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Abstract

Introduction: Acute HIV infection (AHI) diagnosis is challenging due to complex diagnostics and low prevalence. We
tested different targeting approaches for AHI testing using data from a cross-sectional study of STI burden in Eswatini.
Methods: From June 2022 to April 2023, adults underwent routine HIV and viral load (VL) testing (Xpert) and completed
a questionnaire on socio-demographics, behavioral characteristics and current symptoms. AHI was defined as negative/
discordant serial HIV rapid diagnostic test and VL >10,000 copies/mL. We used lasso regression to determine risk factors
for AHI and build study-specific predictor risk score (PRS). We evaluated the ability of the PRS and other targeting
approaches to predict AHI.

Results: Of 1064 participants, ten (0.9%) had AHI. The 10-parameter PRS at cut-off >10.8 had the area under the curve
(AUC) 0.87 (0.86-0.89), sensitivity 100% (69.2—100), and proportion needed to test (PNT) 26.1%. At the cut-off >14.1 the
AUC was 0.85 (0.71-0.98), sensitivity 80% (44.4-97.5) and PNT 11.5%. A previously developed PRS and targeting young
women reporting AHI symptoms also performed well, but not the WHO-recommended clinical screening criteria for AHI
(sensitivity 40%).

Conclusions: Targeted approaches that combine AHI symptoms and locally relevant characteristics may be an efficient
way to support the scale-up of AHI testing.
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leading to HIV resistance, especially with long-acting in-
jectable PrEP.>°

Introduction

Acute HIV infection (AHI) is a period of a few weeks
between viral acquisition and the appearance of HIV anti-
bodies,' associated with high viral load (VL), seeding of
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viral reservoirs and a disproportionally high likelihood of
onward transmission.' Undiagnosed and untreated acute
and early HIV infection may be interfering with benefits of
HIV control strategies, as despite impressive progress in
HIV control, the HIV incidence remains high, with
1.3 million new infections in 2023, more than three-times
the UNAIDS 2025 target.*

The relative role and contribution of AHI in onward
transmission is likely to become increasingly important as
the proportion of the population who know their HIV status,
are on antiretroviral therapy (ART) and have an undetect-
able VL increases.* Missed AHI may allow inappropriate
initiation of pre-exposure prophylaxis (PrEP), potentially
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Diagnosis of AHI is challenging because it cannot be
detected by routinely used rapid diagnostic tests (RDTs),
duration is short and overall prevalence is low. In high-
income countries AHI is routinely diagnosed with sensitive
fourth-generation antibody/antigen immunoassays, but
these are not available in resource-limited settings. Mo-
lecular testing became more widely available through point-
of-care platforms (i.e. Xpert), but it remains expensive. AHI
is rarely diagnosed in sub-Saharan Africa and there are
currently no World Health Organization (WHO) or other
guidance to support AHI testing.’

Different targeting strategies for AHI testing have been
proposed to reduce the proportion needed to test (PNT)
and increase the AHI yield, for example targeting testing
of patients seeking urgent care for malaria,® or attending
sexually transmitted infection (STI) clinics.'®'" Several
predictor risk scores (PRS) algorithms to identify in-
dividuals at high risk of AHI who should be prioritized
for the molecular testing have been developed in sub-
Saharan Africa.'”'® Despite the promising performance
of many PRSs, the uptake in routine practice has been
limited, possibly because the PRSs are often context-
specific'®!” or implementation in routine settings is
challenging.

Eswatini is a country with high HIV prevalence in the
general population (24.8% among adults in 2021) and
excellent HIV control, achieving the 95-95-95 targets
(93.7-97.3-96.2), but although decreasing, HIV incidence
remains high (0.6% overall in 2021).*° Novel and in-
novative approaches are needed to address the persistently
high HIV incidence, including identifying HIV infection
during the AHI period. We used data from a cross-sectional
study of STI burden in rural Eswatini to develop and test
different targeting approaches for AHI testing.

Methods

This was a cross-sectional study, nested within a larger
study evaluating burden of STIs, among individuals pre-
senting to health facilities and HIV care sites in Shiselweni
region in Eswatini between July 2022 and March 2023.2'
The analysis in this paper includes participants who un-
derwent routine HIV testing and had a negative or dis-
cordant HIV RDT result.

