J c I The Journal of Clinical Investigation

Amendment history:
e Corrigendum (December 2006)

Acute HIV revisited: new opportunities for treatment and
prevention

Christopher D. Pilcher, ... , Cynthia Gay, Myron S. Cohen

J Clin Invest. 2004;113(7):937-945. https://doi.org/10.1172/JCI21540.

Review Series

Inability to recognize incident infection has traditionally limited both scientific and public health approaches to HIV
disease. Recently, some laboratories have begun adding HIV nucleic acid amplification testing to HIV diagnostic testing
algorithms so that acute (antibody-negative) HIV infections can be routinely detected within the first 1—-3 weeks of
exposure. In this review article, we will highlight critical opportunities for HIV treatment and prevention that are presented
by these diagnostic strategies.

Find the latest version:

https://jci.me/21540/pdf



http://www.jci.org
file:///articles/view/21540C1
http://www.jci.org/113/7?utm_campaign=cover-page&utm_medium=pdf&utm_source=content
https://doi.org/10.1172/JCI21540
http://www.jci.org/tags/58?utm_campaign=cover-page&utm_medium=pdf&utm_source=content
https://jci.me/21540/pdf
https://jci.me/21540/pdf?utm_content=qrcode

Review series

Acute HIV revisited: new opportunities
for treatment and prevention

Christopher D. Pilcher,! Joseph J. Eron Jr.,' Shannon Galvin,!' Cynthia Gay,' and Myron S. Cohen?2

"Department of Medicine and 2Department of Epidemiology, University of North Carolina at Chapel Hill, Chapel Hill, North Carolina, USA.

Inability to recognize incident infection has traditionally limited both scientific and public health approaches to
HIV disease. Recently, some laboratories have begun adding HIV nucleic acid amplification testing to HIV diag-
nostic testing algorithms so that acute (antibody-negative) HIV infections can be routinely detected within the first
1-3 weeks of exposure. In this review article, we will highlight critical opportunities for HIV treatment and preven-

tion that are presented by these diagnostic strategies.

Acute HIV infection

The natural history of HIV infection encompasses an acute/pri-
mary phase that lasts months, followed by an early/clinically latent
phase that typically lasts 3-10 years, and ultimately by the immune
collapse characterized by AIDS. “Acute” HIV infection best
describes the interval during which HIV can be detected in blood
serum and plasma before the formation of antibodies routinely
used to diagnose infection. During this time, high levels of viremia
and shedding at mucosal sites can be demonstrated, because HIV
replication is unrestrained by immune responses. Approximately
30 days after infection, early virus-specific immune responses are
mounted, with subsequent reduction of viremia. After 4-6
months, viral and host factors combine to determine a new pseu-
do-steady state of viremia (or virologic “set point”) for each
patient, heralding the beginning of the long clinical latency expe-
rienced by patients infected by HIV.

Recognition of acute HIV infection is important for several rea-
sons. First, acute HIV provides a unique view of HIV transmission
and pathogenesis, including early host-virus interactions that
require further study. Second, prevention strategies directed at
subjects with acute HIV infection may have great impact. Third,
very early recognition may allow for HIV treatment that could alter
the natural history of disease, or even eliminate infection.

Acute HIV revisited: new possibilities for early detection
Despite infection of nearly 60 million individuals worldwide with
HIV, fewer than 1,000 cases have been diagnosed in the first month
of infection, primarily because of alack of a specific and recogniz-
able acute retroviral syndrome. About half of people with acute
HIV infection develop headache, fever, myalgias, anorexia, rash,
and/or diarrhea (1-3) after an incubation period of around 14 days
(1,4-6). Symptoms are generally minor and last days to weeks (1).
Genital or oral ulcers may be present, and coinfections with other
sexually transmitted pathogens (e.g., herpes simplex virus, gonor-
rhea, syphilis, hepatitis viruses) are common (2, 7-9). The latter
observation suggests common cotransmission of HIV and other
sexually transmitted disease (STD) pathogens.
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Since acute retroviral syndromes mimic many common febrile
illnesses, including infectious mononucleosis, influenza, malaria,
and rickettsial diseases (1, 10), the true diagnosis (acute HIV) is
rarely considered at an initial patient encounter (1, 10-12). The
diagnostic challenge in acute HIV infection is made more difficult
by the fact that routine HIV antibody tests will typically remain
negative for 1-2 weeks beyond the onset of acute retroviral symp-
toms (26-35 days following initial infection) (5, 13); additional
virus-specific diagnostic tests (e.g., HIV p24 antigen ELISA and
HIV nucleic acid amplification assays) are needed to detect HIV
infection prior to the appearance of antibodies (Figure 1). While
HIV nucleic acid amplification assays are now extremely sensitive
and can reliably detect HIV by days 9-11 of infection (13, S1), they
are vulnerable to false-positive rates as high as 1%. Such tests
remain relatively expensive and have not traditionally been used
for routine clinical HIV screening.

