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Abstract

Background

With the increase in people living with HIV in sub-Saharan Africa and expanding eligibility
criteria for antiretroviral therapy (ART), there is intense interest in the use of novel delivery
models that allow understaffed health systems to successfully deal with an increasing
demand for antiretroviral drugs (ARVs). This pragmatic randomized controlled trial in Dar es
Salaam, Tanzania, evaluated a novel model of ARV community delivery: lay health workers
(home-based carers [HBCs]) deliver ARVs to the homes of patients who are clinically stable
on ART, while nurses and physicians deliver standard facility-based care for patients who
are clinically unstable. Specifically, the trial aimed to assess whether the ARV community
delivery model performed at least equally well in averting virological failure as the standard
of care (facility-based care for all ART patients).

Methods and findings

The study took place from March 1, 2016, to October 27, 2017. All (48) healthcare facilities
in Dar es Salaam that provided ART and had an affiliated team of public-sector HBCs were
randomized 1:1 to either (i) ARV community delivery (intervention) or (ii) the standard of
care (control). Our prespecified primary endpoint was the proportion of adult non-pregnant
ART patients with virological failure at the end of the study period. The prespecified margin
of non-inferiority was a risk ratio (RR) of 1.45. The mean follow-up period was 326 days. We
obtained intent-to-treat (ITT) RRs using a log-binomial model adjusting standard errors for
clustering at the level of the healthcare facility. A total of 2,172 patients were enrolled at
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intervention (1,163 patients) and control (1,009 patients) facilities. Of the 1,163 patients in
the intervention arm, 516 (44.4%) were both clinically stable on ART and opted to receive
ARVs in their homes or at another meeting point of their choosing in the community. At the
end of the study period, 10.9% (95/872) of patients in the control arm and 9.7% (91/943) in
the intervention arm were failing virologically. The ITT RR for virological failure demon-
strated non-inferiority of the ARV community delivery model (RR 0.89 [1-sided 95% CI
0.00-1.18]). We observed no significant difference between study arms in self-reported
patient healthcare expenditures over the last 6 months before study exit. Of those who
received ARVs in the community, 97.2% (95% Cl 94.7%—98.7%) reported being either “sat-
isfied” or “very satisfied” with the program. Other than loss to follow-up (18.9% in the inter-
vention and 13.6% in the control arm), the main limitation of this trial was that substantial
decongestion of healthcare facilities was not achieved, thus making the logic for our prereg-
istered ITT approach (which includes those ineligible to receive ARVs at home in the inter-
vention sample) less compelling.

Conclusions

In this study, an ARV community delivery model performed at least as well as the standard
of care regarding the critical health indicator of virological failure. The intervention did not
significantly reduce patient healthcare expenditures, but satisfaction with the program was
high and it is likely to save patients time. Policy-makers should consider piloting, evaluating,
and scaling more ambitious ARV community delivery programs that can reach higher pro-
portions of ART patients.

Trial registration
ClinicalTrials.gov NCT02711293.

Author summary

Why was this study done?

o The number of individuals in sub-Saharan Africa needing antiretroviral therapy (ART)
for HIV—and chronic disease care more broadly—is expected to increase over the com-
ing decades, further straining already under-resourced health systems in the region.

o Community delivery of antiretroviral drugs (ARVs) has the potential to decrease ART
patient volume at healthcare facilities and reduce patient and government healthcare
expenditures, while maintaining the positive effects of ART on health outcomes.

What did the researchers do and find?

o We randomized 48 ART facilities in Dar es Salaam, Tanzania, 1:1 to (i) ARV commu-
nity delivery (lay health workers deliver ARV to the homes of patients who are clini-
cally stable on ART while nurses and physicians deliver standard facility-based care for
patients who are clinically unstable on ART) or (ii) control (standard facility-based care
for all patients).
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« We measured whether the risk of virological failure (i.e., poor control of one’s HIV
infection) in the ARV community delivery arm was lower than, or equal to that in the
control arm using a prespecified threshold above which we considered the intervention
to be inferior to the standard of care.

« Asimplemented in this study, in which roughly 40% of patients enrolled in the interven-
tion arm received ARVs at home at least once and 60% remained in standard facility-
based care, the new ARV community delivery model performed at least as well as the
standard of care regarding the critical health indicator of virological failure.

« While we did not observe any differences in patient healthcare expenditures between
the 2 arms of the study, patients’ satisfaction with receiving ARV at home was high.

What do these findings mean?

o While ARV community delivery appears to have been safe with respect to controlling
patients’ HIV infection, some of the expected benefits of the program—decongestion of
healthcare facilities and reduction in patients’ healthcare expenditures—were not
realized.

« Nonetheless, the program was popular with patients, presumably because it makes ART
care more convenient and saves patients time.

o Policy-makers should consider piloting, scaling, and evaluating more ambitious ARV
community delivery programs that reach higher proportions of ART patients than
reached in this trial.

Introduction

Chronic diseases are rapidly replacing acute infectious diseases as the leading cause of the dis-
ease burden in sub-Saharan Africa (SSA) [1]. While many of these chronic conditions are
non-communicable, HIV has also become a chronic illness as effective therapy allows HIV-
positive individuals to survive into old age [2,3]. Indeed, the HIV epidemic continues to take a
considerable toll in SSA, where approximately 25.5 million people were living with HIV in
2016 [4]. This shift to chronic conditions poses new challenges to generally weak health sys-
tems in SSA.

HIV, in particular, is expected to place an increasing stress on health systems and patients in
SSA in the coming years. The World Health Organization (WHO) eliminated all CD4 cell count
treatment thresholds in its 2016 HIV treatment guidelines, recommending antiretroviral therapy
(ART) for all people living with HIV [5]. As countries are gradually starting to implement ART
for all, this will likely lead to a substantial rise in the number of people on ART in SSA in the com-
ing years [6], particularly if guideline changes are coupled with an increased identification of indi-
viduals living with HIV who are currently unaware of their HIV status. Under former HIV care
guidelines, HIV patients on ART generally attended facility-based care at least twice as frequently
as HIV patients who were not yet on ART [7]. Given the high prevalence of HIV across SSA, the
implementation of the new WHO treatment guidelines is thus expected to place further strain on
nurses and physicians, as well as increase patient healthcare expenditures [8].
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Community delivery of antiretroviral drugs (ARVs) through lay health workers is a promis-
ing ART delivery model, because it should increase the capacity of the health system to effec-
tively provide care to rising ART patient numbers [5]. ARV community delivery may not only
ease the workload of nurses and physicians (e.g., reducing the frequency with which ART
patients have to attend healthcare facilities), but may also improve ART adherence and reten-
tion among patients (e.g., by increasing the convenience of remaining in care) [9]. In addition,
it is plausible that ARV community delivery can reduce patient healthcare expenditures,
because patients receive treatment in or close to their homes and thus save the time and finan-
cial costs of travel to healthcare facilities [10]. On the other hand, ARV community delivery
may have adverse consequences for ART patients’ health by decreasing the frequency with
which patients are seen by more highly trained healthcare workers.

This non-inferiority cluster-randomized pragmatic trial aimed to establish the effectiveness
of ARV community delivery when implemented in the routine healthcare system of Dar es
Salaam, the largest city in East Africa [11]. Specifically, this study aimed to determine whether
an ARV community delivery model (lay health workers deliver ARV to the homes of patients
who are clinically stable on ART and nurses and physicians deliver standard facility-based care
for patients who are clinically unstable on ART) leads to a lower or equal (“non-inferior”) risk
of virological failure compared to the standard of care (standard facility-based care for all ART
patients). A secondary aim of this study was to determine the impact of the ARV community
delivery model on patient healthcare expenditures. This study was registered in the clinical tri-
als registry of the United States National Library of Medicine at the National Institutes of
Health, ClinicalTrials.gov (NCT02711293).

