(2021) 18:195
Huang et al. Virol J
https://doi.org/10.1186/s12985-021-01666-1

Open Access

RESEARCH

Molecular and epidemiological
characterization of human adenoviruses
infection among children with acute diarrhea
in Shandong Province, China
Deyu Huang1, Zheng Wang2, Guanyou Zhang2 and Lintao Sai2*

Abstract
Background: Human adenovirus (HAdV) had been recognized as one of the most common enteric viruses associated with acute diarrhea in children. The present study was carried out to demonstrate the molecular and epidemiological characterization of HAdV Infections among children in Shandong province in China between July 2017 and
June 2018.
Methods: Fecal specimens were collected from children under 5 years old with acute diarrhea. DNA was extracted
from the stool specimens and adenovirus DNA was detected by PCR amplification with specific primers. The amplification products were subjected to electrophoresis and visualized on a UV transilluminator. All positive RT-PCR
amplification products were sequenced and the obtained sequences analyzed by MEGA (version 7.0). Demographic
information and clinical manifestation data were also analyzed.
Results: In total, 656 fecal specimens were collected and the overall positive rate of HAdV was 7.47%. HAdV infections were detected in all age groups, in which children aged 13–24 months presented the highest positive rate.
Seasonal pattern could be observed with a peak in December, January and February. Diarrhea, vomiting, dehydration
and fever were the main clinical manifestations, in which vomiting was the most common accompanied symptom.
By phylogenetic analysis, four species (A, B, C, and F) were detected and seven different serotypes were identified.
HAdV-41 (48.98%, 24/49) was the most common serotype followed by HAdV-3 (18.37%, 9/49), HAdV-31 (14.29%, 7/49),
HAdV-7 (8.16%, 4/49), HAdV-40 (4.08%, 2/49), HAdV-1 (4.08%, 2/49) and HAdV-2 (2.04%, 1/49).
Conclusion: This study indicated that HAdV infection was an important cause of acute diarrhea among children
under 5 years old in Shandong province. The results will contribute to (a) increase understanding of the role of HAdV
in diarrheal children and enhance identification of the predominant diarrhea pathogen for diagnosis; (b) avoid
abuse of antibiotics; (c) monitor the change of prevalent HAdV serotypes and promote vaccine development and
vaccination.
Keywords: Acute diarrhea, Children, Human adenovirus, Infection, Epidemiology

*Correspondence: sailintao@sdu.edu.cn
2
Department of Infectious Diseases, Qilu Hospital, Cheeloo College
of Medicine, Shandong University, Wenhua Xi Road 107, Jinan 250012,
Shandong, China
Full list of author information is available at the end of the article

