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S U P P L E M E N T A R T I C L E

The Detection of Acute HIV Infection

Myron S. Cohen,1 Cynthia L. Gay,1 Michael P. Busch,3,4 and Frederick M. Hecht2

1Department of Medicine, University of North Carolina School of Medicine, Chapel Hill; and Departments of 2Medicine and 3Laboratory Medicine,
University of California-San Francisco, and 4Blood Systems Research Institute, San Francisco, California

Acute human immunodeficiency virus (HIV) infection (AHI) can be defined as the time from HIV acquisition
until seroconversion. Incident HIV infection is less well defined but comprises the time from the acquisition
of HIV (acute infection) through seroconversion (early or primary HIV infection) and the following months
until infection has been well established, as characterized by a stable HIV viral load (viral load set point) and
evolution of antibodies with increased concentration and affinity for HIV antigens. During AHI, a viral latent
pool reservoir develops, the immune system suffers irreparable damage, and the infected (often unsuspecting)
host may be most contagious. It has proved very difficult to find individuals with AHI either in longitudinal
cohorts of subjects at high risk for acquiring the virus or through cross-sectional screening, and the opportunity
for diagnosis is generally missed during this phase. We review the technical strategies for identifying individuals
with acute or incident HIV infection. We conclude that further technical advances are essential to allow more
widespread detection of patients with AHI and to affect HIV treatment outcomes and transmission prevention.

Acute human immunodeficiency virus (HIV) infection

(AHI) has attracted tremendous attention because of

the importance of this stage of infection to virtually all

aspects of HIV epidemiology and biology. First, it is

clear that the study of individuals with AHI offers the

best opportunity for understanding the HIV transmis-

sion event in humans [1]. All other data about HIV

transmission come from studies of rhesus macaques [2,

3], and these data complement but cannot substitute

for data from acutely infected humans. Second, it may

be possible to intervene during AHI to limit HIV viral

replication and integration into a latent pool that ren-

ders HIV incurable [4, 5]. Third, subjects with acute
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infection are maximally contagious [6, 7], because of

either high viral load, unique and as yet unexplained

viral properties, or lack of any binding antibodies [8].

Importantly, HIV acquisition, and therefore AHI, is not

uncommon in pregnant women [9, 10], which probably

increases the risk of vertical transmission of HIV [11].

Early diagnosis during the critical stages of AHI rep-

resents a tremendous opportunity for treatment and

prevention interventions. After acquisition of HIV, a

series of events follows that is characterized by different

patterns of viral antigens and antibody responses and

that can be used to diagnose HIV infection. These

evolving patterns have implications for the detection

of early infection and will be reviewed.

STAGES OF EARLY HIV INFECTION

In the macaque model, simian immunodeficiency syn-

drome can be detected in �1 receptive cell within 3

days after sexual exposure [3]. Based on the fact that

viral sequences in the earliest stages of infection in het-

erosexual subjects are extremely homogenous [12], it

can be concluded that either a single virion particle or

very small number of them are transmitted from a

diverse number of quasispecies in the exposure inoc-

ulum (see below). These results demonstrate an un-

explained “transmission bottleneck.” After transmis-

sion there is an initial “eclipse phase” (Figure 1 and
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Figure 1. The stages of acute human immunodeficiency virus infection as characterized by detection of viral particles and evolving antibody responses
[13]. ELISA, enzyme-linked immunosorbent assay.

Table 1) in which infection is established in local tissue(s) at

the exposure site [14], but dissemination at detectable levels in

the systemic circulation has not yet occurred. This eclipse phase

is thought to last as long as 10 days. Once dissemination to

lymphoid tissues and the systemic circulation occurs, HIV rep-

lication increases rapidly to a peak level, with a doubling time

of 20 h [13]. During the ramp-up phase of viremia, a “window

period” exists, during which HIV antibodies are still not yet

detectable.

Using stored plasma samples that were obtained twice weekly

from unrecognized seroconverting plasma donors, Fiebig et al

described 6 stages of acute viremia and early seroconversion

characterized by viral replication and evolving antibody re-

sponses. In Fiebig stage 1 during ramp-up viremia, only HIV-

1 RNA in the blood can be detected (Figure 1, Table 1). About

7 days later, results of tests to detect p24 antigen become pos-

itive (Fiebig stage II); p24 antigen is a viral core protein that

transiently appears in the blood during the ramp-up phase once

HIV-1 RNA levels rise above 10,000 copies/mL [13] and before

the development of detectable HIV antibodies.

During the ramp-up phase of AHI, an acutely infected in-

dividual develops an intense inflammatory response character-

ized by high levels of cytokines and chemokines, a “cytokine

storm” [15]. In addition, a cell-mediated immune response

evoking escape mutants can be demonstrated [16]. Some in-

dividuals, but not all, will develop signs and/or symptoms of

acute retroviral syndrome, which can include fever, rash, night

sweats, severe fatigue, headache, diarrhea, pharyngitis, arthral-

gia, and myalgias (11). The onset of symptoms of acute ret-

roviral syndrome typically occurs ∼2 weeks after HIV acqui-

sition [17], coincident with peak viremia [15].

