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Abstract

To investigate the current genotypes of circulating human adenovirus (HAdV) strains, we

molecularly genotyped HAdV in the nasopharyngeal aspirates (NPAs) of patients with

acute lower respiratory tract infections (ALRTIs) and attempted to determine their

associations with clinical symptoms. A total of 4751 NPA samples were collected from

4751 patients admitted to Hunan Provincial People’s Hospital from September 2007 to

March 2014, of which 447 (9.4%) samples were HAdV positive. Fourteen different HAdV

types were identified; HAdV types 1 to 7 (HAdV 1‐7) were identified in 95.7% of the 447

NPA samples with HAdV‐7 and HAdV‐3 being the most prevalent. In addition, 93.3% (417

of 447) of patients were younger than 5 years. The incidence of HAdV infection peaked in

summer. Different HAdV types showed a predilection for different age groups and

different seasonal distribution patterns. Coinfection of HAdVs and other respiratory

viruses was detected in 63.3% (283 of 447) of the HAdV‐positive samples. The most

common clinical diagnosis was pneumonia and the most common symptoms were fever

and cough. In comparison with children infected with HAdV‐3 alone, those infected with

HAdV‐7 alone had an increased frequency of severe pneumonia involvement (11.6% vs

32.4%; P=0.031), higher intensive care unit admission rates (7.0% vs 26.5%; P=0.019),

and a longer length of hospital stay (P=0.03). Mixed infections in younger children

were associated with a longer hospital stay (P=0.023). Our results demonstrate the

recent changes in the trends of circulating HAdV genotypes associated with ALRTIs in

Hunan China.
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1 | INTRODUCTION

Human adenoviruses (HAdVs) are a common cause of respiratory

tract infections in children, accounting for 5% to 10% of all lower

respiratory tract infections (LRTIs) in children.1,2 The major clinical

manifestations of HAdV respiratory infections include fever, cough,

sore throat, and tonsillitis and are accompanied by gastrointestinal

symptoms, such as vomiting and diarrhea.3,4 Asymptomatic latent

infection may occur in moderate self‐limiting HAdV infection cases,

whereas multiple organ failure or even death has been recorded in

severe cases.1,2 Pulmonary sequelae occur in 14% to 60% of patients

with pneumonia caused by HAdV infection.5-7
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To date, 79 HAdV types have been identified and are classified into

seven species (A‐G).8-14 HAdV types 1 to 7 account for approximately

80% of all HAdV‐infected cases in children.5,6,15,16 HAdV‐3 and HAdV‐7
are closely associated with LRTIs.5,6,15,16 HAdV‐7 may lead to severe

respiratory tract infections and HAdV‐7 infection is associated with a

high incidence of death and severe sequelae.16-18

The dominant type and detection rate of HAdV vary in different

countries and eras. Epidemic outbreaks of HAdV‐3 and HAdV‐7
infections occurred in children during the 1950s and 1960s in

China.16,17 HAdV‐3 and HAdV‐7 infections are currently the most

severe infections in Northern China with mortality rates of 16.6% to

33.3%. The incidence and severity of HAdV infections have

decreased gradually since the 1980s,16,17,19,20 although an epidemic

outbreak of HAdV‐7 infection occurred in a northern city of Shanxi

Province (China) in January 2009.19 Subsequently, an epidemic

outbreak of HAdV‐55 infection, which was confirmed to be an

intertypic recombinant virus according to complete genomic sequen-

cing and was designated as a new genotype after bioinformatics

analysis, was detected in January 2013 in China.21,22 Currently, the

molecular and clinical characterization of HAdV infection in Chinese

children is limited. Therefore, the current study aimed to explore the

molecular epidemiology and clinical features of HAdV infection in

hospitalized children with acute lower respiratory tract infections

(ALRTIs) in Hunan, China.

2 | MATERIALS AND METHODS

2.1 | Ethics statement

The study protocol was approved by the Ethical Review Committee of

Hunan People’s Hospital. The parents or guardians of all the participants

in this cooperative study provided written informed consent.

2.2 | Patients and sample collection

Respiratory virus surveillance was performed in 4751 patients who

were enrolled from September 2007 to March 2014 at Hunan People’s

Hospital. The patients in this study were children diagnosed with

ALRTIs (including pneumonia, acute bronchitis, and bronchiolitis).

ALRTIs were diagnosed on the basis of clinical and radiologic findings.

