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Human immunodeficiency virus-l infection in spouses of
seropositive individuals
J. NANDI, K. BANERJEE, M. THAKAR, V. BHAVALKAR, J. RODRIGUES

ABSTRACT
Background. Unprotected sex can lead to transmission

of the human immunodeficiency virus-1 (HIV-1) to the
spouse of an infected individual. We studied the incidence
of HIV-1 infection in the spouses of cases diagnosed to
have HIV-1 infection by serology and the polymerase chain
reaction (PCR).

Methods. Blood samples collected from 9 index cases
and their respective spouses were tested for HIV-1 infection
by ELISA, Western blot (WB) and PCR as well as from 10
healthy individuals with no high-risk behaviour. DNA
extracted from both plasma and peripheral blood mono-
nuclear cells was amplified by PCR, using multiple primer
pairs for distinct regions of the HIV-1 genome. Specificity of
the PC~ product was demonstrated by hybridization to an
oligonucleotide probe.

Results. All the index cases which were seropositive
by ELISA and WB were also positive by PCR of plasma
extracted DNA. Eight of the spouses were seronegative.
Of these seven were positive by PCR-one spouse was
negative by ELISA but showed a p55 band on WB and was
positive by PCR. One spouse was negative by serology and
PCR. The spouse belonging to the lone concordant couple
was positive by serology and PCR. Except for one index
case, PCR signals were obtainable only from DNA extracted
from plasma but not from the DNA extracted from peripheral
blood mononuclear cells. The control samples were nega-
tive by serology and PCR.

Conclusion. It is possible to detect HIV-1 infection
by PCR using DNA extracted from plasma even when the
individuals are negative by ELISA and WB. It can help in
the early counselling of HIV infected persons and their
spouses.
Natl Med J India 1993;6:156-9

INTRODUCTION
There are several reports which suggest a rising incidence of
HIV -1 infection in India 1-4 and epidemiological studies
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indicate that the transmission is mainly heterosexual. q The
evidence to support bi-directional transmission includes
isolation of the virus from the semen and vaginal secre-
tions.s? We studied the heterosexual transmission of HI V-I
infection among the spouses of symptomatic and asymptomatic
seropositive individuals who had a history of exposure.

SUBJECTS AND METHODS
Blood samples were collected from 9 index cases (defined as
the marital partner first found to be seropositive) and their
respective spouses. The HIV -1 serological status of the index
cases was known when their spouses were tested for HIV-l
antibodies by ELISA and WB. Informed consent was
obtained from the subjects and complete confidentiality
was maintained. Blood samples were also collected from
10 healthy persons with no high-risk behaviour and these
served as controls. All samples were also tested for HIV-l
infection by PCR using multiple primer pairs from conserved
regions of gag, pol and env.

Subject profile
Of the 9 couples studied, only 1 was a serologically 'con-
cordant' couple (i.e. both partners were serologically positive)
while the other 8 couples were serologically 'discordant' (one
partner was seropositive while the other was seronegative). 10.11

Among the 9 index cases, there were 8 males and 1 female.
Of the males, 2 were referred from sexually transmitted
disease clinics. All of them gave a history of exposure and
had visited female sex workers several times. The lone
female index case did not give any history of promiscuity or
blood transfusion. Seven out of the 9 index cases were
asymptomatic. Of the other 2, one had cervical and axillary
lymphadenopathy, diarrhoea, paraplegia and pulmonary
tuberculosis and one had generalized lymphadenopathy,
marked weight loss and acute cerebellar ataxia. All the
spouses were asymptomatic.

The age of the index cases and their spouses varied from
21 years to 35 years (mean age: 26 years), thus forming a
young, sexually active group. They were all completely
unaware of AIDS and its related aspects including the trans-
mission of the infection and were practising unprotected sex.
None gave a history of blood transfusion.

Analysis of samples
All the 18 test and 10 control samples were tested by PCR for
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HIV-1 infection. Multiple sets of primers (Table I) from
conserved regions of gag, pol and env were used.P From the
gag region, another primer pair SK 38/39 was also used; this
is a highly specific primer pair for HIV -1.13Oligonucleotide
probes, complementary to the three regions of gag, pol and
env were also synthesized (Table I). The primers and probes
were synthesized in an automated DNA synthesizer (Gene
Assembler Plus, Pharmacia, Sweden) by phosphoramidite
chemistry." The probes were subsequently labelled with
gamma 32P_ATP (from the Bhabha Atomic Research
Centre, Bombay) using T4 polynucleotide kinase (from
Bangalore Genei, Bangalore).