Within ∼5 days after p24 antigen test results become positive,

HIV-1 antibodies reach levels that can be detected with sensitive

enzyme immunoassays (EIAs) (third-generation EIAs) capable

of detecting immunoglobulin (Ig) M antibodies, corresponding

to Fiebig stage III (Figure 1). Stage III typically occurs 1–2

weeks after the onset of acute retroviral symptoms. Fiebig stage

IV represents the development of an indeterminate Western

blot test and occurs ∼3 days after sensitive EIA tests show

positive results. Conversion to a clearly positive Western blot

test, Fiebig stage V, generally occurs after another 7 days, or

∼1 month after initial infection (Figure 1 and Table 1).

DEFINITIONS OF AHI

There is no absolute or widely accepted definition of AHI, and

this has caused considerable confusion in comparing results.

One popular operational definition of AHI is the detection of

HIV RNA or p24 antigen in the blood before antibodies have

formed (12). It is important to recognize that any definition

for the period of acute viremia preceding seroconversion is

dependent on the sensitivity of both the HIV-1 RNA or p24
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Table 1. Fiebig Stage Classifications for Substages of Human Immunodeficiency
Virus Type 1 Primary Infection, with Durations

Stage Defining finding and/or marker

Duration,
mean (range), days

Individual
phase

Cumulative
duration

Eclipse … 10 (7–21) 10 (7–21)
I vRNA positive 7 (5–10) 17 (13–28)
II p24 antigen positive 5 (4–8) 22 (18–34)
III ELISA positive 3 (2–5) 25 (22–37)
IV Western blot positive or negative 6 (4–8) 31 (27–43)
V Western blot positive, p31 antigen negative 70 (40–122) 101 (71–154)
VI Western blot positive, p31 antigen positive Open-ended …

NOTE. ELISA, enzyme-linked immunoassay; vRNA, viral RNA.

antigen assay used to detect viremia and the antibody test em-

ployed to detect seroconversion, both of which have markedly

improved (see below). The definition is also affected by the

variability of early viral replication kinetics and of host immune

responses among individuals. A further limitation to the Fiebig

staging system is that the data underlying the definitions and

durations of each stage are based solely on clade B HIV infec-

tions, and HIV RNA, p24 antigen, and antibody assays were

developed with clade B viral constituents. Accordingly, it is not

certain that this staging system will work as well or that the

duration of each stage will be comparable in infections with

other HIV clades.

To date, it has been impossible to prospectively study blood

or plasma donors with AHI, because these seronegative donors

can only be identified as being in the acute stage based on

testing performed after their blood donation. Such donors with

AHI have inevitably seroconverted by the time they are notified

and counseled.

AHI IN COHORTS

A popular strategy to study persons with acute infection is to

prospectively follow up cohorts of high-risk subjects for se-

roconversion, such as men who have sex with men, injection

drug users, sex workers, and HIV-discordant couples [18]. The

risk of seroconversion can be estimated at the inception of the

study based on the prevalence of HIV infection (particularly

AHI) in the cohort and the history of incident infections. The

limitations of this approach have proved substantial and include

(1) greatly reduced risk of HIV acquisition with essential and

repetitive safe sex counseling, (2) the cost of following up HIV-

negative persons prospectively, and (3) the difficulty in studying

subjects at or near the time of seroconversion. Most subjects

cannot be seen more frequently than once a month. This can

result in subjects being interviewed and samples being obtained

at a point far distant from the HIV transmission event and

rarely yields critical samples from the seronegative peak-viremia

phase of “acute infection.” Indeed, subjects are generally en-

rolled as “acute” because of the detection of antibodies rather

than HIV RNA or p24 antigen. To address this problem the

US Department of Defense in collaboration with the National

Institutes of Health Center for Vaccine Immunology has begun

piloting a cohort study (RV217) that uses twice-weekly testing

for HIV RNA to detect individuals in the very first days of

acute infection (see below).

CROSS-SECTIONAL DETECTION OF AHI

An alternative approach to detecting AHI includes the search

for HIV in the blood of individuals at risk or in a general

population before HIV antibodies form. This approach de facto

identifies people in the earliest Fiebig stages and was developed

by blood banks in the late 1990s to eliminate units of blood

contaminated with HIV, hepatitis B virus (HBV), or hepatitis

C virus (HCV) [19]. Table 2 summarizes the yield of nucleic

acid amplification technology (NAT) screening of blood donors

through 2008. Blood banks generally perform NAT screening

using multiplexed HIV/HCV or HIV/HCV/HBV assays on

pools of 6–96 plasma samples derived from individual dona-

tions. Reactive pools are resolved to detect individual NAT-

reactive donations, which are then retested with virus-specific

“discriminatory” NAT assays, leading to donor referral and

notification.

