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The feasibility of performing a multiplex assay for the detection of human immunodeficiency virus type 1
(HIV-1) and hepatitis C virus (HCV) RNAs and hepatitis B virus (HBV) DNA is demonstrated. This assay is
based (i) on the coamplification of a 142-bp fragment from the gag region of the HIV-1 genome and a 142-bp
HIV-1 quantitation standard fragment, a 244-bp fragment from the 5* noncoding region of the HCV genome,
and a 104-bp fragment from the pre-C and C gene regions of the HBV genome, using three sets of specific
primers; (ii) on the capacity of these four biotinylated PCR products to hybridize to their specific oligonucle-
otide probe-coated microspheres; and (iii) on the ability of the flow cytometer to discriminate between distinct
fluorescent-microsphere categories. Absence of cross-hybridization between the unrelated oligonucleotide
probes and PCR products generated by the multiplex reverse transcription-PCR (RT-PCR) and the highly
sensitive detection method allowed us to assess unambiguously the HIV-1 viral load and the infectious status
of 35 serologically well-established clinical samples and 20 seronegative blood donor plasma samples tested.
The results indicate that multiplex RT-PCR and flow cytometer microsphere-based hybridization assays, when
combined, provide a rapid, sensitive, and specific method for the quantitation and detection of the major viral
agents of infectious diseases in a single plasma sample.

The development of nucleic acid amplification technologies
has found many applications in biomedical research and in
diagnostic techniques. The study of infectious diseases is a field
that has benefited much from these technologies. Amplifica-
tion of up to several millionfold of low-copy-number DNA or
RNA allows one to make an early and rapid diagnosis of
bacterial or viral infections (6, 7, 18, 20). Moreover, techniques
for the quantitation of the viral load in plasma have been
shown to be of particular interest in monitoring drug therapy
and in predicting the disease outcome (12, 15). For several
years, attempts have been made to use multiplex PCR or re-
verse transcription-PCR (RT-PCR) in order to detect several
different pathogens or serotypes in coinfected samples after a
single reaction (10, 19). In such assays, primer pairs are chosen
with respect to their compatibility and ability to simultaneously
amplify their specific target sequences. Detection of amplified
products is usually done by gel electrophoresis, which discrim-
inates fragments of distinct sizes by ethidium bromide staining
or by hybridization using specific DNA probes. Even though
multiplex RT-PCR simplifies the procedures, analysis remains
tedious and labor-intensive. The development of solid phase
hybridization assays greatly improved the practicability of
these assays and allowed the detection of different PCR prod-
ucts from one multiplex PCR amplification run (1, 3). Usually,
each specific amplified product is detected in a separate well.
The amplicon volume becomes a limiting factor. To address

this problem, we describe here the use of a flow cytometer and
a microsphere-based hybridization assay for the detection of
multiplex RT-PCR products in a single tube. This assay relies
on the ability of the flow cytometer to resolve multiple micro-
sphere-based assays (5). The red fluorescence intensity (675
nm) emitted by an oligonucleotide probe-coated microsphere
population results from the hybridization of its target PCR-
amplified sequence with the specific oligonucleotide probe.
The simultaneous detection of different target sequences is
achieved by mixing several specific oligonucleotide probe-
coated microsphere populations, which are differentiated by
their level of green fluorescence intensity (525 nm). We dem-
onstrate, using human immunodeficiency virus type 1 (HIV-1),
hepatitis C virus (HCV), and hepatitis B virus (HBV) as mod-
els, that multiplex RT-PCR and microsphere-based flow cyto-
metric assays constitute an accurate, specific, and rapid
method for the simultaneous detection and quantitation of
several different viruses in one plasma sample.

