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CUTE human immunodeficiency virus type
1 (HIV-1) infection is a transient symptomat-
ic illness associated with high-titer HIV-1

replication and a robust and expansive immunologic
response to the invading pathogen. From 40 to 90
percent of new HIV-1 infections are associated with
symptomatic illness. This syndrome is often undiag-
nosed or misdiagnosed, since HIV-1 antibodies are
usually not detected during the early phase of infec-
tion. The diagnosis of acute HIV-1 infection re-
quires a high index of clinical suspicion and correct
use of specific diagnostic laboratory tests. Accurate
early diagnosis is now particularly important because
of the potential clinical benefit of early antiretroviral
therapy.

More than 30 million persons are estimated to be
infected with HIV-1 worldwide.

 

1

 

 In the United
States, more than 44,000 new cases of infection will
occur in 1998, and globally, there are an estimated
16,000 new cases daily.

 

1,2

 

 The annual risk of HIV-1
infection in particular groups, such as young men
who have sex with men, injection-drug users, and
users of “crack” cocaine, may be as high as 4 to
5 percent per year.

 

3,4

 

 Recent increases in the rates of
gonorrhea and other sexually transmitted diseases
suggest that the rates of HIV-1 infection will also in-
crease.

 

5

 

 Identifying persons in the initial stage of
HIV-1 infection is essential for initiating early anti-
retroviral therapy and for preventing the spread of
infection. Here we review the pathogenesis, clinical
manifestations, diagnosis, and treatment of acute
HIV-1 infection.

A

 

PATHOGENESIS

 

The most common mode of HIV-1 infection is
sexual transmission at the genital mucosa.

 

6

 

 Recent
studies in rhesus monkeys with acute intravaginal
simian immunodeficiency virus infection provide
important insights into the sequence of cellular
events occurring in the earliest stages of infection.

 

7

 

In this model, the first cellular targets of the virus
are Langerhans’ cells, tissue dendritic cells found in
the lamina propria subjacent to the cervicovaginal
epithelium (Fig. 1). These cells then fuse with CD4+
lymphocytes and spread to the deeper tissues. With-
in two days after infection, virus can be detected in
the draining internal iliac lymph nodes. Shortly there-
after, systemic dissemination occurs, and HIV-1 can
be cultured from plasma five days after infection.

 

7

 

 In
humans, there appears to be some variation in the
time from mucosal infection to initial viremia, with
estimates ranging from 4 to 11 days.

 

9

 

 Breaks in the
mucosal barrier and increased inflammation due to
the presence of genital ulcer disease, urethritis, or
cervicitis increase the risk of acquiring HIV-1 infec-
tion.

 

10

 

 Although infection is transmitted most fre-
quently across the genital mucosa, numerous reports
demonstrate that infection can also be transmitted
across the oral mucosa as a result of genital–oral
sex.

 

11-15

 

 Nasopharyngeal tonsil and adenoid tissues
are rich in cells of dendritic origin, which are prob-
ably the initial target cells, facilitating the transmis-
sion of the virus to CD4+ cells.

 

16

 

 
Studies of persons with acute HIV-1 infection

demonstrate selective infection by certain popula-
tions of HIV-1 variants. Transmitted viruses are typ-
ically macrophage-tropic (not T-cell–tropic) and lack
the ability to induce multinucleated syncytia in tis-
sue culture.

 

17,18

 

 Glycoprotein 120, the viral-envelope
protein, binds to the CD4 molecule on susceptible
cells, but cell entry requires the presence of a co-
receptor.

 

19

 

 The coreceptor for macrophage-tropic
strains is CCR5, a surface chemokine receptor.

 

20,21

 

Such viruses have recently been renamed R5 viruses
to reflect their coreceptor requirement, whereas
T-cell–tropic viruses, which require CXCR4 for en-
try, are termed X4 viruses.

 

8

 

 Langerhans’ cells, the
earliest target of the virus, express CCR5 but may
not express CXCR4, the coreceptor required for the
entry of X4 viral isolates.

