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Abstract Background/purposes: Human adenovirus (HAdV) infection is prevalent and has an
important clinical impact on children. We aim to investigate the molecular epidemiology of
HAdV infection and discover the correlations between clinical features and HAdV species in
an HAdV outbreak of 2014.
Methods: This is a retrospective study, enrolling patients under 19 years of age with HAdV
infection at the National Taiwan University Hospital in 2014. We gathered the demographic
and clinical data, carried out molecular typing and constructed a phylogenetic tree. Statistical
analyses were performed in terms of HAdV species and hospitalization.
Results: A total of 531 patients with HAdV infection were identified. HAdV-B accounted for the
largest proportion (n Z 387, 73%). On average, patients infected with HAdV-E were oldest,
whereas those with HAdV-C infection were youngest (p < 0.001). Patients with HAdV-B
(HAdV-3) infection were associated with a lower incidence of co-infection with other viruses
(p < 0.001). Complications occurred in 203 (38%) patients. There were 149 (28%) patients
requiring hospitalization. The risk factors for hospitalization included underlying neurological
abnormalities, prematurity and the diagnosis of pneumonia. Five patients (1%) had severe
HAdV infection requiring intensive care; all of them fully recovered. The phylogenetic study
showed that the partial hexon genes of HAdV-1, HAdV-3, HAdV-4 and HAdV-5 remain stable
over time.
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Conclusion: We established the molecular epidemiology of HAdV infection and demonstrated
the relationship between clinical features and HAdV species.
Copyright ª 2018, Taiwan Society of Microbiology. Published by Elsevier Taiwan LLC. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/4.0/).
Introduction

Infection with human adenovirus (HAdV) is prevalent in
children. It frequently causes respiratory infections and,
sometimes, ocular infections, gastroenteritis or cystitis.
In some rare cases, it leads to myocarditis, hepatitis or
encephalitis. In our previous two-year surveillance study
on kindergarten children, we found that HAdV circulates
throughout the year with a very high attack rate
(about one per personeyear).1 In another prospective
study on lower respiratory tract infection (LRI) among
children under five years of age, HAdV is one of the most
common pathogens.2 Therefore, HAdV is highly trans-
missible and has an important clinical impact on young
children.

HAdVs are classified into seven species, from Human
adenovirus A (HAdV-A) to HAdV-G. Each species comprises
several types. There are more than 60 HAdV types that
have been identified.3 HAdV-B (mainly HAdV types 3 and
7), HAdV-C (mainly HAdV types 1, 2, 5 and 6) and HAdV-E
(mainly HAdV type 4) are the most frequent species
associated with epidemics of acute respiratory infections
in children.4 The clinical severity of the different HAdV
types varies, and the transmissibility may also change. For
example, HAdV type 3 (HAdV-3), HAdV-4, HAdV-7, HAdV-
14 and HAdV-21 are more likely to lead to severe in-
fections. In addition, our previous study demonstrated
that HAdV-3 seems to have a higher familial transmission
rate.5

There were several community outbreaks of HAdV
infection in Taiwan in recent decades. HAdV-7 and HAdV-3
were the major types in an outbreak during 1999e2000,
whereas HAdV-4 was most prevailing in another two out-
breaks in 2000 and 2001.6 A community outbreak of HAdV-3
was recorded in northern Taiwan during 2004e2005, while a
single outbreak of re-emergent HAdV-4 was noted in
southern Taiwan in 2007.7,8 There was a further nationwide
outbreak of HAdV infection throughout Taiwan in 2011,
which was primarily caused by dominant HAdV-3 and re-
emergent HAdV-7.9

