
Diarrhea is one of the major causes of morbidity

and mortality in children.1,2 According to a World

Health Organization 2003 report, the median in-

cidence of diarrhea in children aged under 5 years

wwas 3.2 episodes per child-year.3 Deaths are more

commonly a result of dehydration, but malnutri-

tion also plays an important role. It has been esti-

mated that 25% of the growth differential between

children in developing countries and children in

North America is related to diarrhea.4 Viruses are

the most important causes of diarrhea and cause

approximately 70–80% of cases.5 Rotavirus, en-

teric adenovirus, astrovirus, and norovirus are

fnow known to be the most common causes of

viral gastroenteritis.4,6,7 tRotaviruses are the most

prevalent cause of severe diarrhea in infants and

young children in Taiwan.8–13 Enteric adeno-

viruses may be the second most common cause

of viral diarrhea, and their clinical characteristics

in children have been delineated in Taiwan.4,14

However, the incidence rate of enteric adenovirus

as well as norovirus and astrovirus responsible
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Background/Purpose: Viral infections are the most common causes of acute infectious diarrhea in the pedi-
atric population. To explore any possible microbial etiologies of acute gastroenteritis in children, we detected
stool viral antigen including rotavirus, adenovirus, norovirus and astrovirus. We also studied the possible
precipitating factors.
Methods: During a period of 1 year (from October 2003 to September 2004), children from birth to
15 years old admitted to the pediatric ward were prospectively surveyed. Stool specimens were collected
wwithin 48 hours after admission and then frozen at −40°C until analysis. Enzyme immunoassay was used

 to detect rotavirus, astrovirus, norovirus and adenovirus. Bacterial culture was performed at the same time.
Results: During the study period, 82 stool samples were collected due to acute gastroenteritis and fit the defi-
nition of a diarrhea episode. Forty-two (51.2%) patients with viral infection, 11 (13.4%) with bacterial infec-
tion, and six (7.3%) with mixed viral and bacterial infection were detected. The most prevalent virus was
rotavirus (35.4%), followed by norovirus (29.3%). The most prevalent cause of bacterial infection was
Salmonella f(19.5%). With regard to clinical severity, rotavirus resulted in longer hospital stay, higher rate of
vvomiting, stool occult blood, leukocytosis, lower rate in stool pus cell, and C-reactive protein elevation more
than 5 mg/dL as compared with norovirus. Only the difference in hospital stay reached significant statistical
difference.
Conclusion: Norovirus is an important cause of acute gastroenteritis in children, although rotavirus is still
the leading cause of pediatric acute gastroenteritis. [J Formos Med Assoc 2006;105(12):964–970]
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for acute diarrhea in children are unknown. Even

if bacteria are not the main pathogens of acute

gastroenteritis in children, bacterial infection re-

sults in high morbidity and mortality if not treated

early. The aims of this study were to explore the

possible etiologies of acute gastroenteritis in hos-

pitalized children. In addition, the clinical features

of viral and bacterial gastroenteritis are outlined

in order to provide clues for physicians to make a

tentative diagnosis early and to begin treatments

promptly.

Materials and Methods

DDefinitions
AAn episode of diarrhea was defined as passage of

loose stools occurring three or more times within

24 hours, and excluded noninfectious causes.

Children with diarrhea of more than 10 days’ du-

ration were also excluded. Dehydration was esti-

mated by using a clinical assessment described

by Narchi et al.15 Severity of illness was assessed

by a modification Dennehy et al’s method, which

wwas based on the severity of diarrhea, vomiting,

associated fever and dehydration (Table 1).16

Sample collections
From October 2003 to September 2004, children

aged from birth to 15 years admitted to the pedi-

atric ward at National Taiwan University Hospital

wwere prospectively surveyed. A stool sample was

collected within 48 hours after admission from

children whose diarrhea conformed to the study

definition. All stool samples were frozen and stored

at −40°C until viral testing. The clinical data for

each patient were recorded, including sex, age, gas-

trointestinal symptoms, and laboratory test results.

