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HIV infection starts as an acute, systemic infection; as the natural history
of HIV continues, acute HIV infection is followed by chronic period of clin-
ical latency, usually lasting 3 to 10 years, which precedes the eventual col-
lapse of the immune system. It is increasingly recognized that events
occurring during acute infection may determine the natural course of the
disease. Acute HIV infection is the phase during which standard antibody
tests are rapidly evolving; this lasts about 2 months for most patients. Re-
cent HIV infection is used to describe HIV infections that may not be clearly
acute, but have likely occurred within 6 to 12 months. Primary HIV infec-
tion is a somewhat looser term that describes all acute and recent patients
equally well. The very dynamic events of acute HIV infection provide mul-
tiple opportunities for biologic interventions, such as antiretroviral or im-
mune-based therapies, and the implementation of public health measures
during acute HIV infection could help control epidemics or outbreaks.
Many of the dramatic possibilities for intervention in acute HIV infection
remain unproved, not the least because of traditional difficulty of diagnosing
acute disease. This article covers in some detail the natural history and path-
ogenesis of acute HIV infection; its clinical aspects; and some new diagnostic
strategies with promise greatly to increase recognition of this common
syndrome.
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Pathogenesis and natural history
Transmission, selection, and expansion of RS HIV variants

In HIV infection resulting from sexual exposure, intact mucosal surfaces
represent a significant barrier to HIV infection, and very few cells are
initially infected [1]. Several mechanisms have been proposed for traversal
of mucosal surfaces by cell-free or cell-associated virus particles [2,3]. What-
ever the true mechanism, pre-existing inflammation or breaks in the integ-
rity of mucosal architecture at the site of inoculation (eg, from sexually
transmitted diseases) can clearly increase the efficiency of this process
[4,5]. Once the virus crosses the epithelial layers, infection is established
by replicating within target cells at the point of entry [6]. Entry of HIV to
any cell depends on interactions of HIV envelope proteins gpl120 and
gp41 with cell surface CD4 receptors, but also with the co-receptors CXC
chemokine receptor 4 or CC chemokine receptor 5 (CCRY) [7]. Interestingly,
the HIV variants that first appear in more than 90% of acute HIV infections
use CCRS5 exclusively, regardless of route of infection [8—13]. This is also
seen in acute simian immunodeficiency virus infections [11,14,15]. Whether
this is caused by selection by innate immune responses around the time of
transmission, or to later, more efficient outgrowth of CCR5-using popula-
tions in mucosal tissues of the new host, is not known [6,7,16—18].

Within 72 hours of a transmission event, local virus replication results in
infection at the site of entry and the draining lymph nodes [19]. Infection be-
comes systemic by the end of the first week, as the virus disseminates to
other lymphoid tissue compartments [1,20]. By day 10 after infection,
most extra-lymphoid tissue CCR5T CD4" effector-memory T cells has
been either infected or has interacted with HIV [1,18,20]. Secondary to viral
infection or to coreceptor-dependent induced apoptosis, a dramatic deple-
tion of such CCR5" CD4" effector memory T cells occurs between days
10 and 21, which is much more pronounced in the gut (the largest lymphoid
organ) than is reflected in peripheral blood CD4 cell counts, which decrease
only modestly [20-26].

The availability and rapid consumption of targets during this early period
leads to massive viral replication, accounting in part for the peak levels of
viremia and genital shedding achieved by the end of the first month
[20,23,27-31]. Once infection has become truly systemic, virus loads grow
exponentially, becoming detectable in blood around day 8 postinfection
and expanding with a doubling time of approximately 0.3 days during the
first 2 to 3 weeks of infection [1,19,20,28,32-36].

Establishment of long-lived reservoirs

Long-lived reservoirs of HIV are established within the first month of
acute infection [37]. Perhaps the largest site for virus propagation in vivo
is the large number of follicular dendritic cells, which trap and retain
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infectious HIV particles and protect them from degradation for many
months [38]. Much smaller numbers of (predominantly resting) CD4" T
cells with memory phenotype integrate the virus into their chromosome.
These latently infected cells do not spontaneously produce virus unless acti-
vated [39,40]. Their long lifespan (44 months) constitutes one of the main
barriers to HIV eradication with current antiretroviral therapies [37,38].

Induction of immune activation

As viremia is rising toward its peak and resting CD4" T-cell populations
are depleted (in the second to third week of infection), the immune system
transitions to a state of hyperactivation and the patient may develop symp-
toms of the acute retroviral syndrome. Proliferation and activation of
CCRS5™ T cells in this milieu provide further fuel for viral replication, be-
cause T cells with an activated phenotype are more susceptible to HIV infec-
tion [18,41]. Systemic exposure to bacterial endotoxin following disruption
of gut mucosal immune integrity has been suggested as one trigger for
this process [42]; however, it remains unclear what sustains this hyperacti-
vated state indefinitely. In natural simian immunodeficiency virus infection
of sooty mangabeys, for instance, initial T-cell depletion occurs without any
persistent immune activation, and animals do not progress to AIDS [43]. In
people with HIV infection, high levels of immune activation are among the
strongest predictors of progression to AIDS [44].

Emergence of controlling host responses

Anti—HIV-1 antibodies begin to be detected by IgM-sensitive ELISAs 2
to 4 weeks after infection [28,45,46]. These low-titer antibodies bind with
low avidity or affinity, however, and exert little if any selective pressure
on circulating virus populations [47-49]. They also fail to slow the increase
in viral loads in blood, genital secretions, or other compartments, until
around 4 weeks after infection (Fig. 1) [27,29,50].

