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Diverse genotypes of human enteric and non-enteric 
adenoviruses circulating in children hospitalized with acute 
gastroenteritis in Thailand, from 2018 to 2021
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ABSTRACT Human adenovirus (HAdV) is a common viral pathogen that causes diarrhea 
in children worldwide. The aim of this study was to investigate the prevalence and 
genotype diversity of HAdV strains circulating in children admitted to the hospitals 
with acute gastroenteritis (AGE) in Chiang Mai, Thailand, from 2018 to 2021. A total 
of 1,790 stool samples were screened for HAdV by PCR method, and 80 (4.5%) were 
positive for HAdV. Of these, children under 5 years of age accounted for 90.0% of 
HAdV-positive cases with the highest infection rate at the age group of 48–60 months 
old. The infection rate was not significantly different between boys and girls. The HAdV 
infection was detected sporadically throughout the year without a discrete seasonal 
pattern. Five species of both enteric and non-enteric HAdVs (A, B, C, E, and F) with 10 
different genotypes, including HAdV-F41 (25.0%), HAdV-B3 (17.5%), HAdV-F40 (16.3%), 
HAdV-C1 (15.0%), HAdV-C5 (7.5%), HAdV-C2 (6.3%), HAdV-B7 (5.0%), HAdV-A12 (3.8%), 
HAdV-E4 (2.5%), and HAdV-B11 (1.3%), were detected in this study. In conclusion, our 
study reported the prevalence and seasonality of HAdV infection with a wide variety of 
HAdV genotypes circulating in children hospitalized with AGE during a period of 2018–
2021 in Chiang Mai, Thailand.

IMPORTANCE In the present study, the prevalence of human adenovirus (HAdV) 
infection in children with acute gastroenteritis (AGE) in Chiang Mai, Thailand, from 
2018 to 2021 was detected at 4.5%. Diverse species and genotypes of HAdVs (HAdV-
A12, HAdV-B3, HAdV-B7, HAdV-B11, HAdV-C1, HAdV-C2, HAdV-C5, HAdV-E4, HAdV-F40, 
and HAdV-F41) had been identified. The highest infection rate was found in children 
aged 48–60 months old. The HAdV infection was detected sporadically throughout the 
year. These findings imply that a wide variety of HAdV genotypes circulate in pediatric 
patients with AGE in Chiang Mai, Thailand.

KEYWORDS adenovirus, children, gastroenteritis, Thailand

A cute gastroenteritis (AGE) is one of the major causes of morbidity and mortality 
in infants and young children worldwide, especially in low- and middle-income 

countries. More than 70% of all diarrheal episodes are induced by gastroenteritis viruses 
(1). Human adenovirus (HAdV) has also been recognized as an important virus that 
causes diarrhea in pediatric patients (2, 3). HAdV can infect humans of all age groups, 
but it is most commonly observed in the pediatric population, particularly in infants 
and young children. The HAdV infection can result in a wide range of symptoms, 
varying from mild to severe, and in some cases, it can even be fatal (4). HAdV belongs 
to the genus Mastadenovirus in the family Adenoviridae. It is a non-enveloped virus 
containing a linear double‐stranded DNA genome with a genomic size of about 34–
36 kbp (5). The three major capsid genes (penton, hexon, and fiber) are identified as 
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hotspots for homologous recombination, serving as one major factor in HAdV genome 
diversity and viral evolution. The recombination sites are located around the border 
of hypervariable loops 1 and 2 within the hexon gene. These loops are essential for 
the formation of type-specific epitopes, which are recognized by neutralizing antibodies 
and play a crucial role in HAdV evolution (6–8). In addition, the hexon gene of HAdV 
has been reported to contain several hypervariable regions (HVR1–HVR7), and type-spe­
cific epitopes are located in one or more HVRs of the hexon protein (9). The HVRs of 
hexon gene are dissimilar in different genotypes and, therefore, are commonly used as a 
target for the type-specific primers designed for the detection and genotyping of HAdV 
(10–13). Currently, 10 species (A–J) and more than 100 genotypes of HAdV have been 
identified (14). HAdVs are associated with a wide spectrum of symptoms similar to the 
common cold, including rhinorrhea, fever, cough, and sore throat. Lower respiratory tract 
symptoms such as bronchitis, bronchiolitis, and pneumonia can be severe and even fatal. 
Other diseases such as gastroenteritis, conjunctivitis, cystitis, myocarditis, cardiomyop­
athy, and meningoencephalitis can also be associated with adenovirus infections (4). 
HAdV diarrhea can be persistent and severe in immunosuppressed and immunocompro­
mised patients (15, 16). Among the HAdV species, enteric HAdV species F (genotypes 
40 and 41) is associated with acute gastroenteritis in humans and is responsible for 
up to 1.5%–30% of diarrheal cases worldwide (17–21). However, non-enteric adenovirus 
species, such as HAdV-A (genotypes 12, 18, 31), HAdV-B (genotypes 3, 7, 11, 16, 21), 
HAdV-C (types 1, 2, 5, 6), HAdV-D (genotypes 10, 28, 29, 30, 32, 37, 61, 64, 70), and 
HAdV-G (genotypes 52), have also been reported to associate with gastroenteritis (19, 
22–26).

