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Background: The epidemiology of Mycoplasma pneumoniae (MP) and local dominant etiologies of pathogens
that cause respiratory tract infections (RTIs) among central China children (≤14 years old) hospitalized are
poorly understood.
Methods: A total of 10,429 specimens were analyzed, and IgM antibodies against 9 respiratory pathogens
including MP were detected using indirect immunofluorescence assay from serum.
Results: It showed that 59.3% of the enrolled children were positive for at least 1 pathogen; highest detection
rates included those between 3 and <6 years of age (70.4%), female (63.2%), and who were hospitalized in
2014 (80.9%). The most predominant pathogen was MP (45.6%), followed by Parainfluenza viruses (PIVs)
(22.6%) and influenza B viruses (IFVB) (14.7%). Coinfection was observed in 2,907 specimens (27.9%); the
coinfection combination containing MP and PIVs had the highest detection rate of 15%, followed by MP and
IFVB as well as IFVB and PIVs.
Conclusions: MP was the most commonly detected bacteria among hospitalized children, which should be
included in the differential diagnosis for hospitalized children with RTI. These findings will contribute to the
effective prevention and therapeutic approaches of pathogens among local children suffering from RTI.
© 2020 Association for Professionals in Infection Control and Epidemiology, Inc. Published by Elsevier Inc. All
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Respiratory tract infections (RTIs) represent an important health
issue, as they are a leading cause of mortality in children worldwide,
particularly in developing countries, causing nearly 19% of all deaths
among children under 5 years and 8.2% of all disability and prema-
ture mortality.1-4 From the severe acute respiratory syndrome out-
break in 2003, the influenza A (H1N1) pandemic in 2009, to the
influenza A (H7N9) pandemic in 2013, new respiratory infections
have become increasingly important in modern infectious diseases,
especially H1N1. The US Centers for Disease Control and Prevention
first reported 2 cases of H1N1 in April, 2009. And the outbreak spread
rapidly around the world, the WHO announced that it had raised its
alert level to phase Ⅵ marking the start of a pandemic on June 11,
2009. The first imported case in mainland China was reported on 11
May, 2009. Then the H1N1 epidemic in mainland China has increased
rapidly and spread widely, with the outbreak of H1N1 mainly in
schools. WHO declared the epidemic was ended on August 10, 2010.
Over time, however, the virus continues to mutate. It is clear that
respiratory infections caused by virus are a serious threat to children
health, we need to be constantly vigilant against it.

Besides viruses, there are also many other pathogens causing
respiratory infections. RTIs are also caused by other pathogens in
addition to viruses, it is estimated that 3%-10% of the children with
respiratory infection due to Mycoplasma pneumoniae (MP) will
develop community-acquired pneumonia, up to 5% of whom will
require hospitalization, and up to 10% of the hospitalized children
will be admitted to the intensive care unit.5,6 MP is one of the pre-
dominant causative agents of pneumonia in children, in addition to
the respiratory infection system, MP contributes to a broad array of
extrapulmonary diseases, some of which can be even life-threaten-
ing.7,8 A better understanding of the prevalence of RTIs in children is
essential for implementing an effective approach for prevention,
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control, and treatment, because of lacking vaccines for most of these
respiratory pathogens, especially MP.

The distribution of RTI-causing respiratory viruses varies with
population, climate, and socioeconomic conditions.9,10 We found that
the epidemiology of respiratory viruses, studying with different
detection methods and virus types, has been performed in big cities
such as Beijing,11 Shanghai,12 Shenzhen,13 Guangzhou,14 and Hong
Kong.15 Luoyang city (34° 320-450N, 112° 160-370E) is a major city in
central China with a population of 6.8 million people in 2016. It
belongs to a transitional climate zone, featuring weather between
subtropical to warm temperate. Climate is with 4 distinct seasons:
spring is dry and windy; summer is hot, rainy, and humid; autumn is
long and sunny; and winter is cold with little rain or snow. Limited
data exist on the epidemiology of respiratory pathogens, MP in par-
ticular, causing RTIs from children in the region of Luoyang. There-
fore, we recruited the hospitalized children in pediatric ward at the
Luoyang Central Hospital, to evaluate the epidemiologic characteris-
tics of 9 respiratory pathogens including MP among hospitalized chil-
dren with RTI from June 2014 to May 2019. We investigated MP,
Legionella pneumophila (LP), Coxiella burnetiid (CB), and Chlamydo-
phila pneumoniae (CP), and 5 respiratory viruses: respiratory syncy-
tial virus (RSV), adenovirus (ADV), influenza A viruses (IFVA),
influenza B viruses (IFVB), and Parainfluenza 1, 2, and 3 viruses
(PIVs). Although respiratory pathogens have different epidemic char-
acteristics in different geographic regions and populations, respira-
tory diseases spread quickly and widely. Even now we only deal with
the population in Luoyang, which also has high value and contribute
to a further understanding of the prevalence.

