
In Vivo Identification of Langerhans and Related
Dendritic Cells Infected with HIV-1 Subtype E in Vaginal
Mucosa of Asymptomatic Patients
Lertlakana Bhoopat, M.D., Lukana Eiangleng, M.T., Sungwal Rugpao, M.D., Sarah S. Frankel, M.D.,
Drew Weissman, M.D., Ph.D., Suree Lekawanvijit, M.D., Supinda Petchjom, M.D.,
Paul Thorner, M.D., Ph.D., Tanin Bhoopat, M.D.

Departments of Pathology (LB, LE, SL, SP), Obstetrics and Gynecology (SR), and Forensic Medicine (TB),
Faculty of Medicine, Chiang Mai University, Chiang Mai, Thailand; Department of Infectious and
Parasitic Disease Pathology (SSF), Armed Forces Institute of Pathology, Washington DC; Division of
Infectious Diseases (DW), University of Pennsylvania, Philadelphia, Pennsylvania; Division of Pathology
(PT), Hospital for Sick Children, and Department of Laboratory Medicine and Pathobiology (PT),
University of Toronto, Toronto, Canada

In Thailand, the predominant HIV subtype is E,
rather than Subtype B as in North America and
Europe, and the predominantmode of transmission
is heterosexual contact. Subtype E has the ability to
replicate in vitro in Langerhans cells. We hypothe-
sized that this cell type might constitute a reservoir
for the HIV virus in vaginal mucosa of asymptom-
atic carriers. To examine this hypothesis, we com-
pared vaginal tissue histology in HIV-1–seropositive
cases with seronegative cases and determined the
immunophenotype of HIV-1–infected cells, their
numbers, and their distribution in vaginal mucosa.
Vaginal biopsies were performed at four different
sites from six asymptomatic HIV-1 Subtype E–in-
fected persons and from six seronegative cases at
necropsy and examined histologically. Immuno-
phenotyping was performed using immunoperoxi-
dase for Gag p24 HIV, CD3, CD20, CD68, CD1a,
S-100 and p55 antigens and by double labeling,
combining immunoperoxidase with alkaline phos-
phatase using pairs of the above antigens. Twenty of
twenty-four vaginal biopsies (83.3%) from HIV-
seropositive cases showed definite inflammation
compared to five of twenty-four vaginal necropsies
(20.8%) from HIV-seronegative cases. One third of
HIV-seropositive biopsies (8/24) demonstrated p24-
positive cells in the epithelium, whereas three-
fourths (18/24) of the biopsies revealed p24-positive

cells in the lamina propria. All seropositive patients
showed positive cells in at least one biopsy, but not
all biopsies contained positive cells. Infected cells
were more frequently observed at sites of greater
inflammation. The dendritic cell count in HIV-
seropositive vaginal epithelium was significantly
higher than that observed in the seronegative cases
(P � .004). The majority of p24-positive cells in the
vaginal epithelium were Langerhans cells (CD1a�/
S-100�), whereas in the lamina propria, about half
of p24-positive cells were Langerhans-related den-
dritic cells (p55� and S-100�) and half were T lym-
phocytes. In conclusion, the increased propensity
for heterosexual transmission of Subtype E may be
related to vaginal inflammation, leading to the ac-
cumulation of Langerhans cells and related den-
dritic cells which, once infected with HIV, can act as
a reservoir for further virus transmission.
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Heterosexual transmission is the major route for
the spread of new HIV infections worldwide. This is
the case in Thailand, where it has been reported
that more than 90% of sexually transmitted viruses
are HIV-1 Subtype E (1, 2). In contrast, most cases
of HIV in the United States and Western Europe are
associated with anal intercourse among homosex-
ual men or injection drug users in whom HIV-1 B is
the predominant subtype. It has been calculated
that heterosexual transmission occurs 5.6 times
more frequently per exposure in Thailand com-
pared with in the United States (3). It has therefore
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been suggested that there is an increased propensity
for heterosexual transmission of Subtype E, although
the same cases reported a higher mean frequency of
sexual intercourse and had a higher incidence of sex-
ually transmitted diseases in either partner (4). For
instance, a 5.1-fold increase in transmission has been
reported in Thai men who give a history of sexually
transmitted disease (3, 5, 6).
The HIV virus has been demonstrated in vitro to