Enrollment of children in the study followed the diagnosis of dominant

symptoms of an acute or worsening cough or a clinical presentation that

suggested an LRTI with a duration of less than or equal to 28 days. The

age of the children in our study ranged from 1 day to 14 years.

All nasopharyngeal aspirate (NPA) samples were collected 1 to 3 days

after admission to the hospital. Approximately 1 to 2mL of deep NPA

samples was obtained using a disposable sterile suction tube that was

inserted 7 to 8 cm into the throat via the nose. NPA samples were

then transferred to a sterile collection tube after normal saline was

added. A virus protection solution (2mL; containing 200U/mL of

penicillin, 200U/mL of streptomycin, 200U/mL of amphotericin B, and

0.125% bovine serum albumin [BSA]) was added to each sample. The

virus protection solution and NPA were mixed and then the mixture was

immediately placed in a −80°C freezer. The samples were sent to the

China National Center for Disease Control and Prevention (Supporting

Information Figure 1).

2.3 | Data collection

The general demographics, including age, sex, and NPA sample

collection time, were recorded. The details of the clinical findings and

disease severity were obtained from the medical records after the

patients’ discharge from the hospital. Patients coinfected with

bacteria, mycoplasma, and chlamydia were excluded from the

statistical data of the clinical profiles of HAdV infection cases.

2.4 | DNA/RNA extraction

Viral DNA and RNA were extracted from 140 μL of each NPA

sample using a QIAamp Viral DNA and RNA Mini Kit (Qiagen,

Shanghai, China) according to the manufacturer’s protocol.

Random hexamer primers and the Superscript II RH‐reverse
transcriptase (Invitrogen, Carlsbad, CA) were used to synthesize

complementary DNA (cDNA).

2.5 | HAdV detection

Nested polymerase chain reaction (PCR) and DNA sequencing of the

HAdV hexon gene HVR1‐6 were used in the current study as they

are more rapid and efficient compared with classical serologic

testing.23,24 The AdhexF1/R1 and AdhexF2/R2 primer pairs24 were

used to amplify a 688‐ to 821‐bp fragment of the hexon gene. The

PCR program used was 94°C for 3 minutes, followed by 35 cycles of

94°C for 30 seconds, 52°C for 30 seconds, 72°C for 60 seconds, and a

final 8‐minute extension at 72°C.

2.6 | Screening for other respiratory viruses

From September 2007 to March 2012, 3495 NPA samples were

randomly collected from 3495 children with ALRTI. In addition to

HAdVs, the samples were also screened for human respiratory

syncytial virus (HRSV), human metapneumovirus (HMPV), influenza

viruses A and B (IFVA and IFVB), parainfluenza virus types 1 to 3

(PIV1‐3), human rhinoviruses (HRVs), human coronaviruses (HCoV‐
NL63 and HCoV‐HKU1), and human bocavirus (HBoV) using PCR as

described in previous studies.25,26 From April 2012 to March 2014,

1256 NPA samples were collected, and 11 respiratory viruses were

detected by real‐time PCR as described previously27-29 (Figure 1).

2.7 | Nucleotide sequence analysis

All of the amplification products of HAdV were sent to Beijing Tianyi

Huiyuan Bioscience & Technology, Inc, for sequencing. BLAST was

performed using the US National Center for Biotechnology (NCBI)

GenBank database. The phylogenetic tree of the sequencing results

for each HAdV type was constructed using MEGA 4.0 software
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(http://www.megasoftware.net). The partial gene sequences were

compared with MEGA 4.0 software using ClustalW, and the phyloge-

netic tree was plotted via the Neighbor‐Joining method. The Bootstrap

value was set to 1000 and the reference sequences were selected from

GenBank. The reference strains of the different HAdV types that were

selected from GenBank were as follows: HAdV1‐AB330082, HAdV2‐
AF542120, HAdV3‐AY854173, HAdV5‐FJ943614, HAdV6‐AB434209,
HAdV7‐GU230898, HAdV55‐KP896483, HAdV21‐AY008279, HAd

V37‐AB500123, HAdV40‐X51782, and HAdV41‐AB330122.

2.8 | Statistical analysis

Normally distributed continuous data are presented as the mean

± SD and were analyzed using the Student t test or ANOVA followed

by Tukey’s post hoc test, as appropriate. Non‐normally distributed

continuous data are presented as the medians (interquartile range)

and were analyzed using the Mann‐Whitney U test. Categorical data

are expressed as frequencies and were analyzed using the χ2 test or

Fisher exact test, as appropriate. Multivariate logistic regression

analysis was performed to identify independent risk factors. All

analyses were performed using SPSS 20.0 (IBM, Armonk, NY).

