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Abstract

Purpose of review—The aim of this study is to give an overview of the recent literature related
to HIV testing with an emphasis on detecting acute HIV infection. Testing technology as well as
implications for treatment as prevention will be discussed.

Recent findings—HIV testing technology continues to evolve. Advances include updated
immunologic formats that detect both HIV antibody and antigen (4th generation assays), new
nucleic acid amplification tests, and continued development of rapid assays that can be used in
either clinical or nonclinical settings. Because of these advances there are proposed changes for
HIV diagnostic algorithms to encourage detection of acute infection. These technologic advances
have implications for HIV prevention as testing is a cornerstone for all HIV prevention strategies.
There is considerable new research indicating that treatment may be an important aspect of HIV
prevention. Data also suggest that detection of acute infection will be important for the success of
these prevention strategies.

Summary—Continued improvements in technology and testing practice are vital for the success
of HIV prevention. Detection of acute or early HIV infection will likely play a key role in

the success of treatment as prevention, as well as play an important role in ongoing behavioral
prevention strategies.
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INTRODUCTION

HIV testing plays an important role in HIV prevention in that knowledge of HIV status
has both individual and public health benefits. The individual benefits of HIV testing are
primarily associated with individuals accessing care and treatment. Individuals entering
care and treatment have a substantial reduction in adverse health outcomes and increased
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life expectancy [1-4]. The primary public health benefit associated with testing and care
is a reduction in virus transmission due to decreased risk behaviors in those aware of
their infection [5-7], and a reduction of virus in plasma and genital secretions by use of
and adherence to antiretroviral therapy. A recent article by Smith et a/. [8™™] provides a
substantial review of the literature regarding anti-retroviral therapy (ART) and decreased
transmission. Testing technology and practices continue to improve and one of the major
focuses is to detect individuals as soon as possible after infection [9,10HM_1 oHE

This article will discuss acute HIV infection (AHI), highlight recent advances in HIV
testing technology, testing practices and how improvements in testing interface with HIV
prevention.

ACUTE HIV INFECTION: WHAT IS IT AND WHY IS IT IMPORTANT?

There are multiple definitions of acute HIV in the literature. The definitions are based on
both clinical symptoms and measurable virologic markers such as p24 antigen and HIV
nucleic acids. For example, it has been defined as a transient symptomatic illness associated
with high-titer HIV-1 replication [13], the period from infection to complete seroconversion
[14] and recently defined as the phase between the appearance of detectable p24 or HIV
RNA and detectable antibodies [15®]. Regardless of the definition, there is considerable
evidence that this period is significant in terms of potential for HIV transmission. During
this period, levels of infectious virus in plasma and genital secretions are very high
[16,17,18®). Likely related to the high viral loads, persons with AHI may be more likely to
transmit HIV. Wawer et a/. [19] demonstrated that in a discordant couple cohort in Uganda
individuals that were within 5 months of seroconversion were up to 10 times more likely

to transmit HIV per sex act than individuals with chronic infection. In an additional study
by Hollingsworth, in which a different statistical method was used, it was demonstrated
that HIV-1 is 26 times more infectious during primary infection than during asymptomatic
established infection [20]. Furthermore, it has been reported that persons with AHI often
engage in sexual intercourse more frequently than those with later stages of infection [20]. A
study by Brenner et al. [21] found that persons with recent infections (i.e. those infected <6
months following seroconversion) accounted for almost half of onward HIV transmission.
Furthermore, a recent animal study using nonhuman primates and SIV indicates that viral
strains that establish new infections may be up to 750 times more infectious than strains
that predominate during established infections [22]. These findings if confirmed in humans
further illustrate the importance of detecting HIV infection early. Several publications have
illustrated that diagnosis during this period may have important implications for preventing
further transmission [1288 238 >/ R >CEE

