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Molecular DNA-based diagnostics are increasingly being used for diagnosis of viral infections. For enteric
viruses, PCR assays have also been developed. The aims of this study were to compile and evaluate a
comprehensive panel of PCR assays for diagnosis of viruses causing diarrheal disease and to evaluate its use
in a largely pediatric population in a 750-bed university medical center. The PCR panel was designed to include
assays for detection of adenovirus, astrovirus, enterovirus, norovirus, parechovirus, rotavirus, and sapovirus.
The results of the PCR panel were evaluated in relation to conventional viral diagnostics consisting of viral
culture and/or rotavirus and adenovirus rapid antigen tests on samples that were taken for routine diagnostics.
Comparing conventional with PCR-based testing, the number of viruses detected increased dramatically from
25 to 106 when PCR assays were used. This increase was due mainly to detection of previously undetected
viruses, i.e., astrovirus, norovirus, and sapovirus. In 24% of the samples, norovirus was detected. Also, the
lower detection limit of PCR-based adenovirus, enterovirus, parechovirus, and rotavirus diagnostics further
increased the detection rate. By focusing on samples from patients with complaints of gastroenteritis, detection
of a causative agent was increased from 49% by conventional tests to 97% by molecular diagnostics. However,
many samples containing low viral loads were found in patients with complaints other than intestinal
complaints. In conclusion, the proposed comprehensive PCR panel with appropriate cutoff values can be used
for sensitive, rapid, and clinically relevant diagnosis of gastrointestinal viruses.

Diarrheal disease is one of the main worldwide causes of
morbidity and mortality. Globally, an estimated 2.5 million
children die from these illnesses each year, despite increasing
knowledge of pathogenesis and advances in treatment strate-
gies. Viral infections are the most common causative agents of
diarrheal disease, with rotavirus alone being responsible for
60% of all diarrheal episodes in developing countries and 40%
in developed countries (11, 17, 19). Traditionally, viral culture,
electron microscopy, and rapid latex agglutination tests have
been used in diarrheal disease to detect viral pathogens, mainly
rotavirus, adenovirus, and enteroviruses. Still, these detection
methods remain to be the gold standard today, although earlier
studies have indicated an explosive increase in detection rates
by using molecular PCR-based assays (9, 15). Additionally, in
recent years, due largely to the use of new molecular detection
technologies, the role of other (mostly difficult-to-culture) vi-
ruses, such as astrovirus, norovirus, and sapovirus, is becoming
more apparent (10). Norovirus is now widely established as a
leading cause of gastroenteritis, especially among adults (3).
Also, astrovirus and sapovirus are being found mainly in chil-
dren with gastroenteritis (2, 13), although questions remain on
the exact role these viruses play in causing (outbreaks of)
gastroenteritis. There are also conflicting data on the role of
enterovirus and parechovirus in gastroenteritis. For example,
Tapia et al. found that in a 24-month follow-up study of 102

children from birth, 86% of those children excreted parecho-
virus in at least 1 of 24 monthly fecal samples (18).

The goal of our study was to design and evaluate a broad
panel of real-time PCR tests for viruses involved in diarrheal
disease. For this purpose, we have compiled a comprehensive
panel of real-time PCR-based tests, including adenovirus, as-
trovirus, enteroviruses, noroviruses (genogroups I [GI] and II
[GII]), parechovirus, rotavirus, and sapovirus. The tests were
then optimized to fit a generic PCR protocol, and finally the
new panel was evaluated on 100 clinical fecal samples and
compared to routine clinical diagnostics (fecal viral culture
and/or rapid antigen testing [RAT]).

MATERIALS AND METHODS

Clinical samples. In February and March 2009, a total of 100 fecal samples, all
submitted for conventional viral diagnosis, were included in the study. These
samples were from 82 patients admitted to Maastricht University Medical Cen-
ter, a tertiary 750-bed hospital. The majority of the samples (n � 79) were from
patients (n � 61) under 5 years of age, 5 patients (n � 5 samples) were between
5 and 10 years old, 4 patients (n � 4 samples) were between 10 and 20 years old,
and 12 patients (n � 12 samples) were older than 20 years old.