Methods
A detailed protocol of this study is available in the public domain [12].

Study setting

This study took place in all 3 municipalities (Temeke, Kinondoni, and Ilala) of Dar es Salaam.
Dar es Salaam is the most urbanized region of Tanzania, with an estimated 5.4 million inhabi-
tants in 2016. The population of the city is expected to grow to 10.8 million by 2030 [11]. In
2012, when the latest HIV/AIDS and Malaria Indicator Survey was carried out in Tanzania, Dar
es Salaam’s HIV prevalence was estimated to be 6.9% among adults aged 15-49 years, while the
national prevalence was 5.1% [13]. The most recent HIV treatment guidelines in Tanzania were
published in May 2015 (i.e., prior to trial start) and recommend initiation of ART for adults if
the patient has a CD4 cell count < 500 cells/pl or is in WHO stage 3 or 4 [14].

Tanzania’s home-based carer program

Home-based carers (HBCs) are a lay health worker cadre in Tanzania’s public-sector health
system. There are approximately 35,000 HBCs in Tanzania, and the program has existed since
1996. HBCs work in the neighborhoods in which they live; 1 to 3 HBCs serve one neighbor-
hood. The HBC program exists in most, but not all, neighborhoods of Dar es Salaam. HBCs’
main responsibility consists of conducting regular (at least every 3 months) visits to HIV
patients” households in their assigned neighborhood. Their tasks have varied over the years
but generally consist of household visits to provide counseling on ARV adherence, family plan-
ning, and nutrition; to promote the uptake of preventive healthcare services; and to refer ill cli-
ents to a healthcare facility. HBCs are affiliated with 1 healthcare facility in the vicinity of their
neighborhood. A facility-based nurse (“community outreach nurse”) is responsible for super-
vising the healthcare facility’s team of HBCs. Dar es Salaam’s municipalities pay HBCs a
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monthly stipend of 50,000 Tanzanian Shillings (TZS) (72 purchasing power parity-adjusted
dollars [PPP$]). As part of this trial, HBCs in the intervention arm received a further TZS
75,000 (PPP$ 109) flat payment per month to compensate them for the additional transport
costs and workload. Because HBCs had a varying number of ART clients for home delivery of
ARV, this payment was changed to a payment of 10,000 Tanzanian Shillings (PPP$ 14) per
community ARV delivery visit in January 2017.

Description of the intervention

In clusters randomized to ARV community delivery, patients who were clinically stable on
ART could choose to receive ARVs and ART counseling in or close to their homes instead of
having to return to the healthcare facility for a clinical checkup and to pick up their next ARV
supplies. An HBC visited patients at home or at another meeting point in the community at
which the patient wanted to receive his or her ARVs (such as somewhere close to the patient’s
workplace). The HBC provided counseling, delivered a supply of ARVs, and performed an
ARV pill count. HBC visits were conducted with the same frequency as the patient’s schedule
for attending facility-based ART delivery prior to study enrollment, which was either a
monthly or 2-monthly HIV care visit. Patients in the intervention arm did not have to return
to a facility for HIV care until the study exit assessment. HBCs in the intervention arm
received 3 days of training in the community delivery of ARVs and in counseling skills for this
intervention prior to the start of the trial. Counseling focused on ART adherence, family plan-
ning, prevention of onward HIV transmission, and basic nutrition.

Eligibility criteria

The eligibility criteria for enrollment into this trial were (i) age > 18 years, (ii) having attended
one of the participating healthcare facilities for ART delivery during the enrollment period,
and (iii) residing in a neighborhood in the facility’s catchment area (ascertained through self-
report). Exclusion criteria were pregnancy at the time of enrollment (ascertained through self-
report) and inability to provide written informed consent. Pregnancy was an exclusion crite-
rion because at many of the study’s healthcare facilities, pregnant women with HIV were seen
in different sections of the healthcare facility than non-pregnant ART patients. Thus, enroll-
ment of pregnant women would have required additional human resources, which were not
available.

The random assignment to ARV community delivery versus standard facility-based care
was at the facility level. After enrollment into the trial, patients who attended trial clinics in the
control arm continued to receive the standard of care. In the ARV community delivery inter-
vention arm, enrolled patients had to be clinically stable on ART to be eligible to receive ARV
in their homes or at other community meeting points. In consultation with Tanzania’s
National AIDS Control Programme, the following criteria were established to define clinical
stability on ART: (i) having taken ARV for at least 6 months prior to study enrollment, (ii)
having had a CD4 cell count >350 cells/ul or a suppressed viral load (VL) at 6 or more months
after ART initiation (if both a CD4 cell count and VL measurement were taken 6 or more
months after ART initiation, then at least 1 CD4 cell count had to be >350 cells/pl and 1 VL
measurement had to show virological suppression [<1,000 copies/ml]), and (iii) the most
recent VL was taken less than 12 months prior to study enrollment and showed virological
suppression. For patients for whom a VL measurement was unavailable at the time of enroll-
ment but for whom a CD4 cell count taken in the 12 months prior to enrollment was available,
a CD4 cell count >350 cells/pl was used to replace criterion (iii). For patients for whom neither
a VL nor a CD4 cell count taken in the 12 months prior to enrollment was available, a venous
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blood sample was taken for a VL measurement at the time of enrollment, and the result was
used for the eligibility assessment. Type of ARV regimen and co-infection status were not
exclusion criteria for receiving ARVs at home. While patients in the control arm underwent
the same assessment for clinical stability as those in the intervention arm, all patients in the
control arm received standard facility-based HIV care regardless of clinical stability on ART.

Enrollment

The enrollment process described below was the same in both control and intervention facili-
ties. In each healthcare facility in this trial, 1 to 2 study team members were present full-time
for the duration of the periods of enrollment and study exit assessment. During the follow-up
period, most data collectors split their time between 3 facilities (1 in each of the 3 municipali-
ties). The ART nurses asked all ART patients attending a participating healthcare facility dur-
ing the enrollment period whether they resided within the neighborhoods that are part of the
facility’s catchment area. Those who reported living in the catchment area were sent to the
data collector, who was then responsible for introducing the study to the potential participants
and obtaining written informed consent. Provided written informed consent was given, the
data collector then administered a tablet-based baseline questionnaire (see the “data collec-
tion” section for more details). Next, the data collector noted down a description of the loca-
tion of the patient’s residence (a “map cue”) and recorded the patient’s mobile phone number
(and, with the permission of the patient, the mobile phone number of at least 1 household
member). Lastly, for those patients who did not have a VL measurement taken in the 12
months preceding study enrollment, the data collector referred the patient back to the nurse
for a blood sample that was then sent to the laboratory for a VL assessment. The only differ-
ence in the enrollment process between control and intervention facilities was that in interven-
tion facilities the community outreach nurse was responsible for ensuring that the HBC
received the map cue and phone numbers so that the patient could be visited at home.

Randomization

This was a 2-arm non-inferiority cluster-randomized pragmatic trial. The unit of randomiza-
tion was a healthcare facility with its catchment area (henceforth referred to as a “cluster”). All
healthcare facilities that were located in Dar es Salaam Region, provided ART, and had an affil-
iated team of HBCs were eligible to be included in the trial. The study took place at all 50
healthcare facilities that fulfilled these eligibility criteria except 2 facilities (Amana Regional
Referral Hospital and Mwananyamala Regional Referral Hospital), which were excluded
because of an ongoing clinical trial at these sites. S1 Table describes the characteristics of each
cluster.

