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Community-based Early Adherence Support in People
With Advanced Human Immunodeficiency Virus Infection
Starting Antiretroviral Therapy in Tanzania and Zambia:
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Background. A randomized trial demonstrated that among people living with late-stage human immunodeficiency virus (HIV)
infection initiating antiretroviral therapy, screening serum for cryptococcal antigen (CrAg) combined with adherence support
reduced all-cause mortality by 28%, compared with standard clinic-based care. Here, we present the cost-effectiveness.

Methods. HIV-infected adults with CD4 count <200 cells/pL were randomized to either CrAg screening plus 4 weekly home
visits to provide adherence support or to standard clinic-based care in Dar es Salaam and Lusaka. The primary economic outcome
was health service care cost per life-year saved as the incremental cost-effectiveness ratio (ICER), based on 2017 US dollars. We used
nonparametric bootstrapping to assess uncertainties and univariate deterministic sensitivity analysis to examine the impact of indi-
vidual parameters on the ICER.

Results. Among the intervention and standard arms, 1001 and 998 participants, respectively, were enrolled. The annual mean
cost per participant in the intervention arm was US$339 (95% confidence interval [CI], $331-$347), resulting in an incremental
cost of the intervention of US$77 (95% CI, $66-$88). The incremental cost was similar when analysis was restricted to persons with
CD4 count <100 cells/uL. The ICER for the intervention vs standard care, per life-year saved, was US$70 (95% CI, $43-$211) for all
participants with CD4 count up to 200 cells/uL and US$91 (95% CI, $49-$443) among those with CD4 counts <100 cells /uL. Cost-

effectveness was most sensitive to mortality estimates.

Conclusions. Screening for cryptococcal antigen combined with a short period of adherence support, is cost-effective in

resource-limited settings.
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Antiretroviral therapy (ART) is available widely in Africa, but
human immunodeficiency virus (HIV)-associated mortality
remains high, particularly during the first few months that
patients come into care [1-4]. Most of the early mortality is
attributed to tuberculosis and cryptococcal meningitis [5-8].
We recently conducted a large randomized controlled trial
among HIV-infected patients starting ART with CD4 count
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<200 cells/pL in Dar es Salaam, Tanzania and in Lusaka, Zambia,
known as the Reduction of Early Mortality Among HIV-
infected Subjects Starting Antiretroviral Therapy (REMSTART)
trial [9]. The intervention comprised (1) screening for cryp-
tococcal infection using serum cryptococcal antigen (CrAg)
combined with preemptive fluconazole therapy for patients
testing CrAg positive and (2) weekly home visits for the first
4 weeks for patients on ART by trained lay workers to provide
adherence support. This package was compared with standard
care. Participants in both arms were screened for tuberculosis
with sputum Xpert assay irrespective of symptoms and all were
initiated rapidly on ART within a median of 14 days (interquatile
range, 9-20 days) following presentation. At 12 months of fol-
low-up, all-cause mortality was 28% (95% confidence interval
[CI], 11%-43%) lower in the intervention arm compared to that
in the standard care arm.
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Findings from the trial informed the World Health
Organization (WHO) guidelines on the management of late-
stage HIV infection in Africa [9]. However, coverage of CrAg
screening remains low [10] despite the WHO recommendation
and low cost of a CrAg test, and very few settings offer repeated
initial adherence support to patients with advance disease
starting ART. To inform policy and practice considerations, we
conducted a cost-effectiveness analysis of CrAg screening and
early adherence support compared with standard care using
data from the REMSTART trial.

METHODS

Study Design and Participants

The REMSTART trial results have been published [9, 11]. In
brief, the participants were HIV-infected adults presenting
for care at routine health services between February 2012 and
September 2013. A total of 1001 patients were randomized to
the intervention arm and 998 to standard care.