 

22

 

 This may explain why R5
viruses are the predominant strains transmitted dur-
ing acute HIV-1 infection. This receptor pattern also
explains why persons who are homozygous for a
32-bp deletion in CCR5 (CCR5

 

�

 

32) are relatively
resistant to infection with the usual R5 strains,

 

23,24
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although rare cases of transmission of X4 viruses have
recently been reported in such persons.

 

25,26

 

After infection, there is a rapid rise in plasma vi-
remia, with widespread dissemination of the virus
associated with seeding of lymphoid organs

 

27-29

 

 and
trapping of virus by follicular dendritic cells.

 

30

 

 High
titers of virus are likely to be present in the genital
tract during primary infection. This stage, character-
ized by high levels of replicating virus and infectivi-
ty, has important public health implications, since
routine tests for HIV-1 antibody fail to detect the
new infection.

After the initial rise in plasma viremia, often to
levels in excess of 1 million RNA molecules per mil-
liliter,

 

31,32

 

 there is a marked reduction from the peak
viremia to a steady-state level of viral replication.

 

33-36

 

The decrease in the viral load during acute HIV-1
infection is probably due to virus-specific immune
responses that limit viral replication. There is a tem-
poral relation between the appearance of HIV-1–
specific cytotoxic T lymphocytes and declining viral
titers in humans

 

36,37

 

 and in animals.

 

38

 

 During acute
infection, 1 in 17 CD8+ T cells in the peripheral
blood may be a cytotoxic T lymphocyte specifically
targeted against the virus.

 

39,40

 

 This high proportion
reflects a vigorous attempt by host cellular immune
defenses to contain the massive viral replication.
These observations, coupled with in vitro evidence
of a potent antiviral effect of cytotoxic T lympho-
cytes,

 

41

 

 suggest that these cells are at least partly re-
sponsible for the reduction in HIV-1 viremia. There
is also a correlation between cytotoxic-T-lymphocyte
responses to the envelope protein and the reduction
in plasma viral RNA.

 

42

 

 In addition, soluble factors
produced by CD8+ cells inhibit HIV-1 replication
in the early stages of acute infection

 

43

 

 and may thus
contribute to the reduction of the viral load. In con-
trast, neutralizing antibodies are not usually detect-
able until weeks to months after the reduction in
replicating virus.

 

36

 

 Many of the symptoms of acute
HIV-1 infection may reflect the immune response to
the virus,

 

44

 

 and the symptoms usually resolve as the
viral load in the plasma decreases.

After the initial drop in viremia, a viral set-point
is established. Persons with the highest viral loads
have the most rapid rates of progression to the
acquired immunodeficiency syndrome and death.

 

45

 

Figure 1.

 

 Early Events in Transmucosal HIV-1 Infection.
The arrows indicate the path of the virus. The viral-envelope
protein binds to the CD4 molecule on dendritic cells. Entry into
the cells requires the presence of CCR5, a surface chemokine
receptor. Dendritic cells, which express the viral coreceptors
CD4 and CCR5, are selectively infected by R5 (macrophage-
tropic) strains.

 

8

 

 Within two days after mucosal exposure, virus
can be detected in lymph nodes. Within another three days, it
can be cultured from plasma.
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Studies in animals suggest that lowering the viral
load during primary infection results in a lower set-
point.

 

46

 

 The factors determining this set-point may
be related to genetic differences in coreceptors

 

47,48

 

 or
qualitative differences in the immune response.

 

49-52

 

A more broadly directed cytotoxic-T-lymphocyte re-
sponse in the early stages of HIV-1 infection is as-
sociated with a subsequently lower viral load and
slower progression of disease,

 

53

 

 suggesting that con-
tainment of viremia by this immune response in the
early stages of infection may have a clinical benefit.
Differences in the virulence of viral strains may also
modulate the set-point. Less virulent strains have at-
tenuated replication, which is associated with lower
levels of viremia and slower disease progression.

 

54,55

 

SIGNS AND SYMPTOMS

 

The signs and symptoms of acute HIV-1 infection
usually present within days to weeks after initial ex-
posure. The most common signs and symptoms (Ta-
ble 1) include fever (median maximal temperature,
38.9°C),

 

11

 

 fatigue, rash that is usually maculopapular
but may have protean presentations, headache, lym-
phadenopathy, pharyngitis, myalgia, arthralgia, asep-
tic meningitis, retro-orbital pain, weight loss, de-
pression, gastrointestinal distress, night sweats, and
oral or genital ulcers. The acute illness may last from
a few days to more than 10 weeks, but the duration
is usually less than 14 days.

