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Abstract

A colorimetric nucleic acid sequence-based amplification^enzyme-linked immunosorbent assay (NASBA-ELISA) was developed for
rapid detection and identification of human rotavirus. Oligonucleotide primers targeting gene 9 encoding a serotype-specific antigen VP7
were selected and used for the amplification of viral RNA by the isothermal NASBA process, resulting in the accumulation of
biotinylated RNA amplicons. Amplicons were hybridized with a specific amino-linked oligonucleotide probe covalently immobilized on
microtiter plates. The DNA^RNA hybrids were colorimetrically detected by the addition of streptavidin^peroxidase conjugate and
tetramethylbenzidine substrate. Using the NASBA-ELISA system, as little as 0.2 PFU (4U101 PFU ml31) and 15 PFU (3U103 PFU
ml31) of rotavirus were detected within 6 h in spiked MQ water and sewage treatment effluent respectively. No interference was
encountered in the amplification and detection of rotavirus in the presence of non-target RNA or DNA. Moreover, the presence of non-
target bacteria and virus does not generate any non-specific signal, confirming the specificity of the developed NASBA-ELISA system and
its effectiveness in specifically detecting rotavirus. The NASBA-ELISA system offers several advantages in terms of sensitivity, rapidity
and simplicity. This technique should be readily adaptable for detection of other RNA viruses in both foods and clinical samples. C 2002
Federation of European Microbiological Societies. Published by Elsevier Science B.V. All rights reserved.
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1. Introduction

In recent years, viral gastroenteritis has become ex-
tremely common in humans worldwide. Since 1982, 40%
of the con¢rmed food-borne outbreaks reported through-
out the world have been of viral etiology. Over 110 known
enteric viruses are excreted in human feces. However, only
a relatively small number have been epidemiologically
linked to viral disease, namely Norwalk, rotavirus and
hepatitis A virus. In the USA, rotaviruses cause about
3.5 million infections every year, resulting in 70 000 hospi-
talizations, 75^125 deaths of children and annual losses of

nearly $250 millions [1]. Epidemiological evidence suggests
that rotaviruses may be transmitted to humans by various
foods, such as shell¢sh and crops. A major source of con-
tamination is treated or raw waste water into which rota-
viruses are excreted in large numbers from infected per-
sons and where it can persist for a long period [2]. As for
most enteric viruses, rotaviruses implicated in food-borne
illness are often found in very low concentrations in con-
taminated water samples since they are not able to multi-
ply in vitro. The ability to detect traces of rotavirus con-
tamination in water and related samples is essential in
developing tools for the investigation and possible preven-
tion of viral disease outbreaks. Traditional methods for
the detection of rotaviruses in water include tissue culture
techniques in which viruses are concentrated from water
samples and allowed to multiply in sensitive cell cultures
in which characteristic cytopathic e¡ects can be visualized.
Although sensitive, these techniques remain cumbersome,
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costly and time-consuming (up to 2 weeks), with the cyto-
pathic e¡ect often requiring more than 1 week to observe.
Moreover, several rotavirus strains are unable to induce
any cytopathic e¡ect. Faster and more sensitive molecular
biology techniques have been proposed for the speci¢c
detection of some enteric viruses including rotaviruses in
food and water samples. Nucleic acid ampli¢cation tech-
niques such as the reverse transcription-polymerase chain
reaction (RT-PCR) have been shown to o¡er the possibil-
ity of direct detection of rotaviruses in food and environ-
mental samples [3,4]. An alternative to RT-PCR poten-
tially applicable to the detection of rotaviruses is the
nucleic acid sequence-based ampli¢cation (NASBA) tech-
nique. NASBA is a homogeneous, isothermal RNA am-
pli¢cation process involving the action of three enzymes,
reverse transcriptase, T7 RNA polymerase and RNase H,
as well as two target sequence-speci¢c oligonucleotide
primers (one of which bears a bacteriophage T7 promoter
sequence appended to its 5P end), acting in concert to
amplify target sequences more than 108-fold [5]. Its advan-
tage over the traditional RT-PCR technique is its suitabil-
ity for the direct ampli¢cation of RNA targets, obviating
the need for thermal cycling equipment. NASBA was suc-
cessfully used for the detection of Listeria monocytogenes
[6], Campylobacter [7] and human immunode¢ciency virus
[8]. In recent work, we have demonstrated the e¡ectiveness
of NASBA for the detection of hepatitis A virus in waste-
water, fruits and vegetables [9]. In this paper, a NASBA
technique combined with a simple microplate hybridiza-
tion system was developed for the speci¢c and sensitive
detection of human rotavirus.

