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Abstract

Human adenovirus (HAdV) is known to be a common cause of diarrhea in children world-
wide. Infection with adenovirus is responsible for 2-10% of diarrheic cases. To increase a
better understanding of the prevalence and epidemiology of HAdV infection, a large scale
and long-term study was needed. We implemented a multi-year molecular detection and
characterization study of HAdV in association with acute gastroenteritis in Chiang Mai, Thai-
land from 2011 to 2017. Out of 2,312 patients, HAdV was detected in 165 cases (7.2%). The
positive rate for HAdV infection was highest in children of 1 and 2 years of age compared to
other age groups. HAdV subgroup C (40.6%) was the most prevalent, followed by sub-
groups F (28.5%), B (20.6%), A and D (4.8% each), and E (0.6%). Of these, HAdV-F41
(22.4%), HAdV-C2 (18.2%), HAdV-B3 (15.2%), and HAdV-C1 (13.3%) were the most com-
mon genotypes detected. HAdV infection occurred throughout the year with a higher detec-
tion rate between May and July. In conclusion, our study demonstrated the infection rate,
seasonal distribution and genotype diversity of HAdV infection in children with diarrhea in
Chiang Mai, Thailand over a period of 7 year. Not only enteric adenovirus (F40 and F41) but
also non-enteric adenovirus (B3, C1, C2) may play an important role in gastroenteritis in this
area. The information will be beneficial for the prevention and control of HAdV outbreaks in
the future.

Introduction

Acute gastroenteritis or diarrhea is a major cause of morbidity, mortality and is still a significant
public health problem of infants and young children worldwide. Adenovirus has been recog-
nized as one of the important pathogens responsible for diarrhea. Adenoviruses belong to the
family Adenoviridae. The virus is a spherical and non-enveloped particle with a diameter of 70—
90 nm. The genome of this virus is a double-stranded DNA with 26-45 kb in length encapsu-
lated within an icosahedral capsid. Several viruses in the Adenoviridae family can cause diseases
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in humans and many other animals [1]. To date, five genera of the Adenoviridae family have
been classified including Mastadenovirus, Aviadenovirus, Atadenovirus, Siadenovirus, and Ichta-
denovirus. The Mastadenovirus infects mammalian species whereas the Aviadenovirus infects
avian species. The Atadenovirus and Siadenovirus infect a wide range of hosts while the Ichta-
denovirus, which comprises only one member, infects fish (white sturgeon adenovirus 1) [2].

The adenovirus that can infect humans, the so called human adenovirus (HAdV), was first
discovered in 1953 by Rowe and colleagues [3]. The first virus identified was isolated from ade-
noidal tissue of children and this virus was named “adenovirus”. Adenovirus was then classi-
fied as a member of the Mastadenovirus in 1999 by the International Committee of Taxonomy
of Viruses. Currently, HAdV is classified into 9 subgroups (A to I) and within each subgroup
90 genotypes have been identified [2,4]. Adenovirus infection leads to pathogenesis of several
systems in human. All subgroups of adenovirus infect the respiratory tract while subgroup F of
serotypes 40 and 41 infect the gastrointestinal tract. Adenovirus serotypes 40 and 41 are the
most common cause (5-20%) of acute gastroenteritis in young children [5-8]. Adenovirus can
be transmitted by inhalation, direct contact with small droplets, or the fecal-oral route. It has
been reported that adenovirus is a causative agent of several outbreaks in communities such as
schools, nurseries and military camps, the virus being able to contaminate environmental
sources including food and water [9-12]. Adenovirus infected patients normally present clini-
cal symptoms such as diarrhea, vomiting and complications of the respiratory system. Adeno-
virus infection rarely causes serious illness or death. However, infants and
immunocompromised hosts, or patients who have respiratory or cardiac diseases, are at higher
risk of developing a severe illness from an adenovirus infection [13,14]. Epidemiological stud-
ies of HAdV conducted in several countries around the world including Bangladesh, Brazil,
Korea, China, and Japan have demonstrated that the prevalence of HAdV in diarrheic cases
varied from 2-10% and the virus predominantly infected young children less than 2 years of
age [9,15-18]. In Thailand, knowledge regarding the prevalence of adenovirus infection in
diarrheic children is not well documented. Only a few studies have reported the detection of
HAJAV in patients with diarrhea [16,19,20] and those studies have not been conducted contin-
uously. To increase a better understanding of the prevalence and epidemiology of HAdV infec-
tion with a large scale and long-term study, we investigated a multi-year molecular
epidemiology and characterization of HAdV genotypes in association with acute gastroenteri-
tis in Chiang Mai, Thailand during the period 2011 to 2017.

