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Simultaneous Detection of Major Enteric Viruses Using a Combimatrix
Microarray§

Various enteric viruses including norovirus, rotavirus, ad-
enovirus, and astrovirus are the major etiological agents of 
food-borne and water-borne disease outbreaks and frequently 
cause non-bacterial gastroenteritis worldwide. Sensitive and 
high-throughput detection methods for these viral pathogens 
are compulsory for diagnosing viral pathogens and subse-
quently improving public health. Hence, we developed a 
sensitive, specific, and high-throughput analytical assay to 
detect most major enteric viral pathogens using “Combi-
matrix” platform oligonucleotide probes. In order to detect 
four different enteric viral pathogens in a sensitive and si-
multaneous manner, we first developed a multiplex RT-PCR 
assay targeting partial gene sequences of these viruses with 
fluorescent labeling for the subsequent microarray. Then, 
five olignonucleotides specific to each of the four major en-
teric viruses were selected for the microarray from the oli-
gonulceotide pools targeting the specific genes obtained by 
multiplex PCR of these viruses. The oligonucleotide micro-
array was evaluated against stool specimens containing single 
or mixed viral species. As a result, we demonstrated that the 
multiplex RT-PCR assay specifically amplified partial se-
quences of four enteric viruses and the subsequent micro-
array assay was capable of sensitive and simultaneous de-
tection of those viruses. The developed method could be 
useful for diagnosing enteric viruses in both clinical and 
environmental specimens.
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Introduction

The public health burden of acute non-bacterial gastroen-
teritis, which is primarily caused by enteric viral pathogens 
such as norovirus (NoV), rotavirus (RoV), adenovirus (AdV), 
and astrovirus (AstV) (Oishi et al., 1994; Glass et al., 2000; 
Pang et al., 2000) is substantial. Epidemics of these viruses 
have been commonly reported worldwide. The viruses can 
survive for prolonged periods of time in water and on sur-
faces, which facilitates viral transmission, making them im-
portant food-borne and water-borne pathogens (Ansari et 
al., 1991; Dennehy et al., 2000). The impact of those highly 
contagious viruses in both developing and developed coun-
tries is enormous; however, the lack of, or the fastidiousness 
of, conventional cultivation methods for NoV and enteric 
AdV has lead to a limitation in analytical tools. Therefore, 
various epidemiological studies were largely performed us-
ing non-cultural analytical methods (Karamoko et al., 2005; 
Verma and Arankalle, 2010; Hamza et al., 2011).
  Non-cultural methods that include electron microscopy 
(EM), enzyme-linked immunosorbent assay (ELISA), mole-
cular techniques such as reverse transcription-polymerase 
chain reaction (RT-PCR) or PCR, and nucleic acid hybridi-
zation, are commonly applied techniques for diagnosing 
common enteric viruses (Shastri et al., 1998; Lin et al., 2004; 
Jaaskelainen and Maunula, 2006; Park et al., 2008). Among 
them, PCR-based methods are highly sensitive and specific in 
detecting viruses and thus it is most commonly used through-
out the world. The PCR products are generally verified by the 
amplicon size as well as their intensity using conventional 
gel electrophoresis, or in some cases, by colorimetric or flu-
orometric methods using appropriate chemicals (Clemence 
et al., 1999). The urgent need to rapidly and simultaneously 
detect more than one virus in a sample led to multiplex PCR, 
employing multiple sets of species/strain-specific primers 
(Jaaskelainen and Maunula, 2006). However, the design of 
compatible sets of primers and the difficulty in correctly de-
tecting related viral sequences present in the same specimen, 
can restrict the number of detectable viruses in a single assay 
(Bressoud et al., 1990; Wright et al., 1995; Atmar et al., 1996; 
Broude et al., 2001). In addition, the confirmation of the virus 
requires additional steps such as nucleic acid sequencing, 
hybridization, and so on (Chizhikov et al., 2002). Real-time 
PCR assays using different fluorescent probes can also be 
applied for the specific detection of the amplified products 
in multiplex methods (Khodakov et al., 2008). However, the 
limitation in the number of fluorescent chemicals and the 
potential optical interference between a subset of fluorescent 
chemicals can restrict the utility of real-time PCR-based, si-
multaneous, detection methods (Morrison et al., 1998; Vet 
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Table 1. Primers used in the uniplex and multiplex RT-PCR for viral detection
Name

