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Abstract Viral diarrhea is a great threat to children’s

health in developing countries. We conducted a prospective

surveillance study of acute diarrhea of young children at

Tianjin Children’s Hospital from April 2008 to April 2009.

Viral infections were detected in 356 of the total 766 col-

lected stool specimens (46.48%). Rotavirus infections were

the most common (27.94%; predominant type G1), fol-

lowed by adenovirus infections (17.62%; predominant type

Ad41), norovirus infections (5.87%; predominant type GII-

4/2006b), and astrovirus infections (3.15%; only HAstV-1).

Children younger than 1 year old were the most susceptible

population to viral infections (87.9%). Diarrhea, vomiting,

and fever were the most frequent clinical symptoms among

the infected patients. The viral infections had no age, sex,

or regional differences. Most infection rates were higher in

the autumn, winter, and spring. This study supported that

the rotavirus vaccine should be included in the Expanded

Programme on Immunization in China.

Introduction

The World Health Organization (WHO) has reported that

approximately two million deaths per year occur globally

due to diarrheal diseases, mainly among children less

than five years of age who live in developing countries

(http://www.who.int/vaccineresearch/diseases/diarrhoeal/

en/index.html). Viruses are a major cause of diarrheal

illnesses. In particular, group A rotaviruses (RV) are the

leading cause of severe diarrheal diseases and dehydration,

which often lead to the hospitalizations of infants and

young children throughout the world. Other viral agents,

including enteric adenoviruses (AdV), astroviruses (AstV),

and human caliciviruses (HucV) like norovirus (NoV) and

sapovirus (SaV), are also believed to be major causes of

sporadic cases and outbreaks of childhood diarrhea [1].

China has one-fifth of the world’s population and the

second largest birth cohort in the world [2]. Currently,

hospitalizations associated with viral diarrhea are common

for Chinese children. In 2008, the mortality rate of children

under 5 years of age was 18.5% in China and 5.98% in

Tianjin City [3]. In 2002, approximately 13,400 children

under the age of 5 died from RV in China, and 70% of

these deaths occurred in rural areas [2]. Although the

molecular epidemiology of single RV, AdV, NoV, and

AstV infections has been examined in Chinese children,

information on the subject is still limited. In fact, only a

few studies have investigated the main enteric viruses (RV,

AdV, NoV, and AstV) in hospitalized Chinese children

[4–6]. Currently, the related clinical, epidemiological, and

meteorological information is lacking. These data would be

helpful to explore the causes of the disease and to provide

an accurate estimate of disease burden. Additionally, these

data would help prevent acute viral diarrheal cases in

developing countries.
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In this study, we aimed to provide intact etiology and

epidemiology data on viral diarrhea in Tianjin so that the

Tianjin data can be compared with other studies. We col-

lected 766 stool specimens from April 2008 to April 2009

from patients hospitalized in Tianjin Children’s Hospital.

We then investigated the prevalence of major viral etio-

logic agents and examined their molecular characteristics.

Moreover, we described the epidemiological characteristics

of the hospitalized children and evaluated the climate

information and its relationship to the different viral

infections.

Materials and methods

Study population and fecal specimens

The study was based in Tianjin City, an independently

administered municipal district in China. Tianjin has

a permanent population of 11.97 million, representing

approximately 0.89% of the Chinese population [3]. A total

of 766 fecal specimens were prospectively collected from

hospitalized pediatric patients younger than 5 years old.

All of the patients were admitted with acute diarrhea to

Tianjin Children’s Hospital between April 2008 and April

2009. The hospitalization criteria in these cases were

diarrhea, fever, vomiting, convulsions, neurasthenia, and

dehydration. The decision whether to hospitalize the

patients was made by a hospital pediatrician after a clinical

examination was performed in the pediatric emergency

department. The clinical examination was used to confirm

the diagnosis of acute diarrhea, which was defined as

diarrhea (C3 loose, or looser-than-normal, stools in a

24-hour period) [7]. Case notes for children admitted with a

diagnosis of vomiting alone were reviewed to determine

whether the children developed diarrhea 48 hours after

admission. Dehydration was assessed for severity and was

categorized as none, mild to moderate (3%–9%), or severe

(C10%), according to WHO criteria. The patients’ medical

reports were provide by the hospital, and the meteorolog-

ical information about rainfall in Tianjin was collected by

consulting the National Bureau of Statistics of China [3, 8].

