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ABSTRACT
BACKGROUND

South Africa’s large population of people living with HIV (PLWH) affects the local blood transfusion services
(BTS) in multiple ways, including the recruitment of safe donors, the demand for blood and the development
of blood safety policies. The latter includes the deferral of persons at risk of recently acquired HIV and sensitive
testing for HIV antibodies and RNA. Estimating HIV incidence in blood donors is a key measure of successful
prevention strategies. Blood donation by PLWH on antiretroviral therapy (ART) was identified as an emerging
risk to blood safety as early ART initiation may result in delayed seroconversion, seroreversion, and prolonged
suppression of viral replication which may escape detection by HIV antibody and nucleic acid amplification
testing (NAT). My PhD research used epidemiologic, incidence modelling and mixed-method qualitative
research techniques to assess the impact of undisclosed ART use among blood donors on the safety of the

country’s blood supply.

AIMS AND METHODS

1. Use summary statistics and multivariable logistic regression to determine the prevalence and
determinants of undisclosed antiretroviral (ARV) use among HIV+ donors (HIV+/ARV+) in South Africa
by performing ARV testing on stored samples from HIV-positive donors who donated during 2017.

2. Use mixed-methods research techniques to explore the motivations of HIV+/ARV+ blood donors.
Specifically investigate how HIV+/ARV+ donors frame potentially conflicting understandings of blood
donation, HIV treatment and transmissibility in their decision to donate. Explore what role social,
community and policy factors play in this context.

3. Construct recent infection testing algorithms to explore the benefits and limitations of each in
differentiating between recent and longstanding HIV infections and determine the extent to which

undisclosed ARV use influences HIV incidence estimation and modelling.

RESULTS

ARV-use was demonstrable among 9.8% of HIV-positive blood donors and was independently
associated with older age and first-time donation. Most of the HIV+/ARV+ donors were motivated
altruism which included both a general wish to help others and wanting to donate specifically for
other PLWH. A lack of privacy prevented some donors from disclosing their status. Among blood
donors routinely tested with individual donation NAT, the addition of viral load (VL) and ARV testing
yielded only marginal improvements in identifying true recent HIV cases with marginal improvements

in incidence estimates.
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CONCLUSION

Existing programs and policies to limit the risk of transfusion-transmitted (TT) HIV failed to prevent blood
donation by HIV+/ARV+ persons. Additional interventions, including targeted communication strategies and
procedures to assist those who feel unable to opt out of donation due to peer pressure and privacy concerns,
must be considered. While complex, recency testing and incidence modelling adapted to local circumstances
may be effective in monitoring the success of such risk mitigation strategies. Overall, BTS must be aware of

and actively monitor for undisclosed ARV use among blood donors.
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PREFACE

The journey towards the completion of this PhD thesis started almost 15 years ago shortly after joining the
SANBS when the then Medical Director of SANBS, the late Dr Sam Gulube, sent me to attend the “Training in
Clinical Research” course hosted by colleagues from the USA. This was my first introduction to any form of
clinical research, but also to Professors Ed Murphy, Brian Custer and Mike Busch who would play a pivotal role
in including SANBS in the international arm of the NHLBI funded REDS-IIl program. | was the in-country lead
investigator for several of the REDS-IIl South Africa sub-projects and principal investigator for the study
investigating the association between HIV and blood transfusion in peri-partum women in the Eastern Cape!
as well as for the Monitoring and Acute Treatment of HIV Study?. It is through these projects that | developed
my passion for research, and particularly the impact of HIV on the blood transfusion landscape in South Africa.
It is also during these projects that we identified a previously unknown phenomenon of PLWH already on ARV
donating blood without disclosing their HIV status and ARV history which would later become the focus of my

PhD.

