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Abstract: Objective: To detect the probable pathogens in patients with lower respiratory tract infection (LRTI) using
a bead-based suspension array, and analyze the epidemiological and clinical characteristics of these patients in
Fujian Province. Methods: Sputum and/or bronchoalveolar lavage fluid was collected from 819 hospitalized patients
diagnosed with LRTI from the Department of Respiratory Medicine of the four tertiary hospitals in Fujian Province
from March 2012 to March 2016. The pathogens were detected using a bead-based suspension array and the data
were statistically analyzed in combination with the clinical information. Results: The most common bacteria in LRTI
were Pseudomonas aeruginosa (P. aeruginosa), Streptococcus pneumoniae (S. pneumoniae) and Klebsiella pneumoniae (K. pneumoniae); the viruses ranking the top three were influenza a virus (Flu-A), human cytomegalovirus
(HCMV), and adenovirus. The analysis of the top three viruses with the highest morbidity revealed that the three
most common bacteria in patients with community-acquired pneumonia, acute exacerbation of chronic obstructive
pulmonary disease, and bronchiectasis were P. aeruginosa, K. pneumoniae, and S. pneumoniae, while viruses with
the largest numbers were Flu-A and HCMV. Due to mixed infection of bacteria and viruses, the patients with LRTI
were more likely to suffer from pleural effusion and were prone to have a large patchy shadow. Moreover, leukocyte
levels, neutrophil/granulocyte ratio, C-reactive protein, and prognosis including invalid, died rates were all higher
compared with the other three groups (P<0.05). Conclusion: The results showed that the study of epidemiological
and clinical characteristics in Fujian Province could be used to guide clinical drug use.
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Introduction
Lower respiratory tract infection (LRTI) is a
common respiratory disease, which has high
morbidity and mortality [1]. The pathogens of
LRTI are numerous, and their clinical symptoms are highly similar, so they are difficult to
diagnose and distinguish on the basis of clinical manifestations and pulmonary signs [2].
However, most of the current laboratories only
aim at analyzing, and detecting traditional bacterial strains in culture, which are poorly adapted to the detection of fastidious bacteria and
viruses [3, 4]. Therefore, a high-sensitivity, hi-

gh-specificity, and high-throughput method for
detecting respiratory viruses is essential to prevent the abuse of antibiotics and clear up LRTI.
The bead-based suspension array has the advantages of simple operation, high sensitivity,
strong specificity, and rapid identification of
several kinds of pathogens of LRTI [5]. It not
only simplifies the experimental process, saves
labor, and reduces the amount of test specimens, but also reduces the detection time of
samples. It can provide diagnostic results timely for clinical treatment, and control the use of
antibiotics for LRTI effectively [6, 7].