Background
Acute diarrhea is a major cause of morbidity and mortality among young children worldwide. More than 50%
of the acute diarrhea has been confirmed to be caused
by viral pathogens [1]. Like group A rotavirus, norovirus
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and human astrovirus, human adenovirus has been recognized as one of the most important causative agents
responsible for childhood diarrhea [2–4].
HAdV as a member of the genus Mastadenovirus
in the family of Adenoviridae is double-stranded nonenveloped DNA virus. Since it was first isolated in 1953
by Rowe et al. [5], over one hundred serotypes had been
identified and grouped into seven species (HAdV A-G)
based on the biological and genetic characteristics with
the development of phylogenetic and bioinformatic technology [6, 7]. Different serotypes display different tissue
tropisms and may cause a variety of diseases including
acute gastroenteritis, respiratory illness, hemorrhagic
cystitis, nephritis or meningoencephalitis [8, 9]. Severe
or disseminated infections are apt to occur in immunosuppressive and immunocompromised hosts [8]. The
vast majority of HAdV infections occur in children under
5 years old because of lack of immunity. HAdV F species
called enteric adenovirus was confirmed to be associated with acute gastroenteritis, in which HAdV-40 and
HAdV-41 were the most common serotypes accounting
for 1–20% acute diarrhea [10–13]. Other non-enteric
adenovirus species, such as HAdV A (types 12, 18 and
31), HAdV C (types 1, 2 and 5) and HAdV D (types 28,
29, 30, 32 and 37), were also identified to be connected
with acute gastroenteritis [14, 15].
Previous epidemiological studies had reported that
high ratio of HAdV associated with acute diarrhea was
detected in developing countries [16–18]. Reports from
several countries including Brazil, Iraq, India, Thailand
and Iran had demonstrated that the prevalence of HAdV
in diarrheal cases varied from 3.9 to 34.2% [14, 19–22].
China was one of the fifteen countries with a high burden
of diarrhea [23] and a previous study based on a national
surveillance network for patients with acute diarrhea
indicated that the overall positive rate of HAdV infection
was 9.27% [24]. However, the situation of HAdV infection
differed among regions depending on economic development, climatic feature and geography. Higher positive
rates varied from 4.37 to 28.94% were detected in northern China [25–27], while lower positive rates varied from
3.1 to 6.29% were reported in the south of China [28–30].
Recombination of is an important force driving evolution for HAdV and contributes the genetic diversity and
emergence of more severe illness [31, 32]. Dynamic and
continuous surveillance of the contribution of HAdV
in acute gastroenteritis is important for disease prevention and control. However, limited data was available in Shandong province [33] and there was a gap in
the understanding of the HAdV infections. This present
study aimed to investigate the molecular and epidemiological characterization of HAdV Infections in children
with acute diarrhea in Shandong province. The results
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will contribute to (a) increase understanding of the role
of HAdV in diarrheal children and enhance identification of the predominant diarrhea pathogen for diagnosis;
(b) avoid abuse of antibiotics; (c) monitor the change of
prevalent HAdV serotypes and promote vaccine development and vaccination.

Methods
Study population

This study was carried out between July 2017 and June
2018. All enrolled patients met the following inclusion
criteria: (1) they were younger than 5 years old; (2) they
had no diarrhea history for at least 1 month prior to the
current symptoms; (3) they underwent ≥ 3 looser than
normal or watery stools within a 24-h period; (4) there
was no pus or blood in the stool sample; (5) their parent
or guardian consented to participate in this study. A total
of 656 patients including 439 outpatients and 217 inpatients were enrolled, who visited a doctor in the clinic or
were hospitalized due to acute diarrhea other than any
other diseases.
They were all from two large hospitals in Shandong
province: Shandong University Qilu Hospital and Affiliated Hospital of Qingdao University. Demographic information (including age, sex, place of residence and contact
phone number) and clinical manifestation data (including clinical symptoms, medical history and treatment)
were recorded. Informed consent was acquired from all
children’s parents. This study was approved by ethics
committee on scientific research of Shandong University
Qilu Hospital (KYLL-2017-612).
Samples preparation and viral DNA extraction

Fresh fecal specimen was collected from enrolled children and made into a 10% (m/v) suspension with PBS
(pH 7.2). Then, the stool suspension was centrifuged
at 1500g for 15 min. DNA was extracted from 200 μl of
the supernatant using a viral nucleic acid extraction kit
(TIANGEN, Beijing, China) according to the manufacturer’s instructions. The extracted DNA was eluted in
50 μl DNase-free water and stored at − 80 °C for further
detection.
Adenoviruses detection

HAdV was detected by PCR amplification using primers Ad1 (5′-TTCCCCATGGCTCAYAACAC-3′) and
Ad2 (5′-CCCTGGTAKCCRATRTTGTA-3′), which were
designed to target at the hexon gene [21]. The reaction
mixture was comprised of buffer 5x, 1.25 mM dNTP,
25 mM MgCl2, 1U of Tag DNA polymerase and 25 pM of
each primer. The cycling program consisted of an initial
denaturing step of 4 min at 94 °C, followed by 35 cycles
(denaturation at 94 °C for 30 s, annealing at 55 °C for
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30 s and extension at 72 °C for 1 min) and a final extension at 72 °C for 10 min. The amplification products
were subjected to electrophoresis on a 1.5% agarose gel
containing ethidium bromide and visualized on a UV
transilluminator.
Phylogenetic analysis