Stool specimens were collected within 48 h of admis-

sion to the hospital for all patients. All fecal samples were

screened for enteropathogenic bacterial agents by conven-

tional culture methods and polymerase chain reaction

(PCR) assays described previously [9]. The stool speci-

mens, which were reported to be free of pathogenic bac-

teria by the local investigators, were stored at -70�C and

were transported frozen to the Institute of Health and

Environmental Medicine for detection of viruses weekly.

The study was approved by the local ethics committee, and

consent was obtained from the parents of the children.

Detection of viruses

The stool samples were tested for the presence of RV,

AdV, HucV (NoV and SaV), AstV, and human enterovi-

ruses (EVs) using polymerase chain reaction (PCR) or

reverse transcription PCR (RT-PCR) in the Institute labo-

ratory. Viral RNA was extracted from stool supernatant

using a QIAamp� Viral RNA Mini Kit (QIAGEN, Ger-

many), and viral DNA was extracted using an E.Z.N.A�

Viral DNA Kit (Omega Bio-Tek, USA). Both kits were

used according to the manufacturer’s instructions. We used

previously published methods and primers to detect RV

[6], AdV [10], HucV [11], AstV [5], and the EVs [12].

Cell culture and PCR detection

The virus-positive specimens were confirmed by cell cul-

turing after the (RT-)PCR. Virus isolation was performed by

using three cell lines: MA-104, CaCO-2, and 293 cells. First,

the 10% virus-positive stool suspensions were filtered using

a sterile syringe filter (pore size 0.22 lm, Millipore,

25 mm). The RV- and AstV-positive filtrates were activated

with 10 lg/ml (for RV) or 5 lg/ml (for AstV) porcine

pancreas trypsin (Sigma, USA) at 37�C for 40 min. Mono-

layers were then inoculated with 150 ll of RV-positive or

AstV-positive filtrates. After incubation for 1 h at 37�C,

1 ml of high-glucose Dulbecco’s modified Eagle medium

(DMEM; for RV) or RPMI 1640 medium (for AstV) con-

taining 2 lg/ml (for RV) or 5 lg/ml (for AstV) trypsin was

added to each well. AdV isolation was similar to that for RV

and AstV, but trypsin was not required. The culture fluids

were harvested 2–5 days after infection and were serially

inoculated onto the three cell lines until the fourth passage.

Viral gene amplification and sequence analyses were

carried out using culture fluid from the final passage.

(RT-)PCR was used to detect RV [13], AstV [14], and AdV

[10, 14] in the culture fluids of the MA-104, CaCO-2, and

239 cell lines, respectively.

Nucleotide sequencing and phylogenetic analysis

Nucleotide sequencing was performed using a BigDye

Terminator Cycle Sequencing Kit and an ABI PRISM

3730XL Genetic Analyzer (Applied Biosystems Inc., Foster

City, USA). The final consensus sequence for each sample

was aligned with homologous sequences in GenBank using

the Clustal W method with the BioEdit program, and the

identities between the aligned sequences were calculated.

Data analysis

The Statistical Package for the Social Sciences (SPSS) 17.0

was employed to perform statistical analysis on the
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collected data. The chi-square test, Fisher’s exact test,

median test, and bivariate correlations were used to test for

statistical significance. A P-value of less than 0.05 was

considered significant.

Results

Molecular epidemiology of viral infections

A total of 766 fecal specimens were prospectively col-

lected. Enteric viral infections were found in 356 of the 766

cases (46.48%), and mixed infections were detected in

8.09% of the patients. RV, AdV, NoV, and AstV were

detected in 27.94%, 17.62%, 5.87%, and 3.39% of the 766

fecal specimens, respectively. Of the mixed infection cases,

RV?AdV infections were the most common in 58.06%

(36/62), followed by RV?NoV in 19.35%, and AdV?NoV

in 12.90% of the cases. Two patients were infected by three

viruses, one with RV?AdV?NoV, and the other with

RV?AdV?AstV. SaV and EVs were not detected in any

of the samples (Table 1).

