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Acute gastroenteritis is one of the most common diseases worldwide, with viruses, particularly noroviruses,
being the leading cause in developed countries. In The Netherlands, systematic surveillance of gastroenteritis
outbreaks of suspected viral etiology was established by the National Institute for Public Health and the
Environment in 1994. Since 2002, the total number of outbreaks reported has been increasing, and with that
comes the need for sensitive assays that can be performed quickly. In addition, the diagnostic demand changed
so that now the proportion of samples from hospitals is higher and there is a need for patient-based test
results. In order to target the diagnosis of acute gastroenteritis, we reviewed our data on outbreaks of
gastroenteritis and the prevalence of individual viruses to provide a priority list of viruses for which samples
should be evaluated. Random primers were used to replace the separate specific primers for each virus used
in the reverse transcription steps. The individual PCR assays were replaced by multiplex PCR assays. We
employed a two-step method in which in the first step we screened for the most common causes of viral
gastroenteritis, noroviruses of genogroup II and rotaviruses of group A, with equine arteritis virus used as the
internal control. Subsequently, in the second step, two parallel PCR assays were developed for the detection of
noroviruses of genogroup I and equine arteritis virus in one run and adenoviruses, sapoviruses, and astrovi-
ruses in the other run. The specificities of the assays were calculated to be 92.5% for the assay for noroviruses
of genogroup I and 100% for the assays for all other viruses, the detection limits were equal for all viruses, and
the turnaround time was reduced to 1 day compared to the at least 3 days required for the methods used
previously. This approach allows the targeted, rapid, and cost-effective elucidation of the causes of acute
gastroenteritis outbreaks.

Viral gastroenteritis is one of the most common diseases in
humans in all age groups worldwide (11, 13), with noroviruses
(NoV) and rotaviruses (RVs) of group A being the leading
cause (4, 8, 20). Other viruses that are associated with viral
gastroenteritis are sapoviruses (SaVs), group B and C RVs,
astroviruses (AsVs), enteric adenoviruses (AdVs), and Aichi
virus (AV) (1, 6–8, 15, 25, 26).

In recent decades, the methods of virus detection have
shifted away from conventional labor-intensive techniques, like
cell culture and electron microscopy, and less sensitive tech-
niques, like immunodiagnostic assays (5, 22, 23), toward real-
time reverse transcription (RT)-PCR assays with specific
primers. Current procedures for the diagnosis of acute gastro-
enteritis in individual patients are based on viral RNA or DNA
detection by conventional PCR assays and specific real-time
RT-PCR assays. To optimize the use of sometimes limited
quantities of patient materials, random primers can be used in
the RT step required for the detection of RNA viruses (9, 19,
21). The cDNA formed in such a reaction can be used in PCR
assays specific for different viruses (9, 19, 21). The detection of
several different viruses can be accelerated and simplified by
use of multiplex real-time PCR assays with multiple primer

pairs in a single tube, making it possible to amplify multiple
target sequences (9, 15, 18, 19, 21). The use of random primers
and multiplex PCR assays in combination reduces reagent and
labor costs, as well as the turnaround time. Furthermore, the
use of an internal control facilitates the detection of inhibition
of the RNA extraction and/or PCR and thus permits the diag-
nosis of sporadic cases of acute gastroenteritis. In this study, we
present a scheme for the detection of enteric viruses to enable
syndrome surveillance of acute viral gastroenteritis.

MATERIALS AND METHODS

Rationale of method development. Since we started our routine evaluation of
reported outbreaks of gastroenteritis, the diagnostic demand has shifted from
mainly requests from nursing homes to increasing requests from hospitals. With
that, the etiological fraction of different viruses has changed. While NoVs are the
most common etiological agents detected in nursing home outbreaks, a broader
range of pathogens might be found in hospitals and other settings, such as child
day care settings. Therefore, we reviewed our data on outbreaks of gastroenter-
itis and the prevalence of individual viruses in the typical patient groups to
provide a priority list of viruses for evaluation. That list was then used to design
the combinations of assays described below.