P < 0.05 was considered to be statistically significant.

3 | RESULTS

3.1 | Clinical demographics

NPA samples were collected from 4751 patients hospitalized for ALRTIs

from September 2007 to March 2014, including 3059 males and 1692

females (male/female, 1.81/1). Patient age ranged from 1 day to 168

months old (Supporting Information Figure 2). There were 197 patients

with acute bronchitis, 1003 with bronchiolitis, and 3551 with pneumonia.

3.2 | HAdV types

Of the 4751 patients, 447 patients were HAdV positive and the

detection rate was 9.4%. The proportions of patients carrying HAdV

in each year from September 2007 to March 2014 are listed in

Supporting Information Table 1.

Fourteen different HAdV types were detected in the 447 HAdV‐
positive samples. HAdV‐7 showed the highest detection rate (156 of

447) compared with that of other HAdV types, followed by HAdV‐3
(150 of 447), HAdV‐1 (54 of 447), HAdV‐2 (38 of 447), HAdV‐4 (13 of

447), HAdV‐6 (9 of 447), HAdV‐5 (8 of 447), HAdV‐14 (6 of 447),

HAdV‐55 (3 of 447), HAdV‐57 (3 of 447), HAdV‐41 (3 of 447), HAdV‐
21 (2 of 447), HAdV‐40 (1 of 447), and HAdV‐37 (1 of 447).

The main epidemic strain of HAdV changed over the years. There

was a switch in the most prevalent type from HAdV‐3 to HAdV‐7.
HAdV‐3 infection was most prevalent from September 2007 to August

2011, and HAdV‐7 infection was most prevalent from September

2010 to August 2013, whereas HAdV‐1 infection was the predominant

strain in September 2007 and August 2008. HAdV‐2 infection was the

predominant HAdV infection from September 2013 to March 2014.

Infections of other types were only sporadic (Supporting Information

Table 1).

3.3 | Characteristics of patients infected
with HAdV

The age of the 447 patients with HAdV infection (male:female, 1.55:1)

ranged from 1 day to 144 months (mean, 24.2 ± 21.3 months). Of the

447 patients, 93.3% (417 of 447) were younger than 5 years of age

and 71.6% of patients (320 of 447) were younger than 3 years of age,

including 13 newborns. The HAdV infection rates varied significantly

among the different age groups. The HAdV detection rate was the

highest in 3 to 4 years old children and was lowest in children less than

6 months old (χ2 = 76.87; P = 0.000; Supporting Information Figure 2).

HAdV‐7 showed the highest detection rate among 4 to 5 years old

children (χ2 = 14.28; P = 0.022). HAdV‐3 was the predominant HAdV

infection type in children aged 3 to 4 years old (χ2 = 51.18; P = 0.000).

HAdV‐1 was the most common type in children aged 2 to 3 years old

(χ2 = 22.01; P = 0.010; Supporting Information Figure 3). The detection

rates of the other types showed no clear age distribution (data not

shown).

F IGURE 1 A, Monthly distribution of
cases of HAdV infection during the study

period. B, Seasonal distribution of cases of
HAdV infection between September 2007
and March 2014. HAdV, human adenovirus
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3.4 | Epidemiology of HAdV infection

The seasonal and monthly distribution of HAdV infection is shown in

Figure 1. Over the 6.5 years of surveillance, HAdV infections were

detected during all months except September, October, and

December of 2008 and March, May, June, and September of 2009.

The number of HAdV infection cases significantly increased in 2011,

especially in May and June, and HAdV‐7 infection was dominant

during this period. The seasonal distribution exhibited statistically

significant differences in the positive rates of HAdV among the four

different seasons. The highest detection rate was observed in

summer, which had statistically significant differences (χ2 = 48.93;

P = 0.000). HAdV‐3 was the predominant HAdV infection type during

summer (χ2 = 17.5; P = 0.001). HAdV‐7 had the highest detection

rate during spring (χ2 = 21.41; P = 0.000). By contrast, HAdV‐1 and

HAdV‐2 showed no obvious seasonal distribution.

