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SUMMARY

This analysis assessed the utility of the limiting antigen avidity assay (LAg). Samples of people
who inject drugs (PWID) in Greece with documented duration of HIV-1 infection were tested by
LAg. A LAg-normalized optical density (ODn) 41·5 corresponds to a recency window period of
130 days. The proportion true recent (PTR) and proportion false recent (PFR) were estimated in
28 seroconverters and in 366 samples collected >6 months after HIV diagnosis, respectively. The
association between LAg ODn and HIV RNA level was evaluated in 232 persons. The PTR was
85·7%. The PFR was 20·8% but fell to 5·9% in samples from treatment-naive individuals with
long-standing infection (>1 year), and to 0 in samples with the circulating recombinant form
CRF35 AD. A LAg-based algorithm with a PFR of 3·3% estimated a similar incidence trend to
that calculated by analyses based on HIV-1 seroconversions. In recently infected persons indicated
by LAg, the median log10 HIV RNA level was high (5·30, interquartile range 4·56–5·90). LAg
can help identify highly infectious HIV(+) individuals as it accurately identifies recent infections
and is correlated with the HIV RNA level. It can also produce reliable estimates of HIV-1
incidence.
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INTRODUCTION

Monitoring of HIV incidence is essential for evaluating
the effectiveness of interventions [1–4]. Nonetheless,
epidemiological evidence on HIV consists mostly of

prevalence data, reporting rates from surveillance sys-
tems, and estimates based on mathematical models
with various assumptions. Prospective observational
studies that produce estimates of HIV incidence are
time-consuming and expensive, and may also suffer
from bias [2–4].

If the number of people who are newly infected with
HIV is known, HIV incidence can be calculated using
cross-sectional approaches [5]. There have been sub-
stantial efforts to develop laboratory assays that can
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distinguish recent (e.g. acquired in the last 6 months)
from long-standing HIV infections [3, 6]. The earliest
application of less sensitive enzyme immunoassays
(EIAs) has now been replaced by methods that cap-
ture HIV-specific IgG production (BED-CEIA) or
measure the binding strength (avidity) between anti-
bodies and viral antigens [3, 6–11]. The latter category
includes the recently developed HIV-1 limiting anti-
gen avidity EIA (LAg) [12–14].

Athens, Greece, experienced a large HIV-1 epi-
demic in people who inject drugs (PWID) between
2011 and 2013 [15–17]. In the context of interventions
(ARISTOTLE programme and Transmission Reduc-
tion Intervention Project; TRIP) to respond to the epi-
demic [17, 18], many blood specimens from PWID
with documented duration of HIV-1 infection were
collected. This paper describes the performance char-
acteristics of LAg in specimens of drug injectors, mea-
sures the correlation between normalized LAg optical
density (ODn) and HIV RNA level, and compares
LAg-based HIV-1 incidence estimates in PWID with
those from prospective analyses based on HIV-1
seroconversions.

METHODS

Subjects

Samples were collected from participants of
ARISTOTLE and of TRIP. ARISTOTLE [17] used
a respondent-driven sampling design and took place
between August 2012 and December 2013 as the
main response to an HIV-1 outbreak in PWID that
was recognized in early 2011 [15]. ARISTOTLE con-
sisted of five successive rounds of HIV screening and
recruited a total of 3320 PWID (∼1400 PWID were
tested once in each round but were allowed to take
part in the next waves of testing) whose characteristics
are described in detail in [17]. HIV incidence estima-
tions made use of all ARISTOTLE subjects while
analyses on LAg performance and on its association
with HIV RNA focused mainly on three subsets of
ARISTOTLE participants: PWID with documented
recent seroconversion; PWID with documented long-
term infection; and PWID who participated in the
first round only.

Given the longitudinal nature of ARISTOTLE,
some PWID participated in multiple rounds of that
intervention. Of people who were longitudinally
observed in ARISTOTLE and were HIV negative at
their first visit, 45 seroconverted during the course of

the study. Of these, 28 were recent seroconverters
defined as people who tested HIV positive in
ARISTOTLE, had a previous negative test at most 6
months before the positive result in ARISTOTLE,
and were antiretroviral treatment (ART) naive and
without advanced HIV disease at the time their posi-
tive HIV sample was collected. Long-term infected
persons were 209 ARISTOTLE participants who, at
the time of blood sampling, had a documented
(based on a previous positive test) HIV-1 infection
>6 months ago. Of 366 available specimens for these
persons, the duration of infection was between 6 and
12 months in 282 samples (77%), and >1 year in 84
specimens (23%).

