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Detection of HIV genome in HIV antibody negative
men
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SUMMARY The presence of the human immunodeficiency virus (HIV) genome was investigated by
applying in situ hybridisation techniques to peripheral blood mononuclear cells (PBMCs). Twenty
asymptomatic anti-HIV seronegative homosexual men were the subjects of our study. The cells were
hybridised with: (1) an SP 64 plasmid containing the nine-kilobase SstI-SstI viral insert from the
lambda BH 10 recombinant clone; this can recognise both viral RNA and proviral DNA, and (2) with
a pAOl plasmid containing HBV DNA genome. The DNA probes were modified by inserting an
antigenic sulfone group in the cytosine moieties and the visualisation was performed by a double
antibody immunohistochemical reaction. In two subjects both the HIV genome and HBVDNA were
detected whereas another two subjects were positive for HBV DNA and for the HIV genome
respectively. Thus people who are seronegative for anti-HIV specific antibodies may be infected with
HIV.

HIV infection is transmitted by whole infected blood
or blood products and by both homosexual and
heterosexual intercourse. Heterosexual transmission,
both female to male and male to female, is not
uniformly distributed in Europe and Africa. Among
homosexual men the spread of the virus is well
documented and associated both with the number of
sexual partners and the practice of receptive or
insertive anal intercourses.'2 Several epidemiological
and clinical observations support the existence oflong
latency, recently estimated to be in the range of four
years before seroconversion,34 characterised by low or
absent viral expression and absence of detectable
specific antibodies. During this long period oftime the
infected subjects may represent a potential source of
transmission because they may continue to donate
blood for transfusion and have unprotected sexual
intercourse. In this situation the diagnosis based on
the detection of anti-HIV antibodies may not identify
all the infected persons.5 The aim of our investigation
was to detect both HBV DNA and HIV genome by in
situ hybridisation in peripheral blood mononuclear
cells of asymptomatic seronegative homosexual men
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as an alternative to virus isolation, antigen-capture
assay and detection ofcore antigen p24 in serum. HBV
DNA was used to investigate the relationship between
HIV and HBV expressions at cellular level in patients
at risk for AIDS.

Material and methods

PATIENTS
Twenty asymptomatic homosexual or bisexual volun-
teers aged 27-55 years who in the last two years had
had unprotected sexual intercourse with several part-
ners were included in our prospective study. All the
subjects were selected from a cohort of 368 patients
attending the Sexually Transmitted Diseases Clinic of
our Public Health Service from January to June 1988.
None had used intravenous drugs. Data on sexual
activity and past sexually transmitted diseases were
available at admission. All the homosexual men were
interviewed according to a detailed standardised ques-
tionnaire administered by expert interviewers.

SEROLOGICAL ANALYSIS
Hepatitis B virus antigens (HBsAg, HBeAg) and
antibodies (anti-HBs, anti-HBc, anti-HBcIgM and
anti-HBe) were evaluated by radioimmunoassay
methods (Abbott Laboratories and Sorin Biomedica).
The presence ofHIV-1 antigen and antibodies to HIV-
1 were investigated by ELISA (Dupont and ELAVIA
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Ac-Ab-Ak-I); the antibodies to anti-HIV 1 were
confirmed by Western Blot (LAV BLOT I Pasteur).
Antibodies to CMV and HSV2 were measured by
ELISA (ELISA CMV IgG Sclavo and Herpes simplex
2 IgG Ismunit). For identification of Neisseria gonorr-
hoeae the urethral samples were examined by Gram
stain and then cultured on both selective and non-
selective media. The confirmation of positivity was
performed by identification of oxidase-positive colon-
ies and fermentation tests (Neisseria, Pasteur).
Antibodies to Treponema pallidum were estimated
by the haemagglutination reaction (TPHA-test
Boehzinger). The identification of cardiolipin antigen
was performed by microflocculation reaction
(Microgen Sclavo).

CELLS
Peripheral blood mononuclear cells were separated
from heparinised blood samples on Ficoll-Hypaque
gradients. Most of the cells were removed at the
serum-density gradient interface, washed three times
in RPMI 1640 and resuspended at a concentration not
exceeding 1 x 105/ml. The total T cell count and T4/
T8 phenotypes were determined by indirect immuno-
fluorescence using OKT3, OKT4, OKT8 and fluores-
cein isothiocyanate (FITC) F(ab)2 anti-mouse frag-
ment (Ortho) and examined with a UV Nikon
apparatus according to our current procedure. Sam-
ples of 10 cells were cytocentrifuged on to microscope
slides, air-dried, fixed in acetone for 5 minutes and
then stored at - 20°C until used for hybridisation.
HIV infected and non infected H 9 T cell culture lines
were cytocentrifuged and fixed as described above.

