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Abstract 

Background: HAdV is one of the common pathogens in hospitalized children with acute respiratory infections (ARIs). 
We aim to describe the clinical and laboratory features, epidemiological characteristics, and HAdV species and/or 
types of inpatients with HAdV respiratory infections.

Methods: Respiratory samples were gathered from inpatients diagnosed ARIs in Children’s Hospital, Zhejiang Univer-
sity School of Medicine, and were detected by using Direct Immunofluorescence Assay from 2018 to 2019. PCR ampli-
fication and sequencing of the hypervariable zone of hexon gene were used for genotyping. The clinical and labora-
tory features, and HAdV genotyping, and epidemiological characteristic analysis were retrospectively performed.

Results: Of 7072 samples collected, 488 were identified as HAdV-positive. The overall detection rate was 6.9%. 
The peaked detection rate was 14.1% in January 2019. HAdV-positive cases with ARIs mainly appeared in winter. 
The detection rate was highest among children between 6 months and 2 years (8.7%, 123/1408). Clinical diagnosis 
included pneumonia (70.3%, 343/488), bronchitis (7.0%, 34/488) and acute upper respiratory tract infection (22.7%, 
111/488). The common clinical manifestations were fever (93.4%, 456/488), cough (94.7%, 462/488), wheezing (26.2%, 
128/488), and shortness of breath (14.8%, 72/488). 213 (43.6%) cases had co-infection and 138 (28.3%) cases had 
extrapulmonary symptoms. 96(19.7%) cases had intrapulmonary and intrathoracic complications.78 (16.0%) had an 
underlying condition, most of which were congenital heart diseases (20.5%, 16/78). The proportions of hyperpyrexia, 
duration of fever > 10 days, severe pneumonia, and wheezing in the co-infection group were remarkably higher 
than those in HAdV single-infection group (all p < 0.05). The proportions of duration of hospitalization, duration of 
fever > 10 days, wheezing, shortness of breath, change in level of consciousness, serosal fluids, extrapulmonary symp-
toms, co-infections and underlying diseases were significantly higher in severe pneumonia group than those in the 
mild pneumonia group (all p < 0.05). Four HAdV species were successfully identified in 155 cases and presented by 8 
genotypes. HAdV-B3 (56.1%, 87/155) and HAdV -B7 (31.0%, 48/155) were the most predominant detected types and 
occurred commonly in different severity groups (p = 0.000), while, HAdV-B55 was detected only in the severe group. 
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Introduction
Human adenovirus (HAdV) is one of the most common 
pathogens of acute respiratory infections in children, 
which account for approximately 5–10% of all acute res-
piratory illnesses (ARIs) in children [1–4]. Although 
HAdV infections cause light to moderate ARIs within 
immunocompetent children, a serious condition may 
occur in younger children [5], immunocompromised 
patients, and those with underlying chronic diseases 
which can cause significant morbidity and mortality [6, 
7]. HAdV often causes respiratory adenovirus epidemics 
and outbreaks in different provinces of China [8, 9]. Re-
emergence of HAdV epidemic in central and southern 
China in late 2018 and 2019 [10, 11]. HAdV genotypes 
causing localized outbreaks or epidemics of respiratory 
infections in specific regions may be different or new 
types may emerge, presenting a complex and variable 
molecular epidemiological profile [12].

It is necessary to strengthen surveillance of HAdV and 
observe its epidemic and infection characteristics. In this 
study, we retrospectively analyzed the data on clinical 
and laboratory features, HAdV types and/or species, and 
epidemiological characteristics in hospitalized children 
with acute respiratory infection in Children’s Hospital 
of Zhejiang University School of Medicine from August 
2018 to September 2019 to provide a theoretical basis 
for early and rapid clinical recognition of severe HAdV 
infections.