While working on the REDS-III projects, | completed a Postgraduate Diploma in Transfusion Medicine at the
University of the Free State, where | first met Prof Vernon Louw, who would later be my supervisor for my
Master’s degree which focused on the impact of HIV on the blood demand in South Africa.® The knowledge
and experience gained through the REDS-Ill collaborations and my work with Ed and Vernon directly
contributed to my appointment as the national Lead Consultant Translational Research at SANBS and the drive
to register for my PhD in 2018. Two events contributed to the delay in completing my thesis beyond what |
initially planned. The first was the COVID-19 pandemic which had a major impact on blood transfusion services
globally. SANBS, too, had to respond rapidly to ensure we were able to meet the country’s blood demand, but
also to ensure that we contributed to the international body of knowledge to help manage the pandemic. |
authored and co-authored multiple COVID-19 publications during this time.*® Most notably was the clinical
trial, for which | was the principal investigator, on the use of convalescent plasma in the treatment of patients
hospitalised with COVID® as well as co-authorship on the seminal publication that demonstrated that SARS-
CoV-2501Y.V2 escaped neutralization by COVID-19 convalescent plasma collected from donors with presumed
wild type virus'®. The second event was my appointment as the Medical Director of SANBS, a position that
required much of my attention over the past two and a half years, but which also allowed me to understand

the risk and impact of the HIV epidemic on blood transfusion in South Africa even better.

The purpose of my PhD was to better understand the (at the time) newly identified phenomenon of donors
donating blood knowing that they are HIV positive and on treatment. Nationally and internationally this
discovery caused significant concern as ARV use may affect the efficacy of current testing strategies to identify

and interdict HIV-positive donation.!** This project was arranged around 3 questions (see CHAPTERS 2-4).
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First, | wanted to establish the prevalence of this behaviour and potentially identify associated factors. For this
part of the project, we tested all available 2017 HIV-positive donations for ARVs. The results of the testing were

used to perform prevalence calculations, bivariate as well as multivariable logistic regression analysis.”

Second, | wanted to better understand the motivation for this behaviour as it is only through a thorough
understanding that we could develop interventions to address this challenge.® For this part of the study, we
used the results of the ARV testing performed for the first part of the project to identify those donors who
were on ARV at the time of donation. In preparation for the project, | solicited the assistance of an international
expert on performing qualitative research in the field of HIV and in particular among HIV-positive blood donors.
With Dr Shana Hughes’ assistance, we trained our local staff (all of whom were trained HIV counsellors) to
perform the recruitment, enrolment, consenting and interviewing of these donors. Dr Hughes also mentored

me in qualitative data analysis, an underrated skill | am most proud of having acquired.

Third, | wanted to establish what the impact of the failure to disclose HIV status and ARV use had on HIV
recency assays and incidence modelling. It is known that recency assays are prone to “false recent” results in
PLWH who are on ARV treatment, that is, classifying people with longstanding HIV infections who are on
treatment as having recently acquired infections. For this part of the study, we constructed progressively more
comprehensive recent infection testing algorithms which were populated with the results of the various tests
performed on approximately 500 of the HIV-positive donors who donated during 2017. The outcome of these
algorithms was used to perform incidence estimates and the impact the algorithms on the incidence estimates

were then quantified and compared. This manuscript was submitted to Vox Sanguinis and is under review.

Various BTS have in recent years raised concerns regarding the risk of undisclosed HIV and ARV use on the
safety of the blood supply.'”"*° In fact, a case report by Nishiya et al.', clearly demonstrated the altered kinetics
of post-blood donation HIV testing in what is assumed to be a pre-exposure prophylaxis (PrEP) “breakthrough”
infection, underlining the potential for blood transfusion services to fail to identify such donations, thereby
further confirming the continued relevance of this work, especially in a country that plans to roll-out PrEP in

significant numbers to a key demographic blood donor group.

Dr Karin van den Berg

7 February 2024
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CHAPTER 1: INTRODUCTION
1.1 RATIONALE FOR THIS PROJECT

A safe, sustainable blood supply remains an essential pillar of medical care, even in the current era of restrictive
transfusion practices and patient blood management.? Although fewer than 1% of South Africans receive
transfusions each year, and the blood donor base falls short of the World Health Organisation's (WHO)
recommended 1% of the population, fulfilling the local need for blood products continues to be challenging.?
4 Limited resources hamper implementation of programs to recruit and retain low-risk blood donors, to identify
donors infected with blood-borne infections, and to develop systems to record, track and notify infected
individuals over time. Even where such systems are in place, changes in donor behaviour can affect blood

safety in unexpected ways.

