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SUMMARY

Background: The number of persons on antiretroviral therapy (ART) requiring treatment 

monitoring in low-resource settings is rapidly increasing. Point-of-care (POC) testing for ART 

monitoring may alleviate burden on centralized laboratories and improve clinical outcomes, but its 

cost-effectiveness is unknown.

Methods: We used cost and effectiveness data from the STREAM trial in South Africa, which 

evaluated POC testing for viral load, CD4 count, and creatinine, with task-shifting from 

professional to lower-cadre registered nurses compared to laboratory-based testing without task-

shifting. We parameterized an agent-based network model, EMOD-HIV, to project the impact of 
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implementing this intervention in South Africa. We assumed POC monitoring increased viral 

suppression by 9%, enrollment into community-based ART delivery by 25%, and switching to 

second-line ART by 1%, as reported in STREAM. We evaluated POC implementation in varying 

clinic sizes (10–50 patient initiating ART/month) over 20 years. We used a cost-effectiveness 

threshold of $500 USD/disability adjusted life year (DALY) averted for our main analysis.

Findings: POC testing at 70% coverage of ART patients was projected to reduce HIV infections 

by 4.5% and HIV-related deaths by 3.9%. In clinics with 30 ART initiations/month, the 

intervention had an incremental cost-effectiveness ratio (ICER) of $197/DALY averted (90% 

model variability: −$27, $863); results remained cost-effective when varying background viral 

suppression, ART dropout, and intervention effectiveness. Assuming POC testing did not increase 

enrollment into community ART delivery produced an ICER of $1,149 (90% model variability: 

$184, $3,886), exceeding the cost-effectiveness threshold. At higher clinic volumes (≥40 ART 

initiations/month), POC testing was cost-saving and at lower clinic volumes (20 patients initiating 

ART/month) the ICER was $734 (90% model variability: $184, $3,886).

Interpretation: POC testing is a promising strategy to cost-effectively improve patient outcomes 

in moderately-sized clinics in South Africa. Results are most sensitive to changes in intervention 

impact on enrollment into community-based ART delivery.
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INTRODUCTION

The majority of the 37 million people living with HIV (PLHIV) globally reside in resource-

limited settings. Successful scale-up of antiretroviral therapy (ART) through “test and treat” 

has transformed HIV from a terminal disease into a manageable chronic illness. PLHIV who 

are virally suppressed on ART have good clinical outcomes and a near normal life 

expectancy. Additionally, viral suppression virtually eliminates transmission to sexual 

partners, providing hope that treatment as prevention can help end the HIV epidemic. 

Currently, over 25 million individuals receive ART worldwide, and reaching UNAIDS’ 95–

95-95 targets will dramatically increase number of persons on ART by 2030.(1)

Monitoring the millions of PLHIV in HIV care remains challenging in resource-limited 

settings. World Health Organization (WHO) recommends routine testing of HIV viral load 

(VL), CD4 count, and creatinine for patients receiving ART.(2) However, less than 50% of 

PLHIV on ART in sub-Saharan Africa (SSA) receive routine VL monitoring.(3) Most 

monitoring tests in SSA are processed in centralized laboratories requiring highly trained 

staff and specialized equipment. Scale-up is hindered by challenges of timely sample 

transportation, insufficient capacity to meet demand, and inadequate infrastructure.(4) 

Further, among patients receiving monitoring, a second clinic visit after several weeks is 

required to obtain results, which can cause delays in clinical decision making, non-delivery 

of results, or lack of adherence counseling provision.(3)
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Decentralized point-of-care (POC) testing for ART monitoring is a promising strategy to 

expand testing coverage and improve clinical outcomes by decreasing turn-around time for 

results and reducing loss-to-follow-up among viremic patients. A recent randomized clinical 

trial (STREAM) evaluated the impact of POC testing for VL, creatinine, and CD4 combined 

with task-shifted care to lower-cadre nurses compared to standard lab-based testing without 

task-shifting among ART patients in South Africa. The intervention improved viral 

suppression and increased referral to ART differentiated service delivery (DSD).(5) 

However, the economic impact of implementing POC testing for lifelong ART management 

is uncertain. To inform policy discussions about ART monitoring guidelines, we utilized 

mathematical modeling to project the health and economic impact of scaling-up the 

STREAM intervention in South Africa.

