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Abstract

Background: Accurate diagnosis of human immunodeficiency virus (HIV) infection is dependent on using established
national HIV testing algorithm. The purpose of this study was to review published articles to identify, and apply lessons
learned to determine factors affecting transition of HIV testing algorithm for countries that have attained HIV epidemic
control.

Materials and methods: We systematically searched peer-reviewed articles from online scientific databases; PubMed
and Google Scholar from January 2019 to March 2024, using defined search phrases to extract articles. The defined
search terms targeted articles focusing on issues of attained epidemic control and transitioning of HIV testing
algorithm. Descriptive analysis was used to develop themes to answer the research question.

Results: The findings show that countries should consider the following areas before changing their HIV testing
algorithm: (i) evaluate the current national HIV testing algorithm to determine the Positive Predictive Value (PPV),
which should be > 99%, (ii) evaluate test kits bearing both CE and FDA certification and are WHO pre-qualified (iii)
4™ generation Rapid Diagnostic Tests (RDTs) are less sensitive than laboratory-based 4™ generation assays, (iv) pilot
the proposed algorithm before country-wide roll-out, (v) country specific policies, and framework are required to guide
transition, and (vi) a combination of 4™ and 3™ generation RDTs can achieve desired PPV.

Conclusion: Transitioning HIV testing algorithm for countries reaching HIV epidemic control is a multistep process
which considers the PPV of the current algorithms, considers policies and framework to guide the process and,
evaluates a combination of 4™ and 3™ generation RDTs.

Keywords: HIV testing algorithm; HIV epidemic control; 2-test strategy; 3-test strategy; WHO 2019 HIV Testing
Services

List of Abbreviations Used: Ab: Antibody; Ag: Antigen; EIA: Enzyme Immunoassays; ARVs: antiretrovirals;
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Services; IgG: Immunoglobulin G; IgM: Immunoglobulin M; NAHPA: National AIDS and Health Promotion Agency;
NAT: Nucleic Acid Test; NPV: Negative Predictive Value; PHIA: Population-based HIV Impact Assessment; PLHIV:
People Living with HIV; PEP: Post-Exposure Prophylaxis; PEPFAR: The United States President’s Emergency Plan
for AIDS Relief; PPV: Positive Predictive value; PREP: Pre-Exposure Prophylaxis; RDT: Rapid Diagnostic Tests
UNAIDS: the Joint United Nations Programme on HIV/AIDS; VMMC: Safe Voluntary Medical Male Circumcision;
WHO: World Health Organization.

Introduction

HIV became a public health problem about forty (40) years ago when the first case was recorded in 1981 in
the United States of America (USA), (Robertson, 2005). Since then, HIV has been spreading globally with infections
reaching 84.2 million in 2021, (UNAIDS, 2022). HIV remains a global health threat with an estimated 38.4 million
people living with HIV (PLHIV) in 2021, only 85% of them knew their HIV status; roughly 5.9 million PLHIV did not
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know their status (UNAIDS, 2022). At the end of December 2022, an estimated 39 million people globally were living
with HIV, 1.3 million people became newly infected with HIV, 630 000 people died from AIDS-related illnesses and
29.8 million (76%) of all people living with HIV were accessing antiretroviral therapy (UNAIDS, 2023).

Due to the global aggressive upscaling of HIV treatment, since 2001, an estimated 16.5 million AIDS-related
deaths have been prevented. Countries are continuing to intensify efforts to eliminate HIV by 2030, with 40 countries
on track to achieving the Joint United Nations Programme on HIV/AIDS (UNAIDS) target of 90% AIDS-related
mortality reduction by 2030 (UNAIDS, 2021). Despite the success in the rollout of HIV treatment, only 86% of all
people living with HIV knew their HIV status in 2022 (UNAIDS, 2023). Additionally, the UNAIDS global HIV
statistics report of 2023 (UNAIDS, 2023), indicate that the highest burden of HIV new infection is concentrated in sub-
Saharan Africa where in 2022, young women and girls accounted for 63% of new infections. Despite efforts to increase
HIV testing, the rate of undiagnosed HIV infection among men and young people, including young women, and key
populations remains way too high (UNAIDS, 2023). HIV diagnosis is essential to the success of the HIV response; it
facilitates linkage of clients to the right intervention, like prevention strategies, counselling services or HIV treatment
(WHO, 2021a, b). Accurate HIV diagnosis is central to bringing countries closer to achieving the target of ending
AIDS as a public health threat and situating HIV treatment and care as part of universal healthcare coverage (Ford et
al., 2021)

According to Botswana’s most recent population-based survey- “The Fifth Botswana AIDS Impact Survey,
BAIS V,” conducted in 2021, the disecase burden was pivoting towards the adult (15-65 years) population as they
presented a prevalence of 20.8%, and incidence of 0.2%, while prevalence among children (0-14 years) was 0.8%
(National AIDS and Health Promotion Agency, 2023). Additionally, the survey highlighted population groups of males
(15-24) and young people (15-24) as struggling to achieve the first 95 of the UNAIDS 95:95:95 targets at 89.1% and
84.5% respectively; hence the need to have innovative testing strategies to reach these populations.

However, it is encouraging that HIV high burden countries such as Botswana, Eswatini, Rwanda, Zimbabwe
and the United Republic of Tanzania have attained the UNAIDS 95-95-95 targets, while 16 more countries, including
eight (8) in sub-Saharan Africa are close to achieving these targets (UNAIDS, 2023). Whilst these achievements give
hope for an AIDS-free society, what are the implications of this scenario in terms of national testing algorithms since
majority of people living with HIV have been diagnosed and are on treatment? The prevalence of undiagnosed PLWH
is under 5% in some countries mimicking a low prevalence setting. According to World Health Organization (WHO),
between 2010 and 2018 in eastern and southern Africa, the number of adult PLHIV unaware of their HIV status
decreased from 6.1 million to 2.8 million (WHO, 2019b). The proportion of adults with undiagnosed HIV decreased
from 2.8% to 1.0% and in countries with 20% HIV prevalence and above, in 2018, national HTS positivity was close
to, or below 5%. In 2019, in response to changes in the HIV epidemic, WHO encouraged countries to move towards
using three consecutive reactive HIV rapid tests to provide an HIV-positive diagnosis (WHO, 2019a, b). Despite this
recommendation and for Botswana to achieve the UNAIDS 95-95-95 targets, the country has not yet moved to three
consecutive tests HIV diagnosis algorithm. Attainment of the UNAIDS 95:95:95 HIV epidemic control demands a
review of the national HIV testing algorithm to ensure accurate HIV diagnosis.