Materials and methods
Study design, case definition, and identification
From August 2018 to September 2019, samples of the 
nasopharyngeal aspirates (NPAs) or nasal/nasopharyn-
geal swabs (in viral transport media) were collected from 
hospitalized children aged  < 18 years who presented with 
ARIs at Children’s Hospital of Zhejiang University School 
of Medicine, Zhejiang Province, China. We performed 
respiratory virus identification by using D3 UltraTM 
DFA Respiratory Virus Screening & ID Kit (Diagnostic 
Hybrids, Inc., USA), which can detect Respiratory syncy-
tial virus (RSV), human adenovirus, influenza A viruses 
(Flu A), and influenza B viruses (Flu B), and parainflu-
enza 1, 2, and 3 viruses.

All nasopharyngeal aspirates (NPAs) or nasopharyn-
geal swabs samples were collected within 24 hours after 
admission. The specimens were divided into two parts 
and preserved in standard transport media. Antigen test-
ing for specimens was performed based on the instruc-
tion of the manufacturer within 2 hours after collection. 
All the samples were stored immediately in a tube con-
taining 1.5 ml of viral transport medium at -80℃ for fur-
ther analysis. Meanwhile, bronchial alveolar lavage fluids 
(BALF), pleural effusion (PE) (if available), and blood 
from HAdV-positive patients during hospital stay were 
used to identify other pathogens (Mycoplasma pneumo-
niae, Epstein-Barr virus, etc.) by PCR amplification.

Patient age was defined according to the date of hospi-
talization. All participants must satisfy the inclusion cri-
teria as follows:

1. Aged < 18 years old and > 28 days,
2. Disease course on admission ≤ 1 week
3. Confirmed ARIs with fever at initial presentation, 

cough, nasal obstruction, expectoration, sneeze, 
dyspnea, tachypnea, dyspnea, or wheeling/rales upon 
auscultation.

4. HAdV positive in the testing of NPAs or nasopharyn-
geal swabs samples through direct immunofluores-
cence assay.

5. Provision of informed consent

The exclusion criteria were:

1. Acquired respiratory infection in hospital
2. Died or discharged within 48 h after admission
3. Children with immunodeficiency including neuro-

logical diseases, inherited metabolic diseases, asple-
nia, cerebral palsy, and/or complex- conditions.

4. Cases with substantial missing data.
5. Non-ARIs indication for hospitalization
6. Had two or more HAdV-positive respiratory speci-

mens during the study period

Data collection
Patient general demographics (including age, sex, and 
sample collection time), social, clinical characteristics, 

HAdV-B7’s detection rate in the severe pneumonia group was significantly higher than the non-severe pneumonia 
group.

Conclusion: HAdV detection rate is related to age and season. Bronchopneumonia accounts for about 70% HAdV-
positive inpatients. The common clinical manifestations include hyperpyrexia, cough, wheezing, and shortness of 
breath. HAdV-B3 and HAdV-B7 are the most common types in children diagnosed with respiration infections.
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laboratory results, radiological findings, and disease 
severity of HAdV positive respiratory infection children 
admitted to our hospital were collected from the medi-
cal records after the patients’ discharge from the hospital. 
All the data were entered into a standard electronic data-
base. Underlying medical diseases included congenital or 
acquired heart disease, asthma, epilepsy, liver, and gas-
trointestinal diseases, kidney disease, diabetes, or other 
endocrine diseases.

Definition of clinical severity
A total of 343 patients with pneumonia were divided into 
a non-severe pneumonia group and a severe pneumo-
nia group according to illness condition. Children and 
infants who have severe pneumonia, as defined by sev-
eral factors, including respiratory distress and hypoxemia 
according to the American Thoracic Society’s guideline 
for the management of community-acquired pneumonia 
[13].