The downward deflection in virus levels that finally occurs at this time
may reflect exhaustion of CCR5" CD4™" target cells but may also be deter-
mined by the first appearance of specific anti-HIV cytotoxic CD8' T lym-
phocytes, which accumulate in significant numbers at mucosal sites after
the viral load peak [20,22,23,36,51-55]. Virus loads then drop precipitously
(see Fig. 1), and generally attain their lowest levels by week 10 postinfection
in both blood and genital secretions.

Further viral load oscillations may occur but a balance between viral
replication and immune control eventually produces a steady “‘set point”
in viral load at sometime between weeks 8 and 24 [36]. During this interval,
initially narrow cytotoxic T lymphocyte responses may start to broaden,
targeting an increasing variety of epitopes and exerting selective pressure
on virus populations [56-59]. The first neutralizing antibodies against glyco-
sylated epitopes in envelope also appear in this time period, accompanied by
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Fig. 1. HIV viral load. CD4 cell count and antibody dynamics during an idealized primary HIV
infection, and their correlation with diagnostic tests and the acute retroviral syndrome. Win-
dows in which various tests are likely to be positive are shown by dark bars. The symptomatic
period is light gray. Ab, antibody; Ag, antigen; EIA, enzyme immunoassay; NAAT, nucleic acid
amplification test. (From Fiebig EW, Wright DJ, Rawal BD, et al. Dynamics of HIV viremia
and antibody seroconversion in plasma donors: implications for diagnosis and staging of pri-
mary HIV infection. AIDS 2003;17:1876; with permission; and Bernard M. Branson, personal
communication, June 13, 2006.)

an explosion in viral diversity [45,47-49,60]. As escape variants appear, the
HIV-specific antibody response further broadens, exerting a selective pres-
sure that drives continuous evolution of neutralization escape mutants
from this point forward [60,61] Another group of functional antibodies, al-
though unable to neutralize the virus, induce potent antibody-dependent
cytotoxicity [62].

The degree to which these emerging adaptive immune responses control
viral replication varies greatly. Individual-to-individual variation in set-point
viremia is partially explained by viral factors or by host genetics determin-
ing CCRS5 expression levels, but is also influenced strongly by differences
in certain HLA types, supporting the key role of cellular responses in es-
tablishing immune control [63-67]. Strong and broadly targeted cellular
and humoral responses have each been associated with lower set-point
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viremia, and with slowing of CD4" T-cell loss, immune collapse, and clin-
ical progression [45,61,64-70]. One important determinant of the strength
and breadth of these responses is the availability of HIV-specific CD4™" T-
cell help; because HIV-specific CD4" lymphocytes must proliferate in the
face of massive viral replication, protection of nascent CD4™ cell popula-
tions is considered one theoretical indication for early antiretroviral ther-
apy in acute HIV infection [71-74].

Summary

As a general rule, mature, controlling immune responses first emerge
between weeks 8 and 24 of acute HIV infection, accompanied by loss of viral
homogeneity as viruses rapidly evolve to escape immune pressure. Long-
lived reservoirs are probably fully established by around week 8, and the
transition to persistent immune hyperactivation probably also takes place
around this time. For these reasons, acute interventions (eg, antiretroviral
or immunomodulatory therapies) attempting to modify these phenomena
are expected to have their greatest effects if instituted in the first 2 months
of infection, and acute or primary HIV infection is considered to be over
for practical purposes by 24 weeks.

Diagnosis
The acute retroviral syndrome

Following infection by HIV, approximately two thirds of patients have
some symptoms attributable to an acute retroviral syndrome, whereas about
one third of patients are asymptomatic [21,75-78]. For those with symp-
toms, their onset is usually abrupt following an incubation period of 10 to
14 days (incubation periods ranging from 5-35 days have been reported)
[21,75,76,78-81]. The most common manifestations of acute infection
(Table 1) include fever up to 40°C (present in 80%—-90% of symptomatic
patients), malaise, anorexia or weight loss, myalgias, and arthralgias; about
half or fewer patients complain of headache (with or without meningeal
signs), pharyngitis (with or without tonsillar exudates), or rash; occasion-
ally, patients may complain of diarrhea or oral, esophageal, and genital
ulcers [21,75,76,78-81].

The physical examination may reveal rash; meningeal signs; pharyngitis;
oral, vaginal, or anal ulcers; and diffuse lymphadenopathy (see Table 1). The
rash can involve face, trunk, palms, and soles. Oral or vaginal thrush is oc-
casionally present and sometimes resolves without treatment. In addition to
meningeal signs, rare neurologic findings have been reported in association
with acute HIV infection, including cranial nerve palsies (especially involv-
ing cranial nerve VII); radiculopathy; encephalopathy; and Guillain-Barré
syndrome [82]. Because it is both readily diagnosable and life threatening,
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Table 1

Signs and symptoms associated with having acute HIV infection

Sign or symptom Approximate prevalence (%)* Reported odds ratios®®
Fever? >70 2.8,3.4,45,70,10.6
Lymphadenopathy® 35-70 19,33

Sore throat? 40-70 1.7, 2.0, 3.3

Rash* 20-70 2.1, 4.0

Joint pain? 30-60 1.6, 2.1, 2.6, 3.8, 6.4
Diarrhea 25-50 3.1

Anorexia or weight loss? 15-70 2.5,2.8,9.5,99
Night sweats® 50 22,112

Myalgia® 40-70 2.1,2.8,4.2,68
Malaise or fatigue® >70 1.6, 2.2, 6.3, 8.0
Headache® 30-40 2.0, 3.0

Vomiting 10-30 4.8

Too sick to work 60 4.0

Hospitalized 10-20 7.4

Oral or genital ulcer disease 10-20 2.1, 2.6

? Among symptomatic patients; approximately one third of patients are asymptomatic.
° Data obtained from case-control studies [21,78,79,81].