HIV elimination strategies over time

Strategies to mitigate against the spread of HIV are many and have evolved with the pandemic. Primary
prevention strategy messages were pioneered in the early days of the pandemic and have been credited with containing
the pandemic before antiretrovirals (ARVs) became widely available (Okware et al., 2005). However, the contribution
of the ABC (abstain, be faithful, use condoms) prevention strategy towards a healthier nation could not be quantified,
especially abstinence since, culturally, in most developing countries, men dominate the sexual engagement decisions
(Murphy et al., 2006), hence women have no control over when and how to engage sexually. Additionally, evidence
from a 15-year period generated from over twenty (20) PEPFAR (the U.S. President's Emergency Plan for AIDS
Relief) supported countries found no association between HIV reduction and two elements of the ABC (i.e., abstinence
and faithfulness) strategy (Lo et al., 2016). Other strategies that followed, including the elimination of HIV
transmission from mother to child (EMTCT), safe voluntary medical male circumcision (VMMC), and biomedical
interventions like pre-exposure prophylaxis (PREP) and post-exposure prophylaxis (PEP), have significantly reduced
HIV infections (PEPFAR, 2021).

HIV diagnosis, a gateway to HIV elimination

HIV testing is the gateway to treatment, the earlier that a person is diagnosed as living with HIV, the earlier
they can start treatment. Effective treatment does not only afford infected people to live long and healthy lives, but it is
also a great HIV prevention tool which averts onward HIV transmission. In 2016, WHO introduced the “test and treat
strategy” (WHO, 2016), which ensures that persons who tested HIV positive are started on long-life antiretroviral
medication immediately to preserve quality of life and lower the chances of viral transmission infection to more people.
Furthermore, in 2014, UNAIDS announced audacious targets for the global response to HIV, named the 90-90-90
strategy - that 90% of people living with HIV (PLHIV) know their status, 90% of diagnosed PLHIV are on treatment
and 90% of PLHIV on treatment achieve an undetectable viral load, by 2020 (UNAIDS, 2016). By the end of 2020, the
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UNAIDS targets were revised, and new targets were set as 95:95:95 by 2025, replacing the 90:90:90 targets. However,
to ensure people are started on treatment, they must be found (located) and accurately diagnosed. With the evolving
pandemic, strategies for locating the remaining infected people have advanced to include partner notification services
(PNS) and HIV self-testing (Johnson et al., 2019). Different testing strategies have helped in the fight against HIV by
ensuring that each population group is reached.

Available Diagnostic Test

Various tests to accurately diagnose HIV have been developed over the last 40 years of coexisting with HIV.
Majority of testing worldwide is based on serology testing, either in the design of enzyme immunoassays (EIAs) or
HIV rapid diagnostic tests (RDTs), and the chemistries of these tests have been improved over the years to enhance
diagnosis accuracy; currently, there are five generations of these test kits (Parekh et al., 2018). The test principles and
chemistries define the test kit generation, hence there are different generations based on the time the kit was introduced.
Each subsequent generation offers an improved ability to correctly identify an infection better than the predecessor test
kit. The 1 generation test is based on the detection of host (person’s) immunoglobulin G (IgG) antibodies in the blood
or blood products (Parekh ez al., 2018), while the 2™ and 3™ generations are based on the detection of host antibodies
IgG and immunoglobulin M (IgM); the 4™ and 5™ generations are based on the simultaneous detection and
differentiation of HIV antibodies (IgM, IgG) and HIV antigen p24 (protein 24) narrowing infection detection to as early
as two weeks after exposure (Parekh ef al., 2018; Bangalee ef al, 2021). Although RDTs have similar designs to
EIAs, their advantage is in the simplified testing package requirements, offering the flexibility of the test to be
performed by non-laboratory personnel in different settings, including the community, hence opening the possibilities
of reaching and testing many people. While EAls and RDTs should produce comparable results, the shorter incubation
period of RDTs may result in missed infection detection (Parekh et al., 2018). Furthermore, Nucleic Acid Test (NAT),
available to detect infection earlier than serology-based tests (Merrick et al., 2022), is restricted to the laboratory
setting.

Disease prevalence and effect on diagnosis

HIV testing dynamics change as more people are diagnosed and are started on treatment. This results in
decreased total number of people who are HIV infected and remain undiagnosed in the population and this affects the
predictability of identifying infected persons; the parameter known as positive predictive value (PPV). The accuracy of
a test kit depends on its sensitivity i.e., the ability to correctly identify disease and the specificity i.e., the ability to
correctly rule out the disease. Sensitivity and specificity are not enough when designing a testing algorithm. The
prevalence of the disease must be taken into consideration as it affects the PPV. Both PPV and negative predictive
(NPV) values are influenced by the prevalence of disease in the population that is being tested; in a setting of high
disease prevalence, it is more likely that persons who test positive, truly have the disease than if the test is performed in
a population with low prevalence (Molinaro, 2015). A combination of different test kits in the design of a test algorithm
helps to improve the PPV. WHO recommends a PPV of at least 99% (WHO, 2019a, b; WHO, 2021b), that is, allowing
only a 1% chance of reporting false positive results. The WHO guidance (WHO, 2019a, b; WHO, 2021b) therefore
recommends a transition to 3-test serial testing regardless of the national HIV positivity rate, to guarantee a >99% PPV.

Determining an HIV testing algorithm for different settings.

Continuous monitoring of the HIV pandemic at the population level is critical because it provides the PPV
which is an indication of the accuracy of identifying infected people at a given timepoint. PEPFAR encourages and
funds countries to conduct a population-based HIV impact assessment (PHIA) surveillance every three to five years to
assess progress towards HIV elimination. National HIV prevalence is among the many outcomes of PHIA, and it is
used as a guide in the design of the HIV testing algorithm. Over the years, WHO has been designing HIV testing
algorithms for different HIV prevalence and encouraging countries to follow the algorithm that suits their HIV
pandemic. The WHO testing guideline started in 2015, advising countries with high prevalence (>5% positivity rate) to
transition from a parallel to a 2-test-serial RDT algorithm (WHO, 2015). The implementation of the test-and-treat
strategy further reduced the remaining population of HIV undiagnosed individuals as more people were started on HIV
antiretroviral treatment. The PHIAs, conducted after the intervention of the test-and-treat strategy, found that most
countries were reporting less than 5% of HIV prevalence among the undiagnosed, hence the need to transition from a 2-
test to a 3-test HIV diagnostic algorithm to avoid misclassifications (Patel et al., 2022).