By retrospective chart review, we collected where possible clinical data from
the patients and determined the clinical diagnosis. Data were than categorized in
the following groups: (i) gastroenteritis; (ii) intestinal complaints other than
gastroenteritis, such as lactose intolerance; (iii) other clinical syndromes, e.g.,
respiratory tract infection or meningitis; and (iv) no data available.

Routine clinical viral diagnostics. Care as usual generally included rotavirus
and adenovirus rapid antigen tests (RATs) (Rota/Adeno Combistick, Novamed,
Israel) and viral culture. Fifty micrograms or 50 �l of fecal sample was suspended
in dilution buffer. Subsequently, RAT was performed according to the manufac-
turer’s instructions.

Approximately 0.5 g of fecal sample was suspended in 4 ml virus transport
medium (Eagle’s minimal essential medium [EMEM]; Gibco/Invitrogen, Breda,
Netherlands) supplied with 0.1% gelatin, 250 �g/ml vancomycin, 75 �g/ml gen-
tamicin, 5 �g/ml amphotericin B, 2 mM L-glutamine, and 0.1 mM nonessential
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amino acids (NEAA; Gibco). The fecal sample was divided into three tubes and
centrifuged for 1 min at 9,000 � g, followed by filtration (0.2-�m pores) to
eliminate fecal bacteria and other large particles. The remaining suspension was
used for viral culture on HEp2, MRC5, Vero, and LLc-MK2 cells. Microscopic
evaluation of the viral shell culture was performed 1 day after inoculation, after
3, 7, 10, and 14 days. Staining of the suspected viral culture with monoclonal
fluorescent antibodies was performed when specific cytopathogenic effects were
seen (6).

Molecular diagnostics. For DNA and RNA isolation, 1 g of fecal sample was
homogenized using the MagNA Lyser (Roche Diagnostics), MagNA Lyser green
beads, and MagNA Pure LC RNA isolation tissue lysis buffer. In brief, 1 g of
fecal sample was added to 400 �l lysis buffer in tubes containing green beads.
Consequently, the sample was lysed for 90 s at 6,000 rpm. Afterward, the tubes
were centrifuged for 2 min at 16,000 � g, and 100 �l of the supernatant was
mixed with 1 ml of MagNA Pure LC RNA isolation tissue lysis buffer. After 10
min of incubation at room temperature, 200 �l was used for consequent nucleic
acid extraction on the MagNA Pure LC. For this, the MagNA Pure total NA
extraction kit (Roche Diagnostics) was used according to the manufacturer’s
instructions. Final elution of the nucleic acids occurred in 60 �l. Real-time PCR
was performed using primers and probes described in Table 1. For sapovirus, the
PCR assay included the use of two forward primers and four probes to cover the
sapoviral heterogeneity (10). For parechovirus, mutations, compared to the pub-
lished probe sequence, were found in several patient samples. For this reason, an
additional degenerative probe was designed as part of this study. Before extrac-
tion, all samples were spiked with murine cytomegalovirus (CMV) RNA, which
was used as an extraction and amplification control. A separate reverse tran-
scription (RT) step was performed using TaqMan reverse transcriptase reagents

by using random hexamers (Applied Biosystems, Foster City, CA) and consisted
of 10 min at 25°C, 30 min at 48°C, and finally 5 min at 95°C. Consequently, the
PCR mix consisted of 20 �l isolated DNA, primers and probes, and 1� Absolute
quantitative PCR mix (Abgene, Epsom, United Kingdom). The PCR protocol
consisted of 15 min at 95°C, followed by 42 cycles of 15 s at 95°C and 1 min at
60°C. All qualitative real-time PCRs were performed using an ABI prism
7900HT system (Applied Biosystems), and threshold cycle (CT) values were
determined using a threshold value of 0.05 and automatic baselining. The quality
of the assays was ensured by positive and negative controls as well as a test on
amplification inhibition in each sample by an external amplification control. As
positive controls, positive cultures (for enterovirus and parechovirus) or RNA
controls were used. Artificial RNA controls were constructed using pGEM-3Z
vectors containing T7 RNA polymerase promoters flanking the multiple cloning
region (Promega, Leiden, Netherlands), into which the respective amplicons
were cloned. Using T7 RNA polymerase, RNA constructs containing the ampli-
cons were generated and used as artificial RNA controls. Detection limits of the
different assays were determined by serial dilution of positive controls. At least
10 independent dilution series were used to determine the detection probability
(8). Detection limits were defined at a detection probability of at least 80%.