METHODS

STREAM clinical trial

We utilized cost and effectiveness data from the STREAM (Simplifying HIV TREAtment 

and Monitoring) randomized clinical trial.(5) The trial was conducted from February 2017 to 

October 2018 at a large public clinic providing care for a diverse, mobile population in 

Durban, South Africa. Eligible participants were HIV-positive adults presenting for routine 

care six months post-ART initiation; individuals who were pregnant, diagnosed with active 

tuberculosis, or required acute medical care by a physician were excluded. Participants 

(N=390) were randomized to receive 1)POC testing for VL, creatinine, and CD4 count 

testing with same-day counseling and task-shifted care by an enrolled nurse or 2)standard-

of-care laboratory testing and care by a professional nurse. All patients received treatment 

monitoring according to South African and WHO guidelines (Figure S1, page 9). Individuals 

with VL>1,000 copies/mL received enhanced adherence counselling and repeat VL testing 

after two months. If the repeat VL was >1,000 copies/mL, participants were offered to 

switch to second-line ART. Based on South African guidelines, participants on ART for ≥12 

months with two consecutive VL<40 copies/mL and CD4 count>200 cells/mm3 were 

referred to DSD to collect ART at community pharmacies.

Costs

We conducted a detailed microcosting and time-and-motion observation of the STREAM 

trial to estimate costs of POC VL, CD4, and creatinine testing, described previously (and in 

the Appendix, page 8).(6) Since the equipment component of the test cost depends on 

number of tests conducted, we calculated POC test costs per patient at varying clinic 

volumes of 10–50 PLHIV initiating ART/month (Table 1). At higher volumes, instrument 

costs are spread over a greater number of tests and the cost per test is lower. Centralized 

laboratory costs were obtained from South African National Health Laboratory Service price 

lists. HIV tests, ART provision, and healthcare costs were obtained from literature and 

inflated to 2018 US dollars (USD).

Mathematical model

We adapted a previously developed microsimulation model, EMOD-HIV, described in detail 

at www.idmod.org/idmdoc and elsewhere.(7) EMOD-HIV is an open-source, stochastic, 
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agent-based model integrating population demography, HIV disease progression, and 

network-based HIV transmission, configured to match age- and sex-specific propensities to 

form different sexual partnerships. The model incorporates detailed within-host HIV 

progression to simulate HIV health and transmission effects and the impact of ART on 

epidemic dynamics. EMOD-HIV includes a highly configurable HIV care cascade, 

including HIV testing, linkage and retention in care, time-varying treatment eligibility, ART 

dropout, and heterogeneity in treatment engagement by age and sex. Model validation is 

shown to reproduce age and sex-specific HIV incidence in KwaZulu-Natal, South Africa as 

confirmed by epidemiologic and phylogenetic studies.(8–10) The model tracks health 

outcomes including HIV infections and HIV-related deaths and healthcare utilization, 

enabling calculation of economic costs and disability-adjusted life years (DALYs). We 

simulated approximately 175,000 individuals per model run.

The model was parameterized with epidemiologic data from South Africa including fertility, 

mortality, voluntary male circumcision coverage, and health seeking behavior. We calibrated 

the model to South Africa data on age- and sex-specific HIV prevalence, ART coverage, 

population size and validated to HIV incidence (Appendix, page 12–20). Model calibration 

was performed using a parallel simultaneous perturbation optimization (PSPO) algorithm 

which maximizes the pseudo-likelihood of stochastic epidemiological models given 

observed data and identifies an optimal set of input parameters. We selected 250 model 

parameter sets using roulette resampling in proportion to the likelihood of each simulation.

Scenarios

In the standard-of-care scenario, we assumed individuals initiating ART received clinical 

management by a professional nurse and monitoring using centralized laboratory tests. 

Based on the literature for South Africa, we assumed 3% of ART patients were on second-

line regimens, 20% of individuals on ART collected drugs through DSD,(11, 12) and 83% of 

ART patients were virally suppressed (VL<1000 copies/mL).(13) In the POC intervention 

scenario, we assumed 70% of individuals on ART received monitoring using POC testing 

and task-shifted care by an enrolled nurse, based on acceptance rates in the STREAM trial 

and the assumption that POC testing would not be uniformly rolled out in all HIV clinics in 

South Africa. The remaining 30% of patients received standard-of-care laboratory 

monitoring from a professional nurse and were assumed to have the same health outcomes 

as individuals in the standard-of-care scenario. Among those receiving POC monitoring, we 

assumed a 1% increase in switching to second-line treatment, 25% higher referral to DSD 

and 9% higher viral suppression on ART, for the duration of time on ART, as reported in 

STREAM. We assumed individuals on ART but not virally suppressed experience 1.96-

times the mortality risk of those who are suppressed for the duration of time they are on 

ART.(14) Based on clinical data, we estimated that PLHIV on ART with VL<1,000 

copies/mL experience a 96% reduction in HIV transmission compared to PLHIV not on 

ART.(15, 16) Individuals on ART with VL>1,000 copies/mL were estimated to have a 35% 

reduced risk of HIV transmission compared to those not on ART; due to uncertainty in this 

parameter, we varied it from 0–70% in sensitivity analyses(15, 16) (Appendix, page 10–11).
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In all scenarios, we assumed PLHIV on ART received treatment monitoring according to 

WHO guidelines: 1) ART initiation: creatinine and CD4 count; 2) Month 3: creatinine; 3) 

Month 6: creatinine and VL; 4) Month 12: CD4 count, creatinine, VL; 5) Annual visit after 

first year: creatinine, VL. Individuals found to be unsuppressed (VL>1000) were assumed to 

have a repeat VL after 2 months with additional adherence counseling.(2) All scenarios were 

implemented for the duration of the modeled time horizon.