LLaboratory methods
Rotavirus, adenovirus, norovirus and astrovirus

wwere detected in stool samples by specific commer-

cial enzyme immunoassay (EIA) kits (Ridascreen®;

R-Biopharm, Darmstadt, Germany). The assays for

rotavirus, adenovirus and astrovirus were perform-

ed according to the manufacturer’s instructions

as follows: 100 μ tL of liquid stool or equivalent

solid stool was suspended in 1 mL of the stool

diluent. The sample diluent was mixed thor-

oughly and settled for 10 minutes before testing.

Then, 100 μL of samples and controls were respec-

tively added to microwell strips coated with mono-

clonal antibodies against these three viruses, and

100 μL of peroxidase-conjugated monoclonal an-

ttibody was added. The mixture was incubated at

room temperature (20–25° rC) for 60 minutes. After

five wash cycles with 300 μL wash buffer, 100 μLL

of substrate were added to each well and incu-

bated for 15 minutes in the dark. After this, the

reaction was stopped by the addition of 50 μL stop

reagent. The photometric measurements were

made at wavelength of 450 nm. The measure-vv

ments of each negative control had to be less than

0.2 at 450 nm. The cut-off values were calculated

from the measured extinction for the negative

rcontrol plus 0.15 extinction units. The kits for

detection of rotavirus and adenovirus have a good
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Table 1. Clinical score system for assessing the
severity of illness

Symptom Score*

Maximum number of stools per day
3 1
4–5 2
≥ 6 3

Duration of diarrhea (d)
1 1
2–4 2
≥ 5 3

Vomiting
No 0
Yes 1

Maximum temperature
No fever 0
> 38°C 1
> 39°C 2

Dehydration
None 0
≤ 5% 1
> 5% 2

*Clinical severity score defined as: mild (<(( 6); moderate (6–8);
severe (>(( 8).



sensitivity and specificity (100% and 88.8–98.6%,

respectively, for rotavirus; 93.3% and 94.3–100%,

respectively, for adenovirus).17 The sensitivity and

specificity for detection of astrovirus were 89.2%

and 87.3%, respectively, compared with reverse

transcription–polymerase chain reaction (RT–

PCR), according to the product’s instruction leaflet.

The assay for norovirus was as follows: 200 μL

of liquid stool or equivalent solid stool was 

suspended in 1 mL of the stool diluent. The sam-

ple diluent was centrifuged at 5000 rpm (approx-

imately 2300–2500 g) for 5 minutes. Then, 100 μL

of particle-free supernatant of suspension and

controls were respectively added to microwell

strips coated with monoclonal antibodies against

noroviruses and incubated at room temperature

(20–25°C) for 60 minutes. After five wash cycles

wwith 300 μL wash buffer, 100 μL of peroxidase-

conjugated monoclonal antibody were added and

incubated at room temperature for 30 minutes.

AAfter another five wash cycles with 300 μL wash

buffer, 100 μL of substrate were added to each

wwell and incubated for 15 minutes in the dark.

Finally, 50 μL stop reagent were added, and pho-

tometric measurements at wavelength 450 nm

wwere made. The sensitivity and specificity for 

detection of norovirus were 95.0% and 95.2%,

respectively, compared with RT–PCR (according

to the product’s instruction leaflet).

All stool samples were sent for bacterial culture

simultaneously, including Salmonella species,

Shigella species, and Campylobacter jejuni. Labora-

tory tests, including white blood count, C-reactive

protein (CRP), stool occult blood, and stool pus

cell, were performed at the standard central labo-

ratory. Data on the monthly weather in Taipei,

including mean temperature, precipitation and

relative humidity, were provided by the Central

WWeather Bureau.