TRIP, a multisite intervention that combines med-
ical, laboratory, and social network tools to prevent
HIV transmission [18], ran in Athens between 2013
and 2015. TRIP identifies people recently infected
with HIV (defined as those who acquired HIV in the
past 6 months) by using LAg (Sedia Biosciences
Corporation, USA). TRIP and ARISTOTLE con-
ducted LAg testing of seroconverters and long-term
infected participants of ARISTOTLE, as defined pre-
viously, and HIV RNA testing of PWID who took
part in the first round of ARISTOTLE. In 1404
drug injectors who participated in the first round of
ARISTOTLE, 262 had detectable HIV RNA. Thirty
of the 262 persons had started ART before joining
ARISTOTLE and were excluded from further ana-
lyses on the association between LAg ODn and HIV
RNA values.

Data on ART, CD4 T-cell counts at diagnosis, and
on the diagnosis date of AIDS were obtained from the
Greek HIV/AIDS registry and collaborating physi-
cians. Data on HIV-1 subtypes and circulating recom-
binant forms (CRF) were retrieved from an existing
database as described in [19].

Laboratory methods

Blood samples were tested by a microparticle anti-HIV-
1/2 EIA (AxSYM HIV-1/2 gO, Abbott Laboratories,
USA) and confirmed by MP Diagnostics Western Blot
(WB) (MP Biomedicals, USA). Specimens that were
initially reactive (S/CO, 51·0) or initially grey-zone re-
active (0·94S/CO< 1·0) in AxSYM HIV-1/2 gO were
retested in duplicate. Results onWB p31 band reactivity
were recorded. p31 canbedetected∼100 days after infec-
tion and could be used as an indicator of recency in indi-
viduals with positive WB (Fiebig stage V: WB+/p31-)
[20, 21].
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WB-confirmed samples were further tested by LAg.
Samples with an ODn 42 during the screening mode
were subjected to confirmatory evaluation and tested
in triplicate. If the median of the three ODn values
was then41·5, the seroconversion was classified as re-
cent (LAg+). The ODn cut-off of 1·5 corresponds to a
mean duration of recent infection (MDRI) of 130 days
[14]. MDRI refers to the average time individuals
spend in the biomarker-defined state of recent infec-
tion and is an important parameter of assays used in
population-level estimation of HIV incidence.

HIV RNA was quantified in positive specimens
obtained from participants of the first round of
ARISTOTLE using Artus HI virus-1 RG RT–PCR
(Qiagen, Germany).

Validation of LAg and estimation of HIV-1 incidence

The proportion true recent (PTR) and proportion
false recent (PFR) of LAg along with their Wald or
exact 95% confidence intervals (CIs) were calculated
using samples of repeated testers in ARISTOTLE.
PTR and PFR are also known and used in the litera-
ture as true recent rate (TRR) and false recent rate
(FRR), respectively.

For incidence estimations, we used a LAg-based al-
gorithm as described in guidelines developed by the
World Health Organization (WHO) and the joint
United Nations Programme (UNAIDS) on HIV [5]
(Fig. 1). Our recent infection testing algorithm (RITA)
reclassifies successively as non-recents samples with a
LAg ODn 41·5 if the participants had a documented
HIV diagnosis >1 year ago, CD4 T-cell count <200
cells/μl (around 3 months before or after sample collec-
tion), had developed AIDS within a month from sample
collection or had started ART before their specimen
was obtained in ARISTOTLE. For the first round of
ARISTOTLE, as HIV RNA data were available, the al-
gorithm was run twice excluding the ART-related infor-
mation the second time but including HIV RNA data
(reclassifying LAg-based recents as non-recents if their
HIV RNA level was 41000 copies/ml).