Epidemiological studies of HAdV infection in diarrheal cases have been reported 
from several countries around the world, including Australia (27), the United States 
(16, 28, 29), Switzerland (30), and Italy (31) with the prevalence ranging from 6.0% to 
26.0%. Additionally, HAdV infection has also been reported in several countries in Asia, 
including Japan (32, 33), Korea (34), China (35, 36), and Thailand (19), with the preva­
lence ranging from 1.0% to 13.5%. Not only enteric HAdV species F (genotypes 40 and 
41) frequently identified in stool samples from patients with AGE but also non-enteric 
HAdVs, such as HAdV-A, HAdV-B, HAdV-C, HAdV-D, and HAdV-G, are also associated with 
AGE infections (19, 22–26). In Thailand, epidemiology of HAdV infection in patients with 
acute gastroenteritis has been reported from Lopburi province since 2006–2007 with 
the prevalence of 1.5% (37) and from Bangkok and Khon Kaen provinces in 2009–2012 
with the prevalence of 5.8% (38). In addition, epidemiology of HAdV infection has also 
been reported from Chiang Mai province in 2007 with the prevalence of 0.6% (39) 
and in 2011–2017 with the prevalence of 7.2% (19). The aim of the present study was 
to investigate the prevalence and to characterize the HAdV genotypes circulating in 
pediatric patients admitted to the hospitals with acute gastroenteritis in Chiang Mai, 
Thailand, during a period of 4 years from 2018 to 2021.

RESULTS

Detection rate, distribution of HAdV genotypes in different age groups and 
genders, and co-infections

HAdVs were detected in 80 out of 1,790 (4.5%) fecal specimens collected from patients 
with AGE during the 4-year study period (January 2018–December 2021) (Table 1). The 
yearly prevalences were 6.2% (45/728), 3.9% (22/563), 2.3% (4/175), and 2.8% (9/324) in 
2018, 2019, 2020, and 2021, respectively. The majority of HAdV infection (72/80; 90.0%) 
was observed in children under 5 years of age. Among 80 HAdV-infected patients, 39 
(48.8%) and 41 (51.2%) were boys and girls, respectively. The difference of infection rate 
between boys and girls was not statistically significant (P = 0.111). However, consider­
ing the distribution of HAdV genotype infection in different genders, HAdV-B11 and 
HAdV-E4 were found to infect solely in boys and girls, respectively. In addition, HAdV-
A12, HAdV-B7, HAdV-C1, HAdV-C5, and HAdV-F40 were found to infect the boys with 
higher infection rates ranging from 58.3% to 75.0%. On the contrary, HAdV-B3, HAdV-C2, 
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and HAdV-F41 were found to infect the girls with higher infection rates ranging from 
60.0% to 65.0%

