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Abstract

The HIV pandemic disproportionately impacts sub-Saharan Africa where in 2017, 71% of people
living with HIV resided, 65% of new infections and 75% of deaths were reported. Prevention,
screening and treatment strategies have led to progress in addressing this disease. HIV diagnostics
have been crucial for prevention and treatment but more progress is required to reduce HIV
infection. The Center for Innovation in Point-of-Care Technologies for HIV/AIDS at
Northwestern University (C-THAN) is a vital partner in the National Institute of Biomedical
Imaging and Bioengineering Point-of-Care Technologies Research Network. C-THAN’s mission
is to develop and commercialize a pipeline of point-of-care technologies critical for improved
prevention and management of HIV in low- and middle-income countries with specific emphasis
on sub-Saharan Africa.
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1. Introduction

In 2017, 36.9 million people were living with HIV/AIDS (PLWHA) and 940,000 deaths
were attributed to HIV with the heaviest burden born by low and middle income countries
(LMICs). Sub-Saharan Africa (SSA) alone accounted for 71% of PLWHA, 75% of HIV-
related deaths and 65% of new infections [2, 3].

Despite the high number of HIV-related deaths, significant improvements have been made
compared to 10 years ago. In 2005, 1.9 million deaths were attributed to HIV/AIDS [4]. The
49% mortality decrease was caused by a massive increase in antiretroviral therapy (ART)
access. Likewise, new infections decreased by more than 50% each year from 2000 to 2010
caused by decreases in risky behavior and ART reducing HIV transmission [5].

In 2014, the United Nations’ Program on HIV and AIDS (UNAIDS) set the ambitious
90-90-90 goals to curb the AIDS epidemic: by 2020, achieve detection of 90% of HIV cases,
treatment for 90% of those cases, and viral suppression for 90% of those treated [6]. The
90-90-90 goals are likely to be reached in southern and eastern Africa, but western and
central Africa lag behind [7]. This disparity in HIV/AIDS prevention and treatment may
intensify as the largest-ever generation of young people age into adolescence and adulthood
potentially causing a rebound of the pandemic [7]. Gaps in HIV prevention, diagnosis and
treatment must be identified and strategies to bridge these gaps developed.

The HIV care cascade outlines HIV care from initial diagnosis to viral suppression (Figure
1) and can be used to identify treatment gaps and intervention opportunities. Each step
requires diagnostic tests to provide the necessary information to move on to the following
step [8]. Increased HIV testing, earlier diagnosis, linkage and retention to care and earlier
ART initiation are key requirements for achieving 90-90-90 targets [8]. The HIV care
cascade and its concomitant diagnostic pathway are the focus of this review.

2. Prevention of HIV Transmission

In addition to the HIV care cascade, effective prevention strategies are critical for reducing
HIV transmission (Figure 1). Condom use and medical male circumcision prevent
transmission. Additionally, there are two pharmacologic approaches: 1) Treatment (ART) as
prevention: durable suppression of viremia to an undetectable level such that transmission to
uninfected individuals is prevented (Undetectable = Untransmittable or U=U) [9], and 2)
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pre-exposure prophylaxis (PrEP) with antiviral therapies for individuals without HIV who
are at high risk for infection.

2.1 ART as Prevention

It has long been recognized that ART reduces risk of HIV transmission [5]. Two large
studies, PARTNER and PARTNER?Z, followed sero-discordant couples (one HIV infected,
the other HIV uninfected) and demonstrated that when the HIV-infected partner was
successfully treated with ART, the reported risk of transmission was zero [10, 11].

2.1.1 Diagnostics that support ART as prevention—Viral load monitoring is
performed at treatment initiation, then again after three to six months of ART, and at least
once annually when VL in “undetectable”. Monitoring VL detects treatment failure. Any
detectable VL may result in HIV transmission.