Within each of the 3 municipalities in Dar es Salaam, we first matched clusters into pairs
based on the number of patients currently on ART at the healthcare facility. For instance, the
healthcare facility with the highest number of ART patients in the municipality of Kinondoni
was paired with the facility with the second highest number of ART patients in Kinondoni,
and so on. We expected this matched-pair design to increase the precision of our effect esti-
mates because the complexity of implementing the intervention (and, thus, the expected prob-
ability of implementation failure) would tend to increase with a higher volume of eligible
patients. Specifically, because each healthcare facility had only 1 community outreach nurse
(except Kigamboni Health Centre and Mbezi Dispensary, which had 2 community outreach
nurses), a higher number of ART patients at the healthcare facility resulted in a higher number
of patients for whom the community outreach nurse had to supervise the delivery of ARVs
into the community. A second advantage of matching on ART patient volume, and thus
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expected participant volume, was that it increased the probability of an approximately equal
number of participants in each study arm, which in turn maximizes statistical power. The ran-
domization was done (by PG) prior to study start using computer-generated random numbers.
Allocation concealment in this trial was achieved because entire healthcare facilities (and thus
automatically all eligible patients at these healthcare facilities) were randomized to each study
arm, and the team member who randomized healthcare facilities did not enroll patients. It was
not feasible to blind study participants, project managers, or data collectors to the intervention
assignment. Neither was it possible to blind the data analysts (PG, GA, and TB) to the inter-
vention assignment because they were also involved in the project management.

Study duration

Enrollment into the trial took place at the 18 healthcare facilities in Temeke municipality from
March 1, 2016, to July 29, 2016, at the 16 healthcare facilities in Kinondoni municipality from
August 1, 2016, to October 31, 2016, and in the 14 healthcare facilities in Ilala municipality
from November 1, 2016, to January 31, 2017. Study exit assessments started in Temeke in
March 2017, in Kinondoni in May 2017, and in Ilala in June 2017. The study activities during
the trial period are described in S2 Table. There was a delay of 11 calendar days between study
start and registration of the study on ClinicalTrials.gov because the first 9 days of the trial were
used to verify whether the enrollment process was feasible. This informal pilot period did not
lead to any changes in any of the planned study processes and was thus considered to be part
of the main trial period. No outcome data were collected before registration of the trial.

Endpoints

The prespecified primary endpoint for this trial was the proportion of patients with virological

failure at the end of the study period. Virological failure was defined as a VL > 1,000 copies/ml.
The prespecified secondary endpoint was patient healthcare expenditures in the 6 months pre-

ceding study exit.

Margin of non-inferiority

This study was designed as a non-inferiority trial. The non-inferiority design only applies to
the primary endpoint (the proportion of patients with virological failure) [12]. The rationale
for choosing a non-inferiority design for this study was that if the intervention results in equiv-
alent (or better) control of one’s HIV infection among ART patients (as assessed through the
VL measurement), then the intervention will be preferable to the standard of care because it
has several important advantages beyond clinical effectiveness. First, HBCs earn lower salaries
and are quicker to train than nurses and physicians. Shifting important components of ART
from nurses and physicians to HBCs will thus likely reduce the per-patient costs of ART deliv-
ery and increase the capacity to quickly scale up treatment [15]. Second, shifting care from
facilities to homes will decongest the facilities and allow nurses and physicians to concentrate
on more complex and clinically unstable ART patients who require more intensive clinical
workup and care. Finally, ARV community delivery should reduce the financial and time bur-
dens on patients of having to attend a healthcare facility at frequent intervals [8,10].

Based on consultations with Tanzania’s National AIDS Control Programme, and in line
with the margin of equivalence used by Jaffar et al. in their randomized trial of ARV home
delivery in rural Uganda [10], we chose a margin of non-inferiority for the risk ratio (RR) of
virological failure (comparing the intervention to the control arm) of 1.45. That is, if the RR of
virological failure in the intervention group compared to the control group is statistically sig-
nificantly lower than 1.45, then ARV community delivery will be considered to be non-inferior
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to standard facility-based care. We registered this prespecified margin of non-inferiority as
part of our trial protocol in ClinicalTrials.gov. On the absolute scale, this non-inferiority mar-
gin corresponds to a higher absolute probability of virological failure in the intervention group
of 9 percentage points, assuming (as done by Jaffar et al. [10]) that 20% of patients in the con-
trol arm of the study will be failing virologically at the end of the follow-up period.

Data collection

This trial was implemented by Management and Development for Health (MDH). MDH is a
local Tanzanian-led non-governmental organization based in Dar es Salaam, which works in
close collaboration with the Tanzanian Ministry of Health, Community Development, Gender,
Elderly and Children.

Biomarkers. We measured HIV VL at baseline and at the end of the study period. If the
patient had a VL measurement that was taken in the 12 months preceding study enrollment
(as described under the eligibility criteria), the value of this measurement was used as baseline
VL. VL measurements were done at the public-sector laboratory in Temeke using Cobas
AmpliPrep TagMan 96 and Cobas 4800 analyzers.

Questionnaires. Two questionnaires—one during the enrollment visit (baseline question-
naire) and one during the study exit assessment visit (study exit questionnaire)—were admin-
istered in Swabhili (with responses entered into a tablet) by a team of 20 data collectors. Most
questions were identical in the 2 questionnaires. Topics covered in the questionnaire included
basic socio-demographic information, health service utilization, out-of-pocket healthcare
expenditures, and satisfaction with HBC services. Specifically, healthcare expenditures were
assessed in 2 ways. First, participants were asked about the costs incurred to attend ART on
the day of the study enrollment and study exit visit, separately for each of the following cost
components: consultation fees, medical tests, medicines, transport, payment for someone to
look after the patient’s children while the patient was away, food, phone calls and SMS mes-
sages, and income lost due to the time spent to attend the healthcare facility. Second, in both
the baseline and study exit questionnaire, the same cost components (except income lost due
to the time spent to attend the healthcare facility) were asked about for each primary health-
care visit that the patient had made during the preceding 6 months to each of the following
types of providers: public-sector primary care clinic, private-sector doctor, chemist/pharmacy,
traditional healer, diviner, and faith healer.

Ethics and policy

The study was approved by the research ethics committee of the National Institute for Medical
Research (NIMR) in Tanzania on July 16, 2015 (NIMR/HQ/R.8a/Vol. IX/1989), and received
an exemption by the institutional review board of the Harvard T.H. Chan School of Public
Health in June 2015. During the study period, information on trial progress and analyses of
the baseline data were shared at least once every 6 months with the National AIDS Control
Programme within the Tanzanian Ministry of Health, Community Development, Gender,
Elderly and Children. The Coordinator for Care, Treatment and Support in the Tanzanian
National AIDS Control Programme (SL) served as a member of the core team that oversaw
and managed this trial.

Sample size

We calculated the sample size needed for this non-inferiority design under individual random-
ization (using the “ssi” package in Stata [16]), and then multiplied the sample size under indi-
vidual randomization by the design effect to arrive at the sample size needed for the non-
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inferiority design under cluster randomization. The design effect was computed using the
“clustersampsi” function in Stata [17], which implements a standard method for calculating
power in cluster-randomized trials (but does not allow direct sample size calculation for non-
inferiority designs). We assumed an intra-cluster correlation coefficient (ICC) of 0.03. This
assumption was based on a study in Dar es Salaam [18], which found the healthcare facility
ICC value for the 6-month cumulative incidence of non-adherence to ARVs (defined as a 50%
drop in CD4 cell count from its peak value and return to pre-ART CD4 cell count or lower
after 168 days on ART, or a VL greater than 10,000 copies/ml after 168 days on ART) to be
0.016. We took the upper bound of the 95% CI of this estimate (which was 0.03) as a conserva-
tive estimate of the ICC for our primary endpoint. To our knowledge, this was the best approx-
imation of the expected ICC for our primary endpoint available in the extant literature.

