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SUMMARY

Ongoing HIV transmission is a public health priority in Indonesia. We developed a new multiassay algo-
rithm (MAA) to identify recent HIV infection. The MAA is a sequential decision tree based on multiple bio-
markers, startingwith CD4+ T cells >200/mL, followedby plasma viral load (pVL) > 1,000 copies/ml, avidity
index (AI) < 0 $ 7, and pol ambiguity <0 $ 47%. Plasma from 140 HIV-infected adults from 19 hospitals
across Indonesia (January 2018 – June 2020)was studied, consisting of a training set (N= 60) of longstand-
ing infection (>12-month) and a test set (N = 80) of newly diagnosed (%1-month) antiretroviral (ARV) drug
naive individuals. Ten of eighty (12 $ 5%) newly diagnosed individuals were classified as recent infections.
Drug resistance mutations (DRMs) against reverse transcriptase inhibitors were identified in two individ-
uals: one infected with HIV subtype C (K219Q, V179T) and the other with CRF01_AE (V179D). Ongoing
HIV transmission, including infections with DRMs, is substantial in Indonesia.
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INTRODUCTION

The HIV epidemic is an urgent public health challenge in Indonesia. Overall HIV prevalence is estimated at 0 $ 4% (560,000) and may exceed

17 $ 9% in key populations, with approximately 27,000 individuals diagnosed with HIV infection in 2021.1 The accuracy of these estimates is

uncertain, however, as only an estimated 66% individuals know their diagnosis and there are disparities of surveillance across the >15,000

islands in the country.1 Even less is known regarding HIV incidence, particularly the proportion of recently infected individuals (<12-month

after seroconversion) among the newly diagnosed people living with HIV (PLWH). Reliablemethods are essential to determine the proportion

of recent HIV infection and identify other factors associated with ongoing events in HIV epidemic, including transmitted drug resistance mu-

tations (tDRMs).

The ‘‘gold standard’’ method to identify recent HIV infection consists ofmeasuring seroconversion rates in prospective longitudinal studies

of seronegative individuals.2 The ‘‘gold standard’’ method provides accurate measures of recent infection, but is impractical in large popu-

lations, especially those spread across large geographic areas. Results comparable to the ‘‘gold standard’’ approach have been obtained in

cross-sectional studies usingmultiassay algorithms (MAAs), which combinemeasurements of HIV biomarkers to differentiate between recent

and longstanding infections. MAAs have demonstrated to be feasible alternatives to conducting a prospective longitudinal cohort study and

are used by various countries to estimate incidence.3–8

The backbone of many MAAs is a high throughput serology assay to measure antibody (Ab) avidity for HIV antigens (Ags), typically adapt-

ing commercial enzymatic immunoassay (EIA) kits to quantify the strength of Ag – Ab binding (avidity) over time after seroconversion.6,8,9 Less

mature antibodies found during the early period of infection are generally less avid and are more prone to dissociate in stringent buffer con-

ditions. Recent infection is estimated using avidity index (AI) value, which is the ratio of Ag – Ab binding in stringent and non-stringent buffer

conditions.4,6,9 Compared to other recency assays based on Ab titer or specific IgG proportion, avidity-based assays are less affected by

dysfunctional immune responses due to advanced stage of disease or consumption of ARV drugs, leading to the lowest false recent rate

(FRR).10 The threshold of an AI assay is ideally chosen for the most accurate classification of recent infection in an evaluation panel by mini-

mizing the FRR; i.e., an avidity assay that can yield FRR <2%,2,11 as well as reducing misclassification of recent infections as longstanding ones

(false long term rate; FLTR).9

To improve estimation of recent HIV infection in anMAA, additional tests with other biomarkers are used to minimize the FRR and FLTR. A

notable biomarker that can distinguish between stages of HIV infection is the proportion of mixed, or ambiguous, bases in the viral genome

from population-based DNA sequencing. In general, infection with HIV proceeds with the expansion of a single or very few infecting virions;

yielding a genetically uniform population.12 Over time after infection, HIV populations diversify by accumulating mutations in the HIV

genome. Electropherograms of population-based sequencing from recently infected individuals contain few or no mixed bases, while those

containingmore mixed bases are likely to be from long-standing infection.12,13 Quantification of ambiguous bases has successfully identified

recent HIV infection, including in CRF01_AE, with proportion of ambiguous bases 0 $ 45–0 $ 5% representing limited variability in the pol gene

of HIV from infection within 12 months12–14

In addition to Ab avidity and sequence ambiguity, other biomarkers of HIV infection are useful to prevent mis-classification of recent infec-

tion. CD4+ T cells and plasma viral load (pVL) are themost practical andwidely usedbiomarkers for routinemonitoring of disease progression.

For the use inMAA, CD4+ T cell count <200 cells/mL and pVL <400 or <1,000 copies/ml suggest immunocompromised and virally suppressed

stages of chronic infection among treated individuals.2,3,15–19

Minimizing the FRR and FLTR by employing multiple biomarkers of HIV infection in an MAA increases the chance to identify recent HIV

infection more accurately. The ultimate evidence of recency remains seroconversion date and in circumstances where documented serocon-

version is not available, assessment of medical records and clinical manifestation at the time samples are collected can avoid

misclassification.20,21

Taken together, biomarkers of HIV infection have been used to estimate the proportion of recent HIV infection in various countries. Here,

we describe a sequential decision treeMAA to identify recent HIV infection among newly diagnosed ARV naive PLWH in Indonesia. TheMAA

combines Ab avidity, ambiguity of HIV polDNA sequence, CD4+ T cell count, and pVL; and was employed to provide the first survey of recent

HIV infection in Indonesia.

RESULTS

Study participants

From 4,329 ‘‘INA – PROACTIVE’’ participants (Figure S1), we included 60 individuals with longstanding infection and 80 newly diagnosed in-

dividuals (Figure 1, Table 1). Newly diagnosed individuals were all ARV-naı̈ve, younger, and more frequently male with HIV risk factor MSM

compared to the long-standing group (Table 1). Most individuals with long-standing infection (55/60) were undergoing antiretroviral therapy

(ART), but the majority were not virologically suppressed (<1,000 copies/ml) at the time of sampling. CD4+ T cell numbers were comparable

and pVL differs significantly in the two groups.