Materials and methods
Patients and specimen collection

The study was approved by the Research Ethics Committee of the Faculty of Medicine, Chiang
Mai University (MIC-2560-04649). The written informed consent form was obtained from
parents before samples were collected from their children. Fecal specimens were collected
from children less than 5 years of age who were admitted to hospitals with acute gastroenteritis
(> 3 loose or looser than normal stools in a 24-hour period but excluded those with pus or
blood) between January 2011 and December 2017. These fecal samples were collected from
children who had been admitted to several major hospitals in Chiang Mai Province, Thailand,
including Maharaj Nakorn Chiang Mai Hospital, Sriphat Medical Center, Nakornping Hospi-
tal, and Sanpatong Hospital. All the samples were kept frozen at -20°C until investigation.

Sample preparation

Fecal specimens were suspended in phosphate buffered saline (pH 7.4) as 10% suspensions (w/
v). Stool suspensions were then centrifuged at 5,000 rpm for 5 minutes and viral nucleic acid
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was extracted from 200 pl of the supernatant using a Geneaid Viral Nucleic Acid Extraction
Kit IT (Geneaid, Taipei, Taiwan) according to the manufacturer’s protocol. The viral genomic
DNA was either subjected immediately to PCR assay or stored at -70°C until investigation.

Human adenovirus detection

The presence of human adenovirus in stool samples was detected by PCR amplification of the
hexon gene of HAAV using primers Ad1 (5’ ~-TTCCCCATGGCTCAYAACAC-3') and Ad2
(5’ ~CCCTGGTAKCCRATRTTGTA-3") as described previously [21]. The PCR amplification
was performed using a GoTaq DNA polymerase (Promega, Wisconsin, USA) in accordance
with the manufacturer’s protocol. The PCR amplification was carried out under the following
conditions: 3 minutes at 94°C, 1 minute at 94°C, 1 minute at 50°C and 1 minute at 72°C for 35
cycles, followed by 72°C for 10 minutes. The PCR products were subjected to 1.5% agarose gel
electrophoresis, stained with nucleic acid staining solution (RedSafe, INtRON Biotechonology,
South Korea) and visualized under a UV-transilluminator with the expected PCR product size
of 482 bp.

Phylogenetic analysis

The amplicons were purified using a Gel/PCR DNA Fragment Extraction Kit (Geneaid, Tai-
wan) in accordance with the manufacturer’s protocol and direct sequenced using the Ad1 for-
ward primer and Big Dye Terminator Cycle Sequencing Kit (Thermo Fisher Scientific,
Massachusetts, USA), and analyzed on an automated DNA sequencer ABI3100 Applied Bio-
systems (Applied Biosystems, California, USA). The obtained nucleotide sequences of adeno-
virus detected in this study were analyzed in comparison with those of the reference virus
strains available in the GenBank database. Phylogenetic analysis of the partial hexon gene was
performed using MEGA X with 1000 bootstrap replicates complemented with BioEdit and
Clustal X softwares. The nucleotide sequences of human adenovirus described in this study are
available in the GenBank database under the accession numbers MK674616 to MK674780.

Statistical analysis

Statistical analysis was performed using SPSS software version 22.0. The Chi-square test was
used to measure the differences in frequencies of virus infection between age groups and used
to determine the significance of HAdV infection rates between gender/ months. A p-value

of < 0.05 was considered to be statistically significant.