3.5 | Clinical profile of HAdV infection

For the 447 patients with HAdV infection, 279 patients infected with

a single HAdV or infected with HAdV and another respiratory virus

were enrolled for further analysis. The other 168 cases tested

positive for chlamydophila pneumoniae, mycoplasma pneumoniae, or

a typical bacterial infection in addition to HAdV and were excluded

to avoid the influence of nonviral factors, such as bacteria, upon

comparison of clinical symptoms. The demographic data and clinical

manifestations of the 279 patients with HAdV infection are shown in

Tables 1 and 2. The mean age of these 279 patients was 20 months

old, and most patients were aged 1‐ to 2‐year old (P = 0.013), with a

sex ratio of 1.68:1 (male:female). The 279 patients included 237

(85.0%) cases diagnosed with pneumonia, 18 (6.5%) cases diagnosed

with bronchiolitis, and 24 (8.6%) cases diagnosed with bronchitis.

Fever was one of the most common symptoms after HAdV infection

(77.1%, 215 of 279), and 48.4% (135 of 279) of patients had a

temperature greater than 39°C. The mean duration of fever was

6 days, and 22.6% of patients had a fever lasting more than 1 week.

High fever was observed in 62.2% (56 of 90) of patients infected with

HAdV‐7, and 35.6% (32 of 90) of patients manifested a fever lasting

more than 1 week. Other clinical manifestations of HAdV‐positive
children included cough (93.2%), rales (87.8%), wheezing (38.0%),

cyanosis or dyspnea (21.8%), and decreased breath sounds (5.0%).

Extrapulmonary manifestations included diarrhea (12.2%), vomiting

(9.7%), neurological symptoms (7.2%), and rash (9.0%).

Of the 279 HAdV‐infected patients, 106 (38.0%) had a single

HAdV infection and 173 (62.0%) were coinfected with more than one

virus. The dominant respiratory viruses found to be coinfected with

HAdV were RSV, HRV, HBoV, and PIV3. We compared the clinical

characteristics between the single HAdV infected group and HAdV

coinfected group. Patients infected with HAdV alone (n = 106) were

significantly older than patients coinfected with HAdV and another

virus (n = 173 and P = 0.01). The coinfection rate (44.5%) was higher in

children aged 6 to 24 months old compared with children of other age

groups. Indeed, in our study, a longer hospital stay occurred more

often in children in the HAdV virus coinfected group (P = 0.023). No

significant difference was found in clinical manifestations except

wheezing when comparing patients with a single HAdV-virus infection

and patients with a HAdV coinfection. Variables including age,

wheezing, intensive care unit (ICU) admission, supplemental oxygen

requirement, severe pneumonia, and the length of hospital stay (LOS;

required ≥ 7 days) were entered into the multivariate analyses, and

wheezing and duration of hospitalization greater than or equal to

7 days were associated with HAdV coinfection (odds ratio [OR], 1.82;

95% confidence interval [CI], 1.063‐3.116; P = 0.029 and OR, 1.98;

95% CI, 1.179‐3.337; P = 0.01, respectively).

TABLE 1 Demographic data and clinical characteristics of hospitalized children with lower respiratory tract infection associated with
adenovirus, according to the type

Characteristics
HAdV‐1,
n = 33, %

HAdV‐2,
n = 24, %

HAdV‐3,
n= 97, %

HAdV‐7,
n = 90, %

HAdV‐4,
n = 10, %

Other type,
n = 25, %

Total,
n = 279, %

Age, IQR, mo 24 (8‐35) 23 (9.2‐37.5) 20 (8.5‐38.5) 18.5 (9‐36) 10 (8‐17) 11 (8‐20) 20 (9‐37)

Male 21 (63.6) 15 (62.5) 58 (59.7) 52 (57.8) 9 (90.0) 20 (80.0) 175 (62.7)

Most common diagnostic terms

Pneumonia 28 (84.9) 15 (62.5) 83 (85.6) 80 (88.9) 9 (90.0) 22 (88.0) 237 (85.0)

Bronchiolitis 4 (12.1) 5 (20.8) 5 (5.2) 4 (4.4) 0 0 18 (6.5)

Bronchitis 1 (3.0) 4 (16.7) 9 (9.3) 6 (6.7) 1 (10.0) 3 (8.0) 24 (8.6)

Underlying disease 0 0 5 (5.2) 5 (5.6) 0 3 (12.0) 13 (4.7)

Outcome LOS, median (IQR), d 5 (6‐8) 6 (5‐7.75) 7 (6‐9.5) 9 (7‐11) 6 (6‐7.75) 8 (6.75‐10) 7 (6‐10)

Coinfection 22 (66.7) 19 (79.2) 54 (55.7) 56 (62.2) 2 (20.0) 23 (92.0) 175 (62.7)