(genome) Gene Primer Sequence (5 → 3 ) Location Polarity Amplicon
size (bp) Reference

Astrovirus
(ssRNA) ORF1a

MON340 CGTCATTATTTGTTGTCATACT 1182–1203 +
288 Belliot et al. (1997)

MON348 ACATGTGCTGCTGTTACTATG 1450–1470 -
Norovirus
(ssRNA) RdRp

G2SKF CNTGGGAGGGCGATCGCAA 5003–5028 +
386 Kojima et al. (2002)

G2SKR CCRCCNGCATRHCCRTTRTACAT 5367–5389 -
Adenovirus

(dsDNA) Fiber
AdF1 ACTTAATGCTGACACGGGCAC 30397–30418 +

541 Xu et al. (2000)
AdF2 TAATGTTTGTGTTACTCCGCTC 30916–30938 -

Rotavirus
(dsRNA) VP4

CON3 TGGCTTCGCCATTTTATAGACA 11–32 +
876 Gentsch et al. (1992)

CON2 ATTTCGGACCATTTATAACC 868–887 -

Table 2. Summary of sequences of the selected specific microarray probes 
Virus Probe name Probe Sequence (5 →3 ) Probe typea

Astrovirus

Ast_1 TGGCAATGACATAGTAACAGCAGCACAT S
Ast_2 AAACCAGGTGCATTATGTGTTATAGACACCC D
Ast_3 GTTGGAGTCAACGAATTTGTTGTCATAAAACCA D
Ast_4 TAAAACCAGGTGCATTATGTGTTATAGACACCC D
Ast_5 GAAGGAAAAGGGACAGGTTTCTTTTCTGGC D

Norovirus

No_1 GTCCAGAATGTACAATGGTTATGCAGGTGG S
No_2 GCCCTGATCTGAACCCCTATCTTTCTCAT S
No_3 TGGAGCGCGCCCTTGGGCCCTGATCTG D
No_4 GGCCCTGATCTGAACCCCTATCTTTCTC D
No_5 CTCATTTGTCCAGAATGTACAATGGTTATGCAG D

Adenovirus

Ad_1 AGGTGGCTCTAAGTTAATAATCAATCTTGGTCC S
Ad_2 AGCTATGGACTTAGGAGACGGTCTTGC S
Ad_3 GCGTCTGCTTTAATTATGAGCGGAGTAACA S
Ad_4 AACAACCAACTTCAACTCAGAATTGGCT S
Ad_5 GGAGCTATTACTTTAGCACTAGATGCAGCG S

Rotavirus

Ro_1 AGGAGAGCACAAGTTAATGAAGATATTACAATT S
Ro_2 GAGAGCACAAGTTAATGAAGATATTACAATTTC D
Ro_3 ACCAATTCAAAATACTAGAAATGTAGTTCCATT D
Ro_4 TAGGAGAGCACAAGTTAATGAAGATATTACAAT D
Ro_5 GGAAGGAAATGCAATATAATAGAGATATTATAA D

a Designed probe types are designated: S, standard type; D, tile discrete type.

et al., 1999).
  Microarray-based detection methods are highly attractive 
due to their high sensitivity, rapidity, and high-throughput 
detection of multiple PCR amplicons. Despite the relatively 
high cost of equipment and labeling reagents in microarray 
experiments, it generally provides a sensitive, specific, and 
high-throughput detection platform for simultaneous de-
tection (Park et al., 2006). The basic principle of microarray 
technology is the selective hybridization of sequences from 
target genes to the specific capture probes embedded on a 
microarray (Hacia, 1999). The most widely used method is 
fluorescent labeling for targets, which enables the direct 
visualization of labeled genes on the array. Furthermore, 
the explosive growth of viral genomic sequences available 
in public databases allows this method to be more flexibly 
applied for thousands of different viral species/strains. In 
fact, many novel infectious viruses have recently been diag-
nosed by microarray-based detection methods (Wang et al., 
2002). Therefore, microarray technology for the simulta-
neous detection of enteric viruses from environmental and/or 
clinical samples would meet the needs for high-throughput 
detection and possible genotyping of multiple enteric viruses 
(Urisman et al., 2006; Kistler et al., 2008). In the present 

study, we developed a Combimatrix microarray for simul-
taneous detection of various enteric viral pathogens.