This cross-sectional approach for the detection of AHI was

first extended to nondonor populations by Quinn et al, who

employed a p24 antigen assay to identify subjects with window-

phase viremia during the eclipse phase in specimens from an

at-risk cohort in India [20]. However, the emergence of p24

antigen occurs later than HIV RNA, and this antigen often

disappears as antibodies form, because they complex with the

antigen. In 2000, the North Carolina Department of Health

and Human Services implemented a state-wide strategy of

screening for AHI at all public HIV testing sites [21], the foun-

dation of an ongoing AHI detection program.
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Table 2. Summary of the Yield of Nucleic Acid Amplification Technology (NAT) Screening of Blood
Donors in Studies Published through 2008

Region and country

No. of positive NAT results (yield ratea), by virus

HIV HCV HBV

Africa
Republic of South Africa 43 (1 / 0.03 � 106) 1 (1 / 0.73 � 106) WP: 20 (1 / 0.04 � 106);

occult: 36 (1 / 0.02 � 106)
Asia–Pacific

Australia 2 (1 / 4.1 � 106) 18 (1 / 0.45 � 106) NA
Japan 19 (1 / 2.28 � 106) 108 (1 / 0.4 � 106) 797 (1 / 0.05 � 106)

Europe
France 6 (1 / 2.52 � 106) 7 (1 / 2.16 � 106) WP: 1 (1 / 0.099 � 106);

occult: 1 (1 / 0.099 � 106)
Germany 7 (1 / 4.54 � 106) 23 (1 / 1.37 � 106) WP: 22 (1 / 1.43 � 106);

occult: 21 (1 / 1.49 � 106)
Greece 4 (1 / 0.22 � 106) 12 (1 / 0.07 � 106) 89 (1 / 0.01 � 106)
Italy 14 (1 / 0.55 � 106) 27 (1 / 0.4 � 106) WP: 8 (2.3 / 1 � 106);

occult: 189 (55.5 / 1 � 106)
Poland 1 (1 / 3.0 � 106) 74 (1 / 0.08 � 106) WP: 14 (4.73 / 1 � 106);

occult: 53 (17.9 / 1 � 106)
Spain 8 (1 / 0.54 � 106) 15 (1 / 0.46 � 106) WP: 10 (1 / 1.64 � 106);

occult: 39 (1 / 0.04 � 106)
United Kingdomb and Eire 2 (1 / 12 � 106) 14 (1 / 1.71 � 106) NA

North America
Canada (except Quebec) 1 (1 / 6.1 � 106) 3 (1 / 2.43 � 106) NA
Canada (Quebec only) 0 (0 / 1.75 � 106) 0 (0 / 2.25 � 106) NA
United States 51 (1 / 1.29 � 106) 302 (1 / 0.22 � 106) NA

NOTE. HBV, hepatitis B virus; HCV, hepatitis C virus; HIV, human immunodeficiency virus; NA, data not available;
WP, window period (ie, HIV antibodies not yet detectable).

a The number of donated samples required to be tested on average to yield 1 case positive by NAT; this value is in
the denominator, and the numerator is either 1 if any case was detected or 0 if no cases were detected.

b England, Wales, and Northern Ireland.

In North Carolina all antibody-negative specimens are tested

for HIV RNA using pooled NAT screening and a resolution

algorithm. Positive NAT pools are broken down until HIV RNA

is detected in a single sample and the individual with AHI can

be identified. Using this strategy, individuals with acute viremia

and their partners can be promptly referred, counseled, treated,

and studied prospectively. This approach has subsequently been

used by many other investigators [22–30] (Table 3.) The search

for AHI can be expected to increase by 1%-10% the number

of subjects with established HIV infection who are identified

(Table 3.)

In contrast, the increasing use of point-of-care, rapid HIV

antibody tests for HIV screening is likely to decrease the number

of early HIV infections detected. Recent work has shown some

rapid HIV tests to be considerably less sensitive in identifying

early infection detectable with standard antibody tests as well

as acute infections detectable with NAT assays [30]. Although

rapid HIV tests have considerably expanded access to testing

in resource-limited settings and have the advantage of same-

day results, there is clearly a need to consider performance cost

with early and acute HIV infections. This loss of sensitivity for

diagnosing early HIV infection with rapid tests is important

given the increased risk of onward HIV transmission during

these phases and the increasing use of these tests in populations

at high risk for acquiring HIV.