Avidity index enzymatic immunoassay (AI EIA)

The distribution of AI values in chronically infected individuals (long-standing group) was left (negative) skewed (Shapiro-Wilk p < 0 $ 001,

W = 0 $ 60), with median (Q1, Q3) = 0 $ 98 (0 $ 90, 0 $ 99) (Table S5). As expected, the majority (75%) of samples had high AI values (>0 $ 9,

Figure 2). This is consistent with observations of increased avidity along with disease progression. Previous AI EIA studies of HIV-1 subtype
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B and other subtypes have used an AI cut-off of 0 $ 7 to discriminate recent from long-standing infection. Seven long-standing infection-

s had AI <0 $ 7 in this study. As such, the FRR of the 2-well AI EIA was 11 $ 7% (7/60). Among newly diagnosed group (N = 80), AI values

were also left skewed (Shapiro-Wilk p < 0 $ 001, W = 0 $ 79), with median (IQR) = 0 $ 92 (0 $ 55, 0 $ 98) (Table S6). The left skewness of AI,

with most individuals had AI R0 $ 7, implies a large proportion of newly diagnosed individuals had long-standing infection. Triplicate mea-

sure revealed the assay was reproducible (Tables S5 and S6). We observed <10% coefficient of variation (CoV) of OD for each sample,

indicating that differences in AI among all individuals measured in this study were due to variation in immune response and not technical

errors.

HIV pol DNA sequence ambiguity

The order of screening in this MAA was designed to reduce FLTR early in the sequence of the algorithm and to optimize overall resource

allocation. Decreases in CD4+ T cells to %200 cells/ml within the first year of HIV infection are rare, yielding a low FLTR (estimated at

0.2%)22–29; as such, the CD4+ T cell count was placed first in the MAA sequence. pVL >1,000 copies/ml excludes individuals undergoing an-

tiretroviral therapy,30 and was ordered second. AI was positioned third; as such, HIV sequence analysis to determine nucleotide ambiguity of

HIV-1 pol sequence was used to resolve whether newly diagnosed individuals having AI <0 $ 7 (N = 28) were recent infection (Figure 3). HIV

plasma RNA from 27 individuals were successfully sequenced; HIV from one subject (2–1507, pVL 3,290 copies/ml), did not successfully

amplify. The proportion of ambiguous bases in the HIV pol sequence ranged 0 $ 00–0 $ 58%. Ambiguity <0 $ 47% was observed in 23 indi-

viduals. Four individuals had discordant results between serology and molecular assays (AI <0 $ 7 characterizing recent infection and HIV pol

ambiguity R0 $ 47% characterizing chronic infection). Detailed outcomes on HIV pol sequence are presented in Table S7.

Multiassay algorithm (MAA) to identify recently infected individuals

The outcomes of serology AI EIA and molecular HIV pol ambiguity were combined with CD4+ T cell count and pVL to build a stepwise multi-

assay decision tree (Figure 4). The algorithm screens first for CD4+ T cells >200 per mL, followed by pVL >1,000 copies/ml, AI <0 $ 7 andHIV pol

ambiguity <0 $ 47%. This approach resulted in 10/80 (12 $ 5%) newly diagnosed individuals presenting concordant immunological and viro-

logical evidence of recent HIV infection, or seroconversion within 12 months.

The identification was complemented with detailed assessment on clinical information (Table 2). The clinical characteristics in individuals

2–0511, 2–1515, 2–1707, 2–1710, 2–1902 (clinical stage I) and 2–1708 and 2–0302 (clinical stage II) was consistent with the presumptively

asymptomatic/mild symptomatic condition of one-year period after seroconversion. The majority had CD4+ T cells R350 cells/mL, except

2–1708 and 2–1902 (299 and 246 cells/mL). HBV infection, which was observed in individual 2–1708, shares modes of transmission with HIV.

While it is possible that the individual was infected with both viruses at the same time in the past (long-standing infection), the biomarker

evidence of HIV infection suggests a recent infection: the relatively weak Ab – Ag binding, shown by AI <0 $ 7 can be a marker of immature

Ab affinity in the early period of infection or the loss of avidity in severely immunocompromised individuals, but the genomic sequence of viral

population was relatively uniform, as shown by the proportion of ambiguous bases 0 $ 12 (<0 $ 47%), which is consistent with the small number

of mixed bases in HIV pol sequence from a one-year period after seroconversion. Taken together, the clinical information of these individuals

agrees with the categorization of recent HIV infection by MAA.

Figure 1. Flowchart of participant and specimen selection

Long-standing individuals made a training set to develop the serology AI EIA that has never been applied to the Indonesian population. Newly diagnosed

individuals were the testing set of this study, where recent infection was identified using MAA.
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The MAA outcome of 2–0507 (clinical stage III) revealed biomarker evidence of recent HIV infection similar with the seven individuals

described above, while having a relatively low CD4+ T cell count (229 cells/mL) and oral candidiasis, suggesting advanced HIV infection. How-

ever, this individual had a negative HIV test eight months prior to diagnosis, which corresponds to a period of seroconversion shorter than

12months. Individuals 2–0903 (stage III: pulmonary TB) and 2–1517 (stage IV: non-pulmonary TB lymphadenitis) had a relatively severe disease

manifestation and were co-infected withMycobacterium tuberculosis. Further evaluation of case report forms revealed that 2–0903 was diag-

nosed with HIV and TB at the same time, indicated by treatment for TB directly after diagnosis and initiation of ART onemonth after (Table 2),

whereas 2–1517 had a documented HIV negative test result 19 months prior to diagnosis.