2. Materials and methods

2.1. Viral and bacterial strains

The human rotavirus strain Wa, kindly provided by Dr.
P. Payment (Institut Armand-Frappier, Montreal, QC,
Canada), was propagated in MA-104 cells using previ-
ously published method [1] and stored in 1-ml fractions
at 380‡C until use. Hepatitis A virus HM-175 (HAV) and
Escherichia coli (ATCC 11775) were used to evaluate the
speci¢city of the NASBA reaction. HAV was propagated
in FRhK-4 cells as previously described [10]. E. coli was
grown in tryptic soy broth and bacterial counts were de-
termined by plating on tryptic soy agar.

2.2. Nucleic acids

Puri¢ed yeast tRNA (Roche Diagnostic, Laval, QC,
Canada) and E. coli total RNA were used to evaluate
the impact of non-homologous nucleic acids on the spec-
i¢city of the NASBA reaction. Total RNA was puri¢ed
from E. coli using Trizol reagent (Gibco-BRL, Burlington,
ON, Canada).

2.3. Titration of rotavirus by immuno£uorescence
microscopy

The viral titer was determined in 96-well microtiter
plates containing a 24-h MA-104 cell culture (150 000 cells
ml31) in maintenance medium containing 5% fetal calf
serum. The viral suspension was treated with 20 U trypsin
ml31 for 30 min at room temperature and diluted in main-
tenance medium. 25 Wl of each dilution and 200 Wl of
maintenance medium were added to microtiter plate wells.
The microplates were incubated at 37‡C for 24 h in 5%
CO2. The medium was discarded and 100 Wl of 80% (v/v)
acetone was added, followed by 30 min of incubation at
4‡C. In emptied wells, 50 Wl per well of anti-rotavirus
antibody (1:300, Accurate Chemical, Westbury, NY,
USA) was added and incubated for 30 min at 37‡C. The
microplates were washed ¢ve times with 200 Wl of phos-
phate-bu¡ered saline (PBS) and 50 Wl of £uorescein iso-
thiocyanate-labeled anti-sheep IgG (H+L) antibody
(1:3000, Sigma, Oakville, ON, Canada) was added, fol-
lowed by incubation for 30 min at 37‡C. The microplate
was then washed four times with 200 Wl of PBS, 50 Wl of
glycerol/PBS (3:1) was added to each well and the micro-
plate was sealed until observation by epi£uorescence mi-
croscopy. Each viral titer was done in quadruplicate and
calculated using the Reed^Muench method [11].

2.4. Primers and oligonucleotide probes

A primer pair was selected from published rotavirus
gene 9 nucleic acid sequences encoding the serotype-spe-
ci¢c antigen VP7 (GenBank accession number K02033),
synthesized and gel-puri¢ed before use (Table 1). The re-
verse primer (Rota-2) bears the bacteriophage T7 RNA
polymerase promoter binding region and preferred tran-
scriptional initiation sequence at its 5P end. Digoxigenin
(DIG)-labeled and amino-linked oligonucleotide probes
corresponding to an internal region de¢ned by the di¡er-
ent primer pairs were synthesized and used for the detec-
tion of ampli¢ed target RNA.

2.5. NASBA procedure

The NASBA procedure used in this study has been pre-
viously described by Jean et al. [9] except that in this case,
biotinylated 16-uracil triphosphate (biotin-16-UTP, Roche
Diagnostics) was incorporated at a concentration of 0.4
mM into the NASBA reaction mixture. The ampli¢cation
products were analyzed by denaturing agarose gel electro-
phoresis, by Northern blot [9] or by the microplate hybrid-
ization system described below.

