
EPIDEMIOLOGY

Impact of HIV Subtype on Performance of the Limiting
Antigen-Avidity Enzyme Immunoassay,

the Bio-Rad Avidity Assay, and the BED Capture
Immunoassay in Rakai, Uganda
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Abstract

Previous studies demonstrated that individuals with subtype D HIV infection who had been infected for 2 or
more years were frequently misclassified as assay positive using cross-sectional incidence assays. Samples from
510 subjects (212 subtype A, 298 subtype D) who were infected for 2.2 to 14.5 years (median 5.4 years) and were
not virally suppressed were tested using an LAg-Avidity enzyme immunoassay (LAg-Avidity EIA), Bio-Rad
Avidity assay, and BED capture enzyme immunoassay (BED-CEIA). The performance of these three assays was
evaluated using various assay cutoff values [LAg-Avidity EIA: < 1.0 OD-n and < 2.0 OD-n; Bio-Rad Avidity
assay: < 40% avidity index (AI) and < 80% AI; BED-CEIA: < 0.8 OD-n]. The mean LAg-Avidity EIA result was
higher for subtype A than D (4.54 – 0.95 vs. 3.86 – 1.26, p < 0.001); the mean Bio-Rad Avidity assay result was
higher for subtype A than D (88.9% – 12.5% vs. 75.1 – 30.5, p < 0.001); and the mean BED-CEIA result was similar
for the two subtypes (2.2 – 1.2 OD-n for subtype A, 2.2 – 1.3 OD-n for subtype D, p < 0.9). The frequency of
misclassification was higher for individuals with subtype D infection compared to those with subtype A in-
fection, using either the LAg-Avidity EIA with a cutoff of < 2.0 OD-n or the Bio-Rad Avidity assay with cutoffs
of < 40% or < 80% AI. No subtype-specific differences in assay performance were observed using the BED-CEIA.
Sex and age were not significantly associated with misclassification by any assay. The LAg-Avidity EIA with a
cutoff < 1.0 OD-n had the lowest frequency of misclassification in this Ugandan population.

Introduction

At a population level, HIV incidence, or the rate of new
infections, is the most important quantity to measure

when assessing the current state of the HIV epidemic.
Determining where HIV transmission occurs provides im-
portant information on particular population subgroups and
population-specific demographics.1 Knowledge of HIV inci-
dence is necessary to understand transmission patterns, to
provide a rational basis for targeting prevention efforts, to
evaluate interventions, to reduce transmission, and to predict
or project burden of HIV infection in different demographic
and risk populations.2,3 There are three main approaches to
determine HIV incidence in a population: direct measurement
in cohort studies, inference from prevalence measurements, or

estimation using tests for recent infection in cross-sectional
surveys; multiple tests may be used in a recent infection
testing algorithm.1 Most cross-sectional incidence studies use
modified serologic assays for detecting HIV proteins, nucleic
acids, and antibodies. However, there have been some new
proposed biomarkers for measuring incidence that include
other biomarkers, such as cytokine profiles, intraindividual
virus genetic diversity, and changes in population-level ge-
netic diversity. To date, none of these approaches has been
subjected to rigorous evaluation with regard to their appli-
cation in incidence estimation.4

Investigators use assays to measure biomarkers (especially
those based on the maturation of the antibody response) to
determine HIV incidence. Most cross-sectional HIV incidence
assays measure characteristics of anti-HIV antibodies.5,6 The
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BED capture enzyme immunoassay (BED-CEIA)7 is currently
used in the United States8,9 and other countries10 to estimate
HIV incidence and identify high-incidence populations. A
modified version of the Bio-Rad 1/2 + O ELISA (Bio-Rad
Avidity assay)11 has also been used for cross-sectional incidence
estimation. Cross-sectional surveys based on a single serologic
assay often overestimate HIV incidence, since some individuals
with long-term infection are identified as assay positive (those
who are likely to be recently infected and to have an assay result
below an assay cutoff). HIV incidence testing assays that in-
clude both serologic and nonserologic biomarkers (multiassay
algorithms, MAAs) have been developed for HIV subtype B
that reduce or eliminate this type of misclassification.12–14

Subtype designations have been powerful molecular epi-
demiologic tools to track the course of the HIV-1 pandemic.
Group M is the predominant circulating HIV-1 group. It has
been divided into the current nine subtypes: A–D, F–H, J, and
K.15,16 HIV-2 is another strain of HIV that is less common.
HIV-2 is predominantly found in Western Africa.17 World-
wide, it has been shown that 48% of HIV infections are caused
subtype C, 12% by subtype A, 11% by subtype B, 5% by
subtype G, 2% by subtype D, and 22% recombinants.18 Mis-
classification of HIV subtype D infection has marginal sig-
nificance on a global level, but is extremely significant in
Uganda where subtypes A and D predominate and in Sudan
where subtype D is the most common.17,19 The performance
of serologic HIV incidence assays has been shown to vary by
HIV subtype.20–23 For example, among individuals infected
for 2 or more years, being misclassified as assay positive is
more likely in subtype D infection than subtype A infec-
tion.18,24 In addition, among those with long-standing sub-
type D infection, women are significantly more likely to be
misclassified as assay positive than men. A limiting antigen
avidity assay, LAg-Avidity EIA, was designed to reduce the
frequency of misclassification; this assay includes a multi-
subtype recombinant HIV-1 target antigen (rIDR-M) present
in limiting concentration.25 When compared to the BED-
CEIA, the LAg-Avidity EIA had a lower frequency of mis-
classification among individuals with long-term infection for
both subtypes A and D.25

In this report, we compared the performance of the LAg-
Avidity EIA to the BED-CEIA and Bio-Rad Avidity assay by
analyzing samples from individuals in Rakai, Uganda who
were infected for more than 2 years.

Materials and Methods

Study population

This study included 510 individuals (212 HIV subtype A
and 298 HIV subtype D) enrolled in the 2008–2009 Rakai
Community Cohort Study (RCCS) who were known to have
been infected for at least 2 years (2.2 to 14.5 years, median 5.4
years). These individuals had not previously received highly
active antiretroviral therapy (HAART naive) and were not
naturally virally suppressed (there was sufficient HIV RNA in
the samples to permit amplification for sequencing).

Ethics statement

All study participants provided written informed consent.
This study was approved by Institutional Review Boards in
Uganda and the United States.

Laboratory Methods

HIV subtypes of the samples were determined previous-
ly.26,27 Subtype was limited to gp41 and only those with
subtype A and D were included in this analysis. Individuals
with intersubtype recombinant infection based on sequence
analysis were excluded from this analysis. Samples were an-
alyzed using three serologic assays: the LAg-Avidity EIA, the
Bio-Rad Avidity assay, and the BED-CEIA. The LAg-Avidity
EIA measures the quantity of high-avidity antibodies directed
against an immunodominant domain of HIV. This assay was
performed according to the methods of Duong et al.25; addi-
tional analysis was performed using a higher cutoff value of
< 2.0 OD-n. The Bio-Rad Avidity assay was performed using
the Genetic Systems HIV-1/HIV-2 PLUS O EIA (Bio-Rad
Laboratories, Redmond, WA), with the following minor
modifications: a 30-minute initial incubation was added and
the diethylamine reagent was diluted in water.11 The percent
avidity (avidity index, AI) was calculated for each sample, as
described.11 The BED-CEIA was performed according to the
manufacturer’s directions (Calypte Biomedical Corporation,
Lake Oswego, OR), with one exception: samples were run in
duplicate and results were reported as an average of nor-
malized optical density units (OD-n).23,24 Samples were con-
sidered to be misclassified if they had the following test
results: LAg-Avidity avidity < 1.0 OD-n or < 0.2 OD-n, Bio-
Rad Avidity < 40% or < 80% AI, and BED-CEIA < 0.8 OD-n.

Table 1. Factors Associated with Assay Performance

in Specimens with Subtype A and D Infection

Subtype A
41.6% (212/510)

Subtype D
58.4% (298/510)

Age at infection, mean (years)
18–28 23.6% (50/212) 23.8% (71/298)
29–34 34.0% (72/212) 32.6% (97/298)
35–40 19.7% (42/212) 21.1% (63/298)
41–51 22.5% (48/212) 22.5% (67/298)

Duration of infection (years)
2–5 52.1% (110/212) 44.6% (133/298)
6–9 27.7% (59/212) 27.9% (83/298)
10–15 20.2% (43/212) 27.5% (82/298)

CD4 cell count (cells/ll)
> 500 24.9% (53/212) 30.5% (91/298)
200–499 17.9% (38/212) 23.8% (71/298)
0–199 4.7% (10/212) 4.7% (14/298)
No data 52.1% (111/212) 40.9% (122/298)

Sex
Male 38.2% (81/212) 35.2% (105/298)
Female 61.8% (130/212) 64.8% (193/298)

LAg-Avidity EIA (OD-n)
OD-n < 1.0 0.9% (2/212) 1.7% (5/298)
OD-n < 2.0 1.9% (4/212) 7.7% (23/298)

Bio-Rad Avidity assay (AI)
AI < 40% 1.9% (4/212) 20.8% (62/298)
AI < 80% 4.7% (10/212) 35.6% (106/298)

BED-CEIA (OD-n)
OD-n < 0.80 11.8% (25/212) 15.1% (45/298)

Samples were from HIV-infected individuals from the Rakai
Community Cohort Study (RCCS) who were infected 2 + years, were
not on HAART, and had detectable virus.

CD4, cluster of differentiation 4; OD-n, normalized optical density;
AI, avidity index; EIA, enzyme immunoassay; CEIA, capture
enzyme immunoassay.
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Statistical analysis

Factors associated with assay misclassification (age, dura-
tion of infection, CD4 cell count, sex, subtype, and assay) were
analyzed for each assay using the Fisher’s exact test or Chi
square test. Logistic regression was performed to determine
the odds of misclassification for all factors analyzed at the
following assay cutoffs: LAg-Avidity EIA < 2.0 OD-n,
Bio-Rad Avidity < 80% AI, and BED-CEIA < 0.80 OD-n. All
factors associated with misclassification in the univariate
analysis with p < 0.10 were included in the multivariate lo-
gistic regression analysis. All analyses were performed using
STATA v.11 (StataCorp, College Station, TX).

Results

Characteristics of the study population are shown in Table 1.
The mean LAg-Avidity EIA OD-n value was higher for sub-
type A than for subtype D (4.54 – 0.95 vs. 3.86 – 1.26, p < 0.001,
Fig. 1a). The mean Bio-Rad Avidity AI value was also higher
for subtype A than subtype D (88.9% – 12.5% vs.
75.1% – 30.5%, p < 0.001, Fig. 1b). The mean BED-CEIA OD-n
value was similar for subtype A and subtype D (2.2 – 1.2 and
2.2 – 1.3, respectively, p < 0.9, Fig. 1c). The frequency of mis-
classification was higher for subtype D than subtype A using
both the LAg-Avidity EIA and the Bio-Rad Avidity assay;
in contrast, there was no difference in the frequency of

misclassification for these subtypes with the BED-CEIA
(Table 1).

Overall (for both subtypes combined), the misclassification
frequencies for the assays were as follows: LAg-Avidity EIA:
1.4% (7/510) using a cutoff of < 1.0 OD-n, 5.3% (27/510) using
a cutoff of < 2.0 OD-n; Bio-Rad Avidity assay: 12.9% (66/510)
using a cutoff of < 40% AI and 22.8% (116/510) using a cutoff
of < 80% AI; BED-CEIA: 13.7% (70/510) using a cutoff of
< 0.80 OD-n. All of the subtype A samples that were mis-
classified by the LAg-Avidity EIA using a cutoff of < 1.0 OD-n
(0.9%, 2/212) were also misclassified by the Bio-Rad Avidity
assay using a cutoff of < 40% AI and by the BED-CEIA. In a
univariate analysis, misclassification by the LAg-Avidity EIA
using a cutoff of < 2.0 OD-n was associated with subtype D
infection ( p < 0.01), a Bio-Rad Avidity assay result < 80% AI
( p < 0.01), and a BED-CEIA result < 0.80 OD-n ( p < 0.01).
When adjusting for other factors, a Bio-Rad Avidity result of
< 80% AI and a BED-CEIA result of < 0.80 OD-n were the only
factors significantly associated with misclassification. In a
univariate analysis, misclassification using the Bio-Rad
Avidity assay was associated with CD4 cell counts between
200 and 499 cells/ll ( p < 0.05), HIV subtype D ( p < 0.01), an
LAg-Avidity EIA result < 2.0 OD-n ( p < 0.01), and a BED-
CEIA result < 0.80 OD-n ( p < 0.01).

When adjusting for other factors, CD4 cell counts between
200 and 499 cells/ll, subtype D infection, and an LAg-Avidity

FIG. 1. (a) LAg-Avidity enzyme immunoassay (EIA) results by duration of infection. (b) BED capture enzyme immuno-
assay (BED-CEIA) results by duration of infection. (c) Bio-Rad Avidity assay results by duration of infection.
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EIA result < 2.0 OD-n were the only factors significantly as-
sociated with misclassification (Table 2). In a univariate
analysis, BED-CEIA misclassification was associated with a
duration of infection of 10–15 years ( p < 0.05), an LAg-Avidity
EIA result < 2.0 OD-n ( p < 0.01), and a Bio-Rad Avidity assay
result < 80% AI ( p < 0.01). When adjusting for other factors, a
duration of infection 10–15 years and an LAg-Avidity EIA
result < 2.0 OD-n were the only factors significantly associ-
ated with misclassification. Sex and age were not associated
with misclassification by any of the three assays.

Discussion

This report examined the impact of HIV subtype on mis-
classification of long-standing infections as recent infection
using three serologic incidence assays. Samples were obtained
from adults in Uganda enrolled in a longitudinal cohort study
who were known to be infected for at least 2 years with either
subtype A or subtype D HIV. Because viral suppression is
known to be associated with misclassification by serologic
HIV incidence assays,28 samples were selected for this study
from individuals who were HAART naive and were not vi-
rally suppressed (see Materials and Methods). Cutoff values
of cross-sectional incidence assays can be varied. Lower cut-
offs identify fewer true recently infected individuals but re-
duce misclassification, while higher cutoffs have the opposite
effect. We presented both high and low values. In this study
population, the LAg-Avidity EIA correctly classified 98.6%
(503/510) of subtype A and D-infected individuals as assay
negative using an assay cutoff of 1.0 OD-n. Using this cutoff,
the LAg-Avidity EIA had the lowest frequency of misclassi-
fication among the three assays evaluated. When the LAg-
Avidity EIA cutoff was increased to 2.0 OD-n, there was a
significant association between infecting subtype and mis-
classification, with a 4-fold higher misclassification frequency
for subtype D. The Bio-Rad Avidity assay correctly classified
87.1% (444/510) of samples using a cutoff of 40% AI; most
cases of misclassification (94% = 62/66 cases) were in subtype
D samples. When the Bio-Rad Avidity assay cutoff was in-
creased to 80% AI, there was a significantly higher frequency
of misclassification in subtype D compared to subtype A. The
BED-CEIA correctly classified only 86.3% (440/510) of indi-
viduals as assay negative using a cutoff of 0.8 OD-n.

In a previous study of individuals from the RCCS, samples
from those infected for at least 2 years had different fre-
quencies of misclassification for subtypes A and D in women,
but not in men, using the Bio-Rad Avidity assay and the BED-
CEIA.24 In this study, we also found a significant association
between misclassification by the Bio-Rad Avidity assay and
HIV subtype. While we did observe a high frequency of
misclassification with the BED-CEIA, the misclassification
frequencies were similar in the two subtypes. In this study,
neither of these two assays displayed a significant association
between misclassification and sex.

Our findings demonstrate the problems in using all three of
these incidence assays as stand-alone assays in subtype D
endemic areas. An association between low LAg-Avidity EIA
results (OD-n < 2.0) and low Bio-Rad avidity results (AI
< 80%) was observed in individuals with subtype D infection.
Since these assays use different target antigens, this suggests
individuals with subtype D infection are less likely to produce
high avidity anti-HIV antibodies. Additionally, this suggests

these assays should not be used together [e.g., in a multiassay
algorithm (MAA)] in populations with a significant frequency
of subtype D infections. The choice of assays to include in an
MAA should take into consideration the factors associated
with misclassification by each assay.

These three cross-sectional incidence assays detect anti-
bodies against HIV, which should not impact this selected
population of long-standing infected individuals but might be
relevant when applying these assays in an open population
where very recent (Ag-positive only) infections are observed.
Even so, misclassification was observed in this selected pop-
ulation, which indicates that the results of these assays should
be carefully monitored depending on the population under
study. When single incidence assays with high specificity are
used for cross-sectional surveys, the proportion of false-recent
infections will be reduced; however, the sensitivity for iden-
tifying individuals with recent infection will also be reduced.
Multiassay algorithms have been developed that include se-
rological assays with relaxed cutoff values; these algorithms
maximize the identification of recently infected individuals,
while providing a high level of specificity.12 Further studies
are needed to determine whether the lower LAg-Avidity EIA
values seen in subtype D reflect a muted early antibody re-
sponse to HIV infection (similar to what was observed in
previous studies of the BED-CEIA and Bio-Rad Avidity as-
say29) or a waning of an initially robust antibody response.
Additional studies are needed to determine the impact of viral
suppression (natural or HAART induced) on the performance
of the LAg-Avidity EIA.
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