HIV subtypes and DRMs

The HIV polgene sequences from 27 newly diagnosed individuals identified five subtypes of HIV: CRF01_AE (N= 20), CRF02_AG (N= 1), B (N=

1), C (N = 2), CRF52_01B (N = 1), and CRF01_AE/B recombinant forms (N = 2). DRMs in RT gene were observed in four individuals V179T (2–

1011, HIV C), V179D (2–1517, CRF01_AE), K103N and G190A (2–1905, CRF02_AG) and K219Q and V179T (2–1707, HIV C). K219Q is an NRTI-

associated mutation, whereas K103N, G190A, and V179D/T are NNRTI-associated mutations. No DRMs were observed in PR and IN genes.

DISCUSSION

This is the first report that investigates recent HIV infection among newly diagnosed individuals in Indonesia using samples across broad

geographic and demographic backgrounds. We designed the MAA with a future implementation in mind, using CD4+ T cell count and

Table 1. Characteristics of study participants

Long-standing Newly diagnosed

p(N = 60) (N = 80)

Sex at birtha <0 $ 01

Female 23 (38 $ 3%) 14 (17 $ 5%)

Male 37 (61 $ 7%) 66 (82 $ 5%)

Age, year, median (IQR) 33 (29, 45) 28 (25, 33) <0 $ 01

Risk factorsa <0 $ 01

Unprotected sex 40 (66 $ 67%) 32 (40%)

MSM 17 (28 $ 33%) 44 (55%)

Other 3 (5%) 4 (5%)

Diagnosis, months, median (IQR) 32 (22, 48) 0 $ 2 (0 $ 025, 0 $ 5) <0 $ 01

ARTa <0 $ 01

Yes 55 (91 $ 67%) 0 (0%)

No 5 (8 $ 33%) 80 (100%)

ART, months, median (IQR) 31 (16, 43) (-0 $ 3) ((-0 $ 58), (�0 $ 10)) <0 $ 01

CD4+ T cell count (cells/mL), median (IQR) 141 (67, 228) 181 (51, 314) 0 $ 35

CD4+ T cell count (cells/mL), distribution

>500 1 (1 $ 67%) 7 (8 $ 75%)

350–499 6 (10%) 9 (11 $ 25%)

200–349 14 (23 $ 33%) 19 (23 $ 75%)

<200 39 (65%) 45 (56 $ 25%)

log10 pVL (copies/ml), median (IQR) 4 $ 9 (3 $ 7–5 $ 4) 5 $ 5 (4 $ 8–5 $ 8) <0 $ 01

pVL (copies/ml) distribution

>1,000,000 1 (1 $ 67%) 17 (21 $ 25%)

>100,000–1,000,000 22 (36 $ 67%) 38 (47 $ 5%)

>10,000–100,000 19 (31 $ 67%) 20 (25%)

>1,000–10,000 4 (6 $ 67%) 4 (5%)

%1,000 14 (23 $ 33%) 1 (1 $ 25%)

Minus values represent timepoint after blood drawn.

MSM: men having sex with men; ART: antiretroviral drug therapy; pVL: plasma viral load; IQR: interquartile range.
aCategorical variables.
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pVL, the two widely available HIV biomarker tests in Indonesia as initial MAA steps. Studies estimating recent HIV infection within and across

risk groups and geographic regions are essential to identify areas with higher activity of ongoing transmission. In addition, as Indonesia con-

tinues to expandART, identifying transmitted drug resistance in recently infected individuals will provide critical information that will preserve

future ARV choices. ThisMAA combines clinical, immunologic, and virologic characteristics, to identify recent HIV infection, similar to its appli-

cation in various regions such as in North America, Southeast Asia, and Africa.3,5,7,8,16

We evaluated samples from newly diagnosed (%1 month) ARV naive adult PLWH. Our MAA utilizes decision tree strategy, beginning with

differentiation based on CD4+ T cell count. Statistical analyses and public health recommendations, including from the European CDC and

WHO,2,15,31 have supported exclusion of individuals with AIDS and/or CD4+ T cells %200 cells/mL as a conservative approach to identify in-

dividuals with recent HIV infection, as progressive loss of CD4 cells to 200 cells/mL may take up to eight years after infection.32 Decreases of

CD4+ T cell count to%200 cells/mL within the first year of HIV infection are rare, although it may occur in those accompanied by opportunistic

infections.20,21 Prior longitudinal studies of HIV infection revealed a low frequency (0.2%) of individuals with CD4%200 cells/mL within the first

year of HIV infection,.22–29 For an MAA, reducing the FLTR at the beginning is critical and early placement of CD4+ T cell count 200 cells/mL

effectively excludes most (99.8%) of chronic infections, while less likely to eliminate true recent infection.

CD4+ T cell count is themost universally availablemeasure from all newly diagnosed individuals and for monitoring disease progression in

PLWH in Indonesia. Placing CD4+ T cell count at the top of the algorithm makes the MAA feasible and cost effective for use in places where

Figure 2. Distribution of AI values in long-standing and newly diagnosed individuals

In individuals with long-standing infection (N = 60), 53 (88 $ 33%) have AIR0 $ 7, and were classified as not recent, while seven (11 $ 67%) have AI <0 $ 7 that is the

characteristics of recent infection. Among newly diagnosed individuals (N = 80), 51 (63 $ 75%) have AI R0 $ 7, suggesting long-standing infection that was just

recently diagnosed, while 29 (36 $ 25%) have AI <0 $ 7. The newly diagnosed individuals having AI <0 $ 7 were classified as potentially recent and subjected to

ambiguity analysis.