have the ability to replicate in epithelial Langerhans
cells (LCs), and there is evidence to suggest that
Subtype E more readily replicates than Subtype B
(7, 8). Because these cells may be the first to en-
counter the virus after mucosal transmission, the
ability of the virus to grow in LCs might enhance
viral transmission and may explain the epidemio-
logic findings of increased heterosexual transmis-
sion in Thailand and Southeast Asia (8). Using the
SIV/macaque system, Spira et al. (9) reported that
the first host cells to be infected were cells of den-
dritic morphology located in the lamina propria of
the vaginal mucosa. SIV-infected cells have also
been found in the stratified squamous epithelium
of the vagina and ectocervix (10, 11). Although this
vaginal infection model shows that dendritic cells
can serve as a primary target for SIV and be a
significant viral reservoir, there is no comparable in
vivo evidence for HIV in humans.
We hypothesized that LCs and related histiocytes

might constitute a reservoir for HIV Serotype E in
mucosa, accounting for increased transmissibility of
this serotype. Because HIV in Thailand is predomi-
nantly heterosexual in transmission, we examined
vaginal mucosal biopsies of seropositive individuals,
comparing them with samples from seronegative in-
dividuals. Previously, we had noted that there was a
greater degree of inflammation in vaginal mucosa of
HIV-positive patients from Thailand compared with
those in the United States (12), but the level of inflam-
mation in controls was unknown. Therefore, in this
study, we determined the degree of inflammation as
well as the immunophenotype of the inflammatory
cells present. As well, in seropositive cases, HIV-
positive cells were identified by immunostaining and
were characterized with respect to immunopheno-
type, number, and distribution within each biopsy.

MATERIALS AND METHODS

Study Patients
Six subjects were drawn from a study of 25 cou-

ples at Chiang Mai University, Chiang Mai, Thai-
land. These six represented the HIV-seropositive
wives of individuals found to be HIV seropositive at
the time of blood donation. They were housewives
who were presumably infected by their husbands,
and the primary risk factor reported by the hus-

bands was contact with a commercial sex worker.
Four of six cases reported a history of a sexually
transmitted disease. All six subjects showed no ab-
normal findings on pelvic examination, particularly
inflammatory lesions or vaginitis. Cervicovaginal
lavage samples from all subjects were negative for
the following pathogens: Trichomonas vaginalis,
Neisseria gonorrhoeae, Chlamydia trachomatis,
Gardnerella vaginalis (bacterial vaginosis), and
Candida albicans, using a multiplex PCR and ligase
chain reaction as described elsewhere (12). All six
patients were shown to be infected with HIV Sero-
type E (Determine test kit, Abbott Inc., Shiba, Ja-
pan); no subjects were receiving anti-retroviral
therapy. All had normal hemoglobin concentration
and blood clotting time. Vaginal biopsies were
taken from the anterior, posterior, and right and left
lateral walls, approximately 5 cm below the poste-
rior fornix. All specimens were taken with informed
consent. HIV-seronegative control samples were
taken at necropsy from traffic accident victims. Se-
ronegative status was confirmed in all cases.

Light Microscopy
All specimens were fixed in 10% buffered forma-

lin, embedded in paraffin, and sectioned at 5 �m.
Sections were stained with hematoxylin and eosin
(H&E) for routine histological examination. Inflam-
mation was graded on a scale of 0–4 according to
the criteria outlined in Table 1.

Immunohistochemistry
Immunohistochemical staining for HIV gag p24,

CD1a, CD3, CD20, CD68, S-100, and p55 (amarker for
activated dendritic cells) was performed as described
elsewhere (13). For these experiments, working dilu-
tions of the primary antibodies were as follows: 1:5 for
HIV gag p24 (monoclonal, DAKO, Carpenteria, CA
and fromDr. Sata, National Institute of Health, Tokyo,
Japan), 1:4 for CD1a (monoclonal, Immunotech, Brea,
CA), 1:150 for CD3 (polyclonal, DAKO), 1:20 for CD20

TABLE 1. Pathological Scale for Grading Inflammation

in Vaginal Mucosa

Rating
No.

Rating
Label

Description

0 Normal
1 Minimal Scattered lymphocytes within lamina propria above

that usually observed in normal tissue.
2 Mild Small clusters of lymphocytes within epithelium

and lamina propria.
3 Moderate More extensive lymphocytic infiltration of lamina

propria and epithelium, with perivascular
accumulation, focal capillary extension into
epithelium, and focal breakdown of basal layer of
epithelium.

