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Acute human immunodeficiency virus (HIV) infec-
tion is a transient illness that typically presents with
mucocutaneous and constitutional symptoms. It is
soon followed by seroconversion with the detection
of anti-HIV antibodies in the peripheral blood. To
better understand the pathogenetic events leading
to this clinical picture, we sought to investigate the
(immuno)histologic features of the skin rash occur-
ring in an acutely infected person. A skin biopsy of
an acutely infected person was investigated histo-
logically and immunohistologically using paraffin-
embedded tissue sections. Interface dermatitis with
pronounced vacuolization of the basal keratino-
cytes was a prominent histological finding. The in-
flammatory infiltrate was composed of CD31/
CD81 T cells with coexpression of Granzyme B7
and TIA-1, and CD681 histiocytes/dendritic cells.
CD1a1 intraepidermal Langerhans cells (LC) were
significantly decreased and individual LC co-
expressed HIV-p24 antigens as evidenced in double
labeling experiments. HIV-infected LC were demon-
strated in close apposition to cytotoxic T cells.

This study provides the first definitive evidence
for infection of LC at extramucosal sites in this very
early stage of disease. Our findings emphasize the
critical role of dendritic cells as a virus reservoir and
the skin as a major site of HIV replication during the
course of the disease.
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Fifty to 80% of the patients infected with human im-
munodeficiency virus (HIV) suffer from an acute
mononucleosis-like illness, with the skin and the oral
mucosa being the most frequently involved sites (1,
2). This transient symptomatic illness is associated
with a high-titered HIV-1 replication accompanied by
an expansive immunologic response to the invading
pathogen, mainly sustained by CD81 T cells specifi-
cally targeted against the virus (3). Although virus-
specific cytotoxic T cells play a major role in control-
ling the viral replication, it is conceivable that they
may also contribute to certain symptoms of HIV dis-
ease. Similar to the observation that cytotoxic T cells
directed against virus peptide-expressing hepatocytes
are responsible for the liver necrosis seen in persons
infected with the hepatitis B virus (4), it seems that the
antiviral immune response plays a major role in the
pathogenesis of the lymphocytic alveolitis of HIV-
infected patients (5). Little is known, however, about
the cellular events that take place in the skin during
acute HIV-1 infection. Here, we report on the clinical
and laboratory data as well as the (immuno)histologic
findings of a skin lesion of a patient with primary HIV
infection, and, based on these results, construct a
concept concerning the pathogenesis of acute HIV
exanthema.

CASE REPORT

In February 1998, a 24-year-old homosexual man,
who had recently started a new relationship, devel-
oped constitutional symptoms, fever, lymphadenop-
athy, and a maculopapular skin rash predominantly
on the trunk (Figure 1a) and face; additionally, con-
junctivitis, cytomegalovirus (CMV)- and herpes sim-
plex virus (HSV)- negative aphthous stomatitis (Figure
1b), as well as candidal esophagitis (diagnosed by
gastroscopy), were observed. Laboratory findings
showed slightly elevated liver enzymes, thrombope-
nia (71 g/L; reference range, 140 to 440 g/L), and
leucopenia (3.0 g/L, reference range, 4.3 to 10.0 g/L).
An HIV-antibody test (enzyme-linked immunosor-
bent assay and Western-blot) was negative, as were
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serological tests for syphilis. The suspected diagnosis
of a primary HIV infection could be established by a
highly elevated p24 antigen test (650 pg/mL, Innotest
HIV-1 p24-Ag assay) as well as by the detection of
HIV-1 ribonucleic acid (6.3 3 105 copies/mL) using
the reverse transcriptase (RT)-polymerase-chain-
reaction (PCR) method (Amplicore HIV-1 monitor
test). The patient’s CD4 count was decreased (400/ml)
and his CD4/CD8 lymphocyte ratio was reversed
(0.66). Because antiretroviral treatment (ART) given
early during primary HIV infection provides short-
and long-term clinical benefit for the patient and may
help to preserve immune function (6), a triple com-
bination therapy (ritonavir 2 3 400 mg, didanosine
2 3 200 mg, stavudine 2 3 40 mg) (7) in combination
with a cytostatic agent (Hydroxycarbamide 2 3 500
mg) was initiated. The patient’s symptoms resolved
within 1 week. Seroconversion to HIV could be dem-
onstrated within 2 weeks of onset of the symptoms.
After an initial rise of the viral load (more than 7.5 3
105 copies/mL), a steady decline could be docu-
mented within the following weeks after initiation of
antiretroviral treatment. The viral load fell to a level
below the detection limit of the test-system (Am-
plicore: 200 copies/mL) 6 months after seroconver-
sion.