Figure 3. DNA sequencing strategy of the HIV pol gene

The sequencing strategy covers the HIV-1 pol gene that consists of protease (PR) amino acids 1–99, reverse transcriptase (RT) amino acids 1–560, and integrase

(IN) amino acids 1–288. NFLG cDNAwas synthesized in two separate reactions, each using the GSPs Pan-HIV 1F or Pan-HIV 4R. Pre-sequencing amplification was

done using both cDNAs as templates in nested amplification. The target region was initially amplified in two large fragments, using primer set 1 that covers HXB2

1031–5308 (4278-bp) and primer set 2 that covers HXB2 2030–4604 (2575-bp). Amplicon 1 was re-amplified into 4 overlapping fragments: F0 (1031–2682), F1

(2030–3817), F2 (2519–4604), and F3 (2984–5308) whereas amplicon 2 was re-amplified into 3 overlapping fragments: FA (2519–3817), FB (2030–3410), and FC

(2984–4604). All fragments were sequenced using several overlapping primers, 8 primers each for F0 – F3 and 6 primers each for FA – FC (Table S3).
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resource allocations are limited.33,34 Similar approaches were also employed in previous studies where recency is evaluated in the context of

health care settings..17,34–37

The second criterion of this MAA is exclusion of individuals having pVL %1,000 copies/ml. pVL is another generic biomarker to monitor

disease progression in HIV-infected individuals that has also been used as a screening variable in an MAA.3,7,8,16,19,38–41 Individuals who are

recently infected typically have the relatively high HIV RNA levels with ARV naive individuals who are in the 12 months after seroconversion

maintain a setpoint level, approximately within the log10 3–4 copies/ml. Circulating RNA >1,000 copies/ml from two consecutive pVL tests in

three months with full adherence following the 1st test or two consecutive >400 copies/ml VL measurements within 0.5–2 years from the initi-

ation of ART (baseline) and still using the similar class of drugs are known as the limitation for virological failure (VF) among treated individ-

uals30,42,43; and pVL 400 or 1,000 cp/ml have been used as a threshold to differentiate between recent and chronic infection in severalMAAs to

omit long-standing infection with ARV suppression.

Following the initial differentiation by CD4+ T cell count and pVL, we employed serologic and population sequencing assays to further

evaluate recent HIV infection in individuals who fulfilled the preliminary CD4+ T cell count and pVL screening. Avidity immunoassays have

been the backbone of many MAAs, but can be affected by false recency from individuals initiating ART during primary HIV infection

(PHI),44–46 in individuals undergoing ART with suppressed pVL,9,47 or in individuals who have AIDS.48–50 We initiated the serology assay by

investigating the performance of 2-well AI EIA (GenScreen Ultra HIV Ag-Ab Kit [Bio-Rad, Marnes-la-Coquette, France]) in known chronically

infected individuals. The kit has well described performance characteristics (sensitivity and specificity) with robust signal/cut-off ratios with the

most commonly recognized HIV-1 subtypes,51 and was prequalified for use in HIV diagnosis by the WHO.52 It has been validated for avidity

analysis among ARV naive samples in an evaluation panel containing CRF01_AE, with AI 0 $ 7 as the optimized threshold9; with performance

comparable to the Genetic Systems HIV-1/HIV-2 Plus O EIA [Bio-Rad, Marnes-la-Coquette, France] that have been established for avidity-

based recency test.53

In this study, most long-standing samples (53/60; 88 $ 3%) (Figure 2) had AIs exceeding the 0 $ 7 threshold,9 while the remaining (7/60;

11.7%) hadAI values lower than the threshold, yielding FRR of 11 $ 7% (7/60). The FRR of our 2-well AI EIA from long-standing samples is higher

than that observed in the avidity analysis of long-standing samples47,54; but the potential reasons for the false recent outcomes were iden-

tified, which are similar with prior reports.44–46,48–50,54 Low AI mimicking avidity in a recently infected person can occur in long-standing infec-

tion with advanced immunodeficiency,48–50 marked by high pVL and low CD4+ T cell count, as seen in subjects 1–0201, 1–1502, and 1–1602

who presented with pVL of 88,000; 783,000; 1,220,000 copies/ml, and low CD4+ T cells counts (91, 68, 7 cells/mL; Table S5). In addition, low AI

values in individuals with long-standing infection who were treated early following infection have been reported44–46 and was likely the expla-

nation for subjects 1–0501, 1–1301, 1–1402, and 1–1901; who initiated therapy shortly after diagnosis (Table S5).

The inherent false recency of AI EIA is a compelling reason to use multidisciplinary approach for identification of recent HIV infection in an

MAA. Inclusion of genomic diversity has been shown to reduce the FRR of anMAA containing avidity assay.55 Proportion of ambiguous bases

is positioned as the final differentiating variable in this MAA, thereby reserving the costliest and labor–intensive parameter for the fewest

Figure 4. MAA classifying recent infection

The MAA considers recently infected individuals in a hierarchical selection starting from CD4+ T cells >200 per mL, pVL >1,000 copies/ml, AI <0 $ 7, and HIV pol

ambiguity <0 $ 47%. In 80 newly diagnosed, ARV naive, adult PLWH, 45 (56 $ 25%) had CD4+ T cells%200 per mL and 35 (43 $ 75%) had CD4+ T cells >200 per mL.

Almost all individuals with CD4+ T cells >200 per mL had pVL >1,000 copies/ml (N = 34). Further differentiation based on the AI values resulted in a larger

proportion had the long-standing AI R0 $ 7 (N = 21). The remaining 13 individuals having CD4+ T cells >200 per mL and pVL >1,000 copies/ml and AI <0 $ 7

were differentiated based on the ambiguity of HIV pol sequence. In the end, 10 individuals presented concordant evidence of recent HIV infection in the

MAA (CD4+ T cells >200 per mL, pVL >1,000 copies/ml, AI <0 $ 7, and HIV pol ambiguity <0 $ 47%).
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samples.16 In doing so, we did not determine the HIV pol sequences for all samples and have not formally insured the degree of sequence

ambiguity that correlates with duration of infection. However, the utility of using proportion of ambiguous bases in the pol gene to determine

the duration of infection in CRF01_AE, the most common subtype in Indonesia, has been evaluated by Anderson et al. (2013) and Meixen-

berger et al. (2019).13,14 HIV infection is typically initiated with a single virus and subsequent accumulation of substitutions in HIV genome of

untreated individuals, following approximately 3 X 10�5 errors per bp per replication cycle,56,57 is useful to differentiate between recent and

long-standing infection, measured as an increased proportion of ambiguous bases in the HIV pol gene sequence.12–14 The 0 $ 47% threshold

in this study is somewhat more stringent than 0 $ 5% proportion used in other studies.12–14,16 Using the 0 $ 47% threshold, we identified ten

newly diagnosed, ARV naive, adult PLWH who had biomarker evidence of recent infection.