According to the nationwide viral surveillance system of
the Taiwan Centers for Disease Control,10 the percentage of
HAdV isolated among all respiratory specimens collected
from patients with influenza-like illness was usually below
5% during 2012e2013. The HAdV-positive rate, however,
significantly increased in 2014 (with a rise of over 10% from
April onwards), indicating a HAdV outbreak.11 During the
HAdV outbreak of 2014, HAdV was also the most common
virus isolated, constituting 50% of all viruses from respira-
tory specimens.12 Nevertheless, there has not been much
data, in terms of molecular epidemiology and clinical fea-
tures, of the 2014 HAdV outbreak. Therefore, we aim to
establish the molecular epidemiology of HAdV infection and
the correlations between clinical features and different
HAdV species during the 2014 outbreak. This study was also
taken with a view to identifying risk factors for
hospitalization.
Methods

Patients and study design

We enrolled both inpatients and outpatients under 19 years
of age with laboratory-confirmed HAdV infection at the
National Taiwan University Hospital (a university-affiliated
tertiary medical center) from January 1 to December 31,
2014. Laboratory-confirmed HAdV infection was defined as
the isolation of HAdV and/or positive polymerase chain
reaction (PCR) for HAdV. Demographic data, clinical fea-
tures, diagnosis, hospitalization, intensive care require-
ment, complications and sequelae were collected and
analyzed.

The Institutional Review Board of the National Taiwan
University Hospital approved this study (No.
201405027RINA). Because it was a retrospective study
without intervention and all data was analyzed anony-
mously, informed consent was waived.
Definitions

We defined complicated upper respiratory tract infection
(URI) as acute sinusitis and/or acute otitis media. The cri-
terion for diagnosis of co-infection with Mycoplasma
pneumoniae was a positive PCR result for M. pneumoniae
plus symptoms and signs associated with mycoplasmal
infection (e.g., fever, cough, and infiltration or patch on
chest radiograph). We defined co-infection with Strepto-
coccus pneumoniae as isolation of S. pneumoniae from
clinical specimens and/or the presence of S. pneumoniae
antigen in urine or pleural fluid with clinical significance.
Patients with complications were defined as those with
complicated URI, LRI, encephalitis or intussusception.
Secondary bacterial infection was defined as co-infection
with M. pneumoniae or S. pneumoniae or other clinically
significant and relevant bacterial infection with microbio-
logical evidence (e.g. Pseudomonas aeruginosa
pneumonia). We defined respiratory failure as the need of
mechanical ventilation. Prematurity was defined as de-
livery before 37 weeks’ gestation. Patients having
laboratory-confirmed HAdV infection and requiring inten-
sive care were classified as severe HAdV infection.
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Table 1 Numbers and percentages of different species
and types of human adenovirus identified in this study.

Species and types Number (% of total)

HAdV-B 387 (73)
HAdV-3 387 (73)

HAdV-C 73 (14)
HAdV-1 20 (4)
HAdV-2 38 (7)
HAdV-5 8 (2)
HAdV-6 7 (1)

HAdV-E 71 (13)
HAdV-4 71 (13)

Total 531

HAdV Z human adenovirus.
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Virus isolation, molecular diagnosis and typing of
adenovirus

(1) Virus isolation

Clinical specimens, primarily throat swabs, but also
including nasopharyngeal swabs, rectal swabs, conjunctival
swabs, urine and cerebrospinal fluid, were inoculated into
human embryonic lung fibroblast (HEF), human laryngeal
carcinoma (HEp-2), rhabdomyosarcoma (RD), monkey kid-
ney (MK-2) and MadineDarby canine kidney (MDCK) cell
lines. When cytopathic effects developed, direct immuno-
fluorescence assay was performed to identify the virus by
virus-specific monoclonal antibodies.