 

11

 

 The severity and the
duration of the illness may have prognostic implica-
tions; severe and prolonged symptoms are correlated
with rapid disease progression.

 

56,57

 

 The nonspecific
nature of these symptoms presents a major challenge
to health care providers and underscores the need to
obtain an accurate history of exposure. An evalua-
tion for acute HIV-1 infection should be performed
if a patient has signs and symptoms that are consis-
tent with the diagnosis and a history of exposure to
a person with known or possible HIV-1 infection.
Acute infection should also be considered in persons
presenting with a sexually transmitted disease.

Some symptoms are particularly suggestive of acute
HIV-1 infection in a person with a compatible his-
tory of exposure. A morbilliform rash (also described
as maculopapular), usually involving the trunk, oc-
curs in 40 to 80 percent of persons with symptomat-
ic acute HIV-1 infection. Rash may be difficult to
detect in darkly pigmented people. Histopathologi-
cal evaluation of the involved skin shows a mononu-
clear-cell infiltrate of the superficial dermal vessels,
consisting mainly of CD4+ cells, and focal lympho-
cytic vasculitis.

 

58

 

 Panels A and B in Figure 2 show
cutaneous manifestations of acute HIV-1 infection.
An acute meningoencephalitis syndrome has been
reported as another presentation of acute HIV-1 in-
fection, and this syndrome should be considered in
the differential diagnosis of aseptic meningitis.

 

11,59

 

Mucocutaneous ulceration, which can involve the

buccal mucosa, gingiva, palate, esophagus, anus, or
penis, is also highly suggestive of acute infection in
a person at risk.

 

11,60-62

 

 An oral ulcer with mucocuta-
neous candidiasis in a patient with acute HIV-1 in-
fection is shown in Figure 2C.

In a group of 23 persons at risk of HIV infection
who were followed every six months and who be-
came infected, 87 percent had symptomatic acute in-
fection, and 95 percent of these patients sought
medical evaluation.

 

11

 

 But only one in four persons in
the study received the appropriate diagnosis of acute
HIV-1 infection at the first clinic visit, even though
there should have been a high index of suspicion. Be-
cause the signs and symptoms are nonspecific, acute
HIV-1 infection is frequently confused with a variety
of other illnesses, including infectious mononucleo-
sis, secondary syphilis, acute infection with hepatitis
A or B, roseola or other viral infections, and toxo-
plasmosis. Acute HIV-1 infection should therefore
be included in the differential diagnosis of any unex-
plained severe febrile illness. The nonspecific symp-
toms of acute HIV-1 infection make it difficult to de-
termine the true frequency of symptomatic illness in
newly infected persons. Estimates of the frequency
range from 40 to 90 percent, but these studies have
not included control groups. In a recent study in In-
dia, 81 percent of persons with acute HIV-1 infec-
tion seen at a clinic for sexually transmitted diseases
had at least one of the following eight signs or symp-
toms: fever, adenopathy, joint pain, thrush, pharyn-
gitis, rash, diarrhea, and paresthesia.

 

31

 

Laboratory studies performed during the initial
infection may show lymphopenia and thrombocyto-
penia, but atypical lymphocytes are infrequent. The
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Fever >80–90

Fatigue >70–90

Rash >40–80

Headache 32–70

Lymphadenopathy 40–70

Pharyngitis 50–70

Myalgia or arthralgia 50–70

Nausea, vomiting, or diarrhea 30–60

Night sweats 50

Aseptic meningitis 24

Oral ulcers 10–20

Genital ulcers 5–15

Thrombocytopenia 45

Leukopenia 40

Elevated hepatic-enzyme levels 21
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Figure 2.