Detection of HAdV and molecular genotyping
Viral nucleic acids were extracted from specimens of the 
HAdV-positive NPAs or swabs using QIAamp MinElute 
Virus Spin Kit (QIAGEN, German) based on instructions 
of the manufacturer. Nested-PCR amplification of cod-
ing sequences of adenovirus hexon hypervariable regions 
HVR1 to HVR6 was performed for determining HAdV 
genotyping [14]. The outer primer used for nested-PCR 
were forward 5′-GAT GCC GCA GTG GKCKTAC ATG -3′ 
and reverse5′-GCT TAC AAYTCNCTSGCT-3′, and the 
internal primers were forward 5′-GAC GCY TCG GAG 
TAC CTG AG-3′and reverse 5′-GGC YAG CACNTAC 
TTT GAC ATY CG-3′. Nested-PCR was carried out in 25 
μL volume comprising 2.5 μL of 10 × EX Taq buffer with 
0.6 µL/25 mM  MgCl2, 1.0 μL (10 pM) of each primer, 2.0 
μL of dNTP Mixture, 0.5 μL of EX Taq DNA polymerase, 
2.0 μL of viral nucleic acid extract or first nested-PCR 
product, and 16 μL of double-distilled water. The reac-
tion conditions for both round comprised an initial dena-
turation step at 94 °C for 10 min, followed by 36 cycles 
of denaturation at 94 °C for 1 min, annealing at 55 °C 
for 1 min, and extension at 72 °C for 2 min, and a 7 min 
final extension at 72 °C. PCR reaction mixtures were ana-
lyzed on 1.0% agarose gels, purified, and were visualized 
under UV light with ethidium bromide containing 0.5 µg/
mL(Sigma, ABD), and then confirmed as authentic by 
sequencing. Samples that failed to amplify are defined as 
untyped. Expected product size of amplifications from 
PCR ranged from 588 to 821 bp. Positive HAdV amplifi-
cation products were sent to Beijing Genomics Institute 
(BGI) for Sanger sequencing of hypervariable regions 
of hexon gene. Sequenced results were compared with 

GenBank database of U.S. National Center for Biotecnol-
ogy (NCBI).

HAdV-positive patients were divided into 3 major 
groups (severe pneumonia group, non-severe pneumonia 
group, and acute upper respiratory tract infection group) 
according to clinical manifestations, and patients in each 
group were randomly numbered. Three sets of random 
numbers were generated using an online random number 
generator in accordance with established proportions, 
patients were randomly sampled from each of the three 
groups of patients for genotype testing.

Statistical analysis
The results were analyzed utilizing SPSS software (ver-
sion 19.0). Continuous data were expressed by means and 
standard deviations (SDs) for normal distribution, and 
median (Q1, Q3) for non-normal distribution, Kruskal–
Wallis H test was used to analyze statistical difference 
which P value was set at less than 0.05 with statistical sig-
nificance. Categorical data were expressed in frequency 
and percentage, chi-square test and Fisher’s exact test 
were used to analyze the statistical difference, Bonferroni 
chi-square segmentation was performed to compare the 
intergroup rates, which corrected P value was set at less 
than 0.007 with statistical significance.

Results
Characteristics of inpatient children and HAdV detection
In this study, a total 7072 specimens were tested by DFA 
from hospitalized children with ARIs in our hospital; 
of which, 488 were detected HAdV positive (Fig.  1). 36 
specimens were missing, and 14 specimens’ volume was 
insufficient for genotype testing, and 16 cases had two or 
more HAdV-positive respiratory specimens. 162 (38.4%) 
specimens were eventually sampled by random number 
generation software for genotyping analysis (Fig. 1).

The overall HAdV detection rate was 6.90%, includ-
ing 305 males (62.5%) and 183 females (37.5%), with a 
sex ratio of 1.68:1. The positive detection rate was 7.04% 
(305/4330) and 6.7% (183/2742) for male and female sub-
jects respectively, with no significant gender difference 
observed (χ2 = 0.358, p = 0.550). The median age of onset 
for 488 HAdV-positive children was 43 months (39 d-12 
years). The age distribution of HAdV prevalence was: < 
6 months (6, 1.2%), 6 months to < 2 years (123, 25.2%), 2 
years to < 5 years (270, 55.3%) and ≥ 5 years (89, 18.2%). 
The detection rates for each group were 3.0% (6/197), 
8.7% (123/1408), 7.7% (270/3519) and 4.6% (89/1948) 
respectively. The rate of HAdV detection was higher in 
the 6 months to <2 years group than in the <6 months 
and ≥ 5 years groups, with statistically significant dif-
ferences (χ2=7.57, 23.98, all P <0.007), the rate of HAdV 
detection was higher in the 2 to 5 years group than in 
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the < 6 months group and ≥ 5 years groups (χ2 = 5.809, 
19.688, all P < 0.007)