All positive RT-PCR amplification products were purified and sequenced by Sangon Biotech (Shanghai) Co.,
Ltd. The obtained nucleotide sequences were analyzed
and compared with reference sequences retrieved from
GenBank database. Phylogenetic analysis was carried
out based on the partial sequence of the hexon gene by
MEGA (version 7.0) using the neighbor-joining method
with 1000 bootstrap replicates.
Sequences of HAdV from our study were deposited
in the GenBank database under the accession numbers
MZ363567-MZ363615.
Statistical analysis

Data from this study was analyzed using SPSS (version
25.0). The results were shown as proportion or the mean
value with standard deviation (SD). Chi-square test,
t-test and Kruskal–Wallis test were used for comparison.
Statistical significance was defined as a P value less than
0.05.

Results
Detection rate

During the 1-year study period (between July 2017 and
June 2018), a total of 656 stool specimens were collected
from children with acute diarrhea under 5 years old
in two different hospitals. HAdVs were detected in 49
(7.47%) out of the 656 stool specimens and the mean age
of children positive for HAdV was 17.90 (± 9.90) months.
Among the 656 stool specimens, 302 were collected
from boys and 354 were from girls. Out of the 49 HAdVpositive children, 44.90% (22/49) were male and 55.10%
(27/49) were female. The HAdV detection rates were
7.28% (22/302) in boys and 7.64% (27/354) in girls,
respectively. The difference of detection rate between boy
and girl was not statistically significant (P = 0.868).
The mean age of the 656 enrolled children was 21.56
(± 7.88) months. They were divided into four age groups:
group 1 (0–6 months), group 2 (7–12 months), group
3 (13–24 months) and group 4 (25–60 months). HAdV
infection could be observed in all age groups. The highest
HAdV-positive rate was seen in group 3 (9.70%, 26/268)
and the lowest HAdV-positive rate was in group 4 (4.76%,
7/147). The positive rates of group 1 and group 2 were
5.06% (4/79) and 7.41% (12/162), respectively. However,
the different positive rates among each age group were
not statistically significant (P = 0.245).
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Monthly distribution

HAdV infections were seen throughout the year and seasonal pattern could be observed with a peak in colder
seasons (shown in Fig. 1). The higher rates of infection
were found in December (18.37%, 9/49), January (14.29%,
7/49) and February (14.29%, 7/49). The lower rates of
infection were observed in May (2.04%, 1/49) and June
(2.04%, 1/49).
Clinical manifestations

Diarrhea, vomiting, fever and dehydration were the common clinical manifestation for HAdV infection (shown
in Table 1). The average frequency of diarrhea was 3.82
(± 1.22) episodes/day and the average duration of diarrhea was 3.02 (± 0.91) day. Vomiting occurred in 61.22%
(30/49) of the HAdV-positive children. The average frequency of vomiting was 2.67 (± 0.75) episodes/day and
the average duration of vomiting was 1.87 (± 0.62) days.
The incidence of dehydration was 38.78% (19/49) and the
mean degree was 2.10 (± 0.66) %. The incidence of fever
was 44.90% (22/49) and the mean rising body temperature was 38.14 (± 0.49) °C.
Obvious differences in clinical manifestation between
HAdV-positive and HAdV-negative children could be
seen (shown in Table 1). Frequency of diarrhea, duration of diarrhea and vomiting, incidence of vomiting and fever, degree of dehydration between the two
groups were found to be statistically significant (P < 0.05).
However, frequency of vomiting, incidence of dehydration and average body temperature of feverish children
between them were not statistically significant (P = 0.565,
P = 0.216 and P = 0.673, respectively).
Phylogenetic analysis

All the forty-nine PCR positive products were sequenced
and phylogenetically analyzed. Phylogenetic tree based
on the partial hexon nucleotide sequence (417 bp) was

Fig. 1 Distributions of positive cases and HAdV serotypes. HAdV
infections could be observed throughout the year with a peak from
December to February
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Table 1 Comparison of clinical manifestations between HAdVpositive and HAdV-negative children
HAdVpositive
children
(n = 49)

