervention
The series of learning sessions that introduced QI inter-
ventions to learning collaboratives commenced on 01
December 2016 for the first session and involved six
PHC clinics, followed by the second and third sessions
on 23 February 2017 and 8 June 2017 for nine and five
PHC clinics, respectively. A total of 510 out of an antici-
pated 600 QI visits (85%) were conducted published
elsewhere.15 Specific HIV-TB services in intervention
clinics that were already achieving optimal performance
levels benefitted from study supported performance
monitoring only. Intervention clinics that were already
achieving optimal performance levels of HIV-TB serv-
ices e.g., 17 clinics benefitted from study supported per-
formance monitoring only and did not receive direct QI
www.thelancet.com Vol 44 Month February, 2022



Characteristics Category Intervention arm (N = 13,259) Control arm (N = 8120)

Unadjusted
n(%)

Adjusted for
clustering (%)

Unadjusted
n (%)

Adjusted for
clustering (%)

Gender, n (%) Female 8465 (63¢8%) 64¢4% 5045 (62¢1%) 61¢70%
Age (years), median (IQR) 31 (25−39) 30 (24−38)

Age group (years)

at enrolment, n (%)

≤15 336 (2¢5%) 3¢1% 320 (3¢9%) 4¢6%

16 - 25 3040 (22¢9%) 24¢6% 2178 (26¢8%) 26¢7%
26 - 35 5452 (41¢1%) 38¢1% 3044 (37¢5%) 35¢2%
36 - 45 2776 (20¢9%) 20¢1% 1501 (18¢5%) 18¢3%
> 45 1655 (12¢5%) 13¢3% 1077 (13¢3%) 13¢8%

Status, n (%) HIV-TB co-infected 1329ձ (10¢0%) 10¢8% 841ձ (10¢4%) 10¢6%
TB only 1131 (8¢5%) 8¢2% 668 (8¢2%) 9¢10%
PLWHA 10,799g (81¢4%) 80¢40% 6611g 81¢4%) 78¢80%

CD4 count (cells/µL)

among newly diagnosed

HIV positive patients
y

<200 1821 (15¢5%) 16¢3% 1192 (16¢5%) 16¢7%

200−350 1764 (15¢0%) 15¢2% 1168 (16¢2%) 17¢8%
351−500 1565 (13¢3%) 14¢3% 959 (13¢3%) 11¢8%
>500 2242 (19¢1%) 19¢3% 1416 (19¢6%) 22¢2%
Ineligible for CD4* 4324 (36¢8%) 30¢9% 2445 (33¢8%) 23¢7%
Missing* 49 (0¢4%) 0¢5% 45 (0¢6%) 0¢7%

District, n (%) King Cetshwayo 7798 (58¢8%) . . . 4162 (51¢3%) . . .

Ugu 5461 (41¢2%) . . . 3958 (48¢7%) . . .

Area, n (%) Urban 7979 (60¢2%) . . . 2864 (35¢3%) . . .

Rural 5280 (39¢8%) . . . 5256 (64¢7%) . . .

Table 1: Baseline demographic and clinical characteristics in intervention and control arms patients enrolled under the ITT population in
PHC clinics in the SUTHI study.

y Excludes 1799 TB positive patient with no record of HIV infection and 590 HIV-TB co-infected patients who were not newly diagnosed with HIV at enrol-

ment (i.e., either tested positive for HIV or started ART more than 6 months before clinic enrolment).

* Amongst those with absent or missing CD4 count (n = 6 863): 56¢9% were from the urban area; 67¢2% were females; 90¢6% were between the ages of 16

and 49 years and 56¢0% are from KCD district.
ձ 8 HIV-TB co-infected patients in the intervention arm and 13 in the control arm did not initiate ART.
g 201 PLWHA (people living with HIV/AIDS) in the intervention arm and 160 in the control arm did not initiate ART.€Classification of clinics into urban

and rural was from a pre-exiting DoH classification received from the respective district office. IQR: interquartile range.
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intervention for optimally performing these services.
Within the intervention arm, active QI intervention was
required in three clinics to improve ART initiation, 12
clinics to improve HIV testing, 17 clinics to improve TB
screening, and in all 20 clinics to improve IPT initiation
(data not shown).