Results
Detection rate of human adenovirus infection

During the study period of 7 years, HAdV was detected in 165 (7.2%) out of 2,312 fecal speci-
mens of the hospitalized cases. The prevalence of HAdV infection stratified over the 7 years
were: 3.6% in 2011, 5.9% in 2012, 8.2% in 2013 and 2014, 11.6% in 2015, 7.3% in 2016, and
4.7% in 2017 (Table 1). Out of 2,312 specimens, 1,334 were collected from boys and 972 from
girls (gender information of 6 children were not available). The mean age of HAdV-infected
patients was 1.7 years (min = 4 months and max = 5 years). Among the 165 HAdV positive
cases, 54% (88/163) were male and 46% (75/163) were female (1.2:1) while the gender informa-
tion of 2 children were not available. The detection rates of HAdV infection found in male and
female groups were quite similar at 6.6% (88/1,334) and 7.7% (75/972), respectively and were
not statistically significantly different (p = 0.300). It was found that children of between 1 and
2 years of age represented the majority of infected patients at 38.5%, followed by children at
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Table 1. Detection rates of HAdV infection in children with acute gastroenteritis in Chiang Mai, Thailand from
2011 to 2017.

Year of study No. of samples tested No. of AdV positive (%) Total samples / positive samples

(%)
Male® Female®
2011 302 11 (3.6) 170/5 (2.9) 131/6 (4.6)
2012 341 20 (5.9) 194/9 (4.6) 146/10 (6.9)
2013 280 23(8.2) 159/16 (10.0) 117/6 (5.1)
2014 268 22(8.2) 145/7 (4.8) 123/15 (12.2)
2015 335 39 (11.6) 200/28 (14.0) 135/11 (8.2)
2016 508 37(7.3) 295/18 (6.1) 213/19 (8.9)
2017 278 13 (4.7) 171/5 (2.9) 107/8 (7.5)
7 years 2,312 165 (7.2) 1,334/88 (6.6) 972175 (7.7)

# Gender information of six patients not available

https://doi.org/10.1371/journal.pone.0220263.t001

the age of 6 months to <1 year, 2 to <3 years, 3 to <4 years, 4 to 5 years, and less than 6
months at 27.4%, 17.9%, 6.8%, 5.1%, 4.3%, respectively (Fig 1). HAAV infection was signifi-
cantly higher in patients with the age of 1 to 2 years than other age groups (p < 0.001).

Monthly distribution of human adenovirus infection

The seasonal distribution of HAV infection from January 2011 to December 2017 is pre-
sented in Fig 2. The data revealed that HAdV infection occurred all year round with a peak
period from May to July (8.9-15%) which corresponded to the rainy season in Thailand (p =
0.005). Monthly distribution of HAdV-positive cases, as analyzed by year, indicated that the
highest rates of HAAV detection in 2011 was in July (20%), 2012 in December (13%), 2013 in
July (16.1%), 2014 in September (25%), 2015 in July (37.1%), 2016 in June (14.3%), and 2017
in May (25%).

Distribution of human adenovirus genotype

Over the 7-year period of study, 6 subgroups (A to F) of adenovirus were detected and 15 dif-
ferent genotypes were identified (Fig 3). Subgroups C, F, and B had the highest prevalence at
40.6%, 28.5%, and 20.6%, respectively. Of the 15 genotypes, HAdV-F41 (22.4%) was the most
predominant genotype, followed by HAdV-C2 (18.2%), HAdV-B3 (15.2%), HAdV-C1
(13.3%), HAdV-C5 (9.1%), HAdV-F40 (6.1%), HAdV-B7 (4.2%), HAdV-D17 (3.0%),
HAdV-A31 (2.4%), HAdV-A12 (1.8%), HAdV-B11 and HAdV-D62 (1.2% each), HAdV-A61,
HAdV-D56, and HAdV-E4 (0.6% each). Interestingly, the HAdV-F41 and HAdV-C2 geno-
types were detected in ever year of the study period while HAdV-C1 was detected from 2012
to 2017. The HAdV-C5 genotype was also detected in ever year of the study period from 2011
to 2017, except for 2016. The HAdV-B3 was detected in 2011 for the first time and disappeared
in 2012, and then it was detected again in 2013 and continued to 2017 (Table 2).