Additionally, we made the following assumptions: 20% of patients in the standard of care
arm will be failing virologically at study exit, the probability of a type I statistical error is 0.05,
and the correlation coefficient between baseline and study exit VL measurement is 0.5. Under
these assumptions and our prespecified margin of non-inferiority, this trial needed 398
patients per study arm to have 80% power to establish non-inferiority. We did not stop enroll-
ing patients once the minimum sample size was reached because an important aim of this
study was to investigate to what degree the ARV community delivery model could decongest
ART facilities. Our actual sample size was thus substantially larger.

Statistical analysis

The primary analysis in this study was an intent-to-treat (ITT) analysis. All patients at a health-
care facility were in the ITT sample, regardless of whether they were clinically stable on ART
and chose to receive ARVs in (or close to) their homes or not. In secondary analyses, we also
examined the treatment effects among only those patients who had a suppressed VL (or, if no
VL value was available, a CD4 cell count >350 cells/pl) at baseline (henceforth referred to as
“suppressed VL at baseline” for simplicity). The effect of the intervention on our prespecified
primary endpoint was examined using a log-binomial model, which generates a RR. In this
cluster-randomized trial, the odds ratio (OR) and RR are equally valid relative measures of
association, but the OR is sometimes misinterpreted as a RR while the reverse is rarely the case
[19]. We thus preferred to express our results using a RR. Whether or not the RR was below
the non-inferiority margin was assessed using the upper bound of a 1-sided 95% CI. If the
upper bound of this CI for the RR comparing intervention to control was below 1.45, the inter-
vention would be deemed non-inferior to the control. If the upper bound of this CI was greater
than or equal to 1.45, then the null hypothesis that the intervention was inferior to the control
could not be rejected (at the alpha equal to 0.05 level), and the results of the trial would thus be
inconclusive. The CI was obtained from the log-binomial model adjusting standard errors for
clustering at the level of the healthcare facility. In the primary analysis, we regressed virological
failure at study exit on a binary variable indicating intervention versus control assignment. In
secondary analyses, we first added VL at baseline as a covariate to our regression and then
additionally controlled for, follow-up time, time between the baseline VL and the study exit
VL, age, and sex. Our models did not include an indicator variable for each pair of healthcare
facilities to adjust for the matched-pair design, because this is not necessary to obtain valid
point estimates [20]. In expectation, including an indicator variable for each pair would lead to
a lower (or equal) variance than when ignoring the matched-pair design [20]. However, in our
case, this possible increase in statistical efficiency was offset by the fact that some pairs are
dropped from the regression that includes all covariates if an indicator variable for each pair is
used, because some covariate combinations have 0 observations. In addition to the ITT effect,
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we estimated the complier average causal effect, i.e., the effect of the ARV community delivery
model on those patients who actually received ARV at home. For this purpose, we used
instrumental-variable regression with the randomly assigned intervention status of the health-
care facilities participating in this trial as the instrumental variable for patients’ potentially
endogenous receipt of ARV in their homes.

The secondary endpoint (patient healthcare expenditures during the last 6 months) was
analyzed using ordinary least squares regression (for inference based on the mean expendi-
ture) and median regression (for inference based on the median expenditure). In these regres-
sions, we determined statistical significance using randomization inference (as implemented
in the “ritest” Stata package [21]). We chose to use randomization inference to assess statistical
significance because it does not rely on asymptotic properties, which may not apply in cluster-
randomized trials with a relatively small number of clusters, especially when there is substan-
tial heterogeneity in cluster size [22]. By specifying the randomization scheme of the study, the
randomization inference routine adjusted for clustering at the level of the healthcare facility as
well as the matched-pair design.

Results
Sample characteristics

Fig 1 shows the progression of healthcare facilities (clusters) and patients through the trial.
Forty-eight healthcare facilities and 2,172 patients were enrolled into the trial. Twenty-four
healthcare facilities with a total of 1,009 patients were enrolled in the control arm (standard
facility-based care), and 24 healthcare facilities with a total of 1,163 patients in the intervention
arm. The intervention, ARV community delivery, included HBCs delivering ARVs in or close
to the homes of patients who were clinically stable on ART. Patients in the intervention arm
who were either clinically unstable on ART or who opted not to have their ARV delivered to
their homes continued to receive standard facility-based ART. In all, 516 (44.4%) of the
patients enrolled in the intervention arm received ARVs in or close to their homes. For 63
(12.2%) of the patients receiving ARV in or close to their homes, no VL was available after
enrollment (these patients were therefore considered lost to follow-up [LTFU]). For a further
69 (13.4%) of these patients, the only available VL after enrollment was taken prior to receiving
the first ARV home visit. These patients were kept in the sample for the primary analysis
because they may have indirectly benefited from other patients in their healthcare facility
receiving ARVs in or close to their homes. However, we also show results when restricting the
sample to those patients receiving ARVs in or close to their homes for at least 90 and 180 days.
Among the 359 patients for whom we had a study exit VL taken after receiving the first ARV
home visit, the mean duration of receiving ARV in or close to the home was 226 days, with a
standard deviation (SD) of 123 days. The median duration of receiving ARVs in or close to the
home was 213 days, with an interquartile range (IQR) of 138 to 300 days.

Thirty-five patients (6 of whom were LTFU) received ARVs in or close to their homes but did
not continue until the end of the trial period—4 patients transferred to a healthcare facility outside
of Dar es Salaam; 8 informed the study team that they wanted to return to standard facility-based
care; 3 were returned to standard facility-based care because they were enrolled based on a base-
line CD4 cell count >350 cells/pl but the VL taken at enrollment came back from the laboratory
as being non-suppressed; 1 died; 1 was imprisoned; 3 became pregnant and entered into the
PMTCT program (without ARV community delivery); and the remainder could not be found
again by the HBC. Among the 8 intervention recipients receiving ARVs in or close to their homes
who wanted to return to facility-based care, 3 informed the study team that the HBC (the same
HBC for all 3 patients) had not delivered their ARVs on time, and the other 5 wanted to return
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Fig 1. Flowchart showing progression of clusters and patients through the trial. Mean cluster size was rounded to 1
decimal place, which is responsible for the minor discrepancy between the number of individuals enrolled/analyzed
and the multiplication of the number of clusters by the mean cluster size. HBC, home-based carer; LTFU, lost to
follow-up; PMTCT, prevention of mother-to-child transmission of HIV; RCT, randomized controlled trial; SD,
standard deviation.

https://doi.org/10.1371/journal.pmed.1002659.9001

because they were attending the healthcare facility regularly for their children’s healthcare, which
made it convenient to pick up ARVs while at the healthcare facility. The 1 death that occurred
was a road traffic accident, which was unrelated to the intervention or the trial. Apart from the
death, no adverse events were reported to, or detected by, the study team among those patients
who received their ARVs in or close to their homes. Similarly, no adverse events among other par-
ticipants enrolled in this trial (i.e., those in the control arm and those in the intervention arm who
did not receive ARV's at home) were reported to the study team. In all, 13.6% (137/1,009) were
LTFU in the control arm, and 18.9% (220/1,163) in the intervention arm, yielding a sample size
for analysis of 872 patients in the control arm and 943 in the intervention arm.

The sample characteristics for clusters (a healthcare facility with its catchment area) are
shown in S1 Table. Table 1 displays the sample characteristics of individuals at the time of the
baseline assessment. Patients in the intervention arm were somewhat more likely to be male
(22.2% versus 15.4%), to be married (44.3% versus 35.8%), and to self-report having been on
ART for a longer time at baseline (mean of 1,407 versus 1,059 days). The percentage failing
virologically at baseline was similar between the 2 study arms. The mean follow-up time was
326 days (SD 125) in the control arm and 327 days (SD 120) in the intervention arm. Median
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Table 1. Sample characteristics at baseline among patients not lost to follow-up.