TESTING TECHNOLOGY

The first HIV immunoassay was approved by the US Food and Drug Administration (FDA)
in 1985. Since this time there have been major improvements in HIV diagnostics technology.
First-generation immunoassays detect 1gG antibodies to HIV using whole viral lysate as the
antigen in a standard indirect immunoassay format. These assays detect HIV infection in the
same time frame as the western blot, approximately 45-60 days following infection [26,27].
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Second-generation immunoassays also detect 1gG in an indirect format, but were designed
to increase specificity by incorporating recombinant proteins or peptides as the antigens

for detection. Second-generation immunoassays detect HIV infection approximately 5-7
days sooner than first-generation assays [28]. The next assays to come to the market
(third-generation immunoassays) detect both IgG and IgM using peptides and recombinant
proteins in an antigen sandwich format and improve detection of recent HIV infection.
These assays generally detect infection within about 20-25 days after infection [27,28].
Most third-generation immunoassays marketed in the USA and around the world detect
HIV-2 in addition to HIV-1 [28]. The latest laboratory immunoassays to come to the market,
fourth-generation immunoassays assays, detect p24 antigen in addition to detecting anti
HIV, IgM and 1gG. Fourth-generation or combination antigen/antibody assays have been
approved and used in many countries since the late 1990s [29-32,33®]. These assays detect
p24 antigen at the level of 11-18 pg/ml [34], which is equivalent to approximately 30 000—
50 000 copies/ml of HIV RNA [35]. Recently, two such assays (Abbott ARCHITECT HIV
Ag/Ab Combo and Bio-Rad GS HIV Combo Ag/Ab EIA) have been approved for use in the
USA. Several studies have been conducted with these assays and the data indicate they have
similar performance characteristics as those marketed else-where [36,37™ 38®] and detect
p24 approximately 5-7 days after the appearance of nucleic acid [39™™]. Importantly, the
data published to date indicate the assays available in the USA are capable of detecting AHI
in greater than 80% of individuals that are nucleic acid amplification test (NAAT) positive
but nonreactive or indeterminate in antibody only assays [36,37™ 38%].

Rapid HIV tests offer another option for HIV testing. Rapid tests are found in two types of
formats, lateral flow and immune concentration [15®]. Many of the lateral flow tests do not
require a laboratory and thus can be conducted in point-of-care (POC) settings. The ability
to do testing in nonclinical settings has expanded the options for HIV testing [15% 23]
Rapid test results are typically available in 30 min or less and improve receipt of test results
[40,41™™]_Seven rapid HIV tests have been approved by FDA for use in the USA and
there are multiple other rapid tests available for use in countries around the world [4158],
Current listings of available tests are maintained at the US FDA and the USAID web

sites (http://lwww.fda.gov/BiologicsBloodVaccines/BloodBloodProducts/ApprovedProducts/
LicensedProductsBLAs/BloodDonorScreening/InfectiousDisease/UCM080466 and
www.usaid.gov/our_work/global_health/aids/.../hiv_tests.xlIs). Most of these tests have
performance characteristics comparable with first-generation and second-generation
laboratory immunoassays [28,39™® 42]. However, there is one rapid test available in the
US market that is based on the third-generation assay principle [43®]. Many rapid HIV
tests detect both HIV-1 and HIV-2, and there is one approved for use in the USA that

can differentiate HIV-1 from HIV-2 infection [37™ 30WM 4,EM] | ike |aboratory-based
tests, a negative rapid test result is considered to be conclusive for the absence of HIV
antibody. However, as most of the tests currently available detect HIV infection in a similar
manner as second-generation laboratory assays, they do not rule out the possibility of AHI
[28,39™M 42 45]. Recently a fourth-generation Ag/Ab rapid HIV assay (Alere Determine
HIV1/2 Ag/Ab combo) has become available commercially, but is not yet approved for use
in the USA. Although this assay has the advantage of differentiating between antigen and
antibody reactivity, data reported to date indicate that it does not detect HIV p24 antigen
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at the same levels as laboratory-based fourth-generation assays and does not detect HIV
infection as soon after infection as the laboratory assays [46™,47™]. In addition to this
commercial assay, there are several other rapid assays in the experimental pipeline that
detect p24 antigen [48™ 49].

