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Emergence of G9 serotype rotavirus as a major cause of
infectious gastroenteritis in southern Taiwan
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Infectious gastroenteritis is a common illness in children. This study investigated the etiology and clinical
manifestations of hospitalized children with symptoms of infectious gastroenteritis in southern Taiwan. We
studied 467 consecutive patients with infectious gastroenteritis aged from 2 days to 10 years hospitalized
from April 2001 to March 2002. Rotavirus was the most common etiology (57%) of infectious gastroenteritis in
these patients. Bacterial infection was noted in 57 cases (12%). Rotavirus was found in 92% of nosocomial
infectious gastroenteritis (p≤0.001). Bloody stool was a presentation of bacterial infection in 74% of cases
and rotavirus gastroenteritis in 8% of cases (p≤0.001). The G serotype of rotavirus was identified in 87 patients.
Serotype G1 was the most common (51%), followed by G9 (31%). The emergence of serotype G9 strains in
rotavirus infection has not been previously reported from Taiwan. Incorporation of G9 rotavirus into vaccines
should be considered.
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Acute infectious gastroenteritis is among the most
common diseases in pediatric patients worldwide. It is
characterized by diarrhea, and always accompanied
by nausea, vomiting, fever and abdominal pain [1-3]. In
developed countries, viruses are the most important
causes of diarrhea, and cause approximately 70-80%
of cases [4,5]. Other etiologies include bacteria and
protozoal pathogens, estimated to cause 10-20% of
cases. The most common viral pathogen in children is
rotavirus. Rotavirus infection is common in winter
months, and most mild to moderate infections are self-
limited [6]. Although bacterial infection is not the most
common pathogen of acute infectious gastroenteritis in
children, it plays an important role in pediatric patients
because of high mortality and morbidity rates if not
treated properly. The aim of this study was to investigate
the etiology and clinical manifestations of infectious
gastroenteritis in hospitalized children in southern
Taiwan.
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Materials and Methods

All children younger than 14 years hospitalized due
to acute gastroenteritis at a 1200-bed medical center
in southern Taiwan during the period April 2001 to
March 2002 were included. All children with persistent
symptoms for more than 2 weeks were excluded. Acute
gastroenteritis was defined as a condition in which a
patient developed vomiting and/or diarrhea. Diarrhea
was defined as unformed stool passages more than twice
a day [4,7,8]. Fever was defined as a rectal temperature
higher than 38°C. Bloody stool was defined as positive
for occult blood. A case was defined as nosocomial
infection if the child had been hospitalized for 72 hours
or more before the onset of diarrhea and/or vomiting.
Data on age, gender, symptoms and signs, and stool
characteristics were collected. One fecal specimen was
collected from each patient and examined for rota-
virus and adenovirus by enzyme immunoassay (EIA)
[Premier Rotaclone & Premier Adenoclone; Meridian
Diagnostics, Cincinnati, OH, USA]. Samples were also
cultured for enteric bacterial pathogens, and screened
for protozoa or parasite ova by microscopy. Samples
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with positive EIA results for rotavirus were sent to
the Center for Disease Control in Taiwan to be further
analyzed for VP7 (G) serotypes by reverse transcription-
polymerase chain reaction (RT-PCR) as described
previously [9]. Double-stranded RNA extracted
from stool samples was used as the template for
reverse transcription, which was amplified using Taq
polymerase. The concentrations of MgCl

2
, dimethyl

sulfoxide, and template RNA were critical [9]. The
choice of primer pairs allowed amplification of the entire
segment or specific portions. The gene was identified
in agarose gels. Categorical variables were compared
using the chi-squared test.

Results

A total of 467 patients with acute gastroenteritis,
aged from 2 days to 10 years, with a mean of 23.9
months, were hospitalized during the study period. No
patient had symptoms for more than 2 weeks. No patient
admitted for gastroenteritis was older than 10 years

during the study period. Of the 467 patients included
in this study, 299 (64%) were less than 2 years old and
431 (92%) were less than 5 years old. No mortality
occurred during hospitalization. The  male-to-female
ratio was 1.5 (279/188). The etiologies of infectious
gastroenteritis are shown in Table 1. Infectious
gastroenteritis was community acquired in 441 cases
(94%). Rotavirus infection was detected by EIA in 244
cases (55%), adenovirus infection in 36 (8%) and mixed
infections in 31 (7%). Pathogenic bacteria were isolated
in 57 cases, including Salmonella spp. (32 specimens,
7%), Shigella spp. (1 specimen, 0.2%), Campylobacter
spp. (15 specimens, 3%), Aeromonas spp. (7 specimens,
1.5%) and Staphylococcus aureus (6 specimens, 1.3%).
Four patients had more than 2 bacterial isolates. No
Clostridium difficile was found. Nosocomial infection
occurred in 26 patients (6%) aged from 2 months to
49 months old; the male-to-female ratio of these
patients was 1.9 (17/9). Twenty four cases (92%) were
positive for rotavirus and 2 cases (8%) were positive
for adenovirus. No bacterial pathogen was found in
patients with nosocomial infection. No parasite was
found on microscopic examination of fecal specimens.