Characteristic Control Intervention
N 872 943
Male, 1 (%) 129 (15.4) 203 (22.2)
Missing, n (%) 33(3.8) 30(3.2)
Age in years, mean (SD) 38.7 (8.6) 40.5 (9.4)
Missing, n (%) 40 (4.6) 35(3.7)
Age group, n (%)

18-25 years 41 (4.9) 32 (3.5)
26-35 years 260 (31.2) 259 (28.5)
36-45 years 371 (44.6) 384 (42.3)
46-55 years 129 (15.5) 171 (18.8)
56-65 years 25 (3.0) 53 (5.8)
>65 years 6(0.7) 9 (1.0)
Education, n (%)

Less than completed primary school 26 (4.3) 66 (9.8)
Primary school completed 473 (77.7) 512 (76.1)
Secondary school completed 110 (18.1) 95 (14.1)
Missing, n (%) 263 (30.2) 270 (28.6)
Married, n (%) 237 (35.8) 334 (44.3)
Missing, n (%) 210 (24.1) 189 (20.0)
Time on ART in days, mean (SD) 1,059 (952) 1,407 (1171)
Missing, n (%) 277 (31.8) 304 (32.2)
Time on ART, n (%)

<90 days 57 (9.6) 48 (7.5)
90-179 days 34 (5.7) 19 (3.0)
180-364 days 73 (12.3) 58 (9.1)

1 to <3 years 210 (35.3) 202 (31.6)
3 to <5 years 109 (18.3) 121 (18.9)
>5 years 112 (18.8) 191 (29.9)
Disclosed HIV status to at least 1 person, n (%) 542 (88.4) 625 (92.0)
Missing, n (%) 259 (29.7) 264 (28.0)
VL >1,000 copies/ml or CD4 <350 cells/pl, n (%) 132 (17.4) 122 (15.4)
Missing, n (%) 114 (13.1) 150 (15.9)

ART, antiretroviral therapy; SD, standard deviation; VL, viral load.

https://doi.org/10.1371/journal.pmed.1002659.t001

follow-up time was also similar between the study arms: 318 days in the control and 322 days
in the intervention arm. S3 Table shows that the baseline characteristics of those who were
LTFU were similar to those who were included in the analysis except that they were (i) less
likely to have received ARVs at home (intervention arm: 28.6% versus 48.0%) and (ii) more
likely to have been failing virologically (control arm: 28.2% versus 17.4%; intervention arm:

19.8% versus 15.4%).

Intervention uptake and exposure

Of patients who were offered to receive ARVs in their homes or at another community meet-

ing point of their choosing (i.e., who were both clinically stable on ART and enrolled at a

healthcare facility randomized to ARV community delivery), 87.4% decided to enroll in the
program rather than remain in standard facility-based ART delivery. Over the course of the
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study period, a total of 151 HBCs (50 in Temeke, 45 in Kinondoni, and 56 in Ilala) conducted
3,039 household visits to 516 patients in or close to their homes. These patients received a
mean of 5.9 (and a median of 6.0) home or community visits for ARV delivery and counseling
during the trial period. Over the course of the study, 12 patients contacted the study team to
inform them that the HBC had not delivered their ARV supply on time; these 12 patients were
under the responsibility of a total of 4 HBCs.

Virological failure

At the end of the study period (defined by the time of measurement of the study exit VL),
10.9% (95/872) and 9.7% (91/943) of patients were failing virologically in the control and inter-
vention arm, respectively. Among those who had a suppressed VL at baseline, 4.3% (27/626)
and 4.6% (31/671) were failing virologically at study exit in the control and intervention arm,
respectively. Among those who received ARV in or close to their homes, 5.7% (26/453) were
failing virologically at study exit. When restricting the sample to those who had received ARV
in or close to their homes for at least 90 days prior to the date of VL measurement at study
exit, 7.0% (24/345) were failing virologically.

The RR for virological failure comparing the patients in the intervention arm to the patients in
the control arm was 0.89 (95% CI 0.63-1.25) in the primary (the unadjusted) model (Table 2).
The upper bound of the 1-sided 95% CI for this RR was 1.18, and therefore below the non-inferi-
ority margin of 1.45. When the sample was restricted to those patients with a suppressed VL
(<1,000 copies/ml) at baseline—57.6% (440/764) of whom received ARV community delivery (as
opposed 48.0% when including all ART patients at intervention facilities)—the RR was above 1,
and the upper bound of the 1-sided 95% CI above the non-inferiority margin, in all models (54
Table). In supplementary files, we also show results (i) when adjusting for follow-up time and
time between the baseline and study exit VL measurement (S5 Table), (ii) when restricting the
sample to those for whom the study exit VL was taken at least 200 days after enrollment into the
trial (S6 Table), (iii) when restricting the sample to those for whom the study exit VL was taken at
least 200 days after the baseline VL (or the baseline CD4 cell count) (S7 Table), and (iv) when
adjusting for time on ART at baseline (S8 Table). The results were similar when using a VL
threshold of >200 copies/ml to define virological failure (S9 Table).

The complier average causal effect (i.e., the effect of the ARV community delivery program
on those who received ARV in their homes) was not significantly different from 0 in all

Table 2. Effect of the intervention on the risk of virological failure.

Statistic Unadjusted” Adjusted for baseline VL/CD4> Adjusted for baseline VL/CD4, age, and sex*
N 1,815 1,551 1,494

RR (2-sided 95% CI) 0.89 (0.63-1.25) 0.96 (0.71-1.29) 1.00 (0.74-1.35)

Pvalue’ 0.489 0.766 0.998

One-sided 95% CI 0.00-1.18 0.00-1.23 0.00-1.28

'In all models, standard errors were adjusted for clustering at the healthcare facility level.

*This log-binomial model regressed virological failure (binary) on intervention arm (binary).

*This log-binomial model regressed virological failure (binary) on intervention arm (binary) and a binary indicator for whether the patient was in virological failure
(VL <1,000 copies/ml or, if no VL value was available, CD4 cell count <350 cells/pl) at baseline.

*This log-binomial model regressed virological failure (binary) on intervention arm (binary), a binary indicator for whether the patient was in virological failure
(VL <1,000 copies/ml or, if no VL value was available, CD4 cell count <350 cells/pl), age (continuous), and sex (binary).

>The P value tests the null hypothesis that the RR equals 1.0 with a significance level of alpha <0.05.

RR, risk ratio; VL, viral load.

https://doi.org/10.1371/journal.pmed.1002659.t002
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models (Table 3). The regression coefficients in Table 3 can be interpreted as the absolute dif-
ference in the probability (between 0 and 1) of virological failure in the intervention arm com-
pared to the control arm. In the unadjusted model, receiving ARVs at home led to a 2.6
percentage point lower probability of being in virological failure at the end of the study period
compared to being in the control arm. As supplementary files, we also show the complier aver-
age causal effect under different model specifications and sample restrictions (S10 Table), and
when restricting the sample to those who had a suppressed VL at baseline (S11 Table).

Patient healthcare expenditures

Cost to the patient of an ART visit. For the ART visit on the day of the study exit ques-
tionnaire, patients reported having incurred a median cost of TZS 800 (PPP$ 1.16) with an
IQR of TZS 0 to 2,000 (PPP$ 0.00 to 2.89). The mean cost was TZS 3,445 (PPP$ 4.98), with a
SD of TZS 16,795 (PPP$ 24.29). These costs included money lost from income-generating
activities due to the time taken to attend care. The costs for the ART visit on the day of the
baseline questionnaire were similar, with a median of TZS 800 (IQR TZS 0 to 3,000) and mean
of TZS 5,831 (SD TZS 24,863), equal to PPP$ 1.16 (IQR PPP$ 0.00 to 4.34) and PPP$ 8.43 (SD
PPP$ 35.96), respectively. The median and mean costs for an ART visit did not differ signifi-
cantly when restricting the sample to those who were clinically stable on ART or those who
received ARVs and counseling in or close to their homes. Among those who received ARVs
and counseling in or close to their homes, 55% had previously been scheduled to pick up their
ARVs from the facility once per month, and the remaining 45% once every 2 months. After
enrollment in the trial, these patients were required to make only 1 ART clinic visit per year,
resulting in an average of 8.3 fewer clinic visits per year. Using our figure for the cost of an
ART visit in Dar es Salaam, simple extrapolation suggests that receiving ARV community
delivery with a yearly checkup at the healthcare facility would reduce a patient’s cost to receive
ART by a median of TZS 6,640 (PPP$ 9.61) per year.