MATERIAL AND METHODS

Histology and Immunohistochemistry
A skin biopsy was taken from an erythematous

plaque on the trunk. The specimen was fixed in
7.5% formalin, embedded in paraffin, and pro-
cessed for routine histopathologic examination.
Vertical sections (3 mM thick) were stained with

hematoxylin and eosin (H&E), Giemsa, and peri-
odic acid-Schiff. For immunohistochemical exami-
nation, 2-mm thick, paraffin-embedded serial sec-
tions were stained, applying a sensitive three-step
immunoperoxidase technique exactly as described
previously (8). The primary monoclonal (mAb) and
polyclonal antibodies, their specificity, and the pre-
treatment procedures required are listed in Table 1.
A double-staining method (9) was used to clarify
the relationship between HIV-infected cells and ei-
ther Langerhan’s cells (LC; p24/CD1a) or cytotoxic
cells (p24/GB-7). An immunoperoxidase method
was used for both CD1a and GB-7 staining, and the
antigen-antibody complex was visualized (in red)
with aminoethyl carbazole/hydrogen peroxide.
Then, either CD1a- or GB-7- stained sections were
further incubated with the anti-p24-antibody,
washed and subjected to an immunoalkaline phos-
phatase labeling procedure; the staining was devel-
oped with the Vector-Blue Alkaline Phosphatase
Substrate Kit III (Vector, Burlingame, CA), which
gave a blue staining product. Negative controls
were performed by applying irrelevant isotype-
matched mAbs as first-step reagents.

Quantification of Intraepidermal LC
The number of intraepidermal LC was deter-

mined by counting CD1a1 cells within the whole
epidermis, regardless of epidermal thickness, in
eight nonserial sections. The individual values ob-
tained with CD1a in each section were then pooled,
and the mean number of LC per linear millimeter of
the epidermal basement membrane was deter-
mined.

FIGURE 1. A, widespread maculopapular HIV exanthema. B, oral enanthema with ulceration.

LC in Acute HIV Infection (I. Simonitsch et al.) 1233



RESULTS

Histology (Figure 2)
The epidermis presented with focal but pro-

nounced parakeratosis and slight acanthosis. Addi-
tionally, spongiosis and diffuse vacuolization of the
basal cell layer, together with several dyskeratotic
keratinocytes, were identified (Figure 2, a and b),

some of the latter in close contact to epidermal
lymphocytes (“satellite cell necrosis”) (Figure 2b).
There was a dense perivascular and periadnexal
mononuclear infiltrate within the papillary dermis
with exocytosis. Hair follicles (Figure 2c) and seba-
ceous glands were heavily infiltrated with lympho-
cytes and histiocytes, leading to the partial destruc-
tion of these structures. The deeper reticular dermis

TABLE 1. Primary Antibodies

Antibody CD Specificity Pretreatment Dilution Source

CD1a CD1a LC, cortical thymocytes MW Conc. IT
CD4 CD4 Helper/inducer T cells; monocyte subset AC 1:20 NC
MT1 CD43 Leukosialin – 1:80 BT
Leu7 CD57 NK cell subset; T cell subset – 1:10 BD
KiM1p CD68 Macrophages/Dendritic cells ED 1:50 *
HECA- – CLA; skin-homing T cells; LC-subset ED 1:250 PG
TIA-1 – Cytotoxic granules MW 1:400 C
bF1 – T Cell Receptor (TCR) a/b ED 1:10 EG
CD3 CD3 T cells; CD3 complex associated with TCR ED 1:400 Dako
CD8 CD8 Cytotoxic T cells; NK cell subset AC 1:30 Dako
p24 – HIV p24-antigen MW 1:10 Dako
CD79a CD79a B cells (B cell receptor complex) MW 1:25 Dako
L26 CD20 B cells – 1:200 Dako
GB-7 – Granzyme B-7; activated cytotoxic lymphocytes MW 1:20 MS
CD5 CD5 T cells; B cell subset AC 1:20 NC
S100 – S100 protein; LC, melanocytes, neuronal MW 1:600 HCS
NCAM CD56 NK cells; some T cells AC 1:200 MS
HLA-
DR