Minimal improvement intervention was required for
ART initiation in eligible patients (Supplementary Table
4), whereas TB screening and viral load testing perfor-
mance required active QI intervention yielding perfor-
mance improvements of 83¢4%and 72¢2% respectively
in both services. IPT initiation improved by 45% in the
intervention arm compared to 9% in the control arm
(Supplementary Table 2).
Timing of ART in TB patients
Among 1329 intervention arms HIV-TB co-infected
patients: 740 (55¢7%) were diagnosed with either HIV
or TB and started ART and TB treatment after
www.thelancet.com Vol 44 Month February, 2022
enrolment; 545 (41¢0%) started ART before enrolment
and started TB treatment after enrolment; 44 (3¢3%)
started TB treatment before enrolment and ART there-
after (data not shown). Among 740 co-infected patients
that initiated therapy after enrolment, 449 (60¢7%)
were newly diagnosed TB and started TB treatment first,
followed by ART at a median of 18 days (IQR 14−30)
(data not shown). All other patients were known
PLWHA in care diagnosed with TB and initiated on TB
therapy at varying points after enrolment. Among
PLWHA in the intervention arm 8/1329 HIV-TB co-
infected, 201/10799 PLWHA only, did not initiate ART
(Table 1).

Among the 841 co-infected control arm patients: 485
(57¢7%) were diagnosed with either HIV or TB and
started ART and TB treatment after enrolment; 331
(39¢4%) started ART before enrolment and started TB
treatment after enrolment; 25 (3¢0%) started TB treat-
ment before enrolment and ART thereafter (data not
shown). Among 485 co-infected patients, only 285
7
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(58¢0%) started TB treatment followed by ART at a
median of 18 days (IQR 14−28) (data not shown). Peo-
ple living with HIV/AIDS in care were diagnosed with
TB and initiated on therapy at varying points after enrol-
ment (data not shown). Among PLWHA in the control
arm 13/841 HIV-TB co-infected, 160/6611 PLWHA
only, did not initiate ART (Table 1).
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Mortality analysis within 12 months of study
enrollment
A total of 245 and 156 deaths occurred over 6406 and
3880 person-years of follow-up, in the intervention and
control arms, respectively (Table 2). Cluster-specific
mortality rates among HIV-TB co-infected patients
ranged from 6¢3 to 25¢0 per 100 person-years in the
intervention arm and 3¢1 to 32¢4 to per 100 person-years
in the control arm (Figure 2). The overall between-clus-
ter coefficient of variation (CV) derived across all 16
clusters was 0.78 (data not shown). After combining all
patients irrespective of their TB and HIV status, the
cluster-specific mortality rates ranged among all from
2¢9 to 7¢4 per 100 person-years in the intervention arm
and 2¢1 to 6¢2 per 100 person-years in the control arm
(Supplementary Figure 1). Supplementary Figure 2 (A
and B) shows timing of deaths after enrollment in both
study arms.
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Main analyses
Among HIV-TB co-infected patients overall mortality
rate was 10¢1 (95% CI 6¢7−15¢3) cases per 100 person-
years in the intervention arm and 9¢8 (95% CI: 5¢0
−18¢9) per 100 person-years in the control arm, (mortal-
ity-rate ratio, 1¢04; 95% CI, 0¢51 to 2¢10) (Table 2). Using
two-stage approach, an adjusted MRR of 1¢76 (95% CI:
0¢62−4¢96) and 2¢05 (95% CI: 0¢66−6¢34) was
obtained when modelled with and without CD4 count
data (data not shown).
A
ll
p
at
ie
n
ts

In
te
rv
en

ti
on

ar
m

C
on

tr
ar
m

rt
ic
ip
an

ts
95

09
57

86

n-
ye
ar
s

24
5/
64

06
¢14

15
6
/3

s:
C
lu
st
er
-a
d
ju
st
ed

es
ti
m
at
es

(u
n
w
ei
g
h
te
d
)

/
10

0
p-
y
(9
5%

C
I)

4¢5
(3
¢4−

5¢9
)

3¢8
(2
¢

ra
tio

(9
5%

C
I)

1¢1
9
(0
¢79

−
1¢8

0)
1¢0

4
(0

al
ys
es
:C

lu
st
er
-a
d
ju
st
ed

es
ti
m
at
es

(i
n
ve

rs
e
va

ri
an

ce

/
10

0
p-
y
(9
5%

C
I)

4¢4
(3
¢4−

−
5¢8

)
3¢7

(2
¢

ra
tio

(9
5%

C
I)

1¢1
9
(0
¢ 79

−
1¢8

0)
1¢0

7
(0

al
it
y
ra
te
s
in

p
er
so
n
-y
ea

rs
(p
-y
)p

er
st
ud

y
ar
m

fr
o

e
li
vi
n
g
w
it
h
H
IV

/A
ID

S
.

