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Abstract

Background: Diarrhea caused by viruses is a global problem among young children. We investigated two of the
most important agents, rotavirus and adenovirus, to provide epidemiological evidence for a better understanding
of their role among children with acute diarrhea.

Methods: A total of 3147 hospitalized children were enrolled in the study during 2010 ~ 2014. Antigen testing for
rotavirus and DNA testing for adenovirus were performed on stool specimens collected from participants.

Results: There were 1985 cases of community-acquired diarrhea (CAD) and 1162 cases of hospital-acquired
diarrhea (HAD). A total of 692 cases (22.0 %) were positive for rotavirus. Rotavirus was detected in more children
with HAD than in those with CAD (24.6 %; 286/1162 vs. 20.5 %; 406/1985). A total of 324 cases (10.3 %) were
adenovirus positive. There was a significant difference between the CAD group and HAD group (9.5 %; 188/1985 vs.
11.7 %; 136/1162: χ2 = 3.957, p = 0.047). Co-infection was found in only 35 children (1.11 %), and the co-infection
rate was similar between the CAD and HAD groups (χ2 = 1.174, p = 0.279). There was no association between sex
and the detection rate of these viruses. The positive rate was significantly different for rotavirus among CAD cases
(χ2 = 27.979, p < 0.001) and for adenovirus (χ2 = 34.362, p < 0.001) in the five age groups. Compared with the other
four age groups (15.8–19.8 %), the prevalence of rotaviruses was highest among children aged 12–24 months
(28.6 %). Adenovirus was detected in 3.6 % of neonates compared with 5.8 % of infants from 1 to 6 months
old; this increased to 12.0–13.8 % in children over 6 months of age. In HAD cases, age differences were not
found for rotavirus and adenovirus. Seasonal variation of rotavirus was observed, with peaks in November and
December and with through in July and August; however, no clear seasonal pattern was found for adenovirus.

Conclusion: Detection rates for rotavirus and adenovirus were significantly higher in children with HAD than those
with CAD, but co-infection was very low. A high prevalence of rotavirus was identified in neonates with diarrhea.
Vaccination for rotavirus gastroenteritis should be considered in neonates.
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Background
Diarrhea remains the leading infectious cause of death in
children under the age of 5 years. The global burden of in-
cidence and severe disease for diarrhea is very high, espe-
cially in developing countries [1]. Rotavirus is the main
cause of severe diarrhea in children below 5 years of age
worldwide. The virus is associated with considerable hos-
pitalizations and deaths among children and is responsible

for large healthcare expenditures [2]. The most common
virus strains are G1P [3], G2P [4], G3P [3], and G9P [3].
Each year, rotavirus causes an estimated 2 million hospi-
talizations and 450,000 deaths among children globally,
with the majority of deaths occurring in developing coun-
tries of Asia and Africa [4, 5]. A total expenditure of USD
365 million to treat rotavirus-associated gastroenteritis
has been reported in China [2]. Safe and effective rotavirus
vaccines could substantially reduce the burden of disease.
The World Health Organization has recommended the
use of rotavirus vaccines in routine immunization pro-
grams worldwide [6].
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Adenovirus is another important etiological agent of
serious gastroenteritis among infants and young chil-
dren. Many serotypes can be detected in children with
diarrhea, such as Ad41, Ad3, Ad7, Ad31, and others. A
strong association between adenovirus infection and
intussusception has been identified in hospitals [7]. In
recent years, adenovirus has become an increasingly
significant pathogen in children following bone marrow
transplantation. Infection with adenovirus can cause se-
vere disease, increased mortality, and prolonged length
of hospital stay [8].
No effective treatments have been developed for viral

gastroenteritis; therefore, regional and local epidemio-
logical information on rotavirus and adenovirus infection
is important for healthcare practitioners and officials to
develop suitable vaccines and implement infection con-
trol measures [3]. Numerous studies have identified
causative viral agents for hospitalized patients and out-
patients with community-acquired diarrhea (CAD).
However, there are few data for children who develop
diarrhea symptoms over 48 h after hospital admission
(hospital-acquired diarrhea, HAD). To describe the epi-
demiological and clinical features of rotavirus and
adenovirus among children with CAD and with HAD,
we conducted a 5-year study that included virus testing
of fecal specimens collected from hospitalized children
under 5 years of age with acute diarrhea, from 2010 to
2014 in Beijing, China.

Methods
Study setting
The study was performed at the Affiliated Children’s
Hospital of the Capital Institute of Pediatrics in Beijing.
This hospital has 410 inpatient beds and serves about
1.5 million outpatients and 13,000 inpatients; approxi-
mately 2700 surgeries are performed annually.