The MDRI used was that of LAg (130 days). The
PFR of the applied RITA was the proportion of
long-standing infections that were misclassified by the
algorithm as recent and was calculated on the same
population of drug injectors used for incidence estima-
tions (surveyed in ARISTOTLE). PFR was estimated
in HIV-positive samples with duration of infection >6
months, between 6 and 12 months, and >1 year. In
addition, according to the WHO/UNAIDS guidance

[5], a long-standing infection for incidence calculation
has duration longer than twice the mean assay window
period (for LAg: 130 days × 2 = 260 days). Given that,
PFR was also estimated in 213 HIV-positive samples
with duration of infection >260 days and was the one
used in incidence calculations.

The numbers of each round’s positives and recents,
and the PFR were entered on a web-based platform
[Assay-Based Incidence Estimation (ABIE) version
2.0; http://www.incidence-estimation.org/page/cephia-
overview] that has been developed to facilitate the cal-
culation of incidence estimates [22, 23].

Statistical analysis

Descriptive analyses included median values and inter-
quartile ranges (IQRs). The assumption of normally

Fig. 1. Testing algorithm for recent infection based on the
limiting antigen avidity (LAg) assay. ODn, normalized
optical density; RITA, recent infection testing algorithm.
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distributed continuous variables was checked using
the Shapiro–Wilk test. Mann–Whitney and Kruskal–
Wallis statistics were used to test the hypothesis that
two or more statistical samples were drawn from the
same populations. Spearman’s rank correlation coeffi-
cient measured the statistical association between
LAg ODn values and HIV RNA level. The χ2 and
Fisher’s exact tests were used to evaluate the independ-
ence of two categorical variables. Logistic regression
models were used for dichotomous outcomes. HIV
RNA levels were log10 transformed when used as a
continuous variable. HIV RNA values also were
grouped into six categories that correspond to 1 log10
increment (i.e. <100, [102–103), [103–104), [104–105),
[105–106), 5106 copies/ml).

All statistical analyses were conducted in Stata v. 12
(StataCorp., USA).

Ethical statement

The authors assert that all procedures contributing to
this work comply with the ethical standards of the
relevant national and institutional committees on
human experiments and with the Helsinki Declaration
of 1975, as revised in 2008. Each participant of
ARISTOTLE and TRIP gave informed consent.
Both studies were approved by Institutional Review
Boards in Athens (Athens University Medical
School and Hellenic Scientific Society for the
study of AIDS and Sexually Transmitted Diseases,
respectively). TRIP also obtained approval by
the Institutional Review Board of the National
Development and Research Institutes in New York
City.

RESULTS

Validation of LAg and of a LAg-based RITA (PTR
and PFR)

PTR (sensitivity in individual diagnostics)

The analysis on the PTR of LAg included 28 recent
seroconverters (males, 85·7%) with a median age of
35·3 years (IQR 31·9–40·2 years).

LAg correctly identified 19/23 cases (82·6%, 95% CI
67·1–98·1) who had seroconverted during the last 130
days (the mean window period of LAg) and 24/28
cases (85·7%, 95% CI 72·8–98·7) who had become
infected <6 months ago. When LAg results were com-
bined with the reactivity of the WB p31 band, a p31-/
LAg+ (ODn4 1·5) result correctly classified as

recents 89·3% (95% CI 77·8–100) of the seroconverters
(25/28). The odds of being correctly classified as recent
in the 6-month period between the last negative and
the first positive test were not affected by the exact
time elapsed from the last negative to the first positive
test (odds ratio 1·00, 95% CI 0·97–1·03).

Of the 28 seroconverters, 13 were classified as
CRF14 BG (46·4%), seven as subtype B (25%), two
as CRF35 AD (7·1%), and two as recombinants of
the previous groups (7·1%). The four false recents
were identified in CRF14 BG (two), subtype B
(one), and in the recombinants (one). The estimated
PTR across molecular groups were: CRF14 BG (11/
13, 84·6%) (95% CI 54·6–98·1); CRF35 AD (2/2,
100%); subtype B (6/7, 85·7%) (95% CI 42·1–99·6);
and recombinants (1/2, 50%) (95% CI 1·3–98·7).
There was not any statistically significant difference
of PTR in the molecular groups (P= 0·66).

