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Abstract 

Objective  This study was conducted to investigate the viral and bacterial etiology and epidemiology of 
patients with acute febrile respiratory syndrome (AFRS) in Qinghai using a commercial routine 
multiplex-ligation-nucleic acid amplification test (NAT)-based assay. 

Methods  A total of 445 nasopharyngeal swabs specimens from patients with AFRS were analyzed using 
the RespiFinderSmart22kit (PathoFinder BV, Netherlands) and the LightCycler 480 real-time PCR system. 

Results  Among the 225 (225/445, 51%) positive specimens, 329 positive pathogens were detected, 
including 298 (90.58%) viruses and 31 (9%) bacteria. The most commonly detected pathogens were 
influenza virus (IFV; 37.39%; 123/329), adenovirus (AdV; 17.02%; 56/329), human coronaviruses (HCoVs; 
10.94%; 36/329), rhinovirus/enterovirus (RV/EV; 10.03%; 33/329), parainfluenza viruses (PIVs; 8.51%; 
28/329), and Mycoplasma pneumoniae (M. pneu; 8.51%; 28/329), respectively. Among the co-infected 
cases (17.53%; 78/445), IFV/AdV and IFV/M. pneu were the most common co-infections. Most of the 
respiratory viruses were detected in summer and fall. 

Conclusion  In our study, IFV-A was the most common respiratory pathogen among 22 detected 
pathogens, followed by AdV, HCoV, RV/EV, PIV, and M. pneu. Bacteria appeared less frequently than 
viruses, and co-infection was the most common phenomenon among viral pathogens. Pathogens were 
distributed among different age groups and respiratory viruses were generally active in July, September, 
and November. Enhanced surveillance and early detection can be useful in the diagnosis, treatment, and 
prevention of AFRS, as well as for guiding the development of appropriate public health strategies. 
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INTRODUCTION 

cute respiratory infections (ARIs), which 
are one of the most common diseases, 
are the leading cause of morbidity and 

mortality in children and adults worldwide[1]. 
According to the World Health Organization (WHO), 
lower respiratory tract infections killed more than 
3,000,000 people in 2016, making it the third overall 
cause of death[2]. The viruses most frequently A
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detected in patients with ARIs include influenza-A 
virus (IFV-A), adenovirus (AdV), human 
coronaviruses (HCoVs), rhinovirus/enterovirus 
(EV/RV), parainfluenza viruses (PIVs), and 
Mycoplasma pneumoniae (M. pneu); however, the 
clinical presentations of respiratory tract infections 
are similar, making it difficult to distinguish between 
etiologic agents of viral and bacterial pneumoniae 
without laboratory diagnosis[3]. An accurate and 
rapid laboratory diagnosis can have a positive impact 
on patient management, reducing the length of 
hospital stay, avoiding the unnecessary use of 
antibiotics, and suggesting the use of appropriate 
antiviral agents[4]. 

With the introduction of the real-time PCR assay, 
a sensitive and specific amplification method, the 
diagnosis of respiratory infections has improved 
greatly. It is currently possible to search for up to 22 
different respiratory pathogens, including viruses 
and bacteria, using a multiplex PCR format[5,6]. Unlike 
conventional viral cell cultures, these new 
technologies allow the detection of viruses that are 
not detected at all by conventional methods. In 
addition, it is possible to detect co-infections that 
may influence disease severity or therapeutic 
strategies[7]. Notably, the use of this technology 
provides the best results when respiratory samples 
are collected in a timely fashion[8]. 