In the intervention arm, the participants were screened
for serum CrAg using lateral flow tests (IMMY, Norman,
Oklahoma) and promptly started on fluconazole (800 mg per
day for 2 weeks followed by 400 mg per day for 8 weeks) if they
were CrAg positive. In addition, they received up to 4 weekly
home visits by trained lay workers during the first 4 weeks of
starting ART. The primary endpoint was all-cause mortality at
12 months of follow-up.

The economic evaluation was nested within the trial and
done from a healthcare provider’s perspective [11, 12]. The re-
source use and related costs were collected from all participants.
Unit costs were obtained from Dar es Salaam [10]. We assessed
the incremental cost-effectiveness ratio (ICER) of the interven-
tion vs standard treatment for the duration of the follow-up
period. It was assumed that the illness pathways of the control
and treatment group would be equivalent thereafter and that
the incremental impact of the intervention on morbidity would
thus be negligible.

Measurement of Costs and Outcomes
Health cost data were collected in 2012 and capital costs were
discounted using a discount rate of 7.8% equal to the 2-year
Tanzanian government bond at the time of calculation, June
2014 [13]. All costs were converted to 2017 US dollars using a
gross domestic product deflator and an exchange rate [14].
Life-years gained was used as the primary outcome measure.
As the morbidity effects of the intervention relative to the mor-
tality effect are likely to be minimal in this context, these can
be used to approximate Disability Adjusted Life Years saved. To
estimate life-years gained, we computed the difference in the
annual probability of death between the intervention and con-
trol arms (rather than the incidence rates of death per person-
years of observation used in the main paper [9]) and multiplied
this by the related life expectancy. We assumed that average

life expectancy was 24.0 years (95% CI, 22.2-25.8 years) for all
patients with CD4 count up to 200 cells/pL 18.7 years (95% CI,
17.2-20.3 years) for patients with CD4 cell count <100 cells/uL
based on data for similar patients on ART [15].

Statistical Analyses

Differences between the intervention and standard care in costs
and mortality were estimated using seemingly unrelated re-
gression equations to account for the correlation between costs
and mortality [16]. The models included baseline body weight,
baseline CD4 cell count, and baseline hemoglobin levels, which
were shown to predict mortality at 12 months. ICERs were
estimated by dividing mean incremental costs by the mean
number of life-years saved, and cost-effectiveness planes and
acceptability curves were plotted. Confidence intervals were
obtained using nonparametric bootstrapping.

Univariate deterministic sensitivity analyses were done to as-
sess the impact of parameter uncertainty on the ICER and were
presented as a standard tornado sensitivity graph. The parameter
ranges used for sensitivity analysis were based on 95% Cls cal-
culated from the REMSTART data and the observed life expec-
tancy Cls [15]. We conducted a secondary analysis, restricting
to participants with CD4 count level <100 cells/uL, as CrAg
screening is recommended for this HIV-infected population [17].

Ethics Statement

The study was approved by the ethics committee of the London
School of Hygiene and Tropical Medicine, the Ethics and
Research Science Committee in Zambia, and the National
Health Research Ethics Subcommittee in Tanzania.

RESULTS

Table 1 presents the unit costs for the different components
of ART services and the quantity of resources utilized by
participants. The mean cost of a home visit was almost 3 times
higher than the cost of the participant visiting the health facility.
The unit price for the home visit comprised monthly salary for
the lay worker, training, communication, and transport allow-
ance. CrAg testing was about a quarter of the cost of either a
CD4 cell count or Xpert test.

The total mean costs per patient did not differ by CD4 count
category for either arm (Table 2). The intervention resulted in
approximately 30% (95% CI, 25%-35%) increase in the cost per
patient, and resulted in an ICER of US$70 (95% CI, $43-$211)
for participants with CD4 <200 cells/pL.