2.2 Pre-Exposure Prophylaxis

Expanding ART has substantial prevention benefits but other strategic prevention
interventions will aid in curbing the HIV epidemic [7]. PrEP is recommended for people
who are at high risk for acquiring HIV. It works by blocking HIV infection using a
combination of two antiviral medications taken daily [13]. If taken as prescribed, daily PrEP
reduces the risk of HIV acquisition from sex by more than 90%, but it is much less effective
when adherence is suboptimal. [14].

2.2.1 Diagnostic tests required to support PrEP use—Diagnostic support of PrEP
requires frequent HIV testing to detect acute HIV infection (AHI) thus minimizing risk of
drug resistance selection [15]. Before initiating PrEP, all patients must have a negative HIV
test (4th generation antibody/antigen preferred). In patients with symptoms consistent with
AHI or who report unprotected sex with an HIV-infected partner, the patient must have both
a negative HIV antibody test and a negative HIV RNA test. It would be desirable to confirm
that a patient is HIV negative with an HIVV RNA test on the day that PrEP is initially
prescribed; however, this is not routinely done in clinical care [16]. The patient is monitored
every 3 months with a 4th generation HIV antibody/antigen test to detect potential AHI.

2.3 Prevention of Mother to Child Transmission (PMTCT)

HIV transmission from mother to infant can take place during pregnancy, childbirth or
through breast feeding. [17]. Without intervention, 15-30% of infants born to HIV-infected
mothers will acquire HIV [18]; however, transmission can be prevented. A recent study
reported that the risk of HIV transmission to infants from mothers who had suppressed VL
was zero [20]. Unfortunately, there is often poor retention of new mothers in care. WHO
infant feeding guidelines recommend that women with HIV in settings that lack clean water
to reconstitute infant formula should breastfeed infants exclusively for 6 months and
continue for 12 months supplementing with appropriate complementary foods, and the
mother should remain on treatment and receive adherence support [21].
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2.3.1 Diagnostics that support PMTCT—Diagnostic tests required for PMTCT
include HIV antibody screening before or during pregnancy with subsequent ART to prevent
HIV transmission [22].

3. HIV Care Cascade

Appropriate diagnostic test at different steps of the care cascade depends upon: molecular
target, when target is detectable after infection, concentration of target in specimen, volume
of specimen tested and limit of detection of test [23].

3.1 Determining HIV Status

The HIV status of most people can be effectively determined by using an antibody test. For
outreach testing, point-of-care (POC) testing is an obvious choice; however, longer window
periods and lower sensitivities with POC assays compared to lab tests are important trade-
offs.

Certain outreach testing populations may be more likely to have recent HIV infections so 4t
generation antibody/antigen tests should be prioritized. For PrEP testing, those who become
infected in the context of poor adherence may have delayed seroconversion and nucleic acid
testing should augment 4t generation antibody/antigen testing [23].

3.2 ART Treatment

VL testing is an important tool for monitoring treatment efficacy. WHO’s “treat all” policy
recommends treating all infected patients regardless of CD4+ count. A recent study of six
African nations demonstrated that national adoption of the “treat all” policy was associated
with large increases in rapid ART initiation [12].

3.3 Viral Suppression

Viral load monitoring is performed regularly with the goal of HIV suppression to lower than
the detection limit of the most sensitive assays. If HIV is detected, virologic failure and ART
resistance are possible. Genotypic ART resistance can be determined by either DNA
sequencing or nucleic acid hybridization/melting assay which can direct second line drug
therapy.