Since the introduction of the "test and treat" strategy, HIV diagnosis has remained the sole qualifier for HIV
treatment. HIV misclassification is a concern as it can put an HIV-free person on lifelong medication and cause
physiological, social, and financial burdens. HIV misclassification has been described as resulting from a lack of
following the established testing algorithm (Skovdal et al., 2022; Dupwa et al., 2019); using a suboptimal testing
algorithm (Patel et al, 2022); or the wrong choice of test kits (Adetunji et al, 2019). Adopting the WHO
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recommendation of 3-serial testing to diagnose HIV needs to be approached with supporting evidence. There is
concern, especially from resource-limited, disease-burdened countries like South Africa, that transitioning to the 3-test
strategy will overwhelm the already resource-constrained health system, increase results turnaround time, and increase
the complexity of results interpretation (Mashishi et al., 2021). Furthermore, contrary to current beliefs, evidence from
Swaziland (now Eswatini), Malawi, and South Africa shows that the currently available 4™ generation (combination of
antibody and antigen; HIV-1 Ag/Ab) HIV RDTs kits are not ideal for detecting new infections in Sub-Saharan Africa
(Adetunji ef al., 2019). However, evidence from a recent study of a new version of Determine HIV- 1/2 Ag/Ab 4™
RDT shows promising results of early detection of HIV (Wratil et al., 2020). As more countries reach HIV epidemic
control and are forced to follow transition guidelines, there is a need to provide guidance on the approach to transition
correctly. The purpose of this study was to review the peer-reviewed published articles focusing on HIV epidemic
control attainment and HIV testing algorithm transition to identify, emphasize, and apply lessons learned to provide
guidance to smoothen the transition of the HIV testing algorithm when epidemic control is attained.

Materials and Methods

The study evaluated peer-reviewed literature focusing on HIV testing algorithms and HIV epidemic control.
The methodology used was analysis and evaluation of published research to answer the question, “What can the
published literature highlight as lessons learned and determinates for HIV algorithm transition as countries reach HIV
epidemic control?".

Boolean operators such as "AND", “NOT”, “OR" were used to extract articles from the online journal
databases namely, PubMed and Google Scholar using different combinations of search words as described by (Vogus
et al., 2015; Joulaei et al., 2018; Ali ef al., 2019; Fonner et al., 2020). The search was done by combining each word
from the column “HIV testing strategies search terms” with each word from the column “Health area search terms”
(Table 1). The search was done by one person. Table 2 depicts the process that was followed to identify the article that
contributed to this study and the findings are summarised in Table 3.

Tablel: Key search for online journal databases using Boolean logic.

HIV testing strategies Combination of each  Health area search terms (Using “OR”)
search terms search words from the
(using “OR”) two columns
3 test strategy HIV Epidemic control
AND
2-test strategy WHO 2019 HTS guidelines
HIV testing algorithm

Low HIV prevalence
HIV misclassification

The search was done using specific, pre-defined search words in different combinations with the Boolean
operators to search for articles from the online journal data bases to extract desired articles to answer the research
question “What can the published literature highlight as lessons learned and determinates for HIV algorithm transition
as countries reach HIV epidemic control?".

Eligibility criteria

Inclusion criteria were articles; (i) published after 2019, (ii) published in English, (iii) that were original (iv)
and with full version available. Exclusion criteria included articles; published prior to 2019, where full version was not
available, inappropriate data, inappropriate titles, reviews, editorials, and commentary.

Data extraction

The final selection of articles followed the following steps: scanning the titles and abstracts of articles for
relevance, reading the full text to gain context, and dropping those articles whose content did not address the research
question.

The selected articles were read and analysed at least twice on separate days by one person and the data from
the two time points were compared. Where there were discrepancies, a third final reading and analysis was done, and
inclusion was based on the agreement of two analyses from different time points. If there was no concordance in any of
the three readings, the article was excluded from the final analysis.
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Data Analysis

Data were synthesized from the extracted articles and themes were developed and categorized into distinct
groups to address the research question, “What can the published literature highlight as lessons learned and
determinates for HIV algorithm transition as countries reach HIV epidemic control?”. Table 2 depicts the process that
was followed to identify the articles that contributed to this study. The initial search yielded 763 articles, but after
applying inclusion and exclusion criteria, only 59 remained. A further 32 articles were excluded as they were either
reviews, letters to the editor, or documentaries; 13 were rejected because they did not contribute to the research
question. Only 14 articles were eligible to be analysed. Descriptive thematic analysis was used for data analysis (Table
3).

Table 2: Summary of selection process of articles extracted from PubMed and Google Scholar

Article inclusion process Total

Total articles retrieved. 763
Excluded based on relevance of title and abstract, not 32
a full article, not original article (i.e., reviews,
commentary, letters to editor)

Exclusion after reading full text (not contributing to 13
reach question)

Articles analysed 14

Application of inclusive and exclusive criteria was applied on the 673 retrieved articles, only 14 articles eligible for
analysis.

Results

The following fourteen peer-reviewed articles, (Patel ef al., 2022; Petersen et al., 2021; Augusto ef al., 2020;
Martin et al., 2020; Huang ef al., 2023; Yoo, 2020; Demir et al., 2020, Sirivichayakul et al., 2021; Manjate et al., 2024
Mashishi et al., 2021; Barr et al., 2021, Qiu et al., 2021; Krasowski et al., 2021, Fajardo et al., 2023), as indicated in
Table 3, were included in this study. These articles cover factors that should be considered prior to transitioning from
the current 2-test serial algorithm to 3-test serial algorithm for countries that have reached HIV epidemic control
according to UNAIDS 95:95:95 targets.
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Table 3: Systematic review of factors to consider prior to HIV algorithm transitioning

Author, title Year  Study Study Study objective Characteristics Major conclusion and
of geographic  design contribution to  this
study al area study
public
ation

1.Patel et al., 2022  Nigeria Nation Analysis of performance of HIV  Conducted in 2018 Important to evaluate algorithm

Performance of Population testing algorithm Participants_ 18 moths to 64 years to decide when to switch to new

HIV rapid testing based HIV The evaluated HIV algorithm 204, 930 samples one. National algorithm PPV of

algorithm in household design: serial testing comprising Rapid HIV field test confirmed by 94.5%. WHO recommended

Nigeria: Findings survey of (T1) Determine HIV- 1 /2, lab-based HIV tests (Geenius, >99% PPV.

from a household- Unigold HIV- 1 /2, (T2) and Western blot)

based Nigeria StaPak HIV- 1 /2, (tie breaker)

HIV/AIDS

Indicator and

Impact Survey

(NAIIS).

2.Petersen ef al., 2021 USA Case study Impact on the false-positive Reviewed test reports from March Lab based 4™ gen can be used to

Reducing  False- Retrospective  screening rate when switching 2016-Feb 2017; 3™ Gen; n= 7516 reduce the number of false

Positive Results study from 3" to 4™ HIV generation and March 2017-Feb 2028: 4™ positive.

with Fourth- for veteran patient population Gen, n=7802 4™ gen more specific than 3™ gen

Generation HIV Veteran population Participants assay.

Testing at a aged 20 years and older. Increased efficiency and cost

Veterans Affairs Lab based assays. savings

Medical Center,

3.Augusto et al., 2020 Mozam Cross The impact of using Bio-Rad households in 2015 A more specific confirmatory

High level of HIV bique sectional HIV ~ Geenius™ HIV-1/2 Murex HIV- Ab  based assays  general testing should be added to the

false positives Household 1/2) used as supplementary population. EIA-based algorithms to reduce

using EIA- based survey assay as a confirmatory assay to 11690 specimens false positive results.

algorithm in HIV results tested by National 31.5% false positive with EIA

survey: Importance
of confirmatory
testing
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Table 3: (Continued.)