Samples with a positive adenovirus PCR with a CT value of �28 were submit-
ted to genotyping. First of all, a real-time PCR using SYBR green as described
by Echavarria et al. was performed (1). After PCR, amplicons were purified
using PCRapace spin columns (Invitek GmbH, Berlin, Germany). Subsequently,
sequence reactions were performed using 0.2 �M each primer, 1 �l of 1.1 BigDye
Terminator reaction mix (Applied Biosystems, Carlsbad, CA), 1� accompanying
sequencing buffer, and 1 �l of purified amplicon. Readout of the sequences was

TABLE 1. Primers and probes used in the comprehensive panel of real-time PCR tests

Target Primer/probe sequence (5�33�)a Reference

Adenovirus GCCCCAGTGGTCTTACATGCACATC 5
GCCACGGTGGGGTTTCTAAACTT 5
FAM-TGCACCAGACCCGGGCTCAGGTACTCCGA-TAMRA 5

Astrovirus TCTYATAGACCGYATTATTGG 21
TCAAATTCTACATCATCACCAA 21
FAM-CCCCADCCATCATCATCTTCATCA-BQ1 21

Enterovirus CCCTGAATGCGGCTAATCC 12
ATTGTCACCATAAGCAGCCA 12
FAM-AACCGACTACTTTGGGTGTCCGTGTTTC-BQ1 12

Norovirus GI CGYTGGATGCGNTTYCATGA 21
CCTTAGACGCCATCATCATTTAC 21
FAM-TYGCGRTCTCCTGTCCA-MGBNFQ 21

Norovirus GII CARGARBCNATGTTYAGRTGGATGAG 21
TCGACGCCATCTTCATTCACA 21
VIC-AGATYGCGATCSCCCTC-MGBNFQ 21

Parechovirus CACTAGTTGTAAGGCCCACGAA 20
GGCCCCAGATCAGATCCA 20
JOE-CAGTGTCTCTTGTTACCTGCGGGTACCTTCT-BQ1 20
NED-YAGTGTCTCTTGTTACCTRCRGGTACCTYCT-BQ1 This study

Rotavirus ACCATCTTCACGTAACCCTC 15
ACCATCTACACATGACCCTC (2nd forward primer) 15
CACATAACGCCCCTATAGCC 15
FAM-ATGAGCACAATAGTTAAAAGCTAACACTGTTCAA-BQ1 15

Sapovirus ACCAGGCTCTCGCCACCTA 10
ATTTGGCCCTCGCCACCTA (2nd forward primer) 10
GCCCTCCATYTCAAACACTAWTTT 10
FAM-CTGTACCACCTATGAACCA-TAMRA 10
FAM-TTGTACCACCTATGAACCA-TAMRA 10
FAM-TGTACCACCTATAAACCA-TAMRA 10
FAM-TGCACCACCTATGAAC-TAMRA 10

a FAM, 6-carboxyfluorescein; TAMRA, 6-carboxytetramethylrhodamine; BQ1, black hole quencher 1; MGBNFQ, minor groove binding nonfluorescent quencher;
VIC, fluorescent label (Applied Biosystems); JOE, 6-carboxy-4,5-dichloro-2,7-dimethyoxyfluorescein; NED, fluorescent-label (Applied Biosystems).

VOL. 49, 2011 IMPLEMENTATION OF PCR-BASED FECAL DIAGNOSTICS 1927



performed on a model 3130 DNA sequencer (Applied Biosystems). Finally,
sequences were analyzed using BLAST (http://blast.ncbi.nlm.nih.gov/Blast.cgi).

Statistics. For comparison of the proportions in different patient groups, the
chi-square test was used. For comparison of CT values, the Mann-Whitney test
was used.