(2) Molecular diagnosis of adenovirus

Total nucleic acids were extracted from clinical samples
by using the MagNA Pure LC Total Nucleic Acid Isolation Kit
(Roche, Mannheim, Baden-Württemberg, Germany). Pan-
adenovirus real-time PCR was performed using the Light-
Cycler (Roche, Mannheim, Baden-Württemberg, Germany)
with adenovirus-specific primers, 50-GCCACGGTGGGGTTTC-
TAAACTT-30 (Adenoquant 1, AQ1) and 50-GCCCCAGTGGTCT-
TACATGCACATC-30 (Adenoquant 2, AQ2). The PCR probe was
FAM 50-TGCACCAGACCCGGGCTCAGGTACTCCGA-30 TAMRA
(Adenoprobe, AP), and was labelled on the ends with FAM
and TAMRA as a fluorescent dye and a fluorescence quencher
dye, respectively.1,13

(3) Molecular typing of adenovirus

Studies have demonstrated that a partial nucleotide
sequence of the conserved region of the hexon gene can be
used to differentiate different HAdV types.14e16 Therefore,
we performed nested PCRs using primers targeting the 30

end of the conserved region of the hexon gene for the
molecular typing of HAdV.1,9 The first PCR was carried out
using 3 mL of extracted HAdV DNA from clinical samples.
The PCR primers were 50-TACAACATYGGCTACCAGGG-30

(positions 21,205 to 21,224) and 50-GAGAASGGBGTRCG-
SAGGTA-30 (positions 21,722 to 21,703). The nested PCR was
then performed with the primers of 50-AACTTCCAGCCYAT-
GAG-30 (positions 21,274 to 21,290) and 50-GGRTCCACCT-
CRAARGTC-30 (positions 21,611 to 21,594). The positions of
the PCR primers were numbered according to the complete
genome of a HAdV-2 reference strain (GenBank accession
number J01917). The HAdV-positive PCR products were
purified by gel extraction and then sequenced using a Big-
Dye Terminator Ready Reaction Cycle Sequencing Kit
(Applied Biosystems, Foster City, CA, USA) and an auto-
mated sequencer ABI 3730 (Applied Biosystems, Foster City,
CA, USA). We compared the obtained sequences with the
reference sequences of HAdV in GenBank by using the
BLAST. The HAdV types could be determined if there was a
sequence identity of �90%.

(4) Phylogenetic study

We constructed a phylogenetic tree based on the
nucleotide sequences of the hexon gene of HAdVs. These
included 12 different strains (two representative strains of
each type) in the study, as well as previous strains isolated
in Taiwan and other countries. GenBank accession numbers
for the partial nucleotide sequences of the hexon gene
generated in this study are MH133244 to MH133255. The
phylogenetic tree was built using the neighbor-joining
method by the MEGA program 4.0 (Sudhir Kumar, Arizona
State University). The reliability of the tree was assessed by
500 bootstrap replicates.
Statistical methods

The Pearson’s c2 or Fisher exact test was used to compare
categorical variables, and the Student’s t-test or one-way
analysis of variance with Bonferroni-corrected pairwise
comparisons for continuous variables. We also carried out
multivariate logistic-regression analysis to identify vari-
ables that were independently related to the probability of
hospitalization for HAdV infection. A p value < 0.05 was
considered significant. All statistical analyses were two-
tailed and performed with SPSS software, version 25 (IBM
Corp., Armonk, NY, USA).
Results

Case number, species and types of adenovirus
infection

Overall, a total of 531 cases of HAdV infection were identi-
fied during the study period. The numbers and percentages
of different HAdV species and types are summarized in
Table 1. No instances of co-infection with different HAdV
types were noted in the study, as well as repeated HAdV
infections. However, there were two HAdV-C isolates indis-
tinguishable between HAdV-2 and HAdV-6, so we sought to
differentiate them by the partial nucleotide sequences of
the fiber gene.17 The PCR primers were 50-TTGTTGCA-
GATGAAACGCGC-30 (positions 31,021 to 31,040) and 50-
GTTTGGAGTCTTGCACGGT-30 (positions 31,453e31,435). The
positions of the PCR primers were numbered according to
the complete genome of an HAdV-2 reference strain (Gen-
Bank accession number J01917). This method successfully
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differentiated the two HAdV-C isolates; both of them were
classified as HAdV-2.