The clinical manifestations of patients with
community-acquired infectious gastroenteritis are
shown in Table 2. Most of these patients (426, 97%)
had diarrhea; a minor proportion (3%) had vomiting and
fever but no diarrhea. Fever was noted in 354 patients
(81%), while vomiting was noted in 265 (60%). Bloody
stool was noted in 81 patients, 11 (14%) of whom had
mixed infection. Bloody stool was noted in 74% (42/
57) of patients with bacterial infection and 8% (19/244)
of patients with rotavirus infection. Bacterial infection
was more likely to cause bloody stool than rotavirus
infection (p≤0.001). Seizure attack occurred in 17
patients, of whom 12 (71%) were found to have rotavirus
infection.

Table 1. Etiology of infectious gastroenteritis in 467 children
hospitalized in a medical center in southern Taiwan, April 2001-
March 2002

Number of cases (%)

Etiology Community- Nosocomial p
acquired

Rotavirus 213 (48) 24 (92) ≤0.001
Adenovirus 18 (4) 2 (8) 0.377
Bacteria 43 (10) 0 (0)
Parasite 0 (0) 0 (0)
Rotavirus and adenovirus 17 (4) 0 (0)
Rotavirus and bacteria 13 (3) 0 (0)
Rotavirus and adenovirus 1 (0.2) 0 (0)
and bacteria
Unknown 136 (31) 0 (0)
Total 441 (100) 26 (100)

Table 2. Clinical manifestations of community-acquired infectious gastroenteritis of different etiologies in children

Number of cases (%)

Symptoms
Total Rotavirus Adenovirus Bacteria Rotavirus and Rotavirus and Unknown

pa

(n = 441) (n = 244) (n = 36) (n = 57) adenovirus bacteria (n = 136)
(n = 17) (n = 13)

Diarrhea 426 (97) 229 (94) 33 (92) 56 (98) 16 (94) 13 (100) 136 (100) 0.183
Fever 354 (80) 192 (79) 25 (69) 50 (88) 14 (82) 10 (77) 110 (81) 0.122
Vomiting 265 (60) 178 (73) 18 (50) 18 (32) 8 (47) 5 (39) 64 (47) ≤0.001
Dehydration 362 (82) 214 (88) 28 (78) 41 (72) 15 (88) 10 (77) 103 (76) 0.003
Bloody stool 81 (17) 19 (8) 2 (6) 42 (74) 2 (12) 9 (69) 28 (21) ≤0.001
Seizure 17 (4) 12 (5) 1 (3) 2 (4) 0 0 2 (2) 0.649

aComparison between symptoms/signs in rotavirus and bacterial infection.
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In the winter period between December 2001 and
February 2002, 159 children (n = 467, 34%) were
hospitalized due to infectious gastroenteritis, 106 of
whom (67%) had rotavirus infections. Patients with
infectious gastroenteritis caused by rotavirus in the
winter period accounted for 40% of the 267 patients
hospitalized for rotavirus infection during the 1-year
study period. A peak number of 67 patients were
hospitalized for infectious gastroenteritis (n = 467, 14%),
and positive results of rotavirus detected by EIA
also peaked in January 2002. Of the 67 patients, 46
(31%) had rotavirus infection. On the other hand, the
proportion of patients with bacterial gastroenteritis
ranged from 3 to 23% of patients hospitalized for
infectious gastroenteritis in different months of the
year. The lowest proportions (3-6%) were noted in the
period from November 2001 to January 2002.

In this study, we identified G serotype of rotavirus
in 87 patients (Fig. 1), aged from 2 months to 7 years,

with a mean age of 26 months.  The male-to-female ratio
of these patients was 1.8 (56/31). Among the isolates,
44 (51%) were G1 and 27 (31%) were G9, followed by
G3 (n = 10, 12%), G2 (n = 3, 3%) and G4 (n = 3, 3%).
Of these 87 patients, 2 had seizure attack. Serotype G9
rotavirus was isolated in the stool specimens of both
of these patients. Clinical manifestations in the G9
rotavirus infection group included diarrhea in all
patients, dehydration in 19 (70%), followed by fever
(n = 18, 67%) and vomiting (n = 17, 63%). Only 1 patient
complained of bloody stool. The clinical manifestations
in patients infected with the 5 serotypes of rotavirus are
summarized in Table 3. A peak of G9 infection occurred
in September and October of 2001.