Epidemiological analysis of respiratory pathogens in LRTI
Specimens of hospitalized adults with LRTI
were collected from the four tertiary hospitals
(Fujian Provincial Hospital in Fuzhou, the Affiliated Hospital (Group) of Putian University,
San Ming Hospital, and WuYiShan City Hospital)
in this study and then an in-depth analysis was
performed for the results of pathogen detection clinical data and data on regional conditions. This study aims to explore the species of
respiratory pathogens and prognosis in patients
with LRTI for guiding the clinical therapy.
Materials and methods
Subjects
A total of 819 hospitalized patients with LRTI
in Fujian Provincial Hospital from March 2012
to March 2016 were enrolled in this study. The
inclusion criteria were as follows: (1) patients
who suffered from cough, sputum viscosity,
and pulmonary rales, as well as one of the following conditions: (a) fever; (b) increase in the
total number of leukocytes and (or) the neutrophil ratio; (c) invasive lesions of the lung
revealed by chest x-ray; (2) patients with chronic airway disease at the stable stage (chronic
bronchitis with or without obstructive emphysema, asthma, or bronchiectasis) who suffered
from secondary acute infection, combined with
pathogenic changes, or showed a significant
change on a chest x-ray compared with that at
admission or appearance of a new lesion.
The exclusion criteria were as follows: (1) patients who died during hospitalization or were
discharged within 24 h after hospitalization; (2)
patients who were clearly or highly suspected
with pulmonary tuberculosis, pulmonary fungal
disease, and pulmonary malignancies; (3) patients who had acquired immunodeficiency syndrome (acute respiratory distress syndrome) or
human immunodeficiency viral infection, and
other autoimmune diseases.
Data collection
The basic information of the enrolled subjects
was collected including demographics ((age,
gender, smoking history, comorbidities (chronic
obstructive pulmonary disease, COPD), bronchiectasis, asthma, heart function insufficiency, cerebrovascular disease, diabetes, renal insufficiency, non-lung tumors)), use of antibiotics before admission, clinical symptoms, related signs, laboratory examination and imaging
data.
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Specimen collection and detection
Qualified sputum specimens were collected at
hospitalization before receiving antiviral drugs
or antibiotics (microscopic examination was
performed for all the sputum specimens after
homogenization, if the number of leukocytes
under each low-power field was greater than
25, while the number of squamous cells under
low-power field was less than ten).
Pathogens were detected using bead-based
suspension array based on previous reports.
Briefly, the extraction of the pathogen DNA of
qualified sputum specimens was performed
(Aidlab Biotechnologies Co. Ltd), besides the
extraction of specimen pathogen RNA (the kits
were purchased from Takara Company, Japan).
The extracted RNA was subjected to reverse
transcription into cDNA (the kits were purchased from Aidlab Biotechnologies Co. Ltd).
Amplification was performed based on the established four groups of multiplex polymerase
chain reaction (PCR) amplification system: the
first group: six pairs of virus primers (human
cytomegalovirus (HCMV)-F, HCMV-R, PIV1-F,
PIV1-R, PIV2-F, PIV2-R, PIV3-F, PIV3-R, adenovirus (AD)-F, AD-R, RSV-F, and RSV-R); the second
group: six pairs of virus primers (HMPV-F,
HMPV-R, HBOV-F, HBOV-R, SARS-F, SARS-R,
N1-F, N1-R, H5-F, H5-R, influenza A virus (FluA)-F, and Flu-A-R); the third group: three pairs
of virus primers (SP-F, SP-R, SM-F, SM-R, MP-F,
and MP-R); the fourth group: five pairs of virus
primers (SA-F, SA-R, AB-F, AB-R, KP-F, KP-R,
CP-F, CP-R, PA-F, and PA-R). PCR products and
fluorescence-coded microspheres (Shanghai
Jing Jing Life Polytron Technologies Inc, Shanghai, China) were hybridized, and Luminex 100
(Luminex Company, USA) detection was performed.
Meanwhile, the distribution of bacteria and
viruses in different disease subtypes of LRTI,
the relationship of the prognosis of patients
and bacterial infection, the relationship of the
incidence of mixed infection or the infection
with a variety of bacteria and the prognosis
were observed.
Data analysis
Statistical analysis was performed using SPSS 17 statistical software (SPSS, IL, USA).
Continuous data were represented as Mean ±
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accounted for 55.56% (455/
819), including 396 cases with structural lung diseases
(87.03%) (204 cases of COPD, 113 cases with bronchiectasis, and 79 cases of asthma), 141 cases with cardiac
insufficiency (17.22%), 38 cases with cerebral vascular diseases (4.64%), 89 cases with
diabetes (10.87%), 26 cases
with renal insufficiency (3.17%),
and 68 cases with non-lung
tumors (8.30%).
Figure 1. Composition of the positive detection rate of bacterial pathogens.

Bacterial and viral infections in
patients with LRTI
In these patients with LRTI, the
positive rate of respiratory pathogens was 62.27% (510/
819), and the rate of bacterial
pathogens was 69.41% (354/
510) in these respiratory pathogens (Figure 1).