Statistical analysis
Statistical software SPSS version 10.1.3C (SPSS

Inc., Chicago, IL, USA) for Windows was used

for recording data and analyzing results. Non-

parametric Kruskal-Wallis analysis of variance,

Mann-Whitney U test, and Fisher’s exact test 

for categorical data were used as appropriate; p

yvalue less than 0.05 was considered statistically

significant.

Results

A total of 82 infants and children were enrolled

during the study period. All stool samples were

processed for four different viruses by EIA and

bacterial culture. The male-to-female ratio was

1.83 (53/29). The median age was 31 months

(ranged from 26 days to 165 months).

Table 2 shows the number of patients with

acute diarrhea and enteropathogens detected in

their stool. Enteric viruses accounted for more

than half (58.5%) of the total of 82 samples and

were the most common pathogens in our study.

fEnteric bacteria were detected in 17 (20.7%) of

82 cases. Twelve (14.6%) of 82 cases had a mixed

infection. A total of 59 (71.9%) infants and chil-

dren, including those with mixed infection, were

screened out enteropathogens in fecal samples.

Most (74.5%) of them were under 5 years of age

(Table 3). Of the 29 patients with rotavirus infec-

tion, 14 (48.2%) were less than 2 years old and

25 (86.2%) were less than 5 years old. The respec-

tive figures in the norovirus group were six (25%)

and 17 (70.8%), and in the Salmonella group were

four (25%) and 12 (75%).

fThe clinical features and laboratory data of

patients affected with a single pathogen are sum-

marized in Table 4. The clinical features of the

Salmonella rgroup were more severe than the other

two agents in terms of duration of diarrhea, max-

imal body temperature, length of hospital stay,

severity score and CRP value. In addition, the

Salmonella group revealed a high ratio in positive

stool pus cell and stool occult blood test. With re-

gard to rclinical severity, rotavirus resulted in longer

thospital stay, higher rate of vomiting, stool occult

blood, leukocytosis, and lower rate of stool pus

cell and CRP elevation more than 5 mg/dL com-

ypared to norovirus. However, we did not find any

statistically significant difference except in duration

of hospital stay. In our study, mixed infections
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(including virus-virus and virus-bacteria) were de-

tected in 14.6% (12/82) of patients. Norovirus wasoo

the most common pathogen found in mixed infec-

tion. Half (12/24) of norovirus infections were

mixed infection (Table 5). No statistical difference

in the severity of illness was noted between mixed

infections and isolated pathogen infections.

The monthly distribution of cases with rotavirus

and norovirus infection was plotted with reference

to mean temperature, precipitation and relative

humidity in the Taipei area (Figure). We found that

the peak incidence of both viruses was during cold

and relatively lower precipitation weather, but

wwas not related to relative humidity. In addition,

the norovirus group showed an earlier peak than

the rotavirus group (November vs. December).

During the winter (December to February), 72.7%

(16/22) of 22 children admitted were affected

with rotavirus and 31.8% (7/22) with norovirus.

In contrast, in autumn (September to November),

13.8% (4/29) of 29 children were infected with

rotavirus and 41.4% (12/29) with norovirus.

Discussion

We attempted to investigate the viral and bacterial

etiology of pediatric acute diarrhea in northern

Taiwan. In this study, rotavirus accounted for the

most cases (35.4%) and most rotavirus infections

occurred in children under 2 years of age. Noro-

virus (29.3%) was the second most common

pathogen. In contrast to rotavirus, norovirus attack-

ed children older than 2 years. A similar pattern

tof age distribution has been described in a report

from Finland.18 Norovirus has been reported to
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Table 2. Number of patients who tested positive for the indicated pathogens (from 82 stool specimens)

Pathogen Positive (n) Positive rate (%)

Virus 42 51.2
Rotavirus 24 29.3
Norovirus 12 14.6
Astrovirus 0 0
Norovirus + Rotavirus 5 6.1
Norovirus + Adenovirus 1 1.2