¢ Data obtained from case series [75-77,80].

4 Statistically significant in two or more studies.

acute HIV should be in the differential diagnosis for all cases of aseptic men-
ingitis in sexually active adults.

A few of the previously mentioned acute signs and symptoms (eg, gener-
alized lymphadenopathy, rash, mucosal ulceration, or thrush) are uncom-
mon enough in other common adult febrile illnesses that they should raise
suspicion of acute HIV infection. Oral and genital examinations and a brief
survey of axillary and inguinal nodes can be extremely helpful in assessing
risk of having acute HIV infection.

Laboratory findings in acute infection typically include general leukope-
nia with CD4™" lymphopenia and atypical lymphocytosis, mild thrombocy-
topenia, and abnormal liver function tests [82,83]. Cerebrospinal fluid
examination typically shows lymphocytic pleocytosis [27]. Although most
of the signs and symptoms of acute HIV infection typically resolve after
less than 2 weeks, laboratory manifestations including CD4" lymphopenia
may persist for several months (as may malaise and diffuse adenopathy).

The presence or absence of symptoms during acute HIV infection may
have great prognostic importance. Cohort studies enrolling seroconverting
patients have consistently shown that both the number and duration of
acute retroviral symptoms each independently increase the likelihood of
later disease progression [55,84-87]. For instance, Lindback and colleagues
[88] found that seroconverting patients reporting > 14 days’ acute illness
had a 78% likelihood of progressing to AIDS within 3 years, versus
a 10% likelihood of progression for asymptomatic seroconverters in the
same study.
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Risk factors for acute HIV infection

A number of key risk factors can be identified that have been strongly as-
sociated with acute HIV infection in multiple studies. These include trau-
matic sex; anal intercourse (especially receptive anal intercourse); active
genital ulcer disease (in self or in a sexual partner); having sex in exchange
for drugs or money; regular recreational drug use; or having multiple sexual
partners [89-93]. For men, uncircumcised status and use of sildenafil citrate
have been shown in studies to increase risk; for women, douching before sex
is an independent risk factor [94-97]. Injection drug use or needle-sharing
confer especially high risk [98—100].

There are several settings where single sexual exposures may merit screen-
ing for acute HIV infection; where the source patient has known acute HIV,
single sexual exposures carry transmission risks similar to deep needle-
sticks, and directed acute HIV screening is absolutely indicated in the eval-
uation of exposed patients. When there is history of occupational exposure,
it is important to inquire about the type of bodily fluid, type of exposure,
type of needle (hollow or solid), presence of blood in the needle, deepness
of the injury, and history of postexposure prophylaxis, and the HIV status
and clinical stage of the index patient [101]. Screening for acute HIV infec-
tion may be necessary for both the source patient (at the time of exposure)
and for the exposed patient (in follow-up of exposure).

Overview of the approach to screening

Acute HIV infection is most often diagnosed by infectious disease special-
ists [21,102]. Although rarely considered, it is a rarely diagnosed, moderately
prevalent, but life-threatening primary care disease. Ideally, the presence of
one or more key symptoms (see Table 1) plus a key risk factor or convincing
HIV exposure history would lead to assessment for acute HIV infection in
the primary care setting. Acute HIV is a much more likely explanation
for flu-like symptoms than is usually appreciated: in one study, 1% of pa-
tients undergoing evaluation for mononucleosis (and heterophile antibody
negative) at Massachusetts General Hospital proved to have acute HIV in-
fection [103]. Another study found similar rates of acute HIV in Boston ur-
gent care patients with flu-like symptoms [104]. Given the nonspecific nature
of the syndrome, a low threshold for acute HIV testing is warranted. The
approach to HIV testing in acute HIV is different depending on whether
one screens symptomatic, high-risk, or lower-risk populations.

Use of HIV tests

Tests for acute HIV infection are chosen based on the dynamic natural
history of HIV biomarkers in acute infection (see Fig. 1) [28]. The least rec-
ommended, but most common, way to diagnose acute infection is simply
documenting antibody seroconversion (making the diagnosis in retrospect).
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Two types of results are needed to diagnose acute HIV infection in real time
(Fig. 2). The first is a positive screening test result, indicating HIV infection.
This can be HIV nucleic acid amplification, HIV p24 antigen, HIV
antibody, or combined p24 antigen-antibody screening test. The second is
a negative, indeterminate HIV antibody test result suggesting incomplete

seroconversion.
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Fig. 2. Clinical decision tree for acute HIV diagnostic testing. (4) Assessment of symptomatic
patients or patients with high suspicion for acute HIV infection. HIV NAAT may not be readily
available in some resource-limited settings. (B) Assessment of asymptomatic patients or patients
with low suspicion for acute HIV infection. Ab, antibody; Ag, antigen; EIA, enzyme immuno-
assay; NAAT, nucleic acid amplification test.



DIAGNOSIS AND MANAGEMENT OF ACUTE HIV INFECTION 27

One common misconception is that the window period for HIV tests lasts
3 to 6 months. Although at one time true, modern antibody tests are highly
sensitive to the presence of low-level, immature, IgM-class antibodies. This
is true for modern Western blot assays and for HIV rapid tests [30,105].

Rapid HIV antibody tests can be used as part of an acute testing
algorithm, and the most successful acute programs have used a rapid
testing-based approach [105,106]. At the time of this writing, however, no
point-of-care rapid tests are yet available that can detect HIV antigens or
nucleic acids in acute infection. If a rapid test is used for antibody screening,
additional acute HIV testing requires (1) storing an appropriate blood spec-
imen for additional nucleic acid or antigen testing, (2) providing follow-up
for these confirmatory results, and (3) emphasis on the preliminary nature of
both negative and positive rapid test results at the time of rapid test results
notification.