– MHC class II MW 1:200 Dako

MW, microwave; AC, autoclave; ED, enzymatic digestion; IT, Immunotech, Marseille, France; Dako, Dako, Glostrup, Denmark; NC, Novocastra, New
Castle, UK; BT, Biotest, Dreieich, Germany; BD, Becton-Dickinson, San Diego, CA, USA; *, a kind gift of Prof. M. R. Parwaresch, Kiel, Germany; PG,
Pharmingen, San Diego, CA, USA; C, Coulter, Hialeah, FL, USA; MS, Monosan, Uden, the Netherlands; HCS, HCS, Toronto, Canada.

FIGURE 2. A-C, Light-microscopy. A, interface dermatitis with individual necrotic keratinocytes, lymphocytic exocytosis. H&E staining, 320; B,
several lymphocytes surrounding one necrotic keratinocyte (“satellite cell necrosis”). H&E staining, 360. C, one hair follicle with heavy lymphocytic
infiltration, the above epithelium with necrosis and vacuolization of keratinocytes. H&E staining, 320.
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and the subcutaneous fatty tissue were almost de-
void of an inflammatory infiltrate.

Immunohistochemistry (Figure 3)

Epidermis
Staining for CD3 (Figure 3a), CD5, bF1, and CD43

revealed that ;50% of intraepithelial cells repre-
sented T cells with expression of the TCRa/b. CD81
T cells considerably predominated over CD41 T
cells (data not shown); these CD81 cells were reg-

ularly observed in the vicinity of injured or dead
keratinocytes. Almost all CD81 T cells also reacted
with the antibodies GB-7 (Figure 3b) and TIA-1,
respectively, both antibodies providing a strong
granular intracytoplasmic staining-product. Stain-
ing with the mAb HECA-452 revealed only single
reactive cells within the epidermis, some of which
corresponded to LC. Numerous CD681 cells were
also observed within areas of spongiotic epithelium
(Figure 3d), some of them with a dendritic shape.
Numbers of CD1a1/S1001 LC (mean value, 2 LC

FIGURE 3. A-F, Immunohistology: A, abundant epidermal and dermal CD31 T cells (320); B, most of the T cells are also GB-7 reactive, indicating
an activated, cytotoxic T cell phenotype (320). C, CD1a1 LC are significantly decreased and show degenerative morphologic changes (340). D,
abundant intraepidermal CD681 cells, some of them with a dendritic shape. E, one LC reactive for anti-p24-antibody (360). F, double staining of
DC co-expressing CD1a (red staining) and p24 (blue staining); inset: GB-71 cytotoxic T cells (red staining) in apposition with a p24-reactive DC (blue
staining) (360).
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per millimeter of length of the epidermal basement
membrane) were significantly reduced (Figure 3c)
compared with normal skin (10). Their morphology
was usually intact; occasionally, however, only rests
of the dendrites were discernible. The MHC class II
expression of LC could hardly be evaluated because
most basal and suprabasal keratinocytes reacted
with the anti- human leukocyte antigen-DR anti-
body. Concerning the occurrence of HIV-infected
cells, we regularly noted a few p241 cells. They
most likely represented LC because of their den-
dritic shape (Figure 3e) and, as seen on serial- and
double-stained sections, their anti-CD1a-reactivity
(Figure 3f).

Dermis
The dermal infiltrate was composed of approxi-

mately equal amounts of CD31 T cells, CD41 or
CD81 in similar quantities, and CD681 histiocytes/
dendritic cells (DC) near each other. Approximately
50% of T cells co-expressed HECA-452. Most of the
CD81 T cells were positive with GB-7 and TIA-1.
Single CD1a1‘ dermal LC/DC were located below
the dermo-epidermal junction and around the pap-
illary vessels. No CD561 or CD571 natural killer
cells were seen. CD79a or CD20-positive B cells/
plasma cells were only sparsely intermingled within
the perivascular and interstitial infiltrate. Distinct
perivascularly located mononuclear cells with den-
dritic morphology and cells within a densely infil-
trated hair follicle were stained with mAb p24. Cy-
totoxic GB-71 T cells were frequently found in
direct apposition to p241 DC (Figure 3f, inset), as
evidenced in double-labeling experiments.