4 Severe Diffuse lymphocytic infiltrate in lamina propria and
epithelium, capillary extension into epithelium,
disrupted epithelial basal layer.
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(monoclonal, DAKO), 1:50 for CD68 (monoclonal,
DAKO), 1:200 for S-100 (polyclonal, DAKO), and 1:100
for p55 (monoclonal, DAKO). Sections cut at 5 �m
were subjected to microwave pretreatment for anti-
gen retrieval. Overnight incubation was used for p24,
CD1a, CD68, and p55, whereas other antibodies were
applied for one hour. The secondary antibody was
biotinylated horse anti-mouse antibody (Vector, Bur-
lingame, CA), followed by avidin-biotin-peroxidase
complex (Vector) and 3,3'-diaminobenzidine as the
chromogen.

A double-labeling technique was performed
based on a method described elsewhere (14) to
determine the identity of HIV-infected cells. The
biopsy from each case with the highest count of
p24-positive cells was used for double labeling. The
first primary antibody was HIV gag p24 stained as
described above. After washing, a second primary
monoclonal antibody (from those listed above) was
applied, followed by an alkaline phosphatase–con-
jugated goat anti-mouse IgG (Sigma, Singapore) for
30 min. The slides were then washed in NaHCO3

(pH8.3) for 10 min, followed by a 40-min incuba-
tion period with the alkaline phosphatase substrate
composed of 5-mg fast BBN salt, 100 �l dimethyl-
formamide, 1000 �l naphtholASMX alkaline phos-
phate solution (Sigma), 5 �l levamisole (1.0 M), and
4.9 mL 0.1 M Tris buffer (pH 8.2). The slides were
then washed in tap water for 10 min and mounted.
Controls included reversal of the chromogens for
reproducibility and omission of the second primary
monoclonal antibody to demonstrate that the sec-
ond labeling system did not react with antibodies
already present as part of the first stage.

Cell Counts
The number of Langerhans and dendritic cells

detected by S-100 immunostaining was determined
by counting the number of positive cells per 100
basal epithelial cells at 250� magnification by three
pathologists blinded to the patients’ HIV serostatus.
Although all biopsies were stained for S-100, CD1a,
and p55 to confirm the identity of LCs and related
histiocytes, S-100 immunostaining provided the
most consistent staining and was therefore used for
cell counting. Separate counts were performed for
epithelium and the lamina propria. The value ob-
tained was the average number of positive cells in
the 4 biopsies from each case. The same approach
was used to quantitate the number of HIV gag p24–
positive cells.

RESULTS

Vaginal Histology
HIV-seropositive tissues overall showed more in-

flammation than seronegative controls (Fig. 1). Cer-

tain biopsies showed a psoriasiform pattern of in-
flammation, with blood vessel extension into the
epithelial layer. Twenty of twenty-four vaginal bi-
opsies (83.3%) from HIV-seropositive cases re-
vealed inflammation Grade 2 and higher (see Table
2), whereas only five of twenty-four (20.8%) speci-
mens from HIV-seronegative cases demonstrated

FIGURE 1. Histologic appearance of vaginal mucosa. The degree of
inflammation varied from site to site in individual patients but tended
to be more severe in HIV-positive individuals. Illustrated here are A, the
more severe degree of inflammation in an asymptomatic seropositive
case showing diffuse lymphocytic infiltration of the lamina propria with
extension into the epithelium and B, the opposite end of the spectrum
in a seronegative case showing no inflammation (both H&E, 200�).

TABLE 2. Inflammation in Seropositive vs. Seronegative

Vaginal Tissue Specimens

Grade of
Inflammation

No. of Specimens (n � 24)

HIV Seropositive
Biopsies

HIV Seronegative
Biopsies

0 0 7 (from 3 patients)
1 4 (from 2 patients) 12 (from 4 patients)
2 11 (from 4 patients) 3 (from 2 patients)
3 6 (from 3 patients) 2 (from 1 patient)
4 3 (from 2 patients) 0
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the same degree of inflammation and the rest
showed minimal or no inflammation.

Concentration of Langerhans and Dendritic Cells
in Vaginal Mucosa

The values for the number of Langerhans and
dendritic cells in the vaginal epithelial layer and
lamina propria are shown in Table 3. The mean
number of Langerhans cells in the epithelium was
18 (range of 9–30) in the HIV-seropositive and 5.33
(range of 3–9) in the HIV-seronegative cases, which
was a statistically significant difference, with a P
value of .004 by Mann-Whitney U test. The mean
number of dendritic cells in lamina propria was
15.83 (range of 9–27) in the HIV-seropositive sub-
jects and 10 (range of 6–13) in the HIV-seronegative
subjects. This difference was not statistically signif-
icant (P � .104 by Mann–Whitney U test).