Of these HAdV infections, 526 (99.1%) were identified by
viral culture alone, 3 (0.6%) were identified by PCR only,
and 2 (0.4%) were identified by both culture and PCR. All of
the HAdVs were identified from throat swabs. HAdV-E
(HAdV-4) were also isolated from nasopharyngeal and
rectal swabs in three patients with suspected Kawasaki
disease, while conjunctival swabs from these patients gave
negative results. Only one patient had confirmed Kawasaki
disease and was treated with intravenous immune globulin
and aspirin. (Throat, nasopharyngeal, conjunctival and
rectal swabs were collected for virus isolation in patients
with suspected Kawasaki disease due to a clinical study.)
One HAdV-B (HAdV-3) was also isolated from a rectal swab
of a patient with acute gastroenteritis and bronchopneu-
monia; stool bacterial cultures and rotavirus antigen
detection were both negative.
Demographic and clinical features

The demographic and clinical features among cases of
infection with different HAdV species are shown in Table 2.
The age of all patients with HAdV infection ranged from 0.1
years to 18.4 years, with a median age of 4.6 years. The
majority of patients (59%) were under five years of age. It
was further found that the mean age of patients infected
Table 2 The demographic and clinical features among patients

Variable HAdV-Ba (n Z 387)

Age
Mean � SD 4.8 � 2.5
Median (range) 4.6 (0.1e16.0)

Male/Female (ratio) 209/178 (1.2)
Diagnosis, n (%)
URI 339 (88)

Complicated URI 87 (23)
Sinusitis 42 (11)
Acute otitis media 52 (13)

LRI 92 (24)
Bronchitis/Bronchiolitisd 28 (7)
BPN/Pneumoniae 64 (17)

Acute gastroenteritis 23 (6)
Convulsions/Jerks 6 (2)

Co-infection with, n (%)
Mycoplasma pneumoniae 3 (1)
Streptococcus pneumoniaef 2 (1)
Other viruses 13 (3)

Complication, n (%) 159 (41)
Hospitalization, n (%) 105 (27)

a All HAdV-B were HAdV-3.
b HAdV-C included 20 cases of HAdV-1, 38 cases of HAdV-2, 8 cases
c All HAdV-E were HAdV-4.
d Including two cases of croup and one case of clinically suspected
e One case of pneumonia was complicated by empyema.
f One patient had empyema with positive S. pneumoniae antigen te

otitis media with isolation of S. pneumoniae from the ear discharge;
moniae antigen in urine.
BPNZ bronchopneumonia; HAdVZ human adenovirus; LRIZ lower re
with HAdV-E (HAdV-4) was 1.5 years older than that of pa-
tients infected with HAdV-B (HAdV-3) (95% CI, 1.2 to 1.8;
p < 0.001). This latter group was itself 1.8 years older than
that of patients with HAdV-C infection (95% CI, 1.5 to 2.2;
p < 0.001). Analyzing the data in terms of different HAdV
types, however, we found that there was no significant
difference between the mean ages of patients infected
with different types of HAdV-C.

In terms of clinical manifestations, almost all patients
(99%) presented with fever. The average duration of the
fever was 4.7 days (range 1e10 days). Most cases (89%) were
diagnosed with URI, approximately one fourth of which
were complicated by acute otitis media and/or acute
sinusitis. Furthermore, 21% of the total patients had LRI.
Relatively few patients had a diagnosis of acute gastroen-
teritis or convulsions/jerks; each only accounted for 5.5%
and 1.7% of the total, respectively. In addition, patients
with HAdV-B (HAdV-3) infection were associated with a
lower incidence of co-infection with other viruses than
patients with HAdV-C (HAdV-1, 2, 5) or HAdV-E (HAdV-4)
infection (p < 0.005 for all pairwise comparisons). However,
the pairwise comparison did not reveal a significant differ-
ence between HAdV-3 and HAdV-6 infections in the inci-
dence of viral co-infection. The most common co-infecting
virus was influenza virus (74%), followed by parainfluenza
virus type 3 (8%) and respiratory syncytial virus (8%).