Author, title Year of Study Study design  Study objective Characteristics Major conclusion and
publication area contribution to this study
4.Martin et al., 2020 USA  Multi sites Performance of an HIV screening 310,785 rapid tests using 4™ gen The sensitivity of the RTA, where
Rapid Testing algorithm where T1 HIV-1/2 Ag/Ab RDT and confirmed by 3™ gen T1 is 4™ gen and T2 is 3 Gen was
Algorithm Combo test (T1) with verification Rapid test assay. 99.36%, and specificity was
Performance in a of Ab by a second different second, 3-year study (2015-2018). 98.38%.  Antigen  biomarker
Low-Prevalence rapid test (T2). To determine utility = Low HIV prevalence setting increases sensitivity.
Environment of antigen biomarker
5.Huang et al., 2023 China retrosp To evaluate the feasibility of utilizing Analysis of HIV data from Use of 4 generation alone gives
Evaluation of a two- ective  the two-test strategy to optimize 2017-2020 high false positive rates in low
test strategy for HIV analysi clinical management for initial HIV 220,558 participants (inpatients HIV prevalence.
screening in a low- ] screening-positive  patient. In a & outpatients)
prevalence setting hospital. 2-test algorithm (lab-based): 1" [y screening using 4" Gen assay,
and the indications Architect HIV Ag/Ab (Combo followed by a 3™ Gen assay gives
for optimizing Assay test) 4" Gen and second sensitivity of 100% and a desired
clinical management test (Abon Biopharm) a 3 Gen  ppy of 98.7%
assay. Western  blot  as
confirmatory

2020  South Retros Utility of Rapid Antibody diagnostic HIV Antibody screen (July An algorithm comprising of both
6.Yoo,S.7. Korea pective tests in settings where 4th gen assays 2011-May 2019).158,431 3rd and 4th generation assays
Clinical Utility of are used specimens. Lab based 4th Gen helps to prevent false positives
HIV-1/2 Ab assay. Rapid Test — 3rd Gen reported by 4th gen and false
Immunochromatogra negatiVeS by 31‘d Gen assays henCe
phic Assay as an facilitating in early decision
Additive Test for making for patient management
HIV Screen-Positive
Patients
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Table 3: (Continued.)

Author, title Year  Study Study Study objective Characteristics Major conclusion and contribution
area design

7 Sirivichayakul ez 2021 Thailand Retrospect Point of care 4™ generation 50 HIV acute HIV samples 4" generation rapid test, though
al., ive antigen/antibody HIV assay collected between January 2014  less sensitive than machined-based
Ability of Alere™ to March 2015 4™ gen RDT assay is a good
HIV  Combo to Used replacement of lab-based 4"
diagnose acute HIV stored Lab-based 4" generation acute generation  assay  in  high
infection is based plasma HIV samples retested with prevalence settings since could
mainly on HIV-1 Determine HIV-1/2 Ag/Ab detected 75% of acute individuals
p24 antigen Combo test missed by 3" generation antibody
detection. assay.

8.Mashishi et al., 2021 South Case study Overview of the HIV epidemic Country context review to guide Concerns that 3-test strategy will
The evolving HIV Africa and impact on HIV testing policy increase test volume hence cost,

epidemic and its
impact on the HIV
testing  algorithm:
Is it time to change
the HIV testing
algorithm in South
Africa?
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Table 3: (Continued.)

Author, title Year Study  Study Study objective Characteristics Major conclusion and contribution
area design
9.Barretal, 2021 Sub-  Retrospect Utilization of the treatment- National program to Utility of treatment- adjustment
Treatment-adjusted Sahar ive adjusted prevalence indicator to mathematically calculate true indicator to guide change of HIV
prevalence to assess an calculate the country’s HIV HIV prevalence among the algorithm. Practical application to
HIV testing Afric positivity rate (considering both treatment naive adult select the appropriate, cost-
programmes a ART coverage and national HIV  population. effective HIV testing algorithm.
prevalence) in Kenya, Malawi, Helps in projecting treatment costs.
Zimbabwe, South-Sudan to guide Helps to analyze the effectiveness
policy. of targeted HIV testing.
Moza
10. Manjate et al., 2024 mbiq Retrospect Evaluation of the 4™ Gen RDT 920 field tested samples 4™ generation Alere RDT HIV
Laboratory-based ue ive Alare Combo to detect acute and between February 2018 and combo’s antibody component has
evaluation of the 4th- chronic HIV infection among January 219. Confirmed by 3™ high sensitivity and specificity
generation Alere HIV sexually active women in 3 health generation RDT and lab-based
Combo rapid point- centers in Maputo. Ab/Ag and molecular tests.
of-care test Reference panels were also
used.
11. Qiuet al., 2021  USA  Prospectiv  Evaluate performance of a newly Kit evaluated against five FDA Non-FDA approved Kit had
An improved HIV e and developed assays against the FDA approved kits with variety of acceptable sensitivity and
antigen/antibody stored approved assays for detection of samples including standard and specificity as described by WHO.
prototype assay for samples early HIV infection. reference panels, samples from Thorough evaluation of test Kkit,

earlier detection of
acute HIV infection
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Table 3: (Continued.)

Author, title Yea Study Study Study objective Characteristics Major conclusion and contribution
r area design
12.Krasowski et al., 202 USA Performan  Assessment of Elecys HIV Duo Labs based testing of 4™ Elecys laboratory HIV Ag/Ab
Real-World Clinical 1 ce assay against gold standard assay against Architect using a immunoassay 4" gen assay gave
Performance evaluation  algorithm from US and Non-Us HIB generically diverse samples 100%  sensitivity (true  pos);
Evaluation of a citizens. to detect antigen and antibodies ensures non-miss of all persons
Fourth  -Generation concurrently and report them infected with HIV regardless of
HIV individually/separately, genetic make-up of the HIV
Antigen/Antibody 10121 specimens from different
Differentiation populations.
Testing
13. Demir et al., 202 Turkey Retrospect Use of VIDA HIV Duo Ultra 11642 ELISA positive samples VIDA HIV Duo Ultra assay as a
Evaluation of the 0 ive assay to identify both early and confirmed with VIDAS HIV confirmation to a reactive ELISA
diagnostic established HIV infection Duo Ultra test. Low prevalence assay can be used to correctly
performance and setting identify both early and established
optimal cutoff value HIV infection. Evaluation of
of a fourth-generation emerging tests vital to improve
ELISA, VIDAS HIV- algorithm. Algorithms containing
1/2 Duo Ultra assay, lab-based 4th Gen assay is cost
in a low-prevalence effective and can identify all true
country positives, even in low prevalence
setting.
14.Fajardo et al., 202  Multi Document Review of the HTS National Country HTS policies Slow adaption of
Country adoption of 3 Country sanalysis  Policies of WHO African region — Supporting documents recommendations, especially three