Discussion

In this study, 43% (106/244) of cases of infectious
gastroenteritis due to rotavirus occurred in winter.
Rotavirus infection was most frequent in children less
than 2 years old (163/267, 61%). This percentage is
lower than that found by Lo et al [3] in a study from
southern Taiwan in 1984 (83.6%) and Chiu et al [1] in
northern Taiwan in 1993 (76%). In the present study
from southern Taiwan, 36% (95/267) of rotavirus-
infected children were within an age range from 2 years
to 5 years. The lower rate of gastroenteritis due to
rotavirus infection in children younger than 2 years
in this study may have been due to a relatively higher
incidence in older children.

Adenovirus is another important pathogen causing
severe diarrhea in children younger than 2 years [10].

Table 3. Clinical manifestations in rotavirus infections of
different G serotypesa

Symptoms
Non-G9  

G9  pb

G1 G2 G3 G4

Vomiting 29 2 8 1 17 0.737
Diarrhea 38 2 8 2 27 0.024
Bloody stool 2 0 0 1 1 0.789
Fever 36 2 9 2 18 0.124
Dehydration 34 1 10 2 19 0.422
Seizure 0 0 0 0 2 0.033

aOne patient died of congenital heart disease.
bComparison between non-G9 and G9 group.

Fig.1. Monthly distribution of different serotypes of rotavirus infection in children, April 2001 to March 2002.
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In this study, adenovirus infection was found in 18
patients (4%) with community-acquired infectious
gastroenteritis. All of them were younger than 5 years
old. Salmonella spp. and Campylobacter spp. are
common causes of pathogenic gastroenteritis worldwide
[11,12]. In this study, 7% (32/467) of fecal specimens
were positive for Salmonella spp. and 3% (15/467) were
positive for Campylobacter spp. These findings are
within the ranges reported from previous studies in
Taiwan [10,11,13]. Mixed infection was found in 7% of
cases. It is difficult to tell from available data whether
these patients had coinfection or were chronic carriers
of rotavirus or Salmonella.

Rotavirus is also a frequent cause of nosocomial
infection [14]. In our study, 92% (24/26) of cases of
nosocomially-acquired gastroenteritis were caused by
rotavirus. The distribution of etiologies in nosocomial
infections was different from that of community-
acquired infection (Table 1). Of all rotavirus infections,
only 9% were acquired in the hospital. Previous studies
found that 15 to 69% of rotavirus infections occurred in
hospital settings [1,15]. Hand-washing and contact
precautions should be emphasized in hospitals caring
for patients with rotavirus infection.

Seizure attack occurred in 17 patients (4%) in this
study, 12 (71%) of whom had rotavirus infection. Thus,
5% (12/244) of rotavirus infections were associated
with seizure attack and 3% of patients (5/197) with non-
rotavirus infection had seizure attack, p=0.1968.

Previous studies found that serotypes G1 to G4
rotaviruses were major human pathogens [16]. Serotype
G9 rotavirus has been detected in approximately 0.5%
of the circulating strains worldwide [17]. Since 1992,
serotype G9 strains have been detected in at least 10
countries, including Thailand, India, Brazil, Bangladesh,
Malawi, Italy, France, the United States, the United
Kingdom and Australia. The ratio of serotype G9
infection has gradually increased, and has become the
fifth common serotype worldwide, suggesting it may
be an important serotype causing gastroenteritis in
humans [16]. In our study, serotype G1 strains were
the most prevalent overall; the second most common
was serotype 9, followed by G3, G2 and G4. To our
knowledge, G9 serotype rotavirus has not been
previously reported as a major serotype in Taiwan.

The clinical features of serotype G9 infection, except
diarrhea and seizure, were similar to those of other
rotavirus serotypes. In our study, all of the G9-infected
patients had diarrhea, while only 83% (50/60) of
non-G9 cases had diarrhea. Prevention of dehydration

in G9-infected patients thus appears to merit extra
attention. Use of an oral hydration agent and education
in hand-washing may be helpful in these aims. Of the
87 patients who had rotaviruses serotyped, 2 had seizure
attack, and both of these patients were infected by
serotype G9 rotavirus. Although our results showed a
significant difference in clinical manifestations between
the G9 and non-G9 group, the case numbers were too
small to reach definitive conclusions.