4. Diagnostic challenges in SSA

There is substantial variation in HIV prevalence between and within countries in SSA. A
recent mapping study of sub-national HIV prevalence reported approximately one-third of
PLWHA are spatially concentrated in a few areas of greater than 1000 PLWHA per 5 X 5
kilometer grid. A similar number live in areas with fewer than 100 per grid, and 7.2% live in
grids with fewer than 10 [24]. Prevention, screening and treatment strategies differ between
these regions. Diagnostic tests and treatment performed in central facilities can serve highly
concentrated populations, but are not available in less concentrated areas which may require
alternatives such as POC diagnostics.
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POC tests primarily lateral flow assays that detect HIV antibodies have been in use in
LMICs for nearly 20 years. Twenty-seven different commercial /n vitro diagnostic tests are
WHO prequalified [25] and have contributed to the reduction in mortality from HIV/AIDS
by facilitating testing outside laboratory settings [26, 27] which has driven the scale-up of
ART in decentralized clinics.

Other POC tests essential for ART initiation, VL monitoring and drug sensitivity testing
(Table 1) are not readily available at the POC. To increase the number of people aware of
their status, persons in high risk populations need to be screened frequently with AHI tests.
Once HIV has been diagnosed, ART should be initiated immediately [28], with treatment
monitoring as it is the most reliable biological indicator for treatment adherence and
treatment failure [29]. Recent reports reveal POC testing may contribute to achieving the
90-90-90 guidelines by addressing barriers to HIV testing and treatment.

In 2017, 1.4 million pregnant women were living with HIV and 180,000 children were
infected during pregnancy, child birth, or breastfeeding [30]. Without treatment, 50% of
infants with HIV will die before their second birthday with peak mortality at 8-10 weeks.
Early and accurate diagnosis could not be more critical. In SSA, early infant diagnosis (EID)
typically involves collection of dried blood spot specimens at local health facilities which
are transported to central laboratories for nucleic acid testing. The results are returned to the
caregiver in 30-90 days which delays treatment initiation and frequently results in failure to
initiate treatment [31-34].

4.2 Benefits of point-of-care testing in SSA

Two POC EID assays, m-PIMA HIV-1/2 Detect (Abbott Laboratories; Lake Forest, IL,
USA) and Xpert HIV-1 Qual (Cepheid; Sunnyvale, CA, USA) received WHO
prequalification in 2016 [35, 36]. These automated diagnostic devices use capillary blood,
require little training and have a time to result of 52-90 minutes with similar sensitivity and
specificity to the gold standard, Roche CAPP/CTM assay.

In an observational study, Bianchi et al [37] reported that POC EID testing introduced in
eight African countries showed dramatic improvements in a number of outcomes over
conventional testing including: substantially more test results were returned to caregivers
within 30 days [98-3% v518-7] and the median time from sample collection to ART
initiation was markedly decreased [0 vs49 days] at a significantly lower cost [37].

Drain, et al [38] recently reported a positive effect of POC VL testing on viral suppression
and retention in care for PLWHA in a randomized controlled trial. For 12 months, the
participants were randomized to receive either POC VL testing (Xpert® HIV-1 VL,
Cepheid) and same day counseling or standard-of-care (SOC) laboratory VL testing. After
12 months, a 13.9% increase was observed in the number of patients retained with
suppressed VL who received POC testing compared to the SOC. The disaggregated results
demonstrated that POC VL testing increased VL suppression by 10.3% and increased
retention by 7.7%.
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The studies described above highlight the potential for POC testing to make significant
impact in LMICs by providing a timely and actionable result. Technology designed
specifically for low resource settings is required to expand this benefit to more remote
locations by eliminating the need for trained and computer-literate operators, stable supply
of electricity or an uninterrupted power device, air conditioning to moderate operating and
reagent storage temperatures, refrigeration, land-line communication and central water

supply [39].

5. Sponsorship of POC Technology Development

In 2018, as part of National Institute of Biomedical Imaging and Bioengineering’s (NIBIB)
Point of Care Technology Research Network, the Center for Innovation in Point-of-Care
Technologies for HIV/AIDS at Northwestern University (C-THAN) was founded with funds
from NIBIB, Fogarty International Center, and Office of AIDS Research to develop POC
technologies critical for improved management of HIVV/AIDS and facilitate technology
commercialization in LMICs with specific emphasis on SSA (Figure 2).

