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FIG 3 The building blocks of differentiated ART delivery with POC HIV viral load testing. Ol, opportunistic
infection. (Adapted from reference 187 with permission.)

addition, availability of POC creatinine, alanine aminotransferase, and hemoglobin
assays has similarly facilitated decentralized access to clinical monitoring. With the
universal test-and-treat strategy, whereby all people living with HIV are started on ART,
CD4 count testing remains important for staging HIV disease and assessing eligibility
for prophylactic treatment (184). Four large trials of the universal test-and-treat strategy
in southern and eastern Africa (ANRS TasP, SEARCH, BCPP, and MaxART) have incor-
porated POC CD4 count testing by nurses or lay health care workers into community-,
home-, and facility-based HIV testing strategies (185). In Lesotho, a home-based,
same-day ART initiation program in which nurses performed POC CD4 count and
creatinine and hemoglobin testing improved ART initiation, retention in care, and viral
suppression (186).

Looking Ahead: The Role of POC HIV Viral Load Testing within Differentiated Care
Services

While nurses and CHWs have used POC assays to improve HIV testing and ART
initiation, there is less evidence for implementing POC diagnostics to monitor PLHIV
receiving ART. Evidence for the feasibility of task shifting POC viral load testing is
lacking (50), although some testing has occurred within primary care or mobile clinics
(24, 38, 43). The development of more portable assays and use of finger prick whole-
blood testing should make POC viral load testing easier for nurses and CHWs in a range
of settings (30). POC viral load assays have the potential to streamline ART monitoring
and quickly triage patients into more or less intense care pathways (187), a strategy
known as “viral-load informed differentiated care” (133, 162). The International AIDS
Society (IAS) provides a decision framework for designing differentiated care services,
which encourages policy makers to focus on the clinical characteristics, subpopulations,
and contextual factors surrounding clients and to adapt the location of services, the
care provider, and the services offered accordingly (Fig. 3) (162, 187).

Clinical trials of POC viral load testing may facilitate task shifting to nurses and
referral into differentiated care programs (Table 3) (47, 48, 188-190). In one study,
integrated POC monitoring using POC CD4 count (Pima), POC creatinine, and POC HIV
viral load (Xpert HIV-1) is being evaluated to rapidly identify stable patients who can be
seen by an enrolled/auxiliary nurse every 2 months and then be down-referred to a
community ART delivery program, in which they are seen by a nurse every 6 months
(Fig. 4) (188). The primary outcome is viral suppression and retention in care after
12 months of POC monitoring, with secondary outcomes including costs of POC
monitoring, time to receipt of results, time to adherence counseling, and time to switch
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FIG 4 A conceptual model of integrated point-of-care testing within differentiated care.

to second-line ART. If found to be cost-effective, models of differentiated care with POC
HIV viral load monitoring could be used to help achieve the 90-90-90 targets.

EVIDENCE FROM MODELING AND COST-EFFECTIVENESS
Role of Modeling in Evaluation of POC HIV Viral Load Testing

Modeling population-level impact and cost-effectiveness plays an important role in
translating clinical trial findings into a broader set of population estimates (47-48,
188-191). Through modeling, trial results can be translated into standardized impact
metrics such as disability-adjusted life years (DALYs) averted or quality-adjusted life
years (QALYs) gained, as well as indirect benefits such as reduced HIV transmission (48,
136, 137, 192, 193). Models are typically individual based and simulate a cohort of
individuals with HIV or a population with births, deaths, and dynamic disease trans-
mission (194-198). Modeling can help to define the timing and detection threshold for
POC viral load assays, based on cost-effectiveness analyses that account for the higher
cost of second-line ART (194-198). The impact of POC HIV viral load testing on health
outcomes can be estimated at multiple levels, including individual patients, the pop-
ulation, or national health systems.