Cost effectiveness analysis

We calculated incremental cost-effectiveness ratios (ICERs) as difference in costs divided by 

difference in effects in intervention versus standard-of-care scenarios across each of the 250 

parameter sets. We report the mean and 90% model variability of 250 ICERs. We utilized a 

20-year time horizon for costs and DALYs and discounted both outcomes at 3% annually.

(17) In light of ongoing deliberations regarding the appropriate threshold at which to 

identify efficient interventions, we utilized two cost-effectiveness thresholds: $500/DALY 

averted, frequently used in economic evaluations in SSA, and $1,175/ DALY averted, 

calculated as an appropriate threshold for South Africa by a panel of economic experts to 

reflect the opportunity costs of additional health investment.(18, 19) Cost-effectiveness 

analyses were conducted using R software (2019).

Budget impact analysis

We calculated the undiscounted total cost of implementing the POC testing intervention at 

varying clinic volumes compared to standard-of-care over 5 and 20 years, including 

intervention and healthcare costs, both incurred and averted.

Sensitivity analyses

In addition to evaluating parameter uncertainty across 250 good-fitting sets, we conducted 

extensive sensitivity analyses to assess influence of uncertain parameters. We varied ART 

dropout, HIV infectivity if unsuppressed on ART, background viral suppression, clinic size, 

infectivity on ART if not virally suppressed, intervention impact on viral suppression, 

intervention impact on switching to both second-line ART and DSD, ART costs, and 

discount rate.

RESULTS

Table 2 displays the health impact and cost-effectiveness of implementing POC testing with 

task-shifting for ART monitoring under varying assumptions. In the baseline scenario, 

assuming 70% coverage of ART patients, the intervention was projected to avert 4.5% of 

HIV infections and 3.9% of HIV-related deaths. The intervention was cost-saving at clinic 

volumes of ≥40 patients initiating ART/month. At clinic volumes of 30 patients initiating 

ART/month, ICERs fell below the $500/DALY averted threshold. At the higher threshold 

($1,175/DALY averted), the intervention was cost-effective at clinic volumes of ≥20 

monthly ART initiations. Assuming lower background viral suppression on ART (71% vs. 

83%) yielded slightly lower HIV infections averted (4.0%) and higher ICERs, although cost-

effectiveness results remained the same as the baseline scenario. Similarly, doubling the 

annual ART dropout rate from 5% to 10% resulted in lower health benefits: 3.8% and 3.7% 
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infections and HIV-related deaths averted, respectively, but cost-effectiveness results 

remained the same as the baseline scenario. Assuming lower intervention effectiveness (5% 

increase in viral suppression) nearly halved the projected health benefits (2.2% of HIV-

related deaths and HIV infections averted respectively); ICERs were considerably higher, 

particularly at clinic volumes of 10 and 20 monthly ART initiations, although cost-

effectiveness results remained the same. Assuming a higher intervention effectiveness (15% 

increase in viral suppression) increased health benefits to 6.6% and 6.9% HIV-related deaths 

and infections averted, respectively; the intervention was considered cost-effective at clinic 

volumes of ≥20 at the $500/DALY averted threshold. Using the threshold of $1,175/DALY 

averted, the intervention was cost-effective at all clinic volumes assessed. Similarly, 

assuming PLHIV on ART with unsuppressed VL had the same HIV transmissibility as 

PLHIV not on ART resulted in greater infections averted compared to the baseline scenario; 

the intervention was cost-effective at the $500/DALY threshold at clinic volumes of ≥20 

monthly ART initiations and all clinic volumes were cost-effective at the higher threshold. 

Conservatively assuming that PLHIV on ART with unsuppressed VL had a 2-fold higher 

reduction in HIV transmissibility (70% vs. 35%) compared to PLHIV not on ART, resulted 

in lower intervention health benefits and higher ICERs. Using both thresholds, the 

intervention was cost-effective at clinic volumes with ≥30 monthly ART initiations.

Figure 1 and Table S9 show the impact of varying healthcare costs on ICERs in the baseline 

scenario. Across clinic volumes, ICERs were most sensitive to changes in proportion of 

patients receiving ART through DSD, which was assumed to incur lower ART program 

costs than clinic-based ART delivery. Increasing the proportion of patients referred to DSD 

by the intervention by 20% (65% vs. 45%) resulted in cost-saving ICERs for clinic volumes 

of ≥20 monthly ART initiations. Conversely, assuming no intervention impact on DSD (i.e. 