TARGETED SCREENING OF SYMPTOMATIC AHI

At least some individuals who acquire HIV develop nonspecific

signs and symptoms. Identification of patients with signs and

symptoms of early HIV in a cohort or high-risk setting has

been used successfully for recruitment of study subjects. Powers

et al developed an algorithm to enhance detection of AHI in

a sexually transmitted infection clinic in Malawi, where AHI

was diagnosed in 21 (1.45%) of 1448 subjects screened for HIV

infection [31]. A study that used a model-based score for pre-

dictors of AHI allowed the number of subjects screened to

detect AHI to be reduced substantially. Predictors for AHI in-

cluded presentation with a genital ulcer and discordant results

of rapid HIV tests. Discordant results from parallel (concom-

itant) measurement of HIV with rapid tests, as seen in the

aforementioned study, probably reflect varying sensitivities and
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Table 3. Added Benefit of Routine Screening for Acute Huamn Immunodeficiency Virus Infection (AHI)

Location, reference Testing population
No. of

subjects
Antibody-positive

HIV prevalence, %
Increased yield

with AHI, %

North Carolina [22] All public testing 109,250 0.5 3.6
San Francisco, California [23] STD clinic 3075 3.4 10.5
Los Angeles, California [23] STD clinic 1712 0.8 7.1
Seattle, Washington [27] MSM only 3525 2.3 8.6
Atlanta, Georgia [24] VCT and STD clinic 2202 3 6.1
Johannesburg, South Africa [28] VCT and STD clinic 1906 35.2 1.8
Lilongwe, Malawi [25] STD clinic; male 929 46.8 5
Lilongwe, Malawi [26] STD clinic All 1450 40.5 3.6
Porto Alegre, Brazil [29] VCT clinic 933 19.1 2.8
Los Angeles, Florida, and New York [30] STD clinic and MSM clinic 99,111 1.2 2.2

NOTE. AHI, acute human immunodeficiency virus (HIV) infection; MSM, men who have sex with men; STD, sexually transmitted disease;
VCT, voluntary counseling and testing.

specificities and provide a strong clue to AHI and impending

seroconversion [26].

INCIDENT HIV INFECTION

Reliable estimates of the incidence of HIV infection in a pop-

ulation are critical for epidemiologic characterization, the eval-

uation of HIV prevention programs, and the design and eval-

uation of HIV intervention trials. Incidence data can also be

used to monitor transmission patterns and better target HIV

prevention efforts [32]. Epidemiologic methods separate in-

fections into incident (new) and prevalent (established) cate-

gories. Acquisition of HIV generally goes unrecognized, and

many years may pass between the time of infection and the

actual diagnosis; however, not infrequently the distinction be-

tween incident and prevalent infections are lost. This is not a

trivial matter, because the difference greatly affects public health

policies and resource allocation. Clearly, a new diagnosis of

HIV infection or AIDS itself cannot be construed as an “in-

cident infection.” In most cases, new diagnoses are made many

years after acquisition of HIV and when the CD4 count has

fallen to a level that affects health, causing the individual to

seek medical attention. As with AHI, there is no absolute def-

inition or time frame limiting incident HIV infection. Clearly,

individuals with acute infection have incident infection, as do

those who have recently developed an immune response to

HIV (seroconverters). Incident infection might be defined as

the period from HIV acquisition through seroconversion, the

development of a stable viral load (set point), or the first year

after HIV acquisition, if this can be identified.

Several methods to estimate the incidence of HIV infection

have been attempted, but they have generally been unsatisfac-

tory and poorly adapted to very large populations. The inci-

dence can be derived using “back-calculation” based on the

prevalence of HIV infection, with estimation of the period from

viral acquisition to AIDS [33]. This indirect approach is lo-

gistically challenging and difficult to standardize [34, 35]. Direct

measurement of incidence through the prospective follow-up

of a cohort of HIV-negative persons who ultimately seroconvert

is expensive, unrepresentative, and difficult to sustain even in

resource-rich settings [18, 36, 37]. An alternative epidemiologic

method used by Rehle et al employs single-year age prevalence

data collected through multistage cluster sampling of household

surveys to calculate the incidence of HIV infection [38].

It is possible to estimate the incidence of HIV infection

through the detection of p24 antigen and/or HIV RNA before

seroconversion is confirmed via HIV antibody assays. However,

owing to the very short period when acutely infected persons

are antigenemic or viremic but seronegative, this method re-

quires very large sample sizes and is generally impractical be-

cause of the need to test all seronegative samples for p24 antigen

or HIV RNA.

For many infections, the detection of IgM antibodies is con-

sidered to suggest recent infection. Although IgM antibodies

form in some patients with early HIV infection, they disappear

rapidly [39]. As an alternative, Jannsen et al developed an assay

to estimate HIV incident infection based on the detection of

newly formed IgG antibodies detected against HIV, the serologic

testing algorithm for recent HIV seroconversion (STARHS)

(Figure 2) [40]. These investigators reasoned that for some

defined period of time, serum IgG antibodies from recently

infected persons would behave differently in �1 assay than

antibodies from persons with chronic infection. Their approach

was to “detune” the standard HIV EIA by increasing the di-

lution and changing the assay conditions so that patients with

lower concentrations of antibody would fall below a cutoff

threshold. Because antibodies during acute infection also dem-

onstrate low avidity, which increases as infection duration

lengthens, detuned assays can also exploit lower antibody avid-
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Figure 2. Serologic testing algorithm for recent human immunodeficiency virus (HIV) seroconversion biomarker detection schema. Ab, antibody; Ag,
antigen; BED, BED capture enzyme immunoassay; LS-EIA, less-sensitive enzyme immunoassay.