Study setting

Shiselweni is a predominantly rural region in southern
Eswatini, with a population of just over 200,000 people and
a generalized HIV epidemic, with HIV prevalence of 26.5%
among adults.”’ The study was conducted at six sites:
Nhlangano second-level health center, two rural primary-
level health clinics, one factory clinic and two stand-alone
MSF-supported community sites. All sites offer HIV testing
services (HTS) and HIV prevention and care services,

reproductive health care and management of STIs. All care
is provided free of charge.

STI burden study procedures

Details are described elsewhere.?' Briefly, adults (18 years and
older) were invited to participate in the study, if they attended
HTS, received ART refills or received syndromic diagnosis of
STI at one of the study sites between July 2022 and March
2023. Those who provided informed consent were invited to
complete a detailed questionnaire about socio-demographic
and behavioral characteristics, and current and past (2 weeks)
symptoms; either self-administered electronic or paper ques-
tionnaire or they could be assisted by study staff. Participants
provided venous blood for HIV VL and further STI diag-
nostics, and urine sample for pregnancy test, urine leucocyte
esterase and molecular STI diagnosis. A nurse conducted
clinical examination.

HIV testing and linkage to care

Participants with negative or unknown HIV status were
eligible for routine HIV testing, performed by HTS coun-
selors on finger-prick blood using the standard serial RDT
algorithm used in Eswatini (Determine™ as the first-line
test, followed by Uni-Gold™ if positive). HIV VL was
measured in the study laboratory in Nhlangano health center
on Cepheid’s GeneXpert® platform using plasma.
Established HIV infection was defined according to
the national serial HIV testing algorithm, based on de-
tectable HIV antibodies on Determine™ and Uni-Gold™
HIV RDT and detectable HIV VL. AHI was defined as
a negative or discordant (Determine™ positive and Uni-
Gold™ negative) HIV test result on the serial RDT al-
gorithm, combined with either (1) a VL >10,000 copies/
mL, or (2) an initially detectable VL <10,000 copies/mL
confirmed by a second detectable VL on a plasma sample
collected prior to ART initiation.”***> Serial HIV RDT
algorithm negative or discordant samples with un-
detectable HIV VL were considered negative.
Participants who tested positive for HIV (established
HIV or AHI) were linked to care. Participants testing
negative for HIV were offered HIV prevention: PrEP (oral
PrEP or vaginal ring), condoms and/or voluntary medical
male circumcision. Participants diagnosed with syndromic
STI were treated as per national algorithm, and their
treatment was adapted based on the laboratory results.

Eligibility criteria for AHI analysis

Participants who underwent routine HTS and had an HIV
negative or discordant result based on routine HTS algo-
rithm were included in the analysis. Exclusion criteria in-
cluded missing VL result and missing complete risk factor
questionnaires.
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Data management

We coded all binary variables as “1” for positive response
and “0” for all other answers (negative, missing, or not
knowing the answer), assuming those without character-
istics and symptoms would be more likely to omit reporting.
We used one-hot encoding for categorical variables with
more than two categories, thus representing categorical
variables as group of binary variables with each variable
representing one category. This allowed the lasso regression
model to handle each category separately and benefit from
L1 regularization.?

Statistical analysis

Statistical analyses were performed using Stata Statistical
Software: Release 18 (College Station, TX: StataCorp
LLC). We described baseline characteristics using counts
and proportions for categorical variables and medians with
interquartile range (IQR) for continuous variables. Cate-
gorical variables were compared using Fisher exact test.

We established a study specific PRS for identification of
AHI, using lasso regression for prediction with 7-fold cross-
validation.”® Lasso allows for use of large number of
predictors; it performs automatic feature selection by
shrinking coefficients towards zero, eliminating irrelevant
ones and thus performing variable selection,?*” and it can
select models with a limited number of coefficients.

To establish the PRS we used variables previously as-
sociated with risk of HIV acquisition (socio-demographic
and behavioral variables) or with AHI (clinical symptoms,
including flu-like and STI-related symptoms). We estab-
lished a long PRS using variables related to the facility,
reason for visit, socio-demographic and behavioral char-
acteristics, as well as self-reported symptoms and discordant
RDT result (all variables listed in Tables 1 and S3), and
a simplified PRS using variables readily available in routine
care such as basic demographic information, reason for
visit, self-reported symptoms and discordant RDT result
(Table 1) and compared the performance (area under the
curve (AUC)) of both models.

