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SUMMARY

A synthetic oligodeoxynucleotide of 40 nucleotides corresponding to nucleotides
33-72 of the gene coding for the viral protein VP7 of rotavirus, was used as a
nucleic acid probe to develop a non-radioactive hybridization method for
rotavirus detection. The probe was labelled at the 3' end with biotin-7-dATP. The
sensitivity and specificity of the dot blot hybridization assay for rotavirus
detection was evaluated with 303 stool specimens. The results indicate that the
hybridization assay has a higher sensitivity than both PAGE and El A. Among the
rotavirus strains tested 37 different electropherotypes were found. The results
suggest that rotavirus diagnosis by dot hybridization using a non-radioactive
probe may become routine laboratory procedure because it is simple, highly
specific and very sensitive.

INTRODUCTION

Rotavirus infections are one of the major causes of acute diarrhoeal disease in
infants and young children in developing countries [1—3]. The detection of
rotavirus in hospitalized patients with acute gastroenteritis is important in
ensuring use of adequate therapy and also in preventing nosocomial infections
[4-7].

Rotavirus diagnosis has been helped by the extremely large number of viral
particles excreted in stools, making possible virus detection by electron microscopy
[8]. Infection with rotavirus can also be diagnosed by detecting viral antigens
using an enzyme-linked immunosorbent assay [9, 10]. Immunological detection of
rotavirus antigens provides a fast and convenient way of screening the large
number of samples necessary for epidemiological studies [11, 12]. Unfortunately
most of the immunological systems currently in use which do not include a
blocking stage, have been reported to give false positive results.

* Corresponding author.

https://doi.org/10.1017/S0950268800049621 Published online by Cambridge University Press

https://doi.org/10.1017/S0950268800049621


176 J . FERNANDEZ AND OTHERS

Another method used to detect rotavirus makes use of the fact that this virus
has a unique genome of 11 double-stranded RNA segments which can be easily
detected by polyacrylamide gel electrophoresis [4, 13, 14]. This latter method may
be particularly useful since it has been suggested that the electrophoretic pattern
can be used to trace nosocomial infections using the viral electropherotype as a
marker to define a particular viral strain [6, 14, 15].

The need for methods to detect viruses that lack the group A antigens found in
the original isolates, has led to the development of nucleic acid probes as an
alternative to detect the presence of rotavirus [16-20]. Several detection methods
have been developed based on nucleic acid hybridization. They mostly use 125I- or
32P-labelled cDNA or RNA probes to detect the presence of rotavirus in either dot
blot of Northern-blot assays and these can allow even viral subgroups and
serotypes to be distinguished [21-24]. Although these probes have shown a high
level of specificity and sensitivity, the use of radioactive isotopes limits their
routine use. Because radiolabelled probes have a short half-life are expensive and
require sophisticated equipment for their use, their use becomes impractical for
many routine laboratories.

Recently a method using biotinylated single-stranded RNA transcripts as
probes has been developed [25]. The procedure employs a streptoavidin-alkaline
phosphatase conjugate to detect the biotin-labelled probe, thus avoiding the
problems of using radioactive probes [26-28]. Nevertheless this system, as well as
all the others described to date, are still difficult to use in routine diagnosis, or in
large epidemiological studies. This is due to size of the probe and the difficulties
involved in either obtaining large amounts of pure transcripts or storing them for
long periods without degradation. For reliable assays the probes must be small,
readily available in large quantities and free from contamination with non-specific
DNA. It is still not easy to prepare such pure, highly concentrated probes by
cloning in recombinant plasmid.

In this paper we report the use of a small synthetic biotinylated oligo-
deoxynucleotide for the detection of the genomic RNA of rotavirus. The
oligonucleotide is derived from a highly conserved sequence located in the 5' end
region of the rotavirus gene encoding the structural glycoprotein VP1 of the
NCDV strain [29, 30]. This system provides the basis for a fast, sensitive and
simple assay for rotavirus diagnosis.

MATERIALS AND METHODS

Stool samples
The samples tested consisted of stools collected between 1986 and 1988. Stool

samples were obtained from 303 infants under 2 years old admitted to Roberto del
Rio Children's Hospital of Santiago, Chile. Stool samples from children
hospitalized with diarrhoea were shown to contain rotavirus by RNA gel
electrophoresis using a 10% polyacrylamide gel (PAGE) and the electropherotype
for each isolate was determined [6, 14]. Rotavirus infection was also diagnosed by
detecting viral antigens using the enzyme-linked immunoassay (EIA) described
previously [31]. The virus isolates used as controls (adenovirus, pararotavirus
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(strain NOCIRAM), reovirus and respiratory syncytial virus) were made from
patients and identified by current diagnostic procedures.