Considering the HAdV infection in different age groups, the highest infection rate was 
observed at the age group of 48 to <60 months (7.5%), followed by 36 to <48 months 
(5.7%), 12 to <24 months (5.5%), 60 to <180 months (4.8%), 6 to <12 months (4.5%), 
24 to <36 months (3.5%), and <6 months (1.1%). However, the infection rate in children 
with different age groups was not statistically different (P = 0.067). The median of HAdV 
infection rate in children with different age groups was 4.8% with an interquartile of 
2.2. Among HAdV-positive cases, sole infection by HAdV was observed at 67.5% (54/80) 
and co-infection with other enteric viruses was detected at 32.5% (26/80) (Table 2). 
Co-infection of HAdV with norovirus (NoV) or rotavirus (RV) was commonly detected 
at the prevalence of 30.8% (8/26) and 26.9% (7/26), respectively. Co-infection of HAdV 
with bocavirus (BoV) was detected at 7.7% (2/26), while one each of the sample was 
co-infected with sapovirus (SaV), Aichivirus (AiV), human parechovirus (HPeV), or saffold 
virus (SAFV) at the prevalence of 3.8% (1 each of 26). Mixed infections of HAdV with two 
different other gastroenteritis viruses were found in 4 of 26 cases (15.4%), while mixed 
infections with three different other viruses were observed in 1 of 26 cases (3.8%).

Monthly distribution of HAdV infection

The seasonality of HAdV infection is shown in Fig. 1. In this study, HAdV was detected 
sporadically all year round with a slightly higher in the rainy season in Thailand (May–
July) (P = 0.005). The highest monthly distribution of HAdV infection rate varied year 
by year, i.e., 15.3% in June of 2018, 9.3% in May of 2019, 20.0% in July of 2020, and 
10.0% in March of 2021. However, it should be noted that the total number of fecal 
specimens collected in 2020 was remarkably lower than those of the other years due to 
the pandemic of SARS-CoV-2, which affected the number of diarrheic patients hospital­
ized in 2020.

HAdV genotypes and phylogenetic analysis

HAdV genotypes and phylogenetics of 80 HAdV strains detected in this study were 
analyzed based on the nucleotide sequence of the partial hexon gene. It was found 
that five species (A, B, C, E, and F) of HAdV were detected during the study period of 
2018–2021 and wide varieties of HAdV genotypes were identified. Overall, the HAdV-F41 
was detected as the most predominant genotype (25.0%; 20/80), followed by HAdV-
B3 (17.5%; 14/80), HAdV-F40 (16.3%; 13/80), HAdV-C1 (15.0%; 12/80), HAdV-C5 (7.5%; 
6/80), HAdV-C2 (6.3%; 5/80), HAdV-B7 (5.0%; 4/80), HAdV-A12 (3.8%; 3/80), HAdV-E4 
(2.5%; 2/80), and HAdV-B11 (1.3%; 1/80) (Fig. 2). In fact, the predominant genotype 
had changed year by year, for example, HAdV-F41 and HAdV-F40 were detected as the 
most predominant genotypes in 2018, whereas in 2019, they were replaced by HAdV-B3 
and HAdV-C1 genotypes. In 2020, only two genotypes, HAdV-C1 and HAdV-F41, were 

TABLE 2 Detection rate of human adenovirus infection and co-infections with other gastroenteritis viruses in children with acute gastroenteritis in Thailand 
from 2018 to 2021b

Years

No. of 

specimens 

tested

No. of 

HAdV 

positive 

(%)

No. of 

HAdV 

single 

infection 

(%)

No. of 

HAdV

co-

infection 

(%)