To obtain participant’s individual risk of AHI we sum-
med up the different penalized standardized beta co-
efficients for each predicting factor and multiplied it by 10
(to enhance interpretability and facilitate score calculation).
We plotted and cross-tabulated the sensitivity, specificity
and PNT estimates at each cut-off level of the PRS, chose
the optimal cut-off point that would give best sensitivity
with lowest PNT and evaluated performance of PRS at each
selected cut-off point. PNT was defined as the proportion of
participants who scored at, or above the score threshold or
fulfilled targeted criteria and would qualify for HIV VL
testing and the “number needed to test” (NNT) as the
number of participants who would have to be tested to
identify one AHIL

Other targeting strategies. We evaluated performance of two
previously established PRSs: “Nhlangano 2019 PRS” es-
tablished in the same setting'’ and “consensus PRS” de-
veloped from three cross-sectional and one prospective
study in sub-Saharan Africa.'® Details of the previously
established PRSs at their best performing cut-off points are
shown in Tables S1 and S2

We also evaluated performance of different simple
screening approaches that would not require calculating
PRS and could be more easily implemented in routine
settings. We tested performance of “symptoms suggestive of
AHI” (sore throat, fever (reported or measured as >37.5°C
at time of clinical consultation) or any reported STI
symptom) as used to select participants in Nhlangano
2019 study,'” “WHO AHI symptoms” (fever, rash, sore
throat, aches and pains, lymphadenopathy, mouth sores and/
or headache) (6) , and combination of “WHO AHI symp-
toms” with recent (last 14 days) sexual intercourse, as proxy
for recent exposure, as recommended screening criteria for
delaying PrEP initiation by WHO.® In addition, as young
women are carrying most of the burden of HIV incidence in
Eswatini,”® we also evaluated performance of simple criteria
“young woman” and a combination of being a “young
woman” with “WHO AHI symptoms”.

Ethics

All participants provided written informed consent. The
study was approved by the Eswatini Health and Human
Research Review Board (EHHRRB096/2021) and the MSF
Ethics Review Board (ID:2154).

Results

Of 1195 participants who underwent HIV testing, 39 (3.3%)
were newly diagnosed with established HIV infection, 22
(2.9%) were missing information on final HIV status and 70
(5.9%) were missing questionnaire data and were excluded from
further analysis (Figure S1). Finally, data of 1064 participants
were included in the analysis, their median age was 27 years
(IQR 22-33) and 651 (61.2%) were female. Ten (0.9%)
participants were diagnosed with AHI. Participants who
visited study sites because of illness or family planning,
reported to have had fever, headache or genital sores and
those with discordant serial HIV RDT result were more
likely to be diagnosed with AHI (Table 1). All risk factors
measured are described in Tables 1 and S3.

Newly established PRS

The long PRS had 16 parameters and an AUC of 0.96 (95%
CI 0.91-1.00), and the simplified PRS had 10 parameters
and an AUC 0f 0.95 (95% CI0.78-1.00) (Figure S2). Given
similar performance between both PRSs, we chose the
simplified PRS for further development and analysis.
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Table 1. Characteristics of patients included in the study, by AHI status.