Synthesis of the deoxyoligonucleotide probe

A 40-base deoxyoligonucleotide was synthesized with an automated DNA
synthesizer (Applied Biosystems, USA), using phosphoramidite chemical methods
[23]. After synthesis the probe was purified using Applied Biosystems' Oligo-
nucleotide purification cartridges following the manufacturer's instructions and
stored at —20 °C until they were labelled. The sequence of the synthesized 40mer
was the following:

5'-CGGTTAGCTCCTTTTAATGTATGGTATTGAATATACCACA-3'.

This sequence corresponds to nucleotides 33-72 of the VP7 gene of the NCDV
strain of rotavirus. This is a highly conserved region in all rotavirus strains
sequenced up till now, such as UK, Wa, HU-5 and SA-11 [29, 30]. In this
particular region only one base change has been observed in strain Hu-5 (in
position 11 of the probe where a C residue is changed to a T, and in position 2
where a G to C change is observed in the SA-11 strain).

Labelling of deoxyoligonucleotide probes with biotin

The probes were labelled with biotin-7-dATP (Bethesda Research Lab., USA)
at the 3' end using terminal deoxynucleotidyl transferase (TdT). The labelling
reactions were performed in a volume of 50 /i\ containing 1 fig of the 40mer probe,
lx tailing buffer (100 niM potassium cacodylate pH 7*2, 2 mM-CoCl2 and 0-2 HIM
dithiothreitol), containing 30/iM-dATP, 100/^M biotin-7-dATP and 15 units of
TdT. The mixture was incubated at 37 °C for 4 h and the reaction was terminated
by adding 5 fil of 150 mM-EDTA pH 8-0. The labelled probes were stored at
-20°C until required.

Processing of stool samples for dot blot hybridization assays

Viral RNA was extracted from stool samples by two consecutive extraction
cycles with phenol and chloroform and precipitated with ethanol as previously
described [6, 14]. To denaturate the RNA, the samples were resuspended in
distilled water, boiled for 5 min and quenched on ice for 2 min. The denatured
samples were then applied onto nitrocellulose membranes (Schleicher and Schuell)
which had been presoaked with 10 x SSC buffer (1 x SSC: 0-15 M-NaCl and 0-015 M
sodium citrate), using a 96-well BRL filtration manifold. After air drying, the
filters were baked in a vacuum oven for 2 h at 80 °C. Viral RNA concentration was
determined by UV absorption at 260/280 nm.

Dot blot hybridization conditions

The filters with the immobilized nucleic acids were prehybridized for 12 h at
50 °C in a solution containing: 50% formamide, 2.5 x SSC buffer, 5 x Denhardt's
solution (0-1% each of bovine serum albumin, polyvinylpyrrolidone, and ficoll),
30 mM phosphate buffer pH 6-5, 0-2 % SDS, and 100 /tl/ml of salmon sperm DNA.
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Fig. 1. Specificity of the synthetic oligonucleotide probe on dot blot hybridization.
Rotavirus RNA or nucleic acids (200 ng), derived from other viruses, were denatured
and spotted onto nitrocellulose membranes. As indicated hybridization of the probe
was evaluated with: rotavirus RNA from a clinical isolate, long electropherotype,
serotype 1 (A), rotavirus RNA from a clinical isolate, short electropherotype, serotype
2 (B), pararotavirus genomic RNA (C), reovirus genomic RNA (D), respiratory
syncytial virus genomic RNA (E), yeast tRNA (F), and adenovirus genomic DNA (G)
are shown.

Hybridization was carried out at 50 °C for 12 h, in the same solution used for
prehybridization, with 150 ng/ml of the biotinylated probe. After hybridization,
the filters were washed four times with 2 x SSC containing 04 % SDS, twice with
0-2% SSC with 0-1% SDS and finally twice with 0-01% SSC containing 0-1%
SDS, the latter was performed at 65 °C. Detection of the hybrids was accomplished
with the use of BlueGENE (Bethesda Research Laboratories, Maryland, USA),
following the manufacturer's instructions.

