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Abstract

Introduction: Artificial intelligence (Al) and, in particular, machine learning (ML) have emerged as transformative tools in HIV
care, driving advancements in diagnostics, treatment monitoring and patient management. The present review aimed to sys-
tematically identify, map and synthesize studies on the use of Al methods across the HIV care continuum, including applica-
tions in HIV testing and linkage to care, treatment monitoring, retention in care, and management of clinical and immunologi-
cal outcomes.

Methods: A comprehensive literature search was conducted across databases, including PubMed and ProQuest Central, Sco-
pus and Web of Science, covering studies published between 2014 and 2024. The review followed PRISMA guidelines, screen-
ing 3185 records, of which 47 studies were included in the final analysis.

Results: Forty-seven studies were grouped into four thematic areas: (1) HIV testing, Al models improved diagnostic accuracy,
with ML achieving up to 100% sensitivity and 98.8% specificity in self-testing and outperforming human interpretation of
rapid tests; (2) Retention in care and virological response, ML predicted clinic attendance, viral suppression and virological
failure (72-97% accuracy; area under the curve up to 0.76), enabling early identification of high-risk patients; (3) Clinical and
immunological outcomes, Al predicted disease progression, immune recovery, comorbidities and HIV complications, achieving
up to 97% CD4 status accuracy and outperforming clinicians in tuberculosis diagnosis; (4) Testing and treatment support,
Al chatbots improved self-testing uptake, linkage to care and adherence support. Methods included random forests, neural
networks, support vector machines, deep learning and many others.

Discussion: Al has the potential to transform HIV care by improving early diagnosis, treatment adherence and retention in
care. However, challenges such as data quality, infrastructure limitations and ethical considerations must be addressed to
ensure successful implementation.

Conclusions: Al has demonstrated immense potential to address gaps in HIV care, improving diagnostic accuracy, enhancing
retention strategies and supporting effective treatment monitoring. These advancements contribute towards achieving the
UNAIDS 95-95-95 targets. However, challenges such as data quality and integration into healthcare systems remain. Future
research should prioritize scalable Al solutions tailored to high-burden, resource-limited settings to maximize their impact on
global HIV care.
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1 | INTRODUCTION and 40.4 million people have died from AlDS-related causes.

In 2022, approximately 39 million people globally were living
The HIV pandemic has had devastating consequences. Since  with HIV. In the same year, approximately 1.3 million individu-
its onset, an estimated 85.6 million people have acquired HIV, als newly acquired HIV, while 630,000 lost their lives to AIDS-
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related illnesses [1]. Notably, nearly 29.8 million people had
access to antiretroviral therapy (ART) [1], and UNAIDS esti-
mates revealed considerable progress towards the 95-95-95
targets. The achievement of 86%-89%-93% (86% of people
living with HIV [PLWH] knowing their status, 89% of those
with a known status on treatment and 93% of those on treat-
ment achieving viral suppression) is a significant improvement
from the 71%-67%-83% estimates of 2015 [1]. Much work,
however, still needs to be done: at the end of 2023, +5.5
million PLWH were not yet aware of their status; +9 mil-
lion were not on ART; and +£11.3 million were not virally sup-
pressed. To attain the global HIV targets, innovative strategies
will be needed.

Artificial intelligence (Al) is at the forefront of global inno-
vation, with its potential to enhance health outcomes gaining
increasing recognition. Al refers to the capacity of machines,
such as computers, to replicate aspects of human intelli-
gence [2]. Machine learning (ML), a subset of Al, entails the
utilization of algorithms and statistical models programmed
to learn from data, thereby discerning patterns and exe-
cuting tasks without explicit human instructions [2]. Super-
vised learning, a type of ML, learns to map inputs to out-
puts through pre-matched (labelled) pairs, contrasting with
unsupervised learning, which identifies patterns in data with-
out prior labelling [2]. Neural networks, inspired by biologi-
cal systems, employ interconnected neurons with adjustable
weights to make predictions, while deep learning refers
to neural networks with multiple hidden layers of neurons
[2]. These concepts collectively underpin the potential of
Al to revolutionize various fields, including healthcare, by
enhancing decision-making processes and ultimately improving
outcomes [2].

Al's integration into clinical HIV care offers promise for
the improvement of disease diagnosis, treatment selection and
risk assessment. This has the potential to enable healthcare
systems to more accurately identify PLWH, initiate ART in
a timely manner and implement targeted retention strate-
gies, ultimately improving patient and public health out-
comes. While systematic reviews have been conducted on
the role of Al in managing conditions like hypertension and
diabetes, there does not appear to have been an explo-
ration of the potential applications of Al in various aspects
of HIV care [3-6]. This study aimed to systematically iden-
tify, map and synthesize studies on the use of Al meth-
ods across the HIV care continuum, including applications in
HIV testing and linkage to care, treatment monitoring, reten-
tion in care, and management of clinical and immunological
outcomes.

2 | METHODS

This systematic review followed the Preferred Reporting
Items for Systematic reviews and Meta-Analyses (PRISMA)
guidelines [7]. The systematic review was registered with
PROSPERO to ensure transparency and adherence to
the predefined methodology and reporting standards
(https://www.crd.york.ac.uk/PROSPERO/display_record.php?
RecordID=517798).
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The search strategy was developed by a librarian, author LM,
in consultation with SN. This search strategy was designed to
gather relevant articles on HIV care and the application of
Al in healthcare, spanning the period from 2014 to 2024. It
included queries in four key databases: PubMed, Scopus, Web
of Science and ProQuest Central. The search terms focused
on HIV-related care and treatment, including HIV manage-
ment, ART and HIV/AIDS interventions, paired with terms
related to Al and healthcare technologies such as ML, auto-
mated systems and digital health. Filters for article type, lan-
guage (English) and time span (2014-2024) were applied
to ensure the results were up to date and relevant. The
search results from these databases included 265 articles
from PubMed, 355 from Scopus, 314 from Web of Science
and 2799 from ProQuest Central. The detailed search strat-
egy is provided in Supplementary Material 1.

Search strategy
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In accordance with PRISMA guidelines, a total of 3733
records were identified through database searching. After
duplicates were removed, 3185 records remained for screen-
ing eligibility. The title and abstract screening phase was con-
ducted by two authors, SN and TB, who reviewed the 3185
remaining records based on predefined inclusion and exclu-
sion criteria. Of these, 3060 records were excluded based on
predefined criteria. Subsequently, 125 full-text articles were
assessed for eligibility, of which 74 were excluded for vari-
ous reasons such as irrelevant study designs, populations that
did not focus on PLWH or interventions that were not related
to Al in HIV care. Ultimately, 47 studies were included in the
narrative synthesis for analysis (Figure 1).

Screening
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This systematic review included observational studies, exper-
imental trials and studies that investigated Al applications in
HIV care. We defined HIV care to encompass clinical activi-
ties and outcomes following HIV diagnosis, including ART initi-
ation, adherence and retention, viral suppression, immunologic
monitoring (e.g. CD4/CD8 ratios), management of comor-
bidities, prediction of treatment-related outcomes (e.g. frailty,
mortality, coinfections) and clinical decision support for ongo-
ing care. While our search strategy primarily targeted HIV
care and management terms, we also included studies on Al
interventions that facilitated entry into care through mech-
anisms such as HIV self-testing promotion that was linked
to clinical follow-up or ongoing care engagement (e.g. Al
chatbots promoting self-testing with linkage to services). The
inclusion criteria were established to capture a comprehensive
range of Al applications in HIV diagnosis, treatment monitor-
ing and patient management. Studies were excluded if they
were published in languages other than English, were con-
ducted before 2014 or focused on Al applications without
a direct connection to HIV care. Additionally, studies that
applied Al techniques but did not report outcomes related to
HIV care were excluded to ensure relevance.