MATERIALS AND METHODS

Oligonucleotide primers and probes and thiol-reactive microspheres. Primers
for the amplification of the HIV-1, HCV, and HBV genomes and probes for the
specific detection of PCR products are presented in Table 1. These sets of
primers were derived from the HIV-1 gag gene (14), the HCV 59 noncoding
region (22, 23), and the pre-C and C regions of the HBV genome (9), respec-
tively. Antisense (SK431) and sense (SK462) primers for HIV-1 and antisense
primers for HCV (KY78) and HBV (PB1) were biotinylated at the 59 ends to
allow detection of the amplified products. Oligonucleotide capture probes were
modified at the 59 ends with a thiol linker to allow their covalent coupling to
Immunotech-Coulter 3.7-mm-diameter thiol-reactive microspheres. SK102 and
CP35 are oligonucleotide probes for HIV-1 detection. They are specific for the
detection of amplified HIV-1 RNA and the quantitation standard, respectively.
Oligonucleotides KY150 and PB3 allowed detection of amplified HCV RNA and
HBV DNA, respectively. Modified 59-end-biotinylated oligonucleotides comple-
mentary to SK102, KY150, and PB3 were synthesized to evaluate the sensitivity
of detection.

Four distinct intensity levels of green-fluorescent (525 nm) 3.7-mm-diameter
thiol-reactive microspheres were used (Fig. 1). SK102, coding for the HIV-1
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RNA, was applied to the dimmest green-fluorescent microspheres. CP35, coding
for the HIV-1 quantitation standard, was applied to the second-level-intensity
microspheres. KY150, coding for the HCV RNA, was applied to the third-level-
intensity microspheres, and PB3, coding for the HBV DNA, was applied to the
brightest microspheres.

Clinical samples, preparation, and amplification. Fifty-five plasma samples
were tested. These samples represented five groups: group 1, HCV infection only
(n 5 13); group 2, HIV-1 infection only (n 5 8); group 3, concurrent HIV-1 and
HCV infection (n 5 12); group 4, concurrent HIV-1 and HBV infection (n 5 2);
and group 5, seronegative blood donors (n 5 20). All plasma samples were kept
at 220°C after collection. Extraction of genomic RNA and DNA from these 55
plasma samples was achieved with the AMPLICOR HIV-1 MONITOR Test
(reference no. 07 5623 7) according to the recommendations of the manufacturer
(Roche). The only difference was in the volume of plasma extracted (100 ml). The
extracted RNA and DNA were dissolved in 200 ml of diluent buffer, aliquoted in
Safe Lock 0.5-ml Eppendorf tubes for PCR, and stored frozen at 220°C prior to
amplification. HIV-1 RT-PCR was done by mixing 25 ml of extract and 25 ml of
Working Master Mix from the AMPLICOR HIV-1 MONITOR Test to amplify
HIV-1 RNA only. Multiplex RT-PCR was done by mixing 25 ml of extract and 25
ml of Working Master Mix from the AMPLICOR HIV-1 MONITOR Test, to
which 5 pmol each of the HCV and HBV primers had been added in order to
simultaneously amplify HIV-1 and HCV RNAs and HBV DNA. Amplification
was carried out in a single tube in a Biometra Trio Thermoblock with a heated
lid. Following 2 min of incubation at 50°C, reverse transcription was allowed to
proceed for 30 min at 60°C. After a denaturation step at 95°C, PCR amplification
was then carried out with four cycles of 95, 55, and 72°C for 30 s each, followed
by 26 cycles of 90, 60, and 72°C for 30 s each. After the last cycle, the temperature
was maintained at 72°C while 50 ml of denaturation solution was added to each
PCR tube. The RT-PCR-amplified products are referred to as the amplicon.