The absolute reductions in death rates between the interven-
tion and standard care did not differ significantly by CD4 cell
count category (Table 2). The mortality risk ratio of the inter-
vention (134/1001 deaths) vs standard care (180/998 deaths) was
0.74 (95% CI, .60-.91) among all participants with CD4 <200
cells/uL. For participants with a CD4 count <100 cells/pL, this
risk ratio was 0.77 (95% CI, .62-.96) (114/724 vs 144/707 deaths).
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Table 1.

Unit Costs (in 2017 US Dollars) and Quantity of Resources Utilized per Study Participant, by Arm, Over 12 Months®

Cost Component Unit Price, US$

Unit of Measurement

Intervention (n = 1001), Mean (SD) Standard Care (n = 998), Mean (SD)

Outpatient visits
Initial visit 8.93 Visit
ART eligibility assessment visit 799 Visit
Biannual clinic review visit 8.92 Visit
Routine follow-up visit 762 Visit
Home visit” 19.51 Visit
Laboratory
CD4 count test 20.86 Test
Liver function (ALT) test 1.16 Test
Creatinine test 0.41 Test
Hemoglobin test 1.15 Test
Syphilis (VDRL) test 1.13 Test
Pregnancy test 2.50 Test
Xpert test 25.23 Test
CrAg test 5.24 Test
CSF test 21.55 Test
Chest radiograph 2.70 Radiograph
Medication
Days on ART 0.56 Day
Days on cotrimoxazole treatment 0.02 Day
10-wk fluconazole course® 6.35 Course
Hospitalization
Overnight hospital stay 35.00 Day

1.05 (0.36) 1.04 (0.37)
1.16 (0.44) 1.10 (0.33)
0.81(0.77) 0.79(0.81)
3.89(2.77) 3.56 (2.81)
3.06 (1.43) 0.01 (0.18)
1.55 (0.62) 151 (0.62)
1.27 (0.59) 1.19 (0.56)
0.89 (0.44) 0.87 (0.44)
1.46 (0.73) 1.35 (0.68)
0.03 (0.18) 0.03 (0.17)
0.14 (0.47) 0.13 (0.44)
0.96 (0.61) 0.82 (0.46)
0.98 (0.13) 0.01 (0.08)
0.01 (0.09) 0.00 (0.00)
0.05 (0.21) 0.04 (0.19)

260.47 (137.23)
263.22 (136.00)
0.07 (0.37)

250.27 (140.70)
254.82 (139.76)
0.00 (0.00)

0.18 (1.17) 0.22 (1.55)

Abbreviations: ALT, alanine aminotransferase; ART, antiretroviral therapy; CrAg, cryptococcal antigen; CSF, cerebrospinal fluid; SD, standard deviation; VDRL, Venereal Disease Research

Laboratory.
“Unit prices for all tests apart from patients do not include overhead costs.

®Home visit costs included monthly salary for the lay worker, communication and transport allowance, and training costs.

°800 mg per day for 2 weeks, followed by 400 mg per day for 8 weeks and 200 mg/day thereafter (after 10 weeks).

Cost-effectiveness: Uncertainty and Sensitivity Analyses
The intervention was more costly but more effective than the
standard care (Figure 1). Average ICERs increased somewhat
with decreasing CD4 cell count category (Table 2).

The probability that the intervention is cost-effective when
compared with the standard care if the decision makers are
willing to pay between US$100 and US$150 for an additional

life-year saved varies between 84% and 95% in persons with
CD4 count <200 cells/pL and between 62% and 82% in persons
with CD4 count <100 cells/uL (Figure 2).

In sensitivity analyses, the most influential parameter of
the ICER was the mortality rate (Figure 3). If the annual mor-
tality in the intervention arm is as low as 12%, then the ICER is
reduced to US$54 per life-year saved.