Study selection criteria
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Figure 1. PRISMA 2020 flow diagram of study selection.
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The data extraction process followed a structured approach
to maintain accuracy and consistency. SN and TS indepen-
dently extracted data, and the compiled dataset was subse-
quently reviewed and refined by author ML, who acted as
the third reviewer. Given the complexity of ML methodolo-
gies, JS, a mathematician specializing in Al, conducted an inde-
pendent review of the extracted ML techniques to ensure
precise classification and correct interpretation of algorith-
mic approaches. To enhance consistency, the research team
conducted virtual consensus meetings, where reviewers dis-
cussed discrepancies and reached a final agreement on study
inclusion and data categorization. Data extraction adhered
to PRISMA guidelines and was systematically recorded in
Microsoft Excel. The extracted variables included: Study
ID (Article Title), File Name, ML Techniques Used, Study
Design, Study Setting, Study Population/Participants, Sample
Size, Intervention/Exposure, Comparator/Control, Outcomes
of Interest, Effect Size/Measure of Association, Statistical
Methods, Key Findings/Results and Conclusion/Summary. This
structured approach facilitated a comprehensive synthesis of
the data while ensuring consistency across studies. ML tech-
niques were categorized using standard taxonomies found in
authoritative sources such as Scikit-learn, The Elements of

Data collection process

Statistical Learning and Topol's framework for Al in health-
care.
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The methodological rigour of the included studies was
assessed using the Critical Appraisal Skills Programme (CASP)
checklist (Supplementary Material 2) [8]. TS evaluated the
studies, focusing on key aspects such as study design, risk of
bias, validity and generalizability. Any discrepancies in quality
assessment were discussed and resolved through consensus
to maintain the integrity of the review.

Quality appraisal
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The synthesis of findings was structured around four key the-
matic areas that reflected the different applications of Al in
HIV care. Studies were categorized into: (1) HIV testing; (2)
Retention in care and virological treatment response; (3) Clin-
ical and immunological treatment outcomes; and (4) Testing
and treatment support. In parallel, ML techniques were anal-
ysed based on the ML methods employed, such as random
forests (RFs), logistic regression (LR), support vector machines
(SVMs) and neural networks, to map their usage in various
aspects of HIV care.

Synthesis strategy
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Figure 2. Geographic coverage of included studies on Al in HIV care.

3 | RESULTS

Table 1 summarizes the 47 included studies, detailing authors,
study design, setting, population, sample size, outcomes and
Al methods used. Figure 2 presents the country distribution
of included studies, with the highest representation from the
United States (n = 7), South Africa (n = 6), China (n = 5),
Canada (n = 3), and Kenya, Nigeria and Tanzania (n = 4).
Studies were conducted across both high- and low- to middle-
income countries, reflecting the global interest in applying
Al methods across the HIV care continuum. Study designs
ranged from retrospective and prospective cohorts to ran-
domized controlled trials and cross-sectional analyses.”

The results are structured into four thematic areas: (1)
HIV testing; (2) Retention in care and virological treatment
response; (3) Clinical and immunological treatment outcomes;
and (4) Testing and treatment support.
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ML models have been employed to predict HIV and other
sexually transmitted infection testing uptake [48], while pre-
dictive models have been applied to classify field-based rapid

HIV testing

* Numbers represent the count of included studies conducted in each country.

Nigeria
Kenya
Tanzania

diagnostic test images for HIV diagnosis [47]. The applica-
tion of ML algorithms enhanced the specificity and positive
predictive value in interpreting HIV rapid diagnostic tests,
significantly reducing false positives compared to traditional
visual methods [50]. Al-assisted HIV self-testing in Kenya
demonstrated perfect sensitivity (100%) and high specificity
of 98.8%, ensuring accurate interpretations and enhancing
service delivery in pharmacy-based HIV testing [56]. In rural
South Africa, ML algorithms trained on 11,374 HIV rapid test
images achieved 97.8% sensitivity and 100% specificity, out-
performing human interpretation and supporting REASSURED
mobile diagnostics [47].

3.2 | Retention in care and virological treatment
response

Predictive Al has been applied across multiple domains in HIV
care, including retention in care [9, 15, 18, 22], viral load sup-
pression [16, 18, 20, 57] and virological failure [14, 21]. ML
models have been employed to forecast missed ART appoint-
ments [34, 58] and predict clinic attendance [22], support-
ing adherence and retention strategies. ML models for reten-
tion in HIV care showed strong predictive performance across
diverse contexts. Models achieved an area under the curve
(AUC) of 0.69 for predicting clinic visit attendance in South


http://onlinelibrary.wiley.com/doi/10.1002/jia2.70045/full
https://doi.org/10.1002/jia2.70045

Ngcobo S et al. Journal of the International AIDS Society 2025, 28:e70045

http://onlinelibrary.wiley.com/doi/10.1002/jia2.70045/full | https://doi.org/10.1002/jia2.70045

(panunuo))

‘SJoules no

3|NJ 03 JUBIDIHNS 9JoM S|apow
payiidwis papnppul aJom
(¥X3q) eyep uopisoduwiod Apog
uaym Adelndge 9%046< Yim
ues ysiem 9%6< pajpipaid

uoIssaJd3ad 103199A J4oddns pue (Ay1geute|dxa) Apnis (£z02)
15904 Wopuel ‘3ul3sooq Jusipel dVHS ‘8unsooq juaipel 1cee HM1d Aley  |euonealssqo e 39 00Lspa4  [€T]
"UOISS2139.
2135130] SuIpN|DUl S|9POW J9Y30
XIS ulwJioydadino ‘uoissaldoud uolssal3al
S|V 40 Ajljeriow JeaA-T 2135130| ‘12U dl3se|e
sunpipad ur /0 = DNV NNV ‘s2Aeg anleu 93e Jo anbiquiezoln (ceoe)
pue AJAIJISUSS %8/ ‘Adedndoe ‘SINOqyS3IauU 359.1e3u-) syjuow £> ¥V uedsaq oym AlH pue Apnis ‘|e 19 zan3Jupoy
%878 PAA3IYDE 1S9104 UIopUey INAS 152104 wopuey 00T paJdinboe Ajjejeurdad yim uaupjiyd edlyy Yinos 9AI329ds0ld -zoandujwoq  [ZT1]
'Snyeys AlH pue aanssaud ssind
‘uleJs |eixe ‘Supjows ‘a3e 3uisn
sanbe|d pijoJed 3uiioipaid ul
(TOOO0 = d) uoissaudal 211s130)
pawl044adino (6£°0-92°0 uoJIssa3au
= DNV) S[SPOW 15240} Wopuey 2135130] 1S90 UIOpUEY 981 HMd epeued Apnis 3104yoD (c20T) ‘e 12 Aoy (TT]
'sJjojolpaud doy se
JUN0dD ||92-1 +,gD MO| pue a3e (80 = u) Ayjedoinau-uou pue
‘peo| |ediA yead ‘uoleanp T-AlH {(TZ = u) Ayjedoanauouow (04 =
yum ‘Ayzedounau |essydidad u) AyredounauAjod Alosuss |eisip
Suijoipaud ul uoissaldal pa3eI0SSe-A|H PapnPuUl—(TTT
2135130] pawlojiadino (080 uolssal3al = u) Ayjedounau |essydiiad Apnis
< DNV) S|apoul 358104 Uopuey 2135130 158404 Wopuey 0%S :sdnoJg juaijed 234yl (HAATd epeued) [euipnyiBuoT (1202) 3@ nL  [0T]
'sdnoJ3 age
PUB X3S SSOJDE SUOIJUSAISIUI
pajad.ey 3uijioddns
pue spoyiaul plepueis
Suiuwdofladino ‘eldadIN
ul ZG'0 pue anbiquezoyn|
urgoo = DddNv yim S99 edixe
dn-mo||04 03 SSO| | ¥V pajdipadd 1500g9X 15940J WOpUed anbiquezol| Apnis
S99} Pa3so0q ‘152404 Wopuey ‘NNYV ‘Uoissaud8al 21351807 098 HA1d pue elRSIN  2AI30ads0119Y (Z202) "8 12 1uar [6]
sSuipuly As) pasn spoylaw |y e9ZIS uonjejndod  uoi8a/Aiuno)  udisap Apnis Jloyiny JEN|
9|dwes

M3IA3J BY} Ul papnjaul SaIPN3s ay3 Jo s|iesdq ‘T d|qeL


http://onlinelibrary.wiley.com/doi/10.1002/jia2.70045/full
https://doi.org/10.1002/jia2.70045

Ngcobo S et al. Journal of the International AIDS Society 2025, 28:670045

http://onlinelibrary.wiley.com/doi/10.1002/jia2.70045/full | https://doi.org/10.1002/jia2.70045

(panunuo))