There were 203 (38%) patients developing complica-
tions. Patients infected with HAdV-B (HAdV-3) seemed more
infected with different adenovirus species.

HAdV-Cb (n Z 73) HAdV-Ec (n Z 71) p value

3.1 � 2.9 6.9 � 3.3 <0.001
2.4 (0.4e18.4) 6.3 (1.4e15.6)
44/29 (1.5) 37/34 (1.1) 0.554

66 (90) 66 (93) 0.374
9 (12) 16 (23) 0.142
5 (7) 11 (16) 0.250
4 (6) 5 (7) 0.067
12 (16) 10 (14) 0.100
5 (7) 4 (6) 0.887
7 (10) 6 (9) 0.090
2 (3) 4 (6) 0.639
3 (4) 0 0.144

1 (1) 0 0.719
1 (1) 0 0.614
16 (22) 10 (14) <0.001
20 (27) 24 (34) 0.062
23 (32) 21 (30) 0.713

of HAdV-5, and 7 cases of HAdV-6.

bacterial tracheitis.

sts of urine and pleural fluid; one patient had acute suppurative
and one patient had pneumonia with the detection of S. pneu-

spiratory tract infection; URIZ upper respiratory tract infection.
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liable to have complications (p Z 0.06). Sinusitis, acute
otitis media and bronchopneumonia were the most common
complications, each of which was diagnosed in 11%, 11%
and 9% of the total patients, respectively. One particular
case among those with complications was a five-year-old
boy who presented to the emergency department with
fever and abdominal pain. Intussusception was diagnosed
and he underwent laparoscopic reduction. HAdV-B (HAdV-3)
was later isolated from the throat swab. Because of this,
intussusception was regarded in this study as a possible
complication of HAdV infection, although we could not
ensure a causal relationship. No patients died of HAdV
infection during the course of our study.

Comparison between inpatients and outpatients

Patients infected with different HAdV species or types had
similar rates of hospitalization (p Z 0.73 and 0.28,
respectively). Table 3 shows the comparison of HAdV
infection between hospitalized patients and outpatients.
The majority (72%) of patients with HAdV infection were
outpatients. Outpatients had a significantly higher proba-
bility of being diagnosed with URI, with a total of 97% of
outpatients presenting this condition. In contrast, hospi-
talized patients were more likely to be diagnosed with LRI.
Acute gastroenteritis, convulsions, jerks and complications
Table 3 Comparison of clinical features between hospitalized p

Variable Outpatients (n Z

Age in year
Mean � SD 5.3 � 2.8
Median (range) 4.9 (0.5e18.4)

Male/Female (ratio) 205/177 (1.2)
Prematurity, n (%) 1 (<1)
Body weight, n (%)

<3rd percentile 9 (2)
>97th percentile 30 (8)

Underlying diseases, n (%) 124 (33)
Cardiovascular system 11 (3)
Developmental delay 4 (1)
Malignancy 2 (1)
Neurology system 1 (<1)
Allergic rhinitis 65 (17)
Asthma 63 (17)

Diagnosis, n (%)
URI 370 (97)
Complicated URI 76 (20)
Sinusitis 42 (11)
Acute otitis media 40 (11)

LRI 47 (12)
Bronchitis/Bronchiolitisa 28 (7)
BPN/Pneumoniab 19 (5)

Acute gastroenteritis 14 (4)
Convulsions/Jerks 3 (1)

Complication, n (%) 112 (29)
Secondary bacterial infection, n (%) 0

a Including two cases of croup and one case of clinically suspected
b One case of pneumonia was complicated by empyema.

BPN Z bronchopneumonia; LRI Z lower respiratory tract infection; U
all occurred more frequently in inpatients. Among in-
patients, the average duration of their hospital stay was 5.6
days (with a range of 1e84 days). The mean age of in-
patients were 1.5 years younger than that of outpatients
(95% CI, 1.3 to 1.8; p < 0.001).