Extraction of DNA for PCR was carried out from both
peripheral blood mononuclear cells (PBMC) and plasma. 15
2 x 106 PBMC and 400 p.1 of plasma were used for extraction
which was done by the phenol/chloroform method," after
proteinase K (60fLglml) and Triton-X (0.5%) treatment. The
DNA was dissolved in 60 fLl of double distilled water. To
ensure that there was enough DNA in the preparation
for amplification, the absorbance at 260 nm was measured
spectrophotometrically.'? The range of absorbance varied
from 0.349 to 0.567. The assay volume for PCR was 100 fLl,
containing Tris-CI buffer (pH 8.3), 2.5 mM MgCI2, 50 mM
KCI, 200 t-tM each dNTP and 2.5 units of Taq polymerase
(Promega or Perkin-Elmer, USA). Thirty microlitres of
target DNA was added and the PCR was carried out in a
thermal cycler (Perkin-Elmer, USA). The PCR parameters
were denaturation at 94°C for 2 minutes, primer annealing
at 55 "C for 2 minutes and primer extension at 72 "C for
2 minutes for 40 cycles.

The PCR products were analysed by agarose gel electro-
phoresis (3% Nusieve agarose, FMC Inc., USA) followed by
ethidium bromide (EtBr) staining. Alternatively, 10%
polyacrylamide gel electrophoresis (PAGE) was carried out
followed by silver staining for nucleic acids." This method is
not commonly used for the size-specific analysis of the PCR
product but is a more sensitive technique, particularly when
the concentration of DNA is less than 1 ng. For PCR assay,
positive and negative controls were run.The positive control
was DNA isolated from post-mortem samples of the brain
and lymph node of a patient who had presented with AIDS-
related dementia. The negative control was DNA isolated
from the PBMCs and plasma of healthy individuals with no
risk behaviour. A second negative control was the reagent
negative which had all the reagents of the PCR assay except
the target DNA. To avoid DNA carry-over and contamina-
tion leading to false-positive PCR signals, precautions such
as separation of pre- and post-PCR work areas, adding the
target DNA last to the assay mix with a positive displacement
pipetter (Microman, Gilman, France) were taken. The gels
were always run with DNA size markers (OX 174 RF HaeIII
digest from Bangalore Genei or Boerhinger Mannheim,
Germany).

Authenticity of Hl.Vvspecific amplification of the PCR
product was established by liquid oligomer hybridization
studies. The PCR product (10 t-ti)was hybridized at 55°C for
30 minutes with the labelled probe for the respective regions.
For instance, to analyse a PCR target amplified using the pol
primer pair, the PCR product was hybridized with a gamma
32P-Iabelled pol probe, the sequence of which was internal to
the amplified sequence. 2 (Jolof the probe with a specific activity
of about 1x 105cpmrul was used. The hybridized sample was

TABLEI. Oligonucleotide sequences of primer pairs and probes

Primer Sequence (5'-3') Amplified
fragment
size

From poi region
Primer 1 (+)
Primer 2 (-)
Probe 1

From gag region
Primer 3 (+)
Primer 4 ( -)
Probe 2

TACAGGAGCAGATGATACAG
CCTGGCITI AA 1TITACTGG 266 bp
GGAAACCAAAAATGATAGGG

GAAGGCTTTCAGCCCAGAAG
TCTCCTACTGGGATAGGTGG 290bp
ACCATCAATGAGGAAGCTGC

From gag region-SK 38/39
Primer 5 (+) ATAATCCACCT ATCCCAGTA
(SK38) GGAGAAAT

Primer 6 (-) TTTGGTCCTTGTCTT ATGTC 124bp
(SK 39) CAGAA TGC

Probe 3 ATCCTGGGA IT AAA TAAAAT
(SK19) AGTAAGAATGTATAGCCCTAC

From env region
Primer 7 m (+)
Primer 8 (-)
Probe 4

CACAGTACAATGTACACATG
ACAGTAGAAAAATTCCCCTC
AAATGGCAGTCTAGCAGAAG

435bp

electrophoresed on a 10% PAGE and auto radiographed for
16 hours at -70°C.

ELISA was performed using the Vironostika kit (Organon
Teknika, Belgium) and the WB was done with a kit manufac-
tured by DuPont, USA. The positivity for WB was scored
according to the World Health Organization guideline:
presence of at least 1 band from the env region and 1 band
from the gag or pol regions. The presence of only 1 band was
scored as indeterminate.