Materials and Methods

Stool specimen and extraction of viral nucleic acids
Adenoviruses (AdV), astroviruses (AstV), noroviruses (NoV), 
and rotaviruses (RoV) were obtained from the infected hu-
man patients’ stool samples in Korea, which were given by 
the Korea Centers for Disease Control and Prevention (KCDC) 
and Water-borne Virus Bank (WAVA, Korea). Viral nucleic 
acids from 140 μl of 10% fecal suspension in phosphate- 
buffered saline (PBS) (2.7 M NaCl, 54 mM KCl, 86 mM 
Na2HPO4, 28 mM KH2PO4) were extracted using a QIAamp 
viral RNA mini kit (QIAGEN, USA) following the manu-
facturer’s protocol and stored at –80°C.

(RT)-PCR amplification of partial genes of four enteric viruses
Viral nucleic acids (RNA or DNA) from clinical samples 
were quantified by RT-PCR assay using a One-Step RT- 
PCR kit (QIAGEN). Table 1 summarizes the primers used in 
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Fig. 1. PCR amplification of viral amplicon by monoplex RT-PCR. 
Virus-specific RT-PCR was performed for each of the four foodborne vi-
ruses, using primer sets listed in Table 1, in the presence (+) or absence 
(-) of the corresponding viral particles; AstV, astrovirus serotype 1 (288 bp); 
NoV, norovirus GII-4 (386 bp); AdV, adenovirus serotype 41 (541 bp); 
RoV, rotavirus (876 bp). M represents the 100-bp ladder size marker 
(Cosmo, Korea) with the sizes designated in the left.

this study, along with their sequences, positions, and ampli-
con sizes.
Uniplex RT-PCR: The uniplex RT-PCR reaction mixture 
(25 μl) contains 5 μl of 5× Qiagen RT-PCR buffer, 0.4 mM 
dNTP mix, RT-PCR enzyme mix, 50 pmol of primers F 
and R, 20 U of RNase inhibitor (TaKaRa Bio Inc., Japan) 
with 2.5 μl of viral RNA or DNA template. The RT-PCR re-
action was performed using a 2720 Thermal Cycler (Applied 
Biosystems, USA). The viral RNA was reverse-transcribed 
for 60 min at 42°C and then incubated for 15 min at 95°C. 
PCR reactions were done using 45 cycles of 30 sec at 94°C, 
30 sec at 47.5°C, and 45 sec at 72°C followed by the final ex-
tension at 72°C for 10 min. Negative controls were included 
in all RT-PCR reactions.
Multiplex RT-PCR: The multiplex RT-PCR reaction mix-
ture (50 μl) contains 10.0 μl 5× Qiagen RT-PCR buffer, 0.4 
mM dNTP mix, RT-PCR enzyme mix, 20 U of RNase in-
hibitor (TaKaRa Bio Inc.), 50 pmol/each of four primer sets, 
1 μl/each of the four viral RNA/DNA templates. The RT- 
PCR reaction was performed under the same conditions as 
for the uniplex RT-PCR.

