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Abstract

A method for co-amplification of multiple viral sequences of HIV-1 and HIV-2 by polymerase
chain reaction was designed. The technique resulted in the specific detection of each type of
virus and allowed the amplification of as few as two copies of target DNA. The amplification
of muitiple regions of the viral genome offers the advantage of detecting multiple target
sequences, which may be essential for some viruses, such as HIV, that exhibit a high degree of
variability in their gene sequences. In addition, the method permitted the detection of both
virus types in the same reaction, allowing for greater utility in geographic areas where
coinfections with both viruses occur and cross-reactivity in Western blots is observed. This
method was applied successfully to the detection of viral DNA in clinical specimens.
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1. Introduction

The polymerase chain reaction (PCR) is a sensitive technique for the detection of
nucleic acid. In AIDS, it has been used in the early detection of HIV infection, i.e.
prior to antibody detection, for quantitation of viral load in the active disease stage,
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for monitoring patients on antiviral therapy and for the discrimination of HIV-1
and HIV-2 infections in clinical specimens. Due to the considerable variabihty of
HIV-1 (Goudsmit et al., 1991) and HIV-2 strains (Schulz et al., 1990) amplification
of different regions of the genome with different sets of primers may be necessary for
detection of the presence of viral DNA (Laure et al., 1988: Ou et al., 1988). These
amplifications have conventionally been carried out as independent reactions. We
have developed a method to amplify and detect three different genome regions of
HIV-1 or HIV-2 in a single reaction. The method, termed multiplex PCR, 1s specific
for cach type of virus and detects as few as two or three copies of proviral DNA.
Multiplex PCR also allows the detection of both viruses in a single reaction. In a
study of limited numbers of clinical samples, this technique allowed sensitive and
specific detection of HIV-1 and HIV-2 in samples from infected individuals.

2. Materials and methods
2.1. Specimens
Blood specimens were collected from nine HIV-1 infected and five HIV-2 infected

individuals living in Spain. DNA was extracted by the proteinase K/phenol extrac-
tion method and PCR was carried out in the presence of 1 ug of DNA.

Table 1: Primers and Probes Used in Muitipiex PCR.

S.No. Region Oligo™ Size (bp) Location™” Sequence (5 >3}

1 HIV-1 env SR61 22 7737-7758 CCA CCA AGG CAA AGA GAA GAGT
SR62 23 8043-8065 CAC AG(CT) AGT GGT GCA AAT GAG TT
SR63 24 7811-7834 GGA GCA GCA GGA AGC ACT ATG GGC

2. HIV-2 env SRe4 24 7868-7891 CCT CCA GGC AAG AGT CAC TGC TAT
SRE5 24 7952-7975 AAC CAT GGT ACA GTA GTG TGG CAG
SRE6 27 7921-7947 TAA ATT CAT GGG GAT GTG CGT TTA GAC

3 HIV-1 gag SR71 22 766-787 GCG GAG GCT AGA AGG AGA GAGA
SR72 22 844-865 TCTTTC CCC CTG GCC TTA ACCG
SR73 22 789-809 GGG TGC GAG AGC GTC AGT ATTA

4. HIV-2 gag SR74 21 541-561 GGG AGA TGG GCG CGA GAA ACT
SR75 25 908-932 GCT AGG TGG TGC TGT TGG TCT ACTT
SR76 25 782-806 TAA TAC TGT CTG CGT CAT TTG GTGC

5. HIV-1 pol SR81 27 4778-4804 GGC AGT ATT CAT CCA CAA TTT TAA AAG
SR82 24 4969-4962 CTACTG CCC CTT CAC CTT TCC AGA
SR83 25 4820-4844 GGG GTA CAG TGC AGG GGA AAG AATA

6. HIV-2 pol SRg4 26 4589-4614 ATAGCAGTT CATTGC ATG AAT TTT AA
SR85 26 4796-4821 GTCCCTACCTTG ACTATGACTGCTCC
SR86 26 4728-4753 AGG TCT ATT (TAJCA GAG AAG GCA GAG AT

* The first, sccond and third oligos of cach set represent the upper- and lower-primer and the probe,
respectively.