South Africa’s HIV epidemic, the largest in the world by number of people infected,>® remains the most
important public health concern in South Africa,”® and, specifically in this context, affects the ability to identify
sufficient low-risk donors to provide for the country’s blood demand. Blood donor selection programs and pre-
donation risk screening by questionnaire resulted in HIV prevalence among first-time donors of only ~1% while
>15% of the general population is HIV positive.*° Despite this relative success, the continued high residual risk
of HIV transmission prompted implementation of highly sensitive individual donation nucleic acid amplification
testing (ID-NAT) for HIV, Hepatitis C RNA and Hepatitis B DNA in 2005.'! The implementation of ID NAT has
allowed the early detection of donors with acute HIV infections (RNA-positive but still seronegative) and HIV
elite controllers (EC), i.e. those who are RNA-negative but seropositive (assumed to be due to inherent

immunologic control of the virus).

While enrolling participants into a study of HIV EC, we received reports from our field workers that some of
these donors reported that they were aware of their HIV diagnosis and were taking concurrent ARV at the time
they presented to donate blood. In response, we performed liquid chromatography/mass spectrometry testing
for ARV of stored plasma samples collected between 2010 and 2016, which revealed high rates of ARV use
among 226 (67%) presumed EC which were further confirmed in extended testing of historical presumed EC
samples.’? In addition, testing of stored plasma from 135 donors with recent and chronic HIV infection,
selected for low levels of viraemia (<400 copies/mL, selected to enrich the sample for HIV-positive donors on
ARV but not virally suppressed) also showed a high prevalence (33%) of ARV detection. A virologically
suppressed HIV-positive donor on ARV or a true EC could have viremia too low to be detected by current
donation screening technology but could still be infectious to blood recipients.’*!* Furthermore, studies
confirmed that prolonged ARV use in prevalent HIV infections or early ARV use in acute infections affects tests
aimed at determining HIV recency.’>!® Undisclosed ARV use may also affect interpretation of these tests,

thereby contributing to incorrect HIV incidence calculations.®-2
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HIV+/ARV+ blood donors pose a new and growing threat to the safety of the country’s blood supply.?? The
overarching goal of this study is to better understand this phenomenon, the motivation for this behaviour and

its impact on testing algorithms and incidence estimates and modelling.

1.2 BACKGROUND AND LITERATURE REVIEW

The South African HIV Epidemic and its Impact on Blood Services.

South Africa’s large and growing HIV-positive population intersects with the local blood transfusion services,
SANBS and the Western Cape Blood Service, at multiple levels. In addition to hampering the recruitment and
retention of safe donors, it also affects blood demand.?® While reported HIV incidence rates in South Africa are
declining, large-scale roll-out of ART is impacting survival, resulting in increased numbers of PLWH,?*% and has
contributed to creating the largest treated HIV population in the world.>® At the same time, the high
prevalence of anaemia and thrombocytopaenia among HIV-infected individuals places an added burden on
the demand for blood products in the country.?*® In South Africa and other high HIV burden countries,
HIV/AIDS has been the main driver of blood safety policies. % Even in well-resourced countries with low HIV-
prevalence, concerns regarding even remote potential of TT HIV continues to influence donor deferral and