Design of oligonucleotide array chips
Both conserved and variable sequences were used for probe 
design using a software package (Premiere Biosoft Array- 
Designer Software ver.4.0). Probes of standard types, of dis-
crete tiling types and of overlapping types were selected as 
follows: The AdV probes included 15 standard, 15 discrete 
tiling, and 103 overlapping tiling types; The AstV probes 
included 11 standard, 13 discrete tiling, and 92 overlapping 
tiling types; The NoV probes targeting genogroup II (GII-4) 
included 9 standard, 11 discrete tiling, and 73 overlapping 
tiling types; The RoV probes included 17 standard, 22 dis-
crete tiling, and 170 overlapping tiling types. A total of 551 
oligonucleotide probes were synthesized and printed onto 
the CombiMatrix CustomArrayTM 4×2K microarray support 
(Macrogen, Korea) to generate the prototype chips for the 
four viruses. Likewise, the optimized chips were designed, 
using a subset of 5 probes of either standard type or discrete 
tiling type for each of the viruses that had been selected based 
on the specificity and intensity of the positive signals. The 
oligonucleotide sequences of the selected probes are shown 
in Table 2. Each 4×2K microarray chip has four identical 
array sectors that can be hybridized with different target 
samples using the sectored hybridization cap provided.

Labeling and purification of the PCR products
The fluorescently labeled DNA samples were generated by 
nested PCR using a G-taq PCR kit (LaboPass, Korea). The 
reaction was performed in 50 μl of a reaction mixture con-
taining 50 pmol of forward and reverse primers, 5 U of G-taq 
polymerase, 250 mM of dATP, dGTP, and dTTP, 125 mM 
dCTP, 25 mM Cy3-dCTP and templates. The PCR amplifi-
cation and labeling were performed under the following 
condition: denaturation for 1 min at 94°C; 45 cycles of de-
naturation at 94°C for 30 sec, annealing at 55°C for 30 sec, 
and extension at 72°C for 45 sec; and final extension at 72°C 
for 10 min. The Cy3-labelled amplicon DNAs were purified 
using a QIAquick PCR Purification Kit (QIAGEN), and then 

reconstituted in 30 μl of water. The quantity and quality of the 
Cy3-labelled DNAs were determined using an ND-1000 
Spectrophotometer (NanoDrop Technologies, Inc., USA).

Hybridization on microarray chips
The chips were activated at 65°C for 10 min with nuclease- 
free water (30 μl) added to each of the sectors, pre-incubated 
at the desired hybridization temperature for 30 min with 
gentle rotation, and then subjected to pre-hybridization at 
50°C for 30 min in pre-hybridization solution (6× SSPE, 
0.05% Tween-20, 20 mM EDTA, 5× Denhardt’s solution, 
100 ng/μl denatured salmon sperm DNA, and 0.05% SDS). 
Then, the oligonucleotide microarrays were hybridized for 
16 h at 50°C in hybridization solution (6× SSPE, 0.05% 
Tween 20, 20 mM EDTA, 100 ng/μl denatured salmon sperm 
DNA, 0.04% SDS) containing labeled probes (50 ng/μl).

Microarray scanning and data analysis
After hybridization, the slides were washed according to the 
manufacturer’s instructions. The slides were centrifuged brie-
fly and then air-dried. Then the arrays were imaged with a 
fluorescence scanner (GenePix 4000B; Axon Instruments, 
USA) containing a 532 nm laser for Cy3 and analyzed using 
GenePix Pro 5.0 software (Axon). All subsequent statistical 
analyses were conducted using Microsoft Excel. The data 
were analyzed independently in comparison with different 
types of viruses assuming that each virus is unique. The aver-
ages of all normalized probe intensities within the same 
probe sets and their standard deviations were calculated for 
each probe.

Results

Virus-specific uniplex RT-PCR and preparation of the Cy3- 
labeled probes for the prototype microarray experiments
In order to obtain the viral particles of prevalent strains in 
Korea, we obtained the stool samples from the Korea Centers 
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Fig. 3. Detection of foodborne viruses by multiplex RT-PCR. Multiplex 
RT-PCR was performed using four primer sets against the nucleic acid 
extracts from the stool specimen containing nothing (none), one or all of 
the four viral particles as in Fig. 1; AstV, astrovirus serotype 1 (288 bp); 
NoV, norovirus GII-4 (386 bp); AdV, adenovirus serotype 41 (541 bp); 
RoV, rotavirus (876 bp). M represents the 100-bp ladder size marker 
(Cosmo, Korea) with the sizes designated in the left.