RNA extraction. Stool homogenates (10%, wt/vol) were prepared in minimum
essential medium with Hanks salts and 0.1 mg/ml gentamicin, mixed by vortexing,
and clarified by centrifugation at 3,000 rpm (1,300 � g) for 20 min. A volume of
200 �l of the supernatant was used for RNA isolation. As internal control
consisting of 20 �l of 107 PFU/ml of equine arteritis virus (EAV; kindly provided
by E. C. J. Claas, Leiden University Medical Center, Leiden, The Netherlands)
was added. The RNA was extracted with a MagNAPure LightCycler total nucleic
acid isolation kit by the total NA (nucleic acid) external lysis protocol and eluted
in a volume of 50 �l, according to the recommendations of the manufacturer
(Roche Diagnostics GmbH, Mannheim, Germany).
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RT with random primers. Random primers were used in the RT reaction. For
annealing, 1 �l (50 �g/ml) of random primers (Promega, Madison, WI), 1 �l of
total deoxynucleotide triphosphates (10 mM), 6 �l H2O, and 5 �l of the extracted
nucleic acids were heated for 2 min at 95°C, followed by cooling on ice for at least
2 min. In total, 7 �l of the RT mixture, which contained 4 �l of 5� first-strand
buffer (Invitrogen, Carlsbad, CA), 1 �l of dithiothreitol (0.1 M; Invitrogen), 1 �l
of RNAseOUT (Invitrogen), and 1 �l of Superscript III RT (200 U/�l; Invitro-
gen), was added and the mixture was incubated for 5 to 10 min at room tem-
perature. The sample was subsequently incubated for 60 min at 50°C, followed by
inactivation of the enzyme at 95°C for 2 min. The tubes were cooled and
subsequently centrifuged to collect all reaction fluid.

RT with specific primers. RT with primers specific for each virus was per-
formed in order to compare the sensitivities, specificities, and detection limits
obtained with these primers to those obtained with random primers, as described
previously (19, 20, 27).

PCR amplification. Two microliters of the RT mixture with random primers
was added to 18 �l of a LightCycler PCR mixture containing 4 �l of TaqMan
master solution (Roche Diagnostics GmbH), 0.1 �l (each) forward and reverse
primers (100 pmol/�l), and 1 �l probe (5 pmol/�l) and was filled to 18 �l with
H2O. For reactions for AsV and NoV genotype II (GII), 0.5 �l probe (2.5
pmol/�l) was used (20, 26) (Table 1). The PCR amplifications were performed
on a LightCycler 480 apparatus (Roche Diagnostics GmbH). Samples were
denatured for 10 min at 95°C and subjected to amplification of 55 cycles at
95°C for 10 s, 52°C for 20 s, and 72°C for 10 s with fluorescence acquisition
in the single mode. Detection was performed with multiple-color-detection
compensation at 530, 560, and 610 nm.

Two microliters of the RT mixture with the specific primers was added to 18

TABLE 1. Primers and probes, corresponding concentrations, and labels used for syndrome surveillance of viral gastroenteritis

Virus Primers and
probes Directiona Sequence (reference or source)

Concn
(pmol)
in PCR

Labelb (detection wavelength)

NoV GII NV2LCR REV TCGACGCCATCTTCATTCAC (20) 10
NoV GII NV2LCF FOR GARYCIATGTTYAGRTGGATG (20) 10
NoV GII NV2LCpr TGGGAGGGSGATCGCRATCT (20) 2.5 YY-BHQ1 (560 nm)

RV RVNSP3R REV GGTCACATAACGCCCCTA (16) 10
RV RVNSP3F FOR ACCCTCTATGAGCACAATA (16) 10
RV RotaNSP3P1 CTAACACTGTCAAAAACCTAA (16) 5 FAM-TAMRA (530 nm)

EAV EAV 2049F2 FOR CTTGTGCTCAATTTACTGG (19; modified for
this study)

10

EAV EAV 2147R2 REV GGCAGAGGTACAGAATAG (19; modified for
this study)

10

EAV EAV 2102P TGCAGCTTATGTTCCTTGC (19; modified for
this study)

5 Texas Red-BHQ2 (610 nm)

NoV GI NV1LCF FOR CARGCCATGTTYCGYTGGATG (20) 10
NoV GI NV1LCR REV CCTTAGACGCCATCATCATTTAC (20) 10
NoV GI NV1LCpr TGGACAGGAGAYCGCRATCT (20) 5 FAM-BHQ1 (530 nm)