PFR (1 – specificity in individual diagnostics)

The analysis on LAg PFR included 209 ARISTOTLE
participants (males, 78·5%) with long-term infection
and a median age of 34·1 years (IQR 30·2–38·9
years) at the time of blood sampling. In total, 366 spe-
cimens were available from these participants.

LAg alone (prior to RITA adjustments) misclas-
sified 76/366 specimens (PFR 20·8%, 95% CI 16·6–
24·9) as recent infections (Table 1). Of those who
had already received ART before sample collection,
the PFR was substantial (around 35%) regardless of
the duration of HIV-1 infection. By contrast, the
PFR in ART-naive participants was 11·5% (95% CI
7·2–15·7) overall and fell to 5·9% (95% CI 0–12·3)
when the samples had been obtained at least 1 year
after infection. Using data on AIDS and CD4 T-cell
counts further improved the PFR estimates. In par-
ticular, the overall RITA-based PFR was 4·9% (95%
CI 2·7–7·1) and it became zero in samples collected
from HIV-1-infected individuals who had been
infected more than 1 year ago (Table 1). All estimates
remained unchanged when one sample per participant
was analysed (either the sample with the minimum
duration or the sample with the maximum duration
of HIV-1 infection).

The results were also similar on samples that had
been collected more than twice the mean LAg recency
period (2 × 130 = 260 days) after infection. Combining
available clinical and laboratory information (CD4 T-
cell count, HIV and AIDS diagnosis dates, and ART)
for 213 samples of 150 participants, the RITA
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misclassified seven samples as recents (PFR 3·3%,
95% CI 0·9–5·7). The estimated PFR did not change
when the analysis focused on single samples per par-
ticipant [either the earliest participant’s sample with
the minimum duration of HIV-1 infection (59 samples
in total for PFR estimation: 3·4%, 95% CI 0–8·0) or
the latest sample with the maximum duration of
HIV-1 infection (150 samples in total for PFR estima-
tion: 3·3%, 95% CI 0·5–6·2)].

Data on HIV-1 subtypes and CRF were available
for 133 samples (36·4%). Of these, 127 samples had a
duration of HIV-1 infection >6 months but <12
months. The major groups were CRF14 BG (62),
subtype B (23), CRF35 AD (22), and subtype A
(12). The PFRs were high in CRF14 BG [17/62
(27·4%) false recents, 95% CI 16·9–40·2], and in sub-
types A (3/12, 25%; 95% CI 5·5%–57·2%) and B (7/
23, 30·4%; 95% CI 13·2–52·9). The PFR was lower
in recombinants of the four major groups (1/14,
7·1%; 95% CI 0·2–33·9) and became zero in
CRF35 AD.

LAg ODn values and HIV RNA level

In 232 ART-naive HIV-1 positives of round 1 in
ARISTOTLE with detectable HIV RNA, LAg ODn
was 41·5 (LAg+, i.e. indicating a recent infection)
in 57 individuals (24·6%) while the WB p31 band
was non-reactive (p31-, i.e. indicating an infection
<100 days ago) in 31 participants (13·4%).
Combining LAg and p31 results, 11 individuals
(4·7%) were indicated as recently infected by both
assays (LAg+ and p31-) while 66 persons (28·5%)
were classified as recents by only one of these tests
(LAg+ but p31+ or LAg- but p31-).

Table 2 shows HIV RNA levels of all participants
and across various subgroups (A–G). Significantly
(P = 0·06) more participants in group C with LAg
ODn 41·5 (LAg+) had a viral load of 5106 copies/
ml than did those in group G with LAg ODn >1·5
(LAg-). Almost half (45·5%) of the individuals in
group A that included recents indicated by both assays
(p31-/LAg+) had HIV RNA levels 5106 copies/ml.

