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Abstract Human adenoviruses (HAdV) of species B, C,

and E (HAdV-B, -C, -E) are frequent causative agents of

acute respiratory infections worldwide. No specific ana-

lysis has been done on the epidemiological and clinical

features of HAdV in pediatric pneumonia in China.

Nasopharyngeal aspirates were collected from hospitalized

children with pneumonia from June 2009 to May 2014. All

samples that tested positive for HAdV were typed by

sequencing the hexon and fiber genes. From a total of 3089

samples, 208 (6.7 %) were positive for HAdV, identified as

belonging to HAdV-B (186, 89.4 %), HAdV-C (9, 4.3 %)

and HAdV-E (1, 0.5 %). HAdV-7 (104, 50.0 %) and

HAdV-3 (78, 37.5 %) were the two major types, followed

by HAdV-1, HAdV-55 and HAdV-14. There were 87

(41.8 %) single HAdV infections, of which 80 % were

HAdV-7 infections. Multivariate analysis showed that

single infections with HAdV-7 were associated with a

higher prevalence of severe pneumonia. Temporal patterns

showed that, except for a simultaneous outbreak of HAdV-

3 and HAdV-7 during the years 2010–2011, HAdV-7 and

HAdV-3 were alternately predominant, and the dominance

shifted to HAdV-3 after 2014. Identification of the pre-

dominant HAdV genotypes and their epidemical features is

useful for determining preventive strategies. HAdV-7

associated severe pneumonia needs to be considered with

high priority in clinical practice.

Introduction

Human adenoviruses (HAdVs) are a significant cause of

acute respiratory disease (ARD). They are associated with

sporadic infection, as well as with community and insti-

tutional outbreaks, particularly among military recruits [7].

There are at least 68 recognized HAdV genotypes (http://

HAdVwg.gmu.edu/), which are assigned to seven sub-

groups (A-G) according to their biophysical, biochemical,

and genetic characteristics, with marked differences in

tissue tropism and clinical manifestations. Depending on

the infecting HAdV types, a broad spectrum of clinical

illnesses can be observed [13]. The types most commonly

associated with respiratory syndromes belong to HAdV

species C (HAdV-C1, -C2, -C5, and -C6), HAdV species

B, subspecies B1 (HAdV-3 and HAdV-7) and B2 (HAdV-

14) [15]. These viruses rarely cause serious or fatal illness

in otherwise healthy individuals, but they can cause severe

disease in newborn, elderly, or immunocompromised per-

sons [6, 19]. A well-known feature of HAdV is frequent

recombination between members of the same species and

between members of different species, which has acted as

an important force driving the evolution of HAdV genetics

[12]. For the emerging new types or recombinant strains,
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there is strong potential for wide spread and even epidemic

outbreaks, partially due to the lack of herd immunity. There

is therefore a need for continuous surveillance, with

extensive molecular characterization, to determine the

prevalence and genetic characteristics of the circulating

HAdVs.

The current study was performed to identify the pre-

dominant HAdV types associated with pediatric pneumonia

and to trace the new genetic variants that might be derived

from recombination of different types. Clinical features

were also revealed with regard to HAdV genotype and

genetic characteristics.

Materials and methods

Study setting and patient recruitment

The current study was performed as part of an ongoing,

integrated surveillance for acute respiratory tract infections

(ARTI) carried out in the respiratory department of Chil-

dren’s Hospital of Chongqing Medical University

(CHCMU). CHCMU is the largest children’s hospital in

southeastern China, serving the population of Sichuan

Province and two neighboring provinces, with 110 beds in

the respiratory department. The surveillance project was

begun in June 2009, and a total of 3487 ARI patients were

recruited by the end of May 2014. From the cohort, patients

with pneumonia were selected to analyze the epidemio-

logical and clinical features of HAdV infection.

Pneumonia was defined by the presence of patchy

alveolar opacities in chest radiographs, in addition to

symptoms of cough, dyspnea (lower chest wall indrawing),

or tachypnea (in infants, [50–60 breaths/min; in older

children,[40 breaths/min). Severe pneumonia was defined

as pneumonia plus hypoxemia (maintained SaO2\92 % in

air) or rising respiratory and pulse rates with clinical evi-

dence of respiratory distress and exhaustion with or without

raised PaCO2. Underlying diseases included asthma,

eczema and tuberculosis.

Detection of HAdV and other respiratory viruses

Nasopharyngeal aspirates (NPA) were collected from the

patients upon hospitalization and stored in a -80 �C

freezer until they were tested. DNA and RNA were

extracted from each specimen using a QIAamp� MinElute

Virus Spin Kit (QIAGEN, Hilden, Germany). Molecular

assays for HAdV detection were performed using pan

primers as described previously [22].The presence of other

viral pathogens, including influenza viruses A and B,

respiratory syncytial virus (RSV) subtypes A and B,

parainfluenza virus (PIV) types 1, 2, 3, and 4,

metapneumovirus (MPV), human rhinovirus (HRV),

coronavirus (COV), and human bocavirus (HBoV), were

tested by RT-PCR or PCR as described previously [6, 19].

Each PCR run included viral DNA or RNA as a positive

control and water as a negative control. For samples that

were positive by generic HAdV PCR, the entire fiber gene

and highly variable regions of hexon gene were amplified

and then sequenced as described previously [1, 14].

Statistical analysis

Descriptive statistics were performed for all variables; the

continuous variables were summarized as means and

standard deviations (SD) or as medians and ranges, and the

categorical variables were summarized as frequencies and

proportions. To determine the difference between groups,

an independent t-test, the v2 test, Fisher’s exact test, or a

nonparametric test was used where appropriate. The

logistic regression model was used to examine the potential

risk factors for outcomes such as severe pneumonia. Odds

ratios (ORs) and their 95 % confidence intervals (CIs) were

estimated using maximum-likelihood methods. A two-

sided P-value of \.05 was considered to be statistically

significant. All analyses were performed using SAS soft-

ware, version 9.1.3 (SAS Institute Inc., Cary, NC, USA).

Results

Detection and clinical characteristics of HAdV

Over a period of six years, a total of 3089 NPAs (261 from

2009, 782 from 2010, 869 from 2011, 501 from 2012, 464

from 2013 and 212 from 2014) were collected from chil-

dren aged 1 month to 14 years (median, 9 months) diag-

nosed as having pneumonia. Of these, 66.8 % (2064) were

boys. Overall, HAdV was detected in 6.7 % (208/3089) of

the samples, which were identified as HAdV-B (186,

89.4 %), HAdV-C (9, 4.3 %), HAdV-E (1, 0.5 %) and

untyped HAdV (12, 5.8 %, not sequenced due to inade-

quate sample volume). The typed HAdVs were further

classified into six genotypes (104 HAdV-7, 78 HAdV-3, 5

HAdV-5, 4 HAdV-1, 4 HAdV-55, and 1 HAdV-4). The

HAdV-positive patients were significantly older than the

HAdV-negative patients (13 vs. 8 months, P \ 0.001)

(Table 1). When compared regarding age, the infection rate

increased significantly with older age (Cochran-Armitage

trend, -6.2, P \ 0.001). The highest positive rate (12.0 %)

was found in patients of 4–5 years old. The gender distri-

bution was similar between the HAdV-positive group and

the negative group as a whole (P = 0.881) (Table 1).

The most commonly seen clinical manifestations of

HAdV-positive patients were fever (100.0 %), cough
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(97.1 %), moist rale (80.8 %) and expectoration (77.9 %),

which did not deviate from those of HAdV-negative

patients. However, HAdV infection was associated with

more-severe pneumonia and more frequent transfer to the

intensive care unit in comparison with HAdV-negative

patients (P \ 0.001 and P = 0.027, respectively) (Table 1).

The HAdV-7 and HAdV-3 were the most prevalent

types, accounting for 50.0 % and 37.5 %, respectively of

the total HAdV positive samples. The comparison between

the two HAdV types revealed that HAdV-7 infection

caused more development of expectoration, dyspnea and

diarrhea than HAdV-3 infection (all P \ 0.05). Among the

104 HAdV-7-infected patients, 53.9 % (56) were diag-

nosed as having severe pneumonia, significantly higher

than the 26.9 % (21/78) among the HAdV-3-infected

patients (P \ 0.001) (Table 2). HAdV-3 was similarly

common among patients with non-severe and severe

pneumonia (2.5 % vs. 2.7 %; P = 0.726), whereas HAdV-

7 was the dominant type among patients with severe versus

non-severe pneumonia (7.2 % vs. 2.1 %; P \ 0.001).

HAdV coinfections and clinical characteristics

Among the 208 HAdV-infected patients, 87 (41.8 %) had

single infections, and 121 (58.2 %) were coinfected with

other virus, including RSV (42, 20.2 %), PIV (37, 17.8 %),

HRV (30, 14.4 %), HBoV (27, 13 %), influenza virus (16,

7.7 %), COV (4, 1.9 %), and MPV (3, 1.4 %). The children

with single HAdV infections were significantly older than

those with coinfection (17 months vs. 11 months,

P \ 0.001). There was also a higher rate of coinfection

(68.9 %) in children of 0–6 months, mostly with HAdV

and RSV (15/45, 30.0 %).The gender distribution was

comparable between the single-infection and coinfection

groups (P = 0.498) (Table 1). The HAdV-7 had a signifi-

cantly higher proportion of single infections (52.9 %) than

Table 1 Clinical manifestations and laboratory findings from the hospitalized children infected with HAdVs

Characteristic All patients (N = 3089) HAdV positive (N = 208)

HAdV positive

(N = 208)

HAdV negative

(N = 2881)

P Single infection

(N = 87)

Coinfection

(N = 121)

P

Age (month, median) 13 (1–127) 8 (1–164) \0.001 17 (1–127) 11 (1–127) \0.001

0–6 45 (3.4) 1299 (96.7) \0.001 14 (31.1) 31 (68.9) 0.297

7–12 59 (8.6) 628 (91.4) 22 (37.3) 37 (62.7)

13–24 50 (10.6) 424 (89.5) 26 (52.0) 24 (48.0)

25–36 19 (9.7) 177 (90.3) 7 (36.8) 12 (63.2)

36–48 15 (11.6) 114 (88.4) 7 (46.7) 8 (53.3)

48–60 9 (12.0) 66 (88.0) 4 (44.4) 5 (55.6)

[60 11 (6.0) 173 (94.0) 7 (63.6) 4 (36.4)

Sex, male 138 (6.7) 1926 (93.3) 0.881 60 (69.0) 78 (64.5) 0.498

Underlying diseases 22 (10.6) 394 (13.7) 0.206 10 (11.5) 12 (9.9) 0.715

Symptom and signs

Cough 202 (97.1) 2788 (96.8) 0.786 86 (98.9) 116 (95.9) 0.404

Nasal discharge 33 (15.9) 442 (15.3) 0.840 11 (12.6) 22 (18.2) 0.281

Expectoration 162 (77.9) 2240 (77.8) 0.964 72 (82.8) 90 (74.4) 0.151

Dyspnea 52 (25.0) 528 (18.3) 0.017 25 (28.7) 27 (22.3) 0.291

Diarrhea 67 (32.2) 887 (30.8) 0.668 32 (36.8) 35 (28.9) 0.232

Rhonchi 100 (48.1) 1463 (50.8) 0.451 40 (46.0) 60 (49.6) 0.607

Moist rale 168 (80.8) 2312 (80.3) 0.856 70 (80.5) 98 (81.0) 0.924

Laboratory tests

White blood cell (9109/L) 11.5 ± 5.8 11.5 ± 5.2 0.940 11.6 ± 7.0 11.5 ± 4.9 0.830

Neutrophils (%) 52.5 ± 18.7 41.4 ± 19.3 \0.001 55.5 ± 19.6 50.5 ± 17.9 0.057

Lymphocyte (%) 43.0 ± 17.7 52.8 ± 18.8 \0.001 40.7 ± 18.3 44.7 ± 17.1 0.114

HGB (g/L) 111 ± 13 115 ± 23 \0.001 109 ± 14 112 ± 12 0.128

PLT (9109/L) 319 ± 157 399 ± 180 \0.001 281 ± 138 347 ± 165 0.003

Outcome

Severe pneumonia 84 (40.4) 695 (24.2) \0.001 40 (46.0) 44 (36.4) 0.163

Admission to ICU 6 (2.9) 29 (1.0) 0.027 3 (3.5) 3 (2.5) 0.696
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HAdV-3 (30.8 %, P = 0.003). Severe pneumonia occurred

in over 46 % (40/87) of HAdV single infections, among

which 80 % (32/40) were HAdV-7 infections.

Coinfection with HAdV and other respiratory virus did

not result in a difference in clinical manifestation or severe

clinical outcomes. The differences for neutrophils, lym-

phocyte, hemoglobin and platelet count between HAdV-

positive and negative patients attained a significant level,

which was not observed between single HAdV infections

and coinfections (Table 1).

Severe pneumonia was considered an important depen-

dent variable and analyzed for its risk factors by applying

multivariate logistic analysis for HAdV infection in general

and for HAdV-3/HAdV-7 specifically. In the HAdV-posi-

tive vs. negative model, after adjusting for the effects of

age, gender, delay from onset to admission, and coinfection

with other viruses, HAdV infection was demonstrated to

significantly increase the risk of severe pneumonia (OR,

2.391; 95 % CI, 1.774–3.223). In the HAdV-3 vs. HAdV-7

model, the OR of HAdV-7 for severe pneumonia was 1.318

(95 % CI, 1.119–1.553) compared to HAdV-3 after con-

sidering the other effects (Table 3).

Temporal distribution of HAdV

Temporally, HAdV was active all year round but displayed

characteristic biennial incidence peaks with alternating low

peaks appearing in the winter and summer, respectively

(Fig. 1). A simultaneous outbreak of HAdV-3 and HAdV-7

occurred during the years 2010–2011, with the proportion

of HAdV-7 increasing significantly to 10.9 % during the

winter peak and to 15.7 % during the summer peak in 2011

(P \ 0.001). In comparison, the incidence peaks of HAdV-

3 in winter and summer were less prominent. The pro-

portion of HAdV-3 remained at levels comparable to those

of the other years. After a shift to HAdV-7 since 2010,

another round of HAdV-3-dominant circulation emerged

after 2014 (Fig. 1).

Discussion

Pediatric pneumonia caused by viral infection has always

been of great public-health concern worldwide because of

Table 2 Clinical manifestations and laboratory findings from hos-

pitalized children infected with HAdV-3 and HAdV-7

Characteristic HAdV-3

(n = 78)

HAdV-7

(n = 104)

P

Age (months, median) 12 (1–121) 13 (1–127) 0.268

0–6 25 (32.1) 18 (17.3) 0.227

7–12 19 (24.4) 33 (31.3)

12–24 15 (19.2) 33 (63.5)

25–36 4 (26.7) 11 (10.6)

37–48 7 (9.0) 6 (5.8)

49–60 3 (3.9) 5 (4.8)

[60 5 (6.4) 5 (4.8)

Sex (male, %) 50 (64.1) 72 (69.2) 0.466

Underlying diseases

(%)

8 (10.3) 11 (10.6) 0.944

Symptom and signs

Cough 74 (94.9) 102 (98.1) 0.404

Nasal discharge 16 (20.5) 13 (12.5) 0.144

Expectoration 55 (70.5) 87 (83.7) 0.034

Dyspnea 13 (16.7) 37 (35.6) 0.005

Diarrhea 18 (23.1) 38 (36.5) 0.049

Rhonchi 37 (47.4) 54 (51.9) 0.549

Moist rale 61 (78.2) 85 (81.7) 0.555

Laboratory tests

White blood cell

(9109/L)

12.3 ± 6.2 10.9 ± 5.7 0.118

Neutrophils (%) 50.3 ± 19.0 53.4 ± 18.6 0.273

Lymphocyte (%) 40.9 ± 18.3 42.1 ± 17.3 0.275

HGB (g/L) 111 ± 13 110 ± 12.5 0.605

PLT (9109/L) 379 ± 166 280 ± 149 \0.001

Outcome

Severe pneumonia 21 (26.9) 56 (53.9) \0.001

Admission to ICU 1 (1.3) 5 (4.8) 0.240

Table 3 Associated factors for severe pneumonia analyzed by

logistic regression models

Factor OR 95 % CI P

HAdV positive vs. negative model

Age 0.985 0.981–0.990 \0.001

Sex (male/female) 1.258 1.050–1.506 0.013

Days [9 from onset to admission 1.581 1.339–1.868 \0.001

HAdV infection 2.391 1.774–3.223 \0.001

Coinfection with other viruses* 1.053 0.864–1.285 0.611

Underlying diseases 1.170 0.923–1.482 0.195

HAdV-7 and HAdV-3 vs. other genotypes model

Age 0.983 0.968–0.998 0.031

Sex (male/female) 0.883 0.470–1.658 0.698

Days [9 from onset to admission 1.057 0.582–1.917 0.856

HAdV-3 vs. other genotypes 0.971 0.353–2.665 0.954

HAdV-7 vs. other genotypes 3.084 1.169–8.134 0.023

Coinfection with other viruses* 0.768 0.417–1.415 0.397

Underlying diseases 0.921 0.340–2.495 0.871

HAdV-7 vs. HAdV-3 model

Age 0.985 0.970–1.000 0.053

Sex (male/female) 0.907 0.464–1.774 0.776

Days [9 from onset to admission 0.927 0.493–1.746 0.815

HAdV-7 vs. HAdV-3 1.318 1.119–1.553 0.001

Coinfection with other viruses* 0.668 0.351–1.272 0.220

Underlying diseases 1.083 0.381–3.080 0.881

* Other viruses include influenza viruses, RSV, PIV, MPV, HRV,

COV and HBoV
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its high morbidity and mortality. A wide variety of etio-

logical agents has been documented, among which HAdV

is thought to be a significant contributor. In China, there

have been recent studies investigating the prevalence of

HAdV subspecies B1 in respiratory distress, but mostly

involving adults. A multicenter surveillance for commu-

nity-acquired pneumonia that was conducted in northern

China between 2010 and 2012 demonstrated HAdV-55 to

be the predominant genotype, followed by HAdV-7,

HAdV-3, HAdV-14 and HAdV-50. This study, however,

provided no data on children [2]. In Taiwan, China, a large

community outbreak of HAdV in 2011 was shown to be

predominantly associated with HAdV-3, although HAdV-7

began to show an increased circulation [10, 20]. Similarly,

in some studies and outbreaks in which respiratory ade-

noviruses were identified and typed, in Guangzhou during

2010 to 2011, in Hangzhou during 2011 [21] and in Sha-

anxi [18], the most common HAdV type was shown to be

HAdV-3 [8]. The prevalence of HAdV and the circulating

genotypes in pediatric respiratory infection have been

investigated in two recent studies. In Lanzhou, from 2006

to 2009, HAdV infections represented 6.33 % of ARTI of

viral etiology in children, and among all HAdV genotypes,

HAdV-3 was most frequently detected, followed by

HAdV-11 and other types [9]. Our previous study per-

formed in Chongqing during 2009–2012 identified the

emergence of HAdV-55 in pediatric patients with ARTI,

but there was no comprehensive analysis of all HAdV

genotypes in the local region [11]. In most of the above-

mentioned studies, no specific analysis was done of the

epidemic and clinical features of HAdV in cases of pedi-

atric pneumonia. HAdV coinfection with another respira-

tory virus was rarely determined, and differentiation of

HAdV-associated clinical manifestations from other viral

respiratory viral infection was not mentioned.

Here, in a prolonged surveillance study, we have iden-

tified HAdV-7 and HAdV-3 as the two major genotypes

causing pediatric pneumonia in southeastern China. These

two genotypes alternate as the predominant cause of

pediatric pneumonia. Although the seasonality of HAdV-

related pneumonia is less distinct, the notable increase in

circulation of HAdV-7 between 2010 and 2011 might

represent an undetected outbreak in local children, which,

however, might have been undiagnosed or misdiagnosed. A

recent report of an HAdV-7-associated outbreak in a mil-

itary camp in Shaanxi, China [23], could likewise have

been caused by the predominant circulation of HAdV-7 in

the local area, as demonstrated in the current study. With

the advent of HAdV-3 dominance since 2014 in Chongq-

ing, we propose a high potential of outbreak events caused

by HAdV-3 in the local area.

In the United States, the HAdV-7 prototype strain

accounted for two-thirds of HAdV-7 isolates from 1966 to

2000 [4]. Changes in serotypes and genome types among

geographic regions underscore the potential for new strains

to evolve and replace existing strains. In the United States

and southern Ontario from 2004 to 2006, HAdV-3

accounted for 34.6 % of HAdV respiratory tract infection

in civilians and 2.6 % among military trainees, while

HAdV-7 accounted for only 5/581 (0.9 %) of clinical

HAdV respiratory isolates in military facilities and 48/1653

(2.9 %) of isolates in civilian settings [5] and 0.7 % in

Zagreb County [17]. By contrast, HAdV-7 has been a

prominent cause of FRI in Asia. Especially in the current

study, we observed a high proportion of HAdV-7 and

HAdV-3 in pediatric pneumonia, which was similar to that

in Beijing, China [3]. The predominant serotypes differ

among different countries or regions, and they change over

time [13]. This also might reflect more-severe clinical

disease in the current patients than in those of previous

studies [9, 10, 16], where outpatients with ARD instead of

pneumonia were recruited.

We also found the clinical syndromes and symptoms of

both HAdV single infection and HAdV coinfection to be

largely nonspecific and less differentiated from those of

HAdV-negative patients. As a result, ascertaining HAdV

infection based on the clinical manifestations is challeng-

ing. However, we found that pneumonia caused by HAdV

infection was more severe than that caused by other viral

infections, with over half of the cases of HAdV-associated

Fig. 1 HAdV infections in pediatric pneumonia cases in Chongqing,

China, from June 2009 to May 2014 by month of onset of illness. The

bi-monthly HAdV-positive rate is defined as the number of

respiratory tract specimens in which HAdV was detected divided

by the number of all specimens submitted from pneumonia patients in

the corresponding months
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pneumonia causes by HAdV-7. Coinfection with other

respiratory viruses, on the other hand, did not lead to more-

severe disease outcome. These findings have the clinical

implication that in patients with severe pneumonia, the

contribution of HAdV, especially HAdV-7, should be

considered with high priority, regardless of whether

another respiratory pathogen has been detected.

Because we did not conduct a seroconversion study, the

exact role of HAdVs by themselves in clinical manifesta-

tions and pathogenicity remains to be studied in the future.

In conclusion, the identification of the predominant

HAdV genotypes and their temporal pattern could help to

achieve a better prediction of seasonal activity, guiding

timely preventive strategies if a vaccine is available. The

clinical pictures and clinical outcomes of HAdV infection

alone and in combination with other pathogens might help

to inform clinical practice.
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