PN 1d1/1dD 40 g
pue uawisal A43-D1e-4AL
‘uoijednp | ¥y ‘Junod
(D MO| papnjaul sJo3oipaJd
doj {640 = 24025-T 4
pUe OO'T = AJAI}ISUSS 68660
= DNV Ym ainjiey |e2130j0IA
paIpald [opow 353104 WOpUed v
'sjodsioy
9P JO pE SulAyuap
Aj302440D ‘4ET°0 = 2J02S Jallg
pue %69 = 910dS T4 ‘Adeundde
%8/ Yum (passaiddnsun
%0¢<) s1odsjoy peoj [edin
pajIpaJd |[9pow 3520} UIOpUE.
e 'Sal|vey L3jesy ueAusy| 59z
WOJJ SpJodaJd A Uol|jiu { 3uisn
‘dnoJg ysu
159y31y %0¢ doy ay3 Suowe
AJAINSUSS %/ G pue Adedndde
%C'S/ UNM (Moys-ou Aep-8z<)
9JED WOJJ Jusua3edussip
yjuow-9 pajoipaud
e1ep ¥|AJ auinod 8uisn
[9pOU 9343 UOISII9p 3|quiasua Uy
‘[ ¥V Uo uoljednp pue
93e ‘9duadaype ‘uswidal | ¥V
JUNod 0D papn|dul s103dipaJd
Ao ‘sa|qelleA 44 8uisn
a.n|iey [ediA pajdipald (520
= DNV) 159J04 Wopuel pue
(¢80 = DNv) uoissaidal OSSY1

Suluiw anu
UOIIBID0SSE 1S2.0) LIopUey %976

sa|Ivey
S9TY
pue sisa3

159.104 Wopuey uoljjiw 4

S22} UOISIDOp 2|quiasu] 3/1

15204
wopued ‘uoissaddal OSSY] Tv6c

HM1d

sjuedidijed paziwAuopnasy

HM1d

HM1d

eidoiy13

eAUDY|

eluezue|

elIa3dIN

pue eluezue|

‘eAUDY|

‘epuedn

HERIBI\VE
ueJeyes-gqng

Apnis
|euoI129s
-$504D

Apnis
|BUOI23S
-$504D)

Apnis 1104yoD

Apnis 3104yoD

(€202)
e 32 oweN /7]

(€20T) nemiN
pue Ipuagey  [9T]

(zz02)
e 3o Aayes  [T]

(€202)
e 32 deqsy  [pT]

s3uipuly As)|

pasn spoyjow |y e9ZIS
a|dwes

uone|ndod

uoiSa/Anuno)

usisap Apms

loyiny 9y

(panunuod) °T |qeL


http://onlinelibrary.wiley.com/doi/10.1002/jia2.70045/full
https://doi.org/10.1002/jia2.70045

Ngcobo S et al. Journal of the International AIDS Society 2025, 28:e70045

http://onlinelibrary.wiley.com/doi/10.1002/jia2.70045/full | https://doi.org/10.1002/jia2.70045

(panunuo))

"uoIIdIpald PeO] [BJIA Ul PUOI3S
paXUeJ 4y ‘UOIIEDISSED 007>
D 4o} Adeindoe 3saysiy

(d9X)
3u13500q JuBIpeJ3 SWDIIKD
(99) Sunnsooq jJuaipeto
(4¥) 352104 Wopuey
(AND)
saAeg oAleU uelIssneo)
(1) @241 uoisdag
(¥7) UOISSa18aU 21351307

SU} paAsIYde g9 3lIym ‘660 (NAS)
= DNV PuUe ANAINISUSS %/ 6 auIyoew Jo3daA jioddng
“A2eandde %94 UM |ul/saidod (NN) Apms (€202)
000T< peoj [edin pajdipaid gox sJnoqygiau 3saleau- 106C HAN1d eidolylg  oA3dadsodiay B39 ejogas  [0c]
‘uoldIpaJd apndad
paseq-22uanbas 104 JalIsse|d
33edndoe 350w 3y} 4N
Suplew ‘Ajlaaizoadsad ‘Adeandoe
%1LE8 PUE %5196 YIM
sopidad T-AlH-13ue pajdipaud (ST02)
swyjlIog|e 2343 [apow 213s130| 991} UOISIDap g f 5195 1593 Juspuadspul pue Jex3eqeyoln|
pue 47 ‘sadnieay uoljisoduwod JB3S M| ‘}52.40) Wopued /¥ pue sapiidad pajsa) Ajjejuswiiadxs Apn3s pue
pioe oujwe opnasd Suisn ‘9943 [apow 2135130 NNV 212 ‘08C ‘Jaselep aAljIsod s3asejep a9y ueJ| SARdINSa@  peWWeyoOWULIoOd  [4T]
'$3593 A Joud Jo uaquinu pue
UOIJRINP JUSWIIeaU] ‘SHSIA 3e) (|]opowl
Jolud Suipn|oul s10301pald Ay peo| |elIn)
WM (9£°0 = DNY) uolssalddns [16€9€
PEOJ [BJIA pUB (6970 (lspow
= DY) S2UBPUBIIE JISIA-]xSU uoijuslal)
pajdipaJd jsoogepy pue 1500gepy ‘152.04 sjualjed Apnis (zz027)
U0ISS482J 213S180] ‘}52404 WopUey  WOPUe. ‘U0ISSaI8aJ 213s1S07 989G HATd B2l Yinog [eulpnyiSuoT ‘e 3o mayselN  [8T]
sSuipuly As) pasn spoylaw |y e9ZIS uonjejndod  uoi8as/Aiuno)  udissp Apnis Jloyny JEN|
9|dwes

(penuiuod) T 3|qeL


http://onlinelibrary.wiley.com/doi/10.1002/jia2.70045/full
https://doi.org/10.1002/jia2.70045

Ngcobo S et al. Journal of the International AIDS Society 2025, 28:670045

http://onlinelibrary.wiley.com/doi/10.1002/jia2.70045/full | https://doi.org/10.1002/jia2.70045

(panunuoD)

"SUOIIUSAIRIUL pajasle)

Joj AN SuuwI—AYARISUSS
%06 9A3ILDE 0} sl Y31y

Se UaWOoM JO %19 pad3dels Inq
(8£°0-¥7£°0 = DNv) Adeindde
31eJapowl Ypm (Ju/saidod
000T-06<) elwaein pa3oipa.d
eIep |edlul)d auinod Suisn

3u13s00q
JuaIpeJs ‘s3sa.40y
wopued JsuJesladng

CallIv

Apnis

(TZ0oT)

S|apow OSSY] pue Jsulea]iadng ‘UoIssa48a. 2135180 ‘OSSV ] TZET (#T0Z-T1T0Z) uswom jueudald UBJBUES-ONS  2AI30ads0119y ‘e 32 ueUwINN  [#7¢]
"SYSI |e39)
pue Ajljigesn ‘AdeAlud papnjoul INSIA
SUJSDUOD (PaINSUD 2JaM TS SMIIA
usISap 2AI3ISUSS-BWSNS pue -Jojul
S9DIAI9S 03 98e3Ul| ‘UOIFeuUlIojul dnoJg
91eJndoe ‘AjlwAuoue Ji Spulel}
uonuanald AIH JoJ sjogieyd |y paseq eISAele|n| Apnys
Ul 352493ul passaldxe sjuedilied dIN -gom oAl Ul UsW Y}IM X3S 9ABY OUM USA| eISABIBIA| SAI_YEND  (2Z20Z) B 12 Susd [ez]
(%€68 = T4 '%LC8
= DNV) SAep Og ulpim axeidn dTN
3U13s3} | LS/AIH pa32ipaud 3saq 1500g9DX 15940} wopued
uoIssaJ3aJ 32U D13Se|D 3|Iym ‘saAeg aAleu Jnogysiau
(%80 = T4 ‘%829 = DNV) 153483U-3 INAS ‘T8
9dUBpUS}Ie DIUlD Japulwal-1sod O135e[9 ‘U0ISSau3au 93pu Apnis (zz02)
Alpwi} pajoipadd 3s00gOX ‘0SS ‘UoIssau8al 213SIS0T /297 USW UM X3S DABY OUM UIJIA| elledisny  2AI3Dadsou1ay ‘le 30 SuojSuerx  [zZ]
'SUOITEINW 9DUBISIS
3nJp Ay Jo oueliodwi
Suluuod Aljiqeisadiaiul
[9poW YIM (€60 (NND) >4omjau
= DNV) SNNYg pue (160 [BJNaU |BUOIIN|OAUOD s3nJp
= DNV) d1A Suiwogiadino ‘(NNYg) iomiau 19V
(G6°0 = DNV ueawl) Adeandoe [EJNaU JUSJINda. g7 ‘uol}
UOI3eD1YISSe[D 30UB)SISa [BUOI323J1PIG “(dTIN) -e|ndod Aesse aoue)sisal Apnis (0202)
3nJp 15ay31y ay3 pansiyoe NND uoJydaouad JsAeynin Apnis oN 3nJp pue ejep aousanbas T-AlH VSN 9AI30adsoliay ‘e 19 Jaulls [12]
s3uipuly A9y pasn spoylaw |y 29ZIS uonejndod  uoi8au/Anauno)  usisap Apmis Joyiny 19y
a|dwes