HIV negative
Total (n = 1064) (n = 1054) AHI (n = 10) P-value
n % n % n %
Demographic Factors
Sex
Female 651 61.2 642 60.9 9 90 0.099
Male 413 38.8 412 39.1 I 10
Age, (years)
Age: 18-29 years 667 62.7 658 62.4 9 90 0.101
Age: 30 years or more 397 373 396 37.6 I 10
Pregnant 142 133 140 133 2 20 0.631
Breastfeeding 75 7.1 75 7.1 0 0 1.000
Self-Reported Reason For Visit
Sickness 375 35.2 367 348 8 80 0.005
Maternal health 82 77 82 7.8 0 0 1.000
Tuberculosis 6 0.6 6 0.6 0 0 1.000
HIV Prevention 102 9.6 102 9.7 0 0 0611
HIV Testing 335 31.5 333 31.6 2 20 0.733
Family planning 16 1.5 14 1.3 2 20 0.009
STI 57 5.4 56 5.3 I 10 0.425
Partner notification 22 2.1 22 2.1 0 0 1.000
Other 233 21.9 232 22.0 I 10 0.700
HIV RDT Result
HIV serial RDT result: Discordant 4 0.4 2 0.2 2 20 <0.001
Self-reported symptoms*
Fever 206 19.4 201 19.1 5 50 0.028
Red eyes 256 24.1 254 24.1 2 20 1.000
Headache 486 45.7 477 453 9 90 0.007
General body pain 342 32.1 336 31.9 6 60 0.084
Fatigue 423 39.8 416 395 7 70 0.058
Weight loss 204 19.2 200 19.0 4 40 0.106
Night sweats 148 13.9 145 13.8 3 30 0.151
Cough 215 20.2 211 20.0 4 40 0.124
Sore throat 163 153 160 15.2 3 30 0.187
Diarrhea 101 9.5 99 9.4 2 20 0.244
Blood in urine 95 8.9 92 8.7 3 30 0.052
Nausea 203 19.1 200 19.0 3 30 0413
Abdominal pain 429 40.3 422 40.0 7 70 0.100
Vomiting 94 8.8 9l 8.6 3 30 0.051
Rash 159 14.9 157 14.9 2 20 0.651
Swollen glands 59 5.5 58 5.5 I 10 0436
Mouth sores 62 58 60 5.7 2 20 0.111
Scrotal swelling 18 1.7 18 1.7 0 0 1.000
Genital itching 401 37.7 397 37.7 4 40 1.000
Genital warts 106 10.0 105 10.0 I 10 1.000
Genital sores I51 14.2 147 14.0 4 40 0.041
Genital discharge 371 349 366 34.7 5 50 0.331
Pain at urination 293 27.5 290 27.5 3 30 1.000
Pain at intercourse 248 233 246 233 2 20 1.000

AHI = acute HIV infection. RDT = rapid diagnostic tests. STI = sexually transmitted infection.
"The question asked was: “Do you or did you have any of the following symptoms in the past 2 weeks?”
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Table 2. Factors identified as predictors of AHI in the long and simplified lasso model with their non-zero penalized beta coefficients

(multiplied by 10 as used in the score).

Risk factors included in the PRS Long model Simplified model
Clinic: Stand-alone site —0.1

Female 2.8 29
Age 18-29 years 1.9 1.7
Education: Primary 33

Reason for visit: Feeling sick 6.2 6.5
Reason for visit: Family planning 24 24
Being in relationship 0.8

Being married —-1.2

Anal sex in last 6 months —04

Last HIV test <I month ago 0.6

Last sexual intercourse >| month ago 0.5

Genital sores 2.1 2.5
Headache 4.6 4.2
Mouth sores 1.3 1.1
Blood in urine 0.8
Vomiting 0.5 0.5
Discordant HIV result 3.1 29

Negative coefficients indicate protective factors. AHI = acute HIV infection.

Variables included in both prediction models and their
corresponding standardized penalized beta coefficients are
presented in Table 2.

We identified two well performing cut-off thresholds for the
simplified PRS (Figure 1 and Table 3). The cut-off threshold
at >10.8 points had AUC 0.87 (95% CI 0.86—0.89), sensitivity
100% (95% CI 69.2-100) and specificity 74.6% (95% CI
71.8-77.2). The PNT was 26.1% and NNT 28 (Table 3). PRS
at the cut-off threshold >14.1 points had similar overall per-
formance with AUC 0.85 (0.71-0.98), but lower sensitivity
(80%, 44.4-97.5), higher specificity (89.2%, 87.2-91.0) and
a lower PNT (11.5%) and NNT (15), and would miss two
(20%) AHL.