blood screening programs.30-32

Despite implementing ID-NAT, the estimated residual risk of receiving a transfusion with a unit of blood
donated by a donor in the HIV window period remains high when compared to that of high development index
countries. The HIV window period refers to the period between HIV acquisition and the time such an infected
person tests positive for HIV. The duration of the HIV window period is determined by viral dynamics, host
response and the sensitivity of the test. The risk of HIV transmission through a blood transfusion is determined
by the risk of an HIV-infected person who is still in this window period of the infection making a donation that
is then missed by available screening programs. In South Africa in 2016, this residual risk using the Weusten
model*® with an infectious dose of 1 virion, was estimated as being 1:53 890.34% |In contrast, the HIV residual
risk in the USA (in 2016) was approximately 1 in 1.1 million donations and 1 in 21.4 million donation in Canada
(in 2012-2014).3%3¢ While testing will likely interdict donations made by EC or donors with acute HIV infection,
the risk of administrative errors leading to the release of infected units remains possible. In addition, large
scale roll-out of “test and treat” programs as well as the launch of PrEP for at risk populations may result in

15,16

persons with recently acquired HIV-infection accessing ART with the potential for seroreversion''°, which may

limit the identification of such units using current testing methods.®

The phenomenon of undisclosed ARV use by blood donors poses a major concern to blood safety in countries

with high HIV prevalence and good access to ART. However, this behavior may occur in any setting where social
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stigma related to HIV status remains and where blood centers are known to perform high-quality testing which
may inform HIV management and treatment options. Historically, blood centers experienced HIV test seeking
behaviour after sensitive HIV donation testing programs were implemented.?” Detailed analyses of such
behaviour resulted in the implementation of several interventions aimed at minimizing it. The newly identified
phenomenon of HIV+/ARV+ persons donating blood, may stem from similar patterns of behavior and beliefs,
and may demand new tailored interventions. Although real-time testing for ARV as a mitigation strategy is
attractive in theory, major constraints related to throughput and cost render this currently unfeasible. A more
practical approach might involve both educational campaigns and operational interventions. To maximise
impact, the former would need to target multiple sectors, including: the community at large, healthcare
providers treating HIV-infected persons, blood center staff and prospective donors. Operational interventions
may include developing additional or revised donor selection strategies for prospective donors. The findings

from the study proposed here could provide crucial evidence base for such interventions.

Current South African Blood Donor Testing and Counseling.

South Africa has legally mandated screening of all donated blood and blood products. Currently, the testing
performed at SANBS includes molecular and serologic testing for HIV, Hepatitis B (HBV), Hepatitis C (HCV), as
well as serologic testing for syphilis. The testing aims to interdict donations from donors with such infections.
South Africa is one of the few low- and middle-income countries in the world that performs ID-NAT for HIV
RNA, HCV RNA, and HBV DNA. ID-NAT enables the detection of HIV infected donations prior to seroconversion,
i.e. donations from donors with recently acquired HIV who are still in the serology window period. Current
SANBS testing algorithms efficiently identifies longstanding infections. As a result, these donations pose limited
risk of transmission and is therefore of less concern when estimating the risk of transfusion-transmitted HIV.
In contrast, donors with recently acquired HIV pose a much larger risk. In response, blood services employ
behavioural risk questionnaires and one-on-one assessments to limit donation by donors at risk of recently
acquired HIV. Identification of donors with recently acquired HIV presents a failure of these behavioural
screening strategies and is used to calculate the residual risk of HIV transmission, given that there is still an

infectious window period, even when employing ID-NAT testing.

The ID-NAT assay for HIV used in SANBS has a 95% and 50% limit of detection of 18.4 (12-29) and 2.7 (1.9 —
4.0) copies/mL respectively which translates to an estimated window period of 2.9 days.*® In addition to
standard HIV serologic testing, SANBS performed limiting antigen avidity (LAg) testing between January 2012
and January 2018. The LAg test is one of several testing methods which were developed to assist in identifying
persons with recently acquired HIV-infections versus those with longstanding infections. It is used to calculate

HIV incidence at population levels where repeat testing of individuals to confirm seroconversion is not
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available.%394% This testing strategy enables the detection and categorisation of four subsets of HIV-infected

blood donations, namely acute (pre-seroconversion), recent, longstanding and (presumed) EC (Table 1).

Table 1. Sub-classification of HIV positive blood donations at the South African National Blood Service.