RESULTS
The comparative evaluation of serological studies and PCR
assay for detection of HIV-1 infection in 9 index cases and
their respective spouses is presented in Table II. All the
index cases were positive by ELISA and WB. The spouses
of cases I to VIII were negative by ELISA. The WB was
indeterminate in the spouse of index case III as the serum was
reactive to p55 only. Index cases I to VIII and their spouses
were discordant. The spouse of index case IX was positive by
both ELISA and WB-the only concordant couple. All the.
control samples were negative by ELISA and WB.

When DNA extracted from PBMC was tested, the PCR
signals were negative in all the subjects except in index case
IX. However, when DNA extracted from plasma was used,
all the subjects (except the spouse of index case VIII) had
positive PCR signals, especially with the pol primer pair. She
was the only one who was negative for all tests for HIV~1
infection-ELISA, WB, PCR using DNA extracted from
either PBMC or plasma using all the primer pairs. In 4 index
cases (II, III, V and VI) and 3 of the spouses (II, III and V),
the PCR signals with DNA extracted from plasma were posi-
tive for all the primers tested. Index cases I, VII, VIII and IX
and their spouses gave negative signals with the gag (SK
38/39) primer pair though they gave positive signals when the
gag primer pair from another region was used (Table II).
Only index case VII and the spouse gave a negative PCR signal
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TABLEII. Results of ELISA, WB and PCR in the index cases
and spouses

Case No Age/Sex ELISA WB PCR Remarks
pol gag SK 38/39 env

I
Spouse

II
Spouse

III
Spouse

IV
Spouse

V
Spouse

VI

Spouse

VII
Spouse

VIII
Spouse

IX

Spouse

301M
251F

331M
301F

291M
261F

211M
211F

241M
221F

281F

ND-
NO-

+ STD+
+ -
+ -
+

NO STD +
NOt

+ tt
+ -
± No

exposure
+ -

NO STO+
NO-

+ + + +
+ +

+ + +
+ +

+ + +
+ +

+ + +
+ +

+ + +
+ +

+ + +

+
+
+
+
+
+
+
+
+

+

+

+

+

+

311M

351M
301F

361M
32IF

221M

+
+ +

+ +
+

+ + + + -+

+ + + + + Only con-
cordant
couple

+ -201F + + + +

STO sexually transmitted diseases • indeterminate, reactive with p55 only
t positive with hybridization HIV probe SK !9 tagged with 32p

tt couple had a one-year-old male child who was HIV -positive by ELISA and WB

with pol primers, which was otherwise shown to be a specific
primer pair. The spouse of index case VIII, who was negative
by all other tests was also negative for plasma DNA-PCR
using pol primers. All the control samples gave negative PCR
signals with DNA extracted from either PBMC or plasma,
using all the primer pairs (gag, pol and env primers).

The PCR products were next subjected to liquid oligomer
hybridization using 32P-Iabelled synthetic oligonucleotide
probes. Figures 1a and 1b show representative auto radio-
graphs of the PCR products hybridized with their respective
probes.

DISCUSSION
Any assessment of the prevalence of HIV-1 infection in the
community and in the individual patient will be influenced
by the investigative techniques employed to establish the
presence of the infection. The ELISA and WB techniques
are commonly used. In our study, we found that PCR
amplification of DNA extracted from the plasma is consider-
ably more sensitive than either the serological techniques'v-"
or PCR of DNA extracted from PBMC. Other workers have
also reported22-24 the use of DNA extracted from plasma of
HIV-positive individuals for the detection of the infection.
This DNA was used to detect HIV infection by PCR using
HIV -specific primers. Escaich et al.22 studied patients with
various stages of AIDS. The plasma DNA-PCR detection for
HIV infection with primers for the gag region (SK 38/39)
showed PCR positivity in 11 out of 22 samples whereas RNA-
PCR was positive in 14 out of 22 samples. In the latter case,
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FIG 1a. Hybridization studies of PCR products with DNA

extracted from the plasma of spouses of index cases III and
IV (Table II) with gamma 32P-labelled synthetic
oligonucleotide HIV probe SK 19

Lanes 1 and 2 Negative control (PCR product with DNA
extracted from plasma sample of healthy control)

Lanes 3, 4 and 5 Positive control (PCR product with
DNA extracted from post-mortem brain tissue of a
patient with AIDS)