Distribution of human adenovirus genotypes in different age groups

Since this study found a diverse HAdV genotypes in children with diarrhea, we further investi-
gated the distribution of the virus genotypes in the patients of different age groups. The data
showed that the patients aged from 6 months to 3 years were infected with a wide variety of
HAJV genotypes (9 different genotypes) while children in other age groups were infected with
only 3 or 4 genotypes (Fig 4). It should be noted that the HAdV-F41 and HAdV-B3 were
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Fig 1. Detection of human adenovirus in different age groups of patients.
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detected in all age groups of the patients with the highest proportion of cases, 22.2% and
17.9%, respectively. On the other hand, the HAdV-C1, C2 and C5 genotypes were frequently
detected in children with the age of 6 months to 3 years.

Phylogenetic analysis of the hexon gene of human adenoviruses

A phylogenetic tree of the partial hexon gene was constructed to identify HAdV genotypes and
to determine the genetic relationship between the 165 HAdV strains detected in this study and
with other HAdV strains previously reported worldwide. The phylogenetic tree revealed that
HAQAV strains were classified into distinctive genotypic clusters (Fig 5). The overall nucleotide
sequence identities of HAdV strains detected in this study were highly similar (96.7-100%) to
each other and to those of the HAdV strains reported previously from Thailand, Japan, China,
India, Russia, Brazil, Uganda, Iraq, United Kingdom, and United States. The HAdV-F41
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Fig 2. Monthly distribution of adenovirus infections in Thai patients with acute gastroenteritis from 2011 to 2017.
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viruses detected in this study were closely related to the HAdV strains detected previously in
China, India, Russia and Thailand with a 93.7-99.7% nucleotide sequence identity. The
HAdV-C2 strains displayed a high degree of similarity (99.3-100%) of nucleotide sequence to
the HAdV-C2 strains reported from Thailand, China and Russia. The HAdV-Cl1 strains
showed a 97.4-99.7% nucleotide sequence identity to the viruses reported from Thailand,
Japan and Russia while the HAdV-CI1 strains were closely related to an HAdV-C5 strain
detected in Brazil. The HAdV-B3 strains were closely related to the HAdV-b3 strains reported
from Thailand, Japan, India, and United States.

Discussion

Human adenovirus is known to be a common cause of diarrhea in children after rotaviruses
and caliciviruses. Infection with adenovirus is responsible for 1-10% of diarrheic cases [22].
The overall HAAV infection rate of children with diarrhea observed in this study was 7.2% (a
range of 3.6-11.6%) which is similar to those reported from other countries, for example, Tan-
zania (3.5%) [23], Japan (4.8-7.9%) [18,24], Korea (5.5%) [25], China (9.8%) [17], India
(11.8%) [5], and also reports from other regions in our country, Bangkok and Khon Kaen
(5.8%) [16]. HAAV was detected at lower rates in 2011 (3.6%) and 2012 (5.9%) but the preva-
lence increased from 2013 to 2015 with the highest rate in 2015 (11.6%). The high prevalence
of HAAV infection in 2015 may be due to the co-circulation of both enteric HAdV-F41 and
non-enteric adenovirus subgroup C in this population of patients. Notably, we found that the
highest frequencies of HAdV-F41 and adenovirus subgroup C were mainly in fecal specimens
collected in July 2015.

In addition, we also compared the distribution of adenovirus infection in patients of differ-
ent ages and genders. Our results suggested that there was no different between the rate of
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adenovirus infection in male and female groups (ratio of 1.2:1) which is in line with the find-
ings from previous studies [16,17]. The incidence of HAdV infection was high in children at
the age group 6 months to 2 years. These results are also comparable to previous reports
[16,17,26].

Enteric adenovirus serotypes 40 and 41 have been recognized as a common pathogen asso-
ciated with acute gastroenteritis. Previous epidemiological studies reported that HAdV-40 and
41 were predominant genotypes detected in patients with gastroenteritis with the rate ranging

Table 2. Distribution of HAdV genotypes in children with diarrhea in Chiang Mai, Thailand during 2011 to 2017.