(panunuod) °T 3|qeL


http://onlinelibrary.wiley.com/doi/10.1002/jia2.70045/full
https://doi.org/10.1002/jia2.70045

Ngcobo S et al. Journal of the International AIDS Society 2025, 28:e70045

http://onlinelibrary.wiley.com/doi/10.1002/jia2.70045/full | https://doi.org/10.1002/jia2.70045

(panunuoD)

‘|oA9] JI0AIDSD SUIAJISSE|D

Ul saJnjeay SU0JIs adam | Yy
Uo SJedA pue sjj20 | +dD
uo uolssaldxa /z1aD ‘AlgeioN
‘S|opow SS0J4oe Adedndoe
padueleq %0/~ PapleiA wNd
AlH 393Ul IO |B10} MO| SNSIBA
Y31y Jo uodipaud isjenpiAipul

ERIENEI]
(IN0-33B1IBAOD-3UO-2ARS|)
0201
‘(59243 uoIs|Dap asJeds
lewndo [eqo|3) 1dSOD
(uoiyoafoud
uoewixoidde

pajeali- | ¥y GTT Wody eyep plojiuew paj|0J3uod Apnys
J10AJ9S3J pue d130j0unwull 03 asimdled) dyinDed |euoliyoas (£202)
paljdde aJam s|apoul ¥ pue 4y ‘¥ ‘UoIssaiSal Jeaur STT HAMTd SN -5504D) ‘e 32 BAOUBWSS  [87]
(Tre0 = )
002<¥dD 4041529 4 (G9€°0
= ) 00¢>1AD 404 15°q
pawiojiad INAS e3ep [edluld NNV
woly olred 8dD/dD pajolpald 'S99} UOISIDap 359104 Apnmis (Teoe)
(dTA '3 “INAS) Slepow N WopUe. §I0MIaU UelsaAeq 8888 HM1d VSN 9AIdadsollay e 19 1s0e|0 /7]
“UOIJBZI[BNIXSIUOD [BDIUI[D
paJinbaJ pue 21Jsusd paulewal
92IAPE S} y3noyy ‘Sulj|asunod
AlIH J0J |00} 2A13u0ddns
e se A}l|iIn Suljelisuowap sasuodsal
‘salianb pajejad- | ¥y j003eYD JO
03 sasuodsal aAisuayaidwod uoljen|eAa
pue 31e4ndde papirodd | 491eyd dIN sydwodd €7 sal1anb juaiied paje|nuig aJodeduls aAIIe}IEND (¥2072) "|e 32 Yoy [92]
(600 = YY)
%C'0 0} %/°C Woly paddolp
AIH pasouseipun :D0S Ul %0
SNSJIBA JuaWIeal) g Aep-auwes
%01 PUe (DOS Ul SABp TT 'SA T
= UBIpaW) Uoljeljiul Juawiea.;
g1 Jojses 03 pa| Su3say
AIH [estaAun snid (GAg1yAvO) IMmefeln ul [et3
Aed-x 3sayd paple-ianduwod /b1 pue S201AJ9S Adewldd a3noe Suipusiie p3||0J3u0d (1202)
WM 8ulusaIds g1-AlH NNV oy ‘eLy 43N0od yIm (sJedh 8T <) sINpy IME[BIN paziwopuey ‘e 19 uosisydoelN  [S7]
s3uipuly A9y pasn spoylaw |y e9ZIS uoijendod  uoi3ai/Anuno)  usissp Apnis Joyiny 19y
a|dwes

(panunuod) °T 3|qeL


http://onlinelibrary.wiley.com/doi/10.1002/jia2.70045/full
https://doi.org/10.1002/jia2.70045

Ngcobo S et al. Journal of the International AIDS Society 2025, 28:670045

http://onlinelibrary.wiley.com/doi/10.1002/jia2.70045/full | https://doi.org/10.1002/jia2.70045

(panunuoD)

%69

= 93eJ aAlIsod as[e) pue 8/8°0
= DOYNV ‘A%BINIIE %476
PaMOUS UOIJEPI[eA [BUIDIXD

(TT°0 SN 61°0 'SA 800 = (471S) uoissaidau 213sISo| 14514
J31ug {€G°0 SA GL0 SA 260 = a1dwis (dSSd) uoidipald = 110402
DOYNY) uoissaiddns [e2130[0JIA [BAIAINS D1410ads-jualjed 1Al
Aldea Bunaipaud ul ¥ ‘(471LIN) uolssausal eee = Apns (8T02)
PUE dSSd Pawoadino y1IN 2135130 [edodwa} 3senin HOoYod N3 HM1d epuesn  |euolleAsasqo e e oseslg  [1¢€]
‘(UoneLIBA JO %/°E6
3ulule|dxa) snieis |ejldew pue
S3NJp ¥V U2aMIaq UO[IeID0SSE
1593U043S By} PaMoys D
((8unsay) TG/°¢ ‘(Buue)) 1947/
= 3SIN Pue (3U1sa) Y060
‘(Buiulenn) €060 = z Yim (47N) Uolssausa.
‘SOW00IN0 | ¥y 3uiioipaud ul Jeaul| a|diznw Apnis
S|opou ||e pawiojtadino SI4NY INAS ‘SIANY NNV 00S¢ HAN1d BLBSIN  9AI30Rds0u3Ry  (620¢) B 19 eleg  [0€]
ENRETINENT]]
pue 28eJaA0D 3dUBINSUl
y3jeay ‘snjeis Supfiom
‘SNJe}s [ejlIewW ‘SSa00e elpawl
ssewl ‘AJO3sIy 1593 SUlUS340S
SAIV/AIH SAIV/AIH Inoge
pJeay 3uiAey ‘uondodiad-4as
JlUY3a ‘[9A9] [BUOIIEINPS
15ay31y ‘98e ‘9ouaplisad Jo
uoI33J ‘Xapul Yjjeam ‘@douspisal >J0MIBU
JO eaJe Uspuas :su03dipald [ednau |epuyie 993
JuedyIusIS T SulAjipuapl uolIsIDap ‘sunoqydiau
‘98paimouy SAIv/AIH 159.4B3U-Y ‘UOISSa.33.
PIpaJd 01 (%E 9 = Adeindoe) 2135130| |eluloulg-isenb Apnis (£z07) e 1@
153( pawojJad 353104 wopuey 15240} wopuey S9G'0T 3|doad SunoA pue sjusdsajopy niad  aAnpadsoulay saJoj4-leqhy  [67]
s3uipuly A9y pasn spoylaw |y 29ZIS uonejndod  uoi8au/Anauno)  usisap Apmis Joyiny 19y
a|dwes

(panunuod) °T 3|qeL

10


http://onlinelibrary.wiley.com/doi/10.1002/jia2.70045/full
https://doi.org/10.1002/jia2.70045

Ngcobo S et al. Journal of the International AIDS Society 2025, 28:e70045

http://onlinelibrary.wiley.com/doi/10.1002/jia2.70045/full | https://doi.org/10.1002/jia2.70045

(panunuoD)

1oV

JO syuow 9 3s4i} ay3 Surnp

1says1y sem aoueulIo)lad

‘suoidnuiajul Juauiealy

G86'SE 40 6TT'C Sundipaid

‘Add %0¢ pue Ajdiyoads

%.9 ‘AIAISUSS %79 panalyde
[opow 3u13S00q |ed110393ed Ay |

AIH U3M BUIAl] usJp|iyd

Suoule UoljeuIdDIeA BZUSN|JUI

03 sJdapuodsad-uou AJzuspl

03 [eipuajod Y31y Suijeaisuowsp

‘9SeD palyisse|dsiu

QU0 AJUO pue Adeandde

%9'G6 Unm Ajpiussounuiwl

aud2eA pajipaud

SUOIIPUOD PUB $3250NS

91A20YdWA| 9A1} SSOJE SaUD3

Qf WoJy sajyjoid uolssaldxo
Suisn |spoul 3soogepy Uy

ETEVETRETEN

SIPEIUOD PaPIoU JO %9°C8 pue

Sased paljijou-Jauled 3saysiy

ay3 3ulney se odelueuli|iy

payijuspl suoneziiensia

[9PoW (89¢T°T = IVIN) NNV

pue (O¥ECT = JVIN) 1500gDX

0} paJedwod $awodIN0 3ulIsa)

xapul AlH 8uidipaJd ul (T9ZT'T
= JVIN) 159q pawopad 4y

1s00gvav

pue 8u13so0q |eJ1108938D) /18202 SOIUND Y3eay 21gnd woly sjusiied

$159J04 Wopued pue [1Z]
(¥ Ul UOIIDUNY SJUIAS)
Saulyoeul Jo03oaA jdoddns
‘[oz] (¥ ur uomrduny

19UWIS) 18U 1se|3 £z HM1d

$10B3U0D

9zzL pue
(NNV) sjualp
YJOMIaU [BINAU [BIDIITIE

1S00gOX ‘1S2404 Wopuey

xapul
AIH 9¥€9

$198JU0D

palIIoU ISy} pUB SIUSID X9pUl AlH

CaIITVATI S

Aled|

eluezue|

Apnis
|BUOI29S
-5504D)

Apnis 1104yod

Apnis
[BUOIIBAISSAO

(€202)
'3 pyry el

(0202)
‘e 3o ousnjod  [e¢g]

(cz0o2)
e smyd  [ze]

s3uipuly Aa)

pasn spoyjaw |y £9ZIS
9|dwes

uolje|ndod

uo|3ai/A1uno)

usisap Apmis

loyiny 9y

(panunuo)d) T aqeL

11


http://onlinelibrary.wiley.com/doi/10.1002/jia2.70045/full
https://doi.org/10.1002/jia2.70045

Ngcobo S et al. Journal of the International AIDS Society 2025, 28:670045
http://onlinelibrary.wiley.com/doi/10.1002/jia2.70045/full | https://doi.org/10.1002/jia2.70045

(panunuoD)

'saqo| [e3alded

pue [ejodway pue ‘snwejeyy
‘sndwesoddiy ‘ejep3Aue

9y} &l] suoldaJ [ed134odgns pue
[BD1340D AY WO S94NJed) MOJy
poo|q |edgaJad 3uisn ‘Adeandde
%S/ YIm snjels Ayjled) pue
(£80-18°0 = DNYv) Adeandoe

%9828 YIM HANTd Suowe
Juswedwl 9AIHUS0D palyIsse|d

(SNNQ) s$»H4omiau |eanau deag
Juawliedul] sAIHUS0D
pue snieis AlH SulAyissed
10J (O'T 01 dn) sjyslem
aAIPIPa.d 3s3y31y ay) pey
S3J0MIDU (NdH) |eraliedojuoly
pue (NIAd) Aowaw

[e32lied ‘(yS) 2oualjes ay |
‘9TOC O #00¢ WOy eulyd
‘90UIAOId UBUSH Ul 92UapIoul
SAIV Alyjuou Joj Adeanooe
uolpdipaJd Joradns Suljedipul
‘%67, 40 FdVIN UB Ylm [spow
VINIYY 243 Sulwiodadino
‘%80°€ 4O (IdVIN) Jod19
a8ejuadlad a3njosqe ueaul

€ paAdlyoe jopoull NNV-dg =YL
'S95ED
(00Z<) ¥@D Jausiy ur 3saq
pawoiad 4y ‘sased (00z>)
#(D-MO| Ul pauliojiadino
INAS ‘sjuaiied |y
wa3-8uo| Ul (oned gdd/vAD)
uoljouUNg aunwwi pa3dipald
AJ9AII034J2 SJ03edIpUl [ed1ulD

3uIsn sjppoul ¢\ PUE 4 INAS

NNV

NNV

(]opow o3euane
3ulnow pajesdajul
9AISS9130.-01NE)

VINIIY NNV

NNV ‘152104 WOpUed ‘NAS

Gcl

L6C

VN

96

HM1d

S]0J3U0D
SANESBU-AIH 60ST PUB HAMTd £6C

s|epoul A3IpIGIOIN

HMd

vsn

vsn

euyD

BUlYD

Apnis
|BUOI}29S
-$501D

Apnis
[BUOI1D3S
-$S04D)

Apnis
SAlelenD

Apnis
9AI1309ds0419Y

(6102)
e NPT [8e]

(Tcoz)
e 3e ey /€]

(0coz) N pue 1 [9¢]

(zzog) e 1 [se]

s3uipuly A9y

pasn spoyjaw |y

£9ZIS
9|dweg

uone|ndod

uoi3aJ/Aiuno)

usisap Apms

loyiny  Joy

(ponunuo)d) T 3)qeL

—


http://onlinelibrary.wiley.com/doi/10.1002/jia2.70045/full
https://doi.org/10.1002/jia2.70045

Ngcobo S et al. Journal of the International AIDS Society 2025, 28:e70045

http://onlinelibrary.wiley.com/doi/10.1002/jia2.70045/full | https://doi.org/10.1002/jia2.70045

(panunuo))

'3SN WOpUod pue
AJo3siy Buiisa} AlH ‘SJdaujled
W32yl JO Jaquinu ‘a3e
papnoul suojipadd doy 660
= DNV Pue AdJeINdoe %94 UM

3ur3snpd

luiems3
pue Imele|n|
‘elquiez
‘eluezue|
eIy

Apnmis (T2o2)

snieys AlH pajoipald 3s00g9x [BDIYDBIBIY SAIFEISUWO|SEY 628'€9C AIH 10} pa3sa3 s|enpiAipu| UBJRUES-ONS  2AI30ads0l1ay ERENS N4
"90us|eAald
AlH pue 23eJan0d | ¥V 3ulIa1snd
Uo paseq (S9143unod 09 ‘SA GT) SUBDW-Y| }$2.40) WOpUe.
SI9ISND OM]} Paljijuapl SUBSUI-Y ‘993 UOISIDap }S009DXK AJjunod Jad uoljejndod SIsAjeue
3|IyMm ‘sawiodIno | ¥y Suidipald ‘Quiyoew Jo3daA jioddns |BJO] ‘syjeap paje[aJ-AlH ejep (€202)
ul (%06) Adeandoe 1say3iy ‘U0ISSa4334 2135130) S91J3UN0D ‘59582 AIH ‘(%) 98eJon0D | ¥V AJepuodas yeAllewod)
33 PaA3IYDE 15310} Wopuey ‘SINOqUSIaU 159183U-Y G/ :Blep 9DUB[|IBAINS A|H [2AS]-[BUOIIEN BISSUOPU|  aA30adso.Ulay pue ipeANIA [T1]
“JUSUOD
yyjeay aJow pue a3en3ue| 0]
3ulppe pa3sadans pue udisop
Alpualily-Jasn ‘9auj-euwd(ls sjl
panjeA sJasn 1 asnaJd 03 Sulf|im
%6/ PUB [NJasn 31 Sulpul} %c6
UM ‘g|qejdadde pue a|qiseay
punoy sem |ASIA UelsAeleln| Apnis
3uouwe 4344 pue 3ui3say uolyeydepe spoyiaul (¥z07)
AIH Sunowoud joqieyo |y uy a3en3ue| [e20] 4N I UBW UM X3S SABY OYM USIA| eISABIBIA| -paxin e1@yeayd  [ov]
(SUsIA
‘uoleanpa |e303
pue [INg ‘©2J4n0S anUaAal 7S6T)
‘23e31s AIH ‘JuswAodws Apnis-gns
9JaM sJ01oIpadd Ay A31un23s
'slopipaud /g1 Suish 280 = poo) LT/
DNV YHM ADH PUE AIH UM -uoiayul
slenpiAipul Ul (0T< 01-a-S3D) -0 Apnis
SswoldwAs aAIssaidap SIsAjeue aouellodwl ADH-AIH spoyiaul (zz02)
payoIpald [9pow 153104 WOPUed v/ 2IN31e3J ‘}52.0) UIopuUey 310¢ SnJIA D sijizeday ypum HAATd epeued) -paxiin ‘le 3@ aylede|n  [4€]
s3uipuly Aoy pasn spoyjaw |y £9ZIS uoljejndod  uoi8au/Anuno)  usisep Apms Joyiny IEN|
a|dwesg

(panunuod) ‘T |qeL

13


http://onlinelibrary.wiley.com/doi/10.1002/jia2.70045/full
https://doi.org/10.1002/jia2.70045

Ngcobo S et al. Journal of the International AIDS Society 2025, 28:670045

http://onlinelibrary.wiley.com/doi/10.1002/jia2.70045/full | https://doi.org/10.1002/jia2.70045