WHO 2019 guidance
on HIV  testing
strategies and
algorithms: a policy
review across the
WHO African region

47 countries against the 2019
WHO Recommendation for HTS
being: 1) use of serial testing, (2)
use of a three- test strategy, (3)
discontinuation of a tiebreaker (4)
discontinuation of Western blot
(5) Verification testing and (6) use
of dual HIV/syphilis RDT in ANC

Descriptive analysis

test strategy. In Southern-African,
only 1 country in had a policy but
no implementation

Abbreviation: Ab, antibody; Ag, Antigen ANC, Antenatal Clinic; FDA, U.S. Food and Drug Administration; Gen, Generation; HIV, Human Immunodeficiency Virus; HTS,
HIV Testing Services: Lab, Laboratory; RDT, Rapid Diagnostic Tests; T1, Test 1; T2, Test 2; WHO, World Health Organization; USA, United States of America; USA,

United States of America
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The findings pointed to six considerations for countries to make prior to transitioning HIV testing
guidelines, and these are: (i) the need to evaluate the current HIV testing algorithm to determine the Positive
Predictive Value (PPV) which ideally should be above 99%. This PPV can be derived from Population-based
HIV Impact Assessments (PHIAs) being carried out by countries (Patel ef al., 2022) or by employing Treatment
Adjustment Indicator (Barr ef al., 2021), (ii) countries need to propose a new algorithm based on three tests and
carry out pilot of the proposed algorithm prior to country-wide roll-out, in order to finetune the implementation
and allowing updating the implementation protocols prior to country-wide transition, (iii) countries need to
evaluate kits available in the market which includes those which are WHO-prequalified kits, CE and FDA
certified to allow maximization of selecting the best test kits as only through evaluation can the true
performance of test kit be established, (iv) countries should strive for a combination of 3™ and 4™ generation
RDTs in order to achieve the desired PPV of equal or greater than 99%, (v) countries need to be aware that
fourth (4™) generation RDTs are less sensitive than laboratory-based 4™ generation assays, and (vi) countries
should develop specific policies and frameworks to guide transition and implementation.

Discussions

Our review shows that there is limited literature on this area as only a few countries are starting to
reach epidemic control, and the majority have not switched to the 3-test strategy. Currently, Botswana, Eswatini,
Rwanda, and Tanzania have met the 95-95-95 targets, and an additional eight countries in sub-Saharan Africa
are close to achieving these targets (UNAIDS, 2023). As more countries reach epidemic control and transition
their testing strategies, including testing algorithms, published data will become available, and there will be
global representative literature to guide the transition and the choice of test kits by region, considering the
predominant HIV strains in those regions. High burden countries such as South Africa with a population of 62
million (Statistics South Africa, 2024) and HIV prevalence of 12.7% (HSRC, 2023) are already grappling with
issues relating to transitioning of their HIV testing algorithm to a three-test serial algorithm (Mashishi ef al.,
2021). The South African main concerns with the three-test algorithm are increased testing volumes which will
with no doubt increase the costs, and they are also concerned about turnaround times for returning results,
presenting a logistical nightmare. A modelling study by Eaton ez al. (2021) comparing a 2-test serial algorithm
(WHO, 2015) to a 3-test serial algorithms (WHO, 2019a) across different pandemics (different positivity rates),
showed that the 3-test algorithm maintained the desired PPV of >99% regardless of the HIV positivity rate,
whereas the 2 -test performed poorly (< 99%PPV) when HIV positivity was less than 5%. This study showed
that as countries move towards an epidemic control, there is need to transition to 3-test algorithm to improve
finding new or undiagnosed persons. Eaton and colleagues admitted to a small cost incurred when implementing
a 3-test algorithm due to the inherent addition of a 3™ test to cater for the small volumes they deem a small
trade-off to the risk of misclassification and enrolling an HIV naive person into a long-life HIV treatment which
may be observed when implementing a wrong algorithm for the country’s HIV prevalence.

More research is needed in choosing HIV test kits rather than solely relying on literature. Studies from
the United States of America have shown that switching from 3™ to 4™ generation RDTs reduced HIV
misclassifications (Parker ef al., 2019; Petersen et al., 2021). Similar studies in HIV high burdened countries in
Sub-Saharan African showed no benefit in switching to 4™ generation RDTs (Duong ef al., 2014; Adetunji et
al., 2019; Manjate et al., 2024). This contrasting evidence in the performance of 4™ generation RDTs needs to
be understood. One explanation is that the kits are manufactured and optimized in a region where HIV subtype
B is predominant, a strain different from the one circulating in Southern Africa, subtype C (Adetunji et al.,
2019).

Botswana national HIV testing program follows stringent quality control and assurance (QA/QC) with
full participation in external and internal quality control testing (Ministry of Health-Republic of Botswana,
2016). The current Botswana 2-test HIV testing algorithm needs to be urgently evaluated to determine its PPV.
This can be done using data from the fifth Botswana AIDS Impact Survey (Patel et al., 2022), or the program
data using treatment-adjustment prevalence indicator (Barr et al., 2021). Nigeria recently evaluated its HIV
testing algorithm using 2018 PHIA results (Patel et al., 2022). The study showed a low PPV of 94.6% of 2-test
HIV testing algorithm with the HIV prevalence of 1.4%. The implication of this study is that the 2-test HIV
testing algorithm misses an estimated 5.5% in identifying HIV-infected individuals (Patel et al., 2022). This
study shows suboptimal performance of the current Nigeria 2-test HIV algorithm. This provided an impetus for
Nigeria to change its HIV algorithm from 2-test to 3-tests.

Contrary to the general believe that due to the rigorous approval process by the FDA, FDA-approved
kits perform better than CE-marked test kits (Mishra, 2017), field evidence using a large sample from three
African countries (Livant et al, 2017) found that the CE-marked kit accurately identified more diseased
individuals than the same kit (same name, same manufacturer) bearing FDA-approval. Therefore, African
countries should not rely only on the theoretical guidance but should perform kit validation for both CE-marked
and FDA-approved test kits during the process of kit selection for algorithm design.