Lanes 6 and 7 PCR positive signal with DNA extracted
from plasma sample of asymptomatic spouses of HIV
seropositive individuals (spouses of index cases III
and IV)

Lane 8 Reagent negative control (no DNA added)
Lanes 9 and 10 Positive control (PCR product with DNA
extracted from post-mortem lymph node of a patient
with AIDS)

y.-p (

FIG lb. Hybridization studies of PCR products with DNA
extracted from plasma samples of index cases I and II and
their spouses) with positive controls, probed with gamma
32P-Iabelled pol oligonucleotide probes

Lanes 1 and 2 Index case I
Lanes 3 and 4 Spouse of index case I
Lanes 5 and 6 Index case II
Lanes 7 and 8 Spouse of index case' II
Lane 9 Positive control (PCR product with DNA

extracted from post-mortem brain tissue of a patient
with AIDS)

Lane 10 Positive control (PCR product with DNA
extracted from post-mortem lymph node of a patient
with AIDS)

RNA was extracted from serum, converted into cDNA by in
vitro reverse transcription. The cDNA was then used as
the PCR input.

Our study showed that plasma extracted DNA was posi-
tive even when the PCR signals with DNA extracted from
PBMC were negative. This suggests that the former test
is an earlier marker for the viral infection, particularly in the
'silent infection' pattern of HIV-1 replication.P We assume
that the PBMC extracted DNA in our study was of good
quality because the same technique was used for extracting
DNA from the plasma and PBMC. Absorbance at 260 nm'?
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was measured to ensure that there was amplifiable DNA in
the samples. We did not do an additional PCR using primers
from conserved sequences of the cellular genome (~.globin
or HLA DQ primers) because of logistical reasons.

Two recent reports=?? suggest that even during the
asymptomatic and latent phase, HIV infection is active
and progressive in lymphoid tissue. There is massive covert
infection of T lymphocytes and macrophages during the
incubation (latent) period of AIDS. The peripheral blood
does not accurately reflect the actual state of the infection.
It was believed until recently that during the early
asymptomatic stage, replication of HIV does not occur. This
was primarily because DNA extracted from PBMC in the
early phase of infection did not give positive signals on
PCR.28.29 Our findings on DNA extracted from PBMC
corroborate these reports.

The gene amplification technique of PCR, where the
genomic nucleic acid of the virus is exponentially amplified
using virus-specific primers, is more sensitive for the diagnosis
of HIV-l infection even though it is not very cost-effective.
The PCR test is not carried out as yet by most laboratories or
research organizations in India and there is no standard
diagnostic kit available. However, there are reports that
suggest that HIV infection can be detected in seronegative
individuals, since the serological 'window period' is quite
Iong."

The strong positive signals obtained by amplifying DNA
extracted from the plasma of the same individual at the
same time suggests that the origin of the DNA in the plasma
is not from PBMC. It may originate from the lymphoid
tissue, either in an integrated or an unintegrated form. It is
possible that there is a spill-over of the virus-" or the viral
nucleic acids from the lymphoid tissue into the peripheral cir-
culation. The levels of the viral DNA probably increase with
progression of the disease. We, therefore, suggest that the
HIV-specific DNA in the plasma of infected individuals
detected by PCR may be the earliest prognostic marker of
HIV infection.

The source of HIV-specific DNA in serum probably
represents the unintegrated viral DNA.30 It is possible that
prior to the mandatory integration of the proviral DNA into
the cellular genome (the CD4+ lymphocytes or other target
cells of HIV such as macrophages and glial cells), the HIV
reverse transcriptase makes additional double-stranded
DNA copies of the viral genome (linear or circular) which
are the precursors of the integrated proviral DNA. This
unintegrated DNA gives a selective advantage to the virus,
making a possible household repertoire of the copy of the
viral genome. The unintegrated DNA may be methylated"
to evade the cellular nucleases and is probably released in
the circulation by normal wear and tear of the host cells,
viz. predominantly CD4+ lymphocytes from lymphoid tissue
and possibly other target cells for HIV. This could also be
due to the lysis of the host cells which occurs in advanced
stages of the disease. However, in the present study, the
subjects were predominantly asymptomatic and in them the
plasma DNA probably originated from infected CD4+
lymphocytes oflymphoid tissue possibly as a 'spill-over' from
the lymphatics into the circulation. Other as yet undefined
mechanisms may also playa role.
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