Quantitative NAAT detect HIVV RNA approximately 10 days after infection and have
typically been used to determine viral burden and monitor response to therapy
[128® 158 56]. To date none of these assays have been approved by FDA for diagnosis

of HIV infection. In 2006, a qualitative NAAT (GenProbe APTIMA) was approved by
FDA as a supplemental assay for diagnosing HIV infection. This assay allows detection

of HIV infection prior to the appearance of HIV-specific antibody [28,39ME 45 5olE]

The review by Cohen er a/. [12™™] gives a detailed review of the literature published to
date regarding the use of NAAT to detect acute infection. However, the current NAATS
(quantitative and qualitative) that are on the market have several limitations, including the
need to draw blood, extraction of nucleic acid, cost, processing time and the technical

skill required to perform the tests. To address some of the limitations associated with
NAAT, there is considerable effort being spent to simplify NAAT and potentially make it
feasible for POC testing [51™]. Many of these technologies rely on isothermal amplification
techniques and include loop-mediated isothermal amplification [52], helicase-dependent
amplification [53®], and a simplified amplification-based assay that incorporates a visual
dipstick detection device [54™]. There is also considerable work being done to decrease the
assay time for real-time polymerase chain reaction assays and package them so they can

be used in point-of-contact settings [55™,56,57]. Furthermore, although NAAT is ideal for
detecting AHI, it has been demonstrated that there is a risk of false-negative NAAT results in
individuals with established HIV infection, and this can be up to 3.7% [28,50™H].

TESTING ALGORITHMS

The current algorithm for diagnosing HIV infection in the USA has been used for

more than 20 years. This algorithm consists of confirming a repeatedly reactive HIV
immunoassay with a western blot or immunofluorescence assay [58]. Given the large
number of technological advances in HIV testing, CDC and the Association of Public
Health Laboratories worked together to develop new potential algorithms for HIV diagnosis
both in the laboratory and in POC settings. Based on data that were presented at the 2010
HIV Diagnostics Conference, a new algorithm for diagnosing HIV in the laboratory was
proposed to take advantage of the progress in diagnostic technology to address challenges
posed by AHI and HIV-2. The proposed algorithm calls for using the most sensitive
serologic HIV assay possible (preferably a combination antigen/antibody assay) to screen
for HIV. If the initial test is reactive (positive for the presence of HIV), it is followed by
an HIV-1/HIV-2 antibody differentiation test. Specimens reactive in the second test would
be considered positive for HIV antibody. In this algorithm specimens with positive results
on the antigen/antibody assay, but with negative results on the second antibody only assay,
would be tested for HIV-1 RNA to detect AHI [10™™ 11®] Thyjs algorithm is one of
several testing algorithms contained in the recently published testing guidelines published
by the Clinical Laboratory Standards Institute [15®]. Several recent studies have examined
the performance of this proposed laboratory algorithm. In these studies it was shown that
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the new algorithm had comparable or better performance in detecting HIV infection in
individuals previously shown to be infected with HIV [59™®_g2®®] Eyrthermore, it was
shown that detection of acute HIV-1 infection [39™™] and more accurate detection of HIV-2
was achieved using the proposed algorithm [61™™ 62®®] Thys, the proposed algorithm
appears to accomplish many of the objectives that were identified for the algorithm,
improved detection of AHI and more accurate diagnosis of HIV-2, without sacrificing any
of the specificity of using a western blot or immunofluorescence assay (IFA). The algorithm
appears to be a positive step forward for laboratory diagnosis of HIV in the USA. However,
there are some challenges for implementation such as, state law restrictions for supplemental
testing, compliance with regulatory requirements, sample handling requirements and staff
training that will need to be addressed prior to this being implemented on a large scale.

