
A DNA Oligonucleotide Microarray for Detecting Human
Astrovirus Serotypes

David W. Browna,*, Kerry B. Gunningb, Dorothy M. Henrya, Zuheir L. Awdehc, James P.
Brinkera, Saul Tziporia, and John E. Herrmanna

aTufts University, Cummings School of Veterinary Medicine, North Grafton, MA 01536, USA

b Integrated DNA Technologies, Coralville, IA 52241, USA

c Pulsar Clinical Technologies, Inc., Cambridge, MA 02138, USA

Abstract
Human astroviruses have been shown in numerous studies to be an important cause of gastroenteritis
in young children worldwide. The present communication addresses their characterization by use of
oligonucleotide microarray hybridization. The system developed consists of an RT-PCR using
primers of low degeneracy capable of detecting all eight serotypes of human astroviruses. RT-PCR
products are then hybridized against a microarray consisting of short oligonucleotide probes 17 to
18 nucleotides in length. Cy3-labeled ssDNA targets are generated using a Cy3-labeled primer in
the RT-PCR. The non-labeled strand is enzymatically digested, and the labeled target is rescued by
column purification. This method of generating labeled target uses equimolar concentrations of the
amplifying primers and does not compromise assay sensitivity for initial detection of the virus.
Hybridization can be performed without the need for additional amplification. Although the amplicon
spans a relatively conserved region of the astrovirus genome, the use of short probes enables type
distinction despite such limited diversity. Probes differing by as little as a single nucleotide can be
used to distinguish isolates. The microarray developed was capable of distinguishing representatives
of the eight known serotypes of human astroviruses.
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1. Introduction
Astroviruses are 28-35 nm diameter, icosahedral viruses that have a characteristic five- or six-
pointed star-like surface structure when viewed by electron microscopy (Gk. astron, star).
Along with the Picornaviridae and the Caliciviridae, the Astroviridae comprise a third family
of nonenveloped viruses whose genome is composed of plus-sense, single-stranded RNA. In
addition to humans, astroviruses have been isolated from numerous mammalian animal species
(classified as genus Mammoastrovirus) and from avian species such as ducks, chickens, and
turkey poults (classified as genus Aviastrovirus). The astrovirus genome is approximately 6.8
kb in length and consists of three open reading frames. ORF1a and ORF1b overlap and encode
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nonstructural proteins regulating virus replication. ORF2 encodes the capsid proteins. Human
astroviruses have been grouped into 8 serotypes, and phylogenetic analysis using the amino
acid sequences encoded by either ORF2 or ORF1b results in a clustering of genotypes that
correlates with serotype (Belliot, et al., 1997; reviewed in Matsui and Greenberg, 2001).

Human astroviruses were first detected in 1975 using direct electron microscopy (EM) on fecal
samples of infants with diarrhea (Appleton and Higgins, 1975; Madeley and Cosgrove,
1975). Astrovirus replication was first detected in cell culture using immunofluorescent
antibody (IFA) techniques on infected primary human embryonic kidney cultures (Lee and
Kurtz, 1981). The medical importance of astrovirus in humans was established initially in large-
scale studies conducted in Thailand in 1991 (Herrmann, et al., 1991) where astroviruses were
found by ELISA to be the second most common cause (after rotavirus) of viral diarrhea in
young children. These studies and subsequent ones based on antigen detection were made
possible by use of a monoclonal antibody ELISA able to detect all known human astrovirus
serotypes (Herrmann, et al., 1988). This and other improvements in detection techniques, such
as better cultivation techniques (Willcocks, et al., 1990) and the application of the reverse
transcription polymerase chain reaction (RT-PCR) in numerous studies have been instrumental
in defining the epidemiology of this illness worldwide (Cruz, et al., 1992; Dennehy, et al.,
2001; Glass, et al., 1996; Glass, 2001; Kotloff, et al., 1992; Maldonado, et al., 1998; Mitchell
et al., 1999; Unicomb, et al., 1998; Walter, et al., 2001). RT-PCR is the most sensitive detection
method, and in a direct comparison of RT-PCR, ELISA, and EM to monitor an outbreak, it
was found that many subclinical infections could only be detected by RT-PCR. Further, use
of RT-PCR revealed that several patients were infected earlier and shed virus for longer than
indicated by EM or ELISA (Cubitt, et al., 1999). Astroviruses have also been quantitated by
real-time RT-PCR in both sewage (Le Cann, et al., 2004) and stool samples (Zhang, et al.,
2006).