Table 1. Results on LAg PFRs using 366 samples from 209 participants of the ARISTOTLE programme in Athens,
Greece with documented seroconversion at least 6 months before the date their sample for PFR analyses was collected

Time between blood collection and documented seroconversion N LAg 41·5 PFR% (95% CI)

All
>6 months 366 76 20·8 (16·6–24·9)
6–12 months 282 61 21·6 (16·8–26·4)
>260 days* 213 40 18·8 (13·5–24·0)
>1 year 84 15 17·9 (9·7–26·1)

ART before blood collection
>6 months 148 51 34·5 (26·8–42·1)
6–12 months 115 39 33·9 (25·3–42·6)
>260 days 88 30 34·1 (24·2–44·0)
>1 year 33 12 36·4 (19·9–52·8)

ART-naive at blood collection
>6 months 218 25 11·5 (7·2–15·7)
6–12 months 167 22 13·2 (8·0–18·3)
>260 days 125 10 8·0 (3·2–12·8)
>1 year 51 3 5·9 (0–12·3)

RITA algorithm†

>6 months 366 18 4·9 (2·7–7·1)
6–12 months 282 18 6·4 (3·5–9·2)
>260 days 213 7 3·3 (0·9–5·7)
>1 year 84 0 0

ART, Antiretroviral treatment; CI, Wald-based confidence intervals; LAg, limiting antigen avidity assay; PFR, proportion
false recent; RITA, recent infection testing algorithm.
* 260 days is twice the recency window of LAg (130 days). It was used to define long-standing infections in calculations of
PFR for incidence estimation.
†Recent infection testing algorithm (RITA): positives who had LAg normalized optical density (ODn) 41·5 are reclassified
successively as non-recents based on clinical and laboratory data (HIV diagnosis >1 year ago, CD4 T-cell count <200 cells/μl
3 months before or after blood collection, diagnosis of AIDS and receipt of antiretroviral treatment before sampling).
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Table 2. Median log10 HIV RNA values (copies/ml) and the distribution of HIV RNA levels by recency status in 232 antiretroviral treatment-naive participants
of the first round of the ARISTOTLE programme in Athens, Greece

Recency status* N
Median log10 HIV
RNA (IQR) HIV RNA 5106 HIV RNA [105–106) HIV RNA [104–105) HIV RNA <104

All (irrespective of recency status) 232 5·11 (4·44–5·52) 22 (9·5%) 102 (43·9%) 76 (32·8%) 32 (13·8%)
(A) Recent infection indicated by both assays†
(p31- and LAg+)

11 5·64 (5·08–6·13) 5 (45·5%) 4 (36·3%) 2 (18·2%) 0 (0%)

(B) Recent infection indicated by LAg but not
by p31 (p31+ and LAg+)

46 5·23 (4·33–5·70) 5 (10·9%) 23 (50·0%) 12 (26·1%) 6 (13·0%)

(C) Recent infection indicated by LAg (LAg+) 57 5·30 (4·56–5·90) 10 (17·5%) 27 (47·4%) 14 (24·6%) 6 (10·5%)
(D) Recent infection indicated by one assay
(p31- but LAg- or LAg+ but p31+)

66 5·30 (4·53–5·70) 8 (12·1%) 36 (54·6%) 16 (24·2%) 6 (9·1%)

(E) Long-term infection indicated by both
assays (p31+ and LAg-)

155 4·90 (4·40–5·39) 9 (5·8%) 62 (40%) 58 (37·4%) 26 (16·8%)

(F) Long-term infection indicated by LAg but
not by p31 (p31- and LAg-)

20 5·49 (5·08–5·71) 3 (15%) 13 (65%) 4 (20%) 0 (0%)

(G) Long-term infection indicated by LAg
(LAg-)

175 4·99 (4·44–5·43) 12 (6·9%) 75 (42·9%) 62 (35·4%) 26 (14·8%)

LAg, Limiting antigen avidity assay; IQR, interquartile range.
Comparisons between groups that do not overlap:
HIV RNA as continuous variable: A vs. B (P= 0·07); E vs. F (P= 0·002); C vs. G (P= 0·02).
HIV RNA as categorical variable: A vs. B (P= 0·04); E vs. F (P = 0·02); C vs. G (P= 0·06).
* The groups overlap. The sum of all frequencies in the second column does not equal the total number of subjects (232) in these analyses. Groups A and B are subsets of
group C; groups E and F are subsets of group G; group D includes individuals of groups C and G; the sum of frequencies of groups C and G equals total N.
†Assays include the LAg and the Western Blot (WB) p31. An infection was classified as recent if the LAg normalized optical density score was 41·5 (LAg+) or the p31
band of the WB-confirmed HIV-1 infection was negative (p31-), respectively.
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This number is significantly higher (P = 0·04) than the
corresponding percentage (10·9%) in the individuals of
group B who were classified as recents by LAg but not
by p31.