The blood-banking industry, however, combines antibody and
HIV RNA testing to protect the blood supply. Blood banks submit
all donations to routine antibody testing; antibody-positive dona-
tions are discarded first. They then combine aliquots from a num-
ber of antibody-negative donations, to create a specimen pool. The
pools are then screened for HIV RNA. An individual donation is
therefore only tested for HIV RNA if its pool first screens positive.
In this way, only very few individual specimens are tested for HIV
RNA — increasing throuput, decreasing costs, and dramatically
reducing false-positive results (Figure 2; refs. 14, S2). Pooling
strategies for HIV detection in clinical testing have recently been
piloted in Swiss (15), Indian (16), and US (14) clinical-HIV-testing
populations. The results suggest that HIV RNA testing — if based
on pooling of antibody-negative specimens — can efficiently iden-
tify acute HIV infections in clinical testing. Especially in clinical-
testing populations expected to contain low numbers of acute,
antibody-negative infections, pooling affords remarkable increas-
es in cost efficiency and predictive value. Clinical studies have
clearly indicated that voluntary counseling and testing (VCT)
enhanced to incorporate HIV RNA screening can be both clinical-
ly (14) and economically feasible (14, 16).

Furthermore, studies using various detection strategies (includ-
ing individual tests for HIV RNA or p24 antigen, as well as pooling
strategies) have revealed that acute HIV is not as rare in clinical-test-
ing populations as is commonly assumed. Pincus and colleagues
(12) found that five (1.0%) of 511 consecutive urgent-care-center
attendees with “any viral symptoms” in Boston had acute HIV
infection confirmed by seroconversion. Rosenberg and colleagues
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Acute HIV diagnostic timeline. Symptoms, when present, typically occur around 2 weeks after infection.
Viremia is detectable prior to symptoms in the form of HIV p24 antigen (detectable by ELISA) or HIV RNA
(detectable by even more sensitive nucleic acid amplification). While viremia reaches extremely high levels
in the month or two following infection, p24 antigen typically becomes undetectable shortly before sero-
conversion, because of the formation of early antibody-antigen complexes. A secondary antibody-negative,

p24 antigen—negative period is sometimes observed.

examined specimens submitted for heterophile antibody testing for
infectious mononucleosis in a university hospital and found that at
least four (0.8%) of 536 sera examined were from acutely HIV-infect-
ed patients (11). Three (0.3%) of 1,000 emergency-department atten-
dees with fever in North Carolina (17) and six (0.3%) of 2,300 con-
secutive, unselected emergency-department attendees in Baltimore
(18) had antibody-negative acute HIV. In hyperendemic areas and
among patients with STDs, acute HIV infections can be detected
even more frequently: 58 (1.2%) of 4,999 patients at an Indian STD
clinic had acute HIV (7), and 23 (2.5%) of 928 STD clinic attendees
in Lilongwe, Malawi, were found to be acutely HIV-infected (2).
While the overall percentage of individuals with acute HIV infection
in these studies, in both low- and high-prevalence areas, may appear
low, a striking finding was that HIV antibody tests have missed
more than 3% of the detectable HIV infections in each testing pop-
ulation. In fact, in Pincus et al.’s and Rosenberg et al.’s studies, anti-
body-negative infections represented more than a third of all
detectable infections among patients presenting for care with
apparent viral symptoms. Together, these results indicate that
adding HIV RNA screening to current diagnostic screens can com-
monly identify acutely infected patients and substantially improve
the overall sensitivity of HIV testing for infection.