RESULTS

Test panel characteristics. Several previously described real-
time RT-PCRs were combined to form a comprehensive panel
of tests for detection of viruses involved in diarrheal disease.
The different assays were adjusted and optimized to fit one
generic PCR protocol. Imposing a detection probability of at
least 80%, the detection limits were 100 copies/ml for adeno-
virus, 9.3 � 103 copies/ml for astrovirus, 625 copies/ml for
enterovirus, 750 copies/ml for norovirus GI, 1.5 � 103 copies/ml
for norovirus GII, 500 copies/ml for parechovirus, 750 cop-
ies/ml for rotavirus, and 4.7 � 103 copies/ml for sapovirus. The
specificities of the different PCRs were tested within the cur-
rent panel of targets, where no cross-reactivity was seen be-
tween any of the species (data not shown). However, in 5
samples, we found an unspecific signal (CT values of 37 to 39)
in the norovirus GI PCR when a high viral load was found in
the norovirus GII PCR (CT value 16 to 30).

Overview of conventional testing versus molecular testing.
Conventional diagnostics of viruses causing gastrointestinal
complaints, consisting of viral culture (n � 16 samples), rapid
antigen testing (RAT) for the presence of rotavirus and ade-
novirus (n � 2 samples), or viral culture and RAT (n � 82
samples), were compared to molecular diagnostics (n � 100
samples) (Fig. 1). Results showed that in 100 patient fecal
samples, 25 viruses were detected in 25 samples with conven-
tional testing, while with molecular testing 106 viruses were
detected in 70 samples. Of the 81 extra viruses found with
molecular diagnostics, 27 were either rotavirus, adenovirus, or
enterovirus, i.e., viruses that can be detected by conventional
testing. In two cases, rotavirus was missed by conventional

testing, as no RAT was performed. Of the 70 samples in which
viruses were detected with molecular diagnostics, 42 samples
contained a single virus, whereas 28 samples contained multi-
ple viruses, of which 21 contained 2 viruses, 6 contained 3
viruses, and 1 contained 4 viruses.

Including clinical data in the analysis of the PCR result, we
found that 39 samples were from gastroenteritis patients (n �
33), of which 38 samples (97.4%) contained a virus. Conven-
tional testing on those 39 samples (including RAT on all 39
samples and culture on 38 samples) found a virus in 19 samples
(49%). In 50 samples from patients that suffered from other
complaints, 27 (54%) contained at least one virus (chi-square
value of �0.0001). There was no significant correlation be-
tween any of the viruses with patients that suffered from other
complaints.

The range of the CT values found for the different viruses
varied greatly between 16 and 40. Average CT values and the
range of CT values per virus are shown in Fig. 2. This figure
also compares the range of CT values found in samples that
contain one virus to samples that contained multiple viruses.
No large differences were found, but trends were seen toward
lower CT values in the samples that contained only one virus.

Rotavirus diagnosis. Rotavirus is the most frequently found
virus in our collection of fecal samples, with 38 samples con-
taining this pathogen, as determined by real-time PCR. Rota-
virus was positively identified in only 19 samples by RAT (in 2
samples where PCR was positive, RAT was not performed).
The results showed clearly that in a large part of the samples
(10 out of 17) that were PCR positive and RAT negative, the
CT values were high (�30), indicating a low viral load. How-
ever, results also indicated that 7 out of 17 of these samples
had CT values that fell within the range (19 to 29) of the
samples that are commonly detected by RAT. Importantly,
results showed that within this group, the four patients where
rotavirus was the only agent found all had clinical symptoms of

FIG. 1. Overview of results from conventional testing compared to those of the panel of real-time PCRs. Conventional testing consisted of a
rapid antigen test for adenovirus and rotavirus and/or viral culture.
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acute gastroenteritis (Fig. 3). Viral loads in gastroenteritis pa-
tients were significantly higher than in patients suffering from
other clinical conditions (P � 0.007).

Comparison of viral culture and PCR testing. In only six of
the 98 cultured samples, a virus was cultured: one sample
showed enterovirus, and five samples showed adenovirus. The
enterovirus culture-positive sample was also found positive for
enterovirus by PCR (CT value of 26). In this sample, no other
viruses were detected, while in the additional six samples PCR
positive for enterovirus (CT value range of 22 to 39), more
viruses were detected. Unfortunately, clinical data from the
culture-positive patient were not available. The culture-nega-
tive, PCR-positive samples were from six patients. Two of them
experienced gastroenteritis and were coinfected with rotavirus.
Three patients had neurological symptoms, either febrile con-
vulsions or meningitis, and one patient was admitted to the
hospital with respiratory complaints. The other four patients
were coinfected with either rotavirus, parechovirus, adenovi-
rus, sapovirus, or astrovirus.

