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Abstract
Background: The dominant viral etiologies responsible for acute respiratory infections (ARIs) are poorly understood,
particularly among hospitalized patients. Improved etiological insight is needed to improve clinical management
and prevention of ARIs.
Methods: Clinical and demographic information and throat swabs were collected from 607 patients from 2011 to
2013 in Shandong Province, China. Multiplex RT-PCR (SeeplexTM RV detection, Seegene) was performed to
detected 12 respiratory viral pathogens.
Results: A total of 607 hospitalized patients were enrolled from 2011 to 2013. Viruses were identified in 35.75 %
(217/607) of cases, including 78 influenza virus A and B (IVA and IVB), 47 para-influenza viruses (PIVs), 41 respiratory
syncytial virus (RSV) and 38 adenovirus (ADV). For the children under 15 year old, the common detected viruses
were influenza viruses, RSV, PIVS and ADV, while the principal respiratory viruses were human coronaviruses (HCoV),
PIVs, influenza viruses for the old adults. Co-infections with multiple viruses were detected in 15.67 % of patients.
Children under 5 years were more likely to have one or more detectable virus associated with their ARI. The peak of
ARI caused by the respiratory viruses occurred in winter.
Conclusion: This study demonstrated respiratory viruses were the major cause of hospitalized ARI patients in
Shandong Province, influenza virus was the most common detected, RSV was the highest incidence among the
young children (≤5 years). These findings also gave a better understand of virus distribution among different age
and seasons, which help to consider potential therapeutic approaches and develop effective prevention strategies
for respiratory virus infection.
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Background
The World Health Organization (WHO) estimates that
acute respiratory infections (ARIs) cause nearly four million deaths per year, a rate of more than 60 deaths/
100,000 population [1]. Rates are even higher in developing countries, where pneumonia is responsible for an
estimated 10–25 % of all deaths among children under
5 years of age [2]. A lot of pathogens can cause ARIs,
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and viruses have been considered as the main pathogens
in people [3]. The major viral agents of ARIs include influenza viruses A and B (IAV,IBV), respiratory syncytial
virus (RSV), para-influenza viruses (PIVs), adenovirus
(ADV) and human rhinovirus (HRV). In the past decade,
several new viruses associated with ARIs such as human
metapneumovirus (hMPV) and human coronaviruses
(HCoV) [4] have been discovered in human respiratory
tract specimens.
Currently, there are no useful vaccines for preventing
the infection of the respiratory viruses. A clear knowledge
of the viral etiology of hospitalized ARIs in different age
groups is critical to the successful implementation of the
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prevention, control and treatment strategies. Because of
the geographical or climatic differences, or socioeconomic
factors, the epidemiological presentation of viral etiology
varied among different study population in different countries or regions [5–12].
China is a large country with different climate characteristics among different regions. A better understanding
of the viral etiology of hospitalized ARIs in different regions plays a predominant role for the local prevention,
control and treatment of ARIs. Although several studies
on the epidemiology of ARIs have recently reported in
Beijing, Shenzhen, Hong Kong, Gansu province and
China, the epidemic profiles of viruses in ARIs are different because of different enrolled criteria, geographical
and climatic factors [8–13].
Shandong locates in eastern China and lies near to
Southern Korean and Japanese with 97 million populations, which has a large transient population from different provinces and counties. The mixing of transient
population may increase the transmission of respiratory
viruses. Feng et al. [10] reported the viral etiology of
hospitalized acute lower respiratory infection patients in
22 provinces of China, including Shandong province,
but the findings didn’t include the data in this study. At
the same time, HRV as the major infection pathogen
was detected in the hospitalized ARIs, but Feng’s result
didn’t describe HRV prevalence. Thus, our aim was to
investigate the frequency and type of twelve common respiratory viral infections in hospitalized ARIs among children and adults in Shandong Province from 2011 to 2013.
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Table 1 Summary of associations between clinical characteristic
and viral infectious
Characteristic

ARI (%)(N = 607) Infected sample(N = 217)

sex
Male

348(57.33 %)

123(56.68 %)

Female

259(42.67 %)

94(43.32 %)

≤2 years

125(20.59 %)

52(23.96 %)

3~4

118(19.44 %)

57(26.27 %)

5 ~ 15

124(20.43 %)

50(23.05 %)

16 ~ 59

110(18.12 %)

29(13.36 %)

≥60 years

130(21.42 %)

29(13.36 %)

Age

Chronic disease
chronic lung disease

57(9.39 %)

14(6.45 %)

coronary artery heart disease 123(20.26 %)

32(14.75 %)

Metabolic

48(7.91 %)

15(6.91 %)

incubate the influenza
vaccine last year

31(5.11 %)

18(8.29 %)

fever(<38)

21(3.46 %)

8(3.69 %)

fever (≥38)

586(96.54 %)

209(96.31 %)

Clinical Symptom

sore throat

290(47.78 %)

88(40.55 %)

Cough

475(78.25 %)

175(80.65 %)

difficulty breathing

173(28.50 %)

55(25.34 %)

lung auscultation

357(58.81 %)

119(54.84 %)

abnormal X-ray

270(44.48 %)

83(38.25 %)

Results
Patient characteristics and clinical diagnosis

During January 2011-December 2013, 607 specimens
were collected from patients with hospitalized ARIs in
the present study. The patients were 348 (57.33 %) males
and 259(42.67 %) females (sex ratio 1.34; Table 1) (x2 =
0.06, P > 0.5). Among the 607 ARI patients, 40.03 % were
children aged <5 years and 21.42 % were elderly aged ≥
60 years, with a median age of 6 years (range, 1 months
to 99 years) (Table 1). A temperature ≥ 38 °C was documented in 96.54 % of ARI cases at the time of physical
examination. The most common symptoms observed
were cough (78.25 %), followed by sore throat (47.78 %).
The respiratory symptoms are described in Table 1.
Viral etiologies

The NTS were analyzed by multiple RT-PCR, 217
(35.75 %) specimens carried at least one virus, comprising 183 single-infection cases (84.33 %), and 34 coinfection cases (15.67 %)(Table 2). The most frequently
detected virus was influenza virus (30.47 %, 78/256),
followed by PIVs (18.36 %, 47/256), RSV (16.02 %, 41/
256) and ADV (14.84 %, 38/256) (Table 2).

Table 2 Viral etiologies identified (2011–2013)
Infections

Single infection (%) Co-infection (%) Total (%)
N = 183(30.15)

N = 34(5.60)

N = 217(35.75)

IAV

39(21.32)

9(12.33)

48(18.75)

IBV

17(9.29)

13(17.81)

30(11.72)

ADV

29(15.85)

9(12.33)

38(14.84)

RSVA

15(8.20)

14(19.18)

29(11.33)

RSVB

11(6.01)

1(1.37)

12(4.69)

PIV-1

8(4.37)

3(4.11)

11(4.30)

PIV-2

15(8.20)

2(2.74)

17(6.64)

PIV-3

14(7.65)

5(6.85)

19(7.42)

HCoV(229E/NL63) 7(3.83)

3(4.11)

10(3.91)

HCoV(OC43/HKU1) 8(4.37)

4(5.48)

12(4.69)

HRV

20(10.93)

6(8.22)

26(10.16)

HMPV

0(0)

4(5.48)

4(1.56)

Total

183

73 (34 cases)

256
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Among the 34 ARI cases with co-infection, two viruses
were identified in 29 patients (85.29 %) and three viruses
were detected in 5 patients (14.71 %) (Table 2). Among
the co-infected specimens, the most common virus was
RSVA (19.18 %), followed by IBV (17.81 %), AdV and
IAV (12.33 %) (Table 2).
The total positive rates in the year of 2011, 2012 and
2013 were 41.86, 42.69 and 29.32 %, respectively. It was
statistically lower in 2013 than in the other 2 years (x2 =
11.22, P < 0.01), but no difference was observed between
2011 and 2012 (Table 3).
Age and gender distribution

All of the ARI patients were grouped into five age
groups with different positive rate of viral infections
(Table 1 and Table 4). The overall positive rate was
double in young Children (<5 years) than that in old
adults (>60 years) (44.85 VS 22.31 %). All of the detected
viruses predominated in children (≤15 years old), except
for HCoV which dominated in the adults (>15 years
old). The predominant viruses among different age
groups were different. Of young children (≤2 years), RSV
was the most prevalent virus followed by PIVs, ADV and
IVA. Of Children aged 3 ~ 4 years, IVA and RSV had
the highest incidence, followed by IVB and HRV. Of
persons aged 5 ~ 15 years, ADV was the most common pathogen, followed by IVA and PIVs. For the
person aged ≥60 years, the incidence of PIVs and
HCoV were the highest, followed by RSVB(Table 4).
There was no significant difference in viral infection
Table 3 Association between years and respiratory virus
infection (2011–2013)
Infections

Years
2011

2012

(n = 129) (%)

(n = 171) (%)

2013
(n = 307) (%)

IAV

19(14.73)

10(5.85)

19(6.19)

IBV

4(3.10)

25(14.62)

1(0.33)

ADV

18(13.95)

4(2.34)

16(5.21)

RSVA

4(3.10)

12(7.02)

13(4.23)

RSVB

1(0.78)

9(5.26)

2(0.65)

PIV-1

2(1.55)

3(1.75)

6(1.95)

PIV-2

4(3.10)

4(2.34)

9(2.93)

PIV-3

4(3.10)

4(2.34)

11(3.58)

HCoV(229E/NL63)

3(2.33)

2(1.17)

5(1.63)

HCoV(OC43/HKU1

3(2.33)

6(3.51)

3(0.98)

HRV

2(1.55)

11(6.43)

13(4.23)

HMPV

2(1.55)

2(1.17)

0(0)

single infectious

42(32.56)

58(33.92)

83(27.04)

co-infectious

12(9.30)

15(8.77)

7(2.28)

positive cases

54(41.86)

73(42.69)

90(29.32)

between male (35.34 %,
(36.29 %, 94/259) (p ≥ 0.05).

123/348)

and

female.

Seasonal distribution

The virus detection rate was not distributed equally during different seasons in Shandong Province (Fig. 1). The
total positive rate was the highest in the winter
(49.22 %), followed by spring (22.27 %), autumn
(15.23 %) and summer (13.28 %). For the every virus,
IAV and IBV were mostly detected in winter, while RSV
was detected primarily during the autumn and winter.
HRV and PIVs were detected in all seasons, while ADV was
detected primarily during the spring and summer. Other
viral pathogens appeared sporadically during the year.
Clinical characteristics of patients with viral infection

The clinical symptoms and diagnosis of the patients with
viral infection are shown in Table 5. Fever and cough
compares the majority of clinical symptom. Pneumonia
was the most common diagnosis for RSV, PIVs, HRV,
IVA, HCoV and ADV infection, while IBV had the highest rate of bronchitis than the other viral infection.

Discussion
Respiratory viruses causing acute respiratory infection
are a significant source of morbidity and mortality, especially in children under 5 years. There were some research reports about the epidemiology and etiology of
respiratory viruses among the children throughout the
world, but study of hospitalized ARIs in children and
adults simultaneous is more limited. Due to the different
age groups, climate and other factors, the infection incidence, seasonality, co-infection rate and clinical profiles
of respiratory virus in hospitalized ARIs are different. In
this study, a total of 607 hospitalized ARI cases were enrolled from 2011 to 2013, and 35.75 % were positive for
at lease one virus, which was consistent with the previous study in China (36.6 %) [10]. The finding also illustrated that the virus positive rate was double in children
less than 5 years than that in adults. At the same time,
children less than 5 years old accounted for most cases
of ARIs (44.15 %) and 45.52 % of them had a documented viral infection (Table 1), a similar incidence rate
has been obtained in Shenzhen, Hong Kong, Rome and
Milan [13–16], but it was different from other studies
[17, 18]. For the old adult (≥60 years), viruses were detected in 22.31 % (29/130) of samples, which was lower
than that of the study reported by Ren L [12] and Raquel
Cirlene da Silva [19].
For all of the hospitalized ARIs, the principal pathogens were IVA, PIVs (PIV1-3), RSV, ADV and IBV. For
the young children (≤5 year), the most prevalent viruses
were RSV, PIVs, IVA, ADV and IVB, while the principal
respiratory viruses were HCoV, PIVs, RSV in the old
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Table 4 Association between age groups and respiratory virus infection (2011–2013)
Infections

Age group
≤2 year

3~4

5 ~ 15

16 ~ 59

≥60

(n = 125) (%)

(n = 118) (%)

(n = 124) (%)

(n = 110) (%)

(n = 130) (%)

IAV

9(7.20)

13(11.02)

10(8.06)

13(11.82)

3(2.31)

IBV

4(3.20)

12(10.17)

9(7.26)

2(1.82)

3(2.31)

ADV

10(8.00)

7(5.93)

15(12.10)

6(5.45)

0(0)

RSVA

13(10.40)

7(5.93)

4(3.23)

1(0.91)

4(3.08)

RSVB

6(4.80)

6(5.08)

0(0)

0(0)

0(0)

PIV-1

5(4.00)

3(2.54)

2(1.61)

1(0.91)

0(0)

PIV-2

1(0.80)

3(2.54)

6(4.84)

4(3.64)

3(2.31)

PIV-3

8(6.40)

3(2.54)

2(1.61)

0(0)

6(4.62)

HCoV(229E/NL63)

1(0.80)

3(2.54)

1(0.81)

1(0.91)

4(3.08)

HCoV(OC43/HKU1

4(3.20)

0(0)

1(0.81)

2(1.82)

5(3.85)

HRV

3(2.40)

10(8.47)

7(5.65)

3(2.73)

3(2.31)

HMPV

2(1.60)

1(0.85)

0(0)

0(0)

1(0.77)

single infectious

40(32.00)

47(39.83)

44(35.48)

25(22.73)

27(20.77)

co-infectious

12(9.60)

10(8.47)

6(4.84)

4(3.64)

2(1.54)

positive cases

52(41.60)

57(48.31)

50(40.32)

29(26.36)

29(22.31)

adult groups. The epidemic characteristic differed
among the age groups and seasonality.
Influenza viruses were the most frequently detected respiratory viruses in all hospitalized ARIs, accounting for
12.85 % (78/607), and IVA (7.91 %, 48/607) was more
prevalent than IVB (4.94 %, 30/607). For the young children less than 5 years, the positive rate was three times
than that in old adults (15.63 % VS 4.62 %). The influenza virus A(H1N1) pdm09 and dynamic change of influenza viruses could explain this shift. As an emergence
infectious disease, people could be vulnerable to infection with influenza virus A (H1N1) pdm09 because of
low antibody in the second wave in 2010–2011 surveillance season [20]. The influenza surveillance data also
verified that influenza A (H1N1) pdm09 was the main

strain in Shandong in 2011 and 2013 [21]. After that in
2011, IVB became the predominant strain in 2012 due
to the limited immunological cross-reactivity between
influenza subtypes which lead to the increase of the infection population [20, 21]. Our study also highlighted a
clear seasonal distribution of influenza viruses which
were active in winter and IVA was detected in the four
seasons.
PIV is a major cause of respiratory tract illness in infants and young children worldwide [22]. For the children under 5 years old, they were infected by at lease
one PIV, and re-infected throughout life because of incomplete immunity [23]. PIV was the second pathogen
detected in all hospitalized ARIs (positive rate of 7.41 %)
and were found to be prevalent in almost all age groups.

Fig. 1 Seasonal distributions of individual viruses. Respiratory viruses were detected over four seasons with the prevalence expressed as a
percentage of the total
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Table 5 Clinical symptoms and diagnosis results from infected patients
virus

number

fever

cough
32(78.05)

throat
18(43.90)

difficulty breathing
6(14.63)

lung auscultation

15(36.59)

diagnose result
pneumonia

bronchitis

31(75.61)

4(9.75)

RSV

41

41(100)

IVA

48

47(97.92)

38(79.17)

20(41.67)

13(27.08)

35(72.92)

21(43.75)

30(62.5)

8(16.67)

HRV

26

26(100.00)

19(73.08)

13(50.00)

9(34.62)

8(30.77)

7(26.92)

18(69.23)

3(11.54)

PIV

47

43(91.49)

36(76.60)

19(40.43)

15(31.91)

27(57.45)

22(46.81)

34(72.34)

4(8.51)

ADV

38

34(89.47)

28(73.68)

16(42.11)

8(21.05)

16(42.11)

1(2.63)

22(57.89)

7(18.42)

IVB

30

30(100.00)

26(86.67)

8(26.67)

5(16.67)

10(33.33)

7(23.33)

13(43.33)

13(43.33)

HCoV

22

22(100.00)

21(95.45)

10(45.45)

5(22.73)

15(68.18)

10(45.45)

13(59.09)

5(22.73)

These data were consistent with the positive rate observed in Hong Kong and Rome. Compared with the
5.71 % positive rate in adults, our study also recorded a
10.07 % prevalence of PIVs infections under 5 years old
with the predominate type being PIV-3, which was similar with the reports [24, 25]. At the same time, different
from the prevalence of influenza virus in winter, PIV was
active in all the seasons.
Our findings illustrated that RSV was the most pathogen of respiratory tract infection in children less than
5 years, accounting for 13.17 % (32/243), which were
consistent with the study from Asia and China [26–28].
Our surveillance data also indicated that RSV-positive
ARIs occurred during autumn and winter, which was in
agreement with report from Jinzhou in China, Japan and
the Unite States [28–30], but different from Hong Kong
[13]. The seasonal characteristics of RSV infection may
be related to a region’s climate and demographic factors.
All of these would be important for local pediatricians to
use antibiotics cautiously when children are hospitalized
with ARIs.
It was known that ADV accounted for 5–10 % of lower
respiratory tract infections with the highest rate occurring in young children [31, 32]. Our results also showed
that the total positive rate was 6.26 %, with 60.53 % (23/
38) patients were children under 5 years old. Most ADV
(29 of 38) were detected as single infection, which
agreed with the report of Huang et al. [9].
Human cororavirus (HCoV), an important pathogen
in adults [33], was detected in 3.62 % of patients, which
was significantly lower than the Xiaoyan Yu’s research
[11], but higher than the previous report [34]. To pursue
the reason, the detection methods or the changed prevalent rules every 2–3 years maybe the main reason [35].
Our surveillance data showed that the virus positive rate
in the adults was two times than that in children. Consistent with previous study [36, 37], only four patients
(0.66 %) were infected with hMPV, including three children between 9 months to 5 years.
The result described the different positive rate from
2011–2013, the probably reason may be the dynamic

25(60.98)

abnormal X ray

distribution of respiratory viruses and the collected sample amount in different months. In 2012, IBV had the
highest incidence (14.62 %), accounting for 34.25 % of
all positive samples, followed by RSV, HRV and PIVs. In
2011, IAV was the most common virus in 2011, followed
by ADV and PIVs, while IVA was the predominant
pathogen in 2013, followed by PIVs, ADV and RSV. At
the same time, the rate of the sample amount in 2013
(48.21 %) was higher than the other 2 years (39.18 and
19.38 %) in the non-epidemic season of respiratory virus
infection (May-October) which lead to the decrease of
positive rate in 2013.
In our study, respiratory viral infections have clear seasonal variations with most cases occurring in the winter.
Possible explanations for this include seasonal variations
in host immune response to infection [33], climatic factors such as lower temperature and low relative humidity which increase viral survival in the environment [34].
Patient with respiratory viral infection usually develop
clinical symptoms, including fever and cough, which further develop pneumonia and bronchitis. We found that
RSV (75.61 %) and PIVs (72.34 %) infection were more
likely to be associated with pneumonia than were ADV
(57.89 %) and HCoV (59.09 %), while IVB shared the same
chance to develop pneumonia and bronchitis (43.33 %).

Conclusions
In conclusion, the results of our study give us a better
understanding of the viral etiology of hospitalized ARIs
in Shandong Province, China, which is useful for the
guidance of pediatric clinical practice including the correct application of antibiotics as well as public health
policy. Moreover, the use of multiple RT-PCR permits a
rapid differential diagnosis of hospitalized ARIs potentially enabling rapid detection and response to outbreak.
Methods
Patients and specimens

From Jan, 2011, to December, 2013, the nasal and throat
swabs (NTS) from Jinan Central Hospital Affiliated to
Shandong University were collected from hospitalized
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ARIs patients. Selection criteria included having one or
more respiratory symptoms, including cough, sore
throat, combined with a body temperature above 37.5 °C.
The other information including symptoms, clinical diagnosis and demographic characteristic were recorded in
case report forms. Clinical information of patients with
virus infection was reviewed retrospectively from the records. NTS were kept in viral transport medium and
stored at −70 °C prior to analysis.
This study was approved by the Ethics Committee of
Shandong Center for disease control and prevention and
all patients signed a “Written Informed Consent”.
Molecular detection of respiratory viruses

The viral nucleic acid was directly extracted from the
clinical specimens by using a QIAamp mini viral RNA
extraction Kit (Qiagen, German). The cDNAs were synthesized by PrimeScript TM 1st strand cDNA Synthesis
Kit (Takara # 6110), all samples were tested by multiple
RT-PCR screening according to Seeplex® RV12 ACE Detection manufacture (Seegene Cat No. RV6C00Y). The
detected respiratory viruses included IVA, IVB, ADV,
RSVA, RSVB, PIV1–3, hMPV, HCoV-229E/NL63,
OC43/HKU1, and HRV.
Statistical analyses

Statistical analyses were conducted using SPSS 17. Descriptive statistics were used to characterize the median
age and the infection rates. The chi-squared test was
used to compare the infection rates for respiratory viruses among different age groups and different clinic
characters. P-value <0.05 was considered to be statistically significant.
Abbreviations
WHO: World Health Organization; ARIs: Acute respiratory infections (ARIs);
IAV: Influenza virus A; IBV: Influenza virus B; RSV: Respiratory syncytial virus;
PIV: Para-influenza viruses; ADV: Adenovirus; HRV: Human rhinovirus;
HMPV: Human metapneumovirus; HCoV: Human coronaviruses.
Competing interests
The authors declare that they have no competing interests.
Authors’ contributions
XJW, XAQ, BZQ and LT conceived and designed the experiments, LT, LZ and
WJL performed the experiment, LT,ZSY and SSX analyzed the data, GNJ and
XCY contributed the materials, LT and WXJ wrote the manuscript.
Acknowledgements
This study was supported by Scientific and Technological Projects of
Shandong Province(2009GG10002054),Health and Family Planning
Commission of Shandong Province (2014WS0380) and the National Key
Science and Technology project on Infectious Disease Surveillance
Technique platform of China (2013ZX10004-202).
Author details
1
Shandong Center for Disease Control and Prevention, Shandong Provincial
Key Laboratory of Infectious Diseases Control and Prevention, Shandong
University Institute for Prevention Medicine, Jinan 250014 Shandong, China.
2
Jinan Central Hospital Affiliated to Shandong University, Jinan 250014
Shandong, China.

Page 6 of 7

Received: 3 June 2015 Accepted: 20 September 2015

References
1. World Health Organization. World Health Report 2004 Statistical Anne.
Geneva: WHO; 2004.
2. Williams BG, Gouws E, Boschi-Pinto C, Bryce J, Dye C. Estimates of
worldwide distribution of child deaths from acute respiratory infections.
Lancet Infect Di. 2002;2:25–32.
3. Mahony JB. Nucleic acid amplification-based diagnosis of respiratory virus
infections. Expert Rev Anti Infect Ther. 2010;8:1273–92.
4. Beck ET, Henrickson KJ. Molecular diagnosis of respiratory viruses. Future
Microbiol. 2010;5:901–16.
5. Monto AS. Occurrence of respiratory virus: time, place and person. Pediatr
Infect Dis J. 2004;23:S58–64.
6. Do AH, van Doorn HR, Nghiem MN, Bryant JE, Hoang TH, Do QH, et al. Viral
etiologies of acute respiratory infections among hospitalized Vietnamese
children in Ho Chi Minh City, 2004–2008. PLoS One. 2011;6((3):e18176.
7. Laguna-Torres VA, S_anchez-Largaespada JF, Lorenzana I, Forshey B, Aguilar
P, Jimenez M, et al. Influenza and other respiratory viruses in three Central
American countries. Influenza Other Respi Viruses. 2011;5:123–34.
8. He Y, Lin GY, Wang Q, Cai XY, Zhang YH, Lin CX, et al. A 3-year prospective
study of the epidemiology of acute respiratory viral infections in
hospitalized children in Shenzhen, China. Influenza Other Respi Viruses.
2014;8:443–51.
9. Huang G, Yu D, Mao N, Zhu Z, Zhang H, Jiang Z, et al. Viral etiology of
acute respiratory infection in Gansu Province, China, 2011. PLoS One.
2013;8:e64254.
10. Feng L, Li Z, Zhao S, Nair H, Lai S, Xu W, et al. Viral etiologies of hospitalized
acute lower respiratory infection patients in China, 2009–2013. PLoS One.
2014;9:e99419.
11. Yu X, Lu R, Wang Z, Zhu N, Wang W, Julian D, et al. Etiology and clinical
characterization of respiratory virus infections in adult patients attending an
emergency department in Beijing. PLoS One. 2012;7:e32174.
12. Ren L, Gonzalez R, Wang Z, Xiang Z, Wang Y, Zhou H, et al. Prevalence of
human respiratory viruses in adults with acute respiratory tract infections in
Beijing, 2005–2007. Clin Microbiol Infect. 2007;15:1146–53.
13. Sung RY, Chan PK, Tsen T, Li AM, Lam WY, Yeung AC, et al. Identification of
viral and atypical bacterial pathogens in children hospitalized with acute
respiratory infections in Hong Kong by multiplex PCR assays. J Med Virol.
2009;81:153–9.
14. Deng J, Ma Z, Huang W, Li C, Wang H, Zheng Y, et al. Respiratory virus
multiplex RT-PCR assay sensitivities and influence factors in hospitalized
children with lower respiratory tract infections. Virol Sin. 2013;28:97–102.
15. Pierangeli A, Gentile M, Di Marco P, Pagnotti P, Scagnolari C, Trombetti S, et
al. Detection and typing by molecular techniques of respiratory viruses in
children hospitalized for acute respiratory infection in Rome, Italy. J Med
Virol. 2007;79:463–8.
16. Zuccotti G, Dilillo D, Zappa A, Galli E, Amendola A, Martinelli M, et al.
Epidemiological and clinical features of respiratory viral infections in
hospitalized children during the circulation of influenza virus A(H1N1) 2009.
Influenza Other Respi Viruses. 2011;5:e528–34.
17. Oue’draogo S, Traore’ B, Nene Bi ZAB, Yonli FT, Kima D, Bonane P, et al. Viral
etiology of respiratory tract infections in children at the pediatric hospital in
Ouagadougou (Burkina Faso). PLoS One. 2014;9:e110435.
18. Zhang C, Zhu N, Xie Z, Lu R, He B, Liu C, et al. Viral etiology and clinical
profiles of children with severe acute respiratory infections in China. PLoS
One. 2013;8(8):e72606.
19. da Silva RC, da Silva MG, Rojas MA, Amorim AR, Couceiro JN, Lupi O, et al.
Frequency of viral etiology in symptomatic adult upper respiratory tract
infections. Braz J Infect Dis. 2015;19:30–5.
20. Wangchuk S, Thapa B, Zangmo S, Jarman RG, Bhoomiboonchoo P, Gibbons
RV. Influenza surveillance from November 2008 to 2011; including
pandemic influenza A(H1N1)pdm09 in Bhutan. Influenza Other Respir
Viruses. 2013;7(3):426–30.
21. Song SX, Wang YL, Zhang SY, Liu T, Lin Y, Sun L, et al. Analysis on the
epidemiology and etiology data of influenza illness cases in Shandong
Province from 2009–2012. Modern Prev Med. 2014;41(19):3466–9
(in Chinese).
22. Henrickson KJ. Parainfluenza viruses. Clin Miceobiol Rev. 2003;16:242–64.

Liu et al. Virology Journal (2015) 12:168

Page 7 of 7

23. Glezen WP, Frank AL, Taber LH, Kasel JA. Parainfluenza virus type 3:
seasonality and risk of infection and reinfection in young children. J Infect
Dis. 1984;150:851–7.
24. Almajhdi FN, Alshaman MS, Amer HM. Molecular characterization and
phylo-genetic analysis of human parainfluenza virus type 3 isolated from
Saudi Arabia. J Med Virol. 2012;84:1304–11.
25. Khor C-S, Sam I-C, Hooi P-S, Quek K-F, Chan Y-F. Epidemiology and
seasonality of respiratory viral infections in hospitalized children in Kuala
Lumpur, Malaysia: a retrospective study of 27 years. BMC Pediatr. 2012;12:32.
26. Mathisen M, Strand TA, Sharma BN, Chandyo RK, Valentiner-Branth P, Basnet
S, et al. Clinical presentation and severity of viral community-acquired
pneumonia in young Nepalese children. Pediatr Infect Dis J. 2010;29:e1–6.
27. Olsen SJ, Thamthitiwat S, Chantra S, Chittaganpitch M, Fry AM, Simmerman
JM, et al. Incidence of respiratory pathogens in persons hospitalized with
pneumonia in two provinces in Thailand. Epidemiol. Infect. 2010;138(12):1–12.
28. Huo XX, Fang B, Liu LL, Yu HJ, Chen H, Zheng J, et al. Clinical and
epidemiologic characteristics of respiratory syncytial virus infection among
children aged <5 years, Jingzhou City, China, 2011. J Infect Dis. 2013;208
Suppl 3:184–8.
29. Zachariah P, Shah S, Gao D, Simoes EA. Predictors of the duration of the
respiratory syncytial virus season. Pediatr Infect Dis J. 2009;28:772–6.
30. Kaneko M, Watanabe J, Kuwahara M, Ueno E, Hida M, Kinoshita A, et al.
Impact of respiratory syncytial virus infection as a cause of lower respiratory
tract infection in children younger than 3 years of age in Japan. J Infect.
2002;44:240–3.
31. Bharaj P, Sullender WM, Kabra SK, Mani K, Cherian J, Tyagi V, et al.
Respiratory viral infections detected by multiplex PCR among pediatric
patients with lower respiratory tract infections seen at an urban hospital in
Delhi from 2005 to 2007. Virol J. 2009;6:89.
32. Homaira N, Luby SP, Petri WA, Vainionpaa R, Rahman M, Hossain K, et al.
Incidence of Respiratory Virus-Associated Pneumonia in Urban Poor Young
Children of Dhaka, Bangladesh, 2009–2011. PLoS ONE 2012;7(2):e32056.
33. Greenberg SB. Update on rhinovirus and coronavirus infections. Semin
Resoir Crit Care Med. 2011;32:433–46.
34. Ren L, Gonzalez R, Xu J, Xiao Y, Li Y, Zhou H, et al. Prevalence of human
coronaviruses in adults with acute respiratory tract infections in Beijing,
China. J Med Virol. 2011;83:291–7.
35. Gaunt ER, Hardie A, Claas ECJ, Simmonds P, Templeton KE. Epidemiology
and clinical presentation of the four human coronaviruses 229E, HKU1,
NL63, and OC43 detected over 3 years using a novel multiplex real-time
PCR method. J Clin Microbiol. 2010;48:2940–7.
36. Williams JV, Harris PA, Tollefson SJ, Halburnt-Rush LL, Pingsterhaus JM,
Edwards KM, et al. Human metapneumovirus and lower respiratory tract
disease in otherwise healthy infants and children. N Engl J Med.
2004;350:443e50.
37. Do Carmo Debur M, Bordignon J, Santos Duarte dos CN, Vidal LR, Nogueira
MB, de Almeida SM, et al. Acute respiratory infection by human
metapneumovirus in children in southern Brazil. J Clin Virol. 2007;39:59e62.

Submit your next manuscript to BioMed Central
and take full advantage of:
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at
www.biomedcentral.com/submit