ities to classify individuals as “recently” infected (within the

preceding 4 months). Unfortunately, the detuned assay has

proved to have poor accuracy. Subsequently, a variety of other

assays designed to detect recent antibodies have been developed

[33, 41], but each of these has substantial limitations [42], and

they do not appear to provide entirely comparable pictures of

the incidence of HIV infection [35]. To address these limita-

tions, several groups are developing algorithms using multiple

different tests that exclude patients with chronic HIV disease

who have low CD4 counts or are receiving treatment, both of

which conditions cause falling antibody titers that can be con-

fused with AHI [43].

VIRAL DIVERSITY AND INFECTIVITY IN EARLY
HIV INFECTION

Viral isolates can be recovered from patients with AHI, and

high-resolution sequencing can be performed on virion-derived

HIV RNA in plasma or tissue culture isolates. Studies of viral

diversity during acute infection with clade B [12], clade C [44],

or clade A [45] HIV have been undertaken using single-genome

amplification techniques, allowing greater resolution of the

transmitted or acquired virus than heretofore possible. In the

majority of cases a single HIV variant is transmitted after het-

erosexual transmission of HIV, and only rarely are 12–3 variants

transmitted. In the first weeks after infection, viral diversifi-

cation and recombination are inevitable. Accordingly, detection

of a single HIV variant generally confirms early infection. Dif-

ferences between acute or early HIV and chronic HIV can be

seen by the significant differences in the “Hamming distance,”

which calculates the degree of diversity. Obviously, this ap-

proach is limited to very special research situations.

IMMUNOLOGY OF THE CLINICAL SYNDROME
OF AHI

In serial blood plasma donors with AHI, Stacey and coworkers

demonstrated a “cytokine storm” during the earliest days of

infection [15]. Furthermore, Gasper et al noted increased levels

of markers of apoptosis in peripheral blood manifested by the

Fas ligand, tumor necrosis factor receptor–related apoptosis-

inducing ligand, tumor necrosis factor receptor 2, and micro-

particles [46]. C.L.G. and colleagues examined 37 individuals

in whom AHI was diagnosed by cross-sectional screening with

a relatively narrow window of HIV exposure; the median es-

timated exposure to HIV occurred 14 days before symptom

onset (range, 9–21 days; interquartile range, 12–17 days) (un-

published data). However in these samples from subjects with

AHI who were confirmed to have minimal viral diversity, cy-

tokine and Fas ligand levels had returned close to normal,

suggesting that the expected elevations in cytokines and viral

load were most likely resolved by the time of evaluation.

NEW FOURTH-GENERATION EIAS FOR THE
DETECTION OF AHI

Despite evidence that the detection of AHI could limit onward

transmission, the ability to find individuals who are acutely

infected has been limited by testing methods that are both time

and infrastructure intensive. Newer fourth-generation EIAs,

combination antigen-antibody tests, detect p24 antigen and

anti-HIV-1/2 antibodies concomitantly and, compared with

third-generation EIAs, reduce the window period for the de-

tection of early HIV infection by 4 days on average (range, 2

days to 2 weeks) [47–50]. Although fourth-generation assays
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will miss fewer HIV infections by detecting p24 antigen (in

antibody-negative subjects), a window period will persist during

which only HIV RNA can be detected.

Several fourth-generation assays have been approved in Eu-

rope and elsewhere. The US Food and Drug Administration

approved the Architect HIV Ag/Ab Combo assay (Abbott Lab-

oratories) in June of 2010. A combined analysis from 4 studies

demonstrated that this assay had a sensitivity of 99.93% and

specificity of 98.79% to detect HIV [51]. In a large, retrospective

study, 29 of 57 AHI cases detected via NAT pooling of 97,772

seronegative samples were also tested with the fourth-genera-

tion HIV Combo test, of which 25 (86%) of 29 were positive;

NAT pooling after negative fourth-generation results increased

HIV detection by 0.7%. In sum, the fourth-generation HIV

Combo assay has demonstrated excellent sensitivity and spec-

ificity for detecting of HIV infection and AHI missed by third-

generation assays but misses some AHI cases detected via NAT

pooling.

The majority of fourth-generation assays have only positive

or negative results and do not discriminate whether the test is

positive owing to the detection of HIV antibodies or p24 an-

tigen. Subsequently, in the absence of the symptoms of acute

retroviral syndrome and their recognition by clinicians, acutely

infected individuals with positive results will not be distin-

guished from patients with established HIV infection. The

fourth-generation Determine HIV 1/2 Ag/Ab Combo assay (In-

verness Medical Innovations) provides separate results for the

antibody and p24 antigen components. Inverness Medical re-

ports a sensitivity of 100% for detection of chronic infection

and specificities of 99.23% for HIV antibodies and 99.66% for

HIV-1 p24 antigen [52]. Because the assay incorporates point-

of-care technology, it can provide same-day results for estab-

lished and acute HIV infection. Field testing of this assay is in

progress. Although no rapid, point-of-care tests to detect HIV

RNA or viral antigens are currently available, in September 2009

the National Institute of Allergy and Infectious Disease of the

US National Institutes of Health announced $17 million in

funding for such projects for resource-limited settings, where

their use could have considerable impact. Several new tech-

nologies for rapid, point-of-care assays to detect HIV RNA and

p24 antigen are currently being explored [53–57].