No. and patterns of HAdV co-infection

RV NoV SaV AiV BoV HPeV SAFV

≥2 Virusesa

RV + 

NoV

RV + 

BoV

NoV + 

EV

EV + 

BoV

RV + 

AiV + 

EV

2018 728 45 (6.2) 27 (60.0) 18 (40.0) 6 4 1 1 –c 1 1 1 – 1 1 1

2019 563 22 (3.9) 16 (72.7) 6 (27.3) – 3 – – 2 – – – 1 – – –

2020 175 4 (2.3) 3 (75.0) 1 (25.0) 1 – – – – – – – – – – –

2021 324 9 (2.8) 8 (88.9) 1 (11.1) – 1 – – – – – – – – – –

Total 1,790 80 (4.5) 54 (67.5) 26 (32.5) 7 8 1 1 2 1 1 1 1 1 1 1
aHAdV co-infection with other two or more enteric viruses.
bRV, rotavirus; NoV, norovirus; SaV, sapovirus; AiV, Aichivirus; BoV, bocavirus; HPeV, human parechovirus; SAFV, saffold virus; EV, enterovirus.
c–, viruses were not detected.
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detected. In 2021, various HAdV genotypes were detected and HAdV-C5 was the most 
predominant genotype.

Phylogenetic analysis revealed that five species (A, B, C, E, and F) of HAdVs were 
detected in this study (Fig. 3). Three strains of HAdV-A12 were closely related to the 
reference strains detected previously in Thailand, Japan, Brazil, and the United States 
with the nucleotide (nt) sequence identities ranging from 97.2% to 98.8%. The HAdV-B3 
(14 strains) showed 99.3%–99.5% nt sequence identities with HAdV-B3 reference strains 
reported previously from Thailand, Japan, and China. Four strains of HAdV-B7 showed a 
high degree of nt sequence similarities (99.3%–100%) with those of the reference strains 
reported previously from China. One strain of HAdV-B11 had 100% nt sequence identity 
with the reference strains detected previously in Thailand and the United States. The 
HAdV species C detected in this study showed highly similar to the reference strains 
previously reported worldwide. Of these, 12 strains of HAdV-C1 showed 97.9%–99.0% nt 
sequence identities with HAdV-C1 reported from Thailand, China, Japan, Russia, Brazil, 
and the United States, while 5 strains of HAdV-C2 were closely related (98.1%–99.0%) 
to the reference strains detected in Thailand, China, Japan, Switzerland, and the United 
States. Six strains of HAdV-C5 were closely related to the HAdV-C5 reference strains 
reported previously from Thailand, Japan, Korea, Brazil, and France with the nt sequence 
identities ranging from 93.2% to 100%. In addition, two strains of HAdV-E4 were closely 
related (96.1%–99.5% nt sequence identities) to the HAdV-E4 reference strains detec­
ted previously in Singapore, the United States, and the United Kingdom. Phylogenetic 
analysis of species F, HAdV-F40 (13 strains) and HAdV-F41 (20 strains), showed that they 
were closely related to the reference strains reported previously from Thailand, China, 

FIG 1 Monthly distribution of human adenovirus infection in children with acute gastroenteritis during 2018–2021. The left axis indicates the number of cases, 

and the right axis indicates the percentage of positive cases (%). The length of the blue bar indicates the number of cases tested, the length of the orange bar 

indicates the number of HAdV-positive cases, and the dot color indicates the percentage of HAdV-positive cases.
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FIG 2 Distribution of human adenovirus genotypes in patients with acute gastroenteritis during 2018–2021. (a) Bar chart indicates the number of HAdV 

genotypes; the x-axis indicates the HAdV genotypes detected, and the y-axis indicates the number of cases. (b) Pie charts indicate the percentage of HAdV 

genotypes detected in each year during the study period of 2018–2021.
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FIG 3 Phylogenetic analysis of partial nucleotide sequences (443 bp) of the hexon gene. The phyloge­

netic tree of human adenovirus strains detected in Thailand during 2018–2021 (80 sequences) and 

reference strains available in the Genbank database was constructed by MEGA X software with GTR + G +

(Continued on next page)
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Russia, the United States, India, and Brazil with the nt sequence identities ranging from 
98.1% to 100% and 97.7% to 100%, respectively.