(panunuoD)

'SAeJ-x 1sayd 3uisn
sjuaijed HAATG Ul sisougelp
g1 sonoddwi Ajpuediudis
1 SuImoys (000 = d)
[9poWw ay3 AQ pa3sisse suemdIuld
104 %G9 SNSIaA AdBINdde %6/
paAalyoe |apow 3ulules| das(
‘swolduwAs
SAISSaUdap pue Xas ajeway
WO YSI1 pappe UM ‘saunjesy
3ui3ew|oinau JOJOUONSIA
pue uol3dun} JojouwoydAsd
Jood ‘(D MO| papndul
SJ103101padd A9y (AJIAIJISUSS %99
pue uolisald %8 9100S T4
%TL YIm Ayjled) palyiuspl INgD
'$10301paJd
A adam Junod QD
pue 31J003eway ‘UYjjeay [ejuaul
‘ejep [eulpn}BUo| LM %06 03
dn pue auljaseq e DNV %6/
Y3M sa140323[el3 aA131uSod0Inau
pajoipaud sjapowl INGD
‘snjejs
AlH UMOUY pue 2ouapisal
ueqJn ‘Juawj|oJus |ooyds
1| s40321paud Ag Ajpuediyiudis
paien Ajianisod AJH
{$9143UN0D UBdLIJYy UeJeyes-gqns
€1 wodj syuedpiyled
GGE'20g U0 \¥Dd pue dulisnpd
|e21yddedaly aAlelauo|33e
3uIsn payijuspl aJ4am
(Xas Jad) sJo3sn|d AJjunod oM|

NND

UOISS2J82. 33elIBAI}NW

p23500(-1U3IpelD)

UOISS2J82. 23elleAl} N

P23500(-1U3Ipe.o)

3ulIa1snd

|e21YD.eUaly 2AI1J2WO|33Y

LL9

SOt

G8¢

Sleway

2C9'sST

pue sjew
€eL9YT

sIsojnoJaqgny pa3oadsns yim HAAT

HM1d

AIH
paJinboe Ajjejeurdad ym uaipiyd

B1ep JUSWSSaSSe
1edwl AlH paseqg-uoieindod

CRITVAVI S

vsn

eIsouopU|
Weu3aIA
elpoquied
pueliey L

S31J3UN0d
Uedlpy

ueleyes-gns g1

Apnis
[BUOI1D3S
-$S04D)

Apnis 140yoD

ey
paj|0J3u0d
paziwopuey

Apnis
[euipn}I3uoT

(0c02)
e 3o Aeueld  [9v]

(0z02) ‘1B 19 Ined  [S¥]

(0202) e 10 Ined  [#1]

(£202)
1R BN [S7]

s3uipuly A9y

pasn spoylaw |y

£9ZIS
a|dwes

uone|ndod

uoiga/Aiuno)

usisap Apms

loyiny  Joy

(panunuoD) T a|qeL

14


http://onlinelibrary.wiley.com/doi/10.1002/jia2.70045/full
https://doi.org/10.1002/jia2.70045

Ngcobo S et al. Journal of the International AIDS Society 2025, 28:e70045

http://onlinelibrary.wiley.com/doi/10.1002/jia2.70045/full | https://doi.org/10.1002/jia2.70045

(panunuoD)

‘8unsa) A|H pa3auu0d

‘3|geleds Joy sajdipurid

dl3soudelp 3YNSSYIY

3uijioddns pue siapead uewny

SuiwJoadino quawAoidap

plal} Ul Ajdpl9ads 9%00T

pue AYAIISUSS %8°/6 Panallde

eOLIJY UINOS [eJnJ Ul pa3oa|jod

sogewl 359} pided AIH +/ETT
uo pauleJy [apow Suluies| dasp v

‘Oled [v/1SV puUe junod |1d

‘eadn ‘YN ‘a4n|ie) Auoje.idsal

“poys o13das papnpoul

SJ0301paud Ay (A1D14109ds

96'0 pue AJIAIISUSS 69°0 DNV

06°0 Ynm Ajljerow [eydsoy-ul
pa3dIpald [apow 3500g9X

"3uole sJo3dIpald

[enpIAIpUl Buisn s|apoul

J9A0 /T°0-S0°0 JO Saseaudul

20NV Yim ‘(stjiydAs

X35 SS9|WOPUOD "8'3) SaUI0IIN0

|1S PUE JnolABYaq [ENXSS

0T 40 uoiipaid parosdwl jeyly

sdnoJ3gns paseq-inoiAeyaq

PalyIuLp! AIH YIM SUIAI INSIN
Jo Bupia3sn|p A pasiatadnsun

‘sanlisod anuy

8un33ap Ul (%/°£6) S4apirodd

pue (ANANRISUSS %7°E6)

SjuUal|d Yjoqg 3ulwioiadino

Add %518 PUe AdN %00T

Aypudads %886 “AjAnisuss

%00T PaAsIyde saSew! 1593-)|2S
AIH 8uiaadisjul wyiiode |y

NND

WAS “(NN-) sinoqygiau
152.JB3U-Y 1500gDX
‘U0ISSa18ad 21351807

SISAjeue UoISSaU3a.
‘UlI9ISND [BDIYDIRIBIH

2ouelnsse

Ajtjenb aSewt ‘(3aNXIN)

uo3edlISse|d ‘(oueN
XOTOA) U0II318p 123[q0

v/LETT

Lc61

75€9

00sT

soSewl 31591 pided AlH

SISOdAWOIB[EY YIM HAAT

uswl YjIm XoS oAeY OYM U3|A|

HM1d

Apnis

21y YInos Ajljigisead

Apnis
eUIYD  [BUOIBAISSCO

Apnis

PUBJIDZIIMS |euIpn}iSuoT

Apnis
eAUSY  |BUOIIBAISSqO

(T202)
e 32 9qunL [0S]

(ccoz) e @ s [67]

(zz02)
e 39 Ussapuy (8]

(#202)
e 10 2yooy  [/¥]

s3uipuly A9y

pasn spoyiaw |y

£9ZIS
a|dwes

uolje|ndod

uoi8au/Anuno)  usisep Apms

loyny  joy

(panunuod) °T 3|qeL

15


http://onlinelibrary.wiley.com/doi/10.1002/jia2.70045/full
https://doi.org/10.1002/jia2.70045

Ngcobo S et al. Journal of the International AIDS Society 2025, 28:670045
http://onlinelibrary.wiley.com/doi/10.1002/jia2.70045/full | https://doi.org/10.1002/jia2.70045

(panunuo))

"9duewIoIad

aAIdIpald Y31y 3uinsiyoe
‘Uoljednp uolualal pue +4QD
MO| ‘@SN 022eqo} ‘sisoudelp

je a8e se ons siojoipaud

Ao BuiAjipuapl ‘erep YH3

3uISN HAAT 40 %2'8¢ Ul (xapu]
uos|leyD) uspang Ajpiglowod
pasea.oul pajdipaJd

[9poul UoIssaudal 0SSV v UoISSaU8a.1 0SSV €6¢8 HM1d vsn Apnis 14oyod  (1z0g) ‘e 319 Suex  [€G]
(%568 = Aydyioads
‘%7'C8 = AUNIISUSS ‘9T 40
= DNV) 2oueullogad y3iy
UIM HANTD Ul 1Sg pajaipaud
(s3urpulj uidew ] ¥y ou
‘NNg ‘HA1 Y3y 11d +Ad
‘gqH Mo| "89) SJ030eJ |edIulD [2UIDY Apnis
OT 8uisn [9pow [e1pes INAS Siseq [elped yIm INAS 861 HM1d BUIYD  9ARadsoulsy (€c02) e e N [24]
93pajMOoU AlH pue 3ullojiuow
Jua.ed ‘Adedlyja-J|9s papn|oul
sJojoipald A9 (G8°0 DOYNY UOo1303|9s 24njeay
‘AND1J103dS %T /9 ‘AUAIJISUDS BINJIOg ‘159404 Wopued
%E 78 YUM SsauaAlsuodsal-uou ‘991 UOISIDap ‘UOISSaU3al el
UOIjUSAISIUI 21351301 “(INAS) p3]]043U0d (£z02)
pajdIpaJd 153404 wopuey aulyoew Jo3dan jioddng 7962 SjuUspNIs ZT-0T 2pedo seuwleyeg ay | paziuopuey ‘le 32 Suep\ 1G]
s3uipuly A9y pasn spoylaw |y £9ZIS uonejndod uoiSas/Anuno)  usisap Apms Joyiny JEN|
a|dwes