CONCLUSION

The detection of acute and incident HIV infections is critical

to both prevention and treatment strategies. However, even 30

years after the beginning of the pandemic, our laboratory tools

are imperfect, and we are able to identify and care for only a

very limited number of persons with recent infection. New

diagnostic assays and new surveillance strategies should prove

useful, and we anticipate renewed and continued interest in

this area of research.

References

1. McMichael A, Borrow P, Tomaras GD, Goonetilleke N, Haynes BF.
The immune response during acute HIV-1 infection: clues for HIV-1
vaccine development. Nat Rev Immunol 2010; 10:11–23.

2. Spira AI, Marx PA, Patterson BK, et al. Cellular targets of infection
and route of viral dissemination after an intravaginal inoculation of
simian immunodeficiency virus into rhesus macaques. J Exp Med
1996; 183(1):215–225.

3. Zhang Z, Schuler T, Zupancic M, et al. Sexual transmission and prop-
agation of SIV and HIV in resting and activated CD4+ T cells. Science
1999; 286(5443):1353–1357.

4. Bowman MC, Archin NM, Margolis DM. Pharmaceutical approaches
to eradication of persistent HIV infection. Expert Rev Mol Med
2009; 11:e6.

5. Gianella S, von Wyl V, Fischer M, et al. Impact of early ART on proviral
HIV-1 DNA and plasma viremia in acutely infected patients. In: Pro-
gram and abstracts of the 17th Conference on Retroviruses and Op-
portunistic Infections; 2010; San Francisco, CA.

6. Wawer MJ, Gray RH, Sewankambo NK, et al. Rates of HIV-1 trans-
mission per coital act, by stage of HIV-1 infection, in Rakai, Uganda.
J Infect Dis 2005; 191(9):1403–1409.

7. Pilcher CD, Tien HC, Eron JJ Jr, et al. Brief but efficient: acute HIV
infection and the sexual transmission of HIV. J Infect Dis 2004; 189(10):
1785–1792.

8. Ma ZM, Stone M, Piatak M Jr, et al. High specific infectivity of plasma
virus from the pre-ramp-up and ramp-up stages of acute simian im-
munodeficiency virus infection. J Virol 2009; 83(7):3288–3297.

9. Gray RH, Li X, Kigozi G, et al. Increased risk of incident HIV during
pregnancy in Rakai, Uganda: a prospective study. Lancet 2005;
366(9492):1182–1188.

10. Taha TE, Hoover DR, Dallabetta GA, et al. Bacterial vaginosis and
disturbances of vaginal flora: association with increased acquisition of
HIV. AIDS 1998; 12(13):1699–1706.

11. Gay CL, Mwapasa V, Murdoch DM, et al. Acute HIV infection among
pregnant women in Malawi. Diagn Microbiol Infect Dis 2010; 66(4):
356–360.

12. Keele BF, Giorgi EE, Salazar-Gonzalez JF, et al. Identification and char-
acterization of transmitted and early founder virus envelopes in pri-
mary HIV-1 infection. Proc Natl Acad Sci U S A 2008; 105(21):
7552–7557.

13. Fiebig EW, Wright DJ, Rawal BD, et al. Dynamics of HIV viremia and
antibody seroconversion in plasma donors: implications for diagnosis
and staging of primary HIV infection. AIDS 2003; 17(13):1871–1879.

14. Li Q, Skinner PJ, Ha SJ, et al. Visualizing antigen-specific and infected
cells in situ predicts outcomes in early viral infection. Science 2009;
323(5922):1726–1729.

15. Stacey AR, Norris PJ, Qin L, et al. Induction of a striking systemic
cytokine cascade prior to peak viremia in acute human immunode-
ficiency virus type 1 infection, in contrast to more modest and delayed
responses in acute hepatitis B and C virus infections. J Virol 2009;
83(8):3719–3733.

16. Goonetilleke N, Liu MK, Salazar-Gonzalez JF, et al. The first T cell
response to transmitted/founder virus contributes to the control of
acute viremia in HIV-1 infection. J Exp Med 2009; 206(6):1253–1272.

17. Lindback S, Thorstensson R, Karlsson AC, et al, for the Karolinska
Institute Primary HIV Infection Study Group. Diagnosis of primary
HIV-1 infection and duration of follow-up after HIV exposure. AIDS
2000; 14(15):2333–2339.