DISCUSSION

In this report on an acute symptomatic HIV-
infection, we show that epithelial LC are produc-
tively infected already at this very early stage of
disease. In 1987, Tschachler et al. (11) were the first
to report on the presence of epidermal LC harbor-
ing HIV-p24 antigens in skin biopsies of HIV-
infected persons. Consecutively, several groups
have demonstrated that LC of squamous epithelia
isolated from persons infected with HIV harbor
HIV-1 proviral DNA and ribonucleic acid (12–14),
indicating productive infection by the virus in vivo.

Evidence exists that infected skin-derived DC ini-
tiate massive viral replication in CD41 T cells in
vitro (15). Subsequently, it has also been shown in
vivo that the interaction of DC and T cells in the
mucosa of tonsils and adenoids may support HIV-1
replication, even in nonsymptomatic periods of the
infection (16). These results suggest that LC, once
infected, represent a reservoir for the sustained in-
fection of T cells. So far, where and when LC ac-

quire HIV infection has not been elucidated. LC
precursors migrate from the bone marrow via the
peripheral blood first to the dermis and then to the
epidermis. Therefore, infection may occur either
within the bone marrow or the peripheral blood or,
finally, within the skin. Infection of LC precursors in
the bone marrow seems to be rather unlikely, be-
cause a nonhomogeneous spatial distribution of
HIV-1 quasispecies has recently been demonstrated
in epidermal LC of different skin-patches of one
patient with AIDS (17). If LC precursors had been
already infected within the bone marrow, the se-
quences detected in the different skin samples
should have been similar, which was not the case in
this study. These findings suggest that the infection
of LC takes place in the skin, presumably when the
LC precursors pass through the dermis.

One can assume that LC play an important role in
the sexual transmission of HIV, because mucosal
squamous epithelia of the cervix and the oral mu-
cosa harbor numerous LC susceptible for HIV in-
fection, thereby representing prominent cellular
targets for the virus (18). Our results suggest that
infection of nonmucosal epidermal LC, which are
not likely to be infected through direct viral expo-
sure, takes place very early during the disease, and
may even precede seroconversion. In this instance,
the infection is most likely accomplished by HIV-1-
infected CLA1 memory T cells, which release viri-
ons by interacting with skin-homing LC.

We have also shown that the majority of these
lymphocytes belong to the CD81 subset. Concern-
ing the functional consequences of the interaction
between HIV-infected LC/DC and CD81 lympho-
cytes, two mutually nonexclusive scenarios are con-
ceivable. First, it is quite likely that some of these
CD81 cells are HIV-specific and capable of lysing
HIV-infected cells. Because we have shown that LC
and dermal DC are the predominant p241 cutane-
ous cell population in primary HIV infection, they
may well be the primary target of these activated
cytotoxic T cells. In keeping with this assumption is
our observation of decreased LC numbers com-
pared with normal human skin (10). In this context,
it is noteworthy that immunohistological analyses
of the skin rash of rhesus monkeys infected exper-
imentally with SIV revealed changes strikingly sim-
ilar to those seen in this study, including a reduc-
tion of the LC-population (19, 20).

Second, one must assume that some of the lym-
phocytes within the LC/DC-T cell conjugates are
not HIV-1-specific but rather represent bystander
cells recognizing various antigenic specificities,
perhaps even self-moieties. When activated by LC/
DC, such autoreactive cells would produce cyto-
kines (e.g., interferon-g) and acquire lytic potential
toward surrounding resident skin cells. In accor-
dance with this hypothesis are our findings of an
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abundant human leukocyte antigen-DR expression
of keratinocytes and of CD81/GB-71 lymphocytes
in close proximity to damaged keratinocytes. Given
the fact that, upon perturbation, keratinocytes can
elaborate large amounts of proinflammatory cyto-
kines (21), it is not unreasonable to assume that
keratinocyte injury by CD81 cells contributes
greatly to the clinicopathological features of pri-
mary HIV-1-infection.

In brief, we have documented for the first time
that cutaneous LC/DC are early cellular targets for
HIV-1, even in extramucosal sites. These dendritic
cells may be infected even before seroconversion,
as documented in our patient. Our findings empha-
size the critical role of DC as a virus-reservoir and
the skin as a major site of HIV replication during the
course of the disease.
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