Healthcare expenditures during the past 6 months. In the study exit questionnaire, only
36.6% of patients at intervention facilities and 6.5% at control facilities reported having
attended a public-sector primary care clinic or private-sector doctor during the preceding 6
months, suggesting that most patients may have misunderstood the healthcare expenditure
questions as excluding ART visits. S12 Table shows that there was no statistically significant
difference in the mean or median healthcare expenditures of patients between the control and
intervention arm.

Table 3. Estimates of the complier average causal effect using instrumental-variable regression’'.

Statistic Unadjusted Adjusted for baseline VL/CD4> Adjusted for baseline VL/CD4, age, and sex’
N 1,815 1,551 1,494

Coefficient (95% CI) ~0.026 (~0.099 to 0.047) ~0.006 (~0.063 to 0.052) 0.002 (~0.055 to 0.058)

Pvalue® 0.487 0.848 0.951

'All models are 2-stage least squares regressions with the randomly assigned intervention status of the healthcare facilities participating in this trial as the instrumental
variable for patients’ potentially endogenous receipt of ARV in their homes. Standard errors were adjusted for clustering at the healthcare facility level.

*This model included a binary indicator for whether the patient was in virological failure (VL <1,000 copies/ml or, if no VL value was available, CD4 cell count

<350 cells/pl) at baseline as independent variable.

3This model included a binary indicator for whether the patient was in virological failure (VL <1,000 copies/ml or, if no VL value was available, CD4 cell count

<350 cells/pl) at baseline, age (continuous), and sex (binary) as independent variables.

*The P value tests the null hypothesis that the coefficient equals 0.0 with a significance level of alpha <0.05.

VL, viral load.

https://doi.org/10.1371/journal.pmed.1002659.t003
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Percentage of ART patients shifted to community-based care

The percentage of all ART patients (regardless of whether they were eligible for enrollment
into the trial or for receiving ARV’ at home) at each intervention facility who received ARV's
at home at least once varied from 0.3% to 19.0%, with a facility mean of 4.4% (Table 4).

Patient satisfaction with the intervention

In the study exit questionnaire, 83.1% (295/355—the denominator is all those who received
ARVs and counseling in or close to their homes and for whom data from the study exit ques-
tionnaire were available) reported being “very satisfied” with the program of receiving ARV
at home (Fig 2). In all, 88.7% (315/355) reported that the HBC always delivered the ARVs on
time (Fig 3), and 2.0% (7/355) reported that they missed a dose of ARVs because the HBC did
not deliver ARVs on time. In all, 96.3% (342/355) of those who received ARV in or close to
their homes reported that they would like to continue with this delivery model (rather than
returning to standard facility-based care), and 99.7% (354/355) said they would recommend it
to other communities. In total, 0.9% (3/355) of patients who received ARVs in or close to their
homes reported that the program led to an unintentional disclosure of their HIV status to a
third person.

Table 4. Percentage of ART patients at each intervention facility who received ARVs at home.

Facility name
Arafa Ugweno
Buza

Goba
Hananasif
Keko

Kigogo
Kimbiji
Kinyerezi
Kitunda
Mabibo
Mbagala Rangi Tatu
Mbezi
Mburahati

Mji mwema
Mongolandege
Mwenge

Pugu Kajiungeni
Tabata

Tabata NBC
Tambukareli
Tandale

Toa Ngoma
Vingunguti

Yombo Makangarawe

Number of ART patients' Number receiving ARVs at home Percent of ART patients “shifted” into the community
202 6 3.0
215 18 8.4
177 17 9.6
530 18 3.4
79 15 19.0
347 10 2.9
119 15 12.6
238 6 2.5
768 16 2.1
278 12 4.3
15,663 75 0.5
870 3 0.3
1,639 76 4.6
161 11 6.8
152 5 3.3
1,597 47 2.9
561 16 2.9
2,193 33 1.5
249 6 2.4
1,554 24 1.5
2,951 20 0.7
239 12 5.0
1,865 42 2.3
544 20 3.7

"Most of these ART patients were not enrolled in the trial because they did not reside in a neighborhood in the healthcare facility’s catchment area. The percentages

shown in the last column of this table should, therefore, not be confused with uptake of the intervention among those who were eligible for the intervention.

ART, antiretroviral therapy; ARV, antiretroviral drug.

https://doi.org/10.1371/journal.pmed.1002659.t004
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Fig 2. Distribution of responses to the question “Overall, how satisfied or dissatisfied are you with this program
of home-based carers delivering HIV medicines into the community?”

https://doi.org/10.1371/journal.pmed.1002659.g002

Challenges with data collection

We experienced 3 major challenges during data collection. First, most participants did not
have a VL or CD4 cell count taken in the preceding 12 months in their clinical records at the
time of the baseline questionnaire. Thus, the study team had to send a blood sample for VL
testing to the laboratory. Receiving the results from the laboratory on these VL measurements
took between 4 and 12 weeks. As a result, for most participants, the study team was not able to
assess eligibility for the intervention until 1 to 3 months after the baseline questionnaire
administration. Second, 417 participants did not return to the facility for their study exit
assessment (and a clinical checkup)—136 of these participants were at control facilities and
281 at intervention facilities. For some of these individuals (as well as many individuals who
had missing VL results for other reasons), we were able to retrieve their latest VL from the cen-
tral health system database housed at MDH because Tanzania started implementing a yearly
VL for all ART patients during the study period. The central health system database records all
VLs taken at any healthcare facility in Dar es Salaam. Loss to follow-up in this report thus
refers to participants who did not return to the healthcare facility for the study exit assessment
and for whom we were unable to retrieve their VL from the central health system database.
Third, we experienced difficulties in linking participants across our different study databases.
The databases used in this study were a study logbook, in which the data collection team kept a
list of all participants in the trial (as well as age and sex of the participant), the baseline ques-
tionnaire data, the baseline laboratory data, and the study exit questionnaire data. Out of the
2,172 participants in this study, we had all questionnaire data for 1,348 participants; 193 had
only logbook data, 94 only logbook and baseline questionnaire data, 139 only logbook and
baseline laboratory data, 271 only logbook, baseline questionnaire, and baseline laboratory
data, and 127 only logbook and study exit questionnaire data. The proportion with complete
data was similar between the 2 study arms—64.7% in the control arm and 59.6% in the inter-
vention arm. These participant linking issues were responsible for the relatively high level of
missingness in socio-demographic variables other than age and sex, and the lower sample size
for the analysis of healthcare expenditures as compared to VL measurements. In addition to a
relatively high number of participants not returning to the healthcare facility for the study exit
assessment, the main cause of unsuccessful linking was that the data collectors entered neither
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Fig 3. Distribution of responses to the question “Did the home-based carer deliver the HIV medicines on time?”

https://doi.org/10.1371/journal.pmed.1002659.9003

the health system patient identifying number nor the study identifying number correctly into
the tablet.

Discussion
Summary of findings

In this randomized controlled trial in Dar es Salaam, we investigated the effect of an ARV
community delivery model—lay health workers delivering ARVs directly to patients” homes or
other meeting points in the community if the patient was stable on ART, and patients receiving
standard facility-based care if they were unstable on ART—on the probability of virological
failure and patients” healthcare expenditures. We found that the ARV community delivery
model performed at least as well in averting virological failure as standard facility-based ART.