Specimen collection
Acute diarrhea is defined as three or more loose or
looser-than-normal stools within a 24-h period. Changes
present in stool include watery, mucoid, or pasty
consistency, with no pus and blood. In this study, fecal
specimens were excluded if red blood cells were present
or white blood cell counts were over 5 white blood cells/
high power field by microscopic examination.
Children who developed diarrhea symptoms within

48 h of admission to the hospital were considered to
have community-acquired diarrhea (CAD). If symptoms
occurred 48 h or more after hospital admission, then
hospital-acquired diarrhea (HAD) was assumed.
Samples were categorized into five groups according

to patient age: neonate (<1 month), approximately
6 months (≥1 month and <6 months), approximately
12 months (≥6 months and <12 months), approximately

24 months (≥12 months and <24 months), and approxi-
mately 60 months (≥24 months and <60 months).
From January 1, 2010 to December 31, 2014, stool

samples were collected from hospitalized children with
acute diarrhea. All specimens were kept frozen until
testing.

Laboratory virus testing
Stool samples were screened using the Rotascreen®
Dipstick (Beijing WanTai Biological Pharmacy Enterprise
Co. Ltd., Beijing, China) and polymerase chain reaction
(PCR), to test for the presence of rotavirus and adeno-
virus, respectively. Rotavirus testing was carried out ac-
cording to the manufacturer’s instructions, using the
immune colloidal gold technique. For adenovirus, nucleic
acid was extracted from fecal specimens using DNAzol
(MRC, Inc., Cincinnati, OH, USA) in our modified
method that has been published previously [9]. Adeno-
virus types were assayed by conventional PCR using uni-
versal primers [10, 11].

Data analysis
Medical records for all enrolled study participants were
reviewed and information such as sex, age, date of sam-
ple collection, and admitting diagnosis was collected.
The chi-square (χ2) test and t-test were used for statis-
tical analysis and data were analyzed using IBM SPSS
Statistics for Windows, Version 19.0 (IBM Corp.,
Armonk, NY USA). Significance was set to p < 0.05.

Results
Diarrhea classification
In this study, we enrolled 3147 hospitalized children
with diarrhea; 1985 cases (63.1 %) were defined as CAD
and 1162 cases (36.9 %) were considered HAD.

Rotavirus and adenovirus detection rates
A total of 692 children (22.0 %, 692/3147) were positive
for rotavirus, including 406 cases (20.5 %, 406/1985)
with CAD and 286 (24.6 %, 286/1162) with HAD. There
was a significant difference between the CAD group and
HAD group for rotavirus (χ2 = 7.392, p = 0.007). A total
of 324 cases (10.3 %, 324/3147) were positive for adeno-
virus. The difference for adenovirus was yet signifi-
cant between infants with CAD and with HAD (χ2 =
3.957, p = 0.047), and there was a higher prevalence
(11.7 %, 136/1162) found among children with HAD
compared with CAD (9.5 %, 188/1985). Co-infection
was found in only 35 children (1.1 %). No difference
in the co-infection rate was found between the CAD
(1.0 %, 19/1985) and HAD groups (1.4 %, 16/1162).
A total of 461 children hospitalized for acute diarrhea

were included in the CAD group. Of these, 115 (25.0 %)
tested positive for rotavirus and 39 (8.5 %) were positive
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for adenovirus; co-infection was found in only eight chil-
dren (1.7 %). The average length of hospital stay for
these participants was 7.4 days, and no difference in
length of hospital stay was found among rotavirus
(7.0 days), adenovirus (8.4 days), and co-infection
(8.3 days).

Rotavirus and adenovirus detection rates according to
sex
Fecal specimens were collected from 1979 male and
1168 female subjects. In the CAD group, 20.2 % of male
subjects and 20.9 % of female subjects tested positive for
rotavirus. The positive rate for adenovirus was 9.9 % of
male subjects and 8.8 % of female subjects. There were
14 (1.2 %) co-infection cases among male subjects and 5
(0.7 %) among female subjects. Among the HAD group,
rotavirus, adenovirus, and co-infection were identified in
24.2, 13.0, and 1.7 % of male subjects, respectively, com-
pared with 25.4, 9.1, and 0.8 % of female subjects. As
shown in Table 1, there was no association between the
sex of participants and the detection rates of rotavirus,
adenovirus, and co-infection in both the CAD and HAD
groups.

Rotavirus and adenovirus detection rates by age group
The median age of study participants was 9.0 months
(range: 1 day to 60 months). The median age of chil-
dren with CAD (7.73 months, range: 3 days to
60 months) differed from that of participants with
HAD (10.45 months, range: 1 day to 60 months).
Children with HAD were older (t = −5.83, p < 0.010).
However, there was no difference between the CAD
and HAD groups for the median age of rotavirus-
positive cases (t = 0.12, p = 0.500) or those positive for
adenovirus (t = −0.35, p = 0.360).

