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ackground: Viral diarrhea remains a major cause of childhood morbidity and mortality worldwide. Although rotavirus was exte
tudied in China, few comprehensive studies of all viral agents related to diarrhea in children have been conducted.
bjectives: Our study was performed to investigate the role of enteric viruses in acute diarrhea in our country and to evaluate me
ould be used in routine diagnostics.
tudy design: One hundred stool samples were collected from children under 5 years of age seeking medical care for acute diarr
he winter season 2000/2001 in Beijing Children’s Hospital. All specimens were initially screened microscopically for leucocytes/
ells. Samples with negative results were analyzed for virus presence using commercial EIAs and/or in-house RT-PCRs.
esults: At least one viral agent was found in 67% of the specimens. The frequency of rotavirus, astrovirus, norovirus and enteric a
as 59%, 8%, 6% and 2%, respectively. Dual infections were found in 9.0% (6/67) of the positive samples. The results from rot
strovirus EIAs were concordant with those of rotavirus and astrovirus RT-PCRs.
onclusions: Enteric viruses play an important role in pediatric diarrhea during the winter season in China. A combination of mic
xamination of stool samples with specific EIA assays to detect virus antigen in stool specimens may be suitable for routine diag
2005 Elsevier B.V. All rights reserved.
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. Introduction

Diarrheal disease is a major cause of childhood morbid-
ty and mortality, especially in developing countries (Bern
t al., 1992). In the year 1990, it was estimated that 2.9 mil-

ion deaths worldwide could be attributed to diarrheal disease
Murray and Lopez, 1997).

Abbreviations: RT-PCR, reverse transcription polymerase chain reac-
ion; EIA, enzyme immunoassay; EM, electron microscopy; RNA, ribonu-
leic acid; dNTP, deoxynucleotide triphosphate
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Several different groups of viruses have been show
be responsible for the high incidence of acute viral diar
among children during their first few years of life. Fo
major categories of viruses are now recognized as clini
important including rotavirus, astrovirus, adenovirus
calicivirus (Wilhelmi et al., 2003). Rotavirus is the sing
most important etiological agent in severe dehydrating
rhea. Each year, rotavirus causes approximately 111 m
episodes of gastroenteritis requiring only home care
million clinic visits, 2 million hospitalizations and 440,0
deaths in children under 5 years of age (Parashar et al., 2003).
Astrovirus has only recently been recognized as a com
cause of diarrhea in children. Currently, eight serotype
astrovirus have been reported. They are responsible for
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to 9% of cases hospitalized with diarrhea (Glass et al., 1996).
A limited number of adenovirus strains have been associated
with childhood diarrhea, types 40 and 41. Enteric adenovirus
types 40/41 have been identified in up to 7.9% cases of
diarrhea in children (Bon et al., 1999; Grimwood et al., 1995;
Giordano et al., 2001; Qiao et al., 1999; Simpson et al., 2003).
Human caliciviruses including norovirus and sapovirus are
recognized as the main agents responsible for food-borne
and nosocomial outbreaks of non-bacterial diarrhea. Recent
studies investigating calicivirus in sporadic cases of gastroen-
teritis in children have concluded that caliciviruses comprise
the second cause of viral diarrhea after rotavirus. (Bereciartu
et al., 2002; Bon et al., 1999; Kirkwood and Bishop, 2001;
Pang et al., 2000; Simpson et al., 2003; Subekti et al., 2002).

Defining the viral agents related to diarrhea will assist in
providing an accurate estimate of disease burden within a
community. This will allow for a proper assessment of the
contribution of each virus to morbidity. The availability of
accurate information on the etiology of viral diarrhea will
also be useful when it comes to assessing the impact of vac-
cinations whenever they become available.

While rotavirus was extensively studied in our country,
few studies have evaluated all the viral agents known to be
related to diarrhea in young children. Our study was per-
formed to determine the relative frequency of these viruses
during a winter season in children seeking medical care
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2.3. Viral RNA extraction

Viral RNA from rotavirus was extracted manually from
140�l 20% fecal suspension in phosphate-buffered saline
using a QIAamp® Viral RNA Mini Kit (QIAGEN, Italy),
following the manufacturer’s recommendations. Viral RNA
from calicivirus and astrovirus was extracted automatically
from 200�l 20% fecal suspension in phosphate-buffered
saline using BioRobot M48 Workstation (QIAGEN).