AdV HEXAA 1885 FOR GCCGCAGTGGTCTTACATGCACAT (20) 10
AdV HEXAA 1885a FOR GCCCCARTGGGCRTACATGCACAT (this

study)
10

AdV HEXAA 1913 REV CAGCACGCCGCGGATGTCAAAGT (20) 10
AdV HEXAA 1913a REV ARCACICCICGRATGTCAAAG (this study) 10
AdV HEXAA LCpr TGGTGCAGTTYGCCCG (this study) 5 FAM-BHQ1 (530 nm)

AsV AC230 REV GGTTTTGGTCCTGTGACACC (20) 10
AsV AC’1 FOR ATGGCTAGCAAGTCTGACAAG (20) 10
AsV AC LCpr CAACGTGTCCGTAAMATTGTCA (this study) 2.5 YY-BHQ1 (560 nm)

SaV SVLCF FOR GAYCWGGCYCTCGCCACCT (27; modified
for this study)

10

SaV SVLCR REV GCCCTCCATYTCAAACACTA (27; modified
for this study)

10

SaV SVLCP TGYACCACCTATRAACCAVG (27; modified
for this study)

5 Texas Red-BHQ2 (610 nm)

a FOR, forward; REV, reverse.
b YY, Yakima yellow; BHQ, black hole quencher; FAM, 6-carboxyfluorescein; TAMRA, 6-carboxytetramethylrhodamine.

TABLE 2. Settings reported to be associated with gastroenteritis
outbreaks from 1994 to October 2008a

Setting

No. (%) of outbreaks

Total,
1994–2005 2006 2007 2008

Residential
institution

514 (55.7) 140 (51.1) 200 (48.6) 103 (47.2)

Hospital 164 (17.8) 83 (30.3) 166 (40.3) 97 (44.5)
Restaurant, café,

pub, bar
81 (8.8) 6 (2.2) 6 (1.5) 1 (0.5)

Day care center 55 (6.0) 10 (3.6) 12 (2.7) 7 (3.2)
School 19 (2.1) 6 (2.2) 4 (1.0)
Aircraft, ship, train,

bus, coach
7 (0.7) 8 (2.9) 2 (0.5)

Private house 6 (0.6) 1 (0.4) 2 (0.5)
Otherb 33 (3.6) 10 (3.6) 6 (1.5) 2 (0.9)
Unknown 44 (4.8) 10 (3.6) 14 (3.4) 8 (3.7)

Total 923 (100) 274 (100) 411 (100) 218 (100)

a Data for 1994 to 2005 are from a previous study (20).
b A wedding, office, a police office, a summer camp, a monastery, a hotel, and

a rehabilitation center.
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�l of a LightCycler PCR mixture containing 2 �l of the hybridization probe
Mastermix solution (Roche Diagnostics GmbH), the forward primer and probe
specific for each virus (Table 1), MgCl2, TaqStart antibody (5 U/�l; Clontech
Laboratories, Inc.), and H2O, as described previously (20, 22, 25, 26). The assays
used for the diagnosis of acute gastroenteritis, which use specific primers, were
described previously (12, 20, 22, 25–27).

Sensitivities, broadness, and specificities of the assays. The sensitivities of the
assays were assessed for different strains of each virus species for both the
monoplex and the multiplex PCR assays. The sensitivities and broadness of
the PCR assays for NoV GI and NoV GII were determined by using runoff RNA
transcripts from recombinant plasmids containing the appropriate target se-
quences of all currently known genotypes of GI, GII, and GIV (H. Vennema et
al., unpublished data). Serial 10-fold dilutions (up to a dilution of 10E�8) of
each transcript of every recombinant plasmid were used. For the assay for the
detection of RV, we used RV strains WA, ST3 (G4P2A), SA11 (G3P5B), G9P6,
and NCDV (G6P6); for the assay for the detection of AdV, we used AdV types
40 and 41; for the assay for the detection of SaV, we used SaV strains GI.2
(Parkville), GII.2 (London), GI.3 (Stockholm), and GI.1 (Sapporo). The broad-
ness of the assay for the detection of AsV was determined with cell culture
supernatants containing AsV serotypes 1 to 8. The sensitivity of the assay for the
detection of AV was determined with AV strain A846/88 (kindly provided by
Teruo Yamashita). In total, 67 cell cultures and clinical isolates were used for
further validation, e.g., for the determination of assay specificities.