The NoV genotypes all were GII, and of these, 80.65%

(25/31) were GII-4/2006b and 19.35% were GII-3. The

MA-104 cell supernatants were genotyped as RV by RT-

PCR, and G1 was the most common serotype (41/54,

75.93%), followed by G3 (20.37%), G2 (1.85%), and G9

(1.85%). In 30 cases, the cell supernatants of the 293 cell

line were positive for AdV, of which Ad41 was the most

frequent infection type (86.67%), followed by Ad1

(13.33%). Of the CaCo-2 cell lysates, 19 cases had positive

amplicons, and all were HAstV-1.

The GenBank accession numbers described in this study

are GQ379132–GQ379155 (NoV), GU586154–GU586173

(AdV), HM473149–HM473174 (RV), and HM450036–

HM450043 (AstV).

Age, sex, and regional distribution

The median age of the 766 children was 7 months. Most of

the children with acute diarrhea due to RV, AdV, NoV, and

mixed viral infections were aged 7-12 months (38.9%,

40.4%, 53.8%, and 45.2%, respectively). The one excep-

tion was that most of the children with acute diarrhea due

to AstV infections were aged 1-6 months (41.2%). Of the

total viral infections, 87.9% occurred in children younger

than 1 year old (Fig. 1).

The sex ratio (male:female) was 1.73:1 for the 766

hospitalized pediatric patients. Among the 356 virus-posi-

tive patients, which included 237 boys (66.57%) and 119

girls (33.43%), there was a similar detection rate for both

sexes (48.9% in boys vs. 42.4% in girls, P = 0.081). Of the

total viral infections, the children who came from rural

areas (52.2%) had a similar infection rate to the children

from urban areas (47.8%) (P = 0.696) (Table 2).

Meteorological analysis

The single RV infections were distributed throughout the

year, except for July, the peak occurred in October 2008

(43.66%), and the infection rate was inversely proportional

to the amount of precipitation (Spearman r = -0.633,

P = 0.020). AdV infection was detected throughout most

of the year, and the cases peaked in July 2008 (57.89%).

NoV infections peaked in November 2008 (14.71%).

Table 1 Viral pathogens identified in hospitalized children in Tianjin

Virus No. (%) of stool specimens

RV 214 (27.94)

AV 135 (17.62)

NoV 45 (5.87)

AstV 26 (3.39)

RV?AdV 34 (4.44)

RV?NoV 11 (1.44)

HAdV?NoV 7 (0.91)

RV?AstV 5 (0.65)

AdV?AstV 3 (0.39)

RV?AdV?NoV 1 (0.13)

RV?Ad?AstV 1 (0.13)

Fig. 1 Distribution of different viral infections by age. Different viral

infections are indicated by the following symbols: , group A

rotaviruses; , enteric adenoviruses; , mixed viral infection; ,

norovirus; , astroviruses
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Mixed infections were detected throughout the year.

Overall, there were more RV infections among children in

the autumn (October–December) and winter (January–

March) than in the summer (July–September). NoV had a

high infection rate in the autumn, while AdV infections

were highest in the summer. Most AstV and mixed infec-

tions occurred during the autumn and winter (Fig. 2).

Clinical characteristics

Diarrhea was the most common clinical feature (100%).

Vomiting was observed in 163 patients and was more fre-

quently observed in viral infection cases (45.79%,

P = 0.030). Fever was detected in 254 virus infection cases

and was more common (71.35%) than in non-virus infection

(63.9%) cases (P = 0.028). Dehydration was diagnosed in

53 patients and was more frequent in virus infections (14.9%

vs. 9.0%, P = 0.012) (Table 2). Patients with NoV and

mixed infections were more prone to dehydration, but no

dehydration was found in AstV-positive cases. Apart from

mixed infections, duration of hospitalization for patients

with diarrhea due to AstV (range: 3-39 days, median age:

10 days) was significantly longer than that due to RV, AdV,

and NoV infections (P = 0.042) (Table 3).

Discussion

In this study, we observed that nearly half (46.48%) of the

cases of diarrhea in children under five years old in Tianjin,

China, were caused by at least one of the following four

major viruses: RV, AdV, NoV, and AstV. The proportion of

positive samples was higher than or equal to previous

reports from different countries [9, 15]. RV was the most

frequently detected infection at 27.94%, which was similar

to the level of infection in Hong Kong [16] and India [17].