Knowledge of the molecular epidemiology of a virus is now considered to be a key step in
understanding its burden in human health (Guix, et al., 2005). Although RT-PCR provides a
very sensitive means of detecting astrovirus genomic material in feces, microarrays have been
shown to be particularly useful as an adjunct to viral detection methods involving nucleic acid
target amplification (Wang, et al., 2002). This communication describes RT-PCR of all eight
serotypes of human astroviruses using a single set of primers of low degeneracy. Amplified
products are identified to type by hybridization to a microarray consisting of short
oligonucleotides. The use of short oligonucleotides as probes enables type identification using
amplified sequences of limited diversity.

2. Materials and methods
2.1. Cell culture and virus strains

Viral isolates representative of the 8 known astrovirus serotypes were tested. Original seed
viruses for astroviruses types 1-7 were obtained from Dr. John B. Kurtz, John Radcliffe
Hospital, Oxford, England. These were passed four times in Caco-2 cells for use as stock
viruses. Caco-2 cells were obtained from the American Type Culture Collection, Manassas,
VA. The cells were grown in D-MEM medium with 10% fetal bovine serum added.
Additionally, a stool sample containing astrovirus type 8 was obtained from Prof. Ian Brierley,
University of Cambridge, Cambridge, U.K. This sample was used for the present study directly,
as the virus was unable to be passaged in culture. For virus passage, cells were rinsed twice
with serum-free D-MEM and inoculated with 100μl of original seed or passaged virus stocks
at 37° C for one hour. The inoculum was removed and 1.0 ml of D-MEM containing 100 units
penicillin, 100 μg streptomycin, 10 μg gentamicin, 1.0 μg amphotericin B, and 20 μg porcine
trypsin 1:250 (Gibco BRL, Grand Island, N.Y) per ml was added. The porcine trypsin used
contained a minimum of 225 USP U/mg BAEE units of activity.
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Turkey astrovirus (TAstV1987) was obtained from Dr. Y. M. Saif, The Ohio State University,
Wooster, OH. A stool sample containing a genogroup I norovirus has been described elsewhere
(Herrmann, et al., 1985) and a stool sample containing a genogroup II norovirus was obtained
from Dr. J. Vinje, Centers for Disease Control and Prevention, Atlanta, GA. Rotavirus SA-11
was obtained from the American Type Culture Collection, Rockville, MD.

2.2. Isolation of viral RNA
Viral RNA was purified from supernates of 10% fecal suspensions or cell cultures using
Qiagen's QIAamp Viral RNA Mini Kit using the manufacturer's instructions.

2.3. Design of primers for RT-PCR
ClustalW analysis of astrovirus ORF1b genomic sequences was used to produce an alignment
for subsequent primer selection. Primers were selected using Premier Biosoft International's
Primer Premier Version 5.0. A selection bias for low degeneracy and an optimum annealing
temperature in the range of 49°C to 52°C was applied to the search.

2.4. Microarray probe design
The design concept was based on single nucleotide polymorphism (SNP) probe designs. SNP-
probes typically contain a centrally located single point of variation that allows discrimination
based on length of contiguous stretches of nucleotide identity, typically 25 nucleotides for
perfect-match and 12 nucleotides for mismatch. Since the Astrovirus serotype sequences do
not differ from each other at either the same point or a single point, any probe designed for one
serotype sequence will have variable asymmetric points of variation relative to the different
family member sequences. Consequently, short (17 nucleotide) oligonucleotide probes were
designed to three different regions within the astrovirus amplicon that contained different
degrees of genetic variability among eight serological strains of the virus (see Fig. 1). This
allows for the potential discrimination between perfectly matched hybridization domains of
17-contiguous nucleotides and mismatched hybridization domains of shorter contiguous
stretches, ranging from 2 to 11 nucleotides. In two cases, two astroviruses had the same
sequence at the selected probe design sites (astrovirus 1 & 5 at site 4, and astrovirus 2 & 4 at
site 3), so the respective oligonucleotide probes were excluded from this study.