An algorithm that can correctly and effectively diagnose an infected person as early as possible helps to
initiate treatment to suppress the viral replication, hence curbing the spread of the virus (Wang et al., 2021). On
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a quest to find the few positives, highly sensitive assays such as 4™ generation RDT should be used. However,
high sensitivity should not be the only determining factor when choosing tests for an algorithm. Leaning only
towards more sensitive RDTs can result in misclassification of HIV positivity (Augusto ef al., 2020), leading to
the initiation of the wrong persons into lifelong HIV treatment. Notably, there are few WHO pre-qualified 4™t
generation RDTs (WHO, 2024). WHO verification protocol guides that the algorithm verification design should
include at least four (4) RDTs from different brands and manufacturers as test 1 and the same for test 2 and 3,
(WHO, 2021a) a guidance not achievable should a 4™ generation RDTs be a preferred first test. Therefore,
caution should be exercised when selecting a combination of test kits to build the HIV testing algorithm. WHO
recommends three consecutive serial-testing where the first test is highly sensitive (= 99% sensitivity) - to
identify all HIV positives, followed by two highly specific (= 98% specificity) assays, tested serially - correct
identification of HIV negatives to avoid misclassification (WHO, 2019a). The recommended WHO three-
consecutive RDTs assay algorithm assures an attainment of the recommended 99% PPV threshold.

Limitations

The limitation of this study is the small sample size of papers dealing with the subject; similar studies
may need to be conducted in future as more literature becomes available. Additionally, there was less data
available from sub-Saharan Africa as most of the reviewed articles were from more developed countries with
low HIV prevalence. The review may have benefited from increased number of subject matter experts. Having
two or three subject matter experts as authors usually helps to build a solid consensus and address discrepancies
(Vogus et al., 2016; Ali et al., 2019).

Conclusion

An accurate HIV diagnosis is essential, and care should be taken not to initiate a disease-free person
into a life-long HIV antiretroviral drug. HIV testing algorithms should be designed to ensure PPV greater than
99% to have assurance of correct diagnosis. Transitioning test algorithms need to be guided by evidence derived
from the national HTS program and national documents, population-based studies, and other country data. This
study was able to identify the following critical factors to consider prior to transitioning the test algorithm,
namely (i) evaluation of the current HIV testing algorithm to determine the PPV, (ii) evaluation of more rapid
test kits preferably with both CE-marked and FDA approval certification, and WHO pre-qualification (iii)
combinations of 3™ and 4" generation RDTs can achieve the desired PPV of equal or greater than 99%
regardless of the HIV national positivity rate, (iv) there is need to implement a new algorithm in a step-wise
fashion to manage complexity (v) it is important to note that 4™ generation RDTs are less sensitive than
laboratory-based 4™ generation assays, however they are still more sensitive than 3™ generation RDTs
(Masciotra et al., 2013, Wratil et al, 2020), but 4™ generation RDTs pose a possible delay in establishing
diagnosis and further cost as an antigen reactive/antibody non-reactive test requires either further testing using
molecular or asking the client to come back for retesting after a couple of weeks when antibodies are detectable
and (vi) there is need to develop country specific policies and frameworks, which should include, among other
things, standardized results interpretation framework and costing of the algorithm.

In general, the findings indicate that a combination of highly specific and highly sensitive assays need
to be included in the standard HIV algorithm to ensure accurate HIV diagnosis. Additionally, the country’s HIV
algorithm needs to be assessed periodically to ensure that a desirable PPV threshold of > 99% is maintained.
Furthermore, the evaluation of test kits followed by a field pilot study is needed to assess the functionality of the
proposed new algorithm prior to nation-wide implementation.

Conflict of interest

The authors declare that there are no personal or financial relationships that may have inappropriately
influenced them in writing this article.

Acknowledgements

The authors are grateful to Dr Madisa Mine for reading this manuscript and for giving feedbacks.

75



References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

76

Adetunji, A. A., Adewumi, M. O., Michael, O. S., Fayemiwo, S. A., Ogunniyi, A., and Taiwo, B. O.
(2019). Rapid HIV antigen—antibody assays and detection of acute HIV infection in Sub-Saharan
Africa. The American Journal of Tropical Medicine and Hygiene, 101(2), 285.

Ali, H., Amoyaw, F., Baden, D., Durand, L., Bronson, M., Kim, A., and Swaminathan, M. (2019). Ghana’s
HIV epidemic and PEPFAR’s contribution towards epidemic control. Ghana medical journal, 53(1), 59-62.
Augusto, A. D. R., Iriemenam, N. C., Kohatsu, L., De Sousa, L., Maueia, C., Hara, C., ... and Parekh, B. S.
(2020). High level of HIV false positives using EIA-based algorithm in survey: Importance of confirmatory
testing. PLoS One, 15(10), ¢0239782.

Bangalee, A., Bhoora, S., and Punchoo, R. (2021). Evaluation of serological assays for the diagnosis of
HIV infection in adults. South African Family Practice, 63(4).

Barr, B. A. T., Lowrance, D., Johnson, C. C., Baggaley, R. C., Rogers, J. H., Balachandra, S. K., and Jahn,
A. (2021). Treatment-adjusted prevalence to assess HIV testing programmes. Bulletin of the World Health
Organization, 99(12), 874.

Demir, T., Yalcin, S., and Kilic, S. (2020). Evaluation of the diagnostic performance and optimal cutoff
value of a fourth-generation ELISA, VIDAS HIV-1/2 Duo Ultra assay, in a low-prevalence
country. Diagnostic Microbiology and Infectious Disease, 97(1), 115011.

Duong, Y. T., Mavengere, Y., Patel, H., Moore, C., Manjengwa, J., Sibandze, D., and Parekh, B. S. (2014).
Poor performance of the determine HIV-1/2 Ag/Ab combo fourth-generation rapid test for detection of
acute infections in a National Household Survey in Swaziland. Journal of Clinical Microbiology, 52(10),
3743-3748.

Dupwa, B., Kumar, A. M., Tripathy, J. P., Mugurungi, O., Takarinda, K. C., Dzangare, J., and Mukeredzi,
I. (2019). Retesting for verification of HIV diagnosis before antiretroviral therapy initiation in Harare,
Zimbabwe: Is there a gap between policy and practice? Transactions of The Royal Society of Tropical
Medicine and Hygiene, 113(10), 610-616.

Eaton, J. W., Sands, A., Barr-DiChiara, M., Jamil, M. S., Baggaley, R., Tippett Barr, B. A., and Johnson, C.
C. (2021). Accuracy and performance of the WHO 2015 and WHO 2019 HIV testing strategies across
epidemic settings. medRxiv, 2021-03.

Fajardo, E., Lastrucci, C., Bah, N., Mingiedi, C. M., Ba, N. S., Mosha, F., and Johnson, C. (2023). Country
adoption of WHO 2019 guidance on HIV testing strategies and algorithms: a policy review across the WHO
African region. BMJ open, 13(12), e071198.

Ford, N., Eshun-Wilson, 1., Ameyan, W., Newman, M., Vojnov, L., Doherty, M., andGeng, E. (2021).
Future directions for HIV service delivery research: Research gaps identified through WHO guideline
development. PLoS medicine, 18(9), ¢1003812.

Fonner, V. A., Sands, A., Figueroa, C., Baggaley, R., Quinn, C., Jamil, M. S., and Johnson, C. (2020).
Country adherence to WHO recommendations to improve the quality of HIV diagnosis: a global policy
review. BMJ Global Health, 5(5), €¢001939.