There were 240 cases (240/
354, 67.80%) with a bacterial
infection, and 114 cases (114/
354, 32.20%) with multiple
infections. Among that, there
were 90 cases with two kinds
of bacterial infections, in which
the top three comprised 16
cases with K. pneumoniae +
P. aeruginosa (16/90, 17.78%),
13 cases with P. aeruginosa + S. pneumoniae (13/90,
Figure 2. Composition of the 354 detected bacterial strains.
14.44%), and 9 cases with P.
aeruginosa + StenotrophomoStandard deviation (SD), and the t test or onenas maltophilia (9/90, 10%); while there were
24 cases with three bacterial infections, where
way analysis of variance was used. The X2 test
most of the multiple infections with three kinds
was used for categorical data. A P value less
of pathogenic bacteria comprised 4 cases with
than 0.05 was considered to be statistically
Acinetobacter baumannii + K. pneumoniae + P.
significant.
aeruginosa (4/24, 16.67%) (Figure 2).
Results
The positive detection rate of viruses was
53.33% (272/510) in respiratory pathogens,
General information about patient demographand in these, 227 cases (227/272, 83.46%)
ics
had a viral infection, 43 cases (43/272,
A total of 819 effective cases (560 males
15.81%) had multiple infections with two kinds
(68.38%) and 259 females (31.62%)) aged
of viruses (23 cases of Flu-A + HCMV (53.48%),
15-96 years old (average age of 63.96 years
four cases of HCMV + AD (9.30%), and 3 cases
of Flu-A + PIV1 (6.98%)) (Figure 3).
old) were reported, patients with complications
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Figure 3. Composition of the 272 detected viral strains.

Table 1. Pathogens spectrum in the disease
CAP
(n=502)
Pseudomonas aeruginosa
71 (14.14%)
Streptococcus pneumoniae
66 (13.14%)
Klebsiella pneumoniae
58 (11.55%)
Acinetobacter Bauman
33 (6.57%)
Staphylococcus aureus
24 (4.78%)
Stenotrophomonas maltophilia 26 (5.18%)
FLUA
86 (17.13%)
HCMV
65 (12.95%)
H5
6 (1.20%)
PIV1
4 (0.80%)
AD
3 (0.60%)
PIV2
4 (0.80%)
PIV3
10 (1.99%)
N1
2 (0.40%)
HBOV
4 (0.80%)
HMPV
1 (0.20%)
RSV
8 (1.59%)

Pathogenic bacteria

AE-COPD
(n=204)
25 (12.25%)
33 (16.18%)
23 (11.27%)
9 (4.41%)
12 (5.88%)
15 (7.35%)
36 (17.65%)
32 (15.69%)
1 (0.49%)
1 (0.49%)
2 (0.98%)
2 (0.98%)
2 (0.98%)
1 (0.49%)
0 (0.00%)
1 (0.49%)
1 (0.49%)

AEB
(n=113)
34 (30.09%)
9 (7.96%)
12 (10.62%)
6 (5.31%)
6 (5.31%)
4 (3.54%)
24 (21.24%)
16 (14.16%)
0 (0.00%)
1 (0.88%)
1 (0.88%)
0 (0.00%)
0 (0.00%)
0 (0.00%)
0 (0.00%)
1 (0.88%)
0 (0.00%)

Comparison of clinical features of mixed viral-bacterial
infection with simple bacteria
and virus infection in the
lower respiratory tract

In the clinical data, 113 cases
with mixed viral-bacterial infection of the lower respiratory tract, 241 cases with simple bacterial infection, 159
cases with simple viral infection, and 306 cases with no
infection were compared. No
significant difference in gender distribution, underlying disease, existence of wheezing,
and extrapulmonary complications was found (P>0.05).
The course of fever in the mixed infection group was long.
Therefore, this group was more prone to pleural effusion,
Note: AEB, Bronchial dilation; AE-COPD, chronic obstructive pulmonary disease in
which was statistically comacute phase; CAP, community-acquired pneumonia. Pseudomonas aeruginosa,
pared with the other three
Streptococcus pneumoniae and Klebsiella pneumoniae.
groups (P<0.05). Regarding
imaging manifestations, the
The analysis of the composition of disease
mixed infection group was more prone to large
spectrum in these 819 cases with LRTI showed
patchy shadows, and pleural effusion frequent502 cases with community-acquired pneumoly occurred in patients with high-density large
nia (CAP), 204 cases with acute exacerbation
patches, as shown by lung imaging. However,
of COPD, and 113 cases with bronchial dilation.
the data of simple bacterial infection and virus
The composition of the pathogenic bacteria of
infection groups mainly showed high-density
the three kinds is shown in Table 1.
small patchy shadows, with significant differ-
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Table 2. Comparison of the indexes between the mixed viral-bacterial infection and the non-infection
groups
Items
Gender (M/F)