   (A)                                                                          (B) Fig. 2. Results of hybridization using the 
prototype microarray chip. The average sig-
nal intensities of the probes for astrovirus 
(A), norovirus (B), adenovirus (C), and ro-
tavirus (D) printed in the prototype micro-
array chip are shown with the error bars rep-
resenting standard deviations. Five arrows 
in each panel indicate the selected probes 
for the further study, based on the high in-
tensity and the low variation of the positive
signals. 

   (C)                                                                          (D)

for Disease Control and Prevention (KCDC) and water- 
borne virus bank (WAVA, Korea) that were known to be 
positive for one of the aforementioned four viruses including 
AstV, NoV, enteric AdV, and RoV. First, as listed in Table 1, 
we generated PCR primers for individual uniplex RT-PCR 
amplification, based on the conserved sequences of each viral 
genome as previously described (Gentsch et al., 1992; Belliot 
et al., 1997; Xu et al., 2000; Kojima et al., 2002). The primer 
sets were successful in amplifying the corresponding am-
plicons (Fig. 1), which were verified by nucleotide sequencing 
(data not shown). We also confirmed the specificity of the 
primer sets by the absence of cross-reactivity toward the 
non-cognate amplicons, since we observed the single, de-
sired PCR amplification products from the mixture of all 
the four viral amplicons (data not shown). These amplified 
products were purified and used for fluorescence labeling 
using Cy3 for microarray experiments as described in 
‘Materials and Methods’.

Development of the prototype microarray and initial vali-
dation of the probes
All the microarrays used in this study were generated using 
CombiMatrix CustomArrayTM 4×2K microarray systems. 
Each 4×2K microarray has four identical array sectors that 
can be hybridized with four different types of probes using 
the sectored hybridization caps provided, which enables si-
multaneous hybridization of these probes.
  To determine the selectivity and the specificity of the probes 
to detect the viruses in the microarray platform, initial vali-
dation was performed by designing the prototype oligonu-
cleotide microarrays containing the oligonucleotide probes 
with variable sequences that were randomly designed using 

Premiere Biosoft Array Designer Software ver.4.0. A total of 
551 probes with the average length of 30 nucleotides were 
printed on the microarray. Five identical oligonucleotides 
for each probe were spotted for consistency validation as 
well as statistical analysis. The prototype microarray chip was 
subjected to hybridization with the fluorescently labeled, vi-
rus-specific, amplicon DNAs obtained from each uniplex 
RT-PCR as described in Fig. 1. After hybridization, high-re-
solution scan images were first obtained (Supplementary data 
Fig. S1) and the signal intensities of each probe were meas-
ured for subsequent statistical analyses. The hybridizations 
were repeated and analysed three times. The calculated aver-
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ages of all the normalized probe intensities within the same 
probe sets and their standard deviations from three indepen-
dent hybridization experiments are shown in Fig. 2, which 
enables us to determine the sensitivity of the probes. Based 
primarily on the signal intensities, the five probes were of 
either the standard type or the discrete tile type of probes and 
these were chosen to design the microarray (Table 2). The 
sequences of these probes are within the highly conserved 
stretches of the viral amplicons (Supplementary data Fig. S2).

Multiplex RT-PCR assay against the clinical samples
To facilitate the detection of the four viruses from the clinical 
samples, we first spiked a specific type of one or all of the 
isolated viruses (at 102–104 (RT)-PCR units for each virus) 
into the stool specimens from an uninfected human subject. 
The uniplex PCR against the viral nucleic extracts from the 
spiked stool specimens was successful under the same con-
ditions as in Fig. 1 (data not shown). Furthermore, we tried 
to optimize the multiplex RT-PCR assay for simultaneous 
amplification of the four viral amplicons in a single reaction, 
using the mixture of the same primer sets used in the uniplex 
RT-PCR for the AdV, AstV, NoV, and RoV. Successful am-
plification of all the four amplicons from the spiked stool 
specimens was obtained (Fig. 3) under our previously de-
scribed optimized multiplex RT-PCR conditions. We also 
confirmed that the primer sets in their uniplex format dis-
played no cross-reactivity even against the mixed viral nucleic 
acids extracted from the stool specimen (data not shown). 
Thus, the multiplex RT-PCR could be used for RT-PCR-based 
detection of the viruses by gel electrophoresis and fluo-
rescent labeling, and for the microarray-based detection 
and confirmation as well.