Years HAGJdV genotypes
Al12 A3l Aé61 B3 B7 B11 Cl1 C2 C5 D17 D56 D62 E4 F40 F41

2011 (n=11) 1 - - 3 2 - - 1 1 1 - - - - 2
2012 (n = 20) 1 3 - - - 1 3 1 2 1 - - 3 5
2013 (n = 23) - - 2 1 1 4 4 1 1 - 2 - 2 5
2014 (n = 22) - - 1 2 - - 4 8 6 - - - - - 1
2015 (n = 39) 1 1 4 - - 7 8 4 1 - - 1 1 11
2016 (n = 37) - - - 12 3 1 3 5 - - - - - 2 11
2017 (n =13) - - - 2 1 - 3 1 2 - - - - 2 2

7 years (n = 165) 3 4 1 25 7 2 22 30 15 5 1 2 1 10 37

https://doi.org/10.1371/journal.pone.0220263.t002
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from 25 to 50% [6,16,17,23,25]. In accordance with previous studies, our study in children
with diarrhea indicated that HAdV-F40 and F41 accounted for 28.5% of cases (22.4% for
HAdV-F41 and 6.1% for HAdV-F40). Interestingly, the present study found that non-enteric
adenovirus subgroup C (C1, C2, C5) unexpectedly became the first leading subgroup detected
in diarrheic children with a prevalence of 40.6% (67/165) while enteric adenovirus subgroup F
(F40 and F41) and other non-enteric adenovirus subgroup B (B3, B7, B11) ranked second and
third with rates of 28.5% (47/165) and 20.6% (34/165), respectively. Non-enteric adenoviruses
have also been reported to associate with gastroenteritis. For example, HAdV-B3 has been
demonstrated to cause diarrhea in infants and children [6]. HAdV-C2 and C5 have also been
reported to be common genotypes detected in patients with acute gastroenteritis [16]. This
study demonstrated that non-enteric adenovirus genotypes C2 (18.2%), B3 (15.2%), C1
(13.3%), and C5 (9.1%) were frequently detected in our study population suggesting the poten-
tial role of non-enteric adenovirus in diarrheal disease.

Acute gastroenteritis is caused by a number of enteric viruses. In this study, we also tested
for other gastroenteritis viruses, including rotavirus, norovirus, astrovirus, enterovirus, human
parechovirus, human bocavirus, Aichi virus, saffold virus, and cosavirus. We found that 44.8%
of HAdV-positive samples were co-infected with other enteric viruses while 55.2% of cases
were solely infected with HAdV. In the cases of sole infection by HAdV, 33% and 67% of cases
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Fig 5. Phylogenetic tree of partial nucleotide sequences (429 bp) of the hexon gene. Human adenovirus strains
detected in Thailand between 2011 and 2017 (165 sequences) and other 41 adenovirus reference strains (bold) are
included.

https://doi.org/10.1371/journal.pone.0220263.9005

were caused by enteric and non-enteric adenoviruses, respectively. This data indicated that
both enteric and non-enteric adenoviruses are associated with diarrhea. However, we could
not exclude the possibility that some diarrheic cases may be caused by bacteria or other patho-
gens which have not been investigated in the present study.

Seasonal distribution of adenovirus infection remains a controversial topic. The seasonal
peak of adenovirus infections varied depending on the geographical region and weather pat-
tern of the country. In this study, we did not observe a consistent seasonal pattern of adenovi-
rus gastroenteritis infections. However, the highest rates of HAdV infection during the 7-year
study period were observed in the period May to July, our findings are similar to other studies
reported previously in Thailand [16,20], Bangladesh [15], and India [5]. In 2014, HAdV-C1,
C2, and C5 were the predominant genotype. In 2015, both HAdV subgroup C (C1, C2, C5)
and HAdV-F41 were co-circulating in patients with diarrhea. In 2016, HAdV subgroup B (B3,
B7, B11) emerged and was co-detected with HAdV-F41 instead of subgroup C. Our results
demonstrated the wide variation of the HAdV genotype and annual distribution of HAdV
infection. The data provide more epidemiologic information of HAdV and may be useful for
the prevention and control of HAdV infection in young children and for future vaccine
development.