 

 Cutaneous Manifestations of Acute
HIV-1 Infection.
Panels A and B show the rash associated with
acute infection, which is more prominent cen-
trally than peripherally and may involve the face.
The lesions are 5 to 10 mm in diameter and are
erythematous, nonpruritic, and painless. Panel C
shows an oral ulceration in a person with acute
HIV-1 infection who also presented with thrush.
The photographs were kindly provided by Charles
Farthing (Panel A), Donald Abrams (Panel B),
and Ginat W. Mirowski (Panel C).
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B
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characteristic laboratory findings are not unique to
HIV-1 infection but are also observed in other acute
viral illnesses. The CD4+ cell count usually decreas-
es during acute HIV-1 infection but may remain in
the normal range; typically, over the ensuing weeks,
the CD4+ cell count decreases, the CD8+ cell count
increases, and the ratio of CD4+ cells to CD8+
cells is inverted.

 

11,60-64

 

Most persons with acute HIV-1 infection do not
expect to receive this diagnosis even if they have had
recent risky exposures. Clinicians should take a care-
ful history for HIV-1 exposure and should anticipate
that their patients will be anxious and fearful when
the diagnosis is entertained. It is essential at this stage
to address the patients’ concerns, explain the planned
evaluation, and describe possible treatment options.

 

DIAGNOSIS

 

The diagnosis of acute HIV-1 infection cannot be
made with standard serologic tests. The recombinant
enzyme-linked immunosorbent assays (ELISAs) com-
monly used to diagnose established HIV-1 infection
are usually negative in persons who present with
acute infection. Serologic tests first become positive
approximately 22 to 27 days after acute infection.

 

65

 

Tests for use at home also rely on antibody produc-
tion and will not detect acute HIV-1 infection.

The only test licensed for earlier detection of
HIV-1 infection is the serum or plasma p24 antigen
test, which is used routinely in blood donors to de-
tect viral infection before the development of HIV-1
antibodies. Cases of acute HIV-1 infection have also
been accurately diagnosed on the basis of high plas-
ma viral RNA levels.

 

31,32

 

 The detection of high-titer
viral RNA or viral p24 antigen in a patient with a
negative test for HIV-1 antibodies establishes the di-
agnosis of acute HIV-1 infection.

 

32,66

 

 The viral-RNA
assay appears to be the more sensitive of the two
tests, and it has been estimated to detect HIV-1 in-
fection three to five days earlier than the p24 antigen
test

 

65,67

 

 and one to three weeks earlier than standard
serologic tests.

 

68

 

 In our experience, the levels of viral
RNA are always higher than 50,000 molecules per
milliliter in patients with symptomatic acute HIV-1
infection. In a recent study of nine persons with
acute HIV-1 infection, all nine had viral levels in ex-
cess of 300,000 molecules per milliliter, and seven of
the nine had levels in excess of 1 million molecules
per milliliter (unpublished data). Lower levels of
HIV-1 RNA might be expected with longer inter-
vals after the onset of symptoms, since the immune
system exerts control over the ongoing viral replica-
tion. It is important to be aware that in rare cases,
very low levels of HIV-1 RNA in plasma (<3000
RNA molecules per milliliter) may represent false
positive results (unpublished data). Such low values,
which need to be confirmed, are unlikely to repre-
sent acute infection. Subsequent documentation of

seroconversion is essential to confirm the diagnosis of
HIV-1 infection. Although infection without eventu-
al seroconversion has been reported, it is rare.

 

69

 

A blood sample should be obtained for both
HIV-1 RNA testing (or p24 antigen testing, if HIV-1
RNA testing is not available) and HIV ELISA when
a patient at risk presents with the signs and symp-
toms of the syndrome along with a compatible his-
tory of exposure. If these laboratory studies fail to
detect HIV-1 infection, then other pathogens should
be considered in the differential diagnosis. HIV
ELISA and HIV-1 RNA tests should be repeated
two to four weeks after the resolution of symptoms in
high-risk persons. In addition, counseling about the
avoidance of high-risk behavior should be initiated.

 

TREATMENT

 

Evidence of the benefit of treatment during acute
HIV-1 infection stems in part from the observation
that the initial viral isolates represent a relatively ho-
mogeneous swarm of viruses

 

17,18

 

 and may therefore
be susceptible to effective combination therapy. In
addition, early intervention has been shown to re-
store important virus-specific cellular immune re-
sponses that appear to be involved in host responses
that control viremia.