MAAs containing combinations of AI, pVL, and CD4+ T cell count have successfully estimated recent infection in diverse geographic re-

gions, including in developing countries such as Thailand andKenya.7,8 In our study, the ten individuals were young,mostlymale (7:3), withHIV

transmission risk of unprotected sex and MSM (Table 2). Nearly all individuals were infected with HIV CRF01_AE, except one male individual

from Banda Aceh (2–1707) who was infected with HIV subtype C from MSM risk and had K219Q (nucleoside reverse transcriptase inhibitor

(NRTI) resistance) and V179T (non-nucleoside reverse transcriptase inhibitor (NNRTI) resistance) mutations. The DRMs are consistent with

the first-line ARV drug regimen available in Indonesia at the time the samples were collected (2018–2020), typically the combination of teno-

fovir (TDF) + lamivudine (3TC) and efavirenz (EFV).

MAAs provide estimates of recent infection based on multiple biomarker testing outcomes and have a certain degree of false recent or

false long-term rates and, therefore, require cautious interpretation. Our MAA employed samples from Indonesia where many newly diag-

nosed individuals present late in infection and often accompanied with disease symptoms.58,59 CD4+ lymphopenia was observed in three

individuals (2–1708, 2–1902, and 2–0507) and is not uncommon in PHI, as have been described in individuals with OIs20,21 or in individuals

infected by the highly virulent variant.60 Two PLWH with biomarker evidence of recent HIV infection (2–0903 and 2–1517) had active TB infec-

tion. In Indonesia, co-infection of TB andHIV is not uncommon, with the epidemic of TB (incidence = 759 $ 1 per 100,0000 individuals) exceeds

that of HIV infection.61 TB-HIV coinfection may result in impairment of immune responses, including affinity maturation of HIV-specific anti-

body, that eventually leads to false recent MAA outcome.62,63 Alternatively, they may represent latent TB that was activated by immunocom-

promised conditions of acuteHIV infection, which explains the biomarker evidence of recentHIV infection.20,21 Overall, the clinical information

and the biomedical evidence fromMAA were in agreement that ten individuals fulfilled the prerequisites defining HIV infection in the period

of 12 months after seroconversion, or recent infection.

Table 2. Clinical information of newly diagnosed individuals with concordant biomarker evidence of recent HIV infection

No ID Sex

Age

(years)

pVL

(copies/ml)

CD4

(cells/mL) AI

Ambiguity

(%) Subtype DRMs

Relevant

Clinical

Information Stage Transmission

1 2–0302 M 24 29,000 422 0 $ 63 0 $ 14 CRF01_AE NONE NONE 2 MSM

2 2–0507 M 33 80,900 229 0 $ 68 0 $ 06 CRF01_AE NONE Oral candidiasis 3 unprotected

heterosexual

3 2–0511 M 25 16,300 506 0 $ 69 F1: 0 $ 06 CRF01_AE NONE NONE 1 unprotected

heterosexual

F2: 0 $ 00

4 2–0903 F 35 3,480,000 262 0 $ 08 0 $ 18 CRF01_AE NONE Pulmonary TB 3 unprotected

heterosexual

5 2–1515 M 25 21,300 683 0 $ 42 0 $ 03 CRF01_AE NONE NONE 1 unprotected

heterosexual

6 2–1517 F 41 294,000 292 0 $ 16 0 $ 41 CRF01_AE NNRTI:

V179D

TB lymphadenitis 4 unprotected

heterosexual

7 2–1707 M 26 97,400 399 0 $ 28 0 $ 12 C NRTI:

K219Q

NONE 1 MSM

NNRTI:

V179T

8 2–1708 M 30 130,000 299 0 $ 6 0 $ 12 CRF01_AE NONE Chronic Hep-B 2 MSM

9 2–1710 F 25 3,010 586 0 $ 2 0 $ 00 CRF01_AE NONE NONE 1 unprotected

heterosexual

10 2–1902 M 19 1,600,000 246 0 $ 09 0 $ 00 CRF01_AE NONE NONE 1 MSM

ID: subject identification; ART: antiretroviral drug therapy; pVL: plasma viral load; CD4: cluster of differentiation 4; AI: ambiguity index; DRMs: drug resistance

mutations; CRF: circulating recombinant form; sex M: male; sex F: female; MSM: men having sex with men; TB: infection byMycobacterium tuberculosis; Hep-B:

infection by hepatitis B virus (HBV), Stage: WHO’s clinical staging.
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The presence of DRMs was readily detected among newly diagnosed ARV naive PLWH, in recent and non-recent HIV infection. We

observed four HIV carrying RT-inhibitor DRMs from 27 newly diagnosed individuals (14 $ 8%) (Table S7). The prevalence of RT inhibitor

DRMs in this study is somewhat higher than that reported at the global level, where NNRTI-associated tDRMs was 4 $ 5% and NRTI’s was

4%.64 With regards to subtype distribution, the circulating subtypes are genetically diverse and consistent with prior characterization of circu-

lating HIV subtypes in Indonesia based on partial PR and RT sequencing for DRMs genotyping, with CRF01_AE as themost common subtype;

other less prevalence subtypes were B, CRF02_AG, C, and recombinant forms between CRF01_AE and other subtypes/CRFs.65,66 As the cur-

rent sample is relatively limited, a larger sample size representing the countrywide survey is required to accurately determine the prevalence

of tDRMs and HIV subtype distribution. Nevertheless, the finding of DRMs in four of 27 newly diagnosedARV naive individuals suggests trans-

mitted drug resistance is a public health concern as ART continues to be expanded in Indonesia.