RESULTS
The 40-nucleotide synthetic oligodeoxynucleotide was used as a probe to

develop a nonradioactive hybridization method for rotavirus detection. The
detection of rotavirus RNA by dot blot hybridization was evaluated by
hybridizing the synthetic oligodeoxynucleotide labelled at the 3' end with biotin-
7-dATP, to 200 ng genomic RNA of rotavirus isolates which had been previously
denatured and blotted on nitrocellulose membranes as described in Methods. As
controls we tested tRNA, adenovirus genomic DNA, pararotavirus (strain
NOCIRAM), reovirus genomic RNA, and respiratory syncytial virus genomic
RNA, As seen in Fig. 1, the synthetic probe recognized RNA from non-group A
rotavirus strains tested while all the controls tested were negative in the assay.
Optimal conditions for hybridization of the oligonucleotide probe were at 50 °C
with 50% formamide in 2-5 x SSC for 12 h.

The sensitivity of the assay was evaluated by spotting decreasing amounts
(200 ng-200 pg) of denatured dsRNA of rotavirus on nitrocellulose membranes.
These results were compared with those obtained with samples of rotavirus
containing similar amounts of dsRNA analysed by polyacrylamide gel electro-
phoresis. As shown in Fig. 2, the electrophoresis method used allowed detection
down to 20 ng of genomic rotavirus RNA. On the other hand, hybridization assays
using the non radioactive oligonucleotide probe, permit the detection down to
approximately 200pg of rotavirus RNA, as seen in Fig. 3.

To compare the efficiency of the dot blot hybridization assay with poly-
acrylamide gel electrophoresis as well as with another conventional method such
as an enzyme immunoassay, 303 stool specimens obtained from children under the
age of 2 years with acute diarrhoea were used, as shown in Table 1. Analysis of the
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Fig. 2. Sensitivity of detection of rotavirus genomic RNA by polyacrylamide gel
electrophoresis. Amounts added to the gel varied between 200 ng and 200 pg of
rotavirus genomic RNA. Approximate amounts corresponding to: 200 ng (A), 100 ng
(B), 50 ng (C), 20 ng (D), 1 ng (E), 200 pg (F) are shown. RNA was detected by silver
nitrate staining. The arrows indicate the position of each of the eleven segments of
rotavirus RNA.

B D

Fig. 3. Sensitivity of detection of rotavirus genomic RNA by dot blot hybridization.
Rotavirus RNA amounts varying between 200 ng and 200 pg, were denatured and
spotted on nitrocellulose membranes and hybridized with an oligonucleotide probe,
which was labelled with biotin-7-dATP at the 3' end with the use of terminal
deoxynucleotydyl transferase. Approximate amounts, corresponding to: 200 ng (A),
100 ng (B), 50 ng (C), 20 ng (D), 1 ng (E), 200 pg (F), are shown.
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Table 1. Comparison of rotavirus detection by different methods

Detection methods 303
, * , clinical

Dot blot Page Eia samples

+ + + 218
+ + - 12

+ 7
- - 66

303 isolates by electrophoresis indicated the presence of rotavirus in 230 stool
samples while the remaining 73 samples were negative. A study of electrophoretic
patterns was also carried out using an electrophoretic mobility diagram. By
PAGE analysis 37 different electropherotypes were present in the 303 samples
analysed. Six were different short electropherotypes and 31 were long ones. All the
electropherotypes found had patterns already detected by us [6, 14]. The analysis
of the same samples by dot blot hybridization assays demonstrated that the
oligonucleotide probe was capable of detecting all samples found positive by
PAGE, regardless of the serotype and/or electrophoretic pattern of the sample
analysed. The analysis by dot blot hybridization of some of these samples (144) is
shown in Fig. 4. In rows I to L 48 samples initially scored as negative by gel
electrophoresis were studied. As can be seen eight of them were positive by dot
blot and three more 1-1, K-2 and K-3 that showed some level of reaction were
considered negative due to the low level of hybridization. Similar results were
obtained with 24 of the samples out of the 303 that were initially scored as
negative when assayed by PAGE, and found positive when assayed by dot blot
hybridization. These samples were then phenol extracted, ethanol precipitated
once more, and resuspended in a tenth of the original volume. They were analysed
again by polyacrylamide gel electrophoresis. In all samples tested this time the
presence of genomic rotavirus RNA was demonstrated, showing that the initial
inability to detect viral RNA was due to the low concentration of RNA in the
samples.

When the same 303 samples were analysed by EIA, 225 samples were positive
while 78 were negative. The samples scoring positive for the presence of rotavirus
by EIA included seven samples that were negative when analysed by
electrophoresis as well as by the dot blot hybridization system. On the other hand
the EIA system used failed to detect the presence of rotavirus in 12 samples in
which the presence of viral rotavirus RNA was detected by both RNA gel
electrophoresis and dot blot hybridization, indicating the possibility of false
negative results. Thus, our findings confirm that the EIA system developed by
WHO against both rotavirus antigenic subgroups can produce false positive as
well as false negative results [32]. There was complete coincidence in the results
obtained with the three detection assays in 218 samples. From the 303 samples
studied 230 were positive by dot-blot and RNA PAGE assays and only 95 % of
them were detected by EIA, suggesting that the latter is a less reliable diagnostic
procedure.
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Fig. 4. Detection of rotavirus RNA in 144 diarrhoea stools. Rotavirus RNA genomic
obtained from patients with acute diarrhoea were dotted on nitrocellulose membranes
and hybridized to a biotinylated oligonucleotide probe as described. Including 103
positive and 41 negative to both dot blot and gel electrophoresis.