Chest radiopraphic finding:

consolidation

1 (3.0) 0 12 (12.4) 28 (31.1) 0 3 (12.0) 44 (15.8)

Severe pneumonia 3 (9.1) 1 (4.2) 11 (11.3) 30 (33.3) 0 4 (16.0) 49 (17.6)

Admission to ICU 1 (3.0) 1 (4.2) 5 (5.2) 17 (33.3) 0 1 (4.0) 25 (9.0)

Abbreviations: ICU, intensive care unit; IQR, interquartile range; LOS, length of hospital stay.
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The demographic and clinical profiles of patients with a single

HAdV infection are shown in Tables 3 and 4, which indicate that the

predominant types of HAdV in single viral infections were HAdV‐7
(34 cases) and HAdV‐3 (43 cases). In our study, children with

infections of HAdV‐7 alone and HAdV‐3 alone did not significantly

differ with regard to age, sex, fever, presence or absence of

underlying diseases, average duration of fever, cough, wheezing,

rales, tachypnea, rash, vomiting, and diarrhea (Table 3). However,

infection with HAdV‐7 alone was associated with more severe clinical

outcomes than infection with HAdV3 alone. Of the 34 patients

infected with the single HAdV‐7, 32.4% (11 of 34 patients) were

diagnosed with severe pneumonia, which was significantly higher

TABLE 2 Clinical manifestations from hospitalized children infected with lower respiratory tract infection associated with adenovirus,
according to the type

Characteristics

HAdV‐1,
n = 33, %

HAdV‐2,
n = 24,%

HAdV‐3,
n = 97, %

HAdV‐7,
n = 90,%

HAdV‐4,
n = 10,%

Other types,

n = 25, %

Total,

n = 279

Fever 18 (54.6) 16 (66.7) 77 (79.4) 77 (85.6) 8 (80.0) 19 (76.0) 215 (77.1)

High fever, temperature >39°C 7 (21.2) 9 (37.5) 44 (45.4) 56 (62.2) 6 (60.00) 13 (52.00) 135 (48.4)

Duration of fever, IQR, d 3 (1.5‐5) 4 (3‐6.75) 5 (4‐7) 7 (5‐11.5) 4.5 (25‐5.5) 6 (3.75‐8.75) 6 (4‐9)

Duration of fever >7 d 3 (9.1) 3 (12.5) 18 (18.6) 32 (35.6) 1 (10.0) 6 (24.0) 63 (22.9)

Cough 31 (93.9) 24 (100.0) 87 (89.7) 85 (94.4) 10 (100.0) 23 (92.0) 260 (93.2)

Wheezing 14 (42.4) 7 (29.2) 37 (38.1) 36 (40.0) 1 (10.0) 11 (44.0) 106 (38.0)

Cyanosis 0 1 (4.2) 6 (6.2) 10 (11.1) 0 2 (8.0) 19 (6.8)

Tachypnea 3 (9.1) 1 (4.2) 16 (16.5) 17 (18.9) 0 5 (20.0) 42 (15.1)

Rales 29 (87.9) 20 (83.3) 80 (82.5) 84 (93.3) 10 (100.0) 22 (88.0) 245 (87.8)

Decreased breath sounds 0 0 6 (6.2) 8 (9.0) 0 0 14 (5.0)

Extrapulmonary manifestations 0

Diarrhea 1 (3.0) 4 (16.7) 11 (11.3) 17 (18.9) 0 1 (4.0) 34 (12.2)

Vomiting 0 1 (4.2) 11 (11.3) 14 (15.6) 1 (10.00) 0 27 (9.7)

Rash 1 (3.0) 3 (12.5) 9 (9.3) 12 (13.3) 0 0 25 (9.0)

Seizure 1 (3.0) 2 (8.3) 2 (2.1) 1 (1.1) 0 0 6 (2.2)

Mental alteration 0 0 3 (3.1) 11 (12.2) 0 0 14 (5.0)

Abbreviations: HAdV, human adenovirus; IQR, interquartile range.