The use of a conservative MAA to determine recent HIV infection, identified that 10 of 80 (12 $ 5%) newly diagnosed individuals from 19

hospitals in 16 large cities in Indonesia, sampled in 1 $ 5 years (January 2018 – June 2020), were recently infected. HIV infection in Indonesia was

first reported in 1987 in Bali and has spread to rural and urban areas across the archipelago ever since, concentrated within key populations.67

The early epidemic was largely driven by male injection drug users but then transitioned to unprotected sexual transmission beginning

approximately 2007,68,69 with commercial sex workers currently comprising the largest proportion within key populations and the highest

per-key population prevalence is among MSM.1 Notably, the increasing proportion of women acquiring HIV infection has resulted in

increased mother-to-child-transmission (MTCT) rate of the country, which was nearly three times the global average in 2020.70 ART was intro-

duced in 1997,71 and strong efforts are underway to expand therapy to key populations. Understanding the proportion of recent HIV infection,

including transmission of drug resistant HIV, will improve our understanding of HIV epidemic in Indonesia.

Limitations of the study

This study has limitations. First, the overall sample size (long-standing = 60, newly diagnosed = 80) remains small for a country’s population of

more than 270 million. Next, the serology 2-well AI EIA and the molecular assay quantification of ambiguous bases has not been compared

with an evaluation panel consisting of well-characterized pre- and post-seroconversion specimens from Indonesian population; as such sero-

conversion panels of Indonesian samples area are not yet available. The GenScreen Ultra has been optimized to differentiate the avidity of

anti-HIV Abbetween recent and longstanding infections inmultiple HIV-1 subtypes,9 includingCRF01_AE, with sensitivity and specificity com-

parable to other commercial EIA kits that have been similarly adapted for avidity testing. It would be ideal to analyze samples using other EIA

kits to minimize the FRR and FLTR, and as direct comparison to evaluate the kit’s performance for this sample set.72,73 As availability of such

kits is rare in Indonesia and generating the HIV pol sequences is costly; establishing the performance characteristics of theGenScreen Ultra as

well as analyzing the proportion of ambiguous bases from existing CRF01_AE evaluation panels could become an option.
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KEY RESOURCES TABLE

REAGENT or RESOURCE SOURCE IDENTIFIER

Chemicals, peptides, and recombinant proteins

Diethylamine Merck Millipore Cat# 803010

Invitrogen� PBS Tablets Thermo Fisher Scientific Cat# 003002

Applied Biosystems� Anode Buffer Container (ABC) Thermo Fisher Scientific Cat# 4393927

Applied Biosystems� Cathode Buffer Container (CBC) Thermo Fisher Scientific Cat# 4408256

Applied Biosystems� POP-7� Polymer for 3500 Thermo Fisher Scientific Cat# 4393708

Invitrogen� BlueJuice� Gel Loading Buffer (10X) Thermo Fisher Scientific Cat# 10816105

Invitrogen� 100 bp DNA Ladder Thermo Fisher Scientific Cat# 15628019

Invitrogen� SYBR� Safe DNA Gel Stain Thermo Fisher Scientific Cat# S33102

Invitrogen� Nuclease-Free Water Thermo Fisher Scientific Cat# AM9937

Agarose, LE, Analytical Grade Promega Cat# V3121

TBE Buffer, 10X, Molecular Biology Grade Promega Cat# V4251

Sigma-Aldrich Ethyl alcohol, Pure Merck Cat# E7023-500ML

Critical commercial assays

GenScreen� Ultra HIV Ag-Ab Bio-Rad Cat# 72388

QIAamp Viral RNA Mini Kit Qiagen Cat# 52906

Invitrogen� SuperScript� III First-Strand Synthesis System Thermo Fisher Scientific Cat# 18080051

Invitrogen� Platinum� SuperFi� DNA Polymerase Thermo Fisher Scientific Cat# 12351010

Applied Biosystems� ExoSAP-IT� Express PCR

Product Cleanup Reagent

Thermo Fisher Scientific Cat# 75001.4X.1.ML

Invitrogen� SuperScript� III Reverse Transcriptase Thermo Fisher Scientific Cat# 18080093

Invitrogen� Ribonuclease H Thermo Fisher Scientific Cat# 18021014

Invitrogen� dNTP Mix (10 mM ea) Thermo Fisher Scientific Cat# 18427013

Applied Biosystems� BigDye v3.1 Cycle Sequencing Kit Thermo Fisher Scientific Cat# 4337455

Applied Biosystems� BigDye XTerminator� Purification Kit Thermo Fisher Scientific Cat# 4376486

Deposited data

Raw and analyzed data This paper https://data.mendeley.com/

datasets/ktg27krty7/1

HIV-1 pol DNA sequence This paper Genbank: OR139650 – OR139679

Oligonucleotides

Primer: PanHIV-1_1F Forward: AGCCYGGGAGCTCTCTG Gall et al.74 N/A

Primer: PanHIV-1_4R Reverse: CTTWTATGCAGCWTCTGAGGG Gall et al.74 N/A

Primer: PanHIV-1_2F Forward: GGGAAGTGAYATAGCWGGAAC Gall et al.74 N/A

Primer: PanHIV-1_2R Reverse: CTGCCATCTGTTTTCCATARTC Gall et al.74 N/A

Primer: KVL84 Reverse: TCCTGTATGCARACCCCAATATG Van Laethem et al.75 N/A

Primer: Rty Reverse: GTGTCTCATTGTTTATACTAGG Yabar et al.76 N/A

Primer: MAW26 Forward: TTGGAAATGTGGAAAGGAAGGAC Yabar et al.76 N/A

Primer: 1243 Reverse: ACTAAGGGAGGGGTATTGACAAACTC Yabar et al.76 N/A

Primer: Rta Forward: GTTGACTCAGATTGGTTGCAC Yabar et al.76 N/A

Primer: Rtb Forward: CCTAGTATAAACAATGAGACAC Yabar et al.76 N/A

Primer: MAW70 Reverse: TAATCCCTGCGTAAATCTGACTTGCCCA Yabar et al.76 N/A

(Continued on next page)
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RESOURCE AVAILABILITY

Lead contact

Further information and requests for resources and reagents should be directed to and will be fulfilled by the lead contact, Frank Maldarelli

(Fmalli@mail.nih.gov).