Modern antibody tests usually become positive within the first 4 weeks
after infection; it is not unusual for individuals to test antibody positive
when evaluated for possible acute retroviral symptoms. For such patients,
some experts and research programs supplement a positive standard anti-
body result with a less-sensitive (so-called ““detuned’) antibody test when
acute HIV infection is suspected (see Fig. 2). Less-sensitive antibody assays
are engineered to have reduced affinity or avidity for early HIV antibodies.
In the proper setting, a confirmed positive sensitive antibody test and a neg-
ative less-sensitive antibody test can strongly support a clinically suspected
diagnosis of acute HIV infection.

To identify or confirm HIV infection in patients with incomplete serocon-
version, nucleic acid amplification tests for HIV RNA are the screening test
of choice (see Fig. 2). This assay is the first to become reliably positive (in
the second week of HIV infection); they also remain positive through to an-
tibody seroconversion in virtually all patients. Disadvantages to RNA in-
clude higher cost than other tests and imperfect specificity, both problems
that can be addressed by ordering RNA testing using a specimen pooling
approach (see later).

Assays to detect viral core antigens (p24 antigen or combined p24 antigen
and antibody enzyme immunoassay [EIAs]) become positive 3 to 6 days af-
ter HIV RNA tests; these assays are technologically simpler, cheaper, and
more specific than HIV RNA tests, but specimens cannot be pooled. In
chronic HIV infection, fewer than half of patients are positive by p24 anti-
gen EIA tests: viral loads are sometimes low, and antibodies in the patient
sample can bind and complex with available antigen, interfering with detec-
tion [107,108]. In symptomatic acute HIV infection, however, such early an-
tibodies are rare and viral loads are high. An HIV p24 antigen assay may be
substituted for the HIV RNA test in evaluation of acutely symptomatic
patients (see Fig. 2). Trials of p24 screening of lower-risk populations
have demonstrated 77% to 91% sensitivity for acute HIV infection
[21,30,75,109].
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The dual HIV p24 antigen—HIV antibody combination assays (so-called
“fourth-generation” HIV EIAs) have comparable sensitivity in early acute
HIV infection to standard p24 assays. Confirmatory testing for positive re-
sults on such fourth-generation EIAs typically involves antibody-only reflex
testing of the original specimen, with discordant results (fourth-generation
EIA plus antibody-only EIA) taken to indicate possible acute HIV infection.

Screening patients with symptoms or risk factors to suggest acute
HIV infection

Up to 13% of patients with a plausible exposure history and compatible
symptoms may have acute infection [21,75]. For evaluation of patients with
acute retroviral symptoms, viral loads are usually > 100,000 copies/mL (see
Fig. 2). One should consider the following:

e A simultaneous HIV RNA test and standard antibody test are appropri-
ate. Low-positive viral load results (eg, <10,000 RNA copies/mL) in
this setting should raise concerns for a false-positive result, which in
the worst case can occur with rates up to 2.6% depending on the assay
used [75].

e If both RNA and antibody tests are positive, a less-sensitive antibody
test can be used to discern acute from chronic HIV infection.

e If RNA testing is unavailable, p24 antigen testing may be substituted.

e Fourth-generation EIAs (combination Ag-Ab assays) can be used for
initial screening of symptomatic patients. Confirm positive results with
reflex antibody testing of original specimen.

e If acute infection screening is done for a high-risk recent exposure in an
asymptomatic individual, testing should be repeated at least once (and
1 month or longer out from exposure) to exclude infection.

Screening for acute HIV infection with routine HIV testing: role
of specimen pooling algorithms

Both cost and the adverse impact of false-positive screening tests are po-
tentially important in lower-risk testing situations (eg, for patients with
symptoms but no risk factors, or risk factors but no symptoms). To identify
acutely HIV-infected patients for prevention purposes, several public health
departments have experimented with adding tests capable of identifying
acute infection to their testing algorithms for routine HIV voluntary coun-
seling and testing (algorithms depicted in Fig. 2B). To overcome the costs,
labor, and false-positive results that limit the use of nucleic acid amplifica-
tion tests (NAATs) for testing individual antibody-negative samples,
a pooled-sample, group-testing approach has been used. Initially used by
blood donor programs in the United States to screen donated blood for
acute HIV-1 infection, group testing screens multiple antibody-negative
specimens pooled into screening pools [110]. A negative screening pool
ends the testing protocol; in the event of a positive NAAT result, the pool
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is deconstructed and either smaller pools or individual blood samples are
then tested to identify the specimen-source of the positive result [110]. In set-
tings with a low yield of acute infection, most pools are declared negative.
This greatly reduces the number of tests used, improving efficiency and mak-
ing sporadic false-positive results unlikely.

Initial experience with this approach (Table 2) has been extremely prom-
ising: during the first year after the incorporation of NAAT screening of
pooled HIV antibody—negative samples into a routine public HIV voluntary
counseling and testing program in North Carolina, 109,250 patients were
screened and 23 cases of acute HIV infection were detected [111]. These
cases represented 4% of all HIV cases identified and were captured with
an additional cost per test of $3.63 [111]. Only two false-positive HIV
NAAT results were reported during this period, because of the use of group
testing [111]. Currently, North Carolina and Maryland, jurisdictions of
Seattle-King County and Washington DC, and the cities of Atlanta, Los
Angeles, and San Francisco have used or are using group testing approaches
to screen for acute HIV infection with similar results [106,112-115].