METHODS

Participants

The study protocol was approved by the Institutional Review
Board of Luoyang Central Hospital, and the study was conducted in
accordance with guidelines for the protection of human subjects. Our
study is a retrospectively observational case control study. A total of
10,429 specimens have taken from children (≤14 years old) and
tested between June 1, 2014 and May 31, 2019. In this study, we ana-
lyzed IgM antibodies against 9 respiratory pathogens using indirect
immunofluorescence assay from serum. Sometimes it is not possible
to obtain a respiratory sample in some patients, due to his/her age,
symptomatology or any special circumstance; in these cases, blood
samples are needed for serologic analyses. Health care workers are
well trained to obtain blood samples but not all of them are properly
trained for obtaining high quality respiratory samples. When a quick
and secure transport condition shipment of the respiratory samples
cannot be guaranteed, it may be advisable to obtain blood samples
rather than respiratory ones. IgG and IgM antibodies show a different
behavior during the primoinfections and reinfections. In a primoin-
fection, IgG and IgM appear in almost all cases (IgM appears earlier
than IgG). In reinfections IgM antibodies do not appear in all cases;
therefore, IgG detection is the only method that is useful to perform
the diagnosis. High titers of IgG can exist in many diseases during the
whole patient life, while IgM, generally, only is measurable in sera
during 2 or 3 months after the infection, and therefore is an ideal
marker of recent infections.

We reference to the inclusion criteria to diagnose respiratory
infection of the Centers for Disease Control and Prevention criteria
for symptoms. Selected patients with RTI admitted to the pediatric
wards were enrolled. The inclusion criteria were as follows: cough,
hoarseness of voice, a sore throat, and a body temperature above 38°
C. The following underlying conditions in medical records were
recorded: bronchitis, pneumonia, asthmatic bronchitis, and other
respiratory diseases. The patients were divided into 4 age groups: 0-
<1, 1-<3, 3-<6, and 6-14 years old. The seasons were defined accord-
ing to the seasonal division method in the northern hemisphere:
March to May was considered as spring, June to August as summer,
September to November as autumn, and December to February as
winter.

Blood sample collection

Venipuncture blood samples obtained from each child were col-
lected in a 3 mL vacuum tube without anticoagulant via sterile or
aseptic technique, and transported to the lab. Following standard
blood processing protocol, coagulation factors were added and sam-
ples were centrifuged at 3,000 g for 15 min to separate the serum.
Serum samples were refrigerated upon collection (2-8°C). If it was
not possible to perform the assay within 7 days, serum samples were
frozen (�20°C) avoiding repeated rounds of thawing and freezing.

Pathogen-related antibodies analysis

Indirect immunofluorescence assays (IFA) tested for IgM antibod-
ies against 9 respiratory pathogens: MP, LP, CB, CP, ADV, RSV, IFVA,
IFVB, and PIVs. Antipathogen antibodies were detected using the
commercial kit (Diagnostic Hybrids, Vircell, S. L., Spain) by trained
personnel according to the manufacturer’s protocol as serum samples
were became available.16 Fluorescent microscope was performed
using Zeiss (Primo Star with iLED, Germany).

Positive and negative controls were included in each test run. In
the observed fluorescence pattern, positive control: apple green
nuclear, cytoplasmatic, and/or peripheral fluorescence could be
observed; negative control: no fluorescence for the red cellular pat-
tern. The reaction was positive when apple green nuclear, cytoplas-
matic and/or peripheral fluorescence in 1%-15% of the cells for
positive controls to ADV, influenza, RSV, or PIVs (peripheral pattern is
the most frequent with weak sera; in PIVs and RSV dyed syncytia
together with the previous pattern could be observed); apple green
fluorescence was observed in all the bacteria in cases of LP, CP, or CB;
apple green fluorescence in the periphery of the cell for positive to
MP can be observed. The reaction is negative when no fluorescence
for LP, CP, and CB and red cellular pattern for MP, ADV, IFVA, IFVB,
and PIVs could be observed.