Evidence from Modeling Studies for Benefit of POC HIV Viral Load Monitoring

The direct health gains from replacing clinical or laboratory-based CD4 count-based
monitoring with laboratory-based viral load monitoring appear to be modest. Random-
ized trials in Zimbabwe and Uganda (199), Cameroon (200), and Thailand (201) found
CD4 count-based monitoring to be noninferior to viral load monitoring and not
substantially different from clinical monitoring over the first 3 years of ART. In contrast
to centralized testing, POC HIV viral load testing provides results more rapidly, allowing
for earlier adherence counseling and/or ART regimen switching to reduce the risk of HIV
drug resistance, worsening immunosuppression, and onward HIV transmission. In
multiple modeling studies, the benefits at the individual level of POC HIV viral load
testing were estimated to be small relative to the impact of increasing coverage and
retention on first-line ART (135, 194, 197, 198, 202). However, these studies were based
on modeled estimates of the effectiveness of POC viral load testing, which were not
informed by clinical trial results.

The estimated impact of laboratory-based (203-210) HIV viral load on transmission
of HIV is beneficial but modest. In Malawi, 0.8% of HIV infections between 2017 and
2020 could have been averted through immediate scale-up of annual lab-based HIV
viral load monitoring (210). A modeling analysis suggested that faster switching to
second-line ART, more effective adherence counseling, and reduced transmission
through viral suppression each contributed similar health gains, 0.15 QALY per PLHIV
receiving ART (197).
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The largest effects of POC HIV viral load testing may come from expanding access
to viral load-informed differentiated care. In clinical trials (199-201, 211, 212) and
modeling (139, 203-208, 213-216) of laboratory-based HIV viral load monitoring, the
ability to implement differentiated care had an impact comparable to or greater than
the direct health impact of viral load monitoring (217). Similar trends have emerged for
models evaluating POC HIV viral load testing (135, 198). However, centralized HIV viral
load testing involves sample transportation and transfer of results (218), which has
been challenging to forecast and adds uncertainty to model estimates (48, 137, 192,
193, 219, 220).

Projections of Cost-Effectiveness Analysis for POC HIV Viral Load Implementation

Modeling studies have estimated the cost-effectiveness of laboratory-based viral
load monitoring (139, 203-209, 213-216) and, more recently, POC viral load monitoring
(135, 194, 197, 198, 202). Models incorporating health systems effects of monitoring,
such as differentiated care, find increased evidence of cost-effectiveness (217). A
comparison of three independently developed mathematical models estimated that
implementing laboratory-based HIV viral load monitoring was not cost-effective prior
to universal test-and-treat guidelines and concluded that a lack of resources to provide
viral load monitoring should not preclude further expansion of ART (202, 221). In the
era of the universal test-and-treat strategy, viral load monitoring is cost-effective at the
individual level, assuming similar costs for laboratory-based and POC viral load testing
(135, 194, 197, 198, 202). Annual viral load testing was generally found to be more
cost-effective than 6-monthly viral load testing (197, 202). Patient monitoring contrib-
utes a small fraction of overall HIV care costs and thus can become cost-effective and
even cost-saving when it enables other aspects of HIV care to become more efficient
(197). Enabling viral load-informed differentiated care may be critical to making viral
load monitoring more cost-effective and potentially cost-saving (103, 135, 166, 168,
187). As the technology becomes more widely available, new synergies between POC
HIV viral load testing and optimal health care delivery may emerge. However, the
rollout of dolutegravir-based first-line ART, which appears to have a lower risk of
acquired drug resistance, may impact the role of HIV viral load monitoring (222, 223).

ADDITIONAL DIAGNOSTICS NEEDED FOR HIV MONITORING

In LMICs, the management of PLHIV who are identified as having unsuppressed HIV
viral loads is complicated by the lack of objective measures of drug adherence and HIV
drug resistance, which continues to emerge in LMICs (221, 224). The technological
advances that have made POC NAAT available are also applicable to the development
of POC HIV drug resistance assays that may allow for decentralized HIV resistance
testing (225). Several assays are in development, while target mutations need to be fully
characterized for specific drugs and drug regimens. In addition, being able to more
accurately and objectively assess drug adherence may become more critical (137), and
there are efforts to develop POC tests to measure drug concentrations of various
antiretrovirals (ARVs) (226).