The North Carolina experience. In collaboration with the state of
North Carolina, we have developed the Screening and Tracing
Active Transmission (STAT) program, which incorporates HIV RNA
screening into all publicly funded HIV testing performed for HIV
VCT by the central State Laboratory of Public Health (approxi-
mately 120,000 specimens are processed per year). HIV RNA screen-
ing has directly increased the number of cases identified by 4% over
antibody testing alone, false-positive results have been rare (less
than one per 50,000 specimens), and the marginal cost of pool-
ing/HIV RNA testing has remained low (approximately $2 per spec-
imen) (3). Similar programs are now being launched in other states
and abroad. It is therefore critical to revisit the opportunities that
detection of acute HIV infection can provide for our understanding
of HIV pathogenesis, and for our ability to help patients receive bet-
ter clinical care and more effective prevention.

The biology of HIV expansion

Initial expansion of viral reservoirs. HIV’s attachment to and entry into
cells results from a complex interaction of the HIV envelope pro-
teins gp120 and gp41 with cell surface receptors (CD4 and CC
chemokine receptor 5 [CCRS5] or CXC chemokine receptor 4
[CXCR4]) that are present on T cells and/or macrophages (19,
938

The Journal of Clinical Investigation

http://www.jci.org

S3-S7). In acute HIV infection
resulting from sexual exposure
to HIV-1 (Figure 3), the virus suc-
cessfully traverses the epithelial
layer by one of several proposed
mechanisms: transcytosis, epi-
thelial cell capture, or exposure
to subepithelial target cells
through disruptions in mucosal
integrity (reviewed in ref. 20).
Mucosal DCs express C-type
lectins (e.g., DC-SIGN), which
can both specifically bind HIV
and facilitate its internalization.
HIV-1 that is bound and inter-
nalized by a DC may allow infec-
tion of nearby CD4'CCRS* cells and/or efficient presentation of
HIV-1 to susceptible target cells after DCs migrate to draining
lymph nodes (21, S8). However, simian human immunodeficiency
virus-infected (SHIV-infected) memory CD4*CCRS" cells have been
detected in mucosal tissues of macaques as early as 6 hours after
exposure, which suggests the possibility of direct infection (22, S9,
$10). Ultimately, HIV-infected CD4* cells can be found in lymphoid
tissue within 2 days of infection, and the magnitude of infection
present in these tissues is sufficient to account for the subsequent
rise in plasma viremia (23, S11).

Initial viremia expands exponentially, with a doubling time of
approximately 0.3 days during the first 2-3 weeks of infection (13,
S12-S14). Experimental primate models of mucosal HIV infection
have demonstrated that maximal levels of viral expression occur in
different tissue compartments sequentially over short periods of
time (22, 24, 25). Viral loads in blood, genital secretions (26, 27),
and other compartments peak at very high levels around 4 weeks
after infection (27) and then decrease in association with the
appearance of virus-specific CTL responses (4, 28).

The overall composition of the CD4* cell population changes
during the course of acute HIV infection. Provided the individual
does not have another systemic infection, the CD4 cell population
consists predominantly of resting (HLA-DR-CD38-) cells
(515-S19). Increasing HIV-1 replication during acute infection
leads to a general activation of CD4" and CD8" cells, including
HIV-1-specific CD4" cells. Activated CD4" cells are likely to be suc-
cessfully infected with HIV-1 (29); it is therefore likely that the very
cells necessary to orchestrate a robust immune response are tar-
geted for destruction during acute infection.