TABLE 3 Clinical manifestations from hospitalized children infected with single HAdV‐3 and HAdV‐7, single and coinfection

Clinical symptoms and signs
Single infection,
n = 106, %

Coinfection,
n = 173, % P

Single HAdV‐3,
n = 43, %

Single HAdV‐7,
n = 34, % P

Fever 85 (80.2) 130 (75.1) 0.331 36 (83.7) 30 (88.2) 0.815

High fever 51 (48.1) 84 (48.6) 0.943 22 (12.7) 21 (61.8) 0.352

Duration of fever >7 d 21 (19.8) 41 (23.7) 0.448 8 (18.6) 10 (29.4) 0.266

Duration of fever, IQR, d 6 (4‐7.5) 6 (3‐10) 0.8 6 (4.25‐7.75) 7 (5‐8.25) 0.18

Cough 98 (92.5) 162 (93.6) 0.702 39 (90.7) 31 (91.2) 1

Wheezing 30 (28.3) 76 (43.9) 0.009 10 (23.3) 11 (32.4) 0.373

Rales 94 (88.7) 151 (87.3) 0.729 39 (90.7) 32 (94.1) 0.689

Tachypnea 16 (15.1) 30 (17.3) 0.624 6 (14.0) 7 (20.6) 0.44

Cyanosis 6 (5.7) 13 (7.5) 0.551 3 (7.0) 3 (8.8) 1

Decreased breath sounds 6 (5.7) 8 (4.6) 0.7 1 (2.3) 2 (5.9) 0.835

Rash 12 (11.3) 13 (7.5) 0.28 5 (11.6) 4 (11.8) 1

Diarrhea 12 (11.3) 22 (12.7) 0.729 5 (11.6) 8 (23.5) 0.166

Vomiting 12 (11.3) 15 (8.7) 0.467 3 (7.00) 6 (17.7) 0.276

Seizure 3 (2.8) 3 (1.7) 0.677 1 (2.3) 0 N

Mental alteration 4 (3.8) 10 (5.8) 0.456 0 5 (14.7) N

Abbreviations: IQR, interquartile range; N, not applicable.
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than the 11.6% (5 of 43 patients) of patients infected with the single

HAdV‐3 (P = 0.031; Table 4). Pneumonia consolidation and admission

to the ICU were more common in patients with a single HAdV‐7
infection (P = 0.013 and 0.019, respectively; Table 4). HAdV‐7
infection resulted in patients having a longer hospital stay compared

with that of patients infected with HAdV‐3 (P = 0.03; Table 4).

3.6 | Other respiratory viruses

The other respiratory viruses detected in patients infected with

HAdV are shown in Figure 2. There were 283 (63.3%) patients

coinfected with other types of viruses among the 447 HAdV‐
positive patients. RSV and PIV3 were the most common con-

comitant infections with HAdV infection, occurring in 115 and 90

patients, respectively. Infections with HBoV (n = 85), HRV (n = 76),

HMPV (n = 28), PIV1 (n = 13), IFVB (n = 14), HCoV‐HKU1 (n = 6),

IFVA (n = 4), PIV2 (n = 4), and NL63 (n = 6) were also found in

patients.

4 | DISCUSSION

HAdV causes severe LRTIs in children and may lead to epidemic

outbreaks. In this 6.5‐year epidemiological study of HAdV in NPA

obtained from children hospitalized for ALRTIs, the detection rate of

HAdV was 9.4%, which was similar to that of a previous report (4%‐
10% for HAdV infections of LRTI cases).1,2 During the study period,

the HAdV infection rate was highest from September 2010 to August

2011. Interestingly, HAdV outbreaks were reported in 2011 in

Hangzhou (China)30 and in 2011 in Taiwan.31

Age is a known risk factor for LRTIs caused by HAdV. Most

studies have indicated that HAdV is the major pathogen that causes

LRTIs in children aged 6 months to 5 years old.32 Severe LRTIs often

occur in infants aged 6 to 24 months old. Children less than 6 months

old often show immunity to HAdV because of maternal antibo-

dies.3,5,6,16,20 This study also indicated that the majority of HAdV

infections occurred in patients from 6 months to 5 years old, whereas

the HAdV detection rate was higher in children aged 3 to 4 years.

The reason for this difference may be the close contact of

kindergarteners between the ages of 3 to 4 years. However, HAdV

infection was most common in children aged 0 to 12 months old in

Southern Palestine33 and 6 to 23 months old in Korea.6

HAdV infection was sporadically found throughout the year, and

its incidence was relatively higher in winter and spring.6,16,20

However, in the current study, the highest HAdV detection rate

TABLE 4 Demographic data of and outcome from hospitalized children infected with single HAdV‐3 infection and HAdV‐7 infection, single
infection and coinfection

Single infection,

n = 106, %

Coinfection,

n = 173, % P

Single HAdV‐3,
n = 43, %

Single HAdV‐7,
n = 34, % P

Age, median (IQR), mo 27.5 (12‐41) 17 (9‐32.5) 0.01 36 (13‐41) 23.5 (8.75‐36) 0.29