IN SITU HYBRIDISATION
Three different probes were used for the hybridisation
reactions: (a) an sp 64 plasmid containing the nine-
kilobase SstI-SstI viral insert lambda BH 10 corre-
sponding almost to the entire HIV genome, lacking
180 base pairs of the 5' long terminal repeat (LTR)
sequence;67 (b) the whole HBV genome, approx-
imately 3.3 kb long, purified from plasmid pA01,S (c)
the pBR322 plasmid lacking any viral insert. The
hybridisation reaction was carried Qut according to
the method previously described.9 Briefly the three
double stranded heat denaturated DNA probes were
labelled by incorporation of an antigenic sulphone
group into the cytosine residues (Chemiprobe, Orgen-
ics). All the cytocentrifuged PBMCs were treated at
80WC for 5 minutes to inhibit endogenous alkaline
phosphatase and then overnight at 37C with 20-30 p1
of hybridisation solution (2X sodium citrate buffer,
50% deionised formamide, 10% dextran sulphate and
DNA at a final concentration of 5.59 ug/ml). The
immunological visualisation was performed by a
double antibody system using firstly a specific mono-

clonal antibody to the sulfone group and then an
alkaline-phosphatase conjugated anti-mouse
antibody. The nitro blue tetrazolium, used as
chromogenic substrate, was converted into an insolu-
ble dye. The precipitates showed the location of the
immune reaction and indicated exactly the presence of
sulphonated DNA. All the samples were treated with
the three DNA probes and with the hybridisation
mixture lacking probes.

CONTROLS
The specificity of the hybridisation reaction was
proved by positive and negative controls. The negative
controls included: (a) HIV infected H 9 T cell culture
hybridised with the HBV DNA probe and with the
pBR322 plasmid lacking any viral insert; (b) H 9 T cell
culture lines hybridised with all the three probes; (c)
peripheral blood mononuclear cells from 20 healthy
selected heterosexual men aged 25-40 years hybridised
with all three probes. As positive controls we used: (a)
HIV infected H 9 T cell culture lines hybridised with
the SP 64 plasmid containing the HIV viral insert; (b)
liver sections from HBsAg/HBeAg positive patients
affected by chronic active hepatitis not at risk for
AIDS.

Results

On serological analysis all the subjects were negative
both for anti-HIV antibodies (ELISA confirmed by
Western Blot) and serum HIV-1 antigen. Nine of 20
subjects were immune to HBV (anti-HBs, anti-HBc
and anti-HBe positive), three were reactive to HBsAg,
and HBeAg and eight were susceptible to HBV
infection. Ten subjects were positive for anti-HSV 2
and 16 for anti-CMV. Evidence of current infection
with gonorrhoea and current or past infection with
syphilis was present in five and eleven subjects respec-
tively (table). The T4/T8 ratio ranged between 0.75-
2.25 (mean 1.4). The HIV infected H 9 T cell culture
hybridised with the SP 64 plasmid containing viral
insert lambda BH 10, showed an intracytoplasmic
granular staining. In some cases also a nuclear gran-
ular staining was observed perhaps suggesting the
presence ofproviral DNA. The H 9 non infected T cell
culture and cells from selected heterosexual blood
donors were negative with the three probes. The same
negative pattern was observed in the cells from all the
subjects when treated with the hybridisation mixture
lacking probes or containing pBR322 plasmid lacking
viral insert (fig 1). Liver biopsy sections obtained from
three patients affected by chronic active hepatitis but
not at risk for AIDS, showed intracytoplasmic gran-
ular staining only when hybridised with the HBV
DNA probe.
Three subjects exhibited a positive reaction after
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Table Correlation between sexually transmitted diseases, presence ofantibodies and in situ hybridisation

Sexually transmitted diseases Antibodies in situ hybridisation

N Syphilis Gonorrhoea anti-HBc anti-HSV2 anti-CMV HBV HIV

1 + + _
2 - - + - - _ _
3 + + - + + _ _
4 + - + + + + +
5 + - + + + _ _
6 - - + + + _ _
7 - - - - + _ _
8 + + + - + - +
9 + - + - + _ _
10 + - + + + _ _
11 - - + - + - -
12 - - + - _ _ _
13 + + + + + + +
14 + - - - + + _
15 + - + - + _ _
16 - - - + _ _ _
17 - - + + + - -
18 + - + + - - -
19 - + + - _ _ _
20 + + + + + - -

Total 20 11 5 17 10 16 3 3

Abbreviations: - = negative; + = positive; anti-HBc = antibody to Hepatitis B core; anti-HSV2 = antibody to Herpes simplex 2; anti-
CMV = antibody to cytomegalovirus

hybridisation with SP 64 plasmid containing HIV
viral insert (table, cases no 4, 8,13) and HBV DNA
probe (table, cases no 4, 13, 14). The T4:T8 counts of
those with positive reaction for HIV genome were
respectively [8; 1-3; 1-4. The HIV genome sequences
were visualised in the cytoplasm of mononuclear cells
as a granular staining, thus indicating viral replication,