HIV Sub-classification HIV RNA HIV Ab LAg test Blood service

nomenclature

Acute* Positive Negative Not applicable NAT yield
Recent* Positive Positive Recent LAg recent
Longstanding Positive Positive Longstanding LAg longstanding
Elite controller** Negative Positive Not applicable Serology yield

* Incident infections includes both Acute and Recent infections; ** Presumed EC until ARV use is excluded.

Routine blood donor testing in SANBS identifies ~1,500 HIV-positive blood donors per annum.®*! As described
earlier, ID-NAT testing in parallel with HIV serology testing allows for the identification of donors with acute,
recent and longstanding HIV infections, as well as potential EC. HIV EC maintain HIV viral loads at very low
levels (<50 copies/mL) for a period of at least two years without taking ART, presumably due to inherent
protective immune responses.*? All donors who test both HIV RNA and serology positive are routinely recalled
for confirmatory testing, using HIV rapid testing, and counselling. Those who test either RNA only or serology
only positive (NAT- and serology yields) are initially fully retested and counselled upon confirmation of their
HIV status. These extensive testing strategies combined with donor recall for counselling play a pivotal role in
maintaining the safety of the country’s blood supply, but, importantly, also creates opportunities for novel

research and research collaborations.

One such program, the South African component of REDS-III, was a collaboration between the University of
California, San Francisco (UCSF), Vitalant Research Institute (previously Blood Systems Research Institute) and
SANBS sponsored by the USA NHLBI. It included a portfolio of clinical and epidemiological research protocols
approved by the NHLBI and each institution’s Human Research Ethics Committee (HREC), including a case-
control study of risk factors for recent HIV and HBV infections as well as a cohort study to assess early ART
initiation on HIV disease progression in donors with acute and recently acquired HIV. For these studies,
concordant HIV positive donors (RNA+/Ab+) were further classified as recent or longstanding cases. All acute
and recently infected HIV-positive donors as well as presumed EC were approached for enrolment in the REDS-
Il studies. All HIV-positive donors were referred for further management and care following post-donation
counselling. For those donors enrolled in the REDS-III early treatment monitoring study, linkage to care was
done urgently, included referral to a clinician experienced in HIV-management, immediate initiation on

therapy and ongoing monitoring for a three-year period.
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During the enrollment and subsequent counselling of donors for these studies we became aware that some of
these donors had been diagnosed with HIV and initiated on ART prior to their index donation. Concurrently,
we also noted a year-on-year increase in the proportion of our HIV-positive donors who presented as EC.
Further investigation confirmed that a large (and growing) proportion of these donors who initially presented
as EC, were in fact already taking ARV.12 This thesis was developed around the concerns raised from these early

findings and further built on the work performed as part of the REDS-IIl South Africa program.

Undisclosed ARV Use — An International Phenomenon

Failure by presumed EC to disclose ART use raised broader research questions regarding the prevalence among
blood donors of persons previously diagnosed with HIV and taking ART. It was of interest to us that this
behavior is not limited to the blood donation setting. Kim et al. found substantial non-disclosure among
respondents to the 2012 Kenyan AIDS indicator survey, which led to underestimates of both HIV diagnosis and
treatment in the country.*® Unexpected numbers of virally suppressed participants also led researchers from
the HIV Prevention Trials Network 052 (HPTN 052) study to assess ARV use on enrolment samples of 209 HIV-
infected index participants.** Overall, 23% of participants had at least one drug detected while 47% of virally
suppressed participants showed evidence of undisclosed ARV use. The Ugandan Rakai Community Cohort
study also demonstrated failure to disclose ARV use among 11% of 557 HIV-positive participants surveyed
between September and December 2011, with non-disclosure more common among younger persons.*® Since
the development of this thesis, multiple researchers in various settings have confirmed similar findings of
undisclosed ARV use, including among patients attending primary healthcare facilities*®*’, those participating
in population census programs*4°, at risk populations such as men who have sex with men*°, and among blood

donors in the USA%.