The median log10 HIV RNA level of the 232 ART-
naive HIV-1 positive participants in the first round
of ARISTOTLE was 5·11 (IQR 4·44–5·52). The
Spearman coefficient of correlation between LAg
ODn and log10 HIV RNA level was −0·17 (P =
0·01). Viral load was significantly higher in recently
(group C with LAg ODn 41·5) infected persons
(5·30, P = 0·02) than in long-term (group G) infectees
(4·99). The median viral load peaked in individuals in
group A who were indicated as recents by both LAg
and the WB p31 band (5·64, P = 0·07 compared to
individuals of group B who were classified as recents
by LAg but not by p31). Interestingly, the median
viral load in LAg-based long-standing infections
with p31 negativity (group F: 5·49) was significantly
higher (P = 0·002) than in long-term infectees (group
E), as indicated by both assays (4·90).

Calculation of HIV-1 incidence

As shown in Table 3, HIV-1 prevalence fell from
19·3% in the first round of ARISTOTLE to 14·5%
over the last recruitment period. By combining LAg
data with laboratory and clinical information
(RITA), we found that the proportion of recents
decreased over the course of the project from 20·3%
(n= 55) to around 7·9% (n= 16). Using the previously
calculated PFR of 3·3%, the RITA-based estimate of
HIV-1 incidence showed a clear decreasing trend
from 12·62% (95% CI 8·38–16·86) in the first round
to 2·41% (0·14–4·67) at the end of the study. This cor-
responds to an incidence reduction of ∼81%, which is
very similar to the estimated incidence decrease (78%)
calculated on seroconverters in repeated testers in
ARISTOTLE [24].

When HIV RNA replaced ART in the algorithm ap-
plied to the data of the first round of ARISTOTLE, the
RITA-based number of recents became 59 (21·8% of
HIV positives) and the estimated HIV incidence
slightly increased to 13·71%. However, its 95% CI
(9·31–18·11) substantially overlaps with the ART-
based CI given above (8·38–16·86).

DISCUSSION

Approaches based on cross-sectional biomarkers in-
cluding the LAg [12–14] could be reliable alternatives

to lengthy and costly follow-up studies for calculating
HIV incidence [3, 6–8]. In samples of HIV-infected
PWID collected in Greece during an HIV-1 outbreak,
the ability of LAg alone to accurately identify HIV-1
infections with a duration of <6 months was around
85%. In addition, LAg was significantly correlated
with HIV RNA values, which are associated with
HIV transmission. In the absence of ART and of
advanced disease, the PFR of LAg drops from 20%
to 5%, and becomes zero for infections with at least
1 year’s duration. An algorithm based on LAg and
clinical information, and using the LAg window of re-
cency (130 days) and an estimated PFR of 3·3%,
detected a similar incidence trend to that based on
seroconverters. Replacing ART with HIV RNA in
RITA applied to a subset of the data did not substan-
tially change the incidence estimate and its 95% CI.

The maturation of serological response is influenced
by several factors including individual and population
variability in immune reaction, and subtype bias liabil-
ity [3, 25]. Population variation was probably limited in
this study because the analyses focused only on people
who use drugs. However, HIV-1 subtypes influence the
kinetics of antibody maturation. The BED-CEIA
assay, for example, has showed varying performance
across populations with different HIV subtypes and
seems to overestimate incidence [3, 26–30]. To over-
come subtype effects, LAg contains a recombinant pro-
tein derived from the immunodominant region of
glycoprotein 41, from multiple subtypes of the HIV-1
group M [12, 13]. However, the performance of LAg
may also vary across different HIV-1 subtypes, with
higher PFRs being observed in people infected with
subtype D [30–35]. Infections with subtype D could
be associated with weak antibody responses that persist
over time and this may affect LAg results [30, 36]. The
most frequently detected subtypes in drug injectors in
Greece during the recent epidemic include two recom-
binants (CRF14 BG, CRF35 AD), and subtypes A
and B [15]. The PTR was not affected by the circulating
subtypes but the analysis was based on a rather small
sample (n= 28). The PFR was high (>20%) in subtypes
A and B, and in CRF14 BG but fell to 7·7% in a group
of recombinants of the four major strains and became 0
in CRF35 AD sequences. However, the estimation of
PFR across subtypes and CRFs suffers from small
sample sizes (available data for 36% of specimens col-
lected >6 months after infection).