DISCUSSION

Epidemiology of HAdV infection in children with acute gastroenteritis in Thailand has 
been reported sporadically since 2006–2007 (37, 39). The prevalence of HAdV infec­
tion in Thailand ranged from 1.5% in Lopburi province in 2006–2007 (37) to 5.8% in 
Bangkok and Khon Kaen in 2009–2012 (38). In Chiang Mai province, the prevalence 
of HAdV infection was reported initially in 2007 at 0.6% (39), and the prevalence had 
increased markedly to 7.2% (ranged 3.6%–11.6%) during the study period of 2011–2017 
(19). The present study is a follow-up study of HAdV infection in children with acute 
gastroenteritis in Chiang Mai province during a period of 2018–2021 which revealed 
an overall prevalence at 4.5% (ranged 1.1%–7.5%) (Table 1). The HAdV infection rate of 
2018–2021 in this study is significantly lower than those of our previous study conduc­
ted in the same geographical area in 2011–2017 (19) with a P-value of <0.00048. It 
should be noted that in 2020 and 2021 during the pandemic of COVID-19 where the 
stool samples were collected in a much smaller number than those of the other study 
years, the HAdV infection rates were 2.3% and 2.8%, respectively (Table 1). The growing 
evidence suggests that the implementation of control measures for COVID-19, such as 
social distancing, mask-wearing, and increased hand hygiene, has proven effective to 
reduce COVID-19 infection along with many other infectious diseases, including acute 
gastroenteritis in children (40–42). The small number of acute gastroenteritis cases 
collected in 2020 and 2021 with low HAdV infection rates might be, at least in part, 
due to the influence of control measures for COVID-19. It should be pointed out that 
five species (A, B, C, E, and F) of HAdV were detected in this study and both enteric 
HAdV (species F) and non-enteric HAdV (species A, B, C, and E) were detected in patients 
with acute gastroenteritis (Fig. 3). However, in general, the enteric HAdV-F41 (25.0%) 
and HAdV-F40 (16.3%) were predominantly circulating in pediatric patients with acute 
gastroenteritis (Fig. 2). The results are more or less the same as our previous study 
conducted during 2011–2017 in the same geographical area where the enteric HAdV-F41 
was the most predominant genotype with the prevalence of 22.4% (19). The molecular 
detection and genotyping of HAdV are commonly based on the analysis of nucleotide 
and amino acid sequences of the hexon gene (10–13). Even though genotype-specific 
primers targeting the hexon gene can be used successfully in the multiplex-PCR method 
for the detection and genotyping of HAdV in this study and in other studies (10, 
19), it has a limitation to be used for genotyping of HAdV recombinant strain. Homol­
ogous recombination is the main driver of genetic diversity and evolution of HAdV, 
especially the recombination between the hexon, penton base, and fiber genes (5, 43). 
Conceivably, identification of HAdV genotype based only on the hexon gene sequence 
may lead to a wrong conclusion of HAdV genotype if it is the recombinant strain. For 
accurate identification of HAdV recombinant strain, analysis of whole-genome sequence 
encompassing penton base, hexon, and fiber genes is required (5, 43–45).

In addition, HAdV infections detected in this study were co-infected with many other 
enteric viruses, including rotavirus, norovirus, sapovirus, Aichivirus, bocavirus, human 
parechovirus, saffold virus, and enterovirus at 32.5% (Table 1). Co-infections by other 
enteric viruses are commonly reported elsewhere, such as Turkey (46), Egypt (47), 
Brazil (48), the United States (49), Bangladesh (25), and France (50) which demonstra­
ted the co-infection of HAdV with rotavirus, norovirus, astrovirus, enterovirus, human 
parechovirus A, sapovirus ranging from 2.0% to 22.0%. This observation is similar to our 
previous studies conducted in the same geographical area during 2011–2017 (19). The 

FIG 3 (Continued)

I model and supported by 1,000 bootstraps. The triangle indicates the HAdV strains detected in this study, 

and HAdVs with different genotypes are indicated by different colors. The reference strains of each HAdV 

genotype are indicated by strain name and accession number.
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remaining 67.5% of HAdV-positive cases were solely infected with HAdV, suggesting the 
etiologic role of HAdV in acute gastroenteritis. Nevertheless, some diarrheic cases may 
be associated with bacteria or other pathogens, which have not been investigated in this 
study, and could not be ruled out.