Materials availability

This study did not generate new unique reagents.

Data and code availability

� The HIV-1 polDNA sequence data have been deposited to the GenBank with Accession Number GenBank: OR139650 – OR139679. All

data presented in this manuscript are also available online as supplementary material that can be downloaded at https://data.

mendeley.com/datasets/ktg27krty7/1. All datasets generated for this study are available from the corresponding author upon reason-

able request.
� Sequences generated in this study have been deposited to GenBank. Accession numbers are listed in the key resources table.

� Any additional information required to reanalyze the data reported in this paper is available from the lead contact upon request.

EXPERIMENTAL MODEL AND STUDY PARTICIPANT DETAILS

Study participants and samples

Blood plasma collected from individuals participating in the multicentre study ‘‘HIV Infection and Risk Related Coinfections/

Comorbidities in Indonesia’’ (INA-PROACTIVE; ClinicalTrials.gov Identifier: NCT03663920) conducted by the Indonesia Research Network

on Infectious Disease (INA-RESPOND)80 were used. INA-PROACTIVE enrolled 4,329 HIV outpatients from 19 hospital sites across

Indonesia from January 2018 to June 2020 (Figure S1).81 Subjects were diagnosed as HIV positive by the standard of care (SoC) in

Indonesia. On enrollment in INA-PROACTIVE, confirmation of HIV diagnosis was done using a rapid diagnostic test (RDT) SD Bioline

HIV/Syphilis Duo [Standard Diagnostics, Inc., Suwon, South Korea]. For those unable to provide evidence of HIV diagnosis, re-affirmation

was done using other RDT brands. Determine HIV-1/2 Ag/Ab Combo [Alere, Waltham, USA] was used to resolve discordant diagnoses.81

All participants provided written informed consent for the collection of clinical data and specimens for the subsequent analyses, as well

as to have their medical records, including WHO clinical staging,82 recorded in the case record forms (CRFs). CD4+ T cell count and pVL

were measured at blood drawn. CD4+ T cells was counted using the point-of-care (POC) PIMA CD4 Analyser [Abbott, Scarborough,

USA] and pVL was measured using the Xpert HIV-1 Viral Load [Cepheid, Sunnyvale, USA], with plasma was later stored at �80�C
for subsequent serology and molecular tests. This is a cross-sectional study that used two groups of ‘‘INA – PROACTIVE’’

participants, a training set of individuals with long-standing (chronic) HIV infection, and a test set of newly diagnosed ARV naive indi-

viduals (Figure 1).

Ethics

The study was conducted in accordance with the Declaration of Helsinki and approved by the Ethics Committee of The Faculty of Medicine,

Universitas Indonesia – CiptoMangunkusumo Hospital (Number KET-1499/UN2.F1/ETIK/PPM.00.02/2020 dated 28 December 2020). Written

informed consent were obtained from all participants.81

Role of the funding source

The funders have no role in study design, data collection, data analyses, interpretation and writing of the manuscript or decision to publish it.

Study, writing, and review of the manuscript was completed by the authors.

Continued

REAGENT or RESOURCE SOURCE IDENTIFIER

Software and algorithms

Applied Biosystems 3500/3500xL Genetic Analyzer System Thermo Fisher Scientific Cat# 4405673; RRID:SCR_021901

Sequencher v5.4.6 Genecodes, RRID:SCR_001528

GraphPad Prism v9.3.0 GraphPad RRID:SCR_002798

jpHMM (jumping profile Hidden Markov Model) Schultz et al., 200977 http://jphmm.gobics.de/

RIP (Recombinant Identification Program) Siepel et al., 199578 https://www.hiv.lanl.gov/content/

sequence/RIP/RIP.html

HIVdb Program: Sequence Analysis Rhee et al., 200379 https://hivdb.stanford.edu/hivdb/

by-sequences/
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METHOD DETAILS

2-Well avidity index enzymatic immunoassay (AI EIA)

The 2-well AI EIA was done using theGenScreen Ultra HIV Ag-Ab Kit [Bio-Rad,Marnes-la-Coquette, France] that detects antibody against the

gp160 of HIV-1/2 and 0 $ 1Mdiethylamine (DEA) as the dissociation buffer.4,9 Frozen plasma (�80�C) was thawed to 4�C and diluted 1:10 in 1X

PBS [Thermo Fisher Scientific, Carlsbad, USA]. Diluted plasma (75 ml) was added into both the control and dissociation wells in an EIA plate

and incubated for antibody binding (4�C, 1 hour). To dissociate the binding of non-avid antibodies, 100-ul 0$1MDEA [Merck, Darmstadt, Ger-

many] was added to the dissociation wells and incubated at 37�C for 1-hour. In parallel, 100-ul 1X PBS [Thermo Fisher Scientific, Carlsbad,

USA] was added to the control wells. EIA was carried out according to the manufacturer’s instructions83 and optical density (OD) measured

using a Multi Skan Go microplate spectrophotometer and SkanIt Software 6.0.1 [Thermo Fisher Scientific, Carlsbad, USA] and had expected

performance characteristics (Table S4). AI was calculated as [(OD of the dissociation wells)/(OD of control wells)].4,9 Plasma from a subject was

tested in triplicate and the averaged AI values were analysed. This approach classifies samples with AI <0 $ 7 as potential recent infection

cases,9 which were further subjected to quantification of ambiguous bases proportion in HIV pol gene.