Concentration of p24-Bearing Cells in
Vaginal Mucosa

Eight of 24 biopsies demonstrated cells positive
for intracellular p24 in the range of 1–3 cells (mean
of 2 cells) per 100 basal epithelial cells while in the
lamina propria, 18 of 24 biopsies showed p24-
positive cells in the range of 1–10 cells (mean of 7.5
cells) per 100 basal epithelial cells. Considering all
six cases, at least one biopsy site revealed p24-
positive cells in the lamina propria, but two out of
six cases showed no p24-positive cells in the epi-
thelium. In addition, p24-positive cells were more
numerous in areas of greater inflammation. In the
epithelium, p24-positive cells had a dendritic mor-
phology and were located just above and between
the basal cells, whereas the positive cells in the
lamina propria were located within 100 �m of the
epithelium and many were adjacent to the base-
ment membrane of the epithelium, within papillae,
and around blood vessels. Up to 40% of positive
cells in the lamina propria showed dendritic mor-
phology (Fig. 2A). The remainder were mononu-
clear cells (lymphocytes and histiocytes). All sero-
negative biopsies were negative for p24 by
immunostaining.

Distribution and Reactivity of Various Markers in
Vaginal Mucosa

The majority of inflammatory cells in the epithe-
lium were dendritic cells by morphology and were
positive by immunoperoxidase for one or more of
S-100, CD1a, and p55, as shown in Table 4. Smaller
numbers of T-lymphocytes (CD3 positive) and a
few non-Langerhans histiocytes (CD68 positive)
were also present. T lymphocytes made up the
highest proportion of cells in the lamina propria,
although frequent dendritic cells and other macro-
phages were also detected. Only a few B lympho-
cytes positive for CD20 were observed in the lamina
propria.

Identification of p24-Bearing Cells by
Double Immunostaining

The majority of p24-positive cells in the epithe-
lium were also positive for CD1a (Fig. 2B–C), S-100,
and p55, whereas S-100�/p55� dendritic cells made
up about half of the p24-positive cells in the lamina
propria. Scattered p24-positive cells had the ap-
pearance of Warthin-Finkeldy–type giant cells;
these cells expressed S-100 and p55. CD1a-positive
cells were found mostly in the epithelium, with only
few positive cells in the papillae of the lamina pro-
pria. CD3� lymphocytes comprised about 50% of
the p24-positive cells in the lamina propria, but
these were not seen in the epithelium. Some
CD68�/p24� cells were also identified in both the
epithelium and the lamina propria. Considering the
total population of cells present, about 40% of the
LCs in the epithelium were p24-positive, whereas in
the lamina propria, about 60% of the LCs and re-
lated histiocytes were positive but only about 30%
of the T lymphocytes were positive.

DISCUSSION

In this study, we tested the hypothesis that Lang-
erhans and related histiocytes might constitute a
reservoir for HIV Subtype E in vaginal mucosa. Pre-
vious studies had shown increased transmissibility
of this subtype by heterosexual contact. We rea-

TABLE 3. Dendritic Cell Count in Vaginal Mucosa in HIV-Seropositive versus -Seronegative Cases

Case No.
HIV Seropositive HIV Seronegative

Epithelium Lamina Propria Epithelium Lamina Propria

1 21 18 9 11
2 30 12 3 12
3 9 9 5 6
4 12 11 4 9
5 20 27 6 13
6 16 18 5 9

Mean 18 15.83 5.33 10

Values represent the average number of dendritic cells per 100 basal cells from four different locations for each case, as assessed by S-100
immunostaining.
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soned that a vaginal mucosal reservoir with in-
fected Langerhans cells might help explain this ob-
servation. We tested this hypothesis by direct
examination of vaginal mucosal biopsies, an ap-
proach not previously reported. We noted that
there are HIV-positive cells in both the vaginal ep-
ithelium and lamina propria. Increased numbers
are associated with increased degrees of inflamma-
tion. HIV-positive cells in the vaginal epithelium
are mainly Langerhans cells, whereas those in the
lamina propria are mainly Langerhans-related den-
dritic cells and T lymphocytes.