In conclusion, this study reported the prevalence and diversity of HAdV genotypes 
circulating in pediatric patients hospitalized with acute gastroenteritis, especially in 
children under 5 years of age (90.0%). Phylogenetic analysis revealed extensively 
diverse species and genotypes of HAdV, not only enteric HAdV species F (HAdV-F40 
and HAdV-F41) but also other non-enteric HAdVs, including species A, B, C, and E 
have been reported in this study, and HAdV-F41 is the most predominant genotype. 
Molecular epidemiological surveillance of HAdV is essential to be conducted continually 
in several countries in order to obtain information from different countries worldwide. 
The information of the HAdV species and genotypes circulating in children with acute 
gastroenteritis in different countries worldwide is useful for the development of effective 
vaccine to reduce the burden of diarrheal disease associated with HAdV infection in the 
future.

MATERIALS AND METHODS

Patients and specimen collection

A total of 1,790 fecal specimens were collected from children hospitalized with acute 
gastroenteritis from five hospitals (Maharaj Nakorn Chiang Mai Hospital, Nakornping 
Hospital, Sanpatong Hospital, Rajavej Chiang Mai Hospital, and Sansai Hospital) in 
Chiang Mai, Thailand, between January 2018 and December 2021. The inclusion criteria 
of the patients in this study were the inpatients who were suffering from acute 
gastroenteritis with the symptoms including nausea, vomiting, abdominal pain, and 
diarrhea. The patients had sudden passages of loose or watery stools more than three 
times per day with the exclusion of bloody stools. The age of the patients ranged from 
neonate up to 15 years of age. All fecal samples were stored at −20°C until use. The study 
was conducted with the approval of the Institutional Ethics Committee of the Faculty of 
Medicine, Chiang Mai University (MIC-2557-02710).

Sample preparation

Adenovirus dsDNA was extracted from the supernatant of a 10% fecal suspension in 
phosphate-buffered saline (pH 7.4) using a Geneaid Viral Nucleic Acid Extraction Kit II 
(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 use.

Detection of HAdV

HAdV genome was detected by PCR using the forward primer Ad1 (5′-TTCCCC­
ATGGCTCAYAACAC-3′) in combination with the reverse primer Ad2 (5′-CCCTGGTAKC­
CRATRTTGTA-3′) which specifically amplified the hexon gene to generate a PCR product 
size of 482 bp as described previously (10). The reaction was performed under the 
following thermal cycling conditions: 94°C for 3 min, 35 cycles of 94°C for 1 min, 50°C for 
1 min, 72°C for 1 min, and a final extension step at 72°C for 10 min, using a thermal cycler 
(SimpliAmp, Life Technologies Holdings Pte Ltd, Singapore). In addition to the screening 
of HAdV, all samples were also tested for the presence of several other diarrheal viruses, 
including RV, NoV, SaV, AiV, BoV, HPeV, SAFV, and EV using RT-PCR methods, as described 
previously (51) in order to investigate a situation of co-infections of HAdV by several 
other diarrheal viruses.

Phylogenetic analysis

The PCR products were purified using a Gel/PCR DNA Fragments Extraction Kit (Geneaid, 
Taipei, Taiwan) according to the manufacturer’s protocol. The purified PCR products were 
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then sequenced by a fluorescence-based cycle sequencing method (First Base Laborato­
ries Sdn Bhd Selangor Darul Ehsan, Malaysia). The obtained nucleotide sequences of 
HAdV detected in this study were analyzed in comparison with those of the reference 
strains available in the NCBI GenBank database. Phylogenetic analysis of the partial 
hexon gene was performed using MEGA X software based on the Maximum Likelihood 
method and General Time Reversible model (52). Statistical analysis was performed using 
the bootstrapping method with 1,000 replicates.

Statistical analysis

Statistical analysis was performed using SPSS version 16.0 software (SPSS Inc, Chicago, IL, 
United States). Statistical differences were determined using the Chi-square test, and P 
values <0.05 were considered a statistically significant difference.
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