Patient satisfaction with the program was high, and receiving ARVs in the community
through HBC:s is likely to save patients substantial amounts of time. However, 2 other envis-
aged benefits of the program—decongestion of healthcare facilities and reductions in patient
healthcare expenditures—were minimal. The ARV community delivery model shifted only a
small proportion of all ART patients at a healthcare facility from facility- to community-based
care, so that it is unlikely to have had a noticeable effect on clinicians’ workload and waiting
times at healthcare facilities. Regarding patient ART expenditures, the median cost of attend-
ing 1 ART visit for patients was low, and thus the extrapolated savings to patients from receiv-
ing ARVs in the community were small.

Key considerations for policy-makers

Table 5 summarizes the key advantages and disadvantages of the ARV community delivery
model tested in this trial. Regarding retention in care, ARV community delivery may improve
long-term retention in care as only about 1 in 100 patients who received ARVs in or close to
their homes were lost to care for reasons other than returning to standard facility-based care.
However, because patients would continue to receive ARVs in or close to their homes regard-
less of whether they attended their once-a-year clinical checkup at the healthcare facility, they
may miss these annual checkups, potentially reducing the clinical effectiveness of ART in the
longer term. Implementation research needs to accompany any future scale-up of ARV com-
munity delivery to determine how the model performs over many years and how ART patients
can be best motivated to attend their annual facility-based checkups. Moreover, in a routine

PLOS Medicine | https://doi.org/10.1371/journal.pmed.1002659 September 19, 2018 17/24


https://doi.org/10.1371/journal.pmed.1002659.g003
https://doi.org/10.1371/journal.pmed.1002659

@’PLOS | MEDICINE

A randomized trial of community delivery of antiretroviral drugs in Dar es Salaam

Table 5. Key considerations for local policy-makers regarding antiretroviral drug community delivery compared
to standard facility-based care.

Positive Neutral Negative

« High patient satisfaction with o Appears to result in equal (or | « Risk of some patients not attending their
the program better) clinical performance yearly clinical checkup

o Slight reduction in patients’ » May require the support of an additional
ART expenses staff member for successful implementation

o Small reduction in ART patient
volume at healthcare facilities

« Likely time-saving for patients
o Possibly higher long-term
retention in ART

ART, antiretroviral therapy.

https://doi.org/10.1371/journal.pmed.1002659.t005

scale-up of the ARV community delivery model, quality of care and clinical outcomes may be
worse than those observed in this trial, because the intermittent presence of data collectors in
the healthcare facilities that participated in this trial may have led to higher fidelity of imple-
mentation of the model and heightened attention to patient outcomes. The overall effect of
ARV community delivery on per-patient costs is unclear at this point. Shifting ART from phy-
sicians and nurses to lay health workers will decrease the per-patient costs—if all other factors
remain the same—because lay health workers earn less than physicians or nurses. However,
some factors change when a health system moves from the facility- to the community-based
ARV delivery model. Lay health workers may need more time to treat and care for ART
patients because of the travel to the patient’s home and because each patient-health worker
interaction may take longer in the home than in the facility-based setting—for instance,
because patients need to find a private place before the interaction can take place, or because
some of the ‘rituals’ that save time in the healthcare facility, such as minimal social conversa-
tion, may not be practiced in the home setting.

Increasing the proportion of patients who receive ARVs at home

An important limitation of the ARV community delivery program, as implemented in this
study, is that it allowed for only a small proportion of ART patients at the study’s healthcare
facilities to receive ARV's at home. Table 6 outlines possible ways of increasing this proportion.
Because many ART patients in Dar es Salaam do not attend the healthcare facility closest to
where they live, the main reason for the low enrollment in receiving ARV at home was the eli-
gibility criterion that a patient must reside in the facility’s catchment area. While removing
this eligibility restriction would likely greatly increase the proportion of eligible ART patients,
an important drawback is that delivering ARV to patients’ homes would become logistically
more complex and possibly more costly to implement. The HBCs would either have to travel
across the entire city to deliver ARV's or a mechanism would have to be established by which
an HBC affiliated with a different healthcare facility than the one the patient is attending (but
which is closer to where the patient resides) would be tasked with delivering ARV to the
patient’s home. The former would be costly to implement due to the much higher transport
costs compared to the current model. The latter would be unlikely to add substantial costs to
the model tested in this study, but it would require fast and reliable communication across
healthcare facilities. At the time of study conception, the study team felt that establishing such
a mechanism would be too complex logistically to be successful. However, before the trial, the
team was not aware of the extent to which restricting eligibility to patients living in the health-
care facility’s catchment area would impact on the proportion of ART patients that could be
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Table 6. Possibilities to increase the proportion of ART patients who receive ARVs at home.

Possible modification

1. Removing the eligibility criterion
that a patient must reside in the
facility’s catchment area

2. Increase the number of ART
facilities in Dar es Salaam that have an
affiliated team of HBCs

3. Offer enrollment to all ART patients

as long as they are able to meet up with
the HBC within the facility’s catchment
area

4. Removing or relaxing’ the eligibility
criterion that patients must be
clinically stable on ART at enrollment
5. Do not use HBCs to deliver ARV's
into the community (and instead use
treatment supporters, delivery
personnel on motorcycles, or other
available cadres)

6. Include pregnant women

Advantages

Likely to lead to a large increase
in enrollment

Would increase the number of
healthcare facilities that can
offer ARV community delivery

Likely to lead to a large increase
in enrollment

Would only lead to a small
increase in enrollment

Depending on the details of the
model, may lead to a large
increase in enrollment

Likely to lead to a substantial
increase in enrollment

Disadvantages

Logistically complex and possibly costly
to implement

Cost of training and employing
additional HBCs

Would not reduce transport time and
costs for patients (only time lost from
waiting at the healthcare facility)

May be deemed to be unsafe

May be costly, would not build on a
possible rapport between HBCs and
their clients, and the non-HBC cadre
may be unable to recognize symptoms/
signs that require referral to a healthcare
facility

May reduce the frequency of clinical
checkups that HIV-positive pregnant
women receive

'For instance, instead of using the criterion that the most recent CD4 cell count must have been <350 cells/pl, one

could use a threshold of <250 cells/ul.

ART, antiretroviral therapy; ARV, antiretroviral drug; HBC, home-based carer (the local cadre of lay health workers).

https://doi.org/10.1371/journal.pmed.1002659.t006

enrolled in the trial. Retrospectively, we, therefore, believe that it would have been worthwhile

to more intensively investigate and pilot ways of delivering ARVs to the homes of patients liv-
ing outside of their healthcare facility’s catchment area. Future implementation research
should identify, design and test approaches for ARV community delivery outside of facility

catchment areas.

A second possibility to increase the number of patients enrolled in the ARV community
delivery model is to expand the number of healthcare facilities in Dar es Salaam that have an
affiliated team of lay health workers. At the time of study start, only about a third of the health-
care facilities that offered ART in Dar es Salaam also had a team of the local lay health worker
cadre—the HBC:s. A third possibility is to offer enrollment in the ARV community delivery

program to all ART patients as long as they are able to meet up with the HBC within the facil-
ity’s catchment area. This would allow those who do not reside in the facility’s catchment area
to still benefit from the program by foregoing the time spent waiting at the healthcare facility
to pick up a new supply of ARVs. A fourth possibility, removing or relaxing the eligibility crite-
rion that patients must be clinically stable on ART to receive ARVs in their homes, would only
lead to a small increase in enrollment. In this study, removing the clinical stability criterion for
eligibility would have led to an increase in enrollment of only 15.7%. As a fifth possibility, one
could imagine a model that delivers ARV to patients’ homes (or other meeting points in the
community) but instead of HBCs uses another lay cadre for this purpose, such as HIV treat-
ment supporters. This approach would, however, have the disadvantage that it would not har-
ness the rapport that many HBCs have developed with members of the communities they
serve. In addition, the non-HBC cadre may have less training or experience than the HBCs to
recognize symptoms and signs that require referral to a nurse or physician. Lastly, enrolling
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pregnant women living with HIV would likely substantially increase enrollment numbers, but
such a model would need to be carefully designed to avoid a reduction in antenatal care
attendance.

