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A multiplex reverse transcription-PCR-enzyme hybridization assay (RT-PCR-EHA; Hexaplex; Prodesse Inc.,
Waukesha, Wis.) was used for the simultaneous detection of human parainfluenza virus types 1, 2, and 3,
influenza virus types A and B, and respiratory syncytial virus types A and B. One hundred forty-three
respiratory specimens from 126 patients were analyzed by RT-PCR-EHA, and the results were compared to
those obtained by conventional viral culture and immunofluorescence (IF) methods. RT-PCR-EHA proved to
be positive for 17 of 143 (11.9%) specimens, whereas 8 of 143 (5.6%) samples were positive by viral culture
and/or IF. Eight samples were positive by both RT-PCR-EHA and conventional methods, while nine samples
were RT-PCR-EHA positive and viral culture and IF negative. Eight of the nine samples with discordant results
were then independently tested by a different multiplex RT-PCR assay for influenza virus types A and B, and
all eight proved to be positive. In comparison to viral culture and IF methods, RT-PCR-EHA gave a sensitivity
and a specificity of 100 and 93%, respectively. Since RT-PCR-EHA was able to detect more positive samples,
which would otherwise have been missed by routine methods, we suggest that this multiplex RT-PCR-EHA
provides a highly sensitive and specific means of diagnostic detection of major respiratory viruses.

Respiratory infections caused by human parainfluenza virus
(HPIV) type 1 (HPIV-1), HPIV-2, and HPIV-3, influenza virus
types A and B, and respiratory syncytial virus (RSV) types A
and B produce upper and lower respiratory tract diseases and
are major causes of croup, bronchiolitis, and pneumonia in
infants and young children (15, 16, 20, 21, 26). However, these
childhood viruses may cause significant morbidity and even
mortality in adults, especially among elderly and immunocom-
promised individuals (4, 14).

Conventional testing for the detection of these seven respi-
ratory pathogens involves the isolation of intact virus particles
in cell culture (viral culture) and/or viral antigen detection by
immunofluorescence (IF). Viral culture has been recognized as
the “gold standard” for the testing of these pathogens; how-
ever, this method is generally slow, often taking up to 14 days
before results are available (3, 23). Viral antigen detection by
IF provides rapid results, but it often lacks sensitivity in de-
tecting some viruses and further confirmation by viral culture
may sometimes be required (8, 17). Although the combination
of both of these techniques can provide an increase in the
proportion of positive results, it has been reported that a sig-
nificant number of specimens still remain negative, despite
clinical and epidemiological suspicions of viral infection (6, 10,
12, 25).

To overcome these limitations, there has been a keen inter-

est in the development of new nucleic acid-based assays. Re-
verse transcription-PCR (RT-PCR) assays have been shown to
be rapid, sensitive, and specific for the detection of respiratory
viruses (2, 25). However, monospecific RT-PCR assays requir-
ing separate amplification of each virus of interest are poten-
tially expensive and resource intensive, especially since respi-
ratory pathogens may cause similar clinical syndromes.
Multiplex RT-PCR has a significant advantage in that it per-
mits simultaneous amplification of several viruses in a single
reaction (1, 5, 9, 13, 22, 27), facilitating cost-effective diagnosis
and perhaps improved clinical management (e.g., antiviral
therapy for influenza virus type A and B infections).

In the study described here we compared a commercially
available multiplex RT-PCR-enzyme hybridization assay (RT-
PCR-EHA; Hexaplex; Prodesse Inc., Waukesha, Wis.) with
conventional viral culture and IF methods for the detection of
seven respiratory viruses.

MATERIALS AND METHODS

Clinical samples. One hundred forty-three specimens (50 nasopharyngeal
aspirate and 93 bronchoalveolar lavage specimens) from 126 patients were
screened against all seven viruses by RT-PCR-EHA. A total of 0.5 to 1 ml of
specimen was added to viral transport medium (minimal essential medium with
2% fetal bovine serum, penicillin [100 U/ml], streptomycin [100 mg/ml], ampho-
tericin B [20 mg/ml], neomycin [40 mg/ml], NaHCO3 buffer), and the mixture was
frozen at 270°C for subsequent analysis by RT-PCR-EHA. Another 1 to 2 ml of
each sample was used for viral culture and IF testing.