Detection limits of the assays. The detection limits of the assays were deter-
mined and compared by testing serial 10-fold dilutions of single and dual positive
samples by use of specific and random primers and monoplex and multiplex PCR
assays (Table 1). The efficiencies of the RT PCRs were determined by using the
threshold cycle (CT) values for serial 10-fold dilutions of each virus.

Clinical samples. For this study, fecal samples from cases involved in out-
breaks which were reported to the National Institute for Public Health and the
Environment as a part of ongoing surveillance of viral gastroenteritis outbreaks
were used in the analyses. In total, 150 fecal samples from patients with acute
gastroenteritis were tested by the newly developed multiplex PCR assay (this
study) and the currently used PCR assays (20). These 150 samples originated
from 28 outbreaks, of which 18 were caused by NoVs, 2 were caused by RVs, 3
were caused by SaVs, and 5 were of an unexplained etiology, and from 23 single
cases of gastroenteritis. Of these outbreaks, 16 were in a hospital (95 samples),
8 were in a residential institution (29 samples), 1 was at a day care center (3
samples), and 4 were in other settings (a hotel, a wedding, a rehabilitation clinic,
and single cases; 23 samples).

RESULTS

Rationale of method development. Data from our laboratory
on outbreaks of gastroenteritis and literature on the preva-

FIG. 1. Comparison of diagnostic systems that use random primers and multiplex PCR assays (left) and specific primers and separate PCR
assays (right) for the detection of viruses in 32 clinical samples. h, time (in hours) needed for procedure.

TABLE 3. Reported settings associated gastroenteritis outbreaks caused by NoVs, RVs, AdVs, AsVs, SaVs, mixed viruses, and unexplained
sources from 1994 to October 2008a

Virus

No. (%) of outbreaks

Residential institution Hospital Day care center Restaurant, café,
pub, bar Otherb Total

NoV 786 (82.1) 397 (77.8) 41 (49.3) 71 (75.5) 130 (71.4) 1,425 (78.0)
RV 59 (6.2) 22 (4.3) 13 (15.7) 4 (2.2) 98 (5.4)
AdV 4 (0.4) 2 (0.4) 4 (4.8) 10 (0.5)
AsV 2 (0.3) 1 (0.2) 2 (1.1) 5 (0.3)
SaV 8 (0.8) 5 (1.0) 1 (1.2) 1 (0.5) 15 (0.8)
Mixed 4 (0.4) 3 (0.6) 12 (14.5) 1 (1.1) 1 (0.5) 21 (1.2)
Unexplained 94 (9.8) 80 (15.7) 12 (14.5) 22 (23.4) 44 (24.2) 252 (13.8)

Total 957 (52.4) 510 (27.9) 83 (4.5) 94 (5.1) 182 (10.0) 1,826 (100)

a Data are from a previous study (20).
b A school; private house; aircraft, ship, train, bus; wedding; office; police office; summer camp; monastery; hotel; rehabilitation center; and unknown.
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lence of individual viruses in typical patient groups were re-
viewed (Tables 2 and 3). On the basis of that review, we
decided to develop a first-line assay targeting the top two
etiological agents, i.e., NoVs of GII and RVs of group A, in a
single run (multiplex PCR assay 1). This would be the method
of choice for clinical settings and laboratories with a public
health mission, since these pathogens cause most viral gastro-
enteritis outbreaks. Additional multiplex assays for NoV GI
and EAV (multiplex PCR assay 2), AdVs, AsVs, and SaVs
(multiplex PCR assay 3) were then chosen on the basis of the
increasing demand for the testing of samples from individual
patients (hospitalized patients) for these viruses. Multiplex
PCR assays 2 and 3 can be used in parallel, since they share the
same cycling conditions. The third-level diagnostic assay cov-
ered rare etiological agents, i.e., AVs. Figure 1 outlines the
steps used in the assays.

Sensitivities, broadness, and specificities of the assays. Each
pair of primers and the accompanying probe used in this study
(Table 1) yielded PCR products when the positive controls
were tested in all assay formats (random or specific primers in
the RT step and/or the monoplex or multiplex PCR assays).