Statistical analysis

Statistical analysis was performed using SPSS 13.0 (SPSS Inc., Chi-
cago, IL). Pathogen prevalence was compared using the x2 test for cat-
egorical variables. P < .05 was considered to indicate a statistically
significant difference.

RESULTS

Positive rate of the study population

From June 2014 to May 2019, a total of 10,429 children of less
than 14 years old who presented with RTIs were enrolled in the
study. In all, 6,183 (59.3%) samples tested positive for the pathogens
in question. A total of 6,072 and 3,427 positively testing specimens
(56.4%) were from males, and 4,357 total and 2,754 positively testing
specimens (63.2%) were from females. By age groups: patients less
than 1 year old had a 46.6% (2,216 of 4,754) positive detection rate;
patients 1-<3 years old had a 69.9% (1,931 of 2,759) positive detec-
tion rate, patients 3-<6 years old had a 70.4% (1,278 of 1,816) positive
detection rate, and patients 6-14 years old had a 68.9% (758 of 1,100)
positive detection rate. Our data showed significant differences in the
detection rate by age and sex (all P < .001). No evidence for an associ-
ation between the detection rate and sex (male or female) were
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found in 2014 (P > .05), but we found significant differences in other
years (all P < .001). We also found that the detection rates were asso-
ciated with age in years 2015 to 2019 (all P < .001) except 2014 (P >
.05). The demographics of the study population are summarized in
Table 1.
Annual distribution of pathogens

A total of 163 children tested positive for at least 1 of 9 respiratory
pathogens from June to December 2014, and 1,158 children tested
positive from January to May 2019. The overall detection rates in
each year are as follows: 80.9% in 2014, 75.3% in 2015, 67.7% in 2016,
63.5% in 2017, 44.7% in 2018, and 67.2% in 2019. The most predomi-
nant pathogen was MP, with a detection rate of 45.6% (4,752 of
10,429), followed by PIVs (22.6%, 2,352 of 10,429), IFVB (14.7%, 1,528
of 10,429), LP (9.4%, 982 of 10,429), RSV (4.9%, 515 of 10,429), ADV
(2.5%, 261 of 10,429), and IFVA (1.9%, 193 of 10,429) with lower
detection rate. The detection rates of 7 pathogens including LP, MP,
ADV, RSV, IFVA, IFVB, and PIVs, were associated with differences
between years from 2014 to 2019 (all P < .001).
Age and gender distribution of pathogens

All of the children were grouped by age into 4 groups or by sex
(Table 2). The total detection rate increased with increasing age of
the enrolled children, 46.6% (2,216 of 4,753) in patients 0-<1 year
old, 69.9% (1,931 of 2,760) in patients aged 1-<3 years old, 70.4%
(1,278 of 1,816) in patients aged 3-<6 years old, and 68.9% (758 of
1,100) in patients aged 6-14 years old (Table 1). The specific detection
rate of MP, PIVs, and IFVB mirrored patterns of total rate, wherein
higher rates were detected in patients aged 3-<6 years old. The
detection rate of RSV decreased with age, and detection rates of LP
and CP were detected most frequently in patients aged 6-14 years
and least frequently in children less than 1 year of age. The predomi-
nant pathogens among different age groups varied. Trend in predom-
inant pathogens between genders followed the same trends across
age groups (Table 2).
Table 1
Detection respiratory pathogens positive and detection rates in children from June 2014 to M

Year N (%)

Case characteristic
2014
N = 163

2015
N = 909

2016
N = 1,422

2017
N = 3,181

Sex
Male 74 (79.6)1 378 (71.1)2 535 (62.9)3 1,133 (61.0)
Female 58 (82.9) 306 (81.2) 427 (74.8) 885 (66.8)

Age, year
0»< 1 41 (80.4) 223 (58.7) b 345 (53.9) c 744 (51.9)
1»< 3 32 (72.7) a 199 (86.9) 305 (78.6) 647 (73.9)
3»< 6 33 (86.8) 128 (87.7) 191 (79.3) 402 (72.8)
6»14 26 (86.7) 134 (87.0) 121 (79.1) 226 (70.6)