In a multivariate logistic-regression model, the most
crucial risk factors for hospitalization were: underlying
neurological abnormalities, prematurity and the diagnosis
of pneumonia (Table 4). Seizure disorders represented 92%
of underlying neurological diseases, followed by cerebral
palsy (31%). Twelve hospitalized patients were born pre-
maturely with an average of 31.4 weeks of gestation (range
26.4e36.3 weeks).

Severe cases requiring intensive care

There were 5 patients (1%) with severe HAdV infection
admitted to the intensive care unit (ICU). Table 5 lists the
detailed diagnoses, HAdV types and clinical information.
The majority (60%) were infected with HAdV-C. Four of the
five (80%) were admitted to the ICU due to respiratory
failure which required mechanical ventilation, and 1 (20%)
was suffered from seizures. All of them had underlying
diseases, chiefly neurological and respiratory diseases.
Among these, one patient was co-infected with M. pneu-
moniae and S. pneumoniae; his disease was complicated by
atients and outpatients.

382) Inpatients (n Z 149) p value

3.8 � 2.7 <0.001
3.3 (0.1e16.0)
85/64 (1.3) 0.482
12 (8) <0.001

21 (14) <0.001
10 (7) 0.654
58 (39) 0.158
9 (6) 0.086
18 (12) <0.001
2 (1) 0.314
12 (8) <0.001
15 (10) 0.044
19 (13) 0.284

101 (68) <0.001
36 (24) 0.279
16 (11) 0.932
21 (14) 0.239
67 (45) <0.001
9 (6) 0.600
58 (39) <0.001
15 (10) 0.004
6 (4) 0.017
91 (61) <0.001
7 (5) <0.001

bacterial tracheitis.

RI Z upper respiratory tract infection.



Table 5 Five cases of severe adenovirus infection.

Age Gender Species (type) Diagnosisa Indicationb Outcome

1 2.79 Male HAdV-B (HAdV-3) 1. Pneumonia
2. Bronchopulmonary dysplasia due to preterm
birth
3. Infantile spasm

Respiratory failure Recovery

2 2.51 Male HAdV-C (HAdV-2) 1. Lobar pneumonia and empyema, co-infected
with Streptococcus pneumoniae and Mycoplasma
pneumoniae, status post VATS decortication
2. Asthma

Respiratory failure Recovery

3 9.52 Male HAdV-C (HAdV-2) 1. Encephalitis with seizure
2. Past history of brain abscess, Streptococcus
intermedius, complicated by Broca’s aphasia

Seizure Recovery

4 2.57 Male HAdV-E (HAdV-4) 1. Pneumonia, co-infected with Pseudomonas
aeruginosa
2. Laryngomalacia, status post supraglottoplasty
3. Developmental delay

Respiratory failure Recovery

5 1.04 Male HAdV-C (HAdV-1) 1. Pneumonia
2. Corneal melting and perforation, right eye,
status post corneoscleral patch grafts
3. Multiple congenital anomalies
4. Infantile spasm
5. Developmental delay

Respiratory failure Recovery

a The diagnoses printed in italics indicate underlying diseases.
b Indication for admission to the intensive care unit.

HAdV Z human adenovirus; VATS Z video-assisted thoracoscopic surgery.

Table 4 Risk factors associated with hospitalization for adenovirus infection in a multivariate logistic-regression model.

Variable Odds ratio 95% CI p value

Age
4 to <19 year Reference
<1 year 7.25 2.82e18.64 <0.001
1 to <2 year 3.46 1.68e7.15 0.001
2 to <3 year 1.09 0.53e2.23 0.821
3 to <4 year 1.53 0.76e3.09 0.233

Body weight
3rd to 97th percentile Reference
<3rd percentile 3.80 1.36e10.64 0.011
>97th percentile 0.76 0.29e1.98 0.573

Prematurity 19.10 2.03e179.38 0.010
Developmental delay 4.56 1.14e18.22 0.032
Malignancy 7.93 1.08e58.29 0.042
Neurological abnormality 24.85 2.72e226.98 0.004
Acute gastroenteritis 4.27 1.79e10.20 0.001
Bronchopneumonia or pneumonia 11.02 5.77e21.07 <0.001

CI: confidence interval.
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empyema requiring video-assisted thoracoscopic surgical
(VATS) decortication.