<6 14 (13.2) 26 (15.0) 7 (16.3) 3 (8.8)

6‐12 11 (10.4) 36 (20.8) 3 (6.98) 7 (20.6)

13‐24 21 (19.8) 41 (23.7) 8 (18.6) 7 (20.6)

25‐36 13 (12.3) 30 (17.3) 3 (7.0) 6 (17.7)

37‐48 30 (28.3) 15 (8.7) 17 (39.5) 8 (23.5)

49‐60 8 (7.6) 15 (8.7) 1 (2.3) 1 (2.9)

>60 9 (8.5) 10 (5.8) 0.007 4 (9.3) 2 (5.9) 0.47

Male 64 (60.4) 112 (64.7) 0.464 24 (55.8) 20 (58.8) 0.791

Underlying disease 6 (5.7) 7 (4.1) 0.361 3 (7.0) 3 (8.8) 1

Lobe consolidation 18 (17.0) 26 (15.0) 0.664 5 (11.6) 12 (35.3) 0.013

Supplemental oxygen 13 (12.3) 31 (17.9) 0.208 6 (14.0) 9 (26.5) 0.168

Severe pneumonia 12 (11.3) 35 (20.2) 0.054 5 (11.6) 11 (32.4) 0.031

Admission to ICU 6 (5.7) 19 (11.0) 0.131 3 (7.0) 9 (26.5) 0.019

LOS, median (IQR), d 7 (6‐9) 8 (6‐10) 0.023 7 (6‐8) 9 (6.75‐11) 0.03

Abbreviations: ICU, intensive care unit; IQR, interquartile range; LOS, length of hospital stay.

F IGURE 2 Positive rate of 12 respiratory tract viruses in 4751
pediatric patients diagnosed with ALRTI in Hunan between
September 2007 and March 2014. ALRTI, acute lower respiratory

tract infections; HAdV, human adenovirus; HBoV, human bocavirus;
HMPV, human metapneumovirus; HRV, human rhinovirus; IFVA,
influenza virus; PIV1, parainfluenza virus type 1; RSV, respiratory

syncytial virus
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was in summer, which suggested that HAdV infection in children

manifested seasonal and geographic variation. This study did not

show any statistically significant difference in the sex distribution of

HAdV infection, in contrast to previous reports that suggested that

HAdV infection was more frequent in males.23

In this study, the 14 HAdV types were not evenly distributed during

the study period. The distribution of HAdV types attained epidemic

proportions, lasting 2 or 3 years in each cycle.6,34-36 HAdV‐3 and

HAdV‐7 infections were the major prevalent HAdV infections among

hospitalized children in Hunan (Southern China), similar to reports from

Korea,6 Argentina,34 and Chongqing (China),15,16 but in contrast to

reports from Malaysia,37 Israel,38 and Hong Kong.5 In the current study,

HAdV‐3 infection epidemics were sustained for three years (2008‐
2010). The significant increase in HAdV‐7 infection between 2010 and

2011 represents an undetected outbreak in local children, which is

consistent with the reported outbreaks in Chongqing (China).15,16

However, in provinces of mainland China, such as Hangzhou30 and

Jiangsu,35 most respiratory disease outbreaks were associated with

HAdV‐3 infection. From 2012 to 2014, HAdV‐7 was the dominant

HAdV infection type in Hunan. HAdV‐3 and HAdV‐7 infections result in

severe pneumonia, and HAdV‐7 infection is found in children at a young

age and results in epidemic outbreaks with high mortality and severe

sequelae.6,17,18 Studies from the United States (2004‐2006) suggest

that HAdV‐7 infection has not been implicated to have a strong

association with severe morbidity possibly because of a stabilization of

circulating HAdV‐7 genotypes in the United States, as was recently

apparent in Iowa for the adenovirus type 7d2 strain, with subsequent

increases in herd immunity and reductions in HAdV‐7 infections.23 A

Korean (1997‐2007) report suggested that the intensity of outbreaks

caused by HAdV‐7 decreased markedly and did not circulate

endemically. Because the HAdV‐7 genome types were relatively limited

in Korea, stabilization of the circulating HAdV‐7 genome types and the

subsequent increase in herd immunity might have resulted in the

decline of HAdV‐7 activity in Korea.39 By contrast, HAdV‐7 infection is

a major cause of LRTIs in children in China.32 There was a high

frequency of infection of HAdV‐7 and HAdV‐3 in pediatric pneumonia

in Chongqing and Beijing, and HAdV‐7 infection was associated with a

higher incidence of severe pneumonia,15,40 which reinforces the findings

of the current study.