In five samples, adenovirus was cultured, four of which were
found positive by PCR (CT value range of 18 to 29); the
PCR-negative sample was positive in the adenovirus RAT but

remained negative with a second adenovirus PCR (1). The five
adenovirus culture-positive samples were from three gastroen-
teritis patients, one patient with respiratory problems, and one
patient suffering from lactose intolerance. In addition, seven
culture-negative samples (originating from seven patients)
were PCR positive for adenovirus, with CT values ranging from
24 to 38. The two samples with the lowest CT values (24 and
26) were samples in which adenovirus was the only virus de-
tected; in the five other samples, multiple viruses were de-
tected by PCR (one sample, in addition to adenovirus, con-
tained rotavirus, one norovirus, one sapovirus, and one
enterovirus, and one sample contained, in addition to adeno-
virus, sapovirus, rotavirus, and enterovirus). In the other ade-
novirus PCR-positive samples (CT values of 33 to 38), one to
three other viruses were detected. One sample was from a
patient with gastroenteritis, coinfected with sapovirus. From
the other five PCR-positive samples, three were from patients
with convulsions and respiratory problems, one was from a
patient whose brother had an adenovirus respiratory infection,
and one was from a patient who suffered from hyper-IgM
syndrome and was evaluated for fever with increased inflam-
matory parameters. Adenovirus typing of the six samples with
the lowest CT values showed that one sample from a gastro-
enteritis patient belonged to genogroup F (to which the gas-
troenteritis-causing adenovirus 40/41 belongs). The other ad-
enoviruses belong to other genogroups, i.e., B and C.

Diagnosis of nonculturable viruses. A remarkable finding
was that norovirus was found in 24 samples (24%). In 11
samples, norovirus was the only virus detected, and in these
samples CT values range from 16 to 27 for the genogroup II
(n � 4 samples) PCR and from 37 to 39 for genogroup I (n �
7 samples). We found one sample with a high viral load for
genogroup I (CT value of 22) (this sample also contained ro-
tavirus and parechovirus). All nine other norovirus genogroup
I-positive samples contained low viral loads, with CT values
between 38 and 39. The 15 samples containing norovirus geno-
group II (from 12 patients) were from 11 gastroenteritis pa-
tients and from one patient with neutropenia and diarrhea for
which no cause was found in conventional diagnostics. In eight
samples (originating from eight patients), low viral loads for

FIG. 2. Comparison of the number of viruses found by real-time PCR in samples where only one virus was detected (single) and in those
samples where multiple viruses were found (multiple). On the second y axis, the average CT values found are represented by diamonds, and the
lines represent the range of CT values found within each group.

FIG. 3. Comparison of clinical symptoms of patients who were
PCR positive for rotavirus and those who had either rotavirus RAT-
positive detection or rotavirus RAT-negative detection. The latter
group is furthermore divided into those with a low CT value (higher
rotavirus load) and high CT values (lower rotavirus loads). In this
figure, only data of patients in which rotavirus was the only virus
detected by any method have been included.
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norovirus genogroup I (CT values of 38 to 39) were not found
in patients with clinical signs of gastroenteritis. When compar-
ing the patients’ clinical symptoms with the CT values of the
PCRs for norovirus (either genogroup I or II), a statistically
significant difference (P � 0.004) was found between gastro-
enteritis patients and patients without gastroenteritis.

Astrovirus and sapovirus were found in 8 and 9 samples,
respectively, with CT values ranging from 14 to 35 and from
18 to 40. Astrovirus was found in 4 samples in combination
with other viruses (CT values ranging from 14 to 32). In 3
samples from one patient with gastroenteritis, astrovirus was
the only virus detected, with viral loads (CT values) between
14 and 16.

The majority of the samples that were PCR positive for
sapovirus contained other viruses, except for one sample,
the sample with the highest viral load (CT value of 18),
which originated from a patient with diarrhea and underly-
ing vasculitis syndrome. Finally, for parechovirus, nine sam-
ples were found positive, but only in one sample was
parechovirus found to be the only virus detected. However,
from this patient, three samples were analyzed in a 5-week
period and all contained parechovirus. When comparing the
patients’ clinical symptoms with the CT values of the PCRs
for parechovirus, astrovirus, and sapovirus, no significant
differences were seen (P values were, respectively, 1.00,
0.43, and 0.38).

