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Abstract

Reliable methods for measuring human immunodeficiency virus (HIV) incidence are a high priority for HIV
prevention. They are particularly important to assess the population-level effectiveness of new prevention
strategies, to evaluate the community-wide impact of ongoing prevention programs, and to assess whether a
proposed prevention trial can be performed in a timely and cost-efficient manner in a particular population and
setting. New incidence assays and algorithms that are accurate, rapid, cost-efficient, and can be performed on
easily-obtained specimens are urgently needed. On May 4, 2011, the Division of AIDS (DAIDS), National
Institute of Allergy and Infectious Diseases (NIAID), National Institutes of Health (NIH), sponsored a 1-day
workshop to examine strategies for developing new assays to distinguish recent from chronic HIV infections.
Participants included leading investigators, clinicians, public health experts, industry, regulatory specialists, and
other stakeholders. Immune-based parameters, markers of viral sequence diversity, and other biomarkers such
as telomere length were evaluated. Emerging nanotechnology and chip-based diagnostics, including algorithms
for performing diverse assays on a single platform, were also reviewed. This report summarizes the presenta-
tions, panel discussions, and the consensus reached for pursuing the development of a new generation of HIV
incidence assays.

Introduction

Accurate determination of human immunodeficiency
virus (HIV) incidence is critical for monitoring the HIV

epidemic, evaluating ongoing prevention programs, and de-
signing and implementing prevention trials. Unfortunately,
current methods for assessing HIV incidence have proven to
be inadequate. Techniques for estimating incidence from HIV
prevalence, longitudinal cohort studies, and ‘‘first-genera-
tion’’ incidence assays all have significant limitations.1–7

Multiple expert consultations including the World Health
Organization (WHO) Technical Working Group on HIV In-
cidence Assays have concluded that rapid, reliable, and cost-
efficient incidence assays or algorithms are urgently needed.3–8

To the extent that we must depend on relatively crude in-
cidence measures, our ability to target interventions, assess

their impact, and devise more effective prevention strategies
is weakened. When an incidence estimate is based on data
collected over a prolonged period of time, as with cohort
studies or repeated age-structured prevalence estimates, the
results may already be outdated when they become available.
Improved assays that can be applied in cross-sectional studies
would undoubtedly be welcomed by program planners,
ministries of health, international funding agencies, advo-
cates, and researchers (Fig. 1).

To facilitate a dialogue regarding the design, implementa-
tion, and optimization of new assays to detect recent HIV
infections, the Division of AIDS (DAIDS), National Institutes
of Allergy and Infectious Diseases (NIAID), National In-
stitutes of Health (NIH), sponsored the ‘‘Novel Biomarkers for
HIV Incidence Assay Development’’ workshop on May 4,
2011, in Bethesda, Maryland. Participants included leading
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investigators, regulatory specialists, clinicians, public health
experts, industry, and other stakeholders. The meeting eli-
cited valuable discussions in a number of key areas, including
criteria to be met by ‘‘next- generation’’ incidence assays, host
and viral biomarkers that might be exploited to develop a
novel incidence assay, and the pathway from novel biomarker
to a marketable assay.

Workshop Summary

The urgent need for new incidence assays
and/or algorithms

Alex Welte [Director, South African Centre for Epidemio-
logical Modeling and Analysis (SACEMA), Stellenbosch Uni-
versity, South Africa] outlined the urgent need for new
incidence assays and/or algorithms, the criteria that they should
fulfill, and the emerging theoretical framework in which these
requirements and estimates can be made precise.9–12 Current
incidence estimates based on cohort studies and mathematical
modeling are not sufficient. Improved incidence assays are re-
quired to identify population groups that are at high risk of HIV
infection (in as close to real time as possible) and to measure the
impact of interventions that are tailored to reduce HIV incidence
in the same population and setting. Currently, large investments
are being made in HIV prevention programs by the U.S. Pre-
sident’s Emergency Plan for AIDS Relief (PEPFAR), the Global
Fund to Fight AIDS, Tuberculosis and Malaria, and national
HIV program planners––even though there is limited ability to
evaluate the impact of these programs.

Ideally, the assay would be able to distinguish recent and
long-term HIV infections based on specimens collected dur-
ing a single cross-sectional survey, circumventing the need for
expensive longitudinal studies.1,9 This information could be
used to identify transmission hotspots, target interventions,
and allocate resources.

Welte emphasized that applications for estimating inci-
dence, in contrast to clinical diagnostic assays, do not need to
have a high predictive value at the individual level; however,

they must meet other less-familiar but well-defined perfor-
mance standards. The two crucial characteristics of an inci-
dence assay are its false-recent rate (FRR) and mean duration
of recent infection (MDRI) or ‘‘window period’’ (Fig. 2).

An ideal HIV incidence assay should (1) provide a real
measurement based on specimens collected in a cross-sec-
tional manner, not an approximation based on a fitted model;
(2) provide up-to-date information about the current rate of
HIV infection; (3) have minimal biases introduced by obser-
vation; and (4) cost less to implement than large cohort
studies. The assay should yield tightly reproducible incidence
estimates when applied to realistically attainable sample
sizes. The FRR––the probability that a chronically infected
individual (e.g., one infected for ‡ 12 months) will be falsely
categorized as recent––must be low (definitely < 5%, but
preferably < 2%), and the MDRI must be sufficiently long (at
least 4 months but preferably 6–12 months).

The challenges to HIV incidence assay development should
not be underestimated. In light of this reality, developers will
need to address the following:

1. Technical challenges: Small variations in test performance
may result in much larger errors in the incidence esti-
mate if certain context-dependent parameters are not
taken into account [e.g., different HIV subtypes, vary-
ing antiretroviral therapy (ART) coverage rates, and
other population factors].

2. Practical challenges: Larger sample sizes will be needed
to estimate HIV incidence than are required for preva-
lence. For example, to document that an intervention/
prevention program has reduced HIV incidence by
50%, two cross-sectional surveys on the order of 10,000
persons would be needed to obtain reasonable power to
detect this change under realistic assumptions about
test performance (FRR £ 5%), and other factors (e.g.,
10% prevalence, 1% incidence).13–15 In addition, if
sampling among the general population does not ade-
quately capture hard-to-reach high-risk populations, it
may underestimate HIV incidence.
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3. Current lack of performance standards: No normative
agency has established performance standards for HIV
incidence assays. Since the unit for evaluation is the entire
population, guidance that pertains to diagnostic (indi-
vidual level) assays––with its emphasis on the tradeoff
sensitivity and specificity––does not apply. No ‘‘gold-
standard’’ method has been agreed upon, but it is clear
that the appropriate metric of test performance is the
variance of the incidence estimate; furthermore, this in-
volves a tradeoff between lengthening the mean duration
of recent infection (MDRI) and keeping the FRR accept-
ably low. A WHO working group has drafted a guidance
document to estimate HIV incidence at a population
level.13

4. Lack of well-characterized specimens to evaluate new assays:
A centralized bank of well-characterized pedigreed
specimens for feasibility/evaluation is currently being
developed through a project led by the United Kingdom
(UK) Health Protection Agency Centre for Infections.

5. Need for coherent user guidance: Until recently, the Centers
for Disease Control and Prevention (CDC), the Joint Uni-
ted Nations Programme on HIV/AIDS (UNAIDS), and
the package inserts accompanying BED assay materials all
seemed to differ and their application in the field was often
inconsistent.12 A recent WHO guidance document has
addressed these issues for users of incidence assays.13

6. Lack of strong market incentive: It is unclear whether the
global demand will reach a few hundred thousand or
several million tests per year. This uncertainty tends to
limit investment, which is required to achieve higher
performance levels.2,8

Biomarkers for novel incidence assays

The focus of this workshop was biomarkers that may serve
as the basis for novel incidence assays that can meet key re-

quirements. Potential host biomarkers were discussed first,
followed by viral biomarkers.

Potential host biomarkers

Innate immunity: Plasma proteins and other mark-
ers. Persephone Borrow (Weatherall Institute of Molecular
Medicine, University of Oxford, England) discussed innate
immunity and related plasma proteins. A growing body of
research suggests the outcome of HIV infection may largely
depend on innate responses that impact mucosal entry and
viral replication and dissemination.16 In addition to contrib-
uting to host resistance to initial infection in the face of repeated
exposures, the team proposed that innate responses may be a
factor in determining the viral load set point.

To determine whether changes in soluble innate factors
might serve as biomarkers of the passage of time after HIV
infection, Borrow’s group quantified these molecules using
mass spectrometry. During the initial phase of infection, prior
to acquired immunity, a surge of host innate antiviral defense
factors was found. The initial peak of viremia was also asso-
ciated with changes in the levels of a large number of cyto-
kines and chemokines.16 However, these levels varied widely
between subjects and HIV-seronegative persons may have
similar levels in response to other infections and ‘‘stresses.’’
Furthermore, these levels quickly return to normal as viremia
is contained and subsequently undergo little perturbation.
Hence, elevation in acute-phase proteins associated with early
HIV infection do not appear to be good candidates for the
development of an HIV incidence assay.17

Changes in cellular markers. Andrew McMichael (Di-
rector, Weatherall Institute of Molecular Medicine, University
of Oxford, England) presented an overview of the changes in
cellular markers that occur during HIV infection, focusing on
cellular immune responses that are critical to determining the

FIG. 2. Key parameters of an HIV incidence assay.
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outcome of infection. HIV infection results in activation of most
immune cells, including NK cells, macrophages, B cells, and T
cells, and is associated with increased levels of proin-
flammatory cytokines.18 CD8+ T cell responses, which vary
according to HLA genetic polymorphisms, may be particularly
important in suppressing the initial infection.19 Other key fac-
tors determining the course of HIV infection are the nature of
the transmitted virus and the rate of virus mutation.18

McMichael showed how the earliest innate and adaptive
immune responses detected after HIV-1 transmission can be
aligned with Fiebig staging20 and viral load. For example,
CD8 + T cell responses to only 1–3 epitopes are typically de-
tectable during Fiebig stages 1–3, but they broaden to 5–10 or
more epitopes in Fiebig stage 5 and beyond. In addition,
neutralizing antibodies are not detected until more than 80
days after infection when they begin to select envelope (Env)
escape mutations.

McMichael also presented data showing that the level of
CD8 + T cell suppression of HIV-1 replication/infection in
autologous CD4 + T cells correlates inversely with the rate of
CD4 + T cell decline in blood.18 Thus, it may be possible to use
the measurement of CD8 + suppression in conjunction with
CD4 + T cell count to extrapolate back and estimate the time
elapsed from initiation of infection. However, rather than
serve as a stand-alone incidence marker, this measure might
be useful as one component of an HIV incidence algorithm.

Immunoglobulin type and the pattern of change of anti-HIV
antibodies. Georgia Tomaras (Duke University Medical
Center, North Carolina) discussed the use of nonneutralizing
antibody responses as potential biomarkers of recent infec-
tion. She emphasized that certain time-dependent variables
must be considered including (1) the absence/presence of
specific HIV-1 antigens/epitopes, (2) the affinity/avidity of
specific antibody and antigen binding, and (3) the changes in
these levels during early infection.18 The timing of the initial
anti-Env response relative to HIV viral load may be particu-
larly important.21

Mucosal and systemic Env-specific IgA antibodies usually
decline rapidly during acute HIV infection and are therefore
unlikely to serve as a stand-alone biomarker of HIV incidence.
IgG antibodies tend to persist for longer periods of time.
During acute HIV-1 infection, IgG antibodies directed against
various envelope proteins arise sequentially with anti-gp41
appearing first, followed by anti-gp120 V3, anti-CD4 binding
site, and nonneutralizing anti-MPER cluster II antibodies.
Tomaras’s laboratory found that IgG3 antibodies to p55 Gag,
gp41 Env, p66 RT, gp120 Env, and p31 integrase consistently
peaked during acute infection and then significantly declined.
Peak levels were not directly associated with viral load, ART,
or viral clade. The persistence of IgG3 antibodies appears to
depend on antigenic stimulation and may decline after HIV
viral load set point is reached. Tomaras suggested that the
time-dependent pattern of change in specific antibodies may
be useful as a component of an HIV incidence test.22

Telomere length due to HIV infection as a function of
time. Beth Jamieson (David Geffen School of Medicine
University of California at Los Angeles) described how telo-
mere length is affected by HIV infection over time. Telomeres
are a region of repetitive DNA sequences that protects the end
of the chromosome from deterioration or from fusion with

neighboring chromosomes. These regions deter the degrada-
tion of genes near the ends of chromosomes by allowing
chromosome ends to shorten during chromosome replication.
The protection that telomeres provide to the chromosomal
ends appears to be necessary to maintain the viability of cells
and telomere shortening ultimately leads to programmed cell
death.23 The enzyme telomerase, which is present in germ
cells, stem cells, and activated lymphocytes, counteracts these
effects. Researchers have shown that genetic and nongenetic
factors, including age, influence telomere length. 24 On aver-
age, mean telomere length decreases by 20 to 60 base pairs
every year throughout life. Strong correlations exist between
age and telomere length in peripheral blood cells; however,
extensive variation in individual telomere length limits our
ability to use absolute telomere length to estimate age.

Jamieson’s laboratory examined the relationship between
HIV infection, aging, and impact of ART on de novo immune
responses. In HIV-1-infected men, these cells have shortened
telomeres compared to age-matched seronegative controls.
The team then asked, ‘‘Can telomere length be used to dis-
tinguish recent from chronic HIV infection and thus be used
as a biomarker of HIV incidence assay?’’ While the individual
variability in telomere length was too great to make the ab-
solute telomere length a useful measurement, they reasoned
that telomere length may shorten at different rates in different
cellular subsets as a consequence of HIV-1 infection.

Since neutrophils are short lived and lack telomerase, Ja-
mieson compared telomere length between neutrophils and
naı̈ve CD4 + T cells. However, the ratio of telomere length in the
two cell populations did not change as a result of HIV-1 infec-
tion, suggesting that telomere shortening also occurs in neu-
trophil progenitor cells during HIV-1 infection. In conclusion,
research thus far has not demonstrated that telomere length is a
useful biomarker of recent versus chronic HIV-1 infection.

Potential viral biomarkers

Mutations detected by clinical assays. Frank Maldarelli
(HIV Drug Resistance Program National Cancer Institute,
NIH) described a method for using HIV pol gene sequence
data generated by routine HIV drug resistance assays to dis-
tinguish recent from chronic HIV infection. Viral sequence
diversity in the population of HIV sequences in a given
sample is detected when more than one nucleotide is present
at the same position. An ambiguity index (AI) can be calcu-
lated as the number of ambiguous positions divided by the
total number of positions in the sequence. A previous study
demonstrated that this measure of genetic diversity increases
with time after infection and could therefore be used to esti-
mate the duration of infection.25

As per current recommendations in the United States and
Europe, the pol sequence of the virus is examined in all newly
diagnosed HIV infections in order to guide the selection of
antiretroviral drugs for treatment. Therefore, sequencing of
this region of the virus has been standardized and assays are
available from commercial laboratories.

When Maldarelli used this approach to evaluate 100 re-
cently infected patients and 97 patients chronically infected
[Western blot (WB) positive for > 1 year] with clade B virus,
it gave 74.5% sensitivity and 87.2% specificity when the AI
cutoff was set at 0.43.25 The method appears to be more ac-
curate when CD4 + counts are also taken into consideration.
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Using the same AI cutoff, less than 5% of those with CD4 +

count > 250 had chronic infection and a similarly low pro-
portion of those with CD4 counts < 250 were recently in-
fected. However, some samples could not be categorized as
early or chronic—suggesting that additional parameters need
to be assessed before this technology can be optimized for use
as an HIV incidence assay.

A viral sequence-based HIV incidence assay. Ha Youn
Lee (Department of Biostatistics and Computational Biology,
University of Rochester, New York) discussed another po-
tential genome sequence diversification-based strategy for
developing an HIV incidence assay.26 This approach is based
on the analysis of multiple envelope sequences generated
using a single genome sequencing method.1,27,28 Differences
among approximately 20 aligned sequences from each subject
are used to determine the extent of HIV genetic diversity in
the original sample. Lee’s analysis involves calculating the
mean Hamming Distance (HD: a measure of the number of
nucleotide differences between sequence pairs) between all
possible pairs of sequences from each patient sample.26 This
mean HD was designated as the diversity of the sample.

Plots of envelope diversity versus stage of infection
demonstrated that incident infections resulting from a single
founder virus did not overlap in diversity with chronic
infections, but that incident infections resulting from multiple
founder viruses could overlap in diversity with chronic
infections. Thus, individuals whose infections resulted from
multiple founder viruses might be misclassified as chronically
infected.

To overcome this potential problem, Lee examined the 10%
quantile of the HD distribution, or Q10. These Q10 values were
much lower in incident infection compared to chronic infec-
tion, regardless of whether multiple founder viruses estab-
lished infection. Using a cutoff of Q10 = 7, a specificity of 100%
and a sensitivity of 97.3% was found in a group of specimens
from 182 incident and 43 chronic cases. As the length of the
gene segment analyzed decreased, the mean of the chronic Q10

decreased as well. However, significant differences were still
seen with gene segments as small as 500 base pairs, with both
sensitivity and specificity remaining above 97% (Table 1).

The approximately 20 single genome sequences required
from each subject make this approach complicated and ex-
pensive to perform with current single genome amplification
technology.26 Lee is therefore exploring the use of pooled 454
deep-sequencing technology to develop a high through-put
(and ultimately less expensive) process. While this method
appears promising at this early stage of development, further
evaluation with a full range of specimen panels will be re-
quired to determine the FRR and MDRI.

Analysis of HIV diversity using a high-resolution melting
assay. Susan Eshleman (Johns Hopkins University School
of Medicine, Maryland) described the use of a high-resolution
melting (HRM) assay to analyze HIV diversity in individuals
with recent versus nonrecent HIV infection. The HRM di-
versity assay is relatively simple assay that does not require
sequencing. The assay provides a single numeric HRM score
that reflects the level of genetic diversity in a specific region of
the HIV genome.29

The HRM diversity assay is performed using a Light-
Scanner System for HRM analysis; this system was developed
for detection of specific point mutations in deoxyribonucleic
acid (DNA). Eshleman has adapted this system for analysis of
HIV diversity.30 Validation studies showed that reproduc-
ibility is maintained over a wide range of sample volumes and
viral loads. HRM scores are significantly associated with se-
quence-based measures of genetic diversity obtained from the
analysis of HIV clones; these measures include genetic di-
versity, genetic complexity, and Shannon entropy.31

The HRM diversity assay was used to analyze HIV in
samples obtained at the time of HIV seroconversion (recent);
median, 189 days since the last negative HIV test, range 15–
540 days and in samples obtained from adults who were in-
fected for at least 2 years (nonrecent); individuals on ART, and
those with AIDS. These samples were obtained from diverse
populations (including men who have sex with men, women,
and injecting drug users). HRM scores were measured for six
different regions of the HIV genome (2 in gag, 1 in pol, 3 in env).
High HRM scores in all six regions were significantly associ-
ated with nonrecent infection.31 HRM scores in three of those
regions (one in gag and two in env) were independently as-
sociated with nonrecent infection in a multivariate model.
Analysis of HIV diversity in different regions of the HIV ge-
nome may provide ‘‘diversity signatures’’ that are more reli-
able for determining recency than any single measurement.
The group is also examining whether the HRM diversity assay
can be used in conjunction with other assays to improve the
precision of HIV incidence estimates.

Critical Pathway to Assay Development
and Implementation

Nanotechnology, chip technology, and other possible
platforms for converting biomarkers into assays

Shixing Tang [U.S. Food and Drug Administration
(FDA), Maryland] reported on the development of a gold
nanoparticle-based biobarcode amplification (BCA) assay for
early and sensitive detection of HIV-1 capsid (p24) antigen.32

The assay consists of anti-p24 antibody-coated microplates for
the capture of the p24 antigen, streptavidin-coated gold

Table 1. Q10 Cut-Off Values, Sensitivity, and Specificity for the Full Envelope Sequence

and for Envelope Subregions (from Park et al.
26

)

Full
envelope

2000 long
(HXB2 6360)

1000 long
(HXB2 6860)

500 long
(HXB2 7110)

500 long
(HXB2 7125)

500 long
(HXB2 7625)

Q10 cut-off 7 2 1 0 0 0
Sensitivity 97.3% 95.1% 97.8% 98.9% 97.8% 98.4%
Specificity 100% 100% 100% 100% 97.7% 97.7%

Reference sequence and starting nucleotide position are in parentheses.
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nanoparticles, and biotinylated biobarcode DNA for signal
amplification.33 The signal is read by a chip-based scano-
metric method that can detect 100-fold less HIV-1 p24 antigen
to conventional HIV p24 enzyme-linked immunosorbent as-
say (ELISA).

A similar test platform using europium nanoparticle-based
immunoassay (ENIA) can also be used to detect HIV-1 p24
antigen. The ENIA employs nanospheres covered with
thousands of europium atoms that emit light in the presence
of the antigen. Tang’s team enhanced the sensitivity of this test
to*0.5 pg/ml of HIV p24 so that it is also capable of detecting
HIV-1 p24 approximately 3-4 days earlier than conventional
p24 ELISA assays. It is possible that the same platform could
be applied to other biomarkers with a longer MDRI, making it
useful for an HIV incidence assay.

Tang also presented data on anti-HIV-1 p24 host responses
to 10 different peptide fragments that span the entire protein.
These anti-p24 antibodies could be characterized as either
polyclonal-like (multiple peptide specificities), monoclonal-
like (specificity to 1–3 peptides), or nonreactive. Of particular
interest was the appearance of a switch in the immune re-
sponse from a polyclonal-like pattern during acute HIV in-
fection to a monoclonal-like pattern or no response during
chronic infection (unpublished data).

Michael Pollack (Advanced Liquid Logic, Inc., North
Carolina) presented the digital microfluidics platform being
developed at Advanced Liquid Logics. This technology uses
their proprietary electrowetting-on-dielectric (EWOD) lab-
on-a-chip system in which liquids are processed as droplets
that can be moved together or apart between sites on de-
mand.34 These devices use arrays of surface electrodes to
modify the shape and position of droplets through the
electrowetting effect. This technology can be used for sample
preparation and for interrogating the sample at the protein35

(e.g., enzymatic, luminex, and ELISA-based assays) or nu-
cleic acid36 [e.g., real-time reverse transcription, polymerase
chain reaction (RT-PCR), pyrosequencing] level. In addition,
Pollack’s team is evaluating the possibility of using digital
microfluidics to measure cell types, including CD4 +

counts.37

The digital microfluidics platform can also be designed to
perform sequential tests on the same specimen. If it is deter-
mined that two measurements (for example, a novel bio-
marker estimation and CD4 cell count) are needed for an HIV
incidence assay/algorithm to achieve a sufficiently low FRR
(for example, novel biomarker estimation and CD4 cell
count), it is conceivable that a single compact digital micro-
fluidics card could perform both tests. The platform also has
the advantage of rapid turn-around times and low-power
requirements.

Assessing the performance of incidence assays

Gary Murphy (United Kingdom Health Protection Agency,
London) discussed the validation of HIV incidence assays.
He defined validation as ‘‘the collection and evaluation of
data, from the process design stage throughout production,
which establishes scientific evidence that a process is capable
of consistently delivering quality products.’’ Murphy noted
that evaluation was the comparison of devices developed for
the same purpose or an attempt to independently verify
manufacturers’ claims.

External validation has three primary purposes: (1) to
provide reassurance, (2) to demonstrate transferability, and
(3) to provide scientific evidence to support advice and
guidance. Murphy noted that a partial validation of the cur-
rent incidence assays requires the evaluation of a limited
but relevant set of parameters using a broad range of well-
characterized samples. To meet these goals, he and his col-
laborators have established the Consortium for the Evaluation
and Performance of HIV Incidence Assays (CEPHIA) through
funding provided by the Bill and Melinda Gates Foundation
(BMGF), with the following four objectives:

1. To create a specimen repository composed of large
panels of specimens from HIV positive persons for
evaluating/performing a Recent Infection Testing Al-
gorithm (RITA).

2. To evaluate candidate assays for their ability to cor-
rectly identify recent HIV Infection.

3. To derive and deploy improved methods for estimating
an incident infection using RITA and to determine al-
gorithms with low FRR that may be constructed from
available components/tests.

4. To build collaborations and consensus around the
characterization and deployment of RITAs in the field.

The proposed repository will house three types of specimen
panels and incorporate a diverse set of HIV clades. This would
include a long-term seroconversion panel that follows in-
fected individuals for up to 2 years in order to distinguish
recent from chronic HIV infections, specimens from chroni-
cally infected persons (beyond 2 years) to measure the false
recent rate, and a false recent challenge panel containing
samples from individuals who typically misclassify (i.e., elite
controllers, ART-treated patients, and those with advanced
disease). One major issue raised was that the repository may
not be useful for all biomarker assays under investigation
since the samples collected are limited to plasma and serum.

Alex Welte provided an overview of the statistical tech-
niques used to evaluate an HIV incidence assay. He empha-
sized that although it is important for the assay to be accurate,
precise, sensitive, and specific, the key performance charac-
teristics are the MDRI and the FRR.6,38

Discussion

Although most HIV incidence assays currently undergoing
external validation are based on host immune responses,
novel assays based on viral markers have considerable
promise. Further development and evaluation of these assays
remain a priority. The CEPHIA group indicated that it would
entertain requests for the use of repository samples for these
purposes if there are sufficient data indicating that a novel
assay is accurate, reproducible, and robust. Such data should
be published in peer-reviewed journals.

To support the identification of novel biomarkers for HIV
incidence assays, the Division of AIDS, NIAID, has released
a Program Announcement [PA-12-012: HIV incidence assays
with improved specificity (R01)], open through Sept. 2014. In
addition, the Small Business Innovation Research (SBIR)
mechanism is available for supporting the assay develop-
ment process itself. The development of improved HIV in-
cidence assays and algorithms remains a high priority for
NIAID.
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Key requirements of an HIV incidence assay are high
reproducibility and a low FRR when applied across differ-
ent populations and viral clades. The MDRI should ideally
be between 6 and 12 months. For broad applicability, the
assay should be capable of using currently available re-
pository materials, typically serum, plasma and possibly
dried blood spots. This may change in the future if other
specimens [e.g., peripheral blood mononuclear cells
(PBMCs), stimulated plasma, noninvasive samples] are
collected more commonly.

A critical specimen requirement for HIV incidence assays
based on viral biomarkers is the minimum amount of virus
needed to amplify, rather than a minimum specimen volume
per se. This will be affected by disease stage, treatment status,
viral resistance, and occasionally host response (e.g., elite
controller status).

Conclusions

Accurate determination of HIV incidence will continue to
be critical for monitoring the HIV epidemic, evaluating on-
going prevention programs, and designing and evaluating
new prevention trials. Novel assays must be developed that
provide reproducible results when applied to diverse popu-
lations and large sample sizes. The two crucial characteristics
of an incidence assay are its FRR and MDRI.

Many challenges to HIV incidence assay development
must be overcome. A repository of well-characterized speci-
mens to evaluate new assays is being assembled, but proce-
dures that enable all qualified investigators to utilize these
specimens are still being formulated. A consensus is emerging
regarding essential performance standards but these have yet
to be reviewed and endorsed by normative agencies.

Innovative investigators are beginning to address the need
for novel biomarkers for new HIV incidence assays. Others
must be encouraged to join them. Biomarkers based on the
evolution of viral diversity appear to be particularly attractive
candidates, but host biomarkers may yet prove to be equally
valuable.

Once novel biomarkers have been identified, they must be
incorporated into a highly reproducible assay. The assay
should use easy-to-obtain specimens, be unaffected by clade,
and, ideally, be capable of being performed in the field by
persons with limited training and equipment. Fortunately, a
number of innovative new platforms are available, including
those based on nanotechnology and ‘‘lab-on-a-chip’’ technol-
ogies. Continuing improvements (and cost reductions) in viral
sequencing technology may also contribute to the develop-
ment of future assays.

Despite these many requirements and challenges, the par-
ticipants in this workshop were optimistic that novel HIV
incidence assays will become available in the foreseeable fu-
ture. If achieved, progress toward controlling the HIV pan-
demic will be accelerated.
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