HAdV‐4 and HAdV‐14 were the most common HAdV types

associated with fever and respiratory infection among US military

recruits, whereas they were uncommon in children with ALRTIs.23 In

Chongqing (China), 3089 samples were collected from hospitalized

children with pneumonia from June 2009 to May 2014, of which 208

samples were positive for HAdV and only one sample was positive for

HAdV‐4 and HAdV‐14.15,16 In the current study, 13 patients were

infected with HAdV‐4 and 6 patients were infected HAdV‐14, which

accounted for 2.9% and 1.3% of all patients infected with HAdVs,

respectively. Cases of infections with HAdV‐21, HAdV‐37, HAdV‐57,
and HAdV‐41 were rarely observed in children,39 which was

consistent with the current study.

Gene recombination plays an important role in the molecular

evolution of HAdV and can lead to a novel type with epidemic

outbreaks or dominant substitutions, such as HAdV‐55. HAdV‐55 is

an intertypic recombinant virus of HAdV‐11 and HAdV‐14 and was

recently described by complete genomic sequencing and designated

as a new genotype after bioinformatics analysis.22 We also found that

HAdV‐55 exists and circulates in children. With only six confirmed

HAdV‐55 cases, it is difficult to analyze its clinical effect. The long‐
term surveillance of specific types of HAdV that can cause human

infections is important, especially for newly identified genotypes, as

an exploration of their clinical effect is much needed.

The most common clinical ALRTI diagnosis was pneumonia

(85.0%), followed by bronchitis and bronchiolitis. Most patients

showed mild symptoms with good prognosis. Fever and cough were

the most common manifestations of HAdV infection, which was

consistent with previous studies.6 HAdV‐7 infection was associated

with a higher fatality rate than HAdV‐3 infection, which was

consistent with previous reports.17-20 HAdV infection, particularly

HAdV‐7 infection, was strongly associated with severe morbidity,

including required supplemental oxygen, an increased ICU stay, and a

relatively longer hospitalization.6,15-18 In this surveillance study,

patients with HAdV‐7 infection alone presented more severe

pneumonia, relatively longer hospital stay, and more frequent

transfer to the ICU compared with those in patients with HAdV‐3
infection alone (all P < 0.05).

The rate of coinfection by HAdV and other respiratory viruses is

high in patients with HAdV infection.41,42 We found that the rate of

coinfection of HAdV and other respiratory viruses was 62.0% (173 of

279), which was similar to a report from Israel.41 Comparative studies

revealed similar epidemiological and clinical features among patients

infected with HAdV and those coinfected with HAdV and another

respiratory virus. Similar to our findings, Foulongne et al reported that

the hospital stay increased in hMPV/RSV coinfected children compared

with those infected by one type of virus.43 However, some studies have

reported that there are no clinical differences between patients with

respiratory infections caused by one type of agent and those caused by

multiple viruses detected in NPAs from hospitalized children.44,45 From

an empirical point of view, it might be logical to expect that infection

with two or more types of viruses could aggravate the severity of

illness; we believe that studies should focus on dual versus multiple

infections as the different characteristics of the virus can cause a bias

when analyzing the results. One report has indicated that the detection

of viral load in respiratory specimens may be helpful for possible

progress in identifying the true respiratory pathogen and may serve as

an important clue to determine the virus that may have a greater

influence on the clinical severity of the illness in a mixed infection.46 As

a result, further studies are needed.

This study has several limitations. First, it was a single‐center
study and the results may not be generalized to other settings.

Second, our experiments did not determine the severity of other

confounding factors, such as virus combinations, that could affect

outcomes. Further, this study may also suffer from a selection bias as

it did not include patients who consulted outpatient departments.

Additional multicenter studies are needed to establish the epide-

miology of HAdV.
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In conclusion, this study revealed the HAdV types and

epidemiology of HAdV among hospitalized children in Hunan

(China) from September 2007 to March 2014. Further HAdV type

analysis is essential as different HAdV types result in different

diseases with possible epidemic outbreak potential. Analysis of the

clinical data of children infected with different HAdV types may

contribute to early diagnosis and treatment of adenovirus

infection.

5 | SUMMARY

The incidence of adenovirus infection presented a yearly increase

during the study period. The predominant type, HAdV‐7, was

associated with serious clinical implications compared with the other

types.
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