In conclusion, this study demonstrates the prevalence and high diversity of HAdV in pedi-
atric patients hospitalized with acute gastroenteritis over the period of 7-year study and implies
that not only enteric HAdV-F40 and F41, but also non-enteric HAdV-B3, C1, C2, and C5 may
play an important role in acute gastroenteritis in Thai children.

Acknowledgments

We are grateful to the physicians and nursing staff who helped to collect the specimens used in
this study.

Author Contributions

Conceptualization: Kattareeya Kumthip, Pattara Khamrin, Niwat Maneekarn.
Data curation: Kattareeya Kumthip, Pattara Khamrin.

Formal analysis: Kattareeya Kumthip.

Funding acquisition: Kattareeya Kumthip, Niwat Maneekarn.

Investigation: Kattareeya Kumthip, Pattara Khamrin.

Methodology: Hiroshi Ushijima.

Supervision: Niwat Maneekarn.

Writing - original draft: Kattareeya Kumthip.

Writing - review & editing: Niwat Maneekarn.

References

1. Echavarria M. Adenoviruses. In: Zuckerman AJ, Banatvala JE, Schoub BD, Griffihs PD, Mortimer P.
Wiley-Blackwell, editor. Principles and Practice of Clinical Virology 6th ed: John Wiley & Sons; 2009. p.
463-88.

PLOS ONE | https://doi.org/10.1371/journal.pone.0220263  August 1,2019 10/12


https://doi.org/10.1371/journal.pone.0220263.g005
https://doi.org/10.1371/journal.pone.0220263

@ PLOS|ONE

Adenovirus infection in children with diarrhea

10.

11.

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

International Committee of Taxonomy of Viruses. 2018. Available from: https://talk.ictvonline.org/
taxonomy/

Rowe WP, Huebner RJ, Gilmore LK, Parrott RH, Ward TG. Isolation of a cytopathogenic agent from
human adenoids undergoing spontaneous degeneration in tissue culture. Proc Soc Exp Biol Med 1953;
84:570-3. https://doi.org/10.3181/00379727-84-20714 PMID: 13134217

Human Adenovirus Working Group. 2018. Available from: http://hadvwg.gmu.edu/

Banerjee A, De P, Manna B, Chawla-Sarkar M. Molecular characterization of enteric adenovirus geno-
types 40 and 41 identified in children with acute gastroenteritis in Kolkata, India during 2013-2014. J
Med Virol 2017; 89:606—14. hitps://doi.org/10.1002/jmv.24672 PMID: 27584661

Qiu FZ, Shen XX, Li GX, Zhao L, Chen C, Duan SX, et al. Adenovirus associated with acute diarrhea: a
case-control study. BMC Infect Dis 2018; 18:450. https://doi.org/10.1186/s12879-018-3340-1 PMID:
30176819

Uhnoo |, Wadell G, Svensson L, Johansson ME. Importance of enteric adenoviruses 40 and 41 in acute
gastroenteritis in infants and young children. J Clin Microbiol 1984; 20:365-72. PMID: 6092424

Kim JS, Lee SK, Ko DH, Hyun J, Kim HS. Associations of Adenovirus Genotypes in Korean Acute Gas-
troenteritis Patients with Respiratory Symptoms and Intussusception. Biomed Res Int 2017;
2017:1602054. https://doi.org/10.1155/2017/1602054 PMID: 28255553

Filho EP, da Costa Faria NR, Fialho AM, de Assis RS, Almeida MM, Rocha M, et al. Adenoviruses asso-
ciated with acute gastroenteritis in hospitalized and community children up to 5 years old in Rio de
Janeiro and Salvador, Brazil. J Med Microbiol 2007; 56:313-9. https://doi.org/10.1099/jmm.0.46685-0
PMID: 17314359

Lazic G, Grubac S, Lupulovic D, Bugarski D, Lazic S, Knezevic P, et al. Presence of Human and Animal
Viruses in Surface Waters in Vojvodina Province of Serbia. Food Environ Virol 2015; Feb 17. [Epub
ahead of print]