 

32

 

 Early treatment may also limit
the extent of viral dissemination, restrict damage
to the immune system, protect antigen-presenting
cells, and reduce the chance of disease progression.
A panel of experts recently recommended that im-
mediate therapy be considered for persons with acute
HIV-1 infection.

 

70

 

Data in support of early therapy are limited. The
only randomized, placebo-controlled study of anti-
retroviral therapy initiated during primary HIV-1 in-
fection involved patients with a history consistent
with acute HIV-1 infection or known recent expo-
sure to HIV-1 and laboratory evidence of recent in-
fection.

 

71

 

 The patients were randomly assigned to
receive either zidovudine (250 mg twice a day, a reg-
imen considered inadequate according to current
standards) or placebo for six months. After six months
of treatment, the patients randomly assigned to re-
ceive zidovudine had a mean increase of 173 CD4+
lymphocytes per cubic millimeter, as compared with
an increase of 6 CD4+ lymphocytes per cubic mil-
limeter in the placebo group.

Early therapy consisting of two nucleoside reverse-
transcriptase inhibitors plus an HIV-1–protease in-
hibitor or three agents targeted to reverse transcrip-
tase has also been investigated in several studies.
Treatment with two nucleoside reverse-transcriptase
inhibitors and a protease inhibitor reduced HIV-1
RNA to undetectable levels with corresponding in-
creases in CD4+ cells, increases in the CD4+:CD8+
ratio, and reductions in proviral DNA levels and an-
tibody.

 

72-74

 

 Although virus persisted in resting CD4+
cells,

 

75

 

 these studies indicate that complete or nearly
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complete suppression of viral replication can be
achieved as long as therapy is maintained.

 

75,76

 

Perhaps the most compelling data in support of
early therapy come from studies of persons treated
with potent triple-drug combination therapy during
acute HIV-1 infection. In each of six persons who
received this therapy, HIV-1 RNA levels rapidly de-
creased to values below the limits of quantitation,
and the reduction in the viral load was associated
with vigorous HIV-1–specific responses of CD4+
T helper cells to the p24 protein, like the responses
seen in nonprogressive infection

 

32

 

 (and unpublished
data). These data suggest that there is an early op-
portunity to restore certain immune responses that
may be associated with slower disease progression
and that this opportunity may be lost if therapy is
delayed. Clinical trials with extended follow-up will
be required to determine whether such early therapy
confers a long-term benefit.

The final decision to start antiviral therapy in per-
sons presenting with acute HIV-1 infection should
include a plan to ensure adherence to the complicat-
ed treatment regimens and acknowledgment that
the long-term clinical benefits of early treatment are
unknown. In the face of a diagnosis of HIV-1 infec-
tion, patients need support, information, and guid-
ance. If a patient opts to start therapy, as we recom-
mend for all our patients with acute HIV-1 infection,
then sustained adherence to the medication regimen
must be emphasized. Inconsistent adherence leads
to viral resistance and severely limits future treatment
options.

 

70

 

 In some patients with chronic HIV-1 in-
fection, viral suppression has been maintained dur-
ing more than two years of continuous therapy,

 

75,76

 

and treatment initiated during acute HIV-1 infec-
tion is likely to be at least as successful.

 

CONCLUSIONS

 

Acute HIV-1 infection, which often presents as an
acute febrile illness that is undiagnosed or misdiag-
nosed, should be considered in the differential diag-
nosis in any sexually active or otherwise at-risk per-
son presenting with an acute febrile illness. If acute
HIV-1 infection is suspected, HIV-1 RNA and
HIV-1 ELISA testing should be performed. The use
of quantitative HIV-1 RNA testing (or, if unavail-
able, p24 antigen testing) allows for the diagnosis of
acute HIV-1 infection before standard ELISAs de-
tect HIV-1 antibodies. Once the diagnosis has been
established, early treatment with maximally suppres-
sive combination agents should be considered. Ad-
herence to the complicated regimens is essential if
early therapy is initiated. Identification of the source
of exposure in persons with primary HIV-1 infec-
tion may reveal networks of newly infected or highly
infectious persons for whom referral and treatment
may be beneficial, which in turn may reduce the
chance of spread to others.
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