The specificities of the assays were tested with a panel of
viruses, as described in Materials and Methods. Only assays

(monoplex and multiplex PCRs) for the detection of NoV GI
cross-reacted with other NoVs, NoV GII types II.2, II.3, II.10,
and IIb and NoV GIV. If this cross-reactivity was used for
calculation of the specificity of the assay for NoV GI, the
specificity would be 92.5%. None of the other multiplex or
monoplex assays amplified any of the other viral genomes used
for evaluation, and the specificities of all other assays were
calculated to be 100%.

Detection limits. Comparison of the detection limits was first
done by using serial dilutions and protocols for cDNA synthe-
sis with specific and random primers, followed by the monoplex
PCR assay. Use of the random primers did not decrease the
detection limit of any of the assays; in fact, the detection limits
of the PCR assays for SaV, AdV, AsV, and NoV GI were
improved. The detection limits of the assays for the other
viruses remained similar. The detection limits of the original
test formats (specific primers in the RT reaction and monoplex
PCR assays) and the new methods (random primers in the RT
reaction and multiplex PCR assays) were compared. Tenfold
dilutions of the nucleic acids of single viruses and nucleic acids
from mixtures of viruses (e.g., mixtures of nucleic acids of NoV
GII, RV, and EAV; AdV, AsV, and SaV; and NoV GI and
EAV) were used, as presented in Table 4. The average CT

TABLE 4. Calculated efficiencies of each multiplex or monoplex PCR assay with nucleic acids from single viruses and mixtures of viruses

PCR type and nucleic
acid source(s)

Efficiency (R2 value) of PCR assay for:

NoV GII RV EAV NoV GI EAV SaV AsV AdV

Multiplex PCR
NoV GII, RV, EAV 1.00 0.99 1.00
NoV GII, RV 1.00 0.99
NoV GII, EAV 1.00 1.00
RV, EAV 1.00 0.98
NoV GII 0.98
RV 0.89
EAV 0.9975
NoV GI, EAV 0.99 0.99
NoV GI 0.99
EAV 0.99
AsV, SaV, AdV 1.00 0.99 0.97
AsV, SaV 1.00 1.00
AdV, SaV 1.00 0.99
AsV, AdV 0.98 0.99
SaV 0.99
AsV 0.98
AdV 1.00

Monoplex PCR
NoV GII, RV, EAV 1.00 0.96 0.99
NoV GII, RV 0.96 0.99
NoV GII, EAV 1.00 0.99
RV, EAV 1.00 0.99
NoV GII 0.91
RV 0.98
EAV 1.00
NoV GI, EAV 1.00 0.99
NoV GI 1.00
EAV 0.99
AsV, SaV, AdV 0.99 0.99 0.97
AsV, SaV 1.00 1.00
AdV, SaV 1.00 0.99
AsV, AdV 0.99 0.99
SaV 1.00
AsV 0.99
AdV 0.98
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values (averages from two or more determinations) of the
PCRs with 1/10 dilutions of these templates are presented in
Table 4. The CT values of 1/10 dilutions of GII NoVs, RVs, and
AsVs (when single viruses were used) were higher in the multi-
plex assays than in the monoplex assays; however, when serial
dilutions were tested, the detection limits remained the same (for
AsVs, however, the detection limits were higher). The CT values
were determined and were used to calculate the coefficient of
determination (R2), which indicates the efficiency of every PCR
assay (Table 4 and Fig. 2). The efficiencies were high for the
assays for all viruses except RV, for which the efficiency was
calculated to be lower for the multiplex assay (0.8859) than for the
monoplex assay (0.9827) (Table 4); however, this is not a prob-
lem, because the detection limits remained similar.

Clinical samples. In total, 150 fecal specimens were tested in
parallel by both approaches. Eighty-six fecal specimens were
positive for a viral pathogen when they were tested in the
multiplex assays, while 54 fecal samples were positive for a viral
pathogen when the monoplex assays were used (Table 5). Two
fecal specimens were positive only by the monoplex assays, and
34 were positive only by the multiplex assays. By using EAV as

an internal control in the multiplex PCR assays, inhibition of
the reaction was measured; no inhibition was detected for any
of the fecal samples.

DISCUSSION

In this report, we present a scheme for the syndrome detection
of acute viral gastroenteritis which was developed to meet the
changing demand for virus detection from the perspective of a
reference laboratory center. With the increasing awareness of
NoV outbreaks, diagnostic methods are being implemented in
routine local and regional medical microbiological laboratories.
As a consequence, the pattern of referral for diagnostic evalua-
tion at our national reference laboratory is changing, and a
broader diagnostic package is more often being requested.