Fong TT, Lipp EK. Enteric viruses of humans and animals in aquatic environments: health risks, detec-
tion, and potential water quality assessment tools. Microbiol Mol Biol Rev 2005; 69:357—71. https://doi.
org/10.1128/MMBR.69.2.357-371.2005 PMID: 15944460

Huh JW, Kim WH, Moon SG, Lee JB, Lim YH. Viral etiology and incidence associated with acute gastro-
enteritis in a 5-year survey in Gyeonggi province, South Korea. J Clin Virol 2009; 44:152—6. https://doi.
org/10.1016/j.jcv.2008.11.016 PMID: 19131274

Scott MK, Chommanard C, Lu X, Appelgate D, Grenz L, Schneider E, et al. Human Adenovirus Associ-
ated with Severe Respiratory Infection, Oregon, USA, 2013-2014. Emerg Infect Dis 2016; 22:1044-51.
https://doi.org/10.3201/eid2206.151898 PMID: 27191834

Hierholzer JC. Adenoviruses in the immunocompromised host. Clin Microbiol Rev 1992; 5:262—74.
https://doi.org/10.1128/cmr.5.3.262 PMID: 1323383

Dey SK, Shimizu H, Phan TG, Hayakawa Y, Islam A, Salim AF, et al. Molecular epidemiology of adeno-
virus infection among infants and children with acute gastroenteritis in Dhaka City, Bangladesh. Infect
Genet Evol 2009; 9:518-22. https://doi.org/10.1016/j.meegid.2009.02.001 PMID: 19460318

Sriwanna P, Chieochansin T, Vuthitanachot C, Vuthitanachot V, Theamboonlers A, Poovorawan Y.
Molecular characterization of human adenovirus infection in Thailand, 2009—2012. Virol J 2013; 10:193.
https://doi.org/10.1186/1743-422X-10-193 PMID: 23758792

LiuL, QianY, Zhang Y, Deng J, Jia L, Dong H. Adenoviruses associated with acute diarrhea in children
in Beijing, China. PloS one 2014; 9:e88791. https://doi.org/10.1371/journal.pone.0088791 PMID:
24533149

Nakanishi K, Tsugawa T, Honma S, Nakata S, Tatsumi M, Yoto Y, et al. Detection of enteric viruses in
rectal swabs from children with acute gastroenteritis attending the pediatric outpatient clinics in Sap-
poro, Japan. J Clin Virol 2009; 46:94—7. https://doi.org/10.1016/j.jcv.2009.06.014 PMID: 19608459

Chaimongkol N, Khamrin P, Suantai B, Saikhreang W, Thongprachum A, Malasao R, et al. A wide vari-
ety of diarrhea viruses circulating in pediatric patients in Thailand. Clin Lab 2012; 58:117-23. PMID:
22372354

Kittigul L, Pombubpa K, Taweekate Y, Yeephoo T, Khamrin P, Ushijima H. Molecular characterization
of rotaviruses, noroviruses, sapovirus, and adenoviruses in patients with acute gastroenteritis in Thai-
land. J Med Virol 2009; 81:345-53. https://doi.org/10.1002/jmv.21380 PMID: 19107961

Yan H, Nguyen TA, Phan TG, Okitsu S, Li Y, Ushijima H. Development of RT-multiplex PCR assay for
detection of adenovirus and group A and C rotaviruses in diarrheal fecal specimens from children in
China. Kansenshogaku Zasshi 2004; 78:699-709. PMID: 15478645

Desselberger U. Global issues related to enteric viral infections. Virusdisease 2014; 25:147-9. https://
doi.org/10.1007/s13337-014-0223-y PMID: 25674580