Mixed
infection
(113 cases)

Simple
Simple
Cases without detected
P
bacteria
virus
virus or bacteria strains Statistics
value
(241 cases) (159 cases)
(306 cases)

82/31

161/80

101/58

216/90

3.168

0.306

Age

63.8 ± 16.24

61.3 ± 17.25

59.7 ± 18.31

64.5 ± 15.66

0.380

0.702

Underlying diseases

23 (20.35%)

58 (24.06%)

34 (21.38%)

70 (22.87%)

0.770

0.857

Pleural effusion

30 (26.54%)

62 (25.72%)

27 (16.98%)

24 (7.84%)

37.565

0.000

Wheezing

35 (30.97%)

83 (34.44%)

46 (28.93%)

87 (28.43%)

2.564

0.464

Patchy shadows

65 (57.52%)

134 (55.60%)

62 (38.99%)

32 (10.46%)

150.572

0.000

Atelectasis

23 (20.35%)

61 (25.31%)

37 (23. 27%)

65 (21.24%)

1.691

0.639

Chest x-ray

Lung consolidation
Extrapulmonary complications

8 (7.07%)

17 (7.05%)

10 (6.28%)

18 (5.88%)

0.388

0.943

35 (30.97%)

57 (23.65%)

33 (20.75%)

31 (10.13%)