2.5. Microarray production
Short array probes (17-18mers, see Figure 1) were each synthesized as a standard desalt purified
oligonucleotide with a 5' I-Linker™ modification (Integrated DNA Technologies, Coralville,
IA). The oligonucleotide probe set was then printed at 40uM in ESB, Epoxide Spotting Buffer,
(Integrated DNA Technologies, Coralville, IA) on Corning Epoxide Slides using a BioRobotics
MicroGrid 610 spotter equipped with Telechem 946MP3 pins. Each oligonucleotide probe was
spotted in duplicate per array with each slide containing 12 replicate arrays in a format
compatible with the 16-chamber mask of the Grace Bio-Labs ProPlate™ Multi-Array Slide
System. Printed slides were then treated for 1 hour in a humidity chamber with 84% humidity
followed by 1 hour of drying in a desiccator. The slides were stored at room temperature until
ready to hybridize.

2.6. RT-PCR
The astrovirus RT-PCR was performed using Qiagen's OneStep RT-PCR Kit. The sense primer
(5'-ACTGCCTRTCWCGGACTG-3') and a modified Cy3-labeled antisense primer (5'-Cy3-
TGTGACACCYTGTTTCCT-3') were used at equimolar concentrations (final concentrations
of 600nM each in a 30 μl reaction volume). Following reverse transcription at 50°C for 30
minutes, HotStarTaq DNA polymerase was activated by heating to 95°C for 15 min. Ten cycles
of denaturation, annealing , and extension at 94°C, 51°C, and 72°C, respectively were followed
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by an additional 10 cycles at 93°C, 52°C, and 72°C, and a final 20 cycles at 93°C, 53°C, and
72°C. Amplification ended with a 10 minute extension at 72°C.

2.7. Preparation of single stranded Cy3-labeled astrovirus target cDNA
Following RT-PCR with the labeled antisense primer, single stranded Cy3-labeled targets were
isolated using a SNP-Chip ssDNA Target Preparation protocol (Integrated DNA Technologies,
Coralville, IA). Briefly, RT-PCR products were digested with a strand specific enzyme
followed by column purification of the protected Cy3-labeled target strands using Promega
ChipShot purification columns.

The strand specific digestion reaction consisted of 33 μl molecular biology grade water, 6 μl
10X digestion buffer, 1 μl enzyme (ten units), and 20 μl RT-PCR reaction product. Following
a 2 hour incubation at room temperature, 6 μl sodium acetate (3M, pH 5.2) and 337.5 μl of
binding solution were added to each 60 μl digestion reaction volume. Each mixture was gently
mixed and applied to a Promega ChipShot purification column, incubated at room temperature
for five minutes, and centrifuged at 10,000 × g for 1 minute. The flow-through was discarded,
and the column was washed with 500 μl 80% ethanol. Following centrifugation at 10,000 × g
for 1 minute, the flow-through was again discarded. The wash was repeated twice for a total
of three washes. An additional centrifugation at 10,000 × g for 1 minute was performed to
remove residual ethanol.

For elution of target, the column was placed in a clean 2 ml collection tube, and Cy3-labeled
ssDNA was eluted by adding 60 μl of elution buffer to each column. After two minutes
incubation at room temperature, the column was centrifuged at 10,000 × g for one minute. The
eluted sample was dried down in a Speed-Vac. The dried Cy3-labeled ssDNA target was
resuspended in 55 μl of 1X hybridization buffer, which consisted of 11 μl molecular biology
grade water plus 44 μl 1.25X SNP Hybridization Buffer (Integrated DNA Technologies,
Coralville, IA).

2.8. Microarray Hybridization
Prior to use, the slides were washed for 5 minutes with agitation using filtered, de-ionized
water, rinsed for 1 minute in fresh water, and spun dry. The 16-chamber hybridization mask
from the Grace Bio-Labs ProPlate™ Multi-Array Slide System was assembled onto the
microarray slide. The resuspended Cy3-labeled ssDNA targets were heated for five minutes at
80°C and pulse spun. 25 μl of each target/hybridization mix was applied to a single well of the
16-chamber mask on the array slide, covered with plastic film, and hybridized for 2 hours 15
minutes at 50°C (in a humidity chamber in a water bath). The hybridization reaction was then
removed by pipetting from each well. The hybridization mask was disassembled, and the slide
immediately washed for 15 minutes in 200 of 1X SNP Wash Buffer 1 (Integrated DNA
Technologies, Coralville, IA) that had been preheated to 50°C. The wash buffer was maintained
at 50°C during the 15 minute wash. A second (200 ml 2X SSC buffer at room temperature)
and third wash (200 ml 0.2X SSC buffer at room temp) were performed, and the slide was
centrifuged at 1500 × g to remove excess fluid.