Implementation lessons for future trials

This trial suffered from a number of implementation challenges. While we are certainly not
the first to have faced such difficulties, and there are excellent resources on implementing ran-
domized trials in resource-poor settings (e.g., Glennerster and Takavarasha [23]), it is our view
that other researchers planning pragmatic health services trials in resource-poor settings
might benefit from our experience. Specifically, we have drawn the following implementation
lessons from this trial for our future work. First, relying on data collectors to correctly enter
long unique identifying codes for patients into study registers and tablets should be avoided
wherever possible, such as by trying to automate the process (for instance, with the use of bar
codes). Second, collecting data in the minimum number of datasets needed to accomplish the
task at hand will minimize linkage problems across datasets. Third, in future work, we will
endeavor to devise measures early to reduce the possibility of bias from loss to follow-up. One
approach in this regard could be to randomize the level of encouragement (e.g., the number of
phone calls or level of monetary compensation) that patients receive to return to the healthcare
facility for the study exit assessment, which would create an instrument for loss to follow-up
that could be exploited to correct for attrition based on both observable and unobservable
characteristics [24]. Lastly, in the case of non-inferiority trials, an extensive piloting period
might be useful to verify to what degree the assumptions about the envisaged benefits of the
intervention are likely to hold true, and thus whether a non-inferiority design is justified.

Limitations

This study has several limitations. First, only a relatively small proportion of study participants
at intervention facilities received ARV in the community through the HBCs (48.0% [453/943]
of participants at intervention facilities were enrolled in the program of receiving ARV's
through the HBCs, and 41.3% [345/835] received ARV through the HBCs for at least 90 days
before the study exit VL measurement was taken). The primary analysis as per our study pro-
tocol, however, included all ART patients at a healthcare facility who resided in the facility’s
catchment area because patients at intervention facilities who remain in facility-based care
may indirectly benefit from some patients receiving ARVs at home through the envisaged
decongestion of the healthcare facility. All else remaining equal, the lower the proportion of
study participants at intervention facilities who receive ARV at home, the more similar the
ARV community delivery model is to the standard of care and thus the more likely the inter-
vention is to appear to have no effect. Therefore, if patients receiving ARVs at home through
HBCs had a worse virological outcome than if they had remained in standard facility-based
care, this study may have found the ARV community delivery model to be non-inferior based
on this “dilution” of the effect of receiving ARV at home. To try to ascertain whether our
non-inferiority conclusion is partly due to this dilution effect, we show the results when
restricting the sample in secondary analyses to only those patients who had a suppressed VL at
baseline—58.9% (395/671) of whom received ARV's at home (S4 Table). The RR in the unad-
justed model among this sample was 1.07, but the upper bound of the 1-sided 95% CI (1.75)
was above the non-inferiority margin (1.45), largely because this study was not powered to
determine non-inferiority for this smaller sample of patients. Overall, it is important to note
that dilution could only explain some part of our results, because dilution can never lead to an
improvement in outcomes in the intervention arm, which is what we observe. We also
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calculated the complier average causal effect (i.e., the effect of the ARV community delivery
model on only those who received ARVs at home) and found that the point estimates were
generally close to 0 (although the CIs were fairly wide) (Table 3).

Second, the proportion of patients LTFU was not only relatively high, but also substantially
larger in the intervention than in the control arm. This raises the concern that even if those
LTFU in the intervention arm had the same probability of failing virologically at study exit as
those LTFU in the control arm, this trial might have falsely concluded that ARV community
delivery performs at least as well as the standard of care simply if those LTFU (regardless of
study arm) had a higher probability of virological failure than those included in the analysis.
This was the case at baseline (S3 Table) and, to the degree that baseline virological failure pre-
dicts virological failure at study exit, was thus likely also the case at study exit. However, even if
we assumed the most extreme scenario, namely that 100% of those LTFU (regardless of study
arm) were in virological failure at study exit, the unadjusted RR (i.e., our primary analysis)
would have been 1.16, with the upper bound of a 1-sided 95% CI being 1.32, which is still
below the margin of non-inferiority of 1.45 (S1 Text). Our conclusions are, therefore, robust to
this source of bias. A more likely scenario in which bias from attrition could have changed our
conclusions is that those LTFU in the intervention arm may have had a higher probability of
failing virologically at study exit than those LTFU in the control arm. However, the fact that
those who subsequently were LTFU in the intervention arm were less—not more—likely to be
failing virologically at baseline than those LTFU in the control arm (S3 Table) suggests that
(under the assumption that baseline virological failure predicts virological failure at study exit)
this scenario is unlikely. Nonetheless, while our results appear to be robust to bias from attri-
tion, it is possible that we might have reached a different conclusion if this study had had no
attrition.

Third, it can be argued that the level at which the margin of non-inferiority was set (here, a
RR of 1.45) is arbitrary. We have, however, adhered to best practices in setting this non-inferior-
ity margin by involving relevant policy-makers in the decision, considering the margin set in
similar studies conducted prior to this trial, and specifying the non-inferiority margin in our
study registration. Nonetheless, the somewhat arbitrary nature of setting a non-inferiority mar-
gin is a limitation of non-inferiority trials in general [25], and thus it also applies to this trial.

Fourth, patients in the control arm appear to not have included ART visits when answering
questions on health service utilization in the preceding 6 months. A more extensive piloting
phase might have uncovered this misperception among respondents prior to the trial, which
would have allowed us to word the relevant questions differently. In addition, qualitative work
accompanying this trial could have shed further light on whether, and if so why, respondents
did not include ART visits in these answers. However, given the low costs incurred from
attending ART, it is unlikely that our estimates of patient healthcare expenditures during the
preceding 6 months would have been substantially different had patients included ART visits
in their response. In our view, a more important limitation of this study with regards to patient
healthcare expenditures was that only those living close to the healthcare facility—and thus
likely facing the lowest transport costs to get to the healthcare facility—were eligible for enroll-
ment. It is therefore possible that the cost savings to patients would have been higher had all
ART patients at a healthcare facility been eligible to enroll, regardless of the neighborhood in
which they lived. Similarly, the cost savings would likely have been higher in more rural set-
tings, where the average distance from a patient’s home to the nearest healthcare facility is typi-
cally far longer than in urban settings.

Fifth, this study excluded pregnant women, and thus the trial results cannot be generalized
to PMTCT care. Lastly, with patients receiving ARVs at home for an average of 226 days, we
were unable to assess the longer-term safety of the ARV community delivery model.
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Conclusion

As implemented in this trial, with roughly 40% of patients in the intervention arm receiving
ARVs at home and 60% remaining in standard facility-based care, ARV community delivery
performed at least as well as the standard of care regarding the critical health indicator of viro-
logical failure. ARV community delivery did not significantly reduce patient healthcare expen-
ditures, but satisfaction with the program of receiving ARVs at home was high. In addition,
receiving ARV at home is likely to save patients substantial amounts of time and may reduce
government health expenditures per ART patient. It is our view that with modifications to allow
alarger proportion of ART patients at healthcare facilities to enroll, the ARV community deliv-
ery model can serve as an important alternative for ART delivery. The model holds particular
promise for settings where—relative to demand—human and physical resources for ART are
increasingly scarce. As the model is scaled up to serve increasingly large populations in the
future, accompanying implementation research can ensure that issues arising due to the greater
scale and longer time horizons than those in our trial are quickly detected and addressed.
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