2.4. Enteric adenovirus detection

Stool samples were tested for adenovirus types 40 and
41 using a commercial EIA kit (IDEIATM Adenovirus Type
40/41, DAKO Ltd., Denmark) following the manufacturer’s
recommendations.

2.5. Rotavirus detection

Rotavirus antigen was detected using a commercial EIA
kit (IDEIA TM Rotavirus, DAKO Ltd., Denmark) follow-
ing the instructions of the manufacturer. Rotavirus was also
detected by RT-PCR using the Beg9 and End9 pair of primers
as previously described (Gouvea et al., 1991).

2.6. Astrovirus detection
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or acute diarrhea in Beijing Children’s Hospital. We a
ttempted to find simple diagnostic methods that coul
sed in routine diagnostic work in developing countries.

. Materials and methods

.1. Specimen collection

Stool samples from 100 children (62 boys and 38 g
nder 5 years of age (the median age was 9.5 months,

rom 21 days to 60 months) attending the out-patient de
ent of Beijing Children’s Hospital, with diagnosis of ac
iarrhea, were collected from December 2000 to March 2
ne stool specimen was collected from each patient.

hea was defined as the occurrence of three or more unfo
loose or watery) stools within a 24 h period. Stool sam
ith no white or red blood cells by microscopic examina
ere selected. All specimens were stored at−70◦C until

urther analysis.

.2. Microscopic examination

One drop of 0.9% normal saline was added to a g
lide and a small amount of feces was dispersed in it. E
nation for tangible material including parasitic cysts
ggs, white and red blood cells was performed under a
icroscope (Olympus, Japan). The microscopic examin
as performed within one hour from collection of the st
ample.
Astrovirus antigen was detected using a commercial
it (IDEIA TM Astrovirus, DAKO Ltd., Denmark) followin
anufacturer’s instructions.
Astrovirus was also detected by RT-PCR using Read

o RT-PCR Beads (Amersham Biosciences AB, Swe
ith primers Mon 269 and Mon 270 (Noel et al., 1995).
riefly, 45�l of DEPC-treated water containing 0.1�M of
rimers Mon 269 and Mon 270 were added into each
one RT-PCR bead/tube) and incubated on ice until the
issolved. Five microliter of template RNA was added in
idually to each tube and the RT-PCR program was ru
E thermocycler as follows: 42◦C, 60 min; 94◦C, 3 min;
0 cycles of PCR (94◦C, 30 s; 50◦C, 30 s; 72◦C, 1 min)
nd a final 5 min extension at 72◦C. RT-PCR products we
nalyzed by agarose gel electrophoresis (1.5%) conta
.5�g/ml ethidium bromide followed by visualization und
ltraviolet light.

.7. Norovirus detection

Stool samples were analyzed for norovirus using RT-P
ith primers JV 12a and JV 13b (Vinj é and Koopmans, 1996).
riefly, 5�l of template RNA was mixed with 1�l of primer
V 13b (50�M) and 3�l of DEPC-treated water and hea
t 94◦C for 2 min. After immediate cooling on ice for

east 2 min, the mixture was added to 6�l of RT reaction
ocktail containing 10 mM Tris–HCl, 50 mM KCl, 3 m
gCl2, 1 mM each dNTP and 100 U of reverse transc

ase (Superscript, Invitrogen, USA), and incubated at 4◦C
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Fig. 1. Mono- and mixed viral infections detected among young children
with diarrhea in a winter epidemic in Beijing Children’s Hospital. One patient
was identified to be infected with rotavirus, astrovirus and norovirus.

for 1 h, followed by 94◦C for 5 min. Five microliter cDNA
was mixed with 45�l of PCR reaction mixture containing
10 mM Tris–HCl, 75 mM KCl, 1.2 mM MgCl2, 0.1 mM of
each dNTP, 0.3�M of primer JV 12a and 2.5 U of Taq poly-
merase (Promega, USA). Forty amplification cycles were
carried out (1 min at 94◦C, 1.5 min at 37◦C and 1 min at
74◦C), followed by a final extension at 74◦C for 7 min.
The PCR products were analyzed on 1.5% agarose gel as
described above.