As shown in Table 1 and Fig. 1, the positive rate in the
CAD group was significantly different for rotavirus (χ2 =
27.979, p < 0.001) and adenovirus (χ2 = 34.362, p < 0.001)
among the five age groups in the study. The prevalence
was highest among children from 12 to 24 months old
for rotavirus (28.6 %); this was similar among the other
four age groups (15.8–19.8 %). Adenovirus was detected
in 3.6 % of neonates compared with 5.8 % of infants
from 1 to 6 months old and increased to 12.0–13.8 % in
children over 6 months. In the HAD group, no differ-
ences were found for rotavirus or adenovirus among the
five age groups. However, compared with the CAD
group, a notable increase could be seen for adenovirus
in children with HAD from 1 to 6 months and for rota-
virus in infants under 6 months old. There were no
differences in the detection of both viruses between the
CAD and HAD groups.

Seasonality of rotavirus and adenovirus
Over the 5-year study period, seasonal variation was ob-
served for rotavirus among hospitalized children with
diarrhea. Peaks in rotavirus prevalence occurred in
November (33.7 %) and December (31.3 %) and arrived
at through in July (8.3 %) and August (7.7 %). However,
this seasonal pattern was seen each year only for the
CAD group. There was large variation in the monthly
detection rate of rotavirus in each of the 5 years among
children in the HAD group. Adenovirus was detected
throughout the year, with no clear seasonal pattern
found among children with CAD and HAD. Monthly
distribution of adenovirus-positive cases varied widely
each year during the study period. Such seasonal pat-
terns of infection have been demonstrated in general
pediatric populations, as shown in Fig. 2.

Table 1 Sex and age distribution of children with CAD and HAD in Beijing, China, 2010–2014

Group CAD HAD

Number Ra Ad Co Number Ra Ad Co

Male 1211 244 120 14 768 186 100 13

Female 774 162 68 5 395 100 36 3

χ2 0.177 0.695 1.296 0.189 3.801 1.663

p 0.674 0.404 0.255 0.663 0.051 0.197

Total 1985 406 188 19 1162 286 136 16

Neonate 247 39 9 0 68 18 3 0

~6 months 607 104 35 3 312 79 36 5

~12 months 414 78 57 5 268 67 38 6

~24 months 490 140 59 7 325 87 37 4

~60 month 227 45 28 4 189 35 22 1

χ2 27.979 34.362 6.7334 4.830 5.129 3.584

p <0.001 <0.001 0.151 0.305 0.274 0.465

Abbreviations: CAD community-acquired diarrhea, HAD hospital-acquired diarrhea, Ra rotavirus, Ad adenovirus, Co co-infection Note: Significance was set to p < 0.05
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Discussion
Diarrhea is a major cause of childhood morbidity and
mortality worldwide. Rotavirus and adenovirus are rec-
ognized as common etiologies of acute diarrhea. In our
5-year study, detection rates of 22.0 % for rotavirus and
10.3 % for adenovirus provided evidence supporting
their importance in infantile diarrhea. These results were
found among children hospitalized not only for acute
diarrhea but also for reasons such as respiratory dis-
eases, neurological disorders, cardiovascular diseases,
renal diseases, and others. According to the time of diar-
rhea onset, our study participants were categorized as
having CAD or HAD; the 48-h symptom-based defin-
ition adopted here has been used extensively in many
studies [12–14]. Compared with other studies, this re-
search involved a larger cohort size and longer

investigation period. Analysis of larger datasets can bet-
ter clarify the epidemiological characteristics of rotavirus
and adenovirus in children with diarrhea and can serve
to reduce bias.
Positive rates of rotavirus and adenovirus vary in dif-