DISCUSSION

In many different areas of clinical microbiology, molecular
diagnostics have been introduced in recent years. The main
reasons for introduction of molecular diagnostics are the short
time to results and the possibility to detect unculturable or
difficult-to-culture viruses. Also in the field of viral gastroen-
teritis, more molecular diagnostic assays have been published
for detection of causative viruses (10, 15, 20). Nonetheless, few
reports have focused on the impact of replacing viral culture
and rapid antigen testing by a panel of PCR tests.

In this study, we optimized a comprehensive panel of PCR
assays to fit one generic PCR protocol. Due to the generic
protocol, the assays can be easily run simultaneously in one
PCR run, and the generic protocol facilitates multiplexing of
targets as well. After optimization of the assay, the panel was
evaluated and compared to our in-house routine of fecal diag-
nostics, consisting of viral culture and rapid antigen testing.

The main trend seen in this study is that by replacing con-
ventional diagnostics by real-time PCRs, a dramatic increase in
detection of viruses was found in the same set of samples.
Previous studies comparing PCRs for smaller panels of enteric
viruses or panels of respiratory viruses to conventional diag-
nostics had also shown a large increase in the number of
detected viruses by PCR (9, 10, 14). The main reasons more
viruses are detected by molecular diagnostics are the detection
of nonculturable viruses (which could not be detected by the
conventional methods we used), responsible for nearly two-
thirds of the extra viruses found, and the lower detection limit.
This was demonstrated for rotavirus, for example, where all
samples with a CT value higher than 28 were negative by RAT
(Fig. 3). During this study, the CT value measured during
real-time PCR analysis was used as an indication of the viral

load found in the sample. Although real-time PCR allows for
the determination of a more exact viral load (in copies or
genome equivalents), this was not determined in this study, as
factors such as the consistency and water content of the fecal
sample influence the viral load, for which no correction was
included in this trial.

Current infection control measures, such as isolation mea-
sures or cohorting of patients in pediatric wards, regarding
gastrointestinal viruses are based on clinical symptoms but
have been influenced by results from conventional testing.
With a dramatic increase noted in the number of positive
samples and viruses found, the question arises what the clinical
impact of these new findings is. Transmission of viruses in
asymptomatic or subclinical patients may play a role on pedi-
atric wards, where compliance with hand hygiene protocols is
of great importance. Except for rotavirus and norovirus, viral
loads did not differ in gastroenteritis patients compared to
those of the other groups. For rotavirus, 20 to 40% of the
infections are subclinical and therefore account for substantial
nosocomial rotavirus infections (reviewed in reference 4). Nos-
ocomial transmission of rotavirus occurs via infected hands of
health care workers that take care of gastroenteritis patients
(�70% infection rate) or via infected surfaces (4). Better com-
pliance with hand hygiene protocols, also in asymptomatic
patients, is important to decrease transmission.

Looking at rotavirus (Fig. 3), it is clear that high CT values
are less associated with gastroenteritis. These data are in
agreement with previous studies, such as that by Kang et al.,
who reported that CT values for rotavirus were associated with
the severity of disease as assessed by the Vesikari severity score
(7). Philips et al. proposed a CT cutoff value for rotavirus
real-time PCR results which is between 25 and 28 (16). Al-
though CT values will change depending on the PCR assay
used, a similar cutoff CT value of 28 based on our data of
samples in which rotavirus was found (by any method) would
result in a clinical sensitivity and specificity of 80% and 80%,
respectively, in comparison to a specificity and sensitivity of
RAT of 60% and 78%, respectively. When calculated for sam-
ples in which only rotavirus was found (by any method), the
clinical sensitivity and specificity for PCR with a CT cutoff of 28
were 92% and 100%, respectively, in comparison to 62% and
100% by RAT. Although, based on our results as well as
previously published studies, it seems appropriate to install a
CT cutoff value for PCR results, it is clear that with its im-
proved analytical sensitivity, real-time PCR can also improve
the clinical sensitivity/specificity of rotavirus diagnostics. In
future studies, when more data are available, the installation of
cutoff values for PCRs other than that of rotavirus should be
further investigated.