Host-virus interactions: selection, compartmentalization, and diversifica-
tion. The host-virus interaction shapes the population of HIV vari-
ants in systemic and tissue compartments. The number of replica-
tion events that occur during acute HIV infection is extremely
large, and the opportunity for host factors to exert pressure on
existing or newly mutated viral variants is substantial. Host factors
exerting early selective pressure may include the cells initially
infected, or microenvironments in the mucosa, submucosa, and
lymph nodes, which present a variety of innate host defenses
including IFNs and/or other molecules (30, 31, S20). Host selective
pressures may either decrease or increase the diversity of the infect-
ing-virus population. For example, most acute infections (97%)
result from HIV variants that use CCRS, regardless of route of
infection (32-35, S21-S25), which suggests some form of selection
against variants that use CXCR4.
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Establishment of infected cell pools in acute HIV infection. While expo-
nential replication of HIV-1 with attendant CD4 cell activation and
loss is the primary dynamic during very early infection, more sub-
tle processes begin at the same time. Small populations of CD4*
cells with a resting memory cell phenotype begin to integrate HIV-1
DNA in the chromosome. Such cells are detected relatively early in
HIV infection (36), and at least some cells appear to have a long half-
life (S26-S28). Two reservoirs of latently infected cells are likely to
exist from early in acute infection, the more abundant one having
“pre-integration” HIV-1 and the other having integrated, replica-
tion-competent HIV. After initiation of antiretroviral therapy (ART),
the two cell subpopulations can be distinguished. Cells with pre-
integration HIV and a shorter half-life decay, revealing a smaller,
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Figure 2

Specimen pooling for HIV RNA testing. The algorithm shown here is
that used by the North Carolina State Laboratory of Public Health to
increase the predictive accuracy and cost efficiency of the screening of
all sera, obtained through HIV voluntary counseling and testing, that are
initially antibody-negative for HIV RNA. (A) lllustration of the creation of
intermediate and master pools in a 1:10:90 pyramid-style pooling
scheme. Only HIV-seronegative specimens are pooled. In each step,
200-pl aliquots are drawn off for pooling. The master pool ultimately
contains sera from 90 antibody-negative individuals. (B) lllustration of
the manner in which pools are screened using HIV RNA amplification
testing. Positive results on a master pool trigger testing of intermediate
pools and, in the final round of testing, individual specimens. When only
a small number of specimens in a population are truly HIV RNA—posi-
tive, this procedure results in a dramatic reduction in the number of
RNA tests used and virtually eliminates false-positive RNA test results
in the final round of testing. Figure reprinted with permission from Jour-
nal of the American Medical Association (16).

long-lived reservoir (37). These long-lived cells are invisible to the
immune system and have a decay half-life on the order of 48 months
(526). Such slow decay is explainable either by persistence of infect-
ed cells or by continued, low-level viral replication (38, S29). Persis-
tence of quiescent but infected cellular reservoirs makes HIV incur-
able with current interventions.

The precise dynamics of the establishment of this long-lived
reservoir during acute HIV infection are unknown. Two clinical tri-
als have quantified reservoirs of HIV in latently infected CD4" cells
in seronegative acutely HIV-infected patients treated with a stan-
dard duration of ART (39, 40). Each found that patients started on
therapy while they were still HIV antibody-negative had lower lev-
els of latently HIV-infected CD4" cells, consistent with the hypoth-
esis that these reservoirs are fully established only toward the end
of the acute-infection interval.

The adaptive immune response. Infections with HIV-1 and with relat-
ed viruses that infect nonhuman primates present a particularly
complex interaction with the host immune system, as the primary
target cells are critical CD4* T cells, which are themselves essential
to arobust pathogen-specific immune response (reviewed in ref. 41).

The initial HIV-1-specific immune response is characterized by
the appearance of non-neutralizing antibodies detected by ELISA
2-4 weeks after infection (13, 42). These antibodies serve as the
basis for the diagnosis of HIV. However, they have no effect on
viral load and appear to exert little selective pressure (43). Neu-
tralizing antibodies are detected 8 weeks or more after infection
(43-45), well past the viral-load peak (S30-S33). Neutralizing anti-
bodies seem to place strong immune pressure on the virus, as evi-
denced by escape variants that appear (44, 45) together with an
explosion of viral diversity (43). While neutralizing antibodies
exert strong selective pressure, they do not appear to have a sus-
tained effect on HIV (or SHIV) RNA levels in plasma, which
demonstrates the ease with which HIV-1 escapes from this
immune response (45).