HIV incidence assays may falsely identify long-term
infections as recent when blood samples are collected
from elite controllers, people on ART, and those with
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Table 3. Estimates of HIV-1 incidence in the five rounds of the ARISTOTLE programme in Athens, Greece using LAg, clinical and laboratory information in the
context of a RITA* method

Round 1 Round 2 Round 3 Round 4 Round 5

Period
20 Aug. 2012–3 Dec.
2012

4 Dec. 2012–18 Mar.
2013

19 Mar. 2013–16 June
2013

17 June 2013–18
Sep. 2013

19 Sep. 2013–16 Dec.
2013

No. tested† 1401 1438 1429 1406 1401
Negatives 1130 1201 1182 1188 1198
Positives (%) 271 (19·3%) 237 (16·5%) 247 (17·3%) 218 (15·5%) 203 (14·5%)
Recents (% of positives) based on
LAg ODn 41·5

72 (26·6%) 60 (25·3%) 63 (25·5%) 63 (28·9%) 43 (21·2%)

RITA-based recents (% of positives) 55 (20·3%) 41 (17·3%) 31 (12·6%) 30 (13·8%) 16 (7·9%)
Incidence per 100 p-yr estimated by RITA 12·62% (8·38–16·86) 8·55% (5·15–11·96) 5·99% (2·91–9·06) 5·94% (2·99–8·90) 2·41% (0·14–4·67)
Incidence per 100 p-yr estimated by
seroconverters among repeated testers in
ARISTOTLE

7·76% (4·60–13·11) 5·88% (3·70–9·33)‡ 2·91% (1·57–5·41)§ 1·71% (0·55–5·31)||

LAg, Limiting antigen avidity assay; ODn, normalized optical density; p-yr, person-years; RITA, recent infection testing algorithm.
* Positives who had normalized LAg ODn41·5 are reclassified successively based on clinical and laboratory data (HIV diagnosis >1 year ago, CD4 T-cell count <200 cell/μl
3 months before or after blood collection, diagnosis of AIDS and receipt of antiretroviral treatment before sampling).
†Numbers for LAg-based incidence analyses.
‡ Period: December 2012–April 2013.
§ Period: April 2013–August 2013.
|| Period: August 2013–December 2013.
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advanced disease [25, 28, 37]. In our analyses, the
PFR of LAg alone was high (35%) when measured
on infected individuals receiving ART. Similar
figures (58·8%) have also been reported by other
researchers [34]. However, PFR on specimens that
had been collected at least 1 year ago became even
zero when a RITA algorithm was used that included
data on ART, AIDS diagnosis date, and CD4 T-cell
counts. A limitation of this RITA-based analysis is
the relatively small sample size that was used for
PFR estimations but, on the other hand, as recom-
mended, PFR was measured on the same population
for which incidence calculations were made [5].
Another limitation is that the mean recency window
period of the LAg-based algorithm was not calculated
as only a few samples from 45 seroconverters (28 with
documented <6 months duration of infection) were
available; therefore, the analyses were based on the
mean recency window period of LAg alone (130
days) as reported in the literature [14].

A technical report by WHO and UNAIDS stated
that LAg has lower PFR and leads to more accurate
estimates of HIV incidence than other methods [25].
LAg had indeed showed a lower misclassification fre-
quency than BED in people with AIDS in its initial
evaluation [12]. Studies in Uganda, other African
countries, Germany, Brazil, and the United States
produced similar findings [30, 33, 34, 37–40].
However, LAg alone has still some limitations and
given the weaknesses of all single assays, further devel-
opments and evaluations are necessary including
assessing the performance of many biomarker-based
assays used in combination [23, 34]. Some multi-
assay or multi-analyte algorithms including LAg and
other avidity measurements have already been tested
with very encouraging results [28, 33, 38, 41–44].