Human Sciences Research Council (HSRC), 27 NOVEMBER 2023. New HIV Survey Highlights Progress
and Ongoing Disparities in South Africa’s HIV Epidemic. Human Sciences Research Council.
https://hsrc.ac.za/press-releases/hsc/new-hiv-survey-highlights-progress-and-ongoing-disparities-in-south-
africas-hiv-epidemic/. Accessed May 30, 2024.

Huang, Y., Liu, H., Dai, S., Lan, X., Liu, S., Ren, X., and Hong, G. (2023). Evaluation of a two-test
strategy for HIV screening in a low-prevalence setting and the indications for optimizing clinical
management. Heliyon, 9(9).

Johnson, L. F., van Rensburg, C., Govathson, C., and Meyer-Rath, G. (2019). Optimal HIV testing
strategies for South Africa: a model-based evaluation of population-level impact and cost-
effectiveness. Scientific reports, 9(1), 12621.

Joulaei, H., Shooshtarian, S., and Dianatinasab, M. (2018). Is UNAIDS 90-90-90 target a Dream or a
Reality for Middle East and North Africa Region on Ending the AIDS Epidemic? A Review Study. AIDS
reviews, 20(2).

Krasowski, M. D., Wier, D., Smith, S., Riedel, A., Lauseker-Hao, Y., Kelner, M., and Wang, S. (2021).
Real-world clinical performance evaluation of a fourth-generation HIV antigen/antibody differentiation
test. The Journal of Applied Laboratory Medicine, 6(6), 1417-1432.

Livant, E., Heaps, A., Kelly, C., Maharaj, R., Samsunder, N., Nhlangulela, L., and VOICE Study Team.
(2017). The fourth generation AlereTM HIV Combo rapid test improves detection of acute infection in
MTN-003 (VOICE) samples. Journal of Clinical Virology, 94, 15-21.

Lo, N. C., Lowe, A., and Bendavid, E. (2016). Abstinence funding was not associated with reductions in
HIV risk behavior in sub-Saharan Africa. Health affairs, 35(5), 856-863.

Maheu-Giroux, M., and Mishra, S. (2024). Evidence with 95-95-95 that ambitious is feasible. The Lancet
HIV, 11(4), €203-¢204.

Manjate, A., Nilsson, C., Axelsson, M., Lindroth, S., Sirbu, D., Sacarlal, J., and Unemo, M. (2024).
Laboratory-based evaluation of the 4th-generation AlereTM HIV Combo rapid point-of-care test. Plos
one, 19(2), 0298912



https://hsrc.ac.za/press-releases/hsc/new-hiv-survey-highlights-progress-and-ongoing-disparities-in-south-africas-hiv-epidemic/
https://hsrc.ac.za/press-releases/hsc/new-hiv-survey-highlights-progress-and-ongoing-disparities-in-south-africas-hiv-epidemic/

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

77

Martin, E. G., Cornett, J., Mohammed, D. Y., and Salaru, G. (2020). Rapid testing algorithm performance
in a low-prevalence environment. Sexually transmitted diseases, 47(5S), S35-S40.

Masciotra, S., Luo, W., Youngpairoj, A. S., Kennedy, M. S., Wells, S., Ambrose, K., and Owen, S. M.
(2013). Performance of the Alere Determine™ HIV-1/2 Ag/Ab Combo Rapid Test with specimens from
HIV-1 seroconverters from the US and HIV-2 infected individuals from Ivory Coast. Journal of Clinical
Virology, 58, e54-e58.

Mashishi, B. R., Makatini, Z., and Adu-Gyamfi, C. G. (2021). The evolving HIV epidemic and its impact
on the HIV testing algorithm: is it time to change the HIV testing algorithm in South Africa?. Journal of
Clinical Virology, 144, 104990.

Merrick, T., Radix, A. E., Gonzalez, C. J., Hoffmann, C. J., and Ganjhu, L. (2022). Prevention and
Management of Hepatitis B Virus Infection in Adults With HIV. MEDICAL CARE, 2.

Ministry of Health- Republic of Botswana. 2016. Botswana National HIV Testing Services guidelines.
Ministry of Health, Gaborone. Botswana.

Mishra, S. (2017). FDA, CE mark or something else?—thinking fast and slow. Indian heart journal, 69(1),
1-5.

Molinaro, A. M. (2015). Diagnostic tests: how to estimate the positive predictive value. Neuro-Oncology
Practice, 2(4), 162-166.

Murphy, E. M., Greene, M. E., Mihailovic, A., and Olupot-Olupot, P. (2006). Was the “ABC” approach
(abstinence, being faithful, using condoms) responsible for Uganda's decline in HIV?. PLoS medicine, 3(9),
e379.

National AIDS and Health Promotion Agency (NAHPA). August 2023 Government of Botswana:
Botswana AIDS Impact Survey V 2021 (BAIS V): Report. Gaborone, Botswana.

Okware, S., Kinsman, J., Onyango, S., Opio, A., and Kaggwa, P. (2005). Revisiting the ABC strategy: HIV
prevention in Uganda in the era of antiretroviral therapy. Postgraduate medical journal, 81(960), 625-628.
Patel, H. K., Ikpe, S., Bronson, M., Birhanu, S., Abimiku, A. L., Jahun, 1., and Parekh, B. (2022).
Performance of HIV rapid testing algorithm in Nigeria: findings from a household-based Nigeria
HIV/AIDS indicator and impact survey (NAIIS). PLOS Global Public Health, 2(7), €0000466.

Parker, J., Carrasco, A. F., and Chen, J. (2019). BioRad BioPlex® HIV Ag-Ab assay: incidence of false
positivity in a low-prevalence population and its effects on the current HIV testing algorithm. Journal of
Clinical Virology, 116, 1-3.

Petersen, J., Monteiro, M., Dalal, S., and Jhala, D. (2021). Reducing false-positive results with fourth-
generation HIV testing at a veterans affairs medical center. Federal Practitioner, 38(5), 232.

Parekh, B. S., Ou, C. Y., Fonjungo, P. N., Kalou, M. B., Rottinghaus, E., Puren, A., and Nkengasong, J. N.
(2018). Diagnosis of human immunodeficiency virus infection. Clinical microbiology reviews, 32(1), 10-
1128.

Patel, H. K., Ikpe, S., Bronson, M., Birhanu, S., Abimiku, A. L., Jahun, 1., and Parekh, B. (2022).
Performance of HIV rapid testing algorithm in Nigeria: findings from a household-based Nigeria
HIV/AIDS indicator and impact survey (NAIILS). PLOS Global Public Health, 2(7), e€0000466.

PEPFAR. 2021.Latest Global Results - United States Department of State [Internet]. June 2021. [cited
2022Nov19]. Available from: https://www.state.gov/wp-content/uploads/2021/06/PEPFAR-Latest-Global-
Results JUNE-2021-1.pdf

Petersen, J., Monteiro, M., Dalal, S., & Jhala, D. (2021). Reducing false-positive results with fourth-
generation HIV testing at a veterans affairs medical center. Federal Practitioner, 38(5), 232.