Sensitivity analyses
Weighted mortality rates were 9¢7 (95% CI: 6¢5−14¢6)
and 9¢1 (95% CI: 5¢0−16¢8) cases per 100 person-years;
mortality rate-ratio, 1¢07 (95% CI: 0¢55−2¢09) (Table 2).
Similarly, results from the two-stage approach produced
weighted MRRswere 1¢39 (95% CI: 0¢62−3¢12) and 1¢54
(95% CI: 0¢63−3¢74) when modelled with and without
CD4 count data (data not shown). Results for PLWHA
only and TB only patients are shown in Table 2. More-
over, cluster-adjusted mortality rates, stratified by differ-
ent baseline characteristics are shown in
Supplementary Table 3.
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Secondary analyses
In a secondary multivariable analyses of HIV-TB co-
infected patients, the hazard of death was 8% lower in
www.thelancet.com Vol 44 Month February, 2022



Figure 2. Cluster-specific mortality rates in the intervention (I) and control (C) arm clinics among HIV-TB co-infected, with confidence
interval (CI), person-years (p-y) and colours gray and blue representing clusters in the intervention and control arms, respectively.
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the intervention arm compared to the control arm
(model without CD4 count; adjusted hazard ratio (HR)
=0¢92, 95% CI: 0¢63−1¢33) (Supplementary Table 4).
The model with CD4 count data produced similar
results (Supplementary Table 4). Within the ITT popu-
lation, additional analysis of crude case fatality rates by
demographic and clinical characteristics was 1.3% vs
3.4% in urban vs rural control arm clinics, was 8.6% vs
6.3% among TB only patients in control versus
intervention arm clinics, and 4.9% vs 5.7% among
PLWHA with CD4 counts < 200 cells/µL in interven-
tion versus control arm clinics, respectively (Supple-
mentary Table 5).
Discussion
Published guidelines for collaboration of TB and HIV
services encourages physical integration of HIV-TB
services, incorporation of TB diagnostic services into
HIV care, and appropriate TB and HIV treatment, how-
ever implementation of these guidelines are variable
and often sub-optimal.2 This study demonstrated that a
QI-mediated model of integrated HIV-TB services had
www.thelancet.com Vol 44 Month February, 2022
no statistically significant impact on mortality rates
compared to the standard approach to HIV-TB services.
Similarity in mortality rates observed in the study arm
by 12-months follow-up show very high rates of ART
and TB treatment initiation and relatively low death
rates in both arm in both intervention and control clin-
ics. Possible explanations for the lack of statistically sig-
nificant differences include the high quality of HIV-TB
integration in the control arm, a positive reflection of
the South African DoH efforts. In addition, mortality
outcomes are complex and driven by several healthcare
and patient-related factors, which suggests that a QI-
intervention alone may not be sufficient to reduce
deaths in HIV-TB patients. Other reasons for study
arms not following the hypothesized mortality rates
include (i) extremely large clinic sizes with large staff
complement and less organised services within inter-
vention arm clinics potentially diluting the impact of
the QI intervention, (ii) potential contamination of con-
trol arm clinics through data quality improvement
efforts, (iii) sharing of change ideas at joint meetings
attended by both intervention and control clinic staff,
and NGO support staff, (iv) bias in data collection i.e.
9
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more deaths being recorded in the intervention arm via
more intense retention efforts, and (v) the health system
reflected in SOC clinics was already using a fair amount
of QI methodology as SOC, this could have been com-
pounded by the potential bias of the study’s exclusion
criteria to select SOC clinics that were already optimally
performing in delivery of process indicators. Further-
more, rural, and urban imbalances, created by random-
izing at the PHC level likely influenced HIV-TB service
delivery creating differential impact of the intervention
on mortality.