However, the level of infection was lower than that in other

studies, which reported infections up to 54.0% [7, 18], and

higher than that in France (17.3%) [15]. A previous report

demonstrated that five RV genotypes (G1-G4, G9) were the

most common globally [19]. In this study, we found that the

G1-G3 and G9 strains were circulating in Tianjin, and G1

was the predominant strain. Fang et al. [20] found RV in

41% of stools, with the G1 serotype being the most common

and boys also about twice as likely as girls to have it.

In many countries, the RV infection rate and the rate of

hospitalization has decreased significantly due to use of the

RV vaccine [21]. In China, the first RV vaccine was

Table 2 Demographic and

clinical characteristics of

pediatric patients with acute

diarrhea caused by enteric viral

infections

a Median test (based on chi-

square test)
b Chi-square test
c Median and range

Enteric virus infection

(n = 356)

Non-enteric virus infection

(n = 410)

P-value

Age, monthsa,c 7.00 (0.001–60.00) 7.00 (0.01–60.00) 0.317

Sexb (male:female) 237:119 248:162 0.081

Addressb 0.696

Rural area 186 (52.2) 220 (53.7)

Urban area 170 (47.8) 190 (46.3)

Maximum number of stools/daya,c 6.00 (1.00–30.00) 5.50 (1.00–20.00) 0.380

No. of vomitingb 163 (45.8) 156 (38.0) 0.030

Maximum number of vomiting/daya,c 3.00 (1.00–20.00) 3.00 (1.00–15.00) 0.083

No. of feverb 254 (71.3) 262 (63.9) 0.028

Fever peak, �Ca,c 39.00 (37.30–41.00) 39.00 (37.20–42.00) 0.254

No. of dehydrationb 53 (14.9) 37 (9.0) 0.012

The type of stoolb 0.769

Watery/loose stool 330 (92.7) 375 (91.5)

Mucus in stool 19 (5.3) 27 (6.6)

Occult blood in stool 7 (2.0) 8 (2.0)

Duration of hospitalization, daysa,c 8.00 (1.00–43.00) 8.00 (1–121.00) 0.903

Fig. 2 Monthly distribution of target viruses in children with acute

diarrhea. Rainfall and different viral infections are indicated by the

following symbols: , precipitation (mm); , group A

rotaviruses; , astroviruses; , norovirus; , enteric

adenoviruses; , mixed viral infection
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licensed and introduced in 2000, and it is a lamb-derived,

monovalent (P[12]-G10), live-attenuated, 3-dose, oral

vaccine [20]. After introduction of the RV vaccine, the RV

infection rate decreased [2]. The WHO recommends that

the RV vaccine should be included in all national immu-

nization programs. In countries where diarrheal deaths

account for C10% of the mortalities among children

\5 years old, the introduction of the vaccine is strongly

recommended. However, in China, RV vaccination is not

mandatory, and it is not included in the Expanded Program

on Immunization. In addition, non-mandatory attempts to

propagate and adopt the vaccine have resulted in a low

inoculation rate. In this study, we found that less than 1%

of the children received RV vaccine.

AdV was the second most common agent of acute

diarrhea (17.62%) in our population, and this result was

similar to previous results in Germany (19.89%) [22] and

higher than what has been observed in the UK (14%) [7]. In

Tianjin, the prevailing AdV subtype was Ad41 (86.67%),

and no Ad40 was detected. Although Ad40 was often

detected in Iran and Bangladesh [23, 24], our findings were

in line with previous reports from Hong Kong [15], Japan

[25], and South Korea [26]. This phenomenon might reveal

the occurrence of an antigenic drift of Ad41 [25] and/or the

presence of environmental or geographical factors affect-

ing all of these countries in Northeast Asia. In this study,

the NoV detection frequency was 5.87%, which was lower

than in some studies [22, 27] but very similar to previous

results from China in Beijing [5], Lanzhou [4], and

Shanghai [28]. Reports have indicated that the emergence

of two novel GII-4 variants, 2006a and 2006b, was

increasing globally [4, 29]. In this study, GII-4/2006b was

the predominant circulating strain. A relatively low infec-

tion rate of AstV (3.39%) was detected, which is in

agreement with previous reports [4, 30, 31]. Only AstV

genotype 1 was detected during the molecular character-

ization of AstV in Tianjin, as has been reported previously

[32, 33].