** Based on the MN and Rod sirains of HIV-1 and HIV-2, respectively.

*** The sequences of the down-stream primers represent the respective antisense sequences. Nucleotides in
parenthesis indicate mixed site.
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Table 2: Lengths of the Amplified Fragments (bp)

S.No. Region HIV-1 HIV-2
1 gag 100 392
2 pol 215 233
3 env 329 108

2.2. Primer selection

Primer sequences were selected from highly conserved nucleotide regions among
different strains of HIV-1 or HIV-2 (Myers et al., 1992). Design of the primers was
performed with the help of the software Oligo (National Biosciences, Plymouth,
MN). Special attention was paid to minimize the number of sequence mismatches
among different strains of each virus (Grankvist et al., 1991a). To facilitate multi-
plex amplification, primers were designed so as to avoid complementary sequences
and strong internal secondary structures. Selected primers and probes corresponding
to the GAG, POL and ENV regions of HIV-1 and HIV-2 are shown in Table 1.
Amplified fragments were designed to be different in size in order to facilitate their
differentiation in a single reaction (Table 2).

2.3. PCR amplification

PCR amplification was performed following the Hot Start technique using Am-
pliwax PCR Gems (Perkin-Elmer Cetus, Norwalk, CN). To reduce the risk of con-
tamination from previously amplified material, the Uracil N-glycosylase (UNG)
method sustituting dTTP with dUTP (Perkin-Elmer Cetus) was incorporated into
the system. Each reaction mixture consisted of 1 pg of DNA, 10 mM Tris-hydro-
chloric acid (pH 8.3), 50 mM potassium chloride, 0.2 mM each deoxynucleotide
triphosphate (dATP, dCTP, dGTP, dUTP), 1.5 mM magnesium chloride, 0.25 uM
of each primer, 2.5 units of Amplitaq polymerase (Perkin-Elmer Cetus) and | unit of
UNG (Gibco, Grand Island, NY). Thermocycling was carried out for 10 min at
37°C for | cycle, 4 min at 94°C for | cycle, linked to 33-35 cycles at 94°C for |
min, 55°C for 1 min, 72°C for 1 min. After the last cycle, reactions were either
frozen immediately at —20°C or linked to a soak file at 72°C until a few drops of
chloroform were added to inactivate UNG.

2.4. Detection of amplified fragments

Depending on the number of primer pairs used for amplification, the PCR
product should contain one, two or three amplified fragments. Amplified frag-
ments were detected following the liquid hybridization method (Ehrlich et al.,
1990) in a hybridization reaction containing one, two or three probes. Oligonu-
cleotides selected as probes were P end-labelled as described elsewhere (Sam-
brook et al., 1989), being two or three oligonucleotides labelled in the same reac-
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Fig. 1. Single and multiplex PCR sensitivity for HIV-1 amplification. The numbers on top indicate the
copy number of Z6 plasmid. Genomic position and size of the amplified fragments are also indicated.

tion. After the labelling reaction, probes were purified of free isotope using spin
columns (5 to 3, Boulder, CO). Radioactive counts were determined using a beta-
counter. The final amount of cach probe in the hybridization reaction was equiva-
lent to 200 000 cpm.

3. Results
3.1. Sensitivity of multiplex PCR

The sensitivity of the reaction was measured by serial dilution of the HIV-I
genome carrying Z6 plasmid (Perkin Elmer Cetus, Norwalk) in the background of
1 ug of H9 DNA. As few as two or three copics of the plasmid could be detected
when primers corresponding to the GAG, POL and ENV regions were used indivi-
dually or in combination (Fig. 1). A similar degree of sensitivity was observed when
HIV-2 primers were used individually or in combination for the amplification of the
plasmid pRod 10 containing the HIV-2 ROD genome (Fig. 2). Although less intense
signals were observed when the simultaneous amplification of three genome regions
was compared with the single region amplification, the sensitivity of the reaction in
terms of copy number was the same. Analogous results were obtained when DNA
extracted from H9 cells infected with cither HIV-1 (I11b) or HIV-2 (ROD) was
scrially diluted and amplified by PCR (not shown).

3.2, Specifity of multiplex PCR

Although primers were selected from highly specific regions of HIV-1 and HIV-2,
we further investigated the specificity by amplification of different strains of each
virus. When DNA extracted from the IIIB, MN and Z6 strains of HIV-1 was am-
plified by multiplex PCR using HIV-1 primers, all three strains were detected. Simi-
larly. multiplex PCR with HIV-2 primers detected the Rod, CAM and Ms strains. In
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Fig. 2. Single and multiplex PCR sensitivity for HIV-2 amplification. The numbers on top indicate the
copy number of pRod10 plasmid. Genomic position and size of the amplified fragments are also indi-
cated.

contrast, HIV-1 multiplex PCR failed in the amplification of HIV-2, and HIV-2
multiplex PCR did not detect HIV-1 DNA (not shown).