Phylogenetic study

We selected the nucleotide sequences of the hexon gene of
12 representative HAdV strains (two representative strains
of each type) in the present study, namely, HAdV-1 (Gen-
Bank accession numbers MH133244 and MH133245), HAdV-2
(GenBank accession numbers MH133246 and MH133247),
HAdV-3 (GenBank accession numbers MH133248 and
MH133249), HAdV-4 (GenBank accession numbers MH133250
and MH133251), HAdV-5 (GenBank accession numbers
MH133252 and MH133253) and HAdV-6 (GenBank accession
numbers MH133254 and MH133255). These were aligned and
analyzed with the nucleotide sequences of previous HAdV
strains identified in Taiwan, China, Thailand, Korea, Japan
and the US between 1953 and 2013.
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In the phylogenetic study, we found that the sequences
of HAdV-1, HAdV-3, HAdV-4 and HAdV-5 derived from this
study clustered with the sequences of the same HAdV types
from other studies in Taiwan and other countries, while
exhibiting great similarity to those sequences. The phylo-
genetic tree is shown in Fig. 1.
Discussion

In this study, we reported the molecular epidemiology and
clinical features of adenovirus infection in the outbreak of
2014 in Taiwan. Studies have shown that HAdV-3 circulates
constantly and can cause outbreaks in communities.7,18e21

Therefore, it is not surprising that HAdV-3 represented
73% of the total isolates in our study. This finding is also
similar to that of the study on the 2011 outbreak in Taiwan,
where HAdV3 accounted for 74% of HAdV isolates.11 How-
ever, there is some discrepancy between our results and
the data from the nationwide viral surveillance system of
the Taiwan Centers for Disease Control.10 Its data showed
that both HAdV-3 and HAdV-4 were the most prevalent
types in 2014, each of which accounted for 40% of all HAdV
isolates. The rest (20%) were HAdV-2.10 However, our study
only included patients younger than 19 years and from a
single medical institution, so this may explain the discrep-
ancy and indicate that there are some regional and age
differences in the molecular epidemiology of HAdV
infection.

From the analysis of demographic and clinical data, we
noted that the mean ages of patients infected with
different HAdV species are significantly different. This
finding is comparable to other studies, which reported that
patients with HAdV-B (HAdV-3) infection are significantly
older than those with HAdV-C (HAdV-2) infection.7,22 In
their studies, they did not mention the average age of pa-
tients infected with HAdV-E (HAdV-4); however, we found
that patients with HAdV-E (HAdV-4) infection are the oldest
among the three groups. In addition, we identified that
HAdV-B (HAdV-3) infection may be negatively correlated
with co-infection with other viruses. However, this rela-
tionship still needs further validation since the number of
patients with viral co-infections was relatively low.

Based on the analyses in Table 2, clinicians, including
those practicing in primary care clinics or a resource-
limited setting, can predict the clinical features in cases
where the predominant circulating HAdV species is defined.
Therefore, we would suggest regular nationwide HAdV
surveillance and typing, which is the case in several coun-
tries, such as Taiwan,11,12 Japan23 and the US.24 It can not
only inform clinical decision making but also provide timely
outbreak detection.