18. van Loggerenberg F, Mlisana K, Williamson C, et al. Establishing a
cohort at high risk of HIV infection in South Africa: challenges and
experiences of the CAPRISA 002 acute infection study. PLoS One
2008; 3(4):e1954.

19. Vermeulen M, Lelie N, Sykes W, et al. Impact of individual-donation
nucleic acid testing on risk of human immunodeficiency virus, hepatitis
B virus, and hepatitis C virus transmission by blood transfusion in
South Africa. Transfusion 2009; 49(6):1115–1125.

D
ow

nloaded from
 https://academ

ic.oup.com
/jid/article/202/Supplem

ent_2/S270/852813 by guest on 23 April 2024



Detection of Acute HIV Infection • JID 2010:202 (Suppl 2) • S277

20. Quinn TC, Brookmeyer R, Kline R, et al. Feasibility of pooling sera
for HIV-1 viral RNA to diagnose acute primary HIV-1 infection and
estimate HIV incidence. AIDS 2000; 14(17):2751–2757.

21. Pilcher CD, Eron JJ Jr, Galvin S, Gay C, Cohen MS. Acute HIV revisited:
new opportunities for treatment and prevention. J Clin Invest 2004;
113(7):937–945.

22. Pilcher CD, Fiscus SA, Nguyen TQ, et al. Detection of acute infections
during HIV testing in North Carolina. N Engl J Med 2005; 352(18):
1873–1883.

23. Patel P, Klausner JD, Bacon OM, et al. Detection of acute HIV infec-
tions in high-risk patients in California. J Acquir Immune Defic Syndr
2006; 42(1):75–79.

24. Priddy FH, Pilcher CD, Moore RH, et al. Detection of acute HIV
infections in an urban HIV counseling and testing population in the
United States. J Acquir Immune Defic Syndr 2007; 44(2):196–202.

25. Pilcher CD, Price MA, Hoffman IF, et al. Frequent detection of acute
primary HIV infection in men in Malawi. AIDS 2004; 18(3):517–524.

26. Fiscus SA, Pilcher CD, Miller WC, et al. Rapid, real-time detection of
acute HIV infection in patients in Africa. J Infect Dis 2007; 195(3):
416–424.

27. Stekler J, Swenson PD, Wood RW, Handsfield HH, Golden MR. Tar-
geted screening for primary HIV infection through pooled HIV-RNA
testing in men who have sex with men. AIDS 2005; 19(12):1323–1325.

28. Stevens W, Akkers E, Myers M, Motloung T, Pilcher C, Venter F. High
prevalence of undetected, acute HIV infection in a South African pri-
mary care clinic. Paper presented at: Third IAS Conference on HIV
Pathogenesis and Treatment; 2005; Rio de Janeiro, Brazil.

29. De Souza R, Pilcher C, Fiscus S, et al. Rapid and efficient acute HIV
detection by 4th generation Ag/Ab ELISA. Paper presented at: Inter-
national Conference on AIDS; 2006; Toronto, Canada.

30. Patel P, Mackellar D, Simmons P, et al. Detecting acute human im-
munodeficiency virus infection using 3 different screening immuno-
assays and nucleic acid amplification testing for human immunode-
ficiency virus RNA, 2006–2008. Arch Intern Med 2010; 170(1):66–74.

31. Powers KA, Miller WC, Pilcher CD, et al. Improved detection of acute
HIV-1 infection in sub-Saharan Africa: development of a risk score
algorithm. AIDS 2007; 21(16):2237–2242.

32. Kozlov AP, Shaboltas AV, Toussova OV, et al. HIV incidence and factors
associated with HIV acquisition among injection drug users in St Pe-
tersburg, Russia. AIDS 2006; 20(6):901–906.

33. Hall HI, Song R, Rhodes P, et al. Estimation of HIV incidence in the
United States. JAMA 2008; 300(5):520–529.

34. Le Vu S, Le Strat Y, Cazein F, et al. Population-based HIV Incidence
in France, 2003 to 2008. In: Program and abstracts of the 17th Con-
ference on Retroviruses and Opportunistic Infections; 2010; San Fran-
cisco, CA. Abstract 36LB.

35. Riedesel M, Laeyendecker O, Quinn T. Comparison of global HIV
incidence: longitudinal and cross-sectional estimates. In: Program and
abstracts of the 17th Conference on Retroviruses and Opportunistic
Infections; 2010; San Francisco, CA. Abstract 526.

36. Barkan SE, Melnick SL, Preston-Martin S, et al, for the WIHS Col-
laborative Study Group. The Women’s Interagency HIV Study. Epi-
demiology 1998; 9(2):117–125.

37. Ostrow DG, Plankey MW, Cox C, et al. Specific sex drug combinations
contribute to the majority of recent HIV seroconversions among MSM
in the MACS. J Acquir Immune Defic Syndr 2009; 51(3):349–55.