C-THAN has seven clinical sites in SSA: Universities of Lagos, Ibadan and Jos (Nigeria),
Cape Town and Stellenbosch (South Africa), University of Sciences, Techniques and
Technologies Bamako (Mali) and Muhimbili University of Health and Allied Sciences
(Tanzania) and three biomedical engineering sites: Universities of Lagos, Ibadan and Cape
Town.

Four collaborative cores coordinate product development: Administrative, Technology
Development and Refinement, Clinical Translation and Validation and Technology Training
and Dissemination (Figure 3). Clinical and user needs are incorporated into the development
process while expertise and resources to address barriers to commercialization and
implementation are provided.

Annual solicitations are published in January on the C-THAN website (Figure 2). The
$100,000 awards address high priority HIV/AIDS research topics, are designed for low
resource settings, have commercialization potential and are intended to stimulate
development of funding proposals and/or attract venture capital. Applicants from LMICs,
either independently or in collaboration with developers in high resource countries, are
encouraged to apply. Consultations with C-THAN staff is encouraged.

6. Conclusions

Meeting UNAID’s HIV/AIDS 90-90-90 goals requires healthcare transformation for
PLWHA. C-THAN supports collaborations across disciplines, institutions and geographies
to drive innovation from concept to patient care and seeks technology development, clinical
implementation, manufacturing and regulatory collaborators.
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Highlights
. UNAIDS 90-90-90 treatment target to be reached by 2020 will help end AIDS
epidemic.
. Point-of-care technologies designed for HIV care cascade will help meet this
target.
. C-THAN supports development and facilitates commercialization of POC
technology.

. C-THAN focuses on HIV High Priority Research Topics within sub-Saharan
Africa.
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HIV Care Cascade

Art Treatment

sViral load baseline
*VL monitoring

90

Viral
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eViral load
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*Drug resistance
testing

90

Diagnostic Tests

Figure 1.

HIV prevention and care cascade. HIV+, HIV positive; IDU, injection drug use; MSM, men
who have sex with men; AHI, acute HIV infection; ART, antiretroviral therapy; VL, viral
load; DST, drug sensitivity testing. The three steps of cascade associated with UNAIDs

90:90:90 are labeled.
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Logo: Mission statement: To
support development

and facilitate
commercialization of
o< i S
TH a pipeline of POCT
designed to meet the
clinical needs of

people who live with
HIV/AIDS in LMICs

Figure 2.
C-THAN Logo, mission statement and website.
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Website:
https://cimit.net/web/
c-than/home

C
THAN@northwestern.e
du
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Needs Assessment
Proof of Concept

echnology Train
and Discovery Core

User Training
and Assessment

Clinical Translation Core
Technology Dev Core
Commercialization n
Prototype
Refinement

Clinical Validation

Figure 3.
C-THAN product pipeline/ product development cycle. Each step of the product

development cycle was assigned a number from 1-7 to assign a level of technology readiness
so that different projects can be evaluated via the same metrics. The turquoise section of the
wheel is managed by the Technology Development and Refinement Core, the gold section is
managed by the Clinical Translation and Validation Core and the lavender section is
managed by the Technology Training and Dissemination Core.
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Diagnostic tests required for HIV care cascade. Molecular Test is a test that detects nucleic acids; RDT = rapid
diagnostic test that detects antibodies and/or antigens; ART = antiretroviral therapy; VL = viral load.

Testing Need

Patient Population

Test Biomarker

Test Format

Diagnosis

General Screening

People of unknown status

Antibodies

Lateral Flow Assay

Acute Infection

Exposed infants & High Risk Groups

Viral Marker: RNA, proviral
DNA, p24

Molecular Test or Lateral Flow Assay,
4th Generation RDT

Monitoring
Treatment Monitoring | Patients on ART Viral RNA Molecular Test
Drug Resistance VL>1000cp/ml; Treatment Failure Viral RNA Molecular; Sequencing
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