Most of the serotype G9 rotavirus infections
(26/27, 96%) were community-acquired. In September
and October of 2001, a peak of G9 rotavirus infection
(15/27, 56%) was found. None of these cases was
nosocomial. However, whether these cases represent
an epidemic outbreak of G9 infection in the community
is difficult to determine because of the small number
of cases.

This study indicates that serotype G9 rotavirus is
an emerging pathogen in southern Taiwan. Incorporation
of G9 rotavirus into vaccines should be considered.

References
1. Chiu TF, Lee CN, Lee PI, Kao CL, Lin HC, Lu CY, et al.

Rotavirus gastroenteritis in children: 5-year experience in a

medical center. J Microbiol Immunol Infect 2000;33:181-6.

2. Chen HJ, Chen BS, Wang SF, Lai MH. Rotavirus gastroenteritis

in children: a clinical study of 125 patients in Hsin-Tien area.

Acta Paediatr Sin 1991;32:73-8.

3. Lo YS, Huang BL, Tsai LY, Lu CC, Chen TS. Clinical observations

of infants and children with rotavirus gastroenteritis in southern

Taiwan. Kaohsiung J Med Sci 1988;4:358-63.

4. Aranda-Michel J, Giannella RA. Acute diarrhea: a practical

review. Am J Med 1999;106:670-6.

5. Frühwirth M, Karmaus W, Moll-Schüler I, Brösl S, Mutz I. A

prospective evaluation of community acquired gastroenteritis

in paediatric practices: impact and disease burden of rotavirus

infection. Arch Dis Child 2001;84:393-7.

6. Behrman RE, Kliegman RM, Jenson HB, eds. Nelson Textbook

of Pediatrics, 16th ed. Philadephia: WB Saunders; 2000:

996-8.

7. Fine KD, Krejs GJ, Fordtran JS. Diarrhea. In: Sleisenger MH,

Fordtran JS, eds. Gastrointestinal disease: pathophysiology,

diagnosis, management. 6th ed. Philadelphia: WB Saunders;

1998:1043-72.

8. Yamada T, Alpers DH, Owyang C, Powell DW, Silverstein

FE, eds. Approach to the patient with diarrhea. Textbook of

gastroenterology. 2nd ed. Philadelphia: JB Lippincott; 1995:

813-31.

9. Gouvea V, Glass RI, Woods P, Taniguchi K, Clark HF, Forrester

B, et al. Polymerase chain reaction amplification and typing



326

Etiology of infectious gastroenteritis in southern Taiwan

of rotavirus nucleic acid from stool specimens. J Clin Microbiol

1990;28:276-82.

10. Lin HC, Kao CL, Lu CY, Lee CN, Chiu TF, Lee PI, et al.

Enteric adenovirus infection in children in Taipei. J Microbiol

Immunol Infect 2000;33:176-80.

11. Lin CW, Yin PL, Cheng KS. Incidence and clinical

manifestations of Campylobacter enteritis in central Taiwan.

Zhonghua Yi Xue Za Zhi (Taipei) 1998;61:339-45.

12. Singh N, Rodriguez WJ. Acute enteritis. In: Jenson HB,

Baltmore RS, eds. Pediatric infectious diseases: principles and

practice. 2nd ed. Philadephia: WB Saunders; 2002:878-920.

13. Lu PL, Hsueh PR, Hung CC, Chang SC, Luh KT, Lee CY.

Bacteremia due to Campylobacter species: high rate of

resistance to macrolide and quinolone antibiotics. J Formos

Med Assoc 2000;99:612-7.

14. Rodriguez-Baez N, O’Brien R, Qiu SQ, Bass DM. Astrovirus,

adenovirus, and rotavirus in hospitalized children: prevalence

and association with gastroenteritis. J Pediatr Gastroenterol Nutr

2002;35:64-8.

15. Fruhwirth M, Heininger U, Ehlken B, Petersen G, Laubereau

B, Moll-Schuler I, et al. International variation in disease burden

of rotavirus gastroenteritis in children with community- and

nosocomially acquired infection. Pediatr Infect Dis J 2001;20:

784-91.

16. Ramachandran M, Kirkwood CD, Unicomb L, Cunliffe NA,

Ward RL, Bhan MK, et al. Molecular characterization of

serotype G9 rotavirus strains from a global collection. Virology

2000;278:436-44.

17. Oka T, Nakagomi T, Nakagomi O. Apparent re-emergence of

serotype G9 in 1995 among rotaviruses recovered from

Japanese children hospitalized with acute gastroenteritis.

Microbiol Immunol 2000;44:957-61.