2.6. Microtiter plate hybridization and detection of
NASBA-ampli¢ed RNA

Amino-linked rota-probe oligoprobe (0.2 WM, 100 Wl)
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diluted in coating bu¡er (500 mM NaH2PO4 plus 1 mM
EDTA pH 8.5) was incubated in a 96-well DNA-bind
microtiter plate (Corning, Acton, MA, USA) at 37‡C for
30 min. The microtiter plate was washed three times with
250 Wl of 1UTBS (50 mM Tris^HCl plus 150 mM NaCl,
pH 7.6) and blocked for 30 min at 37‡C with 200 Wl of
blocking solution [1U TBS containing 0.05% Tween 20
(TBS-T) plus 1% blocking reagent (Roche Diagnostics)].
10 Wl of NASBA product was heated 2 min at 95‡C to
inactivate RNase H enzyme and added to 490 Wl hybrid-
ization solution [5U SSC (75 mM sodium citrate plus 750
mM NaCl) and 0.1% SDS]. 100 Wl of this NASBA product
were added to the amino-linked oligoprobe-coated DNA-
bind microtiter plates and hybridized for 1 h at 55‡C.
Plates were washed three times with TBS-T and blocked
again for 30 min at room temperature. 100 Wl of strepta-
vidin^peroxidase conjugate diluted 1:4000 in blocking so-
lution was added to each well and microtiter plates were
incubated for 30 min at room temperature. After several
washes, 100 Wl of 3,3P,5,5P-tetramethylbenzidine (TMB,
Kirkegaard and Perry Laboratories, Gaithersburg, MD,
USA) substrate were added to each well and the color
was allowed to develop before reading absorbance at 650
nm in a microtiter plate reader (Molecular Devices, Sun-
nyvale, CA, USA).

2.7. Validation of NASBA-ELISA by analysis of human
rotavirus spiked sewage treatment e¥uent

Ten-fold serial dilutions of human rotavirus starting at
3U104 PFU ml31 in sewage treatment e¥uent (treatment
plant, Saint-Nicolas, QC, Canada) were prepared. 5 Wl of
each sample was heated to 100‡C for 5 min to lyse the
virus particles and subjected to the NASBA and microtiter
plate hybridization procedure described above. Unspiked
sewage treatment e¥uent samples were also analyzed as
negative controls. The detection limit achieved in sewage
treatment e¥uent was compared to that obtained in MQ
water (ultra¢ltration grade deionized water, Millipore).
For the evaluation of the speci¢city, non-target microor-
ganisms including E. coli (2U104 CFU ml31) and hepatitis
A virus (105 PFU ml31) as well as non-target nucleic
acids, notably yeast tRNA and total E. coli RNA (50 Wg
ml31) were added, alone or in the presence of rotavirus
and analyzed by the NASBA-ELISA.

3. Results and discussion

3.1. Speci¢city of the rotavirus NASBA products

As shown in Fig. 1, the analysis of the rotavirus NAS-
BA product by denaturing agarose gel electrophoresis
shows a unique band corresponding to the expected size
of 286 nucleotides (Fig. 1A). No band was observed with
the negative control. The speci¢city of the NASBA was
con¢rmed by Northern blotting using a DIG-labeled oli-
goprobe. The ampli¢cation product generated a strong
hybridization signal of a molecular size of 286 nucleotides
(Fig. 1B). These results con¢rm the e¡ectiveness of the
NASBA system developed and the speci¢city of the se-
lected primer pair for the ampli¢cation of the target region
in gene 9. Several primer sets have been reported in the
literature for the ampli¢cation of rotavirus by RT-PCR.
However, considering the results obtained in our previous
study [9] on the ampli¢cation of hepatitis A virus, which
showed that primers designed for RT-PCR were not nec-
essarily the best candidates for ampli¢cation by NASBA, a
new primer set was designed from a highly conserved re-
gion near the end of gene 9 for the speci¢c ampli¢cation of
human rotavirus.

Table 1
Nucleotide sequences of oligonucleotide primers and probes used in this study

Primers and probe Sequence Location

Rota-1 5P-GTAAGAAATTAGGTCCAAGAG-3P 794^814
Rota-2+T7a 5P-AATTCTAATACGACTCACTATAGGGAGAGGTCACATCGAACAATTC-3P 1045^1062
Rota-probe-DIG 5P-CAAACTGAGAGAATGATGAGAGTGAATTGG-3P 886^915

aThe T7 promoter sequence is underlined.