When dealing with patients with HAdV infection, special
attention should also be given to identify possible compli-
cations. This is because, as seen, complications are not
uncommon among patients with HAdV infection. For
example, 112 patients (21%) had complicated URI and 114
(21%) had LRI (one complicated by empyema). If patients
with HAdV infection have persistent fever, otalgia, pro-
longed purulent nasal discharge, tachypnea or dyspnea,
they are more likely to develop complications and there-
fore warrant appropriate examination and treatment.
We have also identified some crucial risk factors for
hospitalization (Table 4). Among inpatients requiring
intensive care, underlying systemic diseases play an
important role, especially neurological and respiratory ab-
normalities. Clinical diagnoses of these patients with se-
vere HAdV infection were mainly pneumonia, followed by
encephalitis. The findings are comparable to those of the
study on the HAdV outbreak of 2011.9 In the 2011 outbreak,
it was also observed that severe cases requiring intensive
care were primarily caused by HAdV-7 (49%) and HAdV-3
(42%). The former was seen to lead to more severe in-
fections and a higher mortality rate. In our study, never-
theless, HAdV3 was not seen to cause more severe disease
compared with other HAdV types, except for that it seemed
more likely to have complications (p Z 0.06). There was
only one severe case caused by HAdV-3. Likewise, Lin CH
et al. did not find a higher rate of severe disease in a cluster
of HAdV-3 infection.25 Therefore, the role of HAdV-3 in
causing severe disease is not as decisive as HAdV-7. In
addition, no HAdV-7 was isolated over our study period,
which could explain why there were only five patients (1%)
with severe HAdV infection and all of them fully recovered
in the present study.

The phylogenetic study showed that the partial se-
quences of the hexon genes of HAdV-1, HAdV-3, HAdV-4 and
HAdV-5 generated from this study exhibit great similarity to
the sequences of the same HAdV types from other studies.
It may indicate that this part of the hexon genes of these
four types (HAdV-1, HAdV-3, HAdV-4 and HAdV-5) is stable
and does not show significant variation from that of previ-
ous strains from Taiwan or other countries. We also found
that two HAdV-C isolates were indistinguishable, namely
between HAdV-2 and HAdV-6, by the partial nucleotide
sequence of the hexon gene. Weaver et al. made full
genome comparisons and discovered that HAdV-2 and
HAdV-6 are closely related with 98% homology at the DNA
level.26 Therefore, the sequences of the hexon genes of
HAdV-2 and HAdV-6 are sometimes indistinguishable from
each other. In this case, other parts of the viral genomes,
such as the fiber or penton base genes, should be
sequenced to clarify the HAdV type. In this study, we suc-
ceeded in using the partial nucleotide sequence of the fiber
gene to classify both HAdV-C isolates as HAdV-2. Based on
our experience, although HAdV typing by the sequence of
partial hexon gene is still widely used,27,28 we would sug-
gest considering sequencing both hexon and fiber genes
wherever the resources are available to improve the ac-
curacy of typing.

The study had a large sample size of patients infected
with HAdV and the findings can help clinicians manage HAdV
infection better and improve patient outcome. However,
there were several limitations to this study. Firstly, as the
study was conducted retrospectively, not all the data
needed was readily available. Secondly, because the study
was carried out in a single institution, it is not clear to what
extent the results can be generalized to other regions of
Taiwan (or, indeed, other countries). Thirdly, we cannot
confirm that all of the diagnoses were caused by HAdV. This
is because HAdV may persist as a latent infection and be
detected for a long time after an acute infection.29 Lastly,
our abilities to identify some viruses or bacteria are
restricted. For example, current routine techniques cannot



Figure 1. Phylogenetic dendrogram based on the partial nucleotide sequences of the hexon genes of human adenovirus (HAdV)
strains. It included different HAdV types from the study (marked with C), previous strains from Taiwan in different years (marked
with :), and strains from various countries in different years (country and year indicated in the parenthesis). The numbers at the
nodes are percentages indicating the levels of bootstrap support based on a neighbor-joining analysis of 500 replicates.
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isolate human bocavirus or human metapneumovirus. While
PCRs can be used for this application, they are not routinely
performed. In addition, as we have difficulty determining
the pathogens causing AOM, acute sinusitis or pneumonia,
we can underestimate the incidence of co-infection with
other viruses or bacteria.

In conclusion, this study established the molecular
epidemiology of the 2014 HAdV outbreak in Taiwan, while
demonstrating the correlations between clinical features
and different HAdV species.
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