Retrovirus-specific CD8" CTLs detectable early after infection are
strongly associated with control of viremia in acute infection and
established infection (4, 41, 46, 47, S34-S36). CTL escape variants
can be identified as early as 4 weeks after acute SHIV infection in
macaques (S37), and escape variants can establish HIV infection in
vertical transmission (48, S38). The initial CTL response(s) may be
directed against a few epitopes and subsequently broaden during
prolonged antigen stimulation (S39). Epitopes targeted during
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permission from New England Journal of Medicine (98, 99).

acute infection often differ from those recognized during chronic
infection (S39, S40). The importance of the CTL response in mod-
ulating HIV-1 viremia can be inferred by the association of specif-
ic HLA types with low HIV RNA levels and slowed disease progres-
sion (49-51; S41, S42); by the demonstration that specific
HLA-restricted CTLs are associated with better control of SHIV
and HIV replication (S43, S44), even in acute infection (S45); and
by selection for viral escape (4, S37). However, all initial CTLs are
not created equal. Some specific CTLs in the SHIV model select
rapidly for escape variants, while others appear to offer little selec-
tive pressure (S46-S48). The avidity of the initial CTL responses
may be extremely important, and the ease with which virus can
escape highly avid responses may dictate the level of control. How-
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ever, multiple previously unrecognized CTLs may be present (S39),
and the sequence of events leading to effective CTL responses dur-
ing acute HIV infection is not clear. In particular, the potential
effects of ART on developing cellular responses is a matter of con-
troversy: in one study, patients in whom ART was initiated before
seroconversion demonstrated narrower and lesser-magnitude CTL
responses to HIV than did untreated patients (S49).

However, HIV-specific CD4" responses may also be an essential
component of the initial adaptive immune response (52, 53, S50)
and, in acute infection, may be associated with robust CD8" CTL
responses (54, S49). In the study cited above, treatment during
acute infection either before or after seroconversion led to higher
CD4" Th cell responses than treatment of chronically infected
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Figure 4

Similarity in the dynamics of viremia and
genital shedding in experimentally HIV- or
SHIV-infected macaques. (A and B) Virion-
associated RNA (vVRNA) levels in blood
plasma (A) and seminal plasma (B),
observed in pig-tailed macaques during the
first 12 weeks after intravenous (n = 4; filled
symbols) or intrarectal exposure (n = 4;
open symbols and dashed lines) to HIV
type 2 (HIVggi22). (C and D) vRNA levels in
blood plasma (C) and seminal plasma (D)
through 12 weeks after intravenous expo-
sure (n = 2) to simian/HIV (SHIVggep) are
also shown. Peak viremia and peak genital
shedding occur simultaneously and resolve
over a similar time frame in each model.
Figure modified with permission from Jour-
nal of Infectious Diseases (83).
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patients (S49). There is continued debate over the relative impor-
tance of quantitative HIV-1-specific CD4" cell responses (S51).

Acute HIV and clinical implications
A unique role for acute treatment: angmenting host immune control of HIV.
Highly potent ART in current use results in significant reversal of
disease progression in HIV-infected individuals with advanced dis-
ease. Prolonged treatment, however, continues to be limited by
drug toxicity, problems with adherence, drug resistance, and cost.
To date, the principal rationales for antiretroviral treatment early
in acute HIV infection rest on the ability of potent ART (a) to treat
some symptomatic patients; (b) to halt viral evolution at a time of
minimal viral diversity, prior to viral adaptations to specific host
immune responses; (c) to protect developing immune responses
from the deleterious effects of sustained HIV viremia; (d) to reduce
the viral set point; and (e) to limit the latent pool. Rosenberg and
colleagues noted that initiation of ART during the early stages of
acute HIV infection led to the development of unusually broad and
strong HIV-1-specific Th cell proliferation in response to HIV anti-
gens (52, 54). These data support the hypothesis that early target-
ing of HIV-1-specific T cells by HIV may be an important
pathogenic mechanism allowing persistent, high-level viral repli-
cation in the host after resolution of acute infection (29) — and
that early intervention with ART could boost initial host respons-
es to infection. If true, this would suggest that treatment of acute
HIV might serve as a method to augment host immunity and
might thus obviate or delay the need for lifelong continuous ART.
Early observations supported a possible role of ART in the man-
agement of acute HIV infection. Anecdotes described patients that
experienced prolonged periods of controlled viremia in conjunc-
tion with strong, HIV-specific cellular immune responses after dis-
continuing ART initiated during acute infection (55, S52). One of
the first prospective studies on structured treatment interruption
(STI) in acute HIV infection incorporated the concept of viral
rebound as antigenic stimulus to enhance T cell responses. The
protocol involved treatment interruption after a minimum of 8
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months of undetectable viral load, with therapy reinitiated if the
viral load increased to greater than 5,000 RNA copies per milliliter
plasma for 3 consecutive weeks, or greater than 50,000 copies at
one time (54). Three patients achieved long-term viral suppression
after a single treatment cessation. The remainder required re-treat-
ment and a second interruption, after which all individuals expe-
rienced transiently suppressed plasma viremia, and two achieved
sustained viral suppression. In all cases, interruptions were fol-
lowed by enhancement in magnitude and breadth of cellular HIV-
specific immune responses. This trial lacked a concurrent control
population, and a clinically important effect of therapy on HIV
RNA levels in patients can only be inferred by comparison with HIV
RNA levels previously observed in populations of patients not
receiving this therapy, or by observation of delayed rebound of HIV
RNA in plasma after a period of relative suppression.