(ponunuo)d) T 3)qeL

16


http://onlinelibrary.wiley.com/doi/10.1002/jia2.70045/full
https://doi.org/10.1002/jia2.70045

Ngcobo S et al. Journal of the International AIDS Society 2025, 28:e70045

http://onlinelibrary.wiley.com/doi/10.1002/jia2.70045/full | https://doi.org/10.1002/jia2.70045

'S}oselep JO S3U3|10.) ‘S1S21 JO JaqUINU AJoads Saldjus 2wos sjuedidiided Jo Jaquinu 2y3 3uasaJdald sanjea 2zis a|duies ‘pajeis SIMIYI0 SSIUNe

"OUBN 22UQ 00T AJUQ NOA ‘OUEN XOTOA ‘8UIISO0q JUSIPEIS DWaJIXa ‘GOX UOIIELIEA B30} PaiySiam

‘ALM ‘PEOJ [BJIA “TA BUIDIBA BZUSN|JUI PaJBAIOBUI JUS|BALIY ‘Al L Suliojiuow Snup d1nadelayy ‘INgL SISon2J4agn] ‘g aulyoew JojdsA jdoddns ‘NAS suoijeueidxs aAijippe Asideys dvHS
S1J0MIBU 231e3S SUIISD) ‘NSY (15240} WOopUel 4y 1593 d13souselp pided |y SOSABUY-BID|N PUB SMBIADY D13BWRISAS 1o swiaj| Suljioday patiafald ‘VINSIMG ‘Aytedoinau jesaydiiad dNd
AIH YHm Sulal ajdoad ‘HAAT Buissadold a3en3due| [ednjeu dN UsW UM X3S aABY OUM USW ‘|AISIA ‘UOISSaJ33d Jeaul| a|diznul YA uodidaoiad JaAeijinu A Suluies| sulyoeuw Al
{U0ISS2U83J 2135180] Y7 9dUDU2JUl JN0-2IBIIBAOD-2UO-3ARD| ‘0D ‘@243 [9poWl d13SI80] ‘[N ‘J0jedado uoi3oa|as pue aSexuldys a3njosde 3sea| ‘0SS SInoqusiau 3sadeau-y ‘NN 93n33su|
35easI SNoIdaJu| ‘|| SNJIA AduaiDijapounuiull UBWNY ‘A[H SNJIA D siyjedsy ‘ADH s8aJ3 uolspap asieds jewnndo [eqojd | dSO9 SeAeg aAleu ueissned) ‘gNo :Buljsooq juaipedd ‘g
‘uolpdafodd >oeq paltsyly ‘dg4 ‘ZUSJINBJD ‘A4T 2243 UOISIDap ‘| SJOMIBU [BINSU [BUOIIN|OAUOD ‘NND SIJ0M U3[eay AJUNWWOD ‘SApAHD 47 UOIEIIUSISHIP JO J23snp ‘4D ‘eulwelSold
SIS [estedddy [BD131D) dSYD (UOIDa)UI WeaJlispoolq ‘|Sg HJ0MIaU [ednau JUSIINdad [euoldaJdIplq ‘NNY G ©AINd 8y} Japun eade ‘DY ‘Adedayy [eJinodiadijue ‘| ¥y [opowl aSedaAe Suirow
P931eJ393Ul DAISSDIZI-0INE VIN YV HMI0MIBU [ednau [ediize NNV WdISAS 9oualajul Azznj-oanau aAldepe ‘SI4NY 22uad1jja1ul [e1d1IlIe ‘| Bullsooq aaipdepe 1s00gyQY SUOIIeIADIGQY

“JUSWDA|0AUI Bul|[eusiS uli3aul
3uny3iysiy ‘HAA1d Ul (200
=d '9F'T = YH) Aljeiou
JeaA-G pue (8/'0-€/£°0 =
2NV) Aie AIH Jo 2ARIpaad
SHAD pajeIdosse-3uous

1500g9X ‘INAS 153404
wopuel "Omm,ﬂl_ Jau

Apnis

(8102)

869 PaliULp! N 9|quiasul J13sefd ‘3ulULes] ajquiasu LETT HM1d  AJsiaAlun ajeA  2A10adsod)ay e 39 Sueyz  [5G]
's108.e)
ADH PUe T-AIH Yioq uo
1o 0] pajepljeA Ajjejuswiiadxs
9Jom spunodulod
[9AOU BUIU JO UDA3S {(O'T-£8°0
2oNv) Aseandde ysiy ypm
SJ0)GIYUL ADH/AIH 1984e313nW
0z paplipald syuidisdull s1o3.e3 ¢
9d403 Pue SOOVIN :D shiedsH soseqelep 1gN3ayvD
UM |NAS pue sakeg aAleu auIyoew JOIdIA ‘s198.e) pue 393.e3 danadesay) wouy Apniys
3uisn ypeoudde ¥ysp ajdiinu v }Joddns ‘saAeg aAleN TT ‘AlH s393.e} snUIA D sijileday pue AJH euiyd aAleylend (6102) 1B 1° DA [1S]
sSuipuyy Aa) pasn spoylaw |y e9ZIS uonjejndod  uoi8as/Aiuno)  udisap Apnis Jloyiny JEN|
9|dweg

(panunuo)d) T aqeL

17


http://onlinelibrary.wiley.com/doi/10.1002/jia2.70045/full
https://doi.org/10.1002/jia2.70045

Ngcobo S et al. Journal of the International AIDS Society 2025, 28:670045

http://onlinelibrary.wiley.com/doi/10.1002/jia2.70045/full | https://doi.org/10.1002/jia2.70045

Africa [59]; demonstrated the potential for identifying high-
risk patients with AUC values of 0.65 and 0.52, respectively,
in Mozambique and Nigeria [9], and 75% accuracy [15]. A
categorical boosting ML model, applied in a South African
cohort, correctly identified 22,119 of 35,985 missed clinic vis-
its, achieving a sensitivity of 62%, specificity of 67% and a
positive predictive value of 20% [34, 58].

Al methods applied to predict VL suppression and iden-
tify patients in HIV care at risk of virological failure uti-
lized algorithms such as RFs, LR and SVMs [16, 18, 20, 57].
These models, trained on routine patient data, including clinic
attendance, viral load results and treatment history, generally
achieved varying levels of accuracy (approximately 80—96%)
and sensitivity (72—97%), but successfully identifying patients
at a high risk for disengagement and highlighting the poten-
tial for targeted interventions to improve outcomes and opti-
mize resource allocation. In South Africa, these models pre-
dicted retention and viral suppression with an AUC of up to
0.76 [59]. Models achieved 78% accuracy in identifying viral
load hotspots in Kenya [16], 97% accuracy in predicting viro-
logical failure [20].

3.3 | Clinical and immunological treatment
outcomes

Al has shown promise in improving the monitoring of clini-
cal outcomes in PLWH. Predictive models have been applied
to predict clinical progression to AIDS [12], diagnose PLWH
with laboratory-confirmed bacteraemia or fungemia (here-
after, bloodstream infection [BSI]) [52], predict immune func-
tion recovery [35] and identify comorbidity predictors [53].
Additionally, various ML models have been employed to iden-
tify individuals at high risk for HIV-associated morbidity—for
example development of peripheral neuropathy [10] and mor-
tality.

Models achieved 97% accuracy in predicting CD4 status in
Ethiopia, and 90% accuracy in clustering regions by ART out-
comes [20, 41]. In Yunnan, China, a study developed ML mod-
els to predict long-term immune function changes in PLWH on
ART. The SVM model performed best for CD4+ T cell recov-
ery in patients with counts <200 cells/ul, while the RF model
excelled for those with counts >200 cells/ul [35]. At Wenzhou
Central Hospital in China, a study developed an Al diagnostic
model to identify PLWH with BSI on the basis of eight clinical
factors combined with age and gender. The model, built using
the SVM with Radial Basis Function Kernel (svmRadial) algo-
rithm, achieved an AUC curve of 0.916, sensitivity of 0.824
and specificity of 0.855, demonstrating excellent performance
in diagnosing PLWH with BSI [52].

Furthermore, ML and Al have significantly enhanced diag-
nostic tools for HIV-related conditions. In Malawi, a computer-
aided digital chest X-ray system improved the timeliness of
tuberculosis (TB) diagnoses, reducing the median time to TB
treatment initiation from 11 days under standard care to just
1 day [25]. In South Africa, the CheXaid deep learning algo-
rithm achieved 79% accuracy in diagnosing TB from chest X-
rays in PLWH, outperforming human clinicians (65% accuracy)
and proving particularly valuable in resource-limited settings
[46].