Viral culture and immunofluorescence. Clinical specimens underwent viral
culture and IF by standard methods. Briefly, the specimens were diluted in
phosphate-buffered saline (PBS) and centrifuged at 2,000 3 g for 10 min. The
pellets were resuspended in PBS, dotted onto Teflon-coated microscope slides,
and then dried and fixed in acetone. Indirect IF was then carried out with a VRK
Viral Respiratory kit (Bartels, Issaquah, Wash.) according to the manufacturer’s
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instructions. The slides were read with an IF microscope. Specimen supernatants
were inoculated into primary monkey kidney, HeLa T, human embryonic lung,
and Madin-Darby canine kidney cell lines and incubated at 35°C for 14 days in
appropriate culture media. The cells were examined biweekly for cytopathic
effect, and terminal, blind hemadsorption was performed on day 14.

Multiplex RT-PCR-EHA. RT-PCR-EHA was performed as described previ-
ously (8, 9). Briefly, frozen aliquots of the clinical specimens were allowed to
thaw and were centrifuged at 1,000 3 g for 10 min at 4°C. Viral genomic RNA
from 280 ml of supernatant (or plasmid RNA from positive RNA transcripts) was
extracted, as recommended by the manufacturer, with the QIAamp Viral RNA
Mini kit (Qiagen Inc., Valencia, Calif.). Extracted RNA, random hexamers
(Prodesse Inc.), and murine leukemia virus reverse transcriptase (Perkin-Elmer,
Foster City, Calif.) were used to synthesize the cDNA (7).

PCR amplification was then performed by adding Super-Mix (Prodesse Inc.)
and 2.5 U of AmpliTaq Gold DNA polymerase (Perkin-Elmer) to the newly
synthesized cDNA. The Super-Mix contained 6.5 pairs of primers designed from
highly conserved regions of genetic sequences for the seven respiratory viruses.
These primers specifically targeted the hemagglutinin neuraminidase gene of
HPIV-1, -2, and -3, the membrane gene of influenza virus type A, the nonstruc-
tural gene of influenza virus type B, and the Ib and nucleocapsid genes of RSV
types A and B (9). An initial pre-PCR step of 95°C for 10 min was performed in
a DNA thermocycler (9700, Perkin-Elmer), followed by a total of 40 PCR cycles
under the following conditions: 2 cycles of 95°C for 60 s, 55°C for 30 s, and 72°C
for 45 s and then 38 cycles of 94°C for 60 s, 60°C for 30 s, and 72°C for 30 s. The
final cycle was followed by an additional 72°C for 7 min to complete partial
polymerizations.

A QIA Quick Purification kit (Qiagen Inc.) was then used to purify the PCR
products. A total of 5 ml of purified and denatured PCR product and 65 ml of
peroxidase-labeled probe solutions 1 to 7 (Prodesse Inc.) were then added to
wells of a 96-well avidin-coated microtiter plate (8, 18). A capture and hybrid-
ization reaction was then carried out for 1 h at 42°C. Each well was washed 10
times with 250 ml of 13 Wash Solution (103 Wash Solution; Prodesse Inc.), and
then 200 ml of substrate solution was added to each well. After 10 min, the
reaction was stopped with the addition of 50 ml of 1 N H2SO4, and the optical
density (OD) of each well was measured at 450 nm on a spectrophotometer
(Dynatech, Guernsey, Channel Islands). The positive cutoff value was calculated
to be four times greater than the value for the negative control and had an OD
of $0.400.

A viral RNA-positive control (Prodesse Inc.) was used in each run. The
positive control included viral RNA transcripts of plasmid containing the viral
sequences of interest and did not contain any intact viral particles. A negative
control (viral transport medium) containing no nucleic acid was also included in
each run to check for any PCR cross contamination and to establish a daily
baseline reading for the detection phase of the procedure.