Development of the microarray chip-based simultaneous 
detection method for the four enteric viruses
The microarray for the four food-borne viruses that had been 
created using the selected oligonucleotide probes listed in 
Table 2 was used for hybridization with the Cy3-labeled 
probes from the uniplex RT-PCR as in Fig. 2 (Fig. 4A), as 
well as with the labeled probes from the multiplex RT-PCR 
against the stool samples (Fig. 4B). All the microarray ex-
periments were performed under the same conditions as for 
the prototype microarray, according to the manufacturer’s 
suggested protocols. The scanned images of the microarray 
chips that had been hybridized to the labeled PCR products 
were generated (Supplementary data Fig. S3) and the signal 
intensities were obtained and treated as in Fig. 2, resulting 
in the data shown in Fig. 4. These results verified the sensi-
tivity as well as the specificity of the selected probes. For 
example, the signal intensities of probes for AstV (Ast_1 to 
Ast_5) shown in Fig. 4A were unambiguously higher than 
the other probes with no cross-hybridization. Slight quan-
titative differences between the results in Figs. 4A and 4B 
were observed, which might be attributed to the difference 
in the sample type (viral amplicon DNA vs viral RNA/DNA 
extracted from stool specimens), or else the PCR format 
(uniplex vs. multiplex). These results suggested that the oli-
gonucleotide microarray combined with the optimized mul-
tiplex RT-PCR amplification/labeling could unambiguously 

detect and distinguish one or more viruses of the four major 
enteric viruses in the stool specimens.

Discussion

Microarray technology is very useful and applicable for a 
number of genome-wide analyses to identify genomic islands, 
gene expression patterns, gene dosages, single nucleotide 
polymorphisms and so on (Gunderson et al., 2005). It is also 
useful for more practical applications, such as the detection 
of specific pathogens from clinical and environmental speci-
mens, which has rapidly increased during the past decade, 
largely due to its high-throughput capability. Since micro-
array technology is essentially based on nucleic acid hy-
bridization, the platform is particularly useful for detection 
of viral pathogens that are fastidious or unculturable under 
laboratory culture conditions. Furthermore, the common 
food-borne gastroenteritis outbreaks worldwide are caused 
primarily by four enteric viruses that include NoV, AsV, 
RoV, and enteric AdV, some of whose cultivation methods 
remain to be further developed. The currently used detection 
methods such as microscopy, immunodetection, conven-
tional RT-PCR, and TaqMan real-time RT-PCR have been 
developed for the detection of such viruses (Lemarchand et 
al., 2004; Jaaskelainen and Maunula, 2006). To the best of our 
knowledge, this study presents the first detection method 
based on microarray chips targeting all of the four major 
enteric viruses, using highly species-specific oligonucleotide 
probes.
  The development of a simple molecular assay for simulta-
neous detection of multiple viruses is highly challenging, 
although it may facilitate the detection of various viruses 
with regard to cost and speed. However, it is not currently 
available, primarily due to the significant genetic diversity 
even in a single viral species. Furthermore, viral genomes 
do not have universal genes such as the 16S or 18S rRNA, 
which serve as phylogenetic probe targets in bacterial and 
fungal pathogens, respectively. Thus, the molecular targets 
will differ, depending on the conserved genes of each viral 
group/species. Such information is largely dependent on 
the amount of sequence data available for the given species. 
Based on the increasing amount of sequence data and num-
ber of literature reports for the four major viruses, we were 
able to design target amplicons that could serve as species- 
specific probes without cross-reactivity toward the other 
viruses.
  Although microarray detection of various viruses such as 
adenovirus, astrovirus, norovirus, and influenza virus has 
been reported, most of these reports were focused on geno-
typing of one or two viral species (Jacobi et al., 1998; Jaas-
kelainen and Maunula, 2006; Quan et al., 2007; Wang et 
al., 2008) or on comprehensive detection of a similar group 
of viruses (Pasquini et al., 2008; Chung et al., 2010; Engel et 
al., 2010). However, the quintessential advantage of micro-
arrays is that a large panel of probes can be hybridized with-
out additional effort and cost in a single reaction, which 
makes microarrays particularly suitable for detection of 
multiple viruses and subtyping of a group of viruses, based 
on their genetic diversity. Since viruses do not have universal 
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(A) Uniplex 
  (a)                                                                     (b)