HAdVnegative
children
(n = 607)

P value

Diarrhea
Frequency (episodes/day)
Duration (day)
Vomiting

3.82 ± 1.22

3.02 ± 0.91

4.37 ± 1.34

4.11 ± 1.12

< 0.001
< 0.001

Incidence (%)

61.22%

74.79%

0.038

Frequency (episodes/day)

2.67 ± 0.75

2.58 ± 0.81

0.565

Duration (day)
Dehydration

1.87 ± 0.62

2.68 ± 0.88

Incidence (%)

38.78%

47.94%

Degree (%)

2.10 ± 0.66

3.46 ± 0.78

Fever

< 0.001
0.216
< 0.001

Incidence (%)

44.90%

65.40%

0.004

Degree (°C)

38.14 ± 0.49

38.33 ± 0.38

0.673

The main clinical manifestations of HAdV-positive children were diarrhea,
vomiting, dehydration and fever. Differences of clinical manifestations between
HAdV-positive children and HAdV-negative children were found by comparing
frequency of diarrhea and vomiting, duration of diarrhea and vomiting,
incidence of vomiting, dehydration and fever, degree of dehydration and fever.
Statistical significance was defined as a P value less than 0.05

constructed to identify HAdV serotypes (shown in Fig. 2).
Four species (A, B, C, and F) were detected and seven
different serotypes were identified. HAdV-41 (48.98%,
24/49, species F) was the most common serotype followed by HAdV-3 (18.37%, 9/49, species B), HAdV-31
(14.29%, 7/49, species A), HAdV-7 (8.16%, 4/49, species
B), HAdV-40 (4.08%, 2/49, species F) HAdV-1 (4.08%,
2/49, species C) and HAdV-2 (2.04%, 1/49, species C).
The twenty-four HAdV-41 strains detected in this
study were highly similar to each other with 97.8–99.8%
nucleotide sequence identity, which did not branch out
as two distinct clusters. Nine samples were positive for
HAdV-3 and their nucleotide sequences were closely
related to the reference strain (AB330084) with 96.58–
98.55% nucleotide sequence identity. Seven HAdV31 strains were closely related to the reference strain
(AB330112) with 97.43–99.13% nucleotide sequence
identity. Four HAdV-7 strains were more closely related
to the reference strain (AB330088) with 97.75–99.42%
nucleotide sequence identity. Two HAdV-40 strains were
closely related to the reference strain (AB330121) with
98.55–99.12% nucleotide sequence identity. Two HAdV-1
strains were related to the reference strain (AB330082)
with 98.15–99.37% nucleotide sequence identity. One
HAdV-2 strains were closely related to the reference
strain (AJ293903) with 97.85% nucleotide sequence
identity.