29.815

0.000
0.000

Experimental data
Peripheral blood WBC

14.27 ± 4.99

12.07 ± 3.06

9.23 ± 2.98

8.05 ± 2.81

12.293

Proportion of neutrophils in peripheral blood

0.79 ± 0.21

0.73 ± 0.32

0.31 ± 0.23

0.29 ± 0.16

4.43

0.007

CRP

73.78 ± 4.71

66.67 ± 4.16

32.16 ± 2.17

26.81 ± 2.06

29.56

0.000

Cured

30

120

78

201

34.33

0.000

Improved

31

105

69

98

14.13

0.003

Invalid

26

13

10

6

36.55

0.000

Died

16

3

2

1

32.81

0.000

Prognosis

ences among the four groups (P<0.05) (Table
1). During the course of disease (onset period)
in patients with LRTI, mixed viral-bacterial infection, leukocyte level, neutrophil ratio, average of C-reactive protein (CRP) and prognosis
including invalid, died rates were all higher than
those in the other three groups with statistical
significance (P<0.05). The results are shown in
Table 2.
Discussion
In this study, the positive detection rate of bacterial pathogens was 43.22%, which was consistent with other studies [8-11]. Most of bacterial strains detected were gram-negative bacteria. The top three were P. seudomonas, S.
pneumoniae, and K. pneumoniae, the detection rates of P. aeruginosa and K. pneumoniae
were consistent with those reported in other
published studies from Asia [12, 13]. The high
detection rate of P. aeruginosa was related to
the fact that most of the patients were elderly
in this study, structural lung disease accounted
for the majority. Therefore, P. aeruginosa should
be taken into consideration for patients with
LRTI due to structural lung disease. However,
the high detection rate of K. pneumoniae was
associated with colonization, or might be relat-
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ed to the excessive use of antibiotics resulting
in resistant strains of K. pneumoniae such as
strains with Klebsiella pneumonia carbapenemase enzyme [14]. Furthermore, the detection
methods were not in line with the higher detection rate of S. pneumoniae compared with other
published studies [15]. S. pneumoniae belongs
to fastidious bacteria, and the impacts of many
factors result in the failure of the sputum culture for pathogens, however, the molecular biology detection method is superior to the traditional bacterial culture with a high detection
rate, which is also related to the epidemic
pathogens and the inclusion criteria of cases.
The top three of the detected viruses were (FluA) in 146 strains, HCMV in 113 strains, and
PIV3 in 12 strains, while Flu-A had the highest
detection rate, which was in keeping with other
studies [16-18]. HCMV infection is widely popular in China. Generally, HCMV lurks in many normal people, but most immunocompetent individuals show symptomless infection, However,
obvious symptoms might occur in immunosuppressed individuals, fetuses, and infants if they
are infected. The patients in this study were
older, and most of them also had underlying
diseases. Therefore, their immunity was low,
leading to the replication of HCMV in the body,
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which had a higher detection rate [19, 20]. It
was worth mentioning that 43 cases had coinfection of two kinds of viruses in this study.
However, Flu-A + HCMV accounted for the
majority in the co-infection of two kinds of
viruses, which was inconsistent with the findings of Cebey-Lopez M. It was considered to
be associated with the replication of HCMV
due to low immunity during the course of FluA infection [21]. In fact, few reports are available about the mechanism of the co-infection
of viruses, therefore, it needs further investigation [22].
The top three pathogenic bacteria were P. aeruginosa, S. pneumoniae, and K. pneumonia in
CAP, which was basically in accordance with
the multicenter survey of CAP pathogen detection by Zhao et al. [23]. This was because most
of the enrolled patients with CAP were elderly,
and the majority of them also had other underlying diseases, and low immunity. Other, COPD
is a common and frequently occurring chronic
respiratory disease, with a high mortality rate
[24]. Moreover, 50%-80% AE-COPD is caused
by respiratory tract infection [25, 26]. In AECOPD, the top three were P. aeruginosa, S.
pneumoniae, and K. pneumoniae. Polverino et
al. studied the composition of the 281 strains
of pathogenic bacteria in the sputum specimen
separated and identified from patients with
AE-COPD, and its composition was highly consistent with that reported in the present study
[27]. A study reported that more than half of
the patients with respiratory tract disease had
potential colonization of pathogenic bacteria
in the respiratory tract when the disease was
stable, and the most common pathogen was P.
seudomonas aeruginosa [28]. We demonstrated 71 strains bacteria were detected in the 113
cases of bronchial dilation in which P. aeruginosa accounted for the majority, while the other bacteria were fewer in number, which was
attributed to the small sample size.
However, the detection rates of Flu-A and HCMV were high in the virological examination of
the aforementioned three kinds of disease
spectrum. Moreover, these patients previously
were treated with broad-spectrum antimicrobial agents for multiple times. Also, some of
them previously received invasive diagnosis
and treatment such as mechanical ventilation
and sputum suction. Therefore, the replication
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and infection of HCMV were caused by a variety of factors. In addition, the mixed viral-bacterial infection includes secondary bacterial
infection after viral infection, co-infection, and
secondary viral infection after bacterial infection. At present, the first situation has been
recognized by most scholars [22], while the
other two have been found only in an animal
model [29, 30].
Some studies of pathogens causing CAP suggested that mixed bacterial-viral infection could result in more severe inflammation and clinical symptoms in patients with LRTI [31]. Other
studies have shown that patients with mixed
infection have a higher proportion of cough,
chest pain, and expectoration besides the general manifestation of infection, and they are
more prone to complications such as pleural
effusion and pulmonary edema [32]. However,
the mixed infection group was more likely to
have a pleural effusion. The mixed viral-bacterial infection group was more likely to have large patchy shadows in imaging manifestations.
However, a significant difference in the infection index of inflammation was observed between the mixed viral-bacterial infection and
the other groups. Clinically, patients with LRTI
who also have increased leukocyte level, CRP
content, and proportion of neutrophils in peripheral blood should be suspected to have
bacterial and viral totally infections, and they
might have the worse prognosis. So, future investigations should include more regions and
hospitals to be representative of the entire
Fujian Province. Meantime the sample size is
relatively small which could lead to the deviation of results in our research. And the prospective experiment with more adequate sample size and longer follow-up time will be conducted in the future.
In conclusion, this present study analyzes the
pathogens of the hospitalized patients with
LRTI, and showed the epidemiological and clinical characteristics in Fujian Province which
could be used to guide clinical drug use. It aims
at providing the basis for the preliminary judgment of the pathogens of respiratory tract infection from the admission of the patients to
the time before obtaining the results of laboratory pathogen detection. Moreover, it provides
evidence for the use of antibiotics and antiviral
therapy, which plays an important role in man-
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aging hospitalized patients with respiratory tract infections, the prevention of abuse of antibiotics, and the spread of the virus.
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