Fig. 4. Hybrdization using the microarray chip de-
veloped for simultaneous detection. The average sig-
nal intensities of the selected probes in the developed
microarray chip are shown with the error bars repre-
senting standard deviations. The microarray chip was
hybridized using the probes labeled by uniplex RT- 
PCR as in Fig. 1 (A) or multiplex RT-PCR (B) against 
the nucleic acids extracted from stool samples con-
taining astrovirus (a), norovirus (b), adenovirus (c), 
rotavirus (d), and all four viruses (e). 

  (c)                                                                     (d)

(B) Multiplex
  (a)                                                                     (b)

  (c)                                                                     (d)

  (e)
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phylogenetic markers, the development of simultaneous de-
tection methods based on different oligonucleotide probes 
and their reference hybridization profiles with various viral 
nucleic acids would greatly expand the spectrum of detect-
able viruses, as demonstrated by Wang et al. (2008).
  The present study was focused on the experimental opti-
mization for simultaneous detection of four major enteric 
viruses with high sensitivity and selectivity. However, there 
is some limitation in this study. Although the most prevalent 
serotypes of each virus were selected for this study, tests were 
performed for only a limited number of isolates of each virus. 
There could be variation in the viral nucleic acid sequences 
in the regions used for both the primers and probes. Therefore, 
a panel of different strains of viruses should be tested, and 
the future primer and probe sequences could be adjusted as 
needed, based on these. Additionally, we did not fully char-
acterize the limit of detection of our developed assay in this 
study. Approximate 102–104 (RT)-PCR units for each virus 
were inoculated and successfully detected. Viral concentra-
tions in clinical specimens such as stool were typically much 
higher than this study (Rohayem et al., 2004). Therefore, it 
should be possible to apply our developed assay to diagnose 
clinical specimens. However, viral concentrations in envi-
ronmental samples are known to be much lower (Meritxell 
et al., 2005). Therefore, the limit of detection should be fully 
characterized prior to applying this microarray system to 
detect enteric viruses in environmental samples such as sur-
face water.
  The absence of cross-reactivity in these experiments, as well 
as apparent sequence homology, between the oligonucleotide 
probes and the selected amplicons of the four viruses were 
verified by the specificity of the multiplex RT-PCR, probe 
labeling and hybridization detection and thus may also in-
dicate the potential function of the probes in genotyping 
given viral species in the microarray platforms, since a few 
nucleotide variations can be introduced to genotype the sub-
types of each viral species, without loss of species-specificity. 
It is still possible to test additional specificity of our assay 
with not only negative stool samples but also with positive 
stool samples for other diarrheal microbial pathogens (e.g., 
bacteria, etc). However, it is believed that PCR and subse-
quent hybridization with 5 independent probes should pro-
vide good specificity with reasonably good repeatability.
  In future, this study could be extended to both simulta-
neous detection and subtyping of tested viruses, based on 
current knowledge of the sequence variations in the selected 
amplicons of those viruses. The clearer benefit of arrays is 
for strain discrimination or identification of more than just 
4 viral targets. This study is a good, early demonstration that 
sets the stage for future research, such as strain typing for 
outbreak tracking or identifying the source of an epidemic. 
Although there exists a limitation if the viral detection ne-
cessitates the identification of novel sequences, which are 
currently unknown, and thus are not represented in the de-
signed microarray chips, microarray-based detection and sub-
typing nevertheless allows rapid and extensive diagnosing 
and monitoring of a large repertoire of the four viral geno-
types, which will contribute to better human health risk as-
sessment for enteric viruses in clinical and possibly envi-
ronmental settings.
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