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Determining HIV Incidence in Populations: Moving in
the Right Direction
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(See the major article by Laeyendecker et al, on pages 232-9 and the major article by Eshleman et al, on pages 223-31.)

Incidence, the number of new infections
in a population over time, is the most im-
portant epidemiologic parameter for
human immunodeficiency virus (HIV),
as it is for other infectious diseases [1-3].
Accurate determinations of HIV inci-
dence are essential to characterize and
monitor the epidemic, to identify popu-
lations at highest risk, and to assess
the effectiveness of interventions. HIV
incidence is also used as the end point
in community randomized prevention
trials. The AIDS 2012 International AIDS
Conference in Washington, D.C., gener-
ated renewed enthusiasm for using the
new treatment and prevention tools in
our armamentarium to reverse the
epidemic; we need to be able to mea-
sure HIV incidence to assess progress.
However, in the fourth decade of the
HIV/AIDS pandemic, we continue to be
constrained by the inadequate tools avail-
able to efficiently and accurately deter-
mine HIV incidence.

Traditional methods of HIV incidence
determination are often complex and

expensive or imprecise and unreliable
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[1-3]. The direct measurement of HIV
incidence through the prospective follow
up of cohorts of HIV-negative persons is
logistically complicated and expensive
and often unrepresentative of the larger
population; the interventions involved in
prospective cohort studies result in
changes in behavior and HIV incidence.
Use of mathematical models to estimate
incidence on the basis of HIV preva-
lence, AIDS cases, and deaths has a role,
but input parameters are often not
available, and estimates usually lack pre-
cision [3, 4].

Given these limitations, since 1998,
substantial efforts have focused on the
identification of specimens from HIV-
seropositive persons who were recently
infected (eg, within the past 6 months)
through the use of laboratory assays in a
method known as either a serologic
testing algorithm for recent HIV sero-
conversion (STARHS) or a recent infec-
tion testing algorithm (RITA) [1, 2, 5-8].
These assays are based on the matura-
tion of the antibody response to HIV in-
fection, in terms of quantity, proportion,
avidity, isotype or specificity [7, 8]. With
the ability to accurately determine which
HIV-positive persons were recently in-
fected and the duration of the recent
period, HIV incidence can be estimated
from a cross-sectional survey. However,
the development and evaluation of
HIV incidence assays that are based on
detection of recent infection has been
fraught with pitfalls. Initially, investigators

used modified commercial enzyme im-
munoassays (EIAs) that were made less
sensitive or “detuned” [2]. These assays
were based in HIV type 1 (HIV-1)
subtype B, which is prevalent in North
America and Europe, and were found to
have different performance characteris-
tics for other HIV-1 subtypes, limiting
their global usefulness. Furthermore, the
assays first used for HIV incidence deter-
mination were taken off the market and
became unavailable [1, 8]. The perceived
market for HIV incidence assays, which
are used mainly as tools for surveillance
and research, has not driven a great deal
of interest from industry [2, 9].

To address the problem of HIV-1
subtype differences, scientists at the US
Centers for Disease Control and Preven-
tion (CDC) developed the BED capture
EIA (BED-CEIA), which is based on
multiple HIV-1 subtypes (B, E [CRFO1_
AE], and D) [6]. The BED-CEIA’s per-
formance is based on the proportion of
immunoglobulin G that is anti-HIV.
The assay was licensed and made com-
mercially available for surveillance pur-
poses [2, 9]. While the assay performed
better for some other subtypes [10],
within a few years of use in research
studies and surveillance surveys, it
became clear that the BED-CEIA mis-
classified a substantial proportion of
specimens from persons with long-
standing infection as recent infection,
resulting in overestimations of HIV inci-
dence [1, 2]. In 2005, UNAIDS advised
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that the BED-CEIA not be used for
routine surveillance applications [1, 2].
Subsequent studies indicated that the
misclassification of long-standing infec-
tion as recent was associated with low
anti-HIV antibody levels in persons re-
ceiving antiretroviral therapy, with ad-
vanced HIV disease, with naturally low
HIV levels, or because of variability in
the immune response [1, 2, 8]. The mea-
surement and use of false-recent rates
was introduced as a correction factor for
this problem [1, 2, 11-13]. However,
BED-CEIA false-recent rates have been
found to vary widely in various settings,
necessitating local determination of such
rates [1, 2]. Despite these challenges, the
CDC continues to use the BED-CEIA as
part of the system for HIV incidence es-
timation in the United States by ac-
counting for the limitations of the assay
in a complex HIV case-based surveil-
lance system [14-16]. Until recently, the
CDC-developed BED-CEIA was the only
commercially available HIV incidence
assay and has been, by far, the most
widely used globally [1, 2, 9]. Unfortu-
nately, the performance limitations de-
scribed above and the 2005 UNAIDS
statement advising caution regarding its
use have resulted in confusion among
public health scientists charged with
determining HIV incidence in pop-
ulations. The World Health Organiza-
tion Working Group on HIV Incidence
Assays (http://www.who.int/diagnostics_
laboratory/links/hiv_incidence_assay/en/
index.html) has provided some guidance
[17], but lack of a sufficiently accurate
assay remains a serious limitation.

In the past several years, a variety of
assays have been developed and evaluat-
ed; however, rigorous evaluations require
a large collection of geographically and
HIV-1-subtype diverse specimens from
persons with both early and long-standing
HIV infection [1, 8]. Such specimens
are difficult to collect and assemble and
are not widely available. The Bill &
Melinda Gates Foundation is supporting
the Consortium for the Evaluation and
Performance of HIV Incidence Assays

(http://incidence-estimation.com/page/
cephia) as part of a collaborative effort
to address these challenges and clarify
the critical path to HIV incidence
assay development [18].

In this issue of the Journal, Laeyen-
decker and colleagues present data on
the evaluation of a new tool, a multias-
say algorithm for HIV incidence estima-
tion [19]. This algorithm employs the
BED-CEIA, an antibody avidity assay,
the HIV RNA level, and the CD4" T-cell
count. HIV RNA levels and CD4" T-cell
counts were used to exclude persons
with long-standing HIV infection who
were elite controllers of HIV infection or
had advanced HIV disease, respectively,
and might have low HIV antibody
levels. To evaluate the performance of
this algorithm, the study team assembled
a collection of 1782 samples from 709
individuals in the United States with
known duration of HIV infection. Avail-
able data indicate that these specimens
were almost exclusively from persons in-
fected with HIV-1 subtype B [19]. The
analysis demonstrated excellent ability of
this algorithm to identify samples from
recently infected persons (with a post-
serconversion window period of 141
days) as indicative of recent infection.
Only 04% of 1474
persons infected for >1 year were mis-

samples from

classified as indicative of recent infec-
tion. The team went on to compare the
annual incidence of HIV seroconversion,
measured prospectively in the HIV
Network for Prevention Trials study 001
cohort (1.04% [95% confidence interval
[CI], .70%-1.55%), with annual inci-
dence estimated from cross-sectional
specimens tested with the multiassay al-
gorithm and found a very similar rate
(0.97% [95% CI, .51%-1.71%)]).

These findings on the performance of
the multiassay algorithm are encourag-
ing. However, a similar rigorous analysis
will be required to further assess this al-
gorithm for different HIV-1 subtypes
from other populations in other geo-
graphic locations, including those with
a more complicated HIV molecular

epidemiology involving multiple sub-
types and recombinant HIV-1 strains.
Furthermore, the requirement of a CD4"
T-cell count is logistically challenging
because it cannot be measured in stored
specimens, and the use of HIV RNA
assays further increases the cost.

Also in this issue of the Journal,
Eshleman and colleagues compare 3
methods of HIV incidence determina-
tion, including the multiassay algorithm
described above [19], in a cohort study
of women in the United States [20].The
HIV Prevention Trials Network 064
study was designed to assess HIV
incidence in women with HIV risk char-
acteristics in high-risk areas. The investi-
gators enrolled 2067 HIV-seronegative
women, monitored them for up to 12
months, and measured an annual HIV
incidence of 0.24% (95% CI, .07%-
.62%), based on the seroconversion of 4
women. This rate was similar to that
determined from use of the multiassay
algorithm [19] on specimens from the
32 women found to be HIV seropositive,
with no prior HIV diagnosis, at en-
rollment (0.25% [95% CI, .03%-.93%]).
This similarity is encouraging and
provides additional evidence for the acc-
uracy of this algorithm, even in this rela-
tively low-incidence cohort. However,
the number of events was small in this
study, and further validation of the algo-
rithm is needed. The investigators also
estimated HIV incidence by detecting
acute HIV infection in women found to
be HIV seronegative at enrollment and
by assuming a 14-day window period of
viremia or antigenemia prior to serocon-
version. They found 2 women with
acute infection, yielding an annual inci-
dence estimate 10-fold higher than that
yielded by the other 2 methods (2.52%
[95% CI, .17%-9.33%]). This method
was first described in 1995 [21], and
although it is conceptually solid, it has
been found to yield unreliable inci-
dence estimates because of the small
numbers of events found, owing to the
narrow window before HIV seroconver-
sion [1, 2].
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New approaches to HIV incidence
assays are emerging. Recently, CDC sci-
entists have developed the limiting
antigen avidity assay [22]. Data from
laboratory and field surveys are encour-
aging [22-24], and the technology has
been transferred to at least 1 company
for commercial manufacturing and mar-
keting [23]. However, before recommen-
dations can be made for routine use in
surveillance surveys, this assay must be
rigorously evaluated in a variety of pop-
ulations and global settings and exter-
nally reviewed, and a stable supply of
high-quality assay kits must be ensured.

The type of rigorous evaluation of HIV
incidence assays conducted by Laeyendecker
et al [19] and Eshleman et al [20] is needed
to advance the field. On another front, pro-
gress is being made in assessments of viral
diversity as a marker for duration of HIV
infection [25-27]. Advances in genetic char-
acterization methods may make this feasible
in the not-too-distant future. Substantial
progress has been made in refining our
tools for HIV incidence determination, but
focused, collaborative efforts will be required
to yield the simple, inexpensive assays
needed to allow us to monitor the global
response to the HIV/AIDS pandemic.
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