Validation of other PRSs

The “Nhlangano 2019” score performed well at the cut-off>1.4:
AUC 0.80 (0.79-0.82), sensitivity 100% (69.2—100), specificity
60.3% (57.3-63.3), and a PNT of 40.2%, and slightly less well
at the cut-off of >1.6: AUC 0.76 (0.63-0.89), sensitivity 80%
(44.4-97.5), specificity 72.7% (69.9-75.3), and a PNT 0f 27.8%
(Table 3). The “consensus score” with threshold of >2 points
performed less well: AUC 0.67 (0.52-0.82), sensitivity 70%
(34.8-93.3), specificity 63.9% (61.0-66.9), and a PNT of
36.4%. Figure 2 (upper panel) compares AUCs of different PRS
tested.

Simpler non-PRS targeted approaches

We explored several alternative targeting approaches that do
not require additional screening to what should be done in

routine care (Table 3). The “symptoms suggestive of AHI” had
poor predictive ability (AUC 0.53, 0.40-0.67), with a large
PNT (73.3%) and NNT (98), while missing two (20%) AHI.

Using “WHO AHI symptoms” would identify all 10 AHI,
with better performance (AUC 0.68, 0.67—0.70), but with large
PNT (64.1%). Performance of WHO-recommended screening
criteria for AHI prior PrEP initiation was poor (AUC 0.51,
0.35-0.67) with lower PNT (38.2%), and missing six
(60%) AHL

Targeting young women performed better, with better
predictive ability (AUC 0.75, 0.65-0.85), similar PNT
(40.6%), and missing one (10%) AHI. Targeting young
women with “WHO AHI symptoms” had the best perfor-
mance (AUC 0.81, 0.71-0.91) with lowest PNT (27.9%),
while missing one (10%) AHI. Figure 2 (lower panel)
compares AUCs of different simplified strategies.

Discussion

Our study explored various targeting strategies for AHI
testing. Several approaches performed well, reducing the
PNT from 100% to 10-40% while still detecting most in-
fections. Simplified approaches combining AHI symptoms
with locally relevant characteristics (young women) worked
particularly well.

Our study-specific PRS included similar predictive
factors to previously established PRSs (Table S2), i.e.
general flu-like symptoms or STI-suggestive symptoms and
signs. Younger age, being female, and discordant RDT
results have all been previously included, but some studies
only targeted younger individuals, men who have sex with
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Figure I. Estimates of sensitivity, specificity and proportion needed to test at different PRS cut-off thresholds. The dashed vertical line
indicates the cut-off thresholds at >10.8 points (sensitivity 100%, specificity 74.6% and proportion needed to test with*molecular test
26.1% of the sample) and 214.1 points (sensitivity 80%, specificity 89.2% and proportion needed to be tested of 1 1%). X-axis values
represent cut-off thresholds of predicted scores, displayed in increasing order. The values are not evenly spaced numerically, they are

plotted at uniform visual intervals for interpretability.

men (MSM), and others excluded participants with discordant
RDT results, thus making direct comparisons difficult. The two
newly identified predictors (reason for clinic visit being family
planning or feeling sick) are specific to the study design,
recruiting participants from the general population at-
tending health facilities. Feeling sick was the strongest
predictor, and confirms findings from previous studies
that patients with AHI often seek care and present at
facilities,® which presents the opportunity for targeted
AHI screening.

The performance of “Nhlangano 2019 PRS”'” in our
study data set was good, but the “consensus PRS”'®
performed less well. As documented previously,'®™'®
the PRSs commonly perform less well outside study
settings (Table S1 compares performance of published
PRS in original and other datasets), as performance de-
pends on local HIV epidemiology, type of population in-
cluded in the study, study setting and methodology, as well as
how different variables were assessed and ascertained. This
highlights the importance of local validation of even very well
performing PRSs.

Overall, the good performance of the study-specific
PRS in our study population compares to other PRS
developed in sub-Saharan Africa in the past deca-
des.'>”"” But although many PRS performed well, there
has been limited real-life uptake, with the exception of
studies in coastal Kenya, where Sanders et al im-
plemented the “consensus” score in primary clinics and
explored different approaches to AHI testing.'®*° One reason
for low uptake is the complexity of integrating PRS into
routine care, with overburdened healthcare workers struggling

with additional workload and already performing other
screening strategies (e.g, tuberculosis). However, the digital era
offers new opportunities, for example digital tools integrating
several screening algorithms or offering self-administration,
either at facility or at home, within HIV self-testing strat-
egies. Further research is needed to test these possibilities.