Table 2.
Baseline CD4 Cell Count

Incremental Cost-effectiveness Ratios (Incremental Cost per Life-year Saved) Comparing the Intervention With Standard Care According to

Standard Care Arm

Incremental Comparison of the

Intervention Arm Intervention vs Standard Care

All-cause Mortality

All-cause Mortality

Life Expec- Mean Total Mean Total Incremental  Incremental  ICER®
CD4 Cell tancy, y* Cost/Person, Events  Death Rate Cost/Person,  Events Death Rate Cost/Person®, Death®, % (95%
Count (95% ClI) No. US$ (95% CI) (95% CI)  (95% CI)  No. US$(95% CI) (95% CI)  (95% CI)  US$ (95% CI)  (95% ClI) Cl)
<200 24.0 998 262 180 18.0 1001 339 134 13.4 77 -4.6 70
cells/uL
(22.2-25.8) (254-269)  (156-203) (15.6-20.3) (331-347)  (113-156) (11.3-15.6) (66-88) (-7.8t0-13) (43-211)
<100 18.7 707 262 144 20.2 724 341 14 15.7 79 -4.5 91
cells/uL
(17.2-20.3) (253-271)  (123-165) (17.4-23.3) (331-350) (94-134)  (13.0-18.5) (65-92) (-8.610-.6) (49-443)

Abbreviations: Cl, confidence interval; ICER, incremental cost-effectiveness ratio.
“Weighted life expectancy based on a previous study [15].

®Differences were estimated using regression equations adjusting for body weight and hemoglobin levels measured at baseline.

Estimated by dividing incremental cost by the mean number of life-years saved (ie, incremental death multiplied by life expectancy).
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Figure 1. Cost-effectiveness planes after bootstrapping showing uncertainty in
the estimated incremental costs and the annual probability of death (%) for persons
with CD4 count up to 200 cells/pL (red dots) and among persons with CD4 count
< 100 cells/uL (blue dots). Ellipses represent 95% confidence intervals and dots
represent estimated incremental costs and death rates.

DISCUSSION

Our analysis demonstrates that screening of patients presenting
with advanced HIV disease for cryptococcal meningitis
combined with a short intensive period of adherence support
is likely to be cost-effective for most settings in Africa [18-20].
The average cost per patient of the intervention compares fa-
vorably with those of other interventions in Africa such as pro-
viding outpatient HIV counseling, testing, and ART treatment
in Nigeria [21], and other ART services in Zambia, Kenya,
Burkina Faso, and South Africa [22-27]. A strength of the trial
is that it was done in close to normal health service conditions
with, for example, government-employed healthcare workers
managing the patients using national guidelines.
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Figure 2. Cost-effectiveness acceptability curves showing the probability of
cost-effectiveness at different willingness-to-pay thresholds according to baseline
CD4 cell count.
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Figure 3. Tornado diagram of change in the base-case incremental cost-effec-
tiveness ratio among persons with CD4 count up to 200 cells/plL produced from a
deterministic one-way analysis of 6 input parameters. The ranges used in the sen-
sitivity analysis were based on 95% confidence intervals (Cls) calculated from the
Reduction of Early Mortality among HIV-infected Subjects Starting Antiretroviral
Therapy (REMSTART) data and previous studies.

The home-based adherence support component involved
the use of trained lay workers visiting the homes of patients
by public transport. The cost of home visits—up to about $80
for most participants—was the major driver of total costs. Trial
participants were scattered and lay workers traveled between
patient houses. In a small subsample, we estimated that the lay
workers took about 50-60 minutes to travel from one patient’s
house to the next, and that this was about twice the amount of
time that they actually spent at a patient’s home. Furthermore,
on some days, particularly near the start of the trial, some lay
workers made only 1 or 2 home visits a day because we had not
recruited sufficient numbers of patients. In real life, if this ap-
proach was rolled out universally, many patients would be on
therapy and the increased patient density would reduce travel
distances. Health services would also identify long-term, lower-
cost ways of traveling between houses, such as field workers
traveling on bicycles or motorbikes, which were not practical
during the normal course of trial. The costs could be reduced
further by use of alternative methods of providing support, such
as through mobile phones. If the cost per home visit decreased
from $19.51 to $5, this will result in an average incremental cost
of $33 for the intervention, subsequently reducing the average
ICER to $30 per life-year saved, using a conservative life expec-
tancy of 24 years. If we assume a life expectancy of 35 years for
participants on ART, the ICER becomes $20 per life-year saved.