The rate of HAdV detection in hospitalized chil-
dren in spring, summer, autumn and winter was 4.7% 
(133/2,831), 3.9% (39/990), 5.5% (78/1,411) and 12.9% 
(238/1,840). The number of detections peaked in 

winter, with statistically significant differences com-
pared to the detection rates in spring, summer, and 
autumn (χ2 = 103.477, 58.986, 49.926, all P < 0.007). 
The detection rate of HAdV in hospitalized children by 
month from September 2018 to August 2019 is shown 
in Fig.  2A, with the highest detection rate of 14.1% in 
January 2019.

Fig. 1 Study inclusion algorithm and result of respiratory specimens testing. Abbreviation: DFA, direct immunofluorescence assay; HAdV, human 
adenovirus. ★Two or more respiratory specimens were tested by DFA from one patients during study period. ▲Using an online random number 
generator to generate random numbers for adenovirus genotyping
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Clinical diagnosis and clinical characteristics 
of the HAdV‑positive inpatients
As Table  1 shows, of the 488 HAdV-positive children, 
111 (22.7%) had an upper respiratory infection, 34 (7.0%) 
had bronchitis and 343 (70.3%) had pneumonia, of 
which 86 (86/343, 25.0%) had severe pneumonia. Fever 
(456, 93.4%) and cough (462, 94.7%) are the most com-
mon symptoms in the HAdV-positive patients, while the 
other clinical presentations were wheezing (128, 26.2%), 

shortness of breath (72, 14.8%), and extrapulmonary 
symptoms (Table  1). The extrapulmonary symptoms 
included hepatic dysfunction, cardiac dysfunction, coag-
ulation abnormalities, toxic encephalopathy. Hyperpy-
rexia (≥39℃) accounts for 93.9% (439 cases). The length 
of fever time ranged from 5 to 17 days and the median 
fever time was 8.5 days. A total of 16% (78 cases) of the 
children had an underlying condition (with congenital 
heart diseases, and surgical diseases the most common 
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condition). The stay of hospital ranged from 1 to 41 days, 
the median stay of hospital was 5.6 days (3–7 days). 55 
children (11.3%) required intensive care, and 2 (0.4%) 
died (Table 1).

Complications of the HAdV‑positive inpatients
Of the 488 HAdV-positive children with ATIs, 40 cases 
presented acute respiratory insufficiency, of which, 21 
cases with acute respiratory failure. 138 cases occurred 
extrapulmonary symptoms (including hepatic injury 
(6.4%, 31/488); marrow suppression (5.3%, 26/488); 
myocardial injury (3.5%, 17/488) and 2 cases with laryn-
gemphraxis, cerebral infarction, and coagulation abnor-
malities respectively (Table  2). 368 cases had taken 
imageological examination (such as chest radiography, 
chest CT scan, and ultrasound). Intrapulmonary compli-
cations and intrathoracic complications were displayed in 
Table 2.

Coinfection with other respiratory viruses
Of 488 inpatients, 275 (56.4%) had HAdV single infec-
tion, and 213(43.6%) comprised co-infection with other 
respiratory pathogens (including 191(89.7%, 191/213) 
with one other pathogen, 22 (10.3%, 22/213) with two 
other pathogens). Influenza virus (24.4%, 52/213), parain-
fluenza virus (18.8%, 40/213), human respiratory syncyt-
ial virus (13.6%, 29/213) were the most three frequently 
identified viruses in co-infected cases. The proportions 
of fever, hyperpyrexia, duration of fever >10 days, severe 
pneumonia, and wheezing in the co-infection group were 
remarkably higher than those in HAdV single-infection 
group (all p < 0.05) and the stay of the hospital in the co-
infection group was longer than HAdV single infection 
group (Z = − 8.805, p = 0.000) (Table 3). There was no 
significant difference between the single-infection group 
and the co-infection group in every age group (χ2=1.497, 
p=0.683).