TESTING IS AN INTEGRAL PART OF PREVENTION

HIV testing is an important component of HIV prevention. Individuals need to know

their status in order to access care, treatment and prevention services. Because of this
importance to public health, CDC updated the guidelines for HIV testing in clinical settings
to encourage everyone to be tested at least once for HIV and to increase testing frequency
by individuals at high risk for infection [63]. Given the apparent important contribution of
AHI to sustaining the HIV epidemic, multiple groups have incorporated testing strategies
that include NAAT to identify individuals that are in this highly infectious stage. This
approach has been employed in the USA and in multiple countries with high HIV prevalence
and the percentage of AHI found among infected individuals has ranged from around 1.8-
10.5% [12MM® 50M® 654_66]. Furthermore, it has been demonstrated that AHI constitutes a
considerable proportion of the new diagnoses in high-risk populations, such as of young
MSM in the USA [45,65,67,68].

Recently, several studies have directly addressed the use of ART either as pre-exposure
prophylaxis (PrEP) or as treatment to prevent onward transmission and have shown these
approaches to have great promise as tools for HIV prevention [8™™®]. For example, there

are now four studies that have shown that PrEP (either as a vaginal microbicide or orally)

is efficacious at decreasing HIV acquisition [69WE 70ME 718 |n addition to PrEP, the
recent HIV Prevention Trials Network Study 052, which evaluated the effect of immediate
versus delayed initiation of ART on heterosexual transmission from HIV-infected persons
to their HIV-uninfected partners, found that immediate initiation of ART resulted in a 96%
reduction in sexual transmission of HIV in discordant couples [728®]. Although these
studies show great advancement in preventing HIV infection, neither of the approaches can
work effectively without HIV testing. In the case of PrEP, testing that gives accurate HIV
infection status is important so that only uninfected individuals are given this prevention
tool. Detection of acute infection is important as demonstrated by results from the PrEP
study. In this study, two individuals with undetected AHI were randomized to the PrEP

arm of the study and developed drug resistance, highlighting the importance of accurate
diagnoses when implementing PrEP [70™™]. |n the case of treating infected individuals to
prevent onward transmission (Test and treat), testing is the first step in the prevention effort.
Based on data indicating a greater chance of transmission during AHI [17,19,21] and various
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mathematical modeling studies [73-75], detection and rapid treatment of AHI is likely key
to successfully implementing this prevention strategy.

CONCLUSION

There has been considerable progress in HIV testing technology and practice. Current
diagnostic assays can detect infection much sooner after infection as compared with the
assays that were first introduced for diagnosis in the 1980s. The introduction of HIV rapid
tests has expanded HIV testing to nonclinical settings and improved receipt of test results.
Furthermore, the implementation of updated testing algorithms, which take advantage of
the latest diagnostic technology, offer the potential for continued improvements in HIV
diagnosis in the USA and around the world. However, although there is reason to be
optimistic, the optimism must be tempered somewhat. Even with the great advances that
allow detection of infection within about 10 days of infection, we cannot completely close
the HIV diagnostic window. There is currently no technology on the horizon that can detect
HIV infection before the appearance of HIV nucleic acid. This period termed the ‘eclipse
phase’ is approximately equal to the acute phase of infection using our most sensitive
assays [15%]. Because of this diagnostic gap (window) just after infection, we will likely
continue to miss some individuals immediately after infection. A clear message about this
potential should be given to anyone that tests for HIV to prevent a false sense of security
and to illustrate the need for repeat testing at frequent intervals as long as high-risk behavior
continues.

Even with its limitations, HIV testing will continue to play a major role in HIV prevention
as knowledge of HIV status is the foundation for both behavioral and biomedical prevention
efforts.
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KEY POINTS
. HIV testing is the foundation for both behavioral and biomedical prevention
efforts.
. Testing technology continues to evolve and with the latest technology we can

detect HIV infection much sooner after infection than we could in the early
days of the epidemic.

. Early identification of infection has both personal and public health benefits.

. The recent demonstration that early treatment of infected individuals is a
potent prevention tool further strengthens the need for early and accurate
diagnosis.
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