Comparison of detection rates between male and female:
1x2 = 0.280, P = .597;
2x2 = 11.818, P = .001;
3x2 = 21.898, P < .001;
4x2 = 11.010, P = .001;
5x2 = 4.260, P = .039;
6x2 = 28.037, P < .001;
7x2 = 49.357, P < .001.
Comparison of detection rates in 4 different age-groups:
ax2 = 3.435, P = .329;
bx2 = 95.233, P < .001;
cx2 = 99.813, P < .001;
dx2 = 150.497, P < .001;
ex2 = 160.263, P < .001;
fx2 = 102.773, P < .001;
gx2 = 581.296, P < .001.
The detection rates of 7 pathogens were found to be associated
with age (P < .05 or P < .001) (Table 2). The highest detection rates of
MP in male and female were 42.1% and 50.4%, respectively. The
detection rate of MP in females was significantly higher than males
(x2 = 71.041, P < .001). The detection rates of 3 pathogens including
PIVs, IFVB, and LP, were significantly different between male and
female groups (all P < .001) (Table 2).

Seasonal variation of pathogens

The seasonal distribution of patients sampled was 2,285 in spring,
1,923 in summer, 2,628 in autumn, and 3,593 in winter. Among the 6
major pathogens, the detection rates of MP, PIVs, IFVB, RSV, IFVA, and
CB were found to be associated with seasons (all P < .001 or P < .05).
The detected rates of MP (47.9%), CB (0.9%), IFVA (2.5%), and PIVs
(31.2%) in spring were the highest, and the detected rates of RSV
(6.7%), IFVA (2.5%), and IFVB (17.9%) were more common in winter.
MP and PIVs were mostly frequently detected throughout the 4 sea-
sons. MP, PIVs, IFVB, RSV, and IFVA were the most prevalent patho-
gens detected in the context of the 9 selected respiratory pathogens.
MP was detected almost throughout the whole year.

Coinfection of multiple pathogens

In general, the detection rate was 31.4% (3,274 of 10,429) for cases
of 1 sole positively-testing pathogen. The coinfection of multiple
pathogens (2 or more positively-testing pathogens) occurred in 2,907
specimens, or 27.9% (2,907 of 10,429) of all specimens. Among the
2,907 coinfected specimens, 1,776 tested positive for 2 pathogens,
816 tested positive for 3 pathogens, and 315 tested positive for 4
pathogens and more. The rate of coinfected detection was higher in
2014 (47.9%, 78 of 163) than from 2015 to 2019 (x2 = 201.296, P <
.0001). The detection rate of coinfection was the lowest in 2018
(18.2%, 654 of 3,596). Children aged 1-<3 years had the highest
detection rate (36.2%, 998 of 2,760) of singular infection. Rates of
detected coinfection are as follows: 18.5% (881 of 4,753) in children
0-<1 year old, 33.8% (933 of 2,760) in patients 1-<3 years old, 37.3%
(678 of 1,816) in patients 3-<6 years old, and 37.7% (415 of 1,100) in
ay 2019

2018
N = 3,596

2019
N = 1,158

Total
N = 10,429 x2 P

4 887 (43.2)5 420 (61.1)6 3,427 (56.4)7 250.282 <.001
720 (46.7) 358 (76.0) 2,754 (63.2) 318.940 <.001

d 580 (33.9) e 283 (52.3) f 2,216 (46.6) g 194.748 <.001
506 (54.6) 242 (81.8) 1,931 (69.9) 174.285 <.001
359 (57.3) 165 (77.8) 1,278 (70.4) 93.998 <.001
163 (48.8) 88 (80.7) 758 (68.9) 105.949 <0.001



Table 2
Detection 9 respiratory pathogens positive and detection rates in children of different age-group and sex-group

Pathogens
0»<1 (%)
N = 4,753

1»<3 (%)
N = 2,760

3»<6 (%)
N = 1,816

6»14 (%)
N = 1,100

Male (%)
N = 6,072

Female (%)
N = 4,357

Legionella pneumophila 165 (3.5)** 332 (12.0) 256 (14.1) 229 (20.8) 502 (8.3)## 480 (11.0)
Mycoplasma pneumoniae 1,473 (31.0)** 1,621 (58.7) 1,071 (59.0) 587 (53.4) 2,555 (42.1)## 2,196 (50.4)
Coxiella burnetiid 20 (0.4)* 27 (1.0) 13 (0.7) 7 (0.6) 43 (10.7) 24 (0.6)
Chlamydophila pneumoniae 6 (0.1)** 7 (0.3) 4 (0.2) 25 (2.3) 21 (0.5) 21 (0.5)
Adenovirus 135 (2.8) 64 (2.3) 41 (2.3) 21 (1.9) 151 (2.5) 110 (2.5)