Discussion
Diarrhea is still the second most common cause of death
in children under 5 years old [16, 23]. Enteric viruses,
including rotavirus, norovirus, human adenovirus and
human astrovirus, were the major causative pathogens
causing childhood diarrhea [34–37]. This study aimed
to investigate the molecular and epidemiological characterization of HAdV infection among children with acute
diarrhea in Shandong province, China. The results could
lead to better understanding, preventing and controlling
of HAdV infection.
The overall HAdV infection rate detected in this study
was 7.47%, which was similar to those reports from
some counties (Thailand, 7.2%; Korea, 5.5% and Japan,
4.8%-7.9%) [21, 38–40] and some cities in China (Beijing, 10.9%; Shanghai, 7.1% and Chongqing, 6.29%) [25,
28, 41]. However, the rate was obviously lower than that
from other regions in China (Hebei province, 28.94%
and Tianjin 17.62%) [26, 27]. Those results indicated that
HAdV was a common causative pathogen causing acute
diarrhea and should continue to be concerned.
HAdV infections occurred in each age group. The
lower HAdV-positive rate in children aged 0–6 months
might be explained by that breastfeeding made the antibodies transmit from mother to baby to protect them
against HAdV infection. The highest HAdV-positive rate
was seen in children aged 13–24 months. Children in this
age group had increased outdoor activities and increased
desire to eat independently, but they did not know how
to pay attention to hygiene. These reasons might increase
the risk of infection. The lowest HAdV-positive rate was
observed in group 4 (25–60 months) and the reason
might be that HAdV infection occurred in early childhood produced a certain immune effect.
In this study, the peak of HAdV infections was
observed in colder season from December 2017 to February 2018. However seasonal distribution of HAdV infection remains a controversial topic. In China, Lu et al.
[42] reported HAdV infection peaked in the autumn and
winter in Shanghai, while Ouyang et al. [27] found HAdV
infection peaked in the summer in Tianjin. Peak of HAdV
infection occurred in the rainy season (from May to July)
in Thailand and India [21, 43], while a seasonal pattern
of HAdV infection was failed to identify in Brazil [14].
These results suggested that seasonality of HAdV infection depended on multiple interactions including climate,
environment, economics and human behaviors. Anyhow,
HAdV infections were found throughout the year, we
should be constantly alert to the risk of infection.
The main clinical manifestations of HAdV infection
included diarrhea, vomiting, dehydration and fever, in
which vomiting was the most common accompanied
symptom. The present study analyzed the symptoms of
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Fig. 2 Phylogenetic tree. The phylogenetic tree was constructed based on the partial hexon nucleotide sequence (417 bp) using neighbor-joining
method. The bootstrap value from 1000 replicates were shown on each branch. The referenced sequences from GenBank were marked by ▲
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HAdV infection by comparing with that of diarrheal children negative for HAdV in this study, who might infect
with bacterium, rotavirus or norovirus. Generally, clinical symptoms in HAdV-positive children were lighter
than those in HAdV-negative children. Children positive
for HAdV had lower frequency of diarrhea, less duration
of diarrhea and vomiting, lighter degree of dehydration
and lower incidence of vomiting and fever. Although the
symptoms were usually mild and self-limited, we should
still pay attention to the burden of HAdV infection on
children.
A total of seven serotypes including two enteric adenovirus serotypes and five non-enteric adenovirus serotypes
were confirmed by phylogenetic analysis. HAdV-41 was
the most prevalent serotype which was in agreement
with the results from previous studies [21, 26–28]. However, another enteric adenovirus serotype HAdV-40 was
rarer than HAdV-41. This change in tendency maybe
explained by an antigenic drift of HAdV-41 leading to
its increase at the expense of HAdV-40 [44, 45]. HAdV
of species B, including HAdV-3 and HAdV-7 serotypes,
was the second leading species in this study. Although
HAdV-3 and HAdV-7 strains usually caused respiratory tract infections, they had been identified to cause
diarrhea in children [25, 26]. HAdV-31 strains had been
found in association with diarrhea in some previous
reports [46–49]. In this study, HAdV-31 was another
common genotype with a rate of 14.29%, which suggested
its potential role in diarrheal diseases.
Some limitations should be noted in this study. First,
longer surveillance was needed to better understand the
molecular and epidemiological characteristics of HAdV
infections. Second, no diarrhea-free control group was
included in this study. The distribution of HAdV serotypes in asymptomatic infected children was not clear.
Third, although fecal specimens with pus or blood were
removed, it could not excluded the possibility that some
diarrheal children were caused by bacteria.

Conclusion
HAdV infection was a common cause associated with
acute diarrhea in children under 5 years old in Shandong province, China. Although the clinical symptoms
were lighter, the burden brought by HAdV infection to
children could not be ignored and should be paid more
attention. The results will contribute to (a) increase
understanding of the role of HAdV in diarrheal children
and enhance identification of the predominant diarrhea
pathogen for diagnosis; (b) avoid abuse of antibiotics;
(c) monitor the prevalent HAdV serotypes and promote
vaccine development and vaccination. However, further
large-scale and multi-centric studies should be conducted to document the changes of clinical feature and
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genetic diversity of circulating HAdV serotypes in this
region for giving inputs for prevention, control, diagnostics, treatment and vaccination strategy.
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