20% of patients referred to DSD in both standard-of-care and intervention), yielded ICERs 

that were no longer cost-saving and exceeded the $500/DALY averted across all clinics 

volumes. However, using the threshold of $1,175/DALY averted, the intervention was still 

cost-effective at clinic volumes of ≥30 monthly ART initiations. Increasing the proportion of 

patients on second-line ART in the intervention scenario (from 1% to 2% higher than 

standard-of-care) resulted in higher ICERs while assuming no increase in second-line ART 

by the intervention lowered the ICERs. Neither scenario altered cost-effectiveness results. 

Similarly, varying ART costs, discount rate (0–6%), POC testing coverage (60–80%), and 

conducting a probabilistic sensitivity analysis around POC intervention costs minimally 

impacted ICERs (Table S10). Across sensitivity analyses, ICERs for clinics with 10 monthly 

ART initiations exceeded both thresholds.

Figure 2 and Table S11 display the 5-year undiscounted healthcare costs of implementing 

the POC testing intervention at varying clinic volumes and standard-of-care testing for a 

population of 175,000 adults. Costs ranged from $40.4–44.0 million depending on scenario, 

with ART drugs and provision making up the majority of costs (>75%). POC ART 

monitoring costs increased with clinic volume, making up 18% of costs for clinic with 50 

monthly ART initiations and 22% of costs at clinics with 20 ART initiations/month. At 

clinic with 40 ART initiations/month, the intervention cost approximately $54,000 more 

than standard-of-care, indicating that although ICERs show cost-savings over a 20-year time 

horizon, the intervention would not save costs in the near-term. Incremental costs compared 
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to SOC were $423,000 at clinics with 30 ART initiations/month and rapidly increased with 

lower clinic volume, exceeding 1.16 million at clinic with 20 ART initiations/month. With a 

20-year time horizon, annual costs increase over time (Figure S6) but intervention costs 

relative to standard of care decrease over time for all clinic volumes (Figure S7). At clinics 

with 30 ART initiations/month, the intervention becomes cheaper than standard-of-care by 

year 2031.

DISCUSSION:

Our model-based analysis assessed the population-level impact of implementing POC 

testing for VL, CD4 count, and creatinine with task-shifted HIV care in South Africa. We 

find that the intervention can reduce HIV transmission and HIV-related mortality and is cost-

effective in moderately-sized clinics in South Africa. In clinics with ≥30 ART initiations per 

month, the intervention fell below $500/DALY averted; results were robust to changes in 

background viral suppression on ART, treatment dropout, intervention effectiveness, and 

HIV transmissibility on ART. Using a higher threshold of $1,175/DALY averted, the 

intervention was considered cost-effective at lower clinic volumes of ≥20 monthly ART 

initiations, which was robust to most sensitivity analyses. At smaller clinic volumes with 10 

monthly ART initiations, ICERs exceeded both thresholds in all but the most optimistic 

sensitivity analyses.

Cost-effectiveness results were most sensitive to changes in proportion of patients referred to 

DSD by the intervention, which was the main driver of the finding that the intervention 

resulted in cost-savings in higher clinic volumes. When assuming POC testing did not 

increase patient referrals to DSD, ICERs exceeded the conservative threshold for all clinic 

volumes, although the intervention was still cost-effective using the higher threshold 

($1,175/DALY averted) at clinic volumes of ≥30 monthly ART initiations. Our results 

highlight the importance of decentralized services in increasing efficiency of ART delivery. 

DSD provides a client-centered alterative to standard clinical care that allows stable patients 

to obtain ART refills from local pharmacies or community groups at lower frequencies 

(every 3–6 months) than standard-of-care. This reduces patient time spent traveling and 

waiting for care while also decongesting busy clinics, reducing healthcare worker burnout, 

and allowing providers to focus on counseling patients most at risk of treatment failure.(20, 

21) A systematic review found DSD can improve patient retention in care.(20) As the 

number of PLHIV on ART rapidly grows in resource-limited settings, decentralized 

approaches to ART care including DSD and POC testing are becoming increasingly vital to 

sustainably delivering high-quality care.

The 5-year budget impact analysis shows that, although cost-effective, implementing POC 

testing for VL, CD4 count, and creatinine requires substantial upfront investment. While the 

intervention is cost-saving in clinics with ≥50 monthly ART initiations, POC testing would 

cost approximately $420,000 more than standard of care over 5 years for clinic volumes of 

30 monthly ART initiations and more than $1.16 million more for clinic volumes of 20 

patients initiated on ART per month. These costs assume a population size of 175,000 so 

would increase rapidly with coverage of larger populations. However, annual costs compared 

to standard-of-care decline over time as clinical benefits of POC testing are realized and 
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HIV infections and deaths averted result in costs savings to the healthcare system. At clinic 

volumes of ≥30 monthly ART initiations, the intervention eventually becomes cheaper than 

standard-of-care within a 20-year time horizon. ART drugs and provision made up the vast 

majority of the costs; however drug monitoring costs are also considerable.