18

In the United States, a study used deep neural networks
to classify cognitive impairment and frailty in PLWH, achiev-
ing accuracies of 82-86% and 75%, respectively, while iden-
tifying critical cerebral blood flow patterns [38]. In a subse-
quent study, ML models were used to analyse resting state
networks of the brain in 297 virologically suppressed PLWH
and 1509 healthy controls, identifying that the salience and
parietal memory networks effectively distinguished HIV sta-
tus, while features of the frontal parietal network were asso-
ciated with cognitive impairment, with minor variability in pre-
dictive strength observed across different age groups [37].

34 |

Al chatbots have shown substantial potential in enhancing
HIV services in Malaysia, Hong Kong and Singapore by pro-
viding accessible, stigma-free and personalized support. In
Malaysia, 93% of users found chatbots useful, and 79%
expressed willingness to continue using them for HIV test-
ing and related services [40]. A focus group with 31 MSM
in Malaysia highlighted that chatbots addressing HIV testing
were well-received for their anonymity and ability to over-
come systemic barriers like stigma and discrimination [23]. In
Hong Kong, a ftrial involving 528 participants demonstrated
that chatbots effectively promoted self-testing uptake and
provided counselling comparable to traditional methods [60].
In Singapore, chatbots offered accurate, comprehensive health
information while reducing barriers to care, addressing stigma,
and improving access to HIV prevention and treatment [61].

Testing and treatment support

35 |

Various Al techniques have been extensively applied to
enhance HIV care and research by addressing critical clini-
cal and public health challenges (Table 2). Artificial neural net-
works (ANNs) [9, 12, 27, 29, 30, 35-38] and RF [9-12, 14,
16-20, 27, 29, 32, 33, 35, 39, 41, 51, 55] models have been
utilized to predict treatment outcomes, viral load (VL) sup-
pression and long-term health trends. SVM [20, 22, 30, 33,
35, 41, 49, 51, 52, 54] and LR [9-11, 18, 22, 41, 48, 49,
51] have been applied to identify factors influencing clinic
attendance, immune function and comorbidities. Deep learn-
ing models, including convolutional neural networks [25, 46,
50], assist in diagnosing co-infections like TB through chest X-
rays, while bidirectional recurrent neural networks [21] cap-
ture temporal trends in VL and CD4 counts. Natural lan-
guage processing [23, 26, 40, 60] has enabled the develop-
ment of chatbots to promote HIV self-testing and enhance
patient engagement. Specialized techniques like YOLOX Nano
[47] for interpreting HIV self-test images, clustering meth-
ods for identifying socio-behavioural predictors and gradient
boosting [20, 44, 45] for predicting patient retention and ART
interruptions, further highlight the capabilities of Al in HIV
care. These applications showcase the versatility of Al in opti-
mizing diagnosis, treatment and care delivery for PLWH.

ML techniques

4 | DISCUSSION

The current review underscores the significant potential of
predictive ML applications in advancing HIV care, aligning
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with broader analyses of ML in healthcare. Reviews, such as
Obermeyer et al. on predictive analytics in general healthcare,
and Topol on Al in clinical medicine, emphasize ML'’s versa-
tility in improving patient outcomes through early interven-
tion and resource optimization [63, 64]. Similarly, our analysis
illustrates how ML models, using routine patient data, predict
virological suppression, retention in care and clinical outcomes
with moderate to high accuracy.

Previous reviews have noted ML's capacity to address crit-
ical healthcare gaps, such as predicting patients’ risk of dis-
ease progression, treatment interruption, adverse drug reac-
tions, and loss to follow-up and optimizing treatment path-
ways [65-67]. For example, Topol discusses ML’s role in per-
sonalized medicine, which aligns with this review’s findings on
predicting individual patient outcomes, such as virological fail-
ure and immune function recovery [64]. The capacity of ML
to address retention in care parallels findings in primary care
reviews, where predictive models have improved appointment
adherence and patient engagement strategies [63].

The use of Al in diagnostics, as highlighted in our anal-
ysis, mirrors broader findings in imaging and pathology. For
example, the application of Al-assisted diagnostic tools in TB
and BSI detection aligns with reviews in oncology and radiol-
ogy, which documented the enhancement of diagnostic accu-
racy and efficiency through deep learning models [68]. These
advancements underscore ML's versatility in integrating clini-
cal data and imaging for timely and precise diagnosis.

Previous reviews have identified challenges in the imple-
mentation of Al within clinical practice, including poor data
quality, algorithmic bias and limited scalability of models
across diverse settings [67, 69]. Issues such as the need for
high-quality training datasets, ethical considerations in model
deployment and integration into clinical workflows have been
extensively documented [64]. Furthermore, the introduction
of Al into HIV care presents significant regulatory and ethical
challenges, particularly concerning data privacy and potential
biases in Al models [69, 70]. Ensuring patient confidentiality
is paramount, as Al systems often require access to sensitive
health information, raising concerns about data security and
unauthorized use [71]. Moreover, Al models trained on non-
representative datasets may perpetuate existing health dispar-
ities, leading to biased outcomes in diagnosis and treatment
[72].

To address the identified challenges, practical steps, includ-
ing embedding equity into Al design from the outset by
ensuring inclusive data, applying bias-aware modelling strate-
gies, auditing decision outcomes and institutionalizing fairness
through policy, can help prevent the perpetuation of health
inequities [73]. Moreover, clear regulatory frameworks and
ethical guidelines should be developed to safeguard patient
data privacy and support responsible Al deployment in HIV
care [70, 74]. Strengthening collaborations between clinicians,
data scientists and policymakers is essential for aligning Al
innovations with frontline healthcare needs [63].

This synthesis reinforces the broader consensus that ML
has the potential to transform healthcare delivery across vari-
ous disciplines. While specific to HIV care, the findings reflect
universal themes in ML applications, emphasizing the need
for ongoing research and collaboration to maximize the bene-
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fits of these technologies in achieving better health outcomes
globally.

Al and ML have the potential to revolutionize HIV care,
particularly in sub-Saharan Africa, where the epidemic remains
most severe, and health systems face significant challenges.
Al is transforming HIV care by enabling early identification of
high-risk patients, strengthening retention strategies, acceler-
ating TB/HIV co-infection diagnosis and expanding access to
self-testing, with the potential of driving better health out-
comes in the most affected regions. As these technologies
continue to evolve, their integration into healthcare systems
could optimize resource allocation, enhance early intervention
strategies and improve overall patient outcomes. However, to
maximize their impact, Al-driven solutions must be tailored
to local contexts, address structural barriers and ensure equi-
table access, ultimately strengthening HIV care delivery in the
regions that need it most.

Looking ahead, the next phase for Al in HIV care and
research should focus on evaluating the long-term impact of
Al interventions on patient outcomes, health system efficiency
and equity in HIV care, particularly in under-resourced set-
tings. Moreover, the development of locally relevant imple-
mentation frameworks grounded in ethical, regulatory and
infrastructural realities will be essential to guide the respon-
sible and sustainable integration of Al into HIV programmes.

The present review has several limitations. The heterogene-
ity of studies makes direct comparisons challenging due to
variations in design, population and Al methods. Additionally,
publication bias may influence findings, as negative results are
less frequently reported. Only studies published in English
were included due to resource constraints, which may have
led to the exclusion of relevant studies published in other lan-
guages.

5 | CONCLUSIONS

Our review highlights the transformative potential of ML
applications in HIV treatment and care, demonstrating their
effectiveness in predicting critical outcomes such as reten-
tion in care, virological treatment response and clinical com-
plications. By leveraging routine patient data, ML mod-
els have proven valuable in optimizing resource allocation,
improving diagnostic accuracy and enabling targeted inter-
ventions, particularly in resource-limited settings. While sig-
nificant advancements have been achieved, challenges such
as data quality, algorithmic bias and integration into clini-
cal workflows persist. Addressing these limitations through
robust research, ethical considerations and scalable implemen-
tations will be crucial for maximizing the impact of ML on HIV
care.

The findings of this work reinforce the broader poten-
tial of ML across healthcare disciplines, aligning with global
efforts to enhance patient outcomes and achieve pub-
lic health goals, including the UNAIDS 95-95-95 targets.
Future research should focus on refining ML algorithms,
fostering interdisciplinary collaborations and ensuring equi-
table access to Al-driven innovations in HIV treatment and
beyond.
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