ferent areas and countries owing to differences in detec-
tion methods and the tested populations. In China,
rotavirus usually accounts for 18.4–54.0 % of children
with acute diarrhea under the age of 5 years [15, 16].
The rotavirus detection rate in this study was relatively
low (22.0 %), perhaps because of the larger cohort size
and more children with HAD who were not included in
other studies. The highest prevalence was seen among
children between 12 and 24 months old, which is similar
to several reports [17–19]. Most of the literature con-
siders that the incidence of rotavirus is greatest during
the first 2 years of life [16, 20]; the same conclusion was
also reached in our study. Newborns were also evaluated
in this research. A total of 315 infants under 1 month
were enrolled and a high positive rate (18.1 %) was
found for rotavirus. However, relevant data are absent in
many investigations of children with diarrhea, even
though neonates are at an important age for high infec-
tion rate and mortality [5]. In this study, the peak inci-
dence season of rotavirus differed by geographical
latitude and began from August to September in Guang-
dong Province [17], November to December in Liaoning
Province [21], and in October in Beijing. Reported rates
of adenovirus infection in China range from 0.3 to
40.7 % in different studies [21, 22]; this variability may
be owing to differences in sample selection, diagnostic
methods used (e.g., PCR, enzyme-linked immunosorbent
assay, and gold immunochromatographic assay), and
others. The detection rate of adenovirus in this study
was 10.3 %, which was high among numerous studies
because of the use of PCR primers for all of adenovirus
types. Ad41 and Ad31 are the most common adenovirus
serotypes among hospitalized children with either CAD
or HAD, which has been reported in other research by
our group [23]. In most published literature, the co-
infection rates of rotavirus and adenovirus are very low,
which is consistent with the rate found in this work
(1.1 %) [16, 17, 24]. Children with HAD require greater
protection from viral infection; higher positive rates
were found in the HAD group than the CAD group for
the two viruses investigated here. Vaccination can pre-
vent more serious illness, avoid longer hospital stays,
and reduce healthcare expenditure.
Rotavirus is associated with considerable hospitaliza-

tions and deaths among children worldwide, and large
annual societal costs for treatment have been reported
in many countries [1, 2, 4]. Safe and effective rotavirus
vaccines could substantially reduce the burden of disease
[2]. To date, rotavirus vaccines are not yet included in

Fig. 1 Age distribution of rotavirus and adenovirus detection rates
in children with CAD and HAD. CAD: community-acquired diarrhea;
HAD: hospital-acquired diarrhea. Age ranges for each age group are
indicated in parentheses as follows: neonates (<1 month), ~6 months
(≥1 to <6 months), ~12 months (≥6 to <12 months), ~24 months
(≥12 to <24 months), ~60 months (≥24 to <60 months)
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routine immunization programs of China; however,
some studies, including this research, recommend the
introduction of effective rotavirus vaccines [20]. Two live
oral rotavirus vaccines are widely available: RotaTeq®
(live, oral, pentavalent; Merck & Co, Inc.), which con-
tains five human-bovine reassortant rotavirus strains ex-
pressing human serotypes G1, G2, G3, G4, and P1A [3];
and Rotarix™ (live, oral, monovalent; GlaxoSmithKline
Biologicals) containing G1P1A [3]. Both vaccines have
been shown to be generally safe and effective in prevent-
ing rotavirus gastroenteritis in high-, middle-, and low-
income countries [25]. G3P [3] and G1P [3] are the most

common rotavirus serotypes in China [15, 16, 26]. In the
United States, the minimum age is 6 weeks for injection
of the above vaccines according to the “Recommended
immunization schedule for persons aged 0 through
18 years – United States, 2015”. However, our data sug-
gest that neonates represent a group in which rotavirus
vaccination should be considered owing to the high de-
tection rate for this virus in that population. In our
study, there was a significant difference in detection
rates between rotavirus and adenovirus among children
under 6 months old, and especially for neonates (Fig. 1).
Maternal antibodies normally protect infants from

Fig. 2 Monthly distribution of rotavirus and adenovirus detection in children with CAD and HAD. CAD: community-acquired diarrhea; HAD:
hospital-acquired diarrhea
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pathogens for the first 6 months. This coincides with the
adenovirus detection rate among the children in our
study. The rate of adenovirus positives showed a marked
increase in children over 6 months with CAD. Even in
the HAD group, there was a lower detection rate (4.4 %)
for adenovirus among neonates. This demonstrates that
maternal antibodies were effective in protecting against
common adenoviral types that cause gastroenteritis in
infants younger than 6 months old. However, maternal
antibodies did not prevent these children from rotavirus
infection. The detection rate of rotavirus in neonates
with HAD was high (15.8 %); this was lower than the
rate for children aged 12–24 months (28.6 %) but similar
to that of other age groups (17.1–20.5 %). The posi-
tive rate of rotavirus in neonates was higher in the
HAD group (26.5 %); another study reported 25.9 %
of neonates tested positive for rotavirus [27]. Our
data further support that maternal antibodies are ef-
fective in protecting against adenovirus [8] but not
rotavirus in infants younger than 6 months old, espe-
cially newborns. Rotavirus vaccine is necessary to pre-
vent children from contracting rotavirus-associated
diarrhea, and neonates should be considered for
immunization against the virus.

Conclusions
This study presents the epidemiologic and clinical char-
acteristics of rotavirus and adenovirus in hospitalized
children with CAD and HAD. A high prevalence of rota-
virus was identified in neonates with both CAD and
HAD. Our findings will be useful for clinicians and pub-
lic health workers when considering whether neonates
should be included in rotavirus vaccine programs. Fur-
ther research involving a large number of patients from
different institutions and geographic areas is warranted,
to confirm these findings.
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