2.9. Scanning of the microarray
Hybridized slides were scanned using an Affymetrix 418 Scanner at an excitation wavelength
of 532 nm and an emission wavelength of 570 nm. Laser power and gain for Figure 3 were
80% and 50%, respectively.
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2.10. Sequencing of astrovirus RT-PCR products
Astrovirus RT-PCR products were sequenced at the Tufts University Core Facility using an
ABI 3100 automated DNA sequencer.

3. Results
3.1. Primers for RT-PCR

The primers used for RT-PCR were characterized by low degeneracy; the antisense primer
contained one variable nucleotide and the sense primer contained two variable nucleotides.
The specificity of the primers was demonstrated by their inability to amplify RNA sequences
from a turkey astrovirus or from other RNA viruses commonly associated with gastroenteritis
(rotavirus, genogroup I and II noroviruses) (data not shown). RT-PCR products in relation to
astrovirus sequences of eight serotypes are shown in Fig. 2. An asterisk under the sequences
being compared indicates conserved nucleotides.

3.2. Probes
The probes used for microarray analysis were 17 nucleotides in length (type-specific probes)
or 18 nucleotides in length (conserved sequence probes). Their relative positions in the
microarray are shown in Fig. 3, and their location relative to the amplified RT-PCR products
are shown in Figure 2.

3.3. Hybridization
In Figure 3, Cy3-labeled antisense targets obtained from amplification products of eight
different serotypes of astrovirus were hybridized to the astrovirus microarray. Not all probes
bound target efficiently. Probes for astroviruses 6 (site 4) and 8 (site 3) were associated with
weak binding and thus were not useful for typing. However, distinct patterns of hybridization
were obtained for each of the eight viruses. For astrovirus 3, substantial hybridization was
observed with the two astrovirus 2 probes. Level of binding to the astrovirus 2 probes suggested
potential cross contamination with an astrovirus 2 sequence. A repeat RT-PCR and
hybridization resulted in the expected binding pattern to astrovirus 3-specific probes.

The astrovirus 4 target bound at high levels to the astrovirus 8, site 5 probe. Based on the
GenBank sequences used for probe design, the site 5 probes for astroviruses 4 and 8 should
have differed by a single nucleotide (5'-CAATTCCCGTAACAAAG-3' for astrovirus 4 versus
5'-CAATTCCCATAAACAAAG-3' for astrovirus 8). Sequencing of the RT-PCR products for
astroviruses 1 through 7 revealed that all sequences at sites 3, 4, and 5 were as expected except
for site 5 of the astrovirus 4 isolate. This isolate was identical to astrovirus 8 as a result of a
change of a single nucleotide from G to A. Additional astrovirus 4 sequences listed with
GenBank reveal more variability at this site, which will require the addition of more probe
variants to the array. The astrovirus 8 labeled target bound as expected to the astrovirus 8, site
5 probe, demonstrating that a single nucleotide difference is sufficient to substantially impact
target binding.

4. Discussion
RT-PCR provides a very sensitive means of detecting astrovirus genomic material. For
maximum sensitivity, primer degeneracy should be kept to a minimum. This necessitates the
targeting of conserved viral sequences in the initial amplification step. Such an approach lowers
the level of primer degeneracy required to account for sequence variation. Conserved
sequences, although essential for sensitive detection of a majority of viral isolates, can pose
some problems for distinguishing different isolates using microarray analysis. By using a series
of short probes, however, conserved regions of the genomes can still be sufficiently variable
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for characterization of enteric viruses. For example, Chizhikov, et al. (2002) and Lovmar, et
al. (2003) used short probes (about 20 nucleotides in length) to successfully distinguish
different rotavirus isolates.