38. Rehle T, Shisana O, Simbayi L, et al. Trends in HIV prevalence, in-
cidence, and risk behaviors among children, youth, and adults in South
Africa, 2002 to 2008. In: Program and abstracts of the 17th Conference
on Retroviruses and Opportunistic Infections; 2010; San Francisco, CA.
Abstract 37.

39. Tomaras GD, Yates NL, Liu P, et al. Initial B-cell responses to trans-
mitted human immunodeficiency virus type 1: virion-binding im-
munoglobulin M (IgM) and IgG antibodies followed by plasma anti-

gp41 antibodies with ineffective control of initial viremia. J Virol
2008; 82(24):12449–12463.

40. Janssen RS, Satten GA, Stramer SL, et al. New testing strategy to detect
early HIV-1 infection for use in incidence estimates and for clinical
and prevention purposes. JAMA 1998; 280(1):42–48.

41. Murphy G, Parry JV. Assays for the detection of recent infections with
human immunodeficiency virus type 1. Euro Surveill 2008; 13(36):pii:
18966.

42. Guy R, Gold J, Calleja JM, et al. Accuracy of serological assays for
detection of recent infection with HIV and estimation of population
incidence: a systematic review. Lancet Infect Dis 2009; 9(12):747–759.

43. Laeyendecker O, Rothman RE, Henson C, et al. The effect of viral
suppression on cross-sectional incidence testing in the Johns Hopkins
Hospital emergency department. J Acquir Immune Defic Syndr
2008; 48(2):211–215.

44. Salazar-Gonzalez JF, Bailes E, Pham KT, et al. Deciphering human
immunodeficiency virus type 1 transmission and early envelope di-
versification by single-genome amplification and sequencing. J Virol
2008; 82(8):3952–3970.

45. Masharsky A, Dukhovlinova E, Verevochkin S, et al. A substantial
transmission bottleneck among newly and recently HIV-1-infected in-
jection drug users in St Petersburg, Russia. J Infect Dis 2010; 201(11):
1697–1702.

46. Gasper-Smith N, Crossman DM, Whitesides JF, et al. Induction of
plasma (TRAIL), TNFR-2, Fas ligand, and plasma microparticles after
human immunodeficiency virus type 1 (HIV-1) transmission: impli-
cations for HIV-1 vaccine design. J Virol 2008; 82(15):7700–7710.

47. Weber B, Orazi B, Raineri A, et al. Multicenter evaluation of a new
4th generation HIV screening assay Elecsys HIV combi. Clin Lab
2006; 52:463–473.

48. Weber B, Fall EH, Berger A, Doerr HW. Reduction of diagnostic win-
dow by new fourth-generation human immunodeficiency virus screen-
ing assays. J Clin Microbiol 1998; 36(8):2235–2239.

49. van Binsbergen J, Keur W, Siebelink A, et al. Strongly enhanced sen-
sitivity of a direct anti-HIV-1/-2 assay in seroconversion by incorpo-
ration of HIV p24 Ag detection: a new generation Vironostika HIV
Uni-Form II. J Virol Methods 1998; 76:59–71.

50. Ly TD, Laperche S, Brennan C, et al. Evaluation of the sensitivity and
specificity of six HIV combined p24 antigen and antibody assays. J
Virol Methods 2004; 122(2):185–194.

51. Owen M, Patel P, Wesolowski L, et al. Evaluation of the Abbott AR-
CHITECT Ag/Ab Combo assay, an antigen/antibody combination test:
implications for US HIV testing programs. In: Program and abstracts
of the 16th Conference on Retroviruses and Opportunistic Infections;
2009; Montreal, Canada. Abstract 991.

52. New rapid 4th generation HIV test now available from Inverness Med-
ical. PRLog. 6 October 2009.

53. Nargessi D, Ou CY. MagaZorb: a simple tool for rapid isolation of
viral nucleic acids. J Infect Dis 2010; 201(Suppl 1):S37–S41.

54. Zhang N, Appella DH. Advantages of peptide nucleic acids as diagnostic
platforms for detection of nucleic acids in resource-limited settings. J
Infect Dis 2010; 201(Suppl 1):S42–S5.

55. Tang W, Chow WH, Li Y, Kong H, Tang YW, Lemieux B. Nucleic acid
assay system for tier II laboratories and moderately complex clinics to
detect HIV in low-resource settings. J Infect Dis 2010; 201(Suppl 1):
S46–S51.

56. Tang S, Hewlett I. Nanoparticle-based immunoassays for sensitive and
early detection of HIV-1 capsid (p24) antigen. J Infect Dis 2010;
201(Suppl 1):S59–S64.

57. Lee HH, Dineva MA, Chua YL, Ritchie AV, Ushiro-Lumb I, Wisniewski
CA. Simple amplification-based assay: a nucleic acid-based point-of-
care platform for HIV-1 testing. J Infect Dis 2010; 201(Suppl 1):
S65–S72.

D
ow

nloaded from
 https://academ

ic.oup.com
/jid/article/202/Supplem

ent_2/S270/852813 by guest on 23 April 2024