Table 1 Clinical features of HAdV-positive respiratory infection in hospitalized children

WBC, white blood count; CRP, C-reaction protein; PCT, procalcitonin; congenital heart disease, including atrial septal defect, ventricular septal defect, patent ductus 
arteriosus, aortic and tricuspid valve disease; surgical diseases, including crissum abscess, hiatal hernia, indirect inguinal hernia, congenital esophageal atresia, 
hydrocephalus, hemangioma, Scoliosis, chonechondrosternon, cholecystolithiasis

Variables Clinical characteristics Number of HAdV‑
positive children, 
n (%)

Clinical manifestation Fever 456 (93.4)

Hyperpyrexia (≥ 39 ℃) 439 (90.0)

Duration of fever between 7 and 10 days 277 (56.8)

Duration of fever > 10 days 96 (19.7)

Cough 462 (94.7)

Wheezing 128 (26.2)

Somnolence 87 (17.8)

Shortness of breath 72 (14.8)

Pertussoid 9 (1.8)

Vomiting and diarrhea 37 (7.6)

Convulsion and altered mental status 31 (6.4)

Bulbar conjunctival congestion 13 (2.7)

Urinary irritation symptoms 4 (0.8)

Laboratory test High WBC count 28 (5.7)

Decreased WBC count 11 (2.3)

High CRP (> 8 mg/L) 40 (8.2)

High PCT (> 0.5 ng/ml) 11 (2.3)

Underlying diseases Congenital heart diseases 16 (3.3)

Surgical diseases 13 (2.7)

Malnutrition 12 (2.5)

Arrhythmia 10 (2.1)

Epilepsy 5 (1.0)

Asthma 3 (0.6)

Sequelae Bronchiectasia 3 (0.6)

Bronchiolitis obliterans 3 (0.6)
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Comparison between severe and non‑severe pneumonia
The proportions of duration of hospitalization, duration 
of fever >10 days, wheezing, shortness of breath, change 
in level of consciousness, serosal fluids, extrapulmonary 
symptoms, co-infections and underlying diseases were 
significantly higher in severe pneumonia group than 
those in the mild pneumonia group (all p < 0.05). The 
proportion of children with severe pneumonia in the ≥ 
6 months to < 2 years group was higher than that in the 
≥ 2 to < 5 years and ≥ 5 years groups (p < 0.05) (Table 4).

HAdV species and type distribution
In the study period, 162 HAdV-positive samples were 
randomly selected for hexon gene amplification and 
Sanger sequencing, and the specimens were subjected 
to further molecular typing. 155 (95.7%) were success-
fully confirmed for the HAdV genotypes. They included 
species B (140, 90.3%), species C (7, 4.5%), species E (6, 
3.9%3), species D (2, 1.3%). Species B was the most com-
mon genotype, followed by Species C, Species D, and 
Species E. HAdV-B3 and HAdV-B7 were the most pre-
dominant detect genotypes. The distribution of HAdV 
genotypes of enrolled inpatient with ARIs was shown 
in Fig. 2B. In addition, HAdV-B3 caused febrile respira-
tory infection in all age groups. The distribution of HAdV 
genotypes among different age groups of inpatients 
with ARIs was shown in Table  5. The HAdV genotype 

Table 2 Complication of HAdV-positive respiratory infection in children

Variables Complications Number of HAdV‑
positive children, 
n (%)

Intrapulmonary and intrathoracic complications Pulmonary consolidation 108 (29.3)

Pulmonary emphysema 86 (23.4)