Virus + Bacteria 6 7.3
Norovirus + Salmonella sp. 5 6.1
Norovirus + Campylobacter jejuni 1 1.2

Bacteria 11 13.4
Salmonella sp. 11 13.4

Total 59 71.9

Table 3. Age distribution of patients with pathogen detected (including patients with mixed infections)*

Rotavirus Norovirus Salmonella sp.
(n = 29, 35.4%) (n = 24, 29.3%) (n = 16, 19.5%)

Age (mo)
< 6 2 (2.4) 2 (2.4) 0 (0)
6–24 12 (14.6) 4 (4.9) 4 (4.9)
25–60 11 (13.4) 11 (13.4) 8 (9.8)
> 60 4 (4.9) 7 (8.5) 4 (4.9)

Mean age ± SD (mo)† 29.3 ± 19.9 47.0 ± 38.2 51.9 ± 44.5

*Values are presented as number of cases (percentage, number of positive/number of tests); †p† = 0.167, Kruskal-Wallis test.



result in a less severe illness than rotavirus.19

Hence, the incidence of norovirus infection may

be underestimated because milder cases may not

be hospitalized in this study.

According to the prevalence data in Taiwan

from the detection of serum antibody of Norwalk

virus in 1980, 5% of sera from the age of 3

months to 3 years were positive, and up to 15%

 and 24% from 3 years to 6 years, and from

6 years to 12 years, respectively, were positive.20

On the basis of the above-mentioned and pre-

liminary results of our study, norovirus-associated

S.M. Chen, et al
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Table 5. Clinical characteristics and laboratory data among patients with mixed infection*

Norovirus + Norovirus + Norovirus + Norovirus +
Rotavirus Adenovirus Salmonella Campylobacter

(n = 5) (n = 1) (n = 5) (n = 1)

Diarrhea (maximum number/d) 5.4 (3–10) 4 6.6 (3–10) 8
Duration of diarrhea (d) 3.4 (3–4) 7 8.4 (5–11) 4
Vomiting (%) 80.0 0 100.0 0
Fever (maximum °C) 38.9 (37.3–40) 38.0 39.6 (39.4–40.1) 38.8
Severity score 7.4 (5–10) 6 9.8 (8–11) 8
Hospital stay (d) 2.2 (2–3) 2 6.4 (3–8) 1
Stool occult blood (%) 0 0 60.0 100
Stool pus cell (%) 20.0 0 80.0 100
Serum WBC (×103/mm3) 9.5 (4.3–12.7) 12.6 8.0 (1.8–14.5) 6.2
CRP (mg/dL) 1.8 (0.14–4.1) 0.07 9.2 (3.8–14.6) 2.5

*Values are presented as mean (range) or percent. WBC = white blood cell count; CRP = C-reactive protein.

Table 4. Comparison of clinical characteristics and laboratory data among rotavirus, norovirus and Salmonella gastroenteritis*

Rotavirus Norovirus Salmonella sp.
(n = 24) (n = 12) (n = 11)