HIV pol DNA sequencing

HIV pol gene sequence was generated using an in-house Sanger sequencing protocol described in Figure 3. The sequencing strategy allows

to retrieve a continuous pol sequence that covers a region within the HIV genome that is generally analysed for DRMs.75,76,84 Briefly, HIV RNA

was extracted from 140-ml of patient’s plasma using a guanidium-based spin column protocol [Qiagen, Hilden, Germany] after concentrating

viral particles by centrifuging 500-ml plasma in 20,000g, 4�C for 1 hour. Near full length genomic (NFLG) cDNA was synthesized using Super-

script III First Strand cDNA Synthesis Kit [Thermo Fisher Scientific, Carlsbad, USA] and gene-specific primers (GSPs) Pan-HIV 1F and Pan-HIV

4R that anneal to the 50-LTR and 30-LTR, respectively.74 Pre-sequencing amplification was done using Platinum SuperFi� DNA Polymerase

[Thermo Fisher Scientific, Carlsbad, USA] using a low cycle number (25X) to minimize random mutations introduced by repeated copying

of DNA polymerase. The 1st PCR mixture was a 25 ml volume of 1X SuperFi Buffer, 0 $ 2 mM dNTP Mix, 0 $ 08 mM of each primer, 0 $ 02 U

Platinum SuperFi DNA Polymerase, and template (2 $ 5 mL of each 1F- and 4R-cDNA). PCR conditions consisted of 98�C 30 seconds initial

denaturation, 25 cycles of 98�C 10 seconds (denaturation), 55�C 15 seconds (annealing), 72�C 5 minutes (extension), and a final extension

of 72�C for 5 minutes for primer set 1. For primer set 2, the annealing temperature was 58�C. Nested PCR mixture and reaction were similar

with the 1st PCR, only differing in the template (2 $ 5 mL of 1st PCR product) and extension time (2 minutes). The primers are listed in

Tables S1–S3. PCR products were visualized in 1 $ 5% agarose gel electrophoresis and successful amplicons were purified using ExoSAP-

IT Express [Thermo Fisher Scientific, Carlsbad, USA], then cycle-sequenced using the BigDye v3.1 Cycle Sequencing Kit [Thermo Fisher Sci-

entific, Carlsbad, USA]. Cycle sequencing product was purified using the BigDye Xterminator Cycle Sequencing Kit [Thermo Fisher Scientific,

Carlsbad, USA], then electrophoresed using FastSeq50_POP7_Assay protocol in an Applied Biosystems 3500/3500xL Genetic Analyzer (GA)

System (RRID:SCR_021901) [Thermo Fisher Scientific, Carlsbad, USA]. Fluorescence signals from the capillary electrophoresis were converted

into nucleotide base sequences by automated base calling in the 3500 Series Data Collection Software 3.3. This in-house sequencing pro-

cedure is the strategy for HIV genotypic resistance testing (GRT) for INA-RESPOND. Performance characteristics aremaintainedby strict qual-

ity control (QC), including yearly ‘‘HIV Viral Load Survey (HV2/HIVG)’’ [College of American Pathologist, Northfield, USA] since 2019.

Analysis of ambiguous bases in pol sequence

The electropherogram outcome of Sanger DNA sequencing was reviewed for analysis of base ambiguity using Sequencher

(RRID:SCR_001528) v5.4.6 [Genecodes, Ann Arbor, USA]. Mixed bases were determined from a consensus. Multiple bases in a position

were scored as mixed/ambiguous when they appeared in more than one sequencing read, and the minor peak height was at least 20% of

that of the first base and not due to heightened background. The proportion of ambiguous bases (%) was calculated as the number of mixed

bases divided by the total sequence length: [(number of mixed base positions)/(total sequence length)] X 100%.

Identification of drug resistance mutations (DRMs) and HIV subtypes

The final consensus HIV pol sequence (fasta) was submitted to the Stanford University HIV Drug Resistant Database (https://hivdb.stanford.

edu/hivdb/by-sequences/) to determine DRMs and HIV subtype. If subtype identification indicated a recombinant form, the recombination

junction was confirmed by jumping profile HMM (http://jphmm.gobics.de/submission_hiv.html) and recombination identification program

(https://www.hiv.lanl.gov/content/sequence/RIP/RIP.html).

Multiassay algorithm (MAA) to identify recently infected individuals

Clinical information of patients, including past and current illnesses (PCIs), transmission risks, and the WHO’s clinical staging of AIDS were

retrieved from the CRFs. AI EIA was done to all newly diagnosed individuals, and ambiguity analysis was done to those having AI <0 $ 7.

Recently infected individuals were inferred using a decision tree with hierarchical screening starting from samples with CD4+ T cell count

>200 cells/mL, pVL >1,000 copies/ml, AI values < 0 $ 7, and HIV pol ambiguity threshold <0 $ 47%.2,9,13,15,16 Individuals conforming to the

hierarchical classification criteria or presented the recent infection profile based on the biomarker testing outcomes were verified using their

clinical information.
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QUANTIFICATION AND STATISTICAL ANALYSIS

To set up the 2-well AI EIA (GenScreen� Ultra HIV Ag-Ab Kit [Bio-Rad, Marnes-la-Coquette, France]), 30 random samples of individuals ful-

filling inclusion criteria of longstanding infection were tested in a pilot to estimate the standard deviation (SD) of the AI values. The SD value

was applied in Cochran’s formula to estimate the sample size necessary to achieve 95% confidence (5% absolute error) of the 2-well AI EIA. A

minimum of 53 longstanding individuals was required and we evaluated 60 (Figure 1; Table 1). To ensure the consistency of AI values, the

coefficient of variation (CoV) of OD in untreated (1X PBS) and treated (0$1M DEA) wells were determined from triplicate measures from

each subject, with only triplicate measures having CoV <10% proceeded for AI calculation. The Shapiro-Wilk test was done for measures

of participant characteristics and AI values from longstanding and newly diagnosed individuals to identify whether values are normally

distributed. Depending on the data distribution, means values of participants characteristics and AI values were compared using either

the parametric Student’s t test for normally distributed data or the nonparametric Mann-Whitney test for data that were not normally distrib-

uted. Categorical variables were analysed using contingency analysis Fisher’s exact (2X2) or Chi-square (2X3) test. The level of significancewas

set at p < 0 $ 05. Analysis was performed in GraphPad Prism (RRID:SCR_002798) software (v9.3.0, GraphPad, San Diego, USA).
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