Pulmonary atelectasis 56 (15.2)

Serous effusion 57 (15.4)

Pleural effusion 56 (15.2)

Acute respiratory insufficiency 40 (8.2)

Respiratory failure 21 (4.3)

Pericardial effusion 8 (2.17)

Necrotizing pneumonia 1 (0.2)

Extrapulmonary symptoms Hepatic injury 31 (6.4)

Marrow suppression 26 (5.3)

Myocardial injury 17 (3.5)

Coagulation abnormalities 2 (0.4)

Cerebral infarction 2 (0.4)

Laryngemphraxis 2 (0.4)

Ascitic fluid 2 (0.4)

Pelvic effusion 2 (0.4)

Hemophagocytic syndrome 1 (0.2)

Table 3 Comparison of clinical characteristics of children with 
HAdV co-infection and single infection [n (%)]

M, median; Q1, first quartile; Q3, third quartile; WBC, white blood count; CRP, 
C-reaction protein

Characteristics Single‑infection
(n = 275)

Co‑infection
(n = 213)

χ2/z P value

Age (years) 1.497 0.683

 < 0.5 4 (1.5) 2 (0.9)

 ≥ 0.5 to 2 73 (26.5) 50 (23.5)

 ≥ 2 to 5 152 (55.3) 118 (55.4)

 ≥ 5 46 (16.7) 43 (20.2)

Gender (male) 175 (63.6) 130 (61.0) 0.347 0.556

Duration of 
hospitalization [M 
(Q1, Q3)]

4.0 (3.0,5.0) 6 (4.0,9.0) − 8.805 0.000

Fever 247 (89.8) 209 (98.1) 13.508 0.000

Hyperpyrexia 
(≥ 39 ℃)

236 (85.8) 203 (95.3) 11.960 0.001

Duration of 
fever > 10d

43 (15.6) 53 (24.9) 6.494 0.011

Wheezing 31 (11.3) 97 (45.5) 72.841 0.000

Underlying 
diseases

37 (13.5) 41 (19.2) 3.001 0.083

Severe pneu-
monia

23 (8.4) 63 (29.6) 37.209 0.000

High WBC count 12 (40.0) 16 (30.2) 0.825 0.364

High CRP 
(> 8 mg/L)

13 (43.3) 27 (50.9) 0.444 0.505
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distribution in different severity groups showed that 
HAdV-B3 occurred commonly among three groups, of 
which, HAdV-B55 occurred only in the severe pneumo-
nia group (Table 6). Two cases of HADV-B55 died in this 
study. In our study, HAdV-B7 presented only in patients 
with pneumonia, of which, the HAdV-B7 detection rate 
in the severe pneumonia group was significantly higher 
than the non-severe pneumonia group (χ2 = 95.857, 
p = 0.000).

Discussion
HAdV was known as the most frequent cause of ARIs 
in children which is a highly contagious pathogen. It is 
reported that the detection rate of HAdV infection var-
ied in different months, seasons, ages and regions, and 

circulated all year round, with epidemic outbreaks and 
clusters of severe cases occurring in individual regions 
[2, 15, 16]. Some HAdV types are common causes of 
severe respiratory tract infections in children. The 
majority of adenovirus respiratory infections are light 
to moderate and self-limited; however, sometimes they 
may cause life-threatening conditions, comorbidities, 
and serious sequelae [17–19]. The prognosis of severe 
HAdV infection in pediatric patients is poor, and many 
sequelae may be left, such as, bronchiectasis, intersti-
tial fibrosis, etc., which can be life-threatening in severe 
cases [2, 20]. Edmond et  al. [17] reported that asso-
ciation between adenovirus infection and higher risk 
(54.8% [39.2–70.5%]) for long-term sequelae compared 

Table 4 Comparison of clinical characteristics of HAdV-positive children with severe and non-severe pneumonia [n (%)]

Characteristics Severe cases
(n = 86)

Non‑severe cases
(n = 257)