Clinical management

Acute HIV infection is the setting for important individual clinical and
public health interventions. It is possible, for instance, that acute HIV infec-
tion might represent a unique window of opportunity to change the course
of the disease [116]. For patients with particularly severe CD4 lymphopenia
in acute HIV infection, or with prolonged or severe acute retroviral symp-
toms, early treatment might provide short-term clinical improvements.
Stopping or decreasing viral replication early in the course of acute HIV
infection, however, might theoretically serve many important goals in the
management of HIV infection: if instituted very early, such treatment might
limit the establishment of latent reservoirs [82,116]. By preventing infection
of HIV-specific CD4 cells and allowing virus clearance, antiretroviral ther-
apy might also protect the developing host immune response, reduce
immune activation, and limit the HIV diversification that emerges toward
the end of acute HIV infection as a consequence of sustained viral
replication.

There is some preliminary evidence to suggest that emergent treatment
can provide such benefits. To study the effect of early antiretroviral therapy
on the course of HIV infection, 77 patients presenting with acute retroviral
syndrome (mean time from the onset of symptoms was 25 days) were en-
rolled in a seminal multicenter, double-blind trial to receive zidovudine or
placebo for 6 months. During a mean follow-up period of 15 months, the
group of patients that received zidovudine showed lower incidence of oppor-
tunistic infection and greater increase of CD4 [117]. These results were re-
produced by a similar controlled trial of 28 patients with acute HIV
infection randomized to receive zidovudine or placebo for 6 months [118].



Table 2
Nucleic acid amplification testing in publicly funded federal, state, county, and city HIV testing programs in the United States
Blood Donor Program California
Red Cross North Seattle King Washington
All Only Carolina Los Angeles  San Francisco County Maryland Atlanta DC
Population 98% of US  All All voluntary All men All persons All MSM All persons All persons All consenting
description blood American counseling seeking HIV ~ seeking seeking HIV ~ seeking HIV ~ seeking HIV ~ persons
donations Red Cross and testing testing at HIV testing  testing testing at testing at seeking HIV
donations clients, all three STD at San through publicly the testing at
110 publicly  clinics in Francisco Seattle- funded sites  municipal a municipal
funded sites  Los Angeles  municipal King in Maryland  STD clinic, STD clinic
in North STD clinic County (not community
Carolina public Baltimore) testing site,
health or drug
facilities treatment
clinic
HIV 0.01554 0.01554 2.13 447 17.52 16.4 5.34 3.0 4.1
prevalence
per 1000
Year on 1999 1999 2002 2003 2003 2003 2004 2004 2004
initiation
Pooling 16:1 16:1 128:1 90:10:1 90:10:1 50:10:1 10:1  30:10:1 20:1 48:8:1 20:1
strategy
Subjects 37,164,054 13,200,000 109,250 1712 3075 3525 NA 2212 1553
tested (N)
EIA-positive  NA NA 583 (0.5) 14 (0.8) 105 (3.4) 81 (2.3) 534 (NA) 66 (2.9) 64 (4.1)

(7%)*
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NAAT- 12(3 x 107%) 6 (5 x 1075 23 (0.02) 1 (0.58) 11 (0.36) 7 (0.2) 0 (NA) 4 (0.18) 6 (0.39)
positive

(%)
Increase in NA NA 4 7.1 10.5 6.2 0 5 10
diagnostic
yield from
adding
NAAT (%)
Indications of $1.5to $4.3  $1.5to $4.3  $3.63 per NA $12.78 per NA $0.81 per NA $2350 per case
cost or cost-  million per million per HIV-1 specimen, specimen
effectiveness QALY QALY Ab (-) $2314 per (test kit
specimen case only)
(equipment,
kits, labor
and admin),
$3935 per
QALY [171]

Abbreviations: MSM, men who have sex with men; NAAT, nucleic acid amplification testing; QALY ; quality-adjusted life year; STD, sexually transmitted
disease.
& Percent positive out of the total population tested.
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Higher CD4 cell counts were found in the treatment arm 1 year after start-
ing therapy [118]. Although the results of these studies were encouraging,
none of these studies showed a significant viral load reduction and long-
term follow-up failed to decrease progression to AIDS [117-119].

Multiple reports of significant improvement of virologic and immunologic
markers associated with early therapy followed these two trials. Stronger
HIV-specific and sustained T-cell responses, decreased frequency of opportu-
nistic infections, and reduced progression to AIDS were documented among
acutely infected persons treated with antiviral therapy when compared with
untreated patients [59,72,120—124]. The viremic control achieved by antiretro-
viral treatment before seroconversion was also found to be associated with
a more narrow cytotoxic T-cell response and a less diverse virus population
[125]. Furthermore, HIV-specific cytotoxic T-cell responses seem to be pre-
served in patients experiencing HIV antibody seroreversion after initiation
of antiretroviral therapy during early HIV infection [126].

Initiation of continuous antiretroviral treatment during
acute HIV infection

The goal of initiating continuous treatment in acute HIV infection is
broadly to halt the natural evolution of HIV infection and clear HIV
(with all its immunosuppressive and oncogenic potential) from tissues, al-
lowing optimal restoration and preservation of overall immune system func-
tion. In a prospective cohort of 102 patients treated during acute and early
HIV infection, Kassutto and colleagues [126] analyzed the potential long-
term benefits of early treatment with regard to virologic suppression and
absolute CD4" cell count. The cohort was divided into patients receiving
treatment before seroconversion and within the first year after seroconver-
sion. Most patients achieved sustained virologic suppression within the first
3 months of treatment that lasted at 18 months of follow-up. The mean na-
dir CD4" cell count of 422 cells/mm? increased to 702 cells/mm? at the end
of the first year and continued to increase over 60 months in patients who
continued therapy. This gain in the CD4™" cell count was significantly higher
when compared with untreated historical controls. Preseroconversion and
postseroconversion groups had similar virologic and immunologic out-
comes. Half of the patients discontinued at least one drug secondary to
side effects [124]. In this and other studies of highly active antiretroviral
therapy (HAART) in acute HIV infection, rates of reported antiretroviral
toxicity have been generally similar to those in chronically infected patients
treated with similar regimens. Acquired resistance from continuous antire-
troviral therapy initiated in acute HIV infection is rare.