MATERIALS AND METHODS 

Specimens and Information Collection 

A total of 445 nasopharyngeal swab specimens 
were collected from patients with febrile  
respiratory syndrome (FRS) between May 2012 and 
May 2015. The specimens were transferred    
from sentinel surveillance hospital of Qinghai 
Province to the key laboratory of China CDC,  and 
stored at -70 °C until tested. Inclusion criteria   
were fever, chills, elevated, reduced, or abnormal 
white blood cells of acute onset, and one or more of 
the following clinical manifestations of the 
respiratory tract: sore throat, throat discomfort, 
nasal congestion, runny nose, nasopharyngeal 
hyperemia, nasopharyngeal edema, cough, 
shortness of breath, abnormal auscultation breath 
sounds, chest pain, and inflammatory changes in the 
lungs observed upon imaging analysis[9]. Patients 
provided clinical information by completing a 
standard questionnaire under the guidance of the 
trained clinician. 

Nucleic Acid Extraction and Pathogens Detection 

Commercially available QIAamp MinElute Virus 
Spin Kits (Qiagen, Hilden, Germany) were used to 
extract the viral and bacterial nucleic acids (DNA or 
RNA), essentially as recommended by the 
manufacturer, resulting in a total of 80 μL of total 
nucleic acids being extracted from 200 μL clinical 
specimens. Negative water controls were included in 
every run. All of the PCR-ready samples were stored 
at -70 °C until use. 

The samples were tested for respiratory viruses 
and bacteria using the RespiFinderSmart22 assay 
(PathoFinder BV, the Netherlands)[5]. Each sample 
was simultaneously analyzed for the following 22 
pathogens (including 18 viruses and 4 bacteria): 
influenza A (IFV-A), influenza A (H1N1) pdm09 virus 
[IFV-A (H1N1) pdm09], influenza B (IFV-B), respiratory 
syncytial virus type A (RSV-A), respiratory syncytial 
virus type B (RSV-B), human metapneumovirus (hMPV), 
parainfluenza virus type 1 (PIV-1), parainfluenza virus 
type 2 (PIV-2), parainfluenza virus type 3 (PIV-3), 
parainfluenza virus type 4 (PIV-4), 
rhinovirus/enterovirus (RV/EV), human coronavirus 
NL63 (HCoV-NL63), human coronavirus HKU1 
(HCoV-HKU1), human coronavirus 229E (HCoV-229E), 
human coronavirus OC43 (HCoV-OC43), human 
bocavirus (HBoV), adenovirus (AdV), Bordetella 
pertussis (B. pert), Chlamydia pneumoniae (C. pneu), 
Legionella pneumophila (L. pneu), and Mycoplasma 
pneumoniae (M. pneu). We set up parallel control 
experiments, including six paramyxovirus detection 
protocols, six human coronavirus detection 
protocols, and HRV and HAdV detection protocols 
established in our laboratory[10,11]. Amplification, 
detection, and data analysis were performed using 
the LightCycler480 real-time PCR system (Roche, 
USA) according to the manufacturer’s instructions. 

Statistics Analysis 

Statistical analyses were performed using the 
SAS software (Version 9.3, USA). Chi-squared and 
Fisher’s exact tests were used for comparisons 
between groups in terms of categorical variables 
wherever appropriate. A P value of < 0.05 was 
considered to be statistically significant. 

Ethical Considerations 

This project was approved by the Institutional 
Review Boards of the Centre of Disease Control and 
Prevention of China and the Ethical Review 
Committee of Beijing Hospital. Individual written 
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informed consent was obtained from the parents or 
guardians of all of the participants. 

RESULTS 

Demographic Characteristics 

A total of 445 nasopharyngeal swab specimens 
from FRS patients with available clinical information 
were analyzed. Overall, 265 (59.55%) of the patients 
were male and 180 (40.45%) were female. The 
median age was 16 years [interquartile range (IQR) 

3-61]. The patients were divided into six age groups: 
(0-1)-year-old, (1-5)-year-old, (5-18)-year-old, 
(18-40)-year-old, (40-65)-year-old, and ≥ 65-year-old. 
The number of people in each age group was 77, 70, 
80, 60, 68, and 90, respectively. 

Overall Prevalence of Respiratory Pathogens 

No pathogens were detected in 220 (49%) 
samples, while 147 (38%) of the specimens showed 
single infections, 53 (12%) showed viral-viral 
co-infections, and 25 (6%) of the specimens were 
viral-bacterial co-infections (Figure 1A). The positive 

 

 

Figure 1. The etiology characteristics of acute febrile respiratory syndrome in Qinghai. (A) Detection 
rate of single infection or co-infections in 445 respiratory samples. The color pie chart represents the 
rate of any pathogen detection, and the gray part represents the rate of no-pathogen detection. (B) The 
numbers of single infection and co-infections for individual respiratory pathogen. (C) Distribution of the 
AFRS cases from January to December. 
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Co-infections 

Co-infection was detected in 78 specimens, with 
a detection rate of 17.53% (78/445) being observed 
for all of the specimens and 34.67% (78/225) for 
positive specimens. Co-infection was significantly (χ2 
= 4.6074, P = 0.0312) less common in male patients 
(38/265, 14.34%) than in female patients (40/180, 
22.22%). The co-infection rate varied significantly 
among age groups (χ2 = 12.8745, P = 0.0246). The 
distribution of co-infections is shown in Table 2. Dual 
infections were the most frequently detected 
co-infection mode, and IFV/AdV (n = 14) and IFV/PIV 
(n = 14) were the most common co-infection 
combinations. Intra-species co-infections were seen 
in IFV, HCoV, and PIV. 

Among the respiratory viruses, IFV (64/123, 
52.03%), RV/EV (20/33, 60.61%), and HBoV (7/10, 
70.00%) were more commonly detected as single 
pathogens, with a proportion over 50%, whereas 
HCoVs (20/36, 55.56%), PIVs (17/28, 60.71%), RSV 
(9/10, 90.00%), and AdV (36/56, 64.28%) were 
primarily detected in co-infections. One of two 
hMPV-positive cases was a co-infection. Among 
bacteria, 22 M. pneu (22/28, 78.57%) and 2 B. pert (2/2, 
100%) were detected in co-infections, while 1 L. pneu 
(1/1, 100%) was observed as a single infection  
(Figure 1B). 

All of the experimental results were validated 
using single or multiple PCR assays established in our 
laboratory (data not shown). 

DISCUSSION 

Acute respiratory tract infections (ARTIs) are a 
common clinical condition, and pathogens are 
considered to be an important cause of these 
infections[12]. Accurate and rapid identification of the 
pathogens responsible for ARTIs is critically 
important for the application of appropriate antiviral 
therapies and prevention of excessive use of 
antibiotics[13]. Due to their sensitivity and rapidity, 
molecular technologies play a key role in early 
diagnosis and have evolved into laboratory 
diagnostic criteria[14]. A wide variety of pathogens 
can lead to respiratory infections, and pathogenic 
spectrum studies provide more accurate and clear 
information[15-17]. In the present study, a commercial 
diagnosis kit was used for detection of 18 respiratory 
virus and four bacteria by multiplex real time PCR, 
and at least one agent was identified in 51% of the 
nasopharyngeal swabs. This high rate of detection is 
similar to that reported in previous studies in which 
molecular methods were used[1,18,19]. Although the 
detection rate of other findings is low[20], differences 

Table 2. Distribution of Co-infection 

Group Virus NO.* Virus NO.* 

Dual Infections (n = 62)         
Inter- AdV + RV/EV 1 (1.61) RV/EV + M. pneu 1 (1.61) 

  AdV + IFV 14 (22.58) PIV + IFV 2 (3.23) 
  AdV + PIV 1 (1.61) PIV + AdV 1 (1.61) 
  HBoV + B. pert 1 (1.61) IFV + M. pneu 14 (22.58) 
  HBoV + M. pneu 1 (1.61) PIV + B. pert 1 (1.61) 
  HCoV + IFV 6 (9.68) PIV + RV/EV 1 (1.61) 
  HCoV + AdV 2 (3.23) RSV + AdV 3 (4.84) 
  HCoV + RV/EV 1 (1.61) RSV + HBoV 1 (1.61) 
  hMPV + RV/EV 1 (1.61) RSV + IFV 1 (1.61) 
  RV/EV + IFV 1 (1.61)     

Intra- IFV-A + IFV-H1N1pdm09 1 (1.61) HCoV-OC43 + HCoV-HKU1 5 (8.06) 
  IFV-A + IFV-B 1 (1.61) PIV-1 + PIV-3 1 (1.61) 
Triple and above Infections (n = 16)       

Inter- AdV + RV/EV + IFV 2 (12.5) RSV + AdV + IFV 1 (6.25) 
  AdV + IFV + M. pneu 2 (12.5) AdV + RV/EV + IFV + M. pneu 2 (12.5) 
  HCoV + RV/EV + IFV 1 (6.25) PIV + RSV + AdV + IFV 3 (18.75) 
  RV/EV + IFV + M. pneu 2 (12.5) PIV + AdV + IFV + M.pneu 1 (6.25) 
  PIV + AdV + IFV 2 (12.5)     

Note. *: Values are shown as No.(%). AdV: adenovirus; EV/RV: enterovirus/rhinovirus; IFV: influenza; PIV: 
parainfluenza virus; HBoV: human bocavirus; B. pert: Bordetella pertussis; M. pneu: Mycoplasma pneumoniae; 
HCoV: human coronavirus; IFV: influenza; hMPV: human metapneumovirus.
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in virus-detection rates may depend on a variety of 
factors, including the specimen type, method used, 
working group, and when the study was 
performed[21]. 

It has been reported that men were more 
susceptible to viral respiratory infections than 
women[22]; however, in the present study women 
were found to be slightly more susceptible, 
accounting for (53.33%) of the positive cases, 
although there were no significant differences 
between male and female patients (P = 0.3346). 
There were also no significant differences in the 
detection rate between the six age groups (P = 
0.2124). The high overall detection rate and gender 
and age group analysis suggested that the overall 
population was susceptible to multiple respiratory 
viruses, which were also transmitted within the 
community. 

Respiratory virus distribution data showed that 
there were differences in distribution among 
genders and age groups. There were no significant 
differences among genders, although there were 
significant differences among age groups. The three 
most common viruses detected differed among age 
groups. Javadi et al.[21] identified the most common 
agents as RV/EV in the (0-4)-year-old age group and 
IFV-B in the (5-50)-year-old age group in Iran. In a 
study conducted in the United States, the most 
prevalent agents were found to be HBoV in the 
(0-4)-year-old age group and RV/EV in the 
(5-50)-year-old age group[22]. These results suggest 
that the prevalence of respiratory viruses changes 
based on geographic region and age group. 

The most common respiratory viruses detected 
in the present study were IFV (37.39%) and AdV 
(17.02%). IFV, which was one of the most important 
pathogens, has the potential for epidemics in the 
public health, ranging from mild upper respiratory 
infections to severe pneumonia leading to death[23]. 
In our study, IFV-A was not only the agent most 
commonly detected in the IFV group, but also the 
most common of all detected viruses. Liao et al.[24] 

found the most common pathogen for causing 
respiratory infections in adults in China to be IFV-A, 
which was similar to our findings, indicating that 
IFV-A play an important role in ARTIs. AdV is 
considered to be an important cause of 
ophthalmology, as well as gastrointestinal and 
nervous system syndromes, and is also known to be 
an important cause of upper and lower respiratory 
tract infections in children[25]. In the present study, 
AdV had the second highest detection rate, followed 

by IFV. Li et al.[25] reported that the detection rate of 
AdV in children in China was 13.8%, which was 
similar to the results of the present study. In an 
investigation in South Korea, the prevalence of AdV 
in children was only 4%, and the detection rate 
among adults was only 0.2%[26], suggesting that the 
detection rate of the disease varies from region to 
region, and that Qinghai has a high AdV prevalence. 

Since the outbreak of severe acute respiratory 
syndrome (SARS) coronavirus, human coronaviruses 
(HCoVs) have received increased attention. Human 
coronaviruses are associated with respiratory 
syndromes ranging from mild upper to severe lower 
respiratory tract infections, including pneumonia 
and bronchiolitis[27]. In this study, the HCoVs group 
included four common respiratory coronaviruses 
with a detection rate of 8.09%, which was different 
from other reported cases in which HCoVs were 
rarely detected in ARTIs[28]. Similar to HCoVs, RV/EV 
and PIVs had a detection rate of 7.42% and 6.29%. 
RV/EV is now considered to be a major cause of 
lower ARTIs and asthmatic exacerbation[29]. PIVs can 
also cause upper respiratory disease and lower 
respiratory tract disease in people[30]. HCoVs, RV/EV, 
PIVs, and IFV were the major respiratory viruses 
among the 18 detected viruses. Notably, the 
detection rate of RSV was lower than the 
aforementioned viruses. RSV is known as the most 
common cause of bronchiolitis and pneumonia in 
infants and young children worldwide, with a 
detection rate of 28.1%[31]. This difference in detection 
rate indicates that RSV has geographical features. 

Co-infection was a common phenomenon, with 
an incidence of 5% to 62%[32]. In this study, 18% of 
the samples were found to contain more than two 
pathogens at the same time, and the detection rate 
of co-infection was higher than that of individual 
infection. Specifically, almost all of the pathogens 
were mixed infections, and HCoVs, PIVs, RSV, and 
AdV were more common in mixed infections. Zhang 
et al.[33] found the most prevalent viral agents in 
co-infections to be IFVs and RV, which was similar to 
our finding that the IFV group was most commonly 
detected with other pathogens. However, in another 
study, HBoV and HMPV were found to be the most 
common co-infecting viruses[22]. Although the 
detection rate of co-infection was high, further study 
is necessary to determine its clinical significance. 
Most studies conducted to date have shown that the 
presence of multiple pathogens in a respiratory 
sample does not affect the clinical manifestations of 
ARTIs[29,32,33]. The development of quantitative 
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real-time PCR provides a route for viral load 
assessment and may be a better choice for the 
interpretation of positive co-infection results, but its 
potential value needs further clarification[34]. 

ARTIs are usually seasonal, particularly in 
regions with temperate climates. In the Northern 
Hemisphere, respiratory viruses are reportedly more 
active during the fall and winter (generally from 
November to March)[22]. Interestingly, IFV (IFV-A 
mainly) did not peak in the autumn months or winter 
in the present study, but it began to appear in July 
and September (Figure 1C). HCoVs and RV/EV 
peaked in July, and AdV peaked in winter. When 
compared to previous reports[22], peak-time 
differences could be explained by fewer cases, 
annual variability, or regional differences in the 
present study. 

It should be noted that this study had some 
limitations. First, we were unable to obtain accurate 
clinical diagnostic data for cases and were unable to 
assess the clinical significance of the pathogens. 
However, objective test results and epidemiological 
analysis could also provide meaningful information 
for the clinic. Second, although 455 patients in 3 
years may be considered too short and too few 
patients to conduct trend studies, we believe our 
preliminary data provide insights that will be useful 
for further research. 

In conclusion, in the present study, IFV-A was 
found to be the most prevalent respiratory pathogen 
among 22 detected pathogens, followed by AdV, 
HCoVs, RV/EV, PIVs, and M. pneu. When compared 
with the viruses, bacteria appeared less frequently, 
and co-infections were the most common 
phenomenon for virus pathogens. Moreover, the 
distribution of pathogens varied among age groups. 
In our region, respiratory viruses were generally 
active in July, September, and November, and the 
peak months for the identified agents were different 
from each other over a three-year period. Finally, 
the results indicated that a multiplex real-time PCR 
assay could be a suitable and effective method for 
the early detection and monitoring of respiratory 
pathogens to control the spread of infection and 
contribute to public health surveillance efforts. 
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