Influenza virus RT-PCR. Respiratory samples that were RT-PCR-EHA pos-
itive but IF and viral culture negative for either influenza virus types underwent
multiplex RT-PCR for influenza virus types A and B, as described previously
(30). The PCR primers used in this assay hybridized to a region of the viral
genome different from that to which the primers used in the RT-PCR-EHA
hybridized.

RESULTS

Primer and probe specificities. To assess the integrities of
the primers and probes used in the RT-PCR-EHA, positive
RNA controls from all seven viruses were assayed in the pres-
ence of all primer pairs and screened against all seven probes.
Typical OD readings for negative controls and typical OD
readings for positive controls, were achieved with the specific
probes (data not shown). No cross-reactivity was detected
among the seven respiratory pathogens, demonstrating the
high degree of specificity of this assay.

Viral culture and IF. A total of 143 clinical specimens col-
lected from 126 patients were used in the study. Table 1 pre-
sents the patient demographics. Viral culture and/or IF results
revealed 8 positive samples of a total of 143 samples tested
(5.6%). Five samples were IF positive and viral culture nega-
tive (four were positive for influenza virus type A and one was
positive for RSV), one sample was IF negative and viral culture

positive (for influenza virus type A), one sample was IF posi-
tive (for RSV; no viral culture was performed), and one sample
was positive by both IF and viral culture methods (for influenza
virus type B).

Detection of RNA in respiratory samples. The same 143
clinical specimens were screened for the seven respiratory vi-
ruses by RT-PCR-EHA. RT-PCR-EHA found a total of 17
positive samples (13 for influenza virus type A, 2 for influenza
virus type B, 1 for HPIV-3, and 1 for RSV types A and B)
among 143 clinical specimens tested (11.9%). This included all
eight samples found to be positive by routine methods and nine
additional positive samples. Table 2 compares the results of
viral culture and those of IF with multiplex RT-PCR-EHA for
the detection of viral RNA in the respiratory samples.

Influenza virus-specific RT-PCR. Eight of the nine samples
with discordant results were tested by a second multiplex RT-
PCR assay for influenza virus types A and B. All eight samples
(seven of which were influenza virus type A positive and one of
which was influenza virus type B positive) were found to be
positive by this additional testing, supporting the findings of
the RT-PCR-EHA results. One sample which was positive for
HPIV-3 by RT-PCR-EHA but negative for HPIV-3 by IF and
viral culture (Table 3) was not tested by another method.
These supplementary investigations confirmed that eight of the
nine samples with RT-PCR-EHA-positive results were true
positives that would not have been found to be positive by

TABLE 1. Patient demographics

Characteristic Value

Total no. of patients ........................................................ 126

Sex (no. of males/no. of females) .................................. 81/45

Age range (yr)
Male ...............................................................................18–85
Female ...........................................................................22–78

Collection interval .......................................... August 1999–March 2000

Total no. of clinical specimens ....................................... 143
No. of nasopharyngeal aspirate specimens ............... 50
No. of bronchoalveolar lavage specimens................. 93

TABLE 2. Comparison of results of viral culture and IF and those
of multiplex RT-PCR-EHA methods for detection of

respiratory virusesa

RT-PCR-EHA/
VC-IF resultb

No. of specimens with indicated results

HPIV-1 HPIV-2 HPIV-3 Inf Ac Inf Bd RSV

1/1 0 0 0 6 1 1e

1/2 0 0 1 7 1 0
2/2 143 143 142 130 141 142
2/1 0 0 0 0 0 0

a A total of 143 clinical specimens were screened for each respiratory virus.
b VC, viral culture. The four possible combinations of RT-PCR-EHA and viral

culture-IF results are listed. 1, positive result; 2, negative result.
c Inf A, influenza virus type A.
d Inf B, influenza virus type B.
e The subtype was not defined by viral culture or IF. However, the sample was

RSV type A and B positive by RT-PCR-EHA.
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routine methods and that therefore would have otherwise been
missed.

Sensitivity and specificity. Initial comparison of RT-PCR-
EHA results to those of IF and/or viral culture as a gold
standard generated a sensitivity, a specificity, a positive pre-
dictive, and a negative predictive value of 100, 93, 47, and
100%, respectively, for RT-PCR-EHA (Table 4). When eight
of the nine samples with initial discordant results were consid-
ered true positives, the specificity and positive predictive value
increased to 99 and 94%, respectively.