The higher drug monitoring costs in the intervention scenarios relative to standard-of-care 

are largely driven by costs of POC creatinine, which is considerably more expensive as a 

POC test. While the cost of CD4 count testing is also higher when administered as POC, the 

frequency of CD4 testing is low compared to creatinine: WHO guidelines recommend CD4 

monitoring only twice in the first year while creatinine testing is recommended 4 times in 

the first year and annually thereafter to monitor for declines in kidney function due to 

tenofovir containing ART regimens. However, there is ongoing debate about the value of 

universal creatinine testing in ART patients as clinically significant tenofovir-related kidney 

toxicity is uncommon.(22, 23) A cost-effectiveness analysis found that routine monitoring of 

asymptomatic patients on ART for renal toxicity was expensive and rarely improved clinical 

care in low-resource settings.(24) Instead, targeted monitoring of patients at high risk of 

renal decline due to clinical indications (e.g. low body mass index, diabetes, or 

hypertension) is shown to have similar clinical outcomes and is more cost-effective than 

routine creatinine testing.(25) In the STREAM trial, POC creatinine testing allowed for 

faster referral of patients to DSD. This intervention would likely become more cost-effective 

if future ART guidelines remove the requirement for creatinine testing before DSD referral 

while also endorsing targeted instead of routine creatinine monitoring.

Our analysis should be viewed in the context of several limitations. We used clinical 

effectiveness data from a randomized clinical trial; real-world intervention effectiveness may 

vary across clinics. For example, if provision of POC testing or delivery of same-day results 

are delayed in clinic settings, intervention effectiveness would likely be reduced. However, if 

a substantial portion of PLHIV do not receive routine VL testing from centralized 

laboratories in accordance with national guidelines, as suggested by surveillance data, POC 

testing may have a higher clinical benefit than that observed in the trial.(26) Additionally, 

the STREAM trial enrolled patients without co-morbidities at 6 months post-ART initiation, 

but our analysis assumes the intervention is provided at ART initiation to 70% of all patients 

on ART. Since patients are more likely to dropout of care in the first 6 months after initiating 

ART, it is possible that POC testing with immediate adherence counseling would have a 

greater impact than our modeled results.(27) Yet, it is also possible the intervention provides 

the highest benefit to patients on ART for at least 6 months and our results overestimate 

cost-effectiveness. However, our cost-effectiveness results were robust to changes in 

intervention effectiveness to the upper and lower bounds of the 95% confidence interval of 

the STREAM trial. Additionally, the STREAM trial tested a package of interventions 

including POC testing for VL, CD4 count and creatinine along with task-shifted care to an 

enrolled nurse, so it is not possible to tease out the clinical impact or cost-effectiveness of 

different parts of the intervention. However, our intervention package is in line with recent 

recommendations from a WHO expert consultation, which endorsed streamlined approaches 

for ART provision in limited resource settings, including task-shifting for clinic visits and 

diagnostic testing, point-of care testing, and community-based ART refill pick-up for stable 

clients.(28) A combination of evidence-based interventions will likely need to be 
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implemented simultaneously to support high quality ART delivery in SSA. In addition, 

uncertainty exists in the surveillance data used for model calibration. Further, cost data were 

collected at one clinic in an urban region of South Africa yet we model average impact of 

intervention scale-up nationally in South Africa. Although our results provide insights into 

overall cost-effectiveness of implementing POC testing with task-shifted care in South 

Africa, we do not account for regional differences affecting costs. While we find that POC 

testing is cost-effective for moderate/high volume clinics, geospatial modeling of POC VL 

scale up in Zambia suggest that some low-volume rural clinics may be cost-efficient 

locations for POC instrument placement because of high costs of transporting samples to 

laboratories due to inadequate road infrastructure, long distances, and cold chain failures.

(29) Future studies conducting detailed geospatial analyses, including transport networks, 

are needed to optimize POC testing placement in South Africa. Additionally, if POC 

instruments are used for other diseases, such as tuberculosis diagnostics, cost-effectiveness 

would increase. Further, our analysis is conducted from the payer perspective which 

underestimates economic benefits of POC monitoring at the societal level including cost-

savings to patients from reduced transport costs and missed work associated with additional 

clinic visits for adherence counseling and reduced time, transport and waiting costs 

associated with increased coverage of DSD. Finally, our budget impact analysis does not 

assess the cost impact of implementing POC testing within the context of South Africa’s 

HIV budget; future studies are needed to fully assess intervention affordability.