The principal adverse events in early studies have been isolated
cases of a retroviral syndrome similar to primary HIV infection,
associated with initial discontinuation of therapy (56, S53). Impor-
tantly, prolonged observation of the patients studied in the trial
described above has shown that initial immune control of HIV
replication can wane 6-30 months after removal from therapy, in
association with viral rebound to more typical levels of viremia and
concurrent evolution of escape mutations to HIV-specific CTL epi-
topes or neutralizing antibody (57, 58). These results emphasize
that the benefits of acute treatment may not translate to perma-
nent remission of HIV disease. Still, acute HIV remains the only set-
ting in which the natural history of disease may be altered by the
temporary use of ART.

The proving ground for curing HIV. The decay of HIV-infected cell
populations in patients receiving potent ART resulted in initial
enthusiasm for the “eradication hypothesis” (59). Since then,
attempts to cure established HIV infection with antiviral agents
have met with absolutely no success. As described above, a sub-
population of HIV-infected CD4* lymphocytes avoids viral or
immune cytolysis and enters the resting state (527, S54). This reser-
voir, invisible to the immune system, appears to have a very low
Volume 113

Number7  April 2004 941



review series

decay rate even in the setting of prolonged antiretroviral suppres-
sion (S26), though treatment during early infection may accelerate
this decay (S28). Addition of cytoreductive chemotherapy
(cyclophosphamide) to ART failed to reduce proviral DNA load in
lymphatic tissue (SSS5). Several groups have studied use of global T
cell activation agents to perturb latent reservoirs in aviremic, treat-
ed patients; IL-2, low-dose OKT3, and/or IFN-a-based regimens
have shown evidence of decreasing latent reservoirs but have failed
to eliminate latent infection (60, 61, S56). It is possible, however,
that global T cell activation may induce viral replication and
increase the number of susceptible uninfected target cells beyond
a threshold that can be contained by ART. Newly described host
mechanisms that regulate HIV gene expression involving histone
deacetylase 1 (62, S57-S59) may present therapeutic targets for
selective derepression of HIV gene expression, to allow outgrowth
of quiescent HIV without the pitfalls of global T cell activation.

Regardless of the specific approach, acute HIV infection could be a
critical proving ground for eradication strategies, for several reasons.
First, it is possible that initiation of intensive ART in very early (anti-
body-negative) acute HIV can significantly limit the size of the initial
latent pool (39, 40) — effectively lowering the bar for all strategies that
target this reservoir. Second, patients treated in the first 3 weeks of’
infection may be able to marshal maximal HIV-specific immune
responses to facilitate reservoir clearance (54, 63, 64). Third, in
macaques, HIV infection can be prevented when ART is provided for
28 days within 72 hours after exposure (64); this suggests that nascent
latent reservoirs can be cleared. Fourth, early acute HIV infection is
the only setting in which clinical benefits have been associated with
brief (<1 year) and interrupted courses of intensive ART (54).