DISCUSSION

Detection of respiratory pathogens by RT-PCR-EHA
proved to be better than that by conventional IF or viral cul-
ture methods. These findings are consistent with those of other
studies previously reported, which have used monospecific or
multiplex RT-PCR assays for the detection of viral infections
(2, 11, 12, 25). Although oligonucleotide hybridization con-
firms the specificity of the amplified PCR product, there is also
evidence of improved sensitivity of PCR assays with oligonu-
cleotide hybridization compared to the sensitivity of PCR as-

says with agarose gels for the detection of infection (10, 28).
RT-PCR-EHA incorporates both the RT-PCR technology and
microplate hybridization for confirmation of results, with the
combination of both techniques potentially augmenting the
sensitivity of this assay.

In our study, RT-PCR-EHA detected all viral culture- and
IF-positive clinical samples and additional positive samples
which would otherwise have been missed by routine methods.
These results highlight the superiority of the sensitivity and
specificity of RT-PCR-EHA compared with those of conven-
tional methods. The finding of viral culture- and IF-negative
but RT-PCR-EHA-positive samples may be due to the amount
and viability of the viruses present in the nasopharyngeal as-
pirate and bronchoalveolar lavage specimens. The advantage
of the RT-PCR methodology for the detection of viruses from
clinical specimens is that the method can detect the virus
genome when it is present at a low titer or when the virus is not
replication competent. The brevity of the infection, localiza-
tion to the respiratory tract, and temporal association with
clinical symptoms characteristic of viral shedding make it rel-
atively easy to ascribe clinical significance to the detection of
viral nucleic acid. The possibility that the additional samples
detected by RT-PCR-EHA represent samples with false-posi-
tive results is unlikely since eight of the nine samples were
confirmed to be positive by another RT-PCR method. This
high degree of sensitivity of RT-PCR compared to those of
viral culture and IF for the detection of currently circulating
influenza strains (influenza A/Sydney IS/97-like and influenza
B/Beijing/184/93-like) is in line with our experience over two
respiratory seasons of parallel testing by culture, IF and influ-
enza virus-specific RT-PCR (data not shown). The result for
the one sample positive for HPIV-3 by RT-PCR-EHA but
whose result could not be confirmed by other methods is, we
believe, unlikely to represent a false-positive result due to the
rigorous attention given to optimal PCR work practices (19)
and the integrity of the no-target controls carried through each
step of the assay process. The result is biologically plausible, as
HPIV-3 did circulate in the community during the study.

If samples with true-positive results are defined as those
which are culture and/or IF positive or culture and IF negative
but positive by RT-PCR-EHA and the second RT-PCR
method, then the specificity of RT-PCR-EHA is 99%, with a
positive predictive value of 94%. The negative predictive value
was 100%, with no false-negative results obtained by RT-PCR-
EHA.

Although the viruses tested for in the present study have
previously been reported to be significant pathogens, especially
in immunocompromised bone marrow and lung transplant re-
cipients (24, 29), the patient population in our study was not
specifically targeted to assess the incidence of these infections
through a winter period. Future work would aim at a more
targeted population. We found that the majority of our posi-
tive samples were positive for influenza virus type A (76%),
followed by influenza virus type B (12%), which is indicative of
our adult patient population. The incidence of childhood virus
infections (RSV and HPIV infections) was low.

Although RT-PCR-EHA is capable of simultaneously de-
tecting seven respiratory pathogens from one clinical speci-
men, no multiple infections were detected in the present study.
However, one sample was positive for both RSV type A and

TABLE 3. Comparison of results for 17 clinical specimens positive
by either viral culture-IF, multiplex RT-PCR-EHA, or multiplex RT-