Reaching the third 95 of UNAIDS global targets, 95% of individuals on ART virally 

suppressed in less than 10 years requires efficient mobilization of limited resources in an era 

of shrinking donor funding. We find that POC testing for VL, CD4, and creatinine with task-

shifted care can avert substantial HIV-related morbidity and is cost-effective in moderate/

high volume clinics in South Africa. We utilized a well-established network model and 

accounted for parameter uncertainty across 250 good-fitting parameter sets. Our results were 

robust to a range of sensitivity analyses and are similar to other modeling analyses showing 

POC diagnostics cost-effectively improve patient clinical outcomes in SSA.(30, 31) As 

countries strive to scale-up high-quality care to a growing number of patients, POC testing 

combined with client-centered care including referral of stable clients to DSD, can 

efficiently improve patient outcomes and reach UNAIDS ambitious treatment targets in 

SSA.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Research in context

Evidence before this study

Point-of-care (POC) monitoring for ART care has been shown to improve patient 

retention in care and viral suppression in sub-Saharan Africa. However, its cost-

effectiveness is uncertain and will depend on clinic volume, improvements in patient 

clinical outcomes, and prevention of onward HIV transmission. We searched PubMed for 

studies published through August 2, 2020 that assessed the cost-effectiveness of POC 

testing for ART monitoring using the terms: “point-of-care systems”, “point of care” and 

“hiv” and “cost-benefit analysis”, “cost”, “effectiveness”, “cost effectiveness”, “ICER”, 

“cost-benefit”, “cost benefit”, “cost-utility”, “economic evaluation.” We found several 

studies evaluating the cost-effectiveness of POC CD4 testing to determine eligibility for 

ART initiation, but these analyses were not conducted in the context of universal test and 

treat for ART. One modeling analysis assessing POC viral load (VL) testing for ART 

monitoring in South Africa found a large range of incremental cost-effectiveness ratios 

(ICERs) ranging from cost-saving to not cost-effective depending on assumptions used. 

Another static model found that POC VL testing in Kenya was cost-effective for adults 

and children. A cost model evaluating POC instrument placement in South Africa found 

that POC VL testing may reduce costs of expanding VL testing to the hardest-to-reach 

populations. We did not find any dynamic mathematical models evaluating the cost-

effectiveness of POC testing for ART monitoring informed by clinical trial data on 

patient outcomes.

Added value of this study

To our knowledge, this is the first study to assess the health and economic impact of POC 

testing for ART monitoring using a dynamic transmission model that projects both 

patient clinical outcomes and population-level impacts (HIV-related deaths and HIV 

infections averted) and cost-effectiveness across clinic volumes. We find that POC testing 

for CD4 count, VL, and creatinine with task-shifted care can reduce HIV-related 

infections by 4.5% and HIV-related deaths by 3.9% compared to centralized laboratory 

monitoring and is cost-effective in moderately-sized clinics in South Africa.

Implications of all the available evidence

Monitoring the rapidly growing number of individuals on ART is challenging in 

resource-limited settings with inadequate infrastructure to scale-up centralized laboratory 

testing. POC testing is a promising strategy to efficiently increase coverage of ART 

monitoring and improve patient outcomes. Our analysis provides a quantitative 

assessment of the health and economic impact of POC testing for ART monitoring to 

provide information to policymakers creating guidelines for ART monitoring.
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Figure 1: Influence of varying healthcare costs on ICERS by clinic volume.
ART, antiretroviral therapy; DALY, disability-adjusted life years; ICER, incremental cost-

effectiveness ratio. Clinic volume is defined as number of ART initiations per month. The 

solid red line represents the cost-effectiveness threshold of $500 and per DALY averted and 

the dashed red line represents the threshold of $1,175 per DALY averted.
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Figure 2: Budget impact.
Undiscounted annual healthcare costs of implementing the point-of-care testing intervention 

at varying clinic volumes and standard-of-care laboratory testing for a population of 175,000 

adults. Clinic volume refers to the number of patient initiating ART per month.
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Table 1:

HIV-related healthcare costs for South Africa *

Parameter Cost

Facility HIV test(32)

 HIV− test $3.62

 HIV+ test $5.62

ART costs per year (including supply chain)(18)

 1st line regimen* $90

 2nd line regimen
§ $318

 ART program costs per year (health facility) $80

 ART program costs per year (DSD due to VL <1000) $40

Annual health-care for HIV-positive persons not in care(33)

 CD4 count >350 cells per μL $11

 CD4 count >200–350 cells per μL $39

 CD4 count ≤200 cells per μL $142

 End of life care (per death) $136

Diagnostic tests (centralized laboratory)(6)

 CD4 $6.03

 VL test $25.98

 Creatinine $3.41

Diagnostic tests (POC) by monthly clinic volume(6) 
¥

Clinic volume 10

 CD4 $24.41

 VL $46.51

 Creatinine $9.71

Clinic volume 20

 CD4 $16.09

 VL $33.31

 Creatinine $9.14

Clinic volume 30

 CD4 $13.32

 VL $28.91

 Creatinine $8.96

Clinic volume 40

 CD4 $11.94

 VL $26.71

 Creatinine $8.86

Clinic volume 50

 CD4 $11.11

Lancet HIV. Author manuscript; available in PMC 2022 April 01.
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Parameter Cost

 VL $25.39

 Creatinine $8.81

*
ART: antiretroviral therapy, DSD: differentiated service delivery, POC: point-of-care, VL: viral load. HIV test and diagnostic test costs refer to 

cost per test conducted.