DISCUSSION
A synthetic non-radioactive oligodeoxynucleotide probe with a sequence

selected from the 5' end of gene coding for the polypeptide VP7, was tested in
rotavirus diagnosis. The sequence corresponding to nucleotide 33-72 was selected
because it is almost completely conserved in all known sequences of the VP7 gene
coding for different viral serotypes [29, 30]. The data presented in this paper
indicate that the use of this probe represents a simple and sensitive assay for the
detection of rotavirus in stools samples from patients with acute diarrhoea or from
asymptomatic ones.

Although several probes have been obtained for the detection of rotavirus, they
are all based on the use of cDNA or RNA transcripts made in vitro. These cDNA
probes are difficult to obtain free of contamination with non-specific nucleic acids
and at the high concentrations required for this type of assay. In the case of RNA
probes, as well as the problems described above they are also very unstable for use
for diagnostic purposes. In contrast, the sequence we selected can be easily
obtained in large quantities and in pure form by using an automated
oligonucleotide synthesizer, a simple and inexpensive procedure. A further
advantage is that a small oligonucleotide probe, like the one described here, can
be hybridized completely in a much shorter time than that required for larger
probes [26, 27]. Another aspect to be considered is that a single-stranded probe
will hybridize in a more efficient way than a double-stranded probe. Self-annealing
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of double stranded probes lowers the effective concentration of the probe available
for hybridization with the samples.

Another very important aspect is that the dot hybridization assay described in
this work employs a non-radioactive probe. Most probes utilized up to now consist
of 125I or 32P-labelled cDNA or RNA which, although being highly specific and
sensitive, have several disadvantages. They are expensive to prepare, have a short
half-life and require trained personnel for the use and disposal of radioisotopes.
Furthermore radioisotopes are not readily available in most laboratories in
developing countries where this assay would be most valuable.

The probe used in this work was labelled with biotin-7-dATP by tailing at the
3' end with terminal deoxynucleotydyl transferase [33]. We have selected this
system because it allows the incorporation of an adequate number of biotin
residues. It has been shown that oligonucleotide probes with unhybridized 'tails'
of biotin-dNTP residues provide a non-radioactive detection substrate that is
more sensitive than one with biotin incorporated into internucleotide linkage by
chemical synthetic methods [33].

The sensitivity of the assay was evaluated by spotting rotavirus genomic RNA
directly on nitrocellulose membranes and the limit was found to be of the order of
200 pg. This was compared with a PAGE/silver staining detection assay that was
found to be less sensitive in detecting genomic rotavirus RNA with a limit of
20 ng.

A study using the 40mer probe to detect rotavirus RNA was carried out with
303 stool specimens from children with acute diarrhoea, and showed than our
hybridization assay has higher specificity and sensitivity that either PAGE/silver
staining or an El A system. Twenty-four samples scored as negative when tested
initially by PAGE, were found positive in the hybridization assay. All these
samples where shown to be positive when retested using samples with concentrated
RNA, showing that the PAGE system is highly specific but less sensitive that our
dot hybridization assay. Another aspect to be taken into account is the specificity
of the probe. As shown in Fig. 1, the probe did not cross-hybridize with
adenovirus, respiratory syncytial virus or with other more closely related viral
RNAs such as reo or pararotavirus.

Among the rotavirus strains detected by our dot blot hybridization assay were
both long and short electropherotypes (serotypes 1 and 2 respectively), and
including 37 different electropherotypes. On the other hand the EIA system failed
to detect 12 of the 230 positive samples and gave false positive results with 7
samples, showing that it was less specific and sensitive than the probe.

In addition we have also used the probe with samples from asymptomatic
children in which rotavirus was also identified, this represents also an advantage
since immunological methods usually give false results with this type of sample
[32].

The results suggest that rotavirus diagnosis by dot blot hybridization using a
synthetic deoxyoligonucleotide probe may become a useful tool as a simple routine
laboratory procedure which ensures high sensitivity and specificity even if other
enteropathogens are present in the stool sample.
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