HIV-1 HIV-2 Hiv-1 & 2
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Fig. 3. Coamplification of the ENV or GAG regions of both HIV-1 and HIV-2. Primer pairs correspond-
ing to the ENV rcgion {upper half} or the GAG region (lower half) of HIV-1 and HIV-2 were used to
amplify DNA of one or two of the viruses. The numbers on top indicate the copy number of Z6 and
pRod 10 plasmid DNA.
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3.3. Effect of Mg®™ concentration in multiplex PCR

Multiplex PCR was performed at different concentrations of Mg”'. While POL
and ENV HIV-1 primers appeared to perform marginally better at higher concen-
trations of Mg®" when compared with the GAG primers, the standard concentra-
tion of 1.5 mM showed comparable results with all three primer pairs together.
Similarly HIV-2 primers performed optimally at 1.5 mM {(not shown).

3.4. Coampiification of HIV-1 and HIV-2

We further investigated the potential of multiplex PCR by attempting to amplify
in a single reaction both HIV-1 and HIV-2. Amplification in a reaction mixture
containing a 0.25 gM concentration of each ENV or GAG primers for both viruses
was carried out under the same conditions indicated above. The different sizes of the
amplified products in HIV-1 and HIV-2 enabled us to detect both viruses in the
same PCR reaction. Between | and 5 copies of viral DNA for cach virus could be
routinely detected when the GAG or the ENV primers were used (Fig. 3).

3.5, Evaduation of HIV-1 and HIV-2 infected individuals using muldtiplex PCR
The multiplex PCR technique was used to evaluate DNA extracted from nine

HIV-1 and five HIV-2 infected individuals. Multiplex PCR for HIV-1 detected all
HIV-1 samples and did not give any signal in the HIV-2 samples (Fig. 4). Multiplex

12 34 5 6 7 8 9 1011121314

GAG~

Fig. 4. Evaluation of clinical specimens by HIV-1 multiplex PCR. Lanes 1 9 correspond to the amplifica-
tion of DNA extracted from HIV-1 scropositive, HIV-2 seronegative individuals. Lanes 10 14 corre-
spond to HiV-1 seroncgative, HIV-2 seropositive individuals.
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Fig. 5. Evaluation of clinical specimens by HIV-2 multiplex PCR. Lanes 1--14 are the same as in Fig. 4.

PCR for HIV-2 identified four out of five HIV-2 infected samples and did not detect
any of the HIV-1 samples (Fig. 5).

While ENV, GAG and POL regions were detected with equal efficiency when
multiplex PCR was used in the detection of HIV-1 DNA in infected cell lines, our
preliminary analysis of clinical samples revealed that amplification occurred only
with the GAG primers and after 35 cycles of amplification (not shown). We then
modified several parameters to standarize the multiplex PCR for detection of HIV-1
in clinical specimens. A twofold increase in the concentration of POL and ENV
primers (0.5 uM final concentration for POL and ENV, and 0.25 uM for GAG)
and using 5 units of Tag enzyme per reaction enabled us to detect all three bands
in most of the samples after amplification for 35 cycles.

4. Discussion

The remarkable genetic variability of HIV-1 (Goudsmit et al., 1991) and espe-
cially HIV-2 isolates (Schulz et al., 1990) contributes significantly to problems in
the detection of these viruses by PCR. Amplification of several regions of the viral
genome using different primer pairs is one of the approaches to overcome the pro-
blem (Laure et al., 1988; Ou et al., 1988). Amplification of different regions has been
performed conventionally in individual reactions. This approach is time consuming
and is not feasible when the size of the clinical samples is limited (Hewlett et al.,
1989). We, therefore, developed a multiplex PCR technique in which three different
genomic regions of HIV-1 or HIV-2 are amplified in the same reaction and detected
after a single liquid hybridization reaction with radioactive probes corresponding to
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cach one of the amplified regions. The technique is both specitic and sensitive. Each
primer pair identified the correct virus type for three prototypic strains of that type
and none of the other virus types. Multiplex PCR produced all three expected frag-
ments with cach one of the target strains.

Sensitivity of these reactions was consistent for detection of one to ten copies of
the target. It is important to note that there was no compromise in assay sensitivity
as a result of amplification of multiple regions in the same reaction mixture.