Individual infectiousness, disease stage, and probability of sexual transmis-
sion. The main routes of HIV transmission are sexual, maternal-child,
and parenteral. The majority of HIV transmission worldwide occurs
through sexual contact (S60) with mucosal exposure to infected gen-
ital secretions. Regardless of the route of exposure, in every case
transmission of HIV is determined by the infectiousness of the trans-
mitting host and the susceptibility of the exposed person (66).

Determinants of host susceptibility may include CCRS/CXCR4
coreceptor polymorphisms (67, S61) and HLA types. Alterations in
genital mucosa may also have a profound effect on HIV suscepti-
bility. The presence of STDs is an important risk factor for acquir-
ing HIV (66, 68, 69, S62). Both genital ulcerative diseases like her-
pes, syphilis, and chancroid and inflammatory diseases such as
gonorrhea increase HIV acquisition (66, 68, 69, S62). Bacterial vagi-
nosis in women has also been shown to be a risk factor for HIV
acquisition (70); other factors such as vaginal thinning from estro-
gen deficiency (S63) and cervical ectopy (S64) affect HIV suscepti-
bility as well. In men, changes in the penile epithelium that occur
with circumecision can be protective (71).

Biological factors strongly influence infectiousness. High plas-
ma viral loads correlate with risk of transmission by vertical (S65,
S66) and sexual (72) routes. Conditions such as tuberculosis (S67)
and malaria (73) that elevate plasma viral loads would therefore be
expected to be associated with increased infectiousness. Genital
viral load in semen (74-76, S68) or female genital fluids (77) can be
increased to a level greater than that of blood plasma viral load by
the inflammation caused by STDs (68, 69, 75,78, 79, S62). In addi-
tion, nutritional deficiencies and hormonal influences in women
(S69, S70) can increase shedding of HIV in the genital tract. Such
transient elevations of genital or rectal shedding of HIV are con-
sidered periods of “hyperinfectiousness.”
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Disease stage is powerfully associated with individual infec-
tiousness. Higher viral loads correlate with higher transmission
probability in patients with advanced disease (80, S71). However,
the most striking elevations in HIV viremia (S72, S73) and genital-
fluid shedding (27, 81, 82) occur early in acute infection. Based on
a probabilistic model of the relationship between semen viral bur-
den and probability of HIV transmission (83), increases in semen
HIV load during acute HIV infection appear sufficient to account
for an eight- to 20-fold increase in the odds of transmission per
coital act (27). Other biological influences hypothesized to con-
tribute to elevated individual infectiousness in acute infection
include the relative homogeneity in Env (84), the near universal RS
coreceptor usage (35), the absence of antibody in genital fluids
(S74), and the frequent presence of other inflammatory or ulcera-
tive STDs that might increase both shedding and partner suscep-
tibility (7,9, 27). The notion of cotransmission of STD pathogens
suggests one location where acute HIV infection might be best
detected: STD clinics. Recent studies have borne out that STD clin-
ic attendees in the US (14), Malawi (2), and India (16) can have a
surprisingly high prevalence of acute HIV infection, and Cameron
et al. generated compelling evidence for cotransmission of herpes
simplex virus and HIV in the late 1980s (85).

Role of acute HIV in epidemic spread. A high proximate risk of sec-
ondary HIV transmission has been clearly associated with stage of
disease. Secondary infections (from an acutely infected index case
to a susceptible partner) have been documented beginning as early
as 7-14 days after initial infection, prior to the onset of acute retro-
viral symptoms in the acutely infected index case (S74). In one
study examining sexual risk behavior during and after HIV sero-
conversion, Colfax and colleagues (86) documented alarming rates
of partner change and sexual concurrency among acutely HIV-
infected men who have sex with men in California: 39 (59%) of 66
acutely infected men in the study reported unprotected insertive
anal intercourse with additional (HIV-susceptible) partners during
the time of acute infection, with no apparent decrease in risk
behavior associated with the immediate acute-infection period
even in symptomatic patients.