χ2/z P value

Age (years) 10.077 0.018

 < 0.5 2 (2.4) 2 (0.8)

 ≥ 0.5 to 2 31 (36.0) 54 (21.0)

 ≥ 2 to 5 38 (44.2) 154 (59.9)

 ≥ 5 15 (17.4) 47 (18.3)

Gender (male) 47 (54.7) 167 (65.0) 2.930 0.087

Duration of hospitalization [M (Q1,Q3)] 8 (6.0,11.0) 4 (3.0,6.0) − 9.182 0.000

Fever 86 (100.0) 253 (98.4) 1.354 0.245

Hyperpyrexia (≥ 39℃) 79 (91.9) 250 (97.3) 4.828 0.060

Duration of Fever > 10 days 35 (40.7) 40 (15.6) 23.825 0.000

Wheezing 56 (65.1) 61 (23.7) 49.094 0.000

Shortness of breath 54 (62.8) 11(4.3) 143.627 0.000

Change in level of consciousness 66 (76.7) 4 (1.6) 219.659 0.000

Serosal fluids 39 (45.3) 13 (5.1) 81.327 0.000

Extrapulmonary symptoms 30 (34.9) 51 (19.8) 8.080 0.004

Co-infection 63 (73.3) 114 (44.4) 21.546 0.000

Underlying diseases 24 (27.9) 33 (12.8) 10.556 0.001

Table 5 HAdV genotype distribution of inpatient with ARIs in 
different age group [n (%)]

NA, not applicable

 < 6 months 6 months–2 years 2–5 years  ≥ 5 years

HAdV-B3 5 (3.2) 45 (29.0) 24 (15.5) 13 (8.4)

HAdV-B7 NA 30 (19.4) 14 (9.0) 4 (2.6)

HAdV-B55 NA 4 (2.6) NA NA

HAdV-B21 NA 1 (0.6) NA NA

HAdV-C2 NA 3 (1.9) 2 (1.3) NA

HAdV-C5 NA 1 (0.6) 1 (0.6) NA

HAdV-D53 NA 2 (1.3) NA NA

HAdV-E4 NA 4 (2.6) 2 (1.3) NA

Table 6 Distribution of HAdV genotypes in different severity 
groups among ARIs inpatients [n (%)]

NA, not applicable

Severe pneumonia Non‑severe 
pneumonia

Non‑pneumonia

HAdV-B3 16 (10.3) 60 (38.7) 11 (7.1)

HAdV-B7 33 (21.3) 15 (9.7) NA

HAdV-B55 4 (2.6) NA NA

HAdV-B21 NA 1 (0.6) NA

HAdV-C2 2 (1.3) 1 (0.6) 2 (1.3)

HAdV-C5 1 (0.6) 1 (0.6) NA

HAdV-D53 NA 2 (1.3) NA

HAdV-E4 1 (0.6) 3 (1.9) 2 (1.3)
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to other causes of pneumonia in a meta-analysis of 
pneumonia in children younger than 5 years.

The present study retrospectively analyzed the epi-
demiology, clinical features, and genotype of 488 hos-
pitalized children with adenovirus positive for acute 
respiratory tract infection in our hospital from Septem-
ber 2018 to August 2019. The overall detection rate of 
6.9% of HAdV in hospitalized children with ARIs dur-
ing the study period was generally consistent with our 
and other countries’ detection results [21, 22].Our study 
showed the peak detection rate of HAdV in children was 
in aged 6 months and < 2 years and suggesting that young 
children may be sensitive to HAdV in particular, which 
was consistent with that reported in multiple centers 
of China [23]. We noted that more than 80% of HAdV-
positive ARIs were between the ages of 6 months and less 
than 5 years which was consistent with other studies [24, 
25]. Due to the protection of maternal antibodies, the 
detection rate was only 1.2% in HAdV-positive cases less 
than 6 months. Pereira et al. [26] reported that children 
over 5 years old may have strong immunity to adenovirus 
infection. These results were consistent with Guangzhou 
reports in 2012 [27].