Other implementation science intervention studies
aimed at reducing HIV-TB mortality rates by improv-
ing integrated services through other non-QI health
system interventions showed similar results to those
observed in this study.13,19 Importantly, mortality rates
observed in this operational study is higher than mor-
tality rates observed among patients receiving inte-
grated HIV-TB treatment within controlled clinical
trial.3−5 In this study, we observed a 4% harm, however
a protection ranging from 49% protection to a 110%
harm was compatible with our data. In the MERGE
cluster-randomized study conducted in South African
PHC clinics, additional clinical staff supporting inte-
gration TB and HIV provided no added hospitalisation,
death, or retention rate benefit in the intervention arm
clinics.12 Incidence of hospitalisation or death at 12
months of follow-up observed in the MERGE study in
PLWHA, of whom 16¢5% were co-infected with TB,
and among TB patients, approximately 80% of whom
were PLWHA, was 12¢5 and 17¢1 per 100 person-years,
respectively.12 Additional data from a cluster random-
ized study evaluating improved quality of care through
on-site educational outreach to nurses providing TB
and HIV care in 15 primary health care clinics found
little survival benefit from improved quality of inte-
grated care.20 Lower mortality rates among both
SUTHI study arms compared to other published litera-
ture emphasises South Africa’s robust efforts to attain
the Joint United Nations Programme on HIV/AIDS
(UNAIDS) 90-90-90 goals for epidemic control and
improve population level impact of public access to
ART services.

Integrated TB case finding and IPT initiation among
PLWHA did not result in statistically significant differ-
ence in mortality rates between intervention and control
arms in our study. Published literature reporting the
effectiveness of TB screening and prevention services
on mortality of PLWHA only individuals receiving care
in operational settings are few. While we observed mor-
tality rates among PLWHA to be far lower than 83¢2 per
1000 person-years observed in historic cohorts, levels of
2¢6 per 100 person-years observed in our study is still
far higher than the UNAIDS estimates of HIV related
mortality of 0¢06 per 1000 infected patients for our
setting.21,22 Our data undoubtedly reflects the true per-
formance of the local ART treatment programme
evident in our finding of similar HIV mortality rates
observed in the intervention and control arms of this
study. Comparable mortality rates of 2¢1−2¢8 per 100
person-years in 2012 and 2017 was also observed in
Canada, Ethiopia, and elsewhere in South Africa,
whereas data from studies conducted in Georgia and
Japan were surprisingly two-fold and ten-fold higher
respectively, highlighting that favourable ART out-
comes are achievable in high burden resource limited
settings.23−27

Data from randomized controlled clinical trials col-
lectively demonstrate impact of ART in HIV-TB co-
infected patients, TB and HIV case finding and entry
into the continuum of care, and IPT to reduce HIV-asso-
ciated TB mortality and morbidity.3−5,7 Conversely, data
from operational research demonstrates that strength-
ened service delivery measured by improved HIV-TB
integration process indicators did not confer a consis-
tent or substantial reduction in mortality.28,29 This sug-
gests that to improve outcomes in TB and HIV services,
a combination of comprehensive coverage of service
coupled with higher levels of systems performance in
implementing the most effective and appropriate pro-
cesses, is required. Strengthening quality of care for TB
patients and PLWHA through robust coverage of requi-
site process indicators, i.e., timely patient identification,
treatment initiation and retention in care may enable
health systems to perform better in impacting health
outcomes and reducing death.