Mathematical models (87, 88) have previously suggested that
rapid global spread of HIV can be ascribed to hyperinfectiousness
in the acute phase of HIV disease; empiric epidemiologic data now
strongly support this hypothesis. Retrospective cohort studies of
patients infected by sexual contact (89) or blood transfusion (S75)
have confirmed significantly increased risk of infection among
those exposed to index cases with acute or recent infection. Recent-
ly, Wawer and colleagues (80) examined the link between acute dis-
ease stage and transmission in a remarkable study of couples in
Rakai, Uganda, who were screened for HIV infection and followed
as part of an STD treatment trial. An estimated 48% of all HIV trans-
mission events observed among all serodiscordant couples in the
study occurred in situations where the first infected partner had
acquired HIV during the preceding 5 months.

The potential magnitude of the contribution of acute hyperin-
fectiousness to transmission is revealed by two studies examining
the phylogenetic relatedness of viral strains in newly infected
patients in defined communities. Among 191 newly infected
patients in the Swiss HIV Cohort, 29% shared viral sequences, time
of infection, and geography with at least one other acutely infected
patient (90). In a similar study in New York, New York, 51 (21%) of
241 patients were found to be clustered, and acute-to-acute trans-
mission was confirmed by history in nine cases (S76). There are two
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principal alternative explanations for such extensive clustering. The
first is efficient, rapid dissemination by acutely infected individu-
als, leading to serial infections in sexual networks. However, “core
transmission” by a small unidentified subpopulation of HIV-posi-
tive men or women in the same population could also lead to the
same outcome (91, S77). In either scenario, the ability to identify
acutely HIV-infected men and women could open a unique window
on active HIV transmission taking place in a community, and pro-
vide opportunities to interfere with the chain of HIV transmission.

Intervention: targeting prevention to networks with active disease trans-
mission. Traditional surveillance systems, which are based on detec-
tion of undifferentiated, prevalent cases of HIV disease, can describe
where an epidemic has been, but not where it is going. Because tra-
ditional surveillance cannot isolate the context or conditions of HIV
incidence, the results cannot describe local forces (socioeconomic,
cultural, and geographic) that drive HIV spread in communities
(92). Incident STDs can be heavily concentrated in definable social
networks and particular locales that are not immediately obvious
(93, 94, S78, S79). Identifying local and regional patterns of HIV
transmission can allow targeting of high-transmission areas for
public health interventions (S60). Reliable information about the
locations and correlates of incidence can furthermore ratify infor-
mation gathered from other sources (e.g., behavioral surveys or
cross-sectional serosurveys) and provide early indications of the
effectiveness of interventions. The drive to identify regional varia-
tion in incidence rates has previously led to development of
“detuned” HIV antibody assays that remain negative in some
patients with recent infection and low-avidity antibodies; one such
assay under evaluation by the Centers for Disease Control and Pre-
vention has proven useful for estimating seroincidence in cross-sec-
tional, population-based samples (95). Unfortunately, the current
generation of detuned assays are unable to accurately classify indi-
vidual patients as having truly recent infection.

One particularly promising approach to HIV control combines
identification of acute disease with “network notification,” linking
case reporting to the tracing of contacts and offering partner coun-
seling and referral services (96). Applying this strategy prospectively
to incident HIV could harness classical infection-control tech-
niques that have been successfully used for decades in tuberculo-
sis- and syphilis-eradication campaigns. Modern epidemiologic
techniques can supplement the information provided by STD con-
tact tracing. For instance, spatial analysis based on geographic
information systems can be applied to incidence data to define
high-transmission areas for HIV (S80, S81), and modern social-net-
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work analysis (97, S82) can give a clear understanding of trans-
mission patterns in communities. The effectiveness of any such cre-
ative, proactive public health strategies for HIV prevention hinges
critically on better understanding the effectiveness of specific inter-
ventions — such as partner counseling or ART (given as treatment,
postexposure prophylaxis, or pre-exposure prophylaxis) — at reduc-
ing disease transmission.

Conclusions

While compelling evidence suggests the potential importance of
detecting acute HIV infection, remarkably little attention has been
devoted to this goal. This oversight results from a widespread belief
that neither clinical nor serosurveillance methods have much
chance of identifying patients with acute HIV infection. Not sur-
prisingly, cogent treatment and prevention strategies for this group
have not been developed. However, new methods in population-
based serosurveillance and increased focus on some kinds of STD
patients could allow identification of a large number of patients
with acute HIV infection. The detection of acute disease will per-
mit exciting research, clinical, and public health opportunities.
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