$ 4
k

in some cases a nuclear positivity was also observed
(figs 2, 3). In all three cases the number ofcells showing
hybridisation with HIV ranged between 0-1-1%.
Moreover the signal intensity was different from cell to
cell. In some cells a strong staining reaction was found
suggesting the presence of many viral genome copies
whereas in others there was only a very low signal

Fig 1 Peripheral blood
mononuclear cellsfrom an anti-
HIV sero-negative homosexual
man treated with hybridisation
mixture containingpBR322
plasmid lacking viral insert. The

'.. .... ......4° same pattern ofunstained cells
was observed with a
hybridisation mixture lacking
probes. All cells are unstained.
(x 500)
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'1 Fig 2 Peripheral blood
mononuclear cellsfrom an anti-
HIV sero-negative homosexual
man hybridised with HIVprobe
(case no 4). A negative cell
showing details consistent with
that ofa monocyte is shown.

$ + Positive cells resembling
llymphocytes with
intracytoplasmic and nuclear

A * t | granular staining are also
demonstrated (arrows). All cells
are unstained. (x 1000)

A~

Fig 3 Peripheral blood
mononuclear cellsfrom an anti-
HIV sero-negative homosexual

t man hybridised with HIVprobe
(case no 8). A well defined
granular staining at nuclear and
intracytoplasmic level ofcells
resembling lymphocytes is
shown. All cells are unstained.
(X 5O)
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Fig 4 Peripheral blood
mononuclear cellsfrom an anti-
HIV seronegative homosexual
man hybridised withpAQI
plasmid containing the whole
HBlVgenome. The stained cells
showed morphological details
consistent with that of
lymphocytes and monocytes
(arrows). All cells are unstained
((a) x 500, (b) x 1000)
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intensity. In three cases the presence of HBV DNA
was observed in the cytoplasm ofmononuclear cells as
a granular staining suggesting the presence of viral
replication. Some of these cells exhibited mor-
phological details consistent with that of monocytes
(fig 4). In all three cases the proportion ofinfected cells
was less than 0-1%. Two out of the three positive
subjects were anti-HBs positive and one (case no 14)
was positive only for anti-HBc.

Discussion

There is a great need to verify the possible existence of
a prolonged asymptomatic carrier state in HIV infec-
ted subjects. Viral genetic information is integrated in
the genome of HIV-infected cells and only one in
I10-105 cells express virus at any given time whereas
perhaps one in ten might be latently infected."'2 Since
the virus is not actively making proteins, DNA
detection is the only method that can identify HIV
infection. We studied 20 sexually active homosexual
men with multiple partners to investigate the presence
of latent HIV infection in circulating lymphocytes.
The presence ofHIV infected cells was observed in the
subjects with higher sexual risk and with past episodes
of syphilis and gonorrhoea. The in situ hybridisation
method is very useful for the detection of latent HIV
infection; it gives qualitative information and
accurately reflects the distribution of HIV genome
within the.cells. The HIV genome sequences were
located in the cytoplasm and sometimes in the nucleus
because the probe lambda BH 10 is able to recognise
both RNA and proviral DNA. Moreover the in situ
hybridsation could be correlated and used to com-
plement the "Polymerase Chain Reaction" technique,
especially when the number ofviral genome copies per
cell.is very low.3 14 Ranki et a'5 found HIV p24 antigen
in sera, from the seronegative sexual partners of HIV
seropositive men, 6-14 months before overt serocon-
version.

Recently we detected HIV genomes in peripheral
blood mononuclear cells from seronegative regular
sexual partners of HIV infected subjects using the in
situ hybridisation method.'6 We were unable to detect
HIV p24 antigen because sufficiently high levels of
antigen are only present transiently. Our findings are
consistent with the long latency of HIV and could be
relevant to the uncontrolled spread of HIV among
homosexual men. Follow-up will be important to
check when or whether they become anti-HIV
positive.
The finding of HBV DNA in both anti-HBs and

anti-HBc subjects was not completely unexpected.
Previous studies have shown that HBV may infect and
replicate in pancreatic acinar cells," bone marrow

cells,'8 and also in peripheral blood mononuclear cells

of anti-HBs, anti-HBc positive patients infected with
HIV.'9̀" Moreover the HBV infection in these subjects
may play a key role as a potential cofactor facilitating
the further development of AIDS, as already sugges-
ted for cytomegalovirus and Epstein-Barr virus.2' In
conclusion active homosexual and bisexual men are at
risk of acquiring HIV infection and the failure to
detect specific antibodies to anti-HIV should not
exclude HIV infection.
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