Unaddressed AHI is of particular concern in the
context of PrEP,” especially with the introduction of
injectable PrEP. More accessible laboratory testing
would not only detect missed AHI, but also avoid
missed opportunities for PrEP initiation, as current
guidelines recommend delaying PrEP initiation for
one month for those who screen positive for AHIL®>°
This AHI screening criteria however performed poorly
in our study. While “AHI symptoms” alone identified all
AHI, restricting to potential exposure in the past 14 days
reduced the sensitivity to 40%. The sensitivity of “AHI
symptoms” was better than expected; HIV subtype C,
which is prevalent in Eswatini,’’ was previously de-
scribed as less likely to present with AHI symptoms,>?
although more recent work has linked AHI symptoms to
innate immunity rather than HIV subtype.’® But the
sensitivity of possible risk exposure was low; only four
of 10 participants diagnosed with AHI reported their last
sexual episode within the past 14 days (Table S3).
Participants may not recall the exact date of their last
sexual contact, or choose to omit reporting because of
social desirability.** Alternatively, the 14-day period
since high-risk exposure may be too short to capture the
full window period®>*®; for example Delaney et al.
estimated the median window period for sensitive
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Table 3. Performance indicators and proportion of RDT-negative or discordant samples that would need to be tested for AHI for
(upper panel) study-specific simplified PRS at 210.8 and 214.1 thresholds, Nhlangano 2019 PRS'’ at 1.4 and 21.6 thresholds, and
consensus PRS'® at 22 threshold and (lower panel) different simplified targeting approaches (N = 1064, AHI prevalence 0.9%, 95% C1 0.5—

1.7).

Study-specific
PRS >10.8

Study-specific
PRS >14.1

Nhlangano
2019 PRS 214

Nhlangano
2019 PRS 21.6

Consensus PRS >2
(Sanders)

True negative
False negative
True positive
False positive
Sensitivity
Specificity

*
Area under the curve

Positive predictive
value

Negative predictive
value

786 (74.6%)
0

10 (100%)

268 (25.4%)
100% (69.2-100)
74.6% (71.8-77.2)
0.87 (0.86-0.89)
3.6% (1.7-6.5)

100% (99.5-100)

940 (89.2%)
2 (20%)

8 (80%)

114 (10.8%)

80% (44.4-97.5)
89.2% (87.2-91.0)
0.85 (0.71-0.98)
6.6% (2.9-12.5)

99.8% (99.2-100)

636 (60.3%)
0

10 (100%)

418 (40.0%)

100% (69.2-100)
60.3% (57.3-63.3)
0.80 (0.79-0.82)
2.3% (1.1-4.3)

100% (99.4-100)

766 (73.7%)
2 (20%)

8 (80%)

288 (27.3)

80% (44.4-97.5)
72.7% (69.9-75.3)
0.76 (0.63-0.89)
2.6% (1.2-5.3)

99.7% (99.1-100)

674 (64.0%)
3 (30%)

7 (70%)

387 (36.4%)

70% (34.8-93.3)
63.9% (61.0-66.9)
0.67 (0.52-0.82)
1.8% (0.7-3.7)

99.6% (98.7-99.9)

Number and 278 (26.1%) 122 (11.5%) 428 (40.2%) 296 (27.8%) 387 (36.4%)
proportion to test
Number to test for 28 15 43 37 55
positive case
AHI-suggestive WHO AHI WHO AHI PrEP Young women Young women with WHO
symptoms symptoms initiation AHI symptoms
True negative 282 (26.8) 382 (36.2%) 652 (61.9%) 631 (59.9%) 766 (72.7%)
False negative 2 (20%) 0 6 (60%) I (10%) I (10%)
True positive 8 (80%) 10 (100%) 4 (40%) 9 (90%) 9 (90%)

False positive
Sensitivity
Specificity

*
Area under the curve

Positive predictive
value

Negative predictive
value

Number and
proportion to test

Number to test for
positive case

772 (73.2%)

80% (44.4-97.5)
26.8% (24.1-29.5)
0.53 (0.40-0.67)
1% (0.4-2)

99.3% (97.5-99.9)
780 (73.3%)