The clinical presentation of HAdV-positive ARIs is 
associated with age, genotype, and host immune func-
tion status. Previous studies have shown that age < 5 
years, underlying diseases, immunocompromised status 
were more likely to be infected and developed severe 
HAdV-positive infection [28]. We noted that fever and 
coughwere the most frequent symptoms observed in 
HAdV-positive hospitalized cases with ARIs, and the 
majority of children were less than 5 years old which is 
similar to the Italian study [29]. Our study showed that 
more than 70% of HAdV-positive hospitalized ARIs were 
diagnosed with pneumonia, and nearly one quarter of 
HAdV-positive pneumonia patients progressed to severe 
disease. Wheezing and shortness of breath was more fre-
quent in the severe group. Patients with severe HAdV 
infections have prolonged fever and required longer hos-
pitalization which was consistent with Wuhan report 
[30]. It is different in severity in HAdV infection under 
the age, environmental status, and immunological status 
of the patient. Clinician can’t distinguish HAdV-positive 
ARIs from other pathogens infections (such as Myco-
plasma pneumoniae, Influenza, etc.) because the clinical 
presentation seemed to be alike.

Many studies have reported co-infections with other 
respiratory pathogens [3, 31]. This study suggests that 
more than 40% of patients with HAdV-positive ARIs 
have mixed infections. The co-infection rate of adenovi-
rus infection in Taiwan was 19% from 2002 to 2011 [32], 
and it was as high as 64% in Guanzhou [27]. Co-infection 
rates in pediatric patients with HAdV-positive ARIs are 

associated with geographic regions and different detec-
tion methods. When comparing the clinical data of chil-
dren with co-infection and single with HAdV infection, 
the proportion of children with fever, fever duration >10 
days, severe pneumonia and wheezing and days of hos-
pitalization were higher in the mixed infection group 
than in the single infection group. Therefore, pediatric 
clinicians should be alert to the concurrent co-infection 
of HAdV with other pathogens, leading to aggravation, 
prolongation of the disease course, and more difficult 
treatment.

According to previous studies, HAdV- B (3, 7, 21), 
HAdV-C (1, 2, 5, 6) and HAdV-E4 were the most frequent 
HAdV species which caused ARIs in children worldwide. 
HAdV-3 and HAdV-7 were the most frequent geno-
types in China [33]. HAdV-7 is closely related to severe 
pneumonia and high mortality compared with other 
genotypes in infants and children [34]. Although patients 
from every age group may be susceptible to HAdV infec-
tions, more cases of HAdV infections were observed 
among less than 4 years old children in this study. In this 
study, HAdV-B was the most commonly identified geno-
type compared with other HAdV types, suggesting that 
young children with ARIs may be particularly suscepti-
ble to species B. HAdV-B3was the dominant genotype in 
cases with HAdV respiratory infection.

A nationwide epidemiological surveillance program 
for HAdV infection has not yet been built in China cur-
rently. HAdV identification is usually conducted for labo-
ratory research and it is hard to be applied to the routine 
clinical diagnosis. We need long-time surveillance and 
rapid diagnostic methods of HAdV infection. Rapid 
detection is important to avoid unnecessary antibiotic 
consumption.

This research had certain limitations. Firstly, this is a 
one-year single-center study and these results didn’t gen-
eralize to other children across China; Secondly, we were 
unable to proceed with comparative analyses between 
genotypes owing to small sample size; thirdly, due to 
the retrospective analysis, we were unable to record 
all the symptoms and signs which may cause exposure 
misclassification.

Conclusions
Our study showed that HAdV detection rate among res-
piratory infections is related to age and season and bron-
chopneumonia accounts for about 70% of HAdV-positive 
inpatients. The common clinical manifestations include 
hyperpyrexia, cough, wheezing, and shortness of breath. 
HAdV-B3 and HAdV-B7 are the most common detected 
types in children with respiration infections which occur 
in different severity groups. HAdV-B55 occur only in the 
severe group.
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