Two main findings emerge from our study. First,
vaginal mucosa of seropositive asymptomatic pa-
tients shows a greater degree of chronic inflamma-
tion than seronegative controls (83% versus 21%).
Furthermore, this was the result of increased num-
bers of LCs and related dendritic cells, in addition
to lymphocytes. There was a significant increase in
the number of LCs in vaginal epithelium of HIV-
infected individuals compared with in the nonin-
fected controls. Interestingly, similar study using
cervical mucosa found the opposite result (15) with
significantly fewer LCs in HIV-positive patients
compared with seronegative controls. The absolute
numbers of cells in this study are lower, with only 1

and 2 LCs/100 basal cells in the HIV-positive and
negative groups, respectively, compared with 18
and 5 LCs/100 basal cells in the same two groups in
our study. Perhaps this reflects the patient popula-
tion (European versus Thai) or the site examined
(cervix versus vagina). Another possible factor may
be that the numbers of LCs in symptomatic indi-
viduals were found to be lower than in those who
are asymptomatic, and in our study we included
only asymptomatic patients. This may not be a
factor, however, because other studies using skin
biopsies have refuted any association between LC
density and stage of HIV clinical disease (16).

We also observed that the more intense the in-
flammation, the greater the number of HIV-positive
cells that were present. One possible explanation is
that inflammation predisposes the vaginal mucosa
to be an efficient host for infection with the virus. It
has been documented that a history of sexually
transmitted diseases, both ulcerating and nonulcer-
ating, as well as abnormal vaginal flora and bacte-
rial vaginosis, have been associated with increased
risk of HIV infection (17–21). In our study, four out
of six seropositive cases reported a history of a
sexually transmitted disease, although no patho-
gens could be identified at the time of biopsy in

TABLE 4. Distribution and Immunophenotype of Inflammatory Cells in Vaginal Mucosa of HIV-Seropositive Patients

Case No.
No. of Positive Cells in the Epithelium/Lamina Propria*

CD1a S-100 p55 CD68 CD3

1 8/0 18/1 1/3 6/7 8/10
2 9/0 20/8 2/10 5/9 5/11
3 7/1 3/7 0/3 1/4 7/13
4 8/0 1/1 1/7 1/6 3/15
5 5/0 8/4 1/5 2/5 1/10
6 6/1 13/6 3/11 1/8 1/15

* Determined by the number of immunopositive cells per 100 basal cells of the epithelium.

FIGURE 2. Immunohistochemical detection of HIV-1 gag protein p24 in seropositive vaginal mucosa. A, p24-positive cell showing dendritic
morphology (immunoperoxidase with 3,3'-diaminobenzidine, 1000�). B, double immunostaining showing Langerhans cells positive for CD1a
(brown) containing p24 gag protein in the cytoplasm (blue; immunoperoxidase for CD1a combined with alkaline phosphatase for p24; 1000�). C,
reversal of the chromogens showing, this time, Langerhans cells positive for CD1a (blue) with p24 gag protein in the cytoplasm (brown;
immunoperoxidase for p24 combined with alkaline phosphatase for CD1a; 1000�);
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cervicovaginal lavage samples. Not all potential
pathogens were tested for, including herpes sim-
plex and human papilloma virus (HPV). HIV-
seropositive women are more frequently infected
by HPV than are HIV-seronegative controls (22–24).
We have observed similar inflammation in HPV-
infected vaginal tissues (unpublished data), and
HPV may be one of the possible agents that causes
the vaginal mucosal inflammation in HIV-positive
patients. We also noted that infiltration of vaginal
tissue by inflammatory cells was associated with
breaks in the basement membrane. Loss of physical
integrity of the mucosal barriers, together with an
increase in the number of infected cells, could en-
hance the risk of heterosexual transmission.

The second main point from our study relates to
the location and identity of the cells infected with
HIV. From double immunostaining studies, we
found that there are different subsets of HIV-1 Sub-
type E–infected cells. The majority of HIV-infected
cells in the epithelium were Langerhans cells that
expressed CD1a, S-100, and p55 and were located
just above and in between the basal cells, with a few
cells migrating into blood vessels of the papillae of
the lamina propria. Although most of the cell infil-
trate in the lamina propria consisted of T lympho-
cytes, the HIV-infected cells in this region were
roughly an equal mixture of T cells and cells deter-
mined by morphology and immunophenotype to
be Langerhans-related dendritic cells. These cells
were S-100� and p55�, a pattern that is typically
associated with paracortical interdigitating den-
dritic cells and Langerhans cells (25, 26). Scattered
HIV-infected cells had a Warthin-Finkeldy-type gi-
ant cell morphology. These cells were also positive
for S-100 and p55, implying a relation to dendritic
cells. A similar observation was made in tonsils
from HIV patients, in whom these multinucleated
cells were positive for p24, S-100, and CD68 and
negative for CD1a, CD21, and EBV. The authors
concluded that these cells are a subtype of histio-
cyte related to LCs and dendritic cells, resulting
from HIV infection and not EBV (27).

In terms of the numbers of infected cells, we
found that 40–60% of the LCs and related histio-
cytes present in the biopsies were infected with
HIV, whereas only 30% of the T cells were. This
result suggests that LCs are more readily infected
with HIV at least in the early stages of the disease,
since our patients were all asymptomatic. A similar
study was done on skin biopsies from HIV-infected
patients and it was also found that one third to one
half of the LCs present were infected with HIV as
determined by p24 immunostaining (28). Another
study using skin biopsies found that only cells in-
fected with HIV were LCs and not T lymphocytes
(29). This result contrasts with ours, in which in-
fected T cells comprised ~50% of the infected cells

in the lamina propria. Whether this reflects a dif-
ference in viral subtype or a difference in the site of
the biopsy is unknown. We did not have available
for comparison biopsies from other mucocutane-
ous sites, such as skin, cervix, oral, or rectal mu-
cosa. Such specimens would be valuable in deter-
mining the number of HIV-infected cells and the
number of Langerhans cells present. In this way,
one could confirm whether there is a particular
susceptibility of vaginal mucosa to HIV Subtype E
or an increased susceptibility to infection because
of increased numbers of Langerhans cells in a set-
ting of inflammation.

A previous study compared vaginal biopsies from
patients infected with Subtype E and Subtype B (12).
Those samples were analyzed using a PCR-based
methodology (rather than immunohistochemistry) in
which lymphocytes and Langerhans cells were not
assessed separately; hence, a direct comparison with
the present study is not possible. Nevertheless, in that
study, vaginal biopsies from Thai women showed on
average a greater degree of inflammation and a higher
HIV load in vaginal epithelium when compared with
United States women infected with Subtype B. These
results suggest that vaginal mucosa is more easily
infected by Subtype E than Subtype B and that Sub-
type E infection is more often associated with inflam-
mation. It would be informative to analyze additional
samples from Subtype B infection using the approach
in this paper to immunophenotype, localize, and
quantitate the HIV-infected cells. In this way, it could
be determined whether there are increased numbers
of Langerhans cells in Subtype E compared with in
Subtype B and to determine what percentage of this
cell population is infected in each subtype.

Trafficking of lymphocytes and dendritic cells has
been well defined. From vaginal mucosa, primarily
Langerhans and dendritic cells but also lympho-
cytes migrate into the afferent lymphatics, where
they enter the lymph nodes through the subcapsu-
lar sinus and traverse toward the T-cell areas in the
paracortical regions. Whereas antigen-presenting
cells terminate here and present antigens, infected
mononuclear cells and free virus can leave through
the efferent lymphatics and disseminate widely. It
might be expected that any factor that results in
increased antigen presentation at the time of trans-
mission, for example, concomitant inflammation as
we found in this study, could result in more effi-
cient viral spread within an infected individual.
However, the presence of increased numbers of
antigen-presenting cells could have another conse-
quence. Our study has shown that these cells are
one of the main cell types infected with HIV Sero-
type E in vaginal mucosa and as such may serve as
a viral reservoir in asymptomatic patients. Con-
comitant inflammation of the mucosa may facili-
tate the spread of the cells and/or free virus to a
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sexual partner, in keeping with the increased trans-
missibility of Serotype E that has been reported by
heterosexual contact. It has been also shown in
vitro that LCs are efficiently infected with HIV in the
presence of CD40 ligand, which can be present on T
cells (30). Hence the combined presence of LCs and
T cells that we observed in the vaginal mucosal
biopsies may also provide a setting for increased
transmission of HIV. In vivo studies such as this one
allow examination at the tissue and cellular level to
further our understanding of the mechanism of HIV
transmission. This is needed to design appropriate
therapies as well as prophylactic vaccines directed
at the etiologic agent.
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