The mixed infection rate was 8.09% in this study, and

RV was often present in patients who had mixed infections,

as reported previously [15, 34]. Among the mixed infec-

tions, RV?AdV and RV?NoV were the major mixed

infections in Tianjin, and these results were consistent

other recent investigations [9, 27, 35].

Our results demonstrate that children younger than

1 year old are the most susceptible population to viral

Table 3 Clinical features according to the type of infection in 766 children with acute diarrhea

RV

(n = 162)

AdV

(n = 89)

NoV

(n = 26)

AstV

(n = 17)

Mix

(n = 62)

P-value

Age, monthsa,d 7.00 (0.03–60) 6.00 (0.06–24.00) 12.00

(0.63–36.00)

5.50 (0.00–16.00) 10.00

(0.27–36.00)

0.109

Sexb (male:female) 112:50 56:33 18:8 10:7 41:21 0.670

Addressb 0.582

Rural area 79 (48.8) 52 (58.4) 12 (46.2) 10 (58.8) 33 (53.2)

Urban area 83 (51.2) 37 (41.6) 14 (53.8) 7 (41.2) 29 (46.8)

Maximum number of stools/

daya,d
6 (1–17) 6 (1–30) 5.5 (1–10) 5 (2–10) 6 (2–24) 0.368

No. of vomitingb 79 (48.8) 30 (33.7) 14 (53.8) 6 (35.3) 34 (54.8) 0.054

Maximum number of vomiting/

daya,d
3 (1–20) 3 (1–10) 2.5 (1–20) 3 (1–6) 3 (1–20) 0.667

No. of feverb 120 (74) 62 (69.7) 16 (61.5) 12 (70.6) 44 (71) 0.746

Fever peak, �Ca,d 39.00

(37.30–41.00)

39.00

(37.50–40.80)

39.00

(38.00–39.80)

38.70

(38.00–41.00)

39.00

(37.50–40.50)

0.632

No. of dehydrationb 9 (5.6) 8 (9) 6 (23.1) 0 (0) 13 (21) 0.001

The type of stoolb 0.439

Watery/loose stoolc 147 (90.7) 83 (93.3) 25 (96.2) 16 (94.1) 59 (95.2) 0.834

Mucus in stool 9 (5.6) 6 (6.7) 1 (3.8) 0 (0) 3 (4.8) 0.958

Occult blood in stool 6 (3.7) 0 (0) 0 (0) 1 (5.9) 0 (0) 0.100

Duration of hospitalization,

daysa,d
7 (2–43) 8 (1–43) 6.5 (3–20) 10 (3–39) 7 (1–28) 0.083

a Median test (based on chi-square test)
b Chi-square test
c Fisher’s exact test
d Median and range
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diarrhea. The majority of mixed viral infections occurred in

the 7- to 12-month age group, which is similar to results

reported in Germany [27]. We hypothesize that the

potential reason for infections in young children involves

the environmental sanitation of hospitals and/or family

homes. Since babies suck their fingers, they can easily take

in viruses that pollute the environment.

Viral diarrhea in Tianjin is happening more in dry and/

or cold months, i.e., the spring, autumn and winter seasons.

The viral diarrhea caused by RV and mixed viruses should

be prevented in spring, autumn and winter. Prevention of

NoV infection should be a particular concern in the

autumn, and more attention should be paid to AdV in

summer.

In children with viral diarrhea, the most common clin-

ical features were diarrhea, fever, vomiting, and dehydra-

tion. The different single viral infections and mixed

infections were similar in most of their clinical features

except that in NoV and mixed diarrheal infections, dehy-

dration was more common. Patients with AstV infections

had a longer duration of hospitalization.

In conclusion, we have systematically and comprehen-

sively studied the molecular epidemiology and clinical

characteristics of acute viral diarrhea in Tianjin. We

demonstrate that there is a high incidence of viral diarrhea,

particularly due to RV infections in Tianjin. We recom-

mend that preventing diarrhea in young children requires

close attention. Most importantly, it is essential that the RV

vaccine be included in the Expanded Program on Immu-

nization. Simultaneously, it is essential to improve the

environmental sanitation of hospitals and family homes in

large cities like Tianjin, China, in developing countries.
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