Flow cytometer microsphere-based hybridization assay. The simultaneous
detection of RT-PCR products was achieved with a flow cytometer microsphere-
based hybridization assay. Briefly, 100 ml of a fivefold dilution of denatured
amplicon in a hybridization buffer containing 1.2 M NaCl, 0.2 M phosphate (pH
6), 5 mM EDTA, 0.05% Tween 20, 10 mM NaN3, and 5 g of bovine serum
albumin per liter was incubated with 10 ml of a microsphere mixture containing
10,000 probe-coated microspheres from each of the four microsphere categories
(SK102, CP35, KY150, and PB3) in a Loprodine 0.45-mm-pore-size membrane-
bottomed 96-microwell plate (Nunc). Hybridization of RT-PCR products to their
cognate probe-coated microspheres was carried out for 90 min with shaking at
37°C. The microplate was then placed on a vacuum manifold to allow five
washing cycles with 250 ml of wash solution. Detection of bound biotinylated
RT-PCR product to probe-coated microspheres was then done by incubating 100
ml of streptavidin-phycoerythrin cyanin 5 conjugate (Immunotech) for 30 min
with shaking at 37°C. Unbound streptavidin-phycoerythrin cyanin 5 conjugate
was removed with two more washes, and the microspheres were resuspended in
300 ml of 10 mM phosphate buffer (pH 7) containing 150 mM NaCl, 10 mM
NaN3, and 5 g of bovine serum albumin per liter and transferred to a flow
cytometer tube. Finally, the microspheres were analyzed on an EPICS-XL MCL
flow cytometer (Beckman-Coulter).

Data acquisition and data processing. Data acquisition was performed at high
speed until a minimum of 2,000 microspheres had been acquired. Once each
individual microsphere has been analyzed for its green (525-nm) and red (675-
nm) fluorescence intensities, software designed in-house computes the data and
attributes to each microsphere population a mean red fluorescence intensity
value. This value is related directly to the amount of biotinylated RT-PCR
product hybridized with the oligonucleotide probe on the microspheres.

Nucleotide sequence accession numbers. The GenBank accession numbers for
the viral sequences are as follows: HCV, D90208; HBV, X02496; and HIV-1,
K02083.

RESULTS

Analytical sensitivity of the detection system. The analytical
sensitivity of the flow cytometer microsphere-based hybridiza-
tion assay for the detection of nucleic acids was studied with
biotinylated oligonucleotides complementary to the SK102,
KY150, and PB3 oligonucleotide probe-coated microspheres.
Serial dilutions of the biotinylated oligonucleotides, specific for
HIV-1 and HCV RNAs and HBV DNA, respectively, were
assayed by the protocol described in Materials and Methods.
The sensitivities found were within a range of 6 to 20 fmol/liter
(0.4 3 106 to 1.2 3 106 molecules/100 ml) (data not shown).
The small difference observed between these oligonucleotides
is not surprising, since it is well known that the hybridization
behavior of short oligonucleotides is very dependent on their
respective sequences and secondary structures. The microwell
plate provided in the AMPLICOR HIV-1 MONITOR Test for
HIV-1 RNA RT-PCR product detection gives similar sensitiv-
ity (data not shown).

Multiplex RT-PCR combined with microsphere-based hy-
bridization assay. It is essential to exclude cross-hybridization
between oligonucleotide probe-coated microspheres and unre-

FIG. 1. Typical dot plots of green fluorescence versus red fluorescence for
the mixture of the four oligonucleotide-coated microsphere populations for the
simultaneous detection of RT-PCR products from HIV-1, HCV, and HBV
nucleic acids.

TABLE 1. Primers and probes for detection of RNA and DNA of HIV-1, HCV, and HBV viruses

Virus Primer or probea Sequence (59–39) Amplified region and sequence (reference)

HIV-1 SK431 TGCTATGTCAGTTCCCCTTGGTTCTCT gag region, 905–1046 (13)
SK462 AGTTGGAGGACATCAAGCAGCCATGCAAAT
SK102* GAGACCATCAATGAGGAAGCTGCAGAATGGGAT
CP35* CATAGCACTATAGAACTCTGCAAGCC

HCV KY78 CTCGCAAGCACCCTATCAGGCAGT 59 noncoding region, 56–299 (8)
KY80 GCAGAAAGCGTCTAGCCATGGCGT
KY150* CATAGTGGTCTGCGGAACCGGTGAGT

HBV PB1 GTTCAAGCCTCCAAGCTGTG Pre-C and C regions,
1864–1967 (2)