Most current treatment guidelines emphasize that in early chronic infec-
tion, the potential benefits of early therapy must be carefully balanced with
the adverse reactions, metabolic effects, and potential unknown long-term
toxicities; potential for drug resistance; high cost; and adherence issues
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inherent to antiretroviral treatment [82,116]. As the guidelines themselves
acknowledge, acute HIV infection may represent a special case [127]. The
long-term costs and benefits of continuous therapy in acute HIV infection
have not been well studied. Moreover, many clinicians who choose to use
continuous therapy in acute HIV infection view such treatment as a place-
holder: freezing virus populations and the immune response at their earliest
state of development is seen as a way of preserving future options, in the
event that emerging strategies emerge to permit eradication or prolonged
viral control following treatment discontinuation [116].

Experience with short-course or discontinuous antiretroviral therapy

Attempts to discontinue therapy following treatment of acute HIV infec-
tion have met with mixed results. Hecht and colleagues [128] compared pa-
tients initiating HAART within 2 weeks of HIV seroconversion (13 patients)
and patients initiating therapy between 2 weeks and 6 months after serocon-
version (45 patients) with untreated patients (337 patients). The decision to
start therapy was left to the patients and only patients receiving HAART for
at least 12 weeks were included in the analysis. Six months after discontin-
uation of therapy, significant CD4 cell count and viral load benefits were
found among patients receiving therapy. Long-term benefits (18 months af-
ter discontinuation of therapy) persisted in a subgroup that had started ther-
apy within 2 weeks of seroconversion. Viral rebound occurred in most
patients after discontinuation of therapy [129]. In a contrasting report, how-
ever, Streeck and colleagues [129] found no major short-term benefit among
20 patients offered a 24-week course of HAART while experiencing acute
retroviral syndrome. Although the 12 patients receiving therapy showed sig-
nificant CD4 response, suppression of viremia, and enhanced differentiation
of HIV-specific CD8 T cells from effector memory to effector cells by the
end of therapy, no differences in viremia or in the CD4" T cell count
were found 6 months after HAART was stopped [129].

It has been hypothesized that the relative preservation of the integrity of the
immune system in patients receiving early treatment might allow the establish-
ment of a stronger HIV-specific response that will enable viremic suppression
even after antiretrovirals are discontinued [71]. Earlier in the course of the ep-
idemic, the initial trials with zidovudine monotherapy showed the potential of
structured interrupted therapy [118,119]. More recently, in a small study of
treatment interruption after a variable duration of HAART started during
acute HIV infection, three of eight patients achieved relative short-term vire-
mic control (<5000 copies/mL) after the first interruption and three others af-
ter the second one despite an initial viremic rebound [71]. All patients showed
increased and maintained virus-specific cytotoxic T-cell response by the end of
the follow-up period (median, 6.5 months) [130,131]. These results were not
reproduced in two other studies in which viral suppression after discontinua-
tion of therapy was not different than in untreated patients [130,131].
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Antiretrovirals were started later in the course of the disease, however, of the
patients enrolled in these two studies [132]. Similarly, the results of a recent
small prospective trial failed to prove the benefit of structured treatment inter-
ruption [132]. In this study, patients detected during symptomatic primary
HIV infection were started on HAART for 34 weeks. After achieving viral
suppression (<50 copies/mL), HAART was interrupted for 2, 4, and 8 weeks
separated by 12 weeks on treatment, and then permanently stopped at week
84. Six months following HAART discontinuation, 7 of 26 met the study-
defined measure of success, with viral loads less than 1000 copies/mL [128].

Taken together, these data suggest that treatment of acute HIV could
augment host immunity, potentially obviating or delaying the need for life-
long continuous antiretroviral therapy. The long-term risks versus benefits,
however, of continuous antiretroviral therapy in acute HIV infection are not
well understood [116]. The role of discontinuous therapy in acute HIV infec-
tion, or of other treatment strategies using immunomodulatory drugs, erad-
ication agents, or therapeutic vaccines, is not yet defined and awaits the
completion of large, randomized clinical trials [116,133-135].

There is a strong basis for believing carly antiretroviral therapy might
benefit acutely HIV-infected patients. There is also strong theoretical or pre-
liminary evidence supporting use of less conventional approaches: cortico-
steroids, cyclosporine A, interleukin-2, and hydroxyurea have all been
incorporated in previous acute treatment studies. As long as effective treat-
ment strategies are unproved and under active investigation, current United
States Public Health Service, Centers for Disease Control and Prevention
(USPHS) guidelines (urging consideration for initiation of antiretroviral
therapy in patients with less than 6 months of HIV infection, preferably
in the context of research studies) are appropriate and urgent research
and specialty referral is indicated for all cases of acute HIV infection.

Suggested first steps in the clinical management of suspected acute HIV
infection are summarized in Box 1.

Early antiretroviral therapy: special considerations

Interpreting HIV RN A viral load and CD4 cell count

The prognostic value of viral load or CD4 cell count measurements be-
fore the establishment of viral set point is highly questionable. An unusually
low CD4 cell count (eg, <350 cells/mm?) might favor treatment in acute
HIV infection (and a CD4 cell count <200 cells/mm? should merit tempo-
rary antibiotic prophylaxis). The acute viral load is very dynamic, however,
and has no accepted prognostic value.