PLOS ONE | https://doi.org/10.1371/journal.pone.0220263  August 1,2019 11/12


https://talk.ictvonline.org/taxonomy/
https://talk.ictvonline.org/taxonomy/
https://doi.org/10.3181/00379727-84-20714
http://www.ncbi.nlm.nih.gov/pubmed/13134217
http://hadvwg.gmu.edu/
https://doi.org/10.1002/jmv.24672
http://www.ncbi.nlm.nih.gov/pubmed/27584661
https://doi.org/10.1186/s12879-018-3340-1
http://www.ncbi.nlm.nih.gov/pubmed/30176819
http://www.ncbi.nlm.nih.gov/pubmed/6092424
https://doi.org/10.1155/2017/1602054
http://www.ncbi.nlm.nih.gov/pubmed/28255553
https://doi.org/10.1099/jmm.0.46685-0
http://www.ncbi.nlm.nih.gov/pubmed/17314359
https://doi.org/10.1128/MMBR.69.2.357-371.2005
https://doi.org/10.1128/MMBR.69.2.357-371.2005
http://www.ncbi.nlm.nih.gov/pubmed/15944460
https://doi.org/10.1016/j.jcv.2008.11.016
https://doi.org/10.1016/j.jcv.2008.11.016
http://www.ncbi.nlm.nih.gov/pubmed/19131274
https://doi.org/10.3201/eid2206.151898
http://www.ncbi.nlm.nih.gov/pubmed/27191834
https://doi.org/10.1128/cmr.5.3.262
http://www.ncbi.nlm.nih.gov/pubmed/1323383
https://doi.org/10.1016/j.meegid.2009.02.001
http://www.ncbi.nlm.nih.gov/pubmed/19460318
https://doi.org/10.1186/1743-422X-10-193
http://www.ncbi.nlm.nih.gov/pubmed/23758792
https://doi.org/10.1371/journal.pone.0088791
http://www.ncbi.nlm.nih.gov/pubmed/24533149
https://doi.org/10.1016/j.jcv.2009.06.014
http://www.ncbi.nlm.nih.gov/pubmed/19608459
http://www.ncbi.nlm.nih.gov/pubmed/22372354
https://doi.org/10.1002/jmv.21380
http://www.ncbi.nlm.nih.gov/pubmed/19107961
http://www.ncbi.nlm.nih.gov/pubmed/15478645
https://doi.org/10.1007/s13337-014-0223-y
https://doi.org/10.1007/s13337-014-0223-y
http://www.ncbi.nlm.nih.gov/pubmed/25674580
https://doi.org/10.1371/journal.pone.0220263

@ PLOS|ONE

Adenovirus infection in children with diarrhea

23.

24,

25.

26.

Moyo SJ, Hanevik K, Blomberg B, Kommedal O, Nordbo SA, Maselle S, et al. Prevalence and molecu-
lar characterisation of human adenovirus in diarrhoeic children in Tanzania; a case control study. BMC
Infect Dis 2014; 14:666. https://doi.org/10.1186/s12879-014-0666-1 PMID: 25495029

Dey SK, Hoq I, Okitsu S, Hayakawa S, Ushijima H. Prevalence, seasonality, and peak age of infection
of enteric adenoviruses in Japan, 1995-2009. Epidemiol Infect 2013; 141:958-60. https://doi.org/10.
1017/S0950268812001586 PMID: 22813461

Lee JI, Lee GC, Chung JY, Han TH, Lee YK, Kim MS, et al. Detection and molecular characterization of
adenoviruses in Korean children hospitalized with acute gastroenteritis. Microbiol Immunol 2012;
56:523-8. https://doi.org/10.1111/1.1348-0421.2012.00469.x PMID: 22530970

Verma H, Chitambar SD, Varanasi G. Identification and characterization of enteric adenoviruses in
infants and children hospitalized for acute gastroenteritis. J Med Virol 2009; 81:60—4. https://doi.org/10.
1002/jmv.21331 PMID: 19031470

PLOS ONE | https://doi.org/10.1371/journal.pone.0220263  August 1,2019 12/12


https://doi.org/10.1186/s12879-014-0666-1
http://www.ncbi.nlm.nih.gov/pubmed/25495029
https://doi.org/10.1017/S0950268812001586
https://doi.org/10.1017/S0950268812001586
http://www.ncbi.nlm.nih.gov/pubmed/22813461
https://doi.org/10.1111/j.1348-0421.2012.00469.x
http://www.ncbi.nlm.nih.gov/pubmed/22530970
https://doi.org/10.1002/jmv.21331
https://doi.org/10.1002/jmv.21331
http://www.ncbi.nlm.nih.gov/pubmed/19031470
https://doi.org/10.1371/journal.pone.0220263