We do however acknowledge several limitations in
the study and in the intervention. The study was likely
underpowered to detect 30% effect size or any other
clinically meaningful effect size. The observed between-
cluster coefficient of 0¢78 was higher than 0.25 that was
used in sample size and power calculations. In as much
as heterogenous clusters may increase the generalisabil-
ity of our findings. However, a huge between-cluster
coefficient of variation is likely to reduce the power and
precision of the trial more especially when there are
fewer clusters. Furthermore, our cluster sizes were
smaller than expected which resulted in a further
reduced likelihood of showing an effect since the cluster
size and statistical power are positively correlated, while
the coefficient of variation and statistical power are
inversely correlated. Unfortunately, the shortage of clus-
ter randomised trials that have published coefficient of
variation estimates may have led to a potentially under-
powered study. The progressive reduction in TB case-
loads seen provincially and nationally over the study
period, undermined our ability to enrol the anticipated
6000 HIV-TB co-infected participants, limiting our
ability to show differences in mortality between study
arms. At Nurse supervisors were not matched to patient
volume, hence, clusters have both high and low volume
clinics. Nurse supervisors are allocated clinics based on
geographic location, creating an urban rural bias in clus-
ter distribution. The rural and urban imbalance
www.thelancet.com Vol 44 Month February, 2022
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between the arms likely influenced clinic size and ability
to identify and address gaps in the care cascade. While it
is possible that staff working in smaller clinics are better
able to coordinate efforts and improve service delivery
this study is unable to comment on impact of clinic size
on outcomes. We note the shift in differences of mortal-
ity rates and performance outcomes between interven-
tion and control arm clinics, initially large at the start of
the study but reduced over time. This may indicate pos-
sible contamination of the intervention effects to control
arm clinics with convergence in performance and out-
comes observed around month eight. Additional study
limitations included inadequate resource provision for
data management support. Process indicators evaluat-
ing impact, outcome, and remedial interventions for
complex study interventions require intensive data man-
agement investments to augment the prevailing weak
systems within health facilities. Insufficient data man-
agement investments by the study and the health
department, contributed to delayed detection of health
systems inadequacies in implementing HIV-TB integra-
tion, and delayed deployment of interventions to
address these. Poor routine clinic data management sys-
tems also weakened health facilities’ action for tracing
patients undermining retention- in-care efforts. Lack of
unique patient identifiers that facilitate linking patients
between databases, and between facilities likely contrib-
uted to loss-to-follow-up overestimation. Study interven-
tion limitations include introduction of HIV-TB
integration interventions at various points in the study
leading to inability to assess the true impact of interven-
tions commencing close to clinic exit from the study.
This may be especially true for assessing the impact of
our interventions on the primary endpoint. Outside of
the time constrained research setting, it may be possible
to test an alternate QI strategy or evaluate whether criti-
cal parts of the process pathway selected, were missed.
Variance in cluster size in this study may have intro-
duced bias in our results, as suggested in published lit-
erature.30 However, it is unlikely to have resulted in
significant bias as cluster size and mortality rates
observed in this study are not correlated. In addition,
the intervention arms comprised large clusters, result-
ing in large weights being assigned. Incorporating
weights in the analyses did not change the direction of
the results since the smaller clusters of HIV-TB co-
infected participants in both armshad high mortality
rates. While weighting could improve precision, our
small number of clusters, and high variability between
clusters, it is possible that weights were not properly cal-
culated. This was further compounded by lack of avail-
able reliable estimates of between-cluster variance.

Our observation of converging probability of death in
the intervention and control arms at approximately 8
months post study start suggests contamination of the
intervention effects on the control arm. Randomization at
the level of the PHC supervisor was done to align with
www.thelancet.com Vol 44 Month February, 2022
their traditional support role and to reduce contamina-
tion. However, involvement of district leadership and
management may have inadvertently introduced contami-
nation to control arm clinics, undermining our ability to
show outcome differences between study arms.

Despite these limitations there are several important
strengths of this study worth noting. Firstly, integration
interventions were implemented through capacitating
existing facility staff to help identify and develop local sol-
utions to address individual clinic needs and organisa-
tional shortcomings in delivering integrated HIV-TB
services. Secondly, the cluster randomised study design
enabled evaluation of the effectiveness and scalability of
the integration intervention conducted at a community
level. Thirdly, the study was conducted in both rural and
urban PHC clinics reflecting the real-world context where
most patients in endemic resource limited settings access
care, improving generalizability of the study findings to
similar settings. Lastly, the length of study follow-up
enabled assessment of the durability of the intervention
effects to help inform scale-up.

Furthermore, the SUTHI study contributes many
learned lessons for future QI research and for imple-
mentation of integrated HIV-TB services delivery. While
HIV-TB co-infected patients did not benefit from this
simple intervention, it is both practical and implement-
able to support guideline translation within clinical
settings using evidence-based QI implementation strat-
egies. Cluster randomized trials on integrated HIV-TB
services have not demonstrated appreciable reductions
in mortality due to the substantive interaction of clini-
cal, operational, and environmental variables. We fur-
ther highlight the need for tailored health systems
support interventions guided by facility type, geographic
area, existing staff, skill, and resources to ensure sus-
tained optimal performance.

Patients accessing care for HIV and TB disease in
endemic settings require additional routine systematic
tuberculosis and HIV screening, rapid TB treatment initi-
ation, timely ART initiation, and implementation of IPT,
requiring high levels of health systems performance to
achieve sustained quality of care. Our study found no dif-
ference in reduction in mortality among HIV-TB co-
infected patients receiving QI supported HIV-TB integra-
tion. Notwithstanding, our study highlights the need for
consistent, sustained support for optimised integrated
HIV-TB services delivery. Aligned with the principles of
universal health coverage, improvements in health sys-
tems performance in finding and appropriately treating
TB and HIV is urgently warranted to address the persis-
tently high morbidity and mortality rates from these dis-
eases in endemic settings.
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