Regarding enterovirus, only one sample was detected posi-
tive for enterovirus by conventional culture, and this is most
likely due to analytical sensitivity. All culture-negative samples,
with one exception at a CT value of 22, had a CT value of �28.
For adenovirus, the results were more complex. By RAT, two
samples were found both rotavirus and adenovirus positive. In
both cases, culture and repeated rotavirus and adenovirus
PCRs remained negative. Although it is possible that culture
and PCR gave false-negative results, it is likely that the RAT
results in these cases were due to unspecific hybridization and
were in this study considered false-positive results. One RAT-
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and culture-positive sample for adenovirus was not detected by
PCR or a confirmatory PCR. Further results showed that 11
samples were found to be PCR positive and RAT negative. Of
these samples, six had a CT value of �28. These samples were
subjected to genotyping. The results showed that three adeno-
viruses belonged to species C, two to species B, and one to
species F. These results mostly explain why these samples were
missed by RAT, as RAT detects only species F (containing
serotypes 40 and 41).

Switching to detection by real-time PCRs offers the possi-
bility to detect four previously, by conventional testing, unde-
tected viruses, i.e., norovirus, astrovirus, sapovirus, and
parechovirus. Looking at the group of 39 samples (from 33
patients) submitted with a clinical diagnosis of gastroenteritis,
by conventional testing in 49% of the cases a suspected caus-
ative viral agent was detected. By performing detection by
real-time PCR, this improved to 97%, with only one sample
remaining where no virus could be identified. In 19 of 39
samples, only one virus was detected in each sample, and these
were either norovirus, astrovirus, or rotavirus. When results
from samples submitted with a clinical diagnosis not involving
gastrointestinal complaints were compared, 6% of the samples
were positive by conventional testing, in comparison to 53% by
real-time PCR. This can partly be explained by the fact that
when no virus was found with conventional diagnostics, an
incorrect diagnosis was made. Further, several viruses in our
panel, such as enterovirus, adenovirus, and parechovirus, are
known to also cause infections with diverse other complaints,
such as respiratory complaints, sepsis-like illness, or meningi-
tis. Another explanation for these findings can be asymptom-
atic or long-lasting carriage of these viruses, as has been de-
scribed in other publications (7). Carriage or shedding of these
viruses during a period of diarrhea may give the clinicians a
false clue of a correct diagnosis. If there is another cause for
the gastrointestinal complaints, the patient may be withdrawn
from accurate care. However, clinical decisions are based on a
combination of test results and clinical aspects and not on test
results alone. For example, the study by Oosterheert et al.
showed that although PCR results were available before cul-
ture results in respiratory samples, the decision to discontinue
antibiotic use was not significantly changed by knowing these
results (14).

Future prospective studies investigating carriage of these
viruses in healthy volunteers and patients with specific com-
plaints will shed more light on the clinical significance of our
findings regarding shedding of gastrointestinal viruses and clin-
ical relevance of astrovirus, sapovirus, and parechovirus. The
current study is limited by the time frame (2 months) and
sample number (n � 100) that is included in the study. Fur-
thermore, all clinical diagnoses were derived from retrospec-
tive chart review, which limited the clinical data that were
obtained. Finally, the analytical detection limit of certain PCRs
was relatively high. It can be expected that with a lower detec-
tion limit, even more viruses would have been detected.

In conclusion, this study has designed a comprehensive
panel of standardized real-time PCRs for detection of gastro-
intestinal viruses. Evaluation of the performance of the panel
in comparison with conventional diagnostics, i.e., rotavirus and
adenovirus RAT and viral culture, showed that for all samples,

the detection of viruses by real-time PCR increased dramati-
cally from 25 viruses by conventional methods to 106 viruses by
the PCR panel. When focusing on patients with complaints of
gastroenteritis, detection of a causative agent was increased
from 49% by conventional diagnostics to 97% by molecular
diagnostics. However, many samples containing especially low
viral loads were found in patients with complaints other than
intestinal complaints. Installing CT cutoff values, such as the
one for rotavirus as proposed in this study, may improve the
clinical sensitivity and specificity of real-time PCR detection
and clear the road for sensitive, rapid, and clinically relevant
diagnosis of gastrointestinal viruses.
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