Severity of symptoms

One commonly accepted indication for early initiation of antiretroviral
therapy is a severe symptomatic acute retroviral syndrome. In this setting,
therapy is oriented to decrease the duration and severity of the symptoms.
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Noting that the severity and duration of the acute retroviral syndrome cor-
relate with a higher viral load peak, higher subsequent viral set point, and
more rapid disease progression, some experts further argue that symptom-
atic patients might benefit the most from early antiretroviral therapy
[88,136—138]. This remains speculative, however, and no duration of treat-
ment has yet been defined for this indication.

Timing of therapy

Given that important events affecting the natural history of HIV disease
start within the first few days after infection, the rapidity with which anti-
retroviral therapy is started during acute infection might affect its impact.
Animal and human studies have suggested that early initiation of antiretro-
viral therapy can significantly limit the size of the initial latent pool and
even prevent the establishment of HIV infection [139-143]. Similarly,
antiretroviral treatment started after simian immunodeficiency virus inocu-
lation in rhesus macaques prevents many of the events associated with
acute infection, including CD4" T-cell depletion from the intestinal mucosa
[143]. Many experts believe that very early treatment might positively inter-
fere with the initial events that determine the future course of the disease,
decreasing viral diversity and viral reservoirs [116]; and that the potential
effects of antiretroviral therapy on immune function are likely to be greatest
if introduced in the first 8 weeks of infection, when first potent responses
are developing. Unfortunately, most studies looking into the benefits of
early antiretroviral treatment have combined patients starting therapy
before and after seroconversion [119,120,130,131,144—-146]. Most of these
trials support early initiation of therapy, but the window of opportunity
is not clearly defined. Most experts do agree, however, that if HAART is
to be considered in acute HIV infection, it should be started immediately
at, or as soon as possible after, the diagnosis. This is different from stan-
dard practice in chronic HIV infection, where many return visits are usually
required before initiation of therapy.

Selection of the initial regimen

Although differences in the potency of antiretroviral regimens might
affect short- and long-term outcomes, the ideal regimen has not been de-
fined. The available data suggest that even monotherapy can result in im-
munologic and virologic benefit. Generally speaking, any of the regimens
recommended for treatment of established HIV infection are appropriate
for acute HIV infection. Special attention should be paid to the possibility
of transmitted (primary) drug-resistant HIV. For instance, the high preva-
lence of transmitted resistance to non-nucleoside reverse transcriptase inhi-
bitor (NNRTI) drugs favors protease inhibitor (PI)-based regimens, or even
four-drug regimens, for initial therapy of acute HIV in some locations
[147,148].
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Box 1. Approach to the patient with suspected acute
HIV infection

Counseling
Before testing is performed
Emphasize behavior change and risk reduction
Discuss the limitations of the test (false-positive and
false-negative results)
Discuss the preliminary status of any preliminary (eg, rapid
antibody testing) results
Obtain or confirm contact information and arrange
follow-up

After the results become available
For patient with negative results
Consider retesting in 2 to 4 weeks if screened for risk
exposure only
Counsel as uninfected if screened for acute retroviral
symptoms and HIV NAAT result is negative

For patients with positive results
Patients with positive rapid tests should be told that
they have a possible or likely HIV infection, but that
results need confirmation. Discuss the possibility of
false-positive results (particularly in low-risk patients
or those without specific clinical findings)

Additional steps for patients with possible acute HIV infection

before confirmation

Collect information on partners that may be at risk of infection
themselves (potential sources of infection or those exposed
to the index patient during the acute risk interval [eg, those
exposed during an 8-week window])

For patients with known HIV-infected partners, collect
information on the partner’s antiretroviral treatment and
resistance patterns

Encourage contacting partners regarding the need for testing
and evaluation

Immediate public health referral

Supplemental testing

Discuss treatment

Initial tests recommended for possible HIV-infected patients
CD4 count
HIV genotype
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Confirmatory HIV testing including quantitative HIV RNA viral
load and antibody testing (pooled RNA testing not
recommended)

Treatment

Discuss treatment options with all patients with possible acute
HIV infection; do not wait for confirmation of status

If at all possible, referral to a research center

Patients with highest likelihood to benefit from treatment include
patients with severe or unremitting symptoms of acute HIV
infection or with CD4 <350 cells/mm?

Consider Pneumocystis jiroveci (P carinii) prophylaxis for
patients with initial CD4 <200 cells/mm?

Primary HIV resistance

Establishing whether there is primary HIV antiretroviral resistance is
a critical point in the management of acute HIV infection, and should be
addressed as part of the initial patient assessment. The patient with sus-
pected acute HIV should be asked about possible antiretroviral drug usage
by any sexual partners, and concerted attempts should be made to ascertain
specific drugs if source patients are readily identified. Primary resistance is
highly prevalent [147-150]. Examining 227 patients diagnosed with acute
and recent HIV infection in North Carolina, Frost and colleagues [149]
identified 25 (11%) that had primary drug resistance or exhibited revertant
mutations at position 215 in reverse transcriptase. In a study of 136 newly
identified HIV patients (including 11 acute and 44 recent infections), Truong
and colleagues [147] found primary antiretroviral resistance in 13.2% of pa-
tients, of which 65% was NNRTI resistance. Currently, most guidelines rec-
ommend genotype testing before the initiation of therapy. In the case of
acute HIV infection, however, genotyping should not delay the initiation
of therapy. Instead, genotype testing results should be used to adjust the
antiretroviral regimen when they become available.