PB2 TCAGAAGGCAAAAAAGAGAGTAACT
PB3* CTTTATAAGGATCAATGTCCATGC

a Probes are indicated by asterisks.
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lated RNA amplified by RT-PCR in any assessment of the
infectious status of a plasma sample. Using monoamplified
RT-PCR plasma samples with a high virus load, we showed
that the three amplified fragments for HIV-1, HCV, and HBV
hybridized specifically to their cognate oligonucleotide probes.
When these amplicons were assayed, using the three HIV-1-,
HCV-, and HBV-specific microsphere categories, a high red
fluorescence intensity was obtained only with the relevant mi-
crosphere category. The signals measured with the unrelated
microspheres were lower than the cutoff values calculated from
the analysis of 20 seronegative blood donor plasma samples
(Table 2). The cutoff values were calculated as the means of
the values plus 5 standard deviations; the means and standard
deviations, respectively, were 0.75 and 0.34 for SK102 (HIV-1),
0.49 and 0.11 for KY150 (HCV), and 0.44 and 0.13 for PB3
(HBV). Since the CP35 microsphere codes for the HIV-1
quantitation standard, no cutoff value was calculated. A high
fluorescence intensity level for this category of microspheres
validates both the RT-PCR amplification and the hybridization
steps.

The analysis of the clinical samples from groups 1 to 4 was
performed as follow. A specimen was considered positive for a
given virus when the signal was higher than the cutoff value for
the particular microsphere category. In Table 3 are presented
the raw data obtained from these 35 samples. HCV RNA was
detected in all of the HCV-positive samples (25 of 25). HIV-1
RNA was detected in all specimens from groups 2 (8 of 8) and
4 (2 of 2) and in 11 of 12 specimens from group 3. The two
specimens from group 4 were shown to be positive for HBV.
The four dot plots presented in Fig. 2 summarize how, after
two simple steps, it is possible to assess unambiguously the viral
status of a plasma sample.

HIV-1 RNA multiplex versus monoplex quantitation. Quan-
titation of HIV-1 RNA using the flow cytometer microsphere-
based hybridization assay can be performed readily, since both
microspheres, i.e., those specific for HIV-1 RNA and the quan-
titation standard, are incubated simultaneously. The number
of HIV-1 RNA copies per milliliter was calculated as the ratio
of the red fluorescence intensities for HIV-1 RNA (SK102)
and the quantitation standard (CP35) from the same assay
times a constant value which takes into account the dilutions of
the overall extraction procedure and the input number of
quantitation standard copies per PCR. Quantitation of the
HIV-1 RNA viral load from 21 specimens (8 positive for
HIV-1 only, 11 positive for HIV-1 and HCV, and 2 positive for
HIV-1 and HBV) was carried out after multiplex or monoplex
RT-PCR amplification and microsphere-based hybridization
assay. As shown in Fig. 3, the quantitation values for HIV-1
RNA from HIV-1 RT-PCR correlated well with those ob-
tained by multiplex RT-PCR (r 5 0.956).

DISCUSSION

In view of the increasing number of multiple infections in
patients and the interest in domains as different as blood bank-
ing and disease control, it has become important to find tech-
niques for optimizing the screening of large numbers of
samples. The use of the flow cytometer as a tool in micro-
sphere-based fluorimetric assays is a concept that was first
described in the 1970s (5). Taking advantage of the ability of
the flow cytometer to resolve complex mixtures of micro-
spheres on the basis of size and level of fluorescence, it was
shown that this technology was applicable for the simultaneous
detection of antibodies specific for different antigens and for
the measurement of several soluble antigens in a microsphere-
based assay (4, 16). Later, it was reported that this methodol-
ogy could also be adapted for the detection of PCR-amplified
nucleic acid sequences (17, 21). However, none of these studies
demonstrated the simultaneous use of multiplex RT-PCR and
the microsphere-based hybridization assay. They showed only
the detection of a monospecific amplified viral DNA or RNA

TABLE 2. Cross-hybridization study with monoamplified high-virus-
load sample plasma

Amplified
virus

Red fluorescence intensity with the following
microsphere categorya:

SK102 (HIV-1) KY150 (HCV) PB3 (HBV)

HIV-1 923.7 0.64 0.45
HCV 0.70 564.3 0.41
HBV 0.78 0.52 1,005.6

a Cutoff values are as follows: SK102, 2.43; KY150, 1.06; PB3, 1.08.

TABLE 3. Detection of HIV-1, HCV, and HBV viremia in plasma
samples from 35 seropositive subjects by multiplex RT-PCR and
one-tube flow cytometer microsphere-based hybridization assays

Group Sample
no.

Red fluorescence intensitya with the following
microsphere category:

SK102 (HIV-1) CP35 KY150
(HCV) PB3 (HBV)

3 1 208.08 64.80 633.57 0.27
2 8.96 50.10 159.70 0.56
3 182.31 43.57 483.38 0.53
4 404.24 73.60 1.16 0.49
5 357.65 48.36 198.80 0.59
6 0.47 30.58 502.71 0.34
7 683.50 44.62 1.67 0.43
8 72.57 83.13 465.65 0.53
9 219.21 86.68 526.56 0.38

10 43.95 82.65 598.81 0.30
11 17.34 104.59 461.39 0.43
12 846.91 63.60 390.90 0.45

2 13 10.63 33.31 0.32 0.32
14 2.60 70.00 0.39 0.33
15 59.02 111.51 0.38 0.34
16 24.64 88.03 0.48 0.32
17 64.82 67.94 0.41 0.41
18 35.29 94.72 0.46 0.31
19 25.57 100.72 0.42 0.45
20 123.92 129.17 0.61 0.42

1 21 1.06 134.87 563.56 0.39
22 0.92 145.09 323.19 0.35
23 0.96 71.05 364.25 0.41
24 0.70 138.70 1.34 0.44
25 0.65 134.99 320.43 0.39
26 0.64 119.47 348.90 0.37
27 0.63 122.08 454.46 0.36
28 1.30 141.40 223.29 0.36
29 1.04 124.15 542.42 0.38
30 0.95 119.78 430.50 0.63
31 0.73 123.04 384.46 0.26
32 0.62 85.35 355.80 0.42
33 0.70 126.37 564.37 0.41

4 34 110.35 59.86 0.51 846.62
35 303.42 21.45 0.50 787.67

a Underlined values are those higher than the cutoff value, thus reflecting a
positive sample.
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in a single (21) or multiple (17) microsphere-based hybridiza-
tion assays.

In this study, we investigated the possibility of combining
multiplex RT-PCR amplification and flow cytometer micro-
sphere-based hybridization assays in order to improve screen-
ing methods for RT-PCR-based virus detection. As a model,
we developed an assay for the simultaneous amplification and
detection of HIV-1, HCV, and HBV.

The multiplex RT-PCR amplification of genomic sequences
from three different viruses requires the use of three pairs of
primers to amplify each viral nucleic acid with a high yield. The
primers we used in this study have been described previously
(9, 14, 23). They allow the amplification of a 142-bp fragment
from the gag region of HIV-1, a 244-bp fragment from the 59
noncoding region of the HCV genome, and a 104-bp fragment
from the pre-C and C gene regions of HBV. The optimization
of the multiplex RT-PCR amplification was focused first on the
compatibility of these primers during RT-PCR amplification.
Only one minor modification of the antisense primer for

HBV (9) was necessary. This primer and the KY78 primer for
HCV generated a primer-specific by-product during the RT-
PCR amplification step that induced unexpectedly high non-
specific binding to the HIV-1 RNA detection microsphere
(SK102-coated microsphere) (data not shown). This nonspe-
cific binding was reduced to background noise when the PB1
primer (antisense primer with the 39 end deleted) was used.
Second, primer compatibility for multiplex RT-PCR amplifi-
cation was demonstrated after analysis of the amplicons ob-
tained from 20 seronegative blood donor plasma samples. Fi-
nally, we showed that amplification efficiency was not affected
by the simultaneous use of these three pairs of primers. In-
deed, the calculated HIV-1 viral load from HIV-1-containing
specimens after HIV-1 RT-PCR correlates well with the
HIV-1 viral load calculated from the same specimens after the
multiplex RT-PCR. These results indicate that the amplifica-
tion yields of the HIV-1 RNA and the internal standard for the
HIV-1 RNA quantitation were similar. More interestingly, we
also found also a good correlation for HIV-1 viral load for

FIG. 2. Typical dot plots of green fluorescence versus red fluorescence for virus-free or seropositive plasma samples. (A) Virus-free plasma sample; (B)
HIV-1-seropositive plasma sample; (C) HIV-1- and HBV-seropositive plasma sample; (D) HCV-seropositive plasma sample.

VOL. 38, 2000 RT-PCR AND FLOW CYTOMETRY FOR MULTIPLE VIRUSES 1069



plasma samples coinfected with HIV-1 and HCV or HBV
viruses which were subjected to HIV-1 RT-PCR or multiplex
RT-PCR amplification.

Detection of each of the RT-PCR-amplified nucleic acids
was achieved in a microsphere-based hybridization assay. Two
oligonucleotide capture probes were used for the quantitation
of the HIV-1 viral load. SK102 was specific for the detection of
the HIV-1 RNA. CP35 was specific for the detection of the
quantitation standard, an RNA transcript that is amplified
using the same primers as those for the HIV-1 RNA but that
contains a specific probe binding region that allows the quan-
titation standard to be distinguished from the HIV-1 RNA
PCR product. Two other specific oligonucleotide capture
probes were used for the detection of HBV and HCV. These
four oligonucleotide capture probes were coupled to four dis-
tinct green-fluorescent microsphere categories. We showed in
cross-hybridization experiments that these four oligonucleo-
tide-coated microsphere categories could be used together in
the same assay. HIV-1-, HCV-, and HBV-amplified nucleic
acid products hybridized specifically to their cognate oligonu-
cleotide capture probe microsphere. No significant hybridiza-
tion of the RT-PCR products to irrelevant microspheres could
be observed. This finding was further confirmed with the anal-
ysis of monoinfected plasma samples. None of these samples
was found positive for a second viral infection when the fluo-
rescence intensity measured was compared to the cutoff values.

The validation of this approach using two very sensitive
methods, i.e., RT-PCR amplification, which increases small
quantities of nucleic acid several millionfold, and flow cytom-
eter microsphere-based hybridization assays, which can detect
as few as #0.4 3 106 biotinylated target molecules per assay,
was achieved by investigating a total of 55 plasma samples.
Twenty of them, obtained from seronegative blood donors,
were analyzed to calculate cutoff values in order to classify
samples as positive or negative. The analysis of the remaining
35 serologically characterized clinical plasma samples showed
almost perfect correlation with the expected status. Concor-
dance was perfect with the exception of one HIV-1-positive
sample in group 3 (sample 6) which was found negative in this
study. An aliquot of the same extract amplified only for HIV-1
was also found to be negative for HIV-1 when assayed with the
Roche kit. This result indicates that the presence of a high copy
number of the HCV genome, demonstrated by the high fluo-

rescence signal measured in the KY150 (HCV) microsphere
population, did not hamper amplification of the HIV-1 ge-
nome of this sample.

In conclusion, the use of multiplex RT-PCR and a flow
cytometer microsphere-based hybridization assay greatly sim-
plified the overall procedures for the detection of several viral
pathogens. These data demonstrate that, using these two tech-
niques in combination, it is possible to assess unambiguously
and with great sensitivity the infectious status of plasma sam-
ples for at least three infectious viruses. One would expect that
the simultaneous amplification and detection of more than
three nucleic acid sequences could be done using the appro-
priate primer pairs and oligonucleotide capture probes.
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