In the CrAg screening component, we have overestimated
the cost of CrAg testing. The cost of a single test was $5 and a
single test was done to identify a single CrAg-positive person.
The CrAg test is simple and its cost will fall with expanded use.
Also, the prevalence of CrAg positivity was lower in our study
than the average reported in Africa [17, 28].
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Finally, we calculated cost-effectiveness based on a healthcare
perspective and did not assess societal benefits, for example, the
benefits of increased productivity arising from improved health
status. We also used a conservative estimate of life expectancy,
calculated taking CD4 cell count into account. Had we used
WHO estimates of life expectancy for Tanzania [29], the ICER
would have been even lower.

Thus, all in all, the intervention tested will be highly cost-ef-
fective, with a likely ICER of somewhere between $10 and $20
per life-year saved.

With complex interventions, as that employed here, it is im-
possible to disentangle the effects of the CrAg individual com-
ponent from the enhanced adherence component, but it is very
clear that, as combined, this is an important new intervention
for African HIV services to consider for persons with advanced
HIV disease. The effects of CrAg screening beyond CD4 count
of 2100 cells/uL are unknown as there are no other data, besides
ours, that have tested for CrAg at higher than this CD4 count.
Our study found fewer CrAg-positive cases in the group that
had CD4 counts between 100 and 200 cells/pL, and as expected,
the death rate in this group was lower than in those with lower
CD4 counts. This lowers the ICER. In our study, the combined
intervention was as cost-effective at CD4 count <200 cells/pL
as at CD4 count <100 cells/pL, presumably because survival is
better achieved when we initiate interventions at an earlier di-
sease stage. More data are needed of CrAg prevalence among
CD4 counts >100 cells/pL.

Because of the limited evidence around cost-effective-
ness, coverage of CrAg screening combined with preemptive
fluconazole has remained low [10], despite being recommended
by WHO [9]. A study from South Africa had suggested that
such an intervention is cost-effective [30], but the findings
from a middle-income setting are difficult to generalize to
low-resource settings. In Uganda, a similar cost-effectiveness
study led to the same conclusions [31]. Both studies had mod-
eled cost-effectiveness from the healthcare perspective, and
have not been enough to facilitate a higher scale-up of CrAg
screening. Our study estimated cost-effectiveness using empir-
ical data from a large cohort in 2 countries. We calculated costs
from the healthcare perspective, and the findings demonstrate
clearly that this intervention is highly cost-effective even in low-
resource settings.

For patients who are CrAg positive, mortality is 2-3 times
higher even with prompt preemptive treatment with fluconazole
and combined with enhanced adherence support than that in
CrAg negatives [9]. A more potent regimen is needed. A re-
cent large trial demonstrated that flucytosine, when added to
fluconazole, is a highly effective oral combination for the man-
agement of patients with confirmed cryptococcal meningitis
and, even at current prices, is highly cost-effective compared
with fluconazole monotherapy, with an ICER of US$65 per life-
year saved [32]. This oral combination needs urgent evaluation

of cost-effectiveness in CrAg-positive persons. Findings from
Uganda [33] and South Africa [34] suggest that in asympto-
matic persons, the CrAg titer predicts mortality, suggesting that
the oral combination might only be needed for this group.

The number of persons presenting with advanced disease is
likely to remain high for the foreseeable future, as alongside the
large number of people who still delay accessing ART services,
there are many dropping out of care or failing on ART. With the
findings of this analysis and the recent trial of the management
of cryptococcal meningitis [5], we can now begin to reduce this
mortality in cost-effective and sustainable ways.
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