Additional tests could be considered for POC delivery to ensure more complete
assessment of the health of PLHIV. Offering a package of services to identify patients
with advanced HIV disease (defined as CD4 count less than 200 cells/ml) and test for
common opportunistic infections is critical (158). Fortunately, POC CD4 count, POC
testing for TB using GeneXpert or the lipoarabinomannan (LAM) assay, and screening
for cryptococcal meningitis using a cryptococcal antigen RDT are available (184, 227,
228).

Integrated POC testing to include recommended clinical chemistry or hematology
tests may be important to further improve HIV treatment services (229). Simple POC
hemoglobin assays are becoming more widespread in primary care services and can be
used for the monitoring PLHIV receiving zidovudine. For patients receiving tenofovir-
based ART, annual creatinine measurement is recommended by the WHO to monitor
for nephrotoxicity. Simple POC creatinine assays have been developed, but perfor-
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TABLE 4 Priority research questions for point-of-care HIV viral load testing

Category Questions

Technology development Can a rapid test be valid and reliable when used on finger prick capillary blood?
Can the test processing time be reduced to <30 min?
Can the device be made portable and rugged enough for use in community settings?
Can the technology assist in communicating the result to the patients more efficiently?
Can proxy measures, such as virion markers, provide adequate measures of viral load?

Clinical testing Are clinic personnel capable of running and interpreting rapid viral load tests?
How accurate are current POC HIV viral load devices when used in clinical settings?
Can POC HIV viral load assays be efficiently integrated with other required tests?
Does clinic-based HIV viral load monitoring improve patient outcomes?

Implementation science How do point-of-care viral load tests fit within models of differentiated HIV care?
What is the optimal interval for clinic-based HIV viral load testing?
Is it possible to conduct viral load testing in decentralized locations for ART refills?
Is the implementation of POC viral load testing cost-effective?

mance in the field requires further evaluation (230). A paper-based test or RDT for
measurement of alanine transaminase could offer more reliable access for monitoring
of liver function (231, 232). As PLHIV are living longer due to better access to life-saving
ART, management of noncommunicable diseases, such as diabetes and cardiovascular
disease, may also benefit from an existing decentralized POC testing infrastructure,
such as for lipids and hemoglobin Alc testing (233).

RESEARCH NEEDS AND PRIORITIES

POC HIV viral load testing may be an essential tool for accelerating declines in
HIV/AIDS burden and incidence. However, since technologies and implementation are
rapidly evolving, many clinical, translational, and basic science questions remain. In
Table 4, we list some of the key research needs and priorities for each of the domains
presented in this review. In general, these research questions fall into the domains of
technology development, clinical testing, and implementation science.

Several technology development questions pertain to the future design of devices
and potential use of easily obtainable finger prick capillary blood. Additional benefits
could be achieved by reducing the processing time and developing a more durable
system for use in community-based settings. Clinical research questions pertain to the
accuracy of individual tests when used at the clinical point of care. Perhaps one of the
most pressing research priorities is having a better understanding of the efficacy of
clinic-based HIV viral load testing in terms of patient outcomes, and several clinical trials
will provide results soon. Implementation science research questions pertain to how
frequently HIV viral load testing should be performed and whether current or future
devices may allow for further decentralization of testing. Finally, the cost-effectiveness
of POC HIV viral load testing will need to be explored with empirical clinical trial data
and mathematical modeling.

1sanb Aq T20zZ ‘2 yoteN uo /bio wise awo//:dny wody papeojumod

CONCLUSIONS

While the rapid expansion of access to ART remains the priority, access to HIV viral
load testing will be critical for ensuring HIV treatment success, maintaining virological
suppression, and ending the HIV/AIDS pandemic. Given the complexity and delays
associated with laboratory-based HIV viral load testing, rapid clinic-based POC testing
holds promise for facilitating HIV management and improving patient outcomes. In this
review, we have highlighted the current knowledge of the technology for POC HIV viral
load testing and offered opportunities and priorities for further exploration.

Through the development of better diagnostic tests and a greater understanding of
the clinical role of POC HIV viral load testing, we may be able to devise more advanced
and specific solutions to HIV/AIDS. By synthesizing the expanding knowledge and
addressing existing research gaps of POC HIV viral load testing, the research and public
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health communities may move forward together on developing sustainable solutions
to end the HIV/AIDS pandemic.
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