PCR methods for detection of respiratory virusesa

Sample
no. Specimen VC-IFa

result
RT-PCR-EHA

result
RT-PCR

resultb

1 NPA Flu A1 Flu A1 NT
2 NPA RSV 1 RSV 1 NT
3 NPA Flu A1 Flu A1 NT
4 NPA Flu A1 Flu A1 NT
5 NPA Flu A1 Flu A1 NT
6 NPA Flu A1 Flu A1 NT
7 NPA Flu A1 Flu A1 NT
8 NPA Flu B1 Flu B1 NT
9 NPA ND Flu A1 Flu A1
10 BAL ND Flu A1 Flu A1
11 BAL ND Flu A1 Flu A1
12 NPA ND Flu A1 Flu A1
13 NPA ND Flu A1 Flu A1
14 NPA ND Flu A1 Flu A1
15 NPA ND HPIV-31 NT
16 NPA ND Flu A1 Flu A1
17 NPA ND Flu B1 Flu B1

a Abbreviations and symbols: VC, viral culture. NPA, nasopharyngeal aspirate;
BAL, bronchoalveolar lavage; NT, Not tested; ND, not detected; Flu A, influ-
enza virus type A; Flu B, influenza virus type B; 1, positive result.

b Multiplex RT-PCR for influenza virus types A and B only (non-RT-PCR-
EHA).

TABLE 4. Comparison of results of viral culture and IF and
those of multiplex RT-PCR-EHA for detection of

seven respiratory viruses

RT-PCR-EHA
result

No. of specimens with the following
viral culture-IF results:

Positive Negative

Positive 8 9
Negative 0 126

Total 8 135
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RSV type B by RT-PCR-EHA. This is due to the ability of the
RSV type A-specific probe to bind to both RSV type A and
RSV type B nucleic acid material. Hence, in the presence of
RSV type B, a positive signal is also observed for RSV type A
and the possibility of a dual infection with RSV type A and
RSV type B cannot be ruled out.

The clinical relevance of detection of seven viruses in the
population tested depends on several factors. These include
the association between virus detection and the clinical disease
syndrome that may be caused by the virus, the ability of the
host to eradicate the virus without going into respiratory fail-
ure, and the availability of timely treatment interventions. A
large number of our patients tested were immunocompro-
mised hosts. We believe that the identification of these viruses
as causes of respiratory disease in these patients is the first step
in determining how frequently they may cause serious prob-
lems and, hence, how hard we should push with both accepted
treatments such as those for influenza virus infection (either
empirical or targeted treatment) and more controversial treat-
ments such as those for RSV and parainfluenza virus infections
(ribavirin and RSV hyperimmune globulin).

Only clinical specimens (nasopharyngeal aspirate and bron-
choalveolar lavage specimens) were assayed in the present
study. However, RT-PCR-EHA is able to detect the seven
respiratory viruses in various body fluids, including washes
(nasal, throat, and tracheal washes), swabs (nasopharyngeal
and throat swabs), aspirates (tracheal, lung, and throat aspi-
rates), lung biopsy specimens, and cerebrospinal fluid.

The speed of diagnosis of viral infection by RT-PCR-EHA is
intermediate between the speeds of detection by viral culture
and rapid IF methods. The assay requires approximately 10 h
of processing time, and clinical specimens can simultaneously
be screened against seven respiratory pathogens with compar-
atively little effort. It should be noted that a chosen cocktail can
be used with this kit to target a particular virus, for example,
influenza virus types A and B only; however, this will not result
in any significant cost savings or a loss of technical time. The
cost-effectiveness is yet to be established, but batch testing and
an increase in throughput of specimens would certainly de-
crease the unit cost.

In conclusion, RT-PCR-EHA constitutes a more specific
and sensitive alternative to conventional viral culture and IF
methods, making this multiplex assay well suited for use in
epidemiological studies and beneficial for a respiratory disease
diagnostic service. Specific and sensitive assays, such as the
RT-PCR-EHA described here, which are able to provide rapid
(with turnaround times of 24 to 36 h) and defined results for
virus detection are critical in the clinical setting. Such assays
may potentially reduce nosocomial transmission to high-risk
patients, limit unnecessary antibiotic use, and improve clinical
management as a result of the use of appropriate and directed
therapy following diagnosis of infection with a specific virus.
The results of the present study indicate that multiplex RT-
PCR assays have great potential for use in the detection of
common respiratory pathogens.
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