98

672 (63.8%)
100% (69.2—100)
36.2% (33.3-39.2)
0.68 (0.67-0.70)
1.5% (0.7-2.7)

100% (99-100)
682 (64.1%)

68

402 (38.1%)

40% (12.2-73.8)
61.9% (58.8-64.8)
051 (0.35-0.67)
1.0% (0.3-2.5)

99.1% (98.0-99.7)
406 (38.2%)

101

423 (40.1%)

90% (55.5-99.7)
59.9% (56.8-62.8)
0.75 (0.65-0.85)
2.1% (1.0-3.9)

99.8% (99.1-100)
432 (40.6%)

48

288 (27.3%)

90% (55.5-99.7)
72.7% (69.9-75.3)
0.81 (0.71-0.91)
3.0% (1.4-5.7)

99.9% (99.3-100)
297 (27.9%)

33

Data in parentheses are either % or 95% Cls. AHI = acute HIV infection. RDT = rapid diagnostic test. PRS = predictor risk score. WHO = World Health

*Organization.

A receiver operating characteristic curve was generated for each selected threshold or definition using binary classification output. The area under the
curve was then derived to summarize test performance at that specific level. This method mirrors common screening practices that use fixed thresholds,

allowing for direct comparisons between different screening criteria.

antibody RDT to be 31.1 days (95%CI 26.2, 37.0), more
than twice longer.>’ The sensitivity of the currently
recommended clinical screening criteria for AHI in the
context of PrEP initiation should be verified in further
studies, as this is currently the standard of care in most
routine settings in sub-Saharan Africa.

Zambia, the first country in sub-Saharan Africa to introduce
injectable PrEP in routine care recently implemented blanket
molecular testing for AHI before injectable PrEP initiation.
In the first 3 months they identified six AHI among
927 individuals tested (0.65%), highlighting the importance

of AHI testing but also substantial amount of resources
needed in the case of blanket screening (154 tests to detect
one AHI).*®

Restricting targeting AHI testing to young women with
AHI symptoms performed well (sensitivity 90%, AUC
0.81). This finding probably reflects the context of Eswatini,
where HIV incidence is concentrated in young women,*’
but might be different elsewhere. Nevertheless, as we and
others have demonstrated,'®'”"'" targeted approaches
combining AHI symptoms and locally relevant character-
istics may be an efficient way forward.
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Figure 2. Comparison of area under the receiver operator characteristic curves (AUC)>IF for (upper) study-specific simplified PRS
at 210.8 and 214.1 thresholds, Nhlangano 2*0 19 PRS (17) at 21.4 and >1.6 thresholds, and consensus PRS (19) at >2 threshold and (below)

different simplified targeting approaches.

A receiver operating characteristic curve was generated for each selected threshold or

definition using binary classification output. The area under the curve was then derived to summarize test performance at that specific
level. This method mirrors common screening practices that use fixed thresholds, allowing for direct comparisons between different

screening criteria.

Limitations and strengths

The main limitation of our study is the small number of AHI
cases detected; we established the study-specific PRS based
on only 10 AHI. We used lasso prediction model to handle
a large number of predictors. However, on the individual
level, a long questionnaire might have impacted the re-
liability of answers, and behavioral characteristics in ad-
dition are prone to social desirability bias.>’ The
generalizability of our findings is unknown, as PRS and
other targeted approaches are known to be context-
specific.'®!”!* However, unlike most of the existing

PRSs which were developed in specific high-risk pop-
ulations, such as STI clinics,'*!” among MSM'® or sex
workers'? or within prospective studies,'>'*'>'® our study
included the general population attending HTS.

Conclusions

We identified several well-performing targeting approaches
for AHI screening that reduced the PNT while still iden-
tifying most infections; in particular, the study-specific PRS
and the simple approach of targeting young women with
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AHI symptoms performed well. We also show that current
WHO-recommended clinical screening for AHI may miss
some AHI. We reaffirm the importance of AHI symptoms in
targeting AHI strategies, and the need to adapt and validate
screening approaches to the local context. Simple and ac-
cessible strategies are needed to address AHI in high burden
settings, and targeted approaches may be one way forward
until there is universal access to accurate and affordable
AHI testing.
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