3. Results

Among the 100 stool specimens from patients with
diarrhea, 67 (67%) contained at least one of the four viruses
examined for, whereas no virus could be detected in the 33
(33%) remaining samples. The frequency of each individual
agent was as follows: rotavirus 59 (59%), astrovirus 8 (8%),
norovirus 6 (6%) and enteric adenovirus 2 (2%). Dual or
multiple infections were found in six out of the 67 positive
samples (9.0%). All of these were combinations of rotavirus
with other viruses. In one stool sample, three viral agents
were identified and they were rotavirus, astrovirus and
norovirus, respectively. Enteric adenoviruses were not found
to co-infect with any other viruses (Fig. 1).
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for rotavirus diarrhea among children under 5 years of age in
China showed that rotavirus was identified in 51% of inpa-
tients tested, 29% of outpatients, and 9.5% of children treated
by village doctors (Fang et al., 2004). The high detection rate
in our study may have at least two reasons. Firstly, our study
was performed during a winter season, which is the peak sea-
son of viral diarrhea in temperate regions; secondly, the exclu-
sion of samples with white or red blood cells before analysis
for viral causes. Previous reports have found that exami-
nation of stool samples for leukocyte and blood is a rapid,
reliable, and inexpensive way to differentiate between inva-
sive bacterial and other causes of acute diarrhea (Alvarado,
1983; Siegel et al., 1987). A simple method as microscopic
examination might still potentially be practical and econom-
ical in developing countries and regions where both bacterial
and non-bacterial agents play important roles in acute
diarrhea.

The comprehensive detection of the four viruses allowed
us to observe a high percentage of dual infections among
positive samples (9.0%), all of which were combinations
of rotavirus and one or two of the other viruses. Whether
a single virus is the main reason for the diarrheal illness
or whether they potentiate each other still remains unclear.
As previously reported, co-infections with astrovirus and
rotavirus did not result in more severe symptoms than that
with astrovirus as the only cause of infection (Herrmann et
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For rotavirus and astrovirus, viruses were detected by
IA and RT-PCR. Identical results were obtained with the
ifferent methods.

. Discussion

Although the importance of viral diarrhea as a prime ca
f morbidity and mortality in developing countries is w
ecognized, to our knowledge few studies were conduct
valuate the role of viral agents systematically in childh
iarrhea in China. Our study, performed during a winter
on from December 2000 to March 2001 in Beijing, reve
hat 67% of the outpatients under 5 years of age with
eukocyte diarrhea were infected with at least one viral a
nd of which 59% were infected with rotavirus. A prospec
opulation-based surveillance in a rural county and a pros

ive hospital-based surveillance at three sentinel hosp
l., 1991). Mixed infections with viruses, bacteria and
arasites may also occur but was in this study excluded
y microscopic examination investigating white and
lood cells suggestive of invasive bacterial infections
arasitic cysts and eggs.

Both EIA and RT-PCR were used in this study to de
otavirus and astrovirus. This allowed us to compare
etection rate between those two methods. The re
btained from EIA matched very well with that from the R
CR for both viruses. RT-PCR assays are used more and

requently in large scale investigations to understand the
emiological features of viral diarrhea among children. T

s done not only because it is at least by some investig
onsidered to be more sensitive than EM and EIA (Buesa
t al., 1996; Mitchell et al., 1995), but also because it c
e used to further genotype and compare the homoge
f the circulating virus strains in different years and regi
owever, our study indicates that EIA, which is easie
erform, faster and cheaper than RT-PCR, may in this se
e sufficiently sensitive and suitable for routine diagno
ork. Also other investigators have shown that although
T-PCR may be more sensitive than EIA this may no

elevant in routine diagnostics since large amounts of
articles, adequate for antigen detection by EIA, are sh

eces during a virus-induced diarrhea (Buesa et al., 1996).
Finally, our study shows a high frequency of rotav

59%) in children seeking medical care for diarrhea
inter season in Beijing, China. In such a large develo
ountry, introduction of a potent rotavirus vaccine wo
ost likely be beneficial for children and a signific
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proportion of the diarrheal disease burden might be pre-
vented in the near future. Other enteric viruses such as group
C rotaviruses, sapoviruses, toroviruses, picobirnaviruses,
kobuviruses and coronavirus were not been investigated in
our study and further studies are needed to fully understand
the etiology of viral diarrhea.
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