In earlicr experiments we observed that although cach primer pair amplified the
targeted sequence when used individually, a combination of all three primer pairs
did not yield any signal in multiplex PCRs, probably as a result of primer-dimer
formation (data not shown). It has been reported that primer sets containing a high
degrec of complementarity are subject to primer-dimer formation al room tempera-
ture and can be elongated by Tug enzyme, generating undesired PCR products
(Williams et al., 1989). Technically it is not always feasible to avoid complementar-
ity when several primers are used in the same reaction mixture. We addressed this by
incorporating the hot-start technique in the multiplex format (D'Aquila et al.. 1991).
The number of amplification cycles is also an important factor to consider in multi-
plex PCR. Thermocycling for 33--35 cycles allowed us to detect two or three copies
of HIV-1 and HIV-2 target DNA. Reduction in cycle number often resulted in the
loss of sensitivity. Amplification for 35 cycles occastonally generated additional
bands in standard and multiplex PCRs (Fig. 2): however, the presence of these
additional bands did not impede the detection of the principal bands as the latler
ones are more conspicuous and easy to identify. We performed liquid hybridization
to enhance the efficiency of testing in terms of time and the number of samples that
can be analyzed in a given experiment. If proviral detection is the key issue of multi-
plex PCR, it may be more appropriate to perform 35 amplification cycles in order to
assure detection of samples with a low copy number.

Onc of the most important problems in the detection of target DNA by PCR 15
the rate of false positivity due to sample contamination with amplified DNA from
previous PCR reactions (Clewley et al.. 1989). To reduce the risk of contamination.
we incorporated the Uracyl N-glycosylase enzyme (Longo ct al.. 1990) and subsu-
tuted dideoxynucleotide thymidine with uracil in our multiplex PCR mixture. A
final concentration of 200 uM for cach ANTP (dA. dU. dC. dG) yiclded the best
results (not shown).

In addition to the multiplex PCR described, it 1s important to point out that we
have developed a sensitive and highly specific sct of primers for HIV-2 detection.
The low sensitivity of HIV-2 PCR has been improved by techniques such as nested
PCR (Grankvist et al., 1991b) or sometimes probing with & radioactive probe after
carrying out nested PCR (George et al., 1992). Although nested PCR yiclds a high
sensitivity for HIV-2, it is not compatible with the incorporation of the Uracyl V-
glycosylasc system for degradation of possible contaminating DNA {rom previous
amplifications. If PCR is to be used in a diagnostic setting, measures for reducing
the risk of contamination. resulting in false positive reactions. are critical and extre-
mely important for proper interpretation of results.

We tested the ability of multiplex PCR to detect HIV-1 and HIV-2 in clinical
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samples. All samples from HIV-1 seropositive individuals were detected by multi-
plex PCR (Fig. 4). Interestingly, while GAG and POL regions were detected in all
samples, the ENV region was not amplified in some of them. Despite the fact that
sample number was small in our study, the absence of ENV signal in some of the
samples may reflect the variability of this genomic region. Multiplex PCR for HIV-2
detected four out of five samples from HIV-2 seropositive individuals (Fig. 5). One
sample yielded a signal in all three genomic regions, two samples showed amplifica-
tion of POL and ENV but not GAG region, and one sample only gave a signal in
the ENV region. Evaluation of clinical specimens by multiplex PCR revealed a
broader spectrum of band pattern for HIV-2, in agreement with the higher variabil-
ity of the HIV-2 strains. The fact that one of the HIV-2 seropositive individuals was
not detected by PCR suggests reduced sensitivity of HIV-2 PCR compared with
serology. The lower sensitivity of HIV-2 PCR has been attributed to the presence
of fewer infected cells or low copy number in HIV-2 versus HIV-1 seropositive
individuals {(Grankvist et al., 1992b). Improved sensitivity of HIV-2 PCR may be
achieved with an increase of the amount of DNA in the amplification reaction as
demonstrated for HIV-1 {(Lee et al., 1991). It is interesting to note that the unde-
tected HIV-2 sample in our study was derived from an individual with relatively
higher CD4 cell counts (826/ul). Our himited study in clinical specimens seems to
indicate that GAG and ENV primers for HIV-1 and HIV-2 respectively, amplify
the target DNA with greater efficiency than other sequences in the multiplex reac-
tion; however, the additional set of primers were included to ensure reactivity in the
face of false negatives, due to variation in the other genomic regions.

The multiplex PCR method also enabled us to detect in the same reaction both
HIV-1 and HIV-2 proviruses with high specificity and sensitivity. This may be useful
for the detection of coinfections or single virus infections in geographic areas where
both HIV-1 and HIV-2 coexist (De Cock et al., 1991; Pfutrner et al., 1992). It would
also facilitate the differentiation between dual and single infections when cross-re-
activity is observed in Western blots (Leonard et al., 1993) and resolve indeterminate
blot patterns seen in HIV testing. Analysis of DNA from individuals with serologi-
cal reactivity to both HIV-1 and HIV-2 are in progress, in order to further evaluate
the utility of our multiplex amplification technique.
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