The most common request is for the evaluation of clinical
samples for determination of the etiology of outbreaks of acute
gastroenteritis, for which a rapid diagnosis is required in order
to be useful to guide infection control policies. Therefore, with
the changing demand, we also sought to decrease the turn-
around time. One modification that we used was to change the
initial step in the RT step by producing cDNA using random
primers (2, 14, 17). The use of random primers in a single RT
step reaction replaced the six individual RT step reactions with
specific primers and lowered our reagent costs by 23% for the
testing of one patient sample for the presence of all viruses.
Similarly, the cost of labor was reduced by an estimated 58%.

A crucial step to be taken when essential assay conditions
are changed is validation with clinical samples. This is partic-
ularly important, since we use these assays and their results as
the basis for laboratory-based surveillance of trends in the
prevalence of gastroenteritis viruses. Even relatively small dif-
ferences in methods may fundamentally change the perfor-
mance of the assay, as has been observed in a multicenter
comparative evaluation of NoV detection and typing methods
(2, 17, 24). Published studies rarely provide a thorough evalu-
ation in this respect, making the decision to implement such
novel assays difficult. Our study showed that the use of the

FIG. 2. Efficiencies of PCR assays for detection of NoV GII. The multiplex PCR assays with nucleic acids from single viruses and mixtures of
viruses had efficiencies of 0.98 and 1.00 CT value units, respectively. The monoplex PCR assays with nucleic acids from single viruses and mixtures
of viruses had efficiencies of 0.99 and 1.00 CT value units, respectively.

TABLE 5. Clinical samples found to be positive by monoplex and
multiplex PCR assay

Virus

No. (%) of samples
positive by:

No. (%)
differentMonoplex

PCR
assays

Multiplex
PCR assays

NoV GII 42 (28) 67 (44.7) 25 (16.7)
NoV GI 0 (0.0) 2 (1.3) 2 (1.3)
RV 6 (4) 8 (5.3) 2 (1.3)
SaV 4 (2.7) 7 (4.7) 3 (2)
AdV 1 (0.7) 1 (0.7) 0 (0)
AsV 1 (0.7) 1 (0.7) 0 (0)

Total for positive samples 54 (36) 86 (57.3) 32 (21.3)
Total for negative samples 96 (64) 64 (42.7) 32 (21.3)
Total for all samples 150 (100) 150 (100)
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random primers in the RT step and multiplex PCR assays for
the panels of enteric viruses did not lower the efficiency or
detection limits of most of the PCR assays. Only the PCR for
RV had a lower efficiency. An explanation for this could be
that RV is a double-stranded RNA virus for which denatur-
ation requires more stringent conditions, resulting in less effi-
cient annealing (10, 21). However, as the detection limits were
not affected, we decided that this slight decrease in efficiency of
the PCR for RV was acceptable. Remarkably, once the mul-
tiplex PCR assays were implemented in the clinical setting, we
found that more viruses causing acute viral gastroenteritis were
detected by the multiplex PCR assays than by the previously
used monoplex assays but with the same specificity, showing a
clear improvement in the diagnostic yield (20). A possible
explanation for this lies in the increased efficiency of cDNA
production by the use of random primers. All the viruses tar-
geted in these assays have a substantial degree of genetic
variability. Given this diversity, the choice of primers for use
for cDNA synthesis and PCR, by definition, requires a com-
promise between the broadness of that assay and specificity.
The original RT primers had several ambiguities to allow
broad-range detection, which may have decreased the cDNA
yield (3). The results presented above also show the impor-
tance of validation of the assay with clinical samples, as the
difference in yield was not expected on the basis of the results
of the technical validation.

In summary, this paper describes an approach for the syn-
drome detection of acute viral gastroenteritis. The results ob-
tained showed that this method is highly sensitive and specific
for the differentiation of viruses. The detection of all these
viruses is rapid, with a turnaround time of 1 day, whereas at
least 3 days is required when the previous methods are used.
This approach leads to reductions in labor and reagent costs,
which allows high-throughput testing for pathogens that cause
viral gastroenteritis.
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