Motivations for non-disclosure of ARV use (or any other healthcare information) are not well understood.
Some researchers in the field of HIV treatment suggested that access to better healthcare through the research
programs and failure to previously disclose HIV status to sexual partners may in part explain this behavior. This
may well be true, as this behavior appears to be more prevalent in Africa as opposed to Asia and the Americas
where access to care may be better.** In addition, despite concerted efforts globally, HIV remains highly
stigmatised and may contribute significantly to the failure to disclose HIV status and ARV use even in settings
such as prevention of mother-to-child transmission of HIV.>! Interestingly, in the field of blood transfusion,
American researchers have found that donors understood the purpose of a donor questionnaire to be that of
assessing the safety of their (the donor’s) blood. This understanding resulted in donors responding to the
guestionnaire in a way that reflects their personal assessment of their perceived risk to the blood supply as

opposed to an accurate recording of the factually correct response.*
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The Impact of Undisclosed ART Use on HIV Testing and Incidence Calculations.

Early initiation of ART (current public health policy in SA) may reduce HIV RNA and antibody levels.>!® While
this is of clear benefit for the person taking ARV, there are other unintended consequences such as rendering
the laboratory assays used to identify HIV-positive donations more prone to false negative results, as has
recently been demonstrated.!® The effect of early initiation of ARV has also been investigated elsewhere. The
HIV Prevention Trials Network 052 group assessed the impact of early ART on the performance of HIV rapid
tests and HIV incidence assays. 1° Almost 5% of participants who had been virally suppressed for >4 years had
a non- or weakly reactive rapid test and 18.9% had a false-recent incidence assay result. Similar findings of
misclassification as recent infections after ongoing ART use were noted in the Multicenter AIDS Cohort Study
and the AIDS Linked to the IntraVenous Experience cohorts.®® A systematic evaluation of 5 different HIV
incidence assays, comprising the LAg>*, BED®>, less sensitive/detuned Vitros®®, Vitros avidity®® and BioRad
avidity®” assays, by the Consortium for the Evaluation and Performance of HIV Incidence Assays (CEPHIA)
demonstrated consistently high false-recent rates (40.4 to 83.6%) across all five tests when performed on HIV-
positive persons on uninterrupted treatment for at least 3 months.3 Further work by this group suggests the
inclusion of a minimum viral load of 75 copies/mL improve the false-recent rates among virally suppressed
treated persons, but does not eliminate nonzero FRR among other sub-populations and requires consistent
estimation of the MDRI relative to the applicable RITA .>® Increasing the viral load cut-off to 1,000 copies/mL
further decreases the false-recent rate, but then also decreases the estimated mean duration of recent

infection significantly.

Given the limits of blood donation testing sensitivity, potential seroreversion with early ARV initiation and the
possibility of human error, all of which could lead to transfusion-transmitted infection (TTI), there is urgency
to understand the extent of blood donation by this population and investigate interventions to reduce it. The
range of settings in which ARV use denial occurs is unknown. However, with the impact of ARV use on HIV
antibody tests, it may well have implications for any HIV research reliant on antibody-based incidence testing.
Our study findings may become more widely relevant as the scope of non-disclosure and its effect on recency

testing and incidence estimates are ascertained.

Significance to Transfusion Medicine.

With the continued progress in HIV treatment, potential cure research and prevention interventions (including
pre-exposure prophylaxis and prophylactic and treatment vaccinations), the traditional virologic and serologic
profile of HIV-infected individuals may change.’®>® This could compromise the ability of current blood
screening methods to accurately identify infected donations. In fact, the effect of undisclosed PrEP on the
kinetics of current blood donation testing was clearly demonstrated in Brazil. 1® South Africa, due to the size of

its HIV epidemic, large ART program, and the presence of a technically sophisticated blood transfusion service,
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presents a unique opportunity to rigorously study the extent of undisclosed ARV use as relevant to the field of

Transfusion Medicine and public health.

Although similar denial of HIV status and ART use has previously been reported in at-risk populations and in
HIV prevalence s