*
1st line ART regimen consisting of tenofovir, lamivudine, and efavirenz

§
2nd line ART regimen consisting of lopinavir/ritonavir

¥
Clinic volume refers to the number of patient initiating ART per month

Lancet HIV. Author manuscript; available in PMC 2022 April 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Sharma et al. Page 18

Ta
b

le
 2

:

H
ea

lth
 im

pa
ct

 a
nd

 c
os

t-
ef

fe
ct

iv
en

es
s 

of
 p

oi
nt

-o
f 

ca
re

 te
st

in
g 

in
te

rv
en

tio
n 

ac
ro

ss
 v

ar
yi

ng
 a

ss
um

pt
io

ns
§

B
as

el
in

e
L

ow
er

 b
ac

kg
ro

un
d 

vi
ra

l s
up

pr
es

si
on

 o
n 

A
R

T

2X
 h

ig
he

r 
A

R
T

 
dr

op
ou

t

L
ow

er
 b

ou
nd

 
in

te
rv

en
ti

on
 

ef
fe

ct
iv

en
es

s

U
pp

er
 b

ou
nd

 
in

te
rv

en
ti

on
 

ef
fe

ct
iv

en
es

s

N
o 

re
du

ct
io

n 
in

 H
IV

 
tr

an
sm

is
si

on
 a

m
on

g 
th

os
e 

on
 A

R
T

 w
/ 

V
L

>1
00

0

2X
 h

ig
he

r 
re

du
ct

io
n 

in
 

H
IV

 t
ra

ns
m

is
si

on
 

am
on

g 
th

os
e 

on
 A

R
T

 
w

/ V
L

>1
00

0

H
ea

lt
h 

Im
pa

ct
 (

%
)

H
IV

 in
fe

ct
io

ns
 

av
er

te
d

4.
5 

(1
.6

, 7
.6

)
4.

0 
(0

.8
, 7

.1
)

3.
8 

(1
.1

, 6
.4

)
2.

2 
(0

.5
, 5

.2
)

6.
9 

(3
.2

, 1
0.

2)
5.

6 
(2

.6
, 8

.6
)

2.
6 

(−
1.

0,
 6

.9
)

H
IV

 d
ea

th
s 

av
er

te
d

3.
9 

(2
.0

, 6
.0

)
3.

8 
(1

.7
, 5

.9
)

3.
6 

(1
.7

, 5
.3

)
2.

2 
(0

.1
, 4

.1
)

6.
6 

(4
.4

, 8
.6

)
4.

2 
(2

.3
, 6

.0
)

3.
6 

(1
.2

, 5
.6

)

C
os

t-
ef

fe
ct

iv
en

es
s 

($
 p

er
 D

A
LY

 a
ve

rt
ed

) 
by

 m
on

th
ly

 c
lin

ic
 v

ol
um

e 
(n

um
be

r 
of

 A
R

T
 in

it
ia

ti
on

s/
m

on
th

)

C
lin

ic
 v

ol
um

e:
 5

0
−

23
9 

(−
60

2,
 −

96
)

−
22

9 
(−

72
1,

 −
10

0)
−

10
7 

(−
24

5,
 −

36
)

−
20

9 
(−

58
2,

 −
10

3)
−

35
8 

(−
46

4,
 −

10
3)

−
16

1 
(−

28
1,

 −
98

)
−

12
6 

(−
41

0,
 −

18
)

%
 u

nd
er

 $
50

0 
th

re
sh

ol
d

10
0%

10
0%

10
0%

10
0%

10
0%

10
0%

10
0%

C
lin

ic
 v

ol
um

e:
 4

0
−

72
 (

−
17

6,
 2

6)
−

50
 (

−
14

2,
 1

44
)

40
 (

−
68

, 2
79

)
−

45
 (

−
14

5,
 6

3)
−

82
 (

−
12

5,
 −

79
)

−
75

 (
−

12
2,

 −
18

)
−

39
 (

−
17

5,
 1

40
)

%
 u

nd
er

 $
50

0 
th

re
sh

ol
d

10
0%

99
%

97
%

98
%

10
0%

10
0%

98
%

C
lin

ic
 v

ol
um

e:
 3

0
19

7 
(−

27
, 8

63
)

24
2 

(−
39

, 1
,0

51
)

28
0 

(−
2,

 1
07

9)
31

9 
(−

14
, 9

08
)

49
 (

−
41

, 2
76

)
63

 (
−

36
, 3

28
)

37
4 

(−
17

, 1
,3

73
)

%
 u

nd
er

 $
50

0 
th

re
sh

ol
d

93
%

87
%

91
%

85
%

97
%

97
%

87
%

C
lin

ic
 v

ol
um

e:
 2

0
73

4 
(9

3,
 2

,5
69

)
82

4 
(6

9,
 3

,1
90

)
75

7 
(1

07
, 2

,5
46

)
10

45
 (

11
1,

 2
,9

60
)