p

Diarrhea (maximum number/d) 6.4 (3–12) 6.1 (3–11) 6.6 (3–10) 0.763†

Duration of diarrhea (d) 4.8 (3–8) 4.4 (3–6) 7.3 (5–11) 0.002†

Vomiting (%) 92.0 66.7 45.0 0.14‡

Fever (maximum °C) 38.5 (36.0–39.8) 38.3 (36.4–40) 39.7 (38.7–4) 0.002†

≥ 39°C (%) 33.3 8.3 81.8 0.21‡

Severity score§ 7.9 (5–10) 7.3 (5–10) 9.3 (8–10) 0.012†

Hospital stay (d)|| 3.1 (2–5) 2.3 (1–5) 4.7 (2–8) 0.002†

≥ 4 days (%) 29.1 8.3 72.7 0.22‡

Stool occult blood (%) 29.1 16.7 63.6 0.68‡

≥ 3+++ (%) 12.5 8.3 45.5 1.0‡

Stool pus cell (%) 4.2 16.7 63.6 0.25‡

Serum WBC (×103/mm3) 11.9 (6.11–27.8)¶ 10.1 (5.8–18.5) 9.17 (5.9–20.6) 0.194†

> 15 × 103/mm3 (%) 29.1 8.3 9.1 0.22‡

CRP (mg/dL) 1.5 (0.03–14.5) 3.0 (0.01–7.40) 9.7 (0.9–26.7) < 0.001†

> 5 mg/dL (%) 4.2 25 72.7 0.98‡

*Data are presented as mean (range); †p value (Kruskal-Wallis test) for difference among rotavirus, norovirus and Salmonella;† ‡p value (Fisher’s exact test)‡

for difference between rotavirus and norovirus; §clinical severity score defined as mild (<(( 6), moderate (6–8), severe (>(( 8); ||p < 0.05 (Mann-Whitney U test)
for difference between rotavirus and norovirus; ¶in one case, data on serum WBC was not collected because of clotted blood sample. WBC ¶ = white blood
cell count; CRP = C-reactive protein.



gastroenteritis is not at all rare in the pediatric

population in Taiwan. Meanwhile, the age-related

pattern of antibody acquisition suggests that it

ought to play a major role in acute gastroenteritis

in older children.

In clinical severity, Salmonella infection was

more severe than the other main viral agents.

Norovirus infection resulted in significantly

shorter hospital stay compared with rotavirus. In

addition, it also tended to result in a lower rate

of vomiting, stool occult blood and leukocytosis,

but a higher rate of stool pus cell and CRP eleva-

tion. It was easy to differentiate bacterial from

vviral infection by clinical symptoms, but it was

difficult to discriminate between rotavirus and

norovirus without any laboratory tests. Rotavirus

 was still the most frequent viral pathogen in

t winter. A similar finding was delineated in most

previous reports in Taiwan.5,8,9,11,12 Furthermore,

a prominent seasonality was demonstrated in

norovirus infection in this study. However,

norovirus had an earlier peak time in incidence

than that of rotavirus, and was more common

than rotavirus in autumn (41.4% vs. 13.8%).

Mounts et al reviewed 12 norovirus surveys con-

ducted during a 21-year period in eight countries,

and found a peak in winter in 10 of 12 surveys

for both sporadic cases and outbreak-associated

gastroenteritis.21 It also tended to be related to

cold and relatively low precipitation weather in

this study. Nevertheless, a recent study in Jakarta,

Indonesia reported that the seasonal distribution

fMicrobial etiology of acute gastroenteritis in Taiwan
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did not correlate with rainfall.22 They demons-

trated that rotavirus peaks in June and July and

norovirus peaks in August and September. There-

fore, the trend of seasonality of acute gastro-

enteritis associated with norovirus appeared to vary

according to different geographic areas. Further

prospective longitudinal surveillance is necessary

to provide more reliable epidemiologic data, be-

cause the knowledge of seasonality of norovirus

infection is an important clue for diagnosis.

In Lin et al’s study of enteric adenovirus infec-

tion in children in northern Taiwan, 76.6% of 64

cases were younger than 2 years.14 However, very

few cases of adenovirus and astrovirus infection

wwere found in this study. A negative result does

not completely exclude astrovirus infection. It

may be caused by an intermittent excretion of the

vvirus or a small quantity of antigen in the fecal

sample. A more extensive study may be mandatory

to investigate the true incidence.

In this study, we showed a portion of the possi-

ble etiologies of former undiagnosed acute gas-

troenteritis in hospitalized children. The high

incidence of norovirus infection indicates that

norovirus is an important viral etiology of pedi-

atric acute gastroenteritis in Taiwan. At the same

time, a nationwide surveillance system, includ-

ing sporadic cases and outbreaks, should be con-

sidered as well.
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