Fig. 1. Analysis of primer speci¢city on target human rotavirus in NAS-
BA. A: Analysis of the NASBA-ampli¢ed rotavirus RNA by denaturing
agarose gel electrophoresis. B: Northern blot analysis of NASBA prod-
uct using the DIG-labeled rota-probe oligoprobe. C: Detection of the
biotinylated NASBA product using streptavidin^peroxidase conjugate
and TMB substrate. Lane 1: RNA molecular marker; lane 2: NASBA
product negative control ; lane 3: NASBA product in the presence of
human rotavirus.
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3.2. Detection of ampli¢ed RNA by NASBA-ELISA

To verify if the incorporation of biotin-16-UTP could
a¡ect the NASBA speci¢city, ampli¢cation reactions were
performed in the presence of biotin-16-UTP. The ampli-
¢ed product was separated by denaturing gel electropho-
resis, transferred to a nylon membrane and detected by
streptavidin^peroxidase conjugate. As shown in Fig. 1C,
the incorporation of biotin-16-UTP did not interfere with
the ampli¢cation reaction, since a characteristic ampli¢ca-
tion band was obtained. For the NASBA-ELISA, the bio-
tinylated NASBA product was hybridized with the amino-
linked probe immobilized on microtiter plates. The hybrid
formed was detected using streptavidin^peroxidase conju-
gate. The e⁄ciency of the NASBA-ELISA was con¢rmed
by analyzing two-fold serial dilutions of biotinylated am-
pli¢ed rotavirus RNA. Speci¢c signals proportional to the
amount of added RNA were obtained (Fig. 2).

3.3. Speci¢city of the NASBA-ELISA

The speci¢city of the NASBA-ELISA was con¢rmed by
the analysis of non-target microorganisms and nucleic
acids. The presence of non-target microorganisms such
as E. coli and hepatitis A virus, as well as non-target
nucleic acids such as yeast tRNA and E. coli RNA, did
not generate any non-speci¢c signal (Fig. 3). Moreover,
the addition of such non-target microorganisms and nu-
cleic acids to rotavirus samples did not interfere with the
speci¢city or the sensitivity of the detection system, since
the hybridization signals obtained were comparable in
terms of intensity to that of rotavirus alone.

3.4. Sensitivity of the NASBA-ELISA

As shown in Fig. 4, the detection signal generated by
the NASBA-ELISA was proportional to the viral concen-

Fig. 2. Detection of biotinylated NASBA products by the microplate hybridization system. NASBA ampli¢cation was performed in the presence of 106

PFU ml31 and then the biotinylated ampli¢ed viral RNA was two-fold serially diluted before detection by the microplate hybridization system (F) de-
scribed above. Negative control (E) consists of NASBA reaction performed in the absence of human rotavirus. Results are means of triplicate analyses.

Fig. 3. Speci¢city of the rotavirus NASBA-ELISA. NASBA reactions were performed with non-homologous RNA (tRNA and total E. coli RNA) at a
concentration of 50 Wg ml31 and with non-target microorganisms (E. coli and hepatitis A virus) at a concentration of 105 CFU or PFU ml31 in the ab-
sence (E) or presence (F) of rotavirus. Results are means of triplicate analyses.
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tration with a detection limit of 4U101 PFU ml31 in MQ
water (data not shown) and 3U103 PFU ml31 in sewage
treatment e¥uent. No signal was obtained with negative
controls. This minimum viral concentration corresponds
to as little as 0.2 PFU and 15 PFU in MQ water and
sewage treatment e¥uent respectively if we consider that
only 5 Wl from each viral dilution was added to the reac-
tion mixture and ampli¢ed by NASBA. This detection
limit is 10 times more sensitive than that obtained by
NASBA for HAV [9]. In conclusion, this work has
strongly con¢rmed the e¡ectiveness of the NASBA ap-
proach for the direct and speci¢c ampli¢cation of viral
RNA. The combination of NASBA with the simple and
quantitative microplate hybridization system o¡ers several
advantages over other molecular techniques, including
high sensitivity and speci¢city. It is simple to perform,
quantitative and allows the analysis of several samples si-
multaneously.
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