30
5 

(5
8,

 8
90

)
33

9 
(6

3,
 1

,0
75

)
1,

19
7 

(1
17

, 4
,5

67
)

%
 u

nd
er

 $
50

0 
th

re
sh

ol
d

72
%

66
%

68
%

49
%

88
%

85
%

58
%

C
lin

ic
 v

ol
um

e:
 1

0
2,

34
8 

(4
36

, 
7,

68
1)

2,
57

1 
(3

80
, 9

,7
20

)
2,

19
0 

(4
21

, 
6,

77
9)

3,
22

6 
(4

94
, 9

,1
59

)
1,

07
3 

(3
44

, 2
,7

38
)

1,
16

9 
(3

41
, 3

,2
13

)
2,

45
1 

(5
03

, 8
,4

74
)

%
 u

nd
er

 $
50

0 
th

re
sh

ol
d

9%
13

%
10

%
5%

28
%

22
%

5%

§ V
al

ue
s 

in
 p

ar
en

th
es

is
 r

ep
re

se
nt

 9
0%

 m
od

el
 v

ar
ia

bi
lit

y 
ac

ro
ss

 2
50

 s
im

ul
at

io
ns

. V
al

ue
s 

in
 g

re
en

 r
ep

re
se

nt
 s

ce
na

ri
os

 w
he

re
 th

e 
m

ea
n 

IC
E

R
 is

 c
on

si
de

re
d 

co
st

-e
ff

ec
tiv

e 
at

 b
ot

h 
th

re
sh

ol
ds

 o
f 

$5
00

 a
nd

 $
1,

17
5 

pe
r 

D
A

LY
 a

ve
rt

ed
. V

al
ue

s 
in

 y
el

lo
w

 r
ep

re
se

nt
 s

ce
na

ri
os

 w
he

re
 th

e 
m

ea
n 

IC
E

R
 is

 c
on

si
de

re
d 

co
st

-e
ff

ec
tiv

e 
us

in
g 

on
ly

 th
e 

th
re

sh
ol

d 
of

 $
1,

17
5 

pe
r 

D
A

LY
 a

ve
rt

ed
 a

nd
 v

al
ue

s 
in

 r
ed

 e
xc

ee
d 

bo
th

 th
re

sh
ol

ds
. 

V
L

: V
ir

al
 lo

ad

L
ow

er
 b

ac
kg

ro
un

d 
vi

ra
l s

up
pr

es
si

on
 o

n 
A

R
T

: 7
1%

; 2
X

 h
ig

he
r 

A
R

T
 d

ro
po

ut
: 1

0%
 a

nn
ua

l d
ro

po
ut

; L
ow

er
 b

ou
nd

 in
te

rv
en

tio
n 

ef
fe

ct
iv

en
es

s:
 5

%
 in

cr
ea

se
 in

 v
ir

al
 s

up
pr

es
si

on
 c

om
pa

re
d 

to
 S

O
C

; U
pp

er
 b

ou
nd

 
in

te
rv

en
tio

n 
ef

fe
ct

iv
en

es
s:

 1
5%

 in
cr

ea
se

 in
 v

ir
al

 s
up

pr
es

si
on

 c
om

pa
re

d 
to

 S
O

C
; N

o 
re

du
ct

io
n 

in
 H

IV
 tr

an
sm

is
si

on
 a

m
on

g 
th

os
e 

on
 A

R
T

 w
/ V

L
>

10
00

: I
nd

iv
id

ua
ls

 o
n 

A
R

T
 w

ith
 V

L
>

10
00

 h
av

e 
sa

m
e 

H
IV

 
tr

an
sm

is
si

bi
lit

y 
as

 th
os

e 
no

t o
n 

A
R

T;
 2

X
 h

ig
he

r 
re

du
ct

io
n 

in
 H

IV
 tr

an
sm

is
si

on
 a

m
on

g 
th

os
e 

on
 A

R
T

 w
/ V

L
>

10
00

: I
nd

iv
id

ua
ls

 o
n 

A
R

T
 w

ith
 V

L
>

10
00

 h
av

e 
70

%
 r

ed
uc

tio
n 

in
 H

IV
 tr

an
sm

is
si

bi
lit

y 
co

m
pa

re
d 

to
 th

os
e 

no
t o

n 
A

R
T

Lancet HIV. Author manuscript; available in PMC 2022 April 01.


	SUMMARY
	INTRODUCTION
	METHODS
	STREAM clinical trial
	Costs
	Mathematical model
	Scenarios
	Cost effectiveness analysis
	Budget impact analysis
	Sensitivity analyses

	RESULTS
	DISCUSSION:
	References
	Figure 1:
	Figure 2:
	Table 1:
	Table 2:

