
7 Clin Pathol 1992;45:871-874

Demonstration of HIV-1 infected cells in human
placenta by in situ hybridisation and
immunostaining

E Backe, E Jimenez, M Unger, A Schafer, E Jauniaux, M Vogel

Abstract
Aims: To show the presence of HIV infec-
ted cells in the placentas and membranes
exposed to HIV during pregnancy, and to
trace the possible transmission routes
from mother to fetus.
Methods: Twenty three therapeutic abor-
tions and 11 term placentas were investi-
gated for the presence of HIV antigen by
immunostaining with HIV core protein
specific antibodies and HIV nucleic acids
by in situ hydridisation (ISH) with a
35S-labelled HIV specific RNA probe.
Results: HIV antigen as well as HIV RNA
positive cells were rarely found in pla-
cental tissue and membranes. In thera-
peutic abortions HIV antigen was shown
in 10 out of 23 placentas, HIV RNA in two.
HIV antigen was detected in five out of 11
term placentas and HIV RNA in two.
Infected cell types comprised syncytiotro-
phoblasts, Hofbauer cells, amnionic epi-
thelium, chorionic macrophages as well as
maternal lymphocytes in the intervillous
space and decidua.
Conclusion: These data suggest that the
transmission routes are: (1) a haematoge-
nous route from the maternal intervillous
space to villous stromal cells; (2) from
chorion laeve to amnionic fluid and vice
versa. Two additional transmission routes
are partly suggested by the data: (1) in
early gestation by direct extension from
basal decidua to budding trophoblastic
cells; (2) from the capsular decidua to
chorion laeve and chorionic plate, enter-
ing the fetal circulation via the small
veins.

(7 Clin Pathol 1992;45:871-874)

Most cases of paediatric HIV infection are the
result of vertical transmission from mother to
fetus.' The transmission rate varies from
13% 40%.23 HIV was detected in the fetal
tissues of second trimestar pregnancies48 as
early as the 15th week of gestation.9 This
suggests early transplacental passage of the
virus. Principally, the virus can cross the
placenta and, or, membranes with or without
infecting placental cells. Both possibilities have
been discussed.'o This study was undertaken
to investigate the placental cell types which can
be infected by HIV, thereby tracing possible
transmission routes, and to determine the
earliest occurrence and prevalence of placental
infection.

Methods
Eleven (10 African, one Belgian) term pla-
centas and 23 placentas obtained after thera-
peutic abortions (Berlin) from mothers
exposed to HIV were collected. The gestational
age of the fetuses ranged from six to 40 weeks.
Tissue was fixed immediately after birth or
abortion in 10% phosphate buffered formalin.
Routine macroscopic and microscopic exam-
ination according to the method of Kloos and
Vogel" was performed on all placentas. Posi-
tive control tissue consisted of lymph node
from an adult with HIV associated lym-
phadenopathy and human T cell lymphoma
cell line H9 infected with HIV (Professor
Pauli, Robert-Koch Institut, Berlin).

Negative controls comprised (a) for the
African/Belgian term placentas, two placentas
of HIV negative Belgian intravenous drug
abusers and five of HIV negative African
women; (b) for therapeutic abortions, the next
placenta of an uneventful pregnancy of the
same gestational age (matched pairs); and (c)
an HIV negative cell line. Multiple slides of
each tissue section were prepared for investiga-
tion by immunostaining and in situ hybrid-
isation (at least three slides for each method).

Formalin fixed, paraffin wax embedded
tissue was immunostained with two p24
(HIV core protein) specific monoclonal anti-
bodies (anti-p24, M 847 Dako, Denmark;
anti-p24 Du Pont, Dreeich, Germany) by the
alkaline phosphatase-antialkaline phosphatase
(APAAP) method, as described by Cordell et
al,'2 with the following modifications: slides
were incubated with normal rabbit serum prior
to the primary antibody and washing was
generally performed with high ionic strength
TRIS-buffer (2-5% NaCl) to reduce back-
ground staining. Incubation with the primary
antibody was for one hour. Slides were devel-
oped with Fast Red or Neufuchsin substrate.

In situ hybridisation was performed accord-
ing to the method of Spiegel et al, 3 A 35S
labelled probe (NEP 200, Du Pont) with a
specific activity of more than 109 decays a
minute (dpm)/,ul, and recognising over 2000
nucleotides, including the env (envelope) and
tat (transcriptional activator transacting)
genes, was used. For formalin fixed sections,
about 106 dpm were applied per slide. As a
specificity control the 35S labelled control env
sense probe (P4045, Dianova, Hamburg, Ger-
many) was used. After hybridisation and exten-
sive washing, slides were dipped in Ilford G5
solution, exposed for 10 days and developed.
Each staining/hybridisation step included pos-
itive and negative controls.
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Results
Routine morphological placental examination
showed no differences between the HIV
exposed placentas and controls; the rate of
chorioamnionitis and villitis was no different.
HIV antigen as well as HIV RNA positive cells
were rarely found in placental tissue and
membranes. In therapeutic abortions HIV
antigen was shown in 10 out of 23 placentas,
HIV RNA in two out of 23 placentas (table 1).
In those two cases we also detected p24
antigen positive Hofbauer cells. In term plaen-
tas we found HIV antigen in five out of 11 and
HIV RNA in two out of 11 cases. HIV antigen
and HIV RNA were most often found in
placental macrophages (Hofbauer cells; figs
1-3). HIV RNA was also found in cells near
the villous surface, corresponding to the syncy-
tiotrophoblastic layer (fig 4). Two p24 positive
birth placentas also contained HIV RNA
positive cells in amnionic epithelium and
chorion laeve, respectively (table 2) (figs 5 and
6). Additionally to the HIV RNA positive cells
in the fetal compartment two placentas con-
tained HIV RNA positive maternal lym-
phocytes in the intervillous space or a decidual
lymphocyte (figs 7 and 8). HIV antigen and
HIV RNA were detected as early as the 10th
week of gestation.
None of the negative control specimens

showed labelling with 35S labelled HIV env
specific probe, nor did the HIV positive tissue
react with the 35S labelled sense probe. In HIV
negative placentas no unspecific APAAP stain-
ing reaction was shown on stromal cells or
intravascular cells with the p24 antibodies, but
in some cases weak staining occurred in
trophoblast and decidual cells.

Discussion
In our study HIV antigen as well as HIV RNA
positive cells were very rarely found in pla-
cental tissue. Our findings confirm that HIV
can infect placental cells and infection can
occur early in pregnancy. Sites of infection
included villi (Hofbauer cells, trophoblasts),
amnionic epithelium, chorion laeve, as well as

Table 2 Localisation ofHIV infected cells in the placenta

Abortions Term placentas

Localisation HIV antigen HIV RNA HIV antigen HIV RNA

Hofbauer cells 10 0 5 0
Syncytiotrophoblasts 0 1 0 0
Chorion laeve 0 0 0 1
Amnionic epithelium 0 0 0 1
Decidua 0 1 0 0
Intervillous space 0 1 0 0

intervillous space and decidua (lymphocytes).
Immunostaining detected higher numbers of

positive Hofbauer cells than in situ hybrid-
isation. This agrees with published findings
which describe a greater number of p24
antigen positive cells compared with HIV RNA
positive cells in the intestinal epithelium of
HIV positive adult.'4 There may be several
reasons for this. On the one hand, the discrep-
ancy may be caused by methodological prob-
lems-loss of RNA because of its extreme
lability. On the other hand, not all p24 antigens
demonstrated in placental macrophages may
be part of replicating virus.
There are discrepancies among authors con-

cerning the cell types infected with HIV:
placental macrophages, trophoblasts, endothe-
lial cells, and decidual cells. Positive Hofbauer
cells were found by Brady et al, 5 by immuno-
staining and by Lewis et al'6 by immunostain-
ing and in situ hybridisation as in this study.
HIV infection of macrophages can occur via
CD4 or Fc-receptors.'7 Both receptors were
found on Hofbauer cells.'8"" HIV positive
trophoblastic cells were found by these authors
as well as Chandwani et al.20 Syncytiotropho-
blasts may be infected by several mechanisms.
They are known as Fc-receptor bearing cells
able to phagocytose.2' Epithelial cells of rec-
tum and thyroid were also CD4 positive.22
Unlike Lewis et al we could not find HIV
infected endothelial cells which could have an
important role in the transportation of virus to
the fetal circulation.
An interesting new finding in our study was