Detection of enteric viral genomes in feces presents a particular challenge because of the great
amount of genomic material present from the bacterial flora of the GI tract, from cells shed
from the lining of the GI tract, and from ingested material. Non-specific amplification
techniques suffer from a lack of sensitivity due to the amplification of non-target sequences,
and are more appropriate for detection of genomic material in fluids such as CSF, serum, water,
and possibly respiratory secretions in which the amounts of competing non-target sequences
are limited. A single microarray for a comprehensive panel of pathogens coupled with a non-
specific amplification technique, although potentially valuable for screening samples such as
serum or CSF, is likely to suffer substantially in sensitivity in the presence of great excesses
of non-target sequences, as would be present in feces. For most enteric viruses, fecal samples
are the best source of virus, since most enteric viral infections remain localized.

A DNA microarray consisting of long oligonucleotides (70mers) has been described for the
detection of a broad range of viral pathogens (Wang, et al., 2002). A related technology (reverse
line blotting) has been reported for the characterization of human noroviruses (Vinje and
Koopmans, 2000). An advantage of microarrays over line blotting is the smaller size of the
microarrays, enabling the use of smaller quantities of samples and reagents and the inclusion
of a greater number of probes. Jaaskelainen and Maunula (2006) reported the use of a
microarray for the detection of noroviruses and astroviruses. Their assay for astroviruses
consisted of reverse transcription followed by PCR amplification and subsequent generation
of ssRNA transcripts. The RNA transcripts were applied to the microarray and primer extension
with labeled nucleotides was used to label bound transcripts. This approach entails more
manipulations, deals with the more labile RNA as the hybridization target material, and their
results indicated that a majority of isolates (15 of 25) were untypable. Although a large number
of isolates have not yet been tested with this system, all representatives of the eight serotypes
were typable.

This diagnostic approach enables rapid detection and characterization of human astrovirus
isolates. The assay can be performed using direct labeling of RT-PCR products with a single
fluorophore per target molecule without the need for a second target amplification step or
enzyme-based signal amplification. Enzymatic digestion of the non-labeled strand enables
production of labeled ssDNA targets without compromising the optimum primer
concentrations for initial detection of the virus (as would occur with asymmetric amplification
procedures). Use of conserved primers for the initial RT-PCR should improve chances of
detecting uncharacterized isolates. By using short nucleotides (17-mers) as probes in the
oligonucleotide microarray, single nucleotide changes can be detected, thus improving chances
of identifying isolates differing at the sites of the probe sequences. As more isolates are
characterized, the microarray can be expanded to account for greater diversity as such diversity
is encountered.

In conclusion, an RT-PCR, a target labeling system, and a microarray of short oligonucleotides
for detection and characterization of human astroviruses has been developed. Use of short
oligonucleotides offers a sensitive means of distinguishing closely related amplicons. Proof of
principle was demonstrated with the current array distinguishing eight known serotypes of
human astroviruses.
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Fig. 1.
Sequences of the probes in the astrovirus oligonucleotide microarray. The probe layout is
provided in Fig. 3.
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Fig. 2.
Astrovirus sequences from eight serotypes in the region amplified by the RT-PCR primers
used for detection and generation of labeled targets for microarray hybridization. The GenBank
accession number for each sequence is listed to the left. In parentheses are the serotype
designations. Primers used for RT-PCR are indicated in aqua. Probe sequences at conserved
sites (1 and 2) and sites used for type identification (3, 4, and 5) are indicated in yellow.
Nucleotides that differ from the consensus are highlighted in green. Astroviruses 2 and 4 are
identical at site 3, and astroviruses 1 and 5 are identical at site 4. Probes for these were not
included in the microarray.
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Fig. 3.
Oligonucleotide microarray for distinguishing the eight different types of human astrovirus.
RT-PCR was performed using a single pair of primers at equimolar concentrations. The
antisense primer was labeled with Cy3. The RT-PCR products were enzymatically digested to
remove the unlabeled (and unprotected) sense strands, and the remaining labeled antisense
targets were column purified and applied to the microarray consisting of predominantly 17mer
positive sense probes. Duplicate dots in the upper right and lower left of each array are two
conserved sequences in common to all the astroviruses. Type specific probes are clustered as
two to three pairs of duplicate dots on the array. The pseudocolor scale used to indicate signal
intensity is as follows: black < blue < green < yellow < orange < red < white. Locations of
probes on the microarray are provided to the right of the scans. A = site 3. B = site 4. C = site
5. c1 = common sequence, site 1. c2 = common sequence, site 2. bu = buffer control.
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