Psychologic assessment

Acute HIV infection is often a marker of chaotic events in patients’ lives,
and depression, bipolar illness, and other major psychiatric diagnoses are
common among patients diagnosed with HIV [151-153]. Moreover, the di-
agnosis of acute HIV itself can be extremely distressing [154]. In addition to
the distress of being told they have HIV infection, patients diagnosed with
acute infection are often confused by contradictory test results. The need
for urgent treatment or public health interventions can also create real or
perceived threats to the patient’s privacy and to their relationships
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[154,155]. For these reasons, psychologic assessment is a critical part of the
initial evaluation and a team approach including social workers or psychol-
ogists experienced in HIV counseling is highly recommended [155,156].
Given the current uncertainty regarding the benefits of initiating antiretro-
viral therapy in acute HIV infection, urgent initiation of therapy may be
contraindicated by serious mental illness given the important links between
such mental illness, nonadherence to antiretroviral therapy, and drug
resistance.

Public health management

It has long been hypothesized that acute HIV infection, characterized by
high viremia, was likely a period of high transmission potential [157]. In-
deed, a number of lines of epidemiologic evidence have converged to sup-
port this contention [29,158-163]. Supporting the hypothesis that acutely
infected individuals are biologically hypercontagious, Wawer and colleagues
[162] examined 235 retrospectively identified monogamous, HIV-discordant
couples in a Ugandan cohort. Percoital act transmission rates were approx-
imately 10-fold higher than among couples during the index partner’s first
5 months of infection than among couples in which the index partner had
longer-term infection, controlling for other important covariates. Among
HIV-susceptible partners having sex with recent seroconverters, 43% went
on to be infected. Such high rates of infection seem to be explained by
greatly increased HIV shedding in genital secretions [29,31,164]. Critically,
however, the period of acute shedding is over by 10 weeks postinfection,
emphasizing the need for extreme urgency in public health interventions
for acute HIV infection.

Mathematical models have emphasized the importance of acute HIV in-
fection in spreading and maintaining HIV epidemics [160,161,165], caused
by both elevated infectiousness [29,31] and increased risk behavior among
patients with acute HIV infection [160,165,166]. In theory, the identification
and counseling (or even treatment) of acutely HIV-infected patients and
their partners have the potential to stop outbreaks and control or reduce
the spread of the HIV. Because acute HIV infections are so contagious
and are detected so close to the actual HIV transmission event, acute case
detection makes it possible actively to intervene in risk networks [167].

Focusing outbreak control efforts on the most contagious or recent cases
is a model used with great success in both syphilis and tuberculosis control
programs. The most dramatic example of such acute HIV-based outbreak
control comes from a recent outbreak of HIV in the heterosexual adult
film industry [168]. In April 2004, a performer was identified with acute
HIV infection through HIV RNA testing, which resulted in 1-month volun-
tary industry quarantine while other performers were tested. As a result of
case management, three additional acute HIV infections were identified.
Twenty-three percent (3 of 13) of the index person’s sexual contacts in the
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30 days before his positive test became infected (he had had a negative HIV
RNA test 23 day before his positive test.) [168]. Because of the rapid re-
sponse by the local health department and industry compliance with the
quarantine, further transmission related to these 2004 cases was completely
halted.

Because of the clear danger for ongoing HIV transmission (by the acute
case or by their source partner) in acute patients’ risk networks, public
health measures have a very important, even central place in the early man-
agement of acute HIV infection. HIV risk reduction counseling should be
part of the initial assessment in all patients with suspected acute HIV infec-
tion, and should not be delayed until a diagnosis is confirmed (losing a po-
tentially critical prevention opportunity). As part of this counseling, patients
need to be informed directly and clearly about the infectious potential of
acute HIV infection, and counseled regarding abstention and condom use.
Patient-centered, individualized risk reduction counseling has been shown
to be highly effective at reducing HIV risk behavior when delivered as
part of a brief intervention to patients with HIV [155,169].

Acute patients’ partners should be considered to be at real risk of either
transmitting the viruses, or of becoming infected themselves. Patients should
be encouraged to refer partners for counseling and testing and should be re-
ferred promptly to available public health prevention and surveillance pro-
grams. Where available, some programs can actively assist with confidential
partner notification. In the first 2 years of public acute HIV testing in North
Carolina, specialists in disease intervention notified and counseled 41 of 43
acute cases within 72 hours; they were able successfully to interview 102
(78%) of 130 high-risk, named sex partners, of whom 39% proved to be
HIV positive. Similar to experience in Uganda and in the Los Angeles out-
break, seroconversion was noted in 6 of the 12 recently HIV-negative part-
ners in this group who were clearly exposed to acute HIV infection.

Together with evidence suggesting cost-effectiveness of pooled HIV
NAAT screening (see Table 2) [170], and considering current revisions to
United States guidelines for voluntary HIV counseling and testing that en-
courage much more frequent, routine HIV testing in virtually all health care
settings, the North Carolina experience suggests that similar interventions
could be effective at the population level. Taking the experience of existing
small state or regional programs to scale is among the major challenges in
HIV prevention with the potential to decrease the spread of HIV.

Summary

The complex, initial interactions between the virus and the immune sys-
tem are important in determining the future course of HIV disease and, in
large part, the likelihood of onward sexual transmission of HIV. Compelling
evidence suggests the potential impact of early interventions at both patient
and population level. Until recently, however, difficulty identifying patients
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with acute HIV infection has interfered with the development of therapeutic
and public health interventions specific for this group of patients. New ad-
vances in HIV diagnostic technologies and population-based serosurveil-
lance methods have overcome previous barriers in the detection of acute
HIV patients, creating exciting research, clinical, and public health opportu-
nities. Many experts believe it is likely that new vaccines and potentially cu-
rative interventions will come from better understanding of the early events
in HIV infection [167,171,172]. For acutely infected patients themselves, it
may now be possible formally to evaluate the many therapeutic strategies
proposed for acute HIV infection in randomized trials. The increased iden-
tification of acute infection has provided clear impetus to develop network
interventions and other public heath strategies to control HIV outbreaks
and improve disease surveillance.
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