The estimated incidence of HIV-1 infection that was
assessed longitudinally in ARISTOTLE based on 45
seroconversions [24] was compared to the incidence
estimated from cross-sectional samples (RITA method)
collected in each of the five rounds of ARISTOTLE.
The RITA approach indicated, in general, higher infec-
tion rates for each time period than the traditional, lon-
gitudinal approach. However, the 95% CIs of the
estimates produced by the two methods substantially
overlap. In addition, the RITA-based estimates refer
to the 4- to 6-month period before the cross-sectional
data collection, i.e. to the mean recency window of
LAg. This means that each RITA-based estimate
should be compared to the seroconverters-based inci-
dence of the previous time period. In this case, the

point estimates of the two methods become similar.
For instance, the RITA-based point estimate of inci-
dence in the fifth round of ARISTOTLE (2·41%) is
much closer to the seroconverters-based estimate of
the fourth round (2·91%). It should also be noted
that the estimated reductions of incidence between
August 2012 and December 2013 produced by the
two methods were almost identical: decrease based on
incidence estimates from HIV seroconversions in
repeated testers = 78% vs. decrease from RITA-based
estimates = 81%. The reduction of HIV-1 incidence in
drug injectors was also reflected in Greek surveillance
data with reported diagnoses starting to decrease in
June of 2013, following the RITA-based estimated de-
cline in HIV-1 incidence during the first months of 2013
[45]. A LAg-based approach was also able to reliably
detect incidence trends in young individuals in an
African setting [46].

In the round 1 of ARISTOTLE, the applied RITA
was rerun substituting ART with viral load. Being the
last step of the algorithm, HIV RNA (41000 copies/
ml) reclassified four individuals fewer than ART did
as non-recents. This resulted in a slightly increased
HIV incidence but the two CIs substantially overlap.
Given the limitations of our work, it seems that if ad-
ministrative information on the date of ART start is
accurate, ART can be safely used in RITA-based esti-
mations instead of or along with HIV RNA.

Although the sample of seroconverters in this study
was small (n= 28), the analysis demonstrated a good
ability (PTR= 85%) of LAg to identify samples
from persons who had acquired HIV <6 months
ago. Our estimate is substantially better than those
reported by Konikoff et al. (43%) [38] and the
German seroconverter cohort (48–63%) [30]. The
PTR further improved reaching 89% when it was com-
bined with WB data (p31 reactivity).

LAg ODn values were significantly correlated with
HIV RNA levels. In particular, half of the WB-
confirmed HIV-1-infected individuals with LAg
ODn 41·5 and without WB p31 reactivity had very
high HIV RNA concentrations (>106 copies/ml), typ-
ical of acute infection [47]. HIV RNA values comprise
a good indicator of HIV transmissibility [48]. Yet, the
cost of HIV RNA assays remains high while the ele-
vated transmission risk during early infection is not
explained by viral load values alone [48, 49]. Given
the acceptable PTR, the strong correlation of LAg
values with HIV RNA levels, LAg use alone or in
combination with information provided by WB p31
in settings where WB remains, as a confirmatory

LAg, HIV incidence and drug injectors 409

https://doi.org/10.1017/S0950268816002417
Downloaded from https://www.cambridge.org/core. IP address: 65.21.193.86, on 12 Mar 2022 at 10:40:54, subject to the Cambridge Core terms of use, available at https://www.cambridge.org/core/terms.

https://doi.org/10.1017/S0950268816002417
https://www.cambridge.org/core
https://www.cambridge.org/core/terms


test, in diagnostic algorithms, could be cheaper than
HIV RNA testing and a reliable tool in social network
interventions like TRIP [18] that aim to reduce the
spread of HIV by recruiting people at the initial
phase of increased transmissibility.

In conclusion, a LAg-based RITA had relatively
low PFRs in a population of drug injectors and can
be used in serial cross-sectional surveys to reliably
monitor time trends in HIV incidence. LAg, in con-
junction with testing histories and WB p31 results in
settings where they are available, could also be a reli-
able and relatively cheap tool in resource-limited
interventions targeting highly infectious persons [18].
Of note, LAg also performs well with dried blood spe-
cimens [50] while a rapid LAg has been developed
with promising characteristics [51]. Since these types
of LAg are less dependent on skilled staff and compli-
cated procedures, they can facilitate LAg-based inter-
ventions and incidence measurements in the field.
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