the presence of HIV positive cells in the
amnionic epithelium and chorion laeve. The
HIV positive cell in the chorion laeve was not
clearly identifiable but was probably a macro-
phage. Thus the most likely mechanisms of
entry of the virus into the amnionic epithelium
is by phagocytosis of infected amnionic fluid.
Infection of amnionic fluid was described by
Mundy et al.23 This route of infection is
indirectly supported by the well known fact
that meconium in amnionic fluid can be
phagocytosed by the amnionic epithelium and
later transported to deeper layers of the mem-
branes by macrophages. Less likely, but theo-
retically possible, is a transport of virus in the
opposite direction, as known from infections
where bacteria and granulocytes reach the
amnionic fluid via decidua and fetal mem-
branes. In this context it seems remarkable that
two cases of our African collection (n = 10)
had HIV infected cells in the membranes while
*there were none in the Berlin fetal collective.
This corresponds to the finding of Kreiss et
al,24 who showed the presence of HIV in the
genital ulcers of seropositive patients, which
might be one of the causes of heterosexual
transmission in Africa. On the maternal side
we found an HIV infected lymphocyte in the
intervillous space and one in an aggregate of
decidual lymphocytes. This is well in line with
the presence of HIV infected cells in the
endometrium, as shown by Peuchmaur et al.25
From this site the virus may enter the invading
trophoblast as postulated by Werner et al to
cause Toxoplasma gondii infection during the

Table 1 Demonstration of HIV antigen and RIV RNA in placentas

Week

6 8 10 12 15 16 18 19 20 21 23 25 26 37 38 39 30

Number of placentas
HIV RNA positive
HIV antigen positive
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Figure 1 p24 antigen positive placental macrophage (Hofbauer cell) in a term placenta (APAAP).
Figures 2 and 3 HIV infected macrophage in a placenta of the 23rd week ofgestation; in the adjacent cell a weak
positive signal (ISH).
Figure 4 HIV infected cell near the vilous surface in a placenta of the 10th week of gestation (ISH).
Figure S HIV infected cell in the amnionic epithelium of a term placenta (ISH).
Figure 6 HIV infected cell in the chorion laeve next to probably a phagocytic cell with single grains (ISH).

.- `. ..F, -2;i

.1. -
...I

Figure 7 HIV infected cell in the chorion laeve next to
probably a phagocytzc cell with single grains (ISH).
Figures 8 and 9 Decidua (7th week of gestation) with
follicular lynmphocytic infiltration. At the periphery, an
HIV infected cell of possibly lymphocytic orzgin (ISH).
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first trimester.26 Unlike Lewis et al, we did not
find HIV infected cells in the fetal circulation.
Our findings, however, agree with published
findings as the prevalence of HIV infected
peripheral blood lympyhocytes is 1:1000 to
1:10000.27 In contrast to all the other studies
mentioned above, Peuchmaur et al could nei-
ther demonstrate HIV antigens in 30 term
placentas and 45 induced abortions nor HIV
RNA in the three cases he investigated by in
situ hybridisation.28
As well as implicating the transplacental

passage of HIV during a viraemic episode29
without infecting placental cells our study also
suggests two transmission routes: (1) the hae-
matogenous route from the maternal inter-
villous space to villous stromal cells; (2) from
chorion laeve to amnionic fluid and vice versa.

Furthermore, our findings point to two addi-
tional transmission routes which are partly
supported by our data: first, in early gestation,
by direct extension from basal decidua to
budding trophoblastic cells, and secondly,
from the capsular decidua to chorion laeve and
the chorionic plate, entering the fetal circula-
tion via the small veins.
HIV antigen as well as HIV RNA can be

detected in first trimester placental cells. This
finding is also supported by in vitro stud-
ies. 180 31 In contrast to the very early positivity
of placental cells, HIV was shown in the fetus
by (PCR) no earlier than the second trimes-
ter.4 689 This may be explained by a long
latency period of HIV infection in placental
macrophages because silent HIV infections can

last for several years in macrophages until virus
replication is activated by cytokines or coinfec-
tions.32 HIV infection of the fetal placenta,
therefore, does not necessarily result in infec-
tion of the fetus itself.
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