UNAIDS. The path that ends AIDS. 2023. https://www.unaids.org/en/resources/ documents /2023 /global-
aids-update-2. (Accessed, May 2", 2024)

UNAIDS. 2023.Fact Sheet- Global HIV statistics. [cited May1, 2024]. Available from
.https://www.unaids.org/sites/default/files/media_asset/UNAIDS FactSheet en.pdf.

UNAIDS. 2022. Fact sheet - latest global and regional statistics on the status of the AIDS epidemic.[cited
Decl5, 2022]. Available from: https://www.unaids.org/en/resources/documents/2022/UNAIDS_FactSheet
UNAIDS. 2021, 06, September. Update- Global roll-out of HIV treatment has saved millions of lives. [cited
Decl5, 2022]. Available from:

https://www.unaids.org/en/resources/presscentre/featurestories/202 1/september/20210906_global-roll-out-
hiv-treatment. ]

UNAIDS. 2016. UNAIDS 2016-2021 Strategy On the Fast-Track to end AIDS [Internet]. [cited 2022
Nov19]. Available from:

https://unaids.org/sites/default/files/media_asset/20151027 UNAIDS PCB37 15 18 EN_revl.pdf

Qiu, X., Sokoll, L., Ly, T. D., Coignard, C., Eshleman, S. H., Mohr, P., and Hackett Jr, J. (2021). An
improved HIV antigen/antibody prototype assay for earlier detection of acute HIV infection. Journal of
Clinical Virology, 145, 105022.

Robertson ML. An Annotated Chronology of the History of AIDS in Toronto: The First Five Years, 1981—
1986. Canadian Bulletin of Medical History. 2005 Oct;22(2):313-51.

Sirivichayakul, S., Pankam, T., Pattanachaiwit, S., Phancharoen, K., Barisri, N., Areeyolwattana, S., ... and
Phanuphak, P. (2021). Ability of Alere™ HIV Combo to diagnose acute HIV infection is based mainly on
HIV-1 p24 antigen detection. Asian Pac J Allergy Immunol.



https://www.state.gov/wp-content/uploads/2021/06/PEPFAR-Latest-Global-Results_JUNE-2021-1.pdf
https://www.state.gov/wp-content/uploads/2021/06/PEPFAR-Latest-Global-Results_JUNE-2021-1.pdf
https://www.unaids.org/en/resources/%20documents%20/2023%20/global-aids-update-2
https://www.unaids.org/en/resources/%20documents%20/2023%20/global-aids-update-2
https://www.unaids.org/sites/default/files/media_asset/UNAIDS_FactSheet_en.pdf
https://www.unaids.org/en/resources/documents/2022/UNAIDS_FactSheet
https://www.unaids.org/en/resources/presscentre/featurestories/2021/september/20210906_global-roll-out-hiv-treatment
https://www.unaids.org/en/resources/presscentre/featurestories/2021/september/20210906_global-roll-out-hiv-treatment
https://unaids.org/sites/default/files/media_asset/20151027_UNAIDS_PCB37_15_18_EN_rev1.pdf

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

78

Skovdal, M., Beckmann, N., Maswera, R., Nyamukapa, C., and Gregson, S. (2022). The (in) visibility of
misdiagnosis in point-of-care HIV testing in Zimbabwe. Medical anthropology, 41(4), 404-417.

Statistics South Africa. 2024.Government of South Africa. Available from https://www.statssa.gov.za/.
Accessed May 30, 2024.

Vogus, A., and Graff, K. (2015). PEPFAR transitions to country ownership: review of past donor
transitions and application of lessons learned to the Eastern Caribbean. Global Health: Science and
Practice, 3(2), 274-286.

Wang, J. S, Sim, H. J., Park, S. J., Park, G. R., Kang, C., and Chung, Y. S. (2021). Effect of a confirmatory
testing algorithm on early acute HIV diagnosis in Korea. Medicine, 100(17), €25632.

World Health Organization. 19 April, 2024.WHO list of prequalified in vitro diagnostic products.

Accessed: May 10, 2024. Available from https://extranet.who.int/prequal/ sites/default/files/ document
files/240418 List of Prequalified In_Vitro Diagnostic_Products.pdf

World Health Organization. November, 2021a. Optimizing HIV testing algorithms: a generic verification
protocol for selecting appropriate HIV serology assays and assessing the level of shared false-reactivity.
Accessed: May 12, 2024. Available from: https://www.who.int/publications/i/item/9789240039162.

World Health Organization. July ,2021b. Consolidated guidelines on HIV prevention, testing, treatment,
service delivery and monitoring: recommendations for a public health approach.

World Health Organization. 2019a. Consolidated guidelines on HIV testing. Accessed December 2021.
Available from: https:/iris.who.int/bitstream/handle/10665/336323/9789241550581 -eng.pdf?sequence=1
World Health Organization. 2019b. Policy brief- Consolidated guidelines for a changing epidemic.
Accessed: December 15, 2022. Available https://iris.who.int/bitstream/handle/10665/329966/WHO-CDS-
HIV-19.31-eng.pdf?sequence=

World Health Organization. 2016. Consolidated guidelines on the use of antiretroviral drugs for treating and
preventing HIV infection: recommendations for a public health approach. World Health Organization.
World Health Organization. July 2015. Consolidated Guidelines on HIV Testing Services: 5Cs: Consent,
Confidentiality, Counselling, Correct Results and Connection. Geneva. PMID: 26378328

Wratil, P. R., Rabenau, H. F., Eberle, J., Stern, M., Miinchhoff, M., Friedrichs, 1., and Keppler, O. T.
(2020). Comparative multi-assay evaluation of Determine™ HIV-1/2 Ag/Ab Combo rapid diagnostic tests
in acute and chronic HIV infection. Medical microbiology and immunology, 209, 139-150.

Yoo, S. J. (2020). Clinical utility of HIV-1/2 Ab immunochromatographic assay as an additive test for HIV
screen-positive patients. Annals of Clinical & Laboratory Science, 50(2), 274



https://www.statssa.gov.za/
https://extranet.who.int/prequal/%20sites/default/files/%20document%20files/240418_%20List_of_Prequalified_In_Vitro_Diagnostic_Products.pdf
https://extranet.who.int/prequal/%20sites/default/files/%20document%20files/240418_%20List_of_Prequalified_In_Vitro_Diagnostic_Products.pdf
https://iris.who.int/bitstream/handle/10665/336323/9789241550581-eng.pdf?sequence=1
https://iris.who.int/bitstream/handle/10665/329966/WHO-CDS-HIV-19.31-eng.pdf?sequence=
https://iris.who.int/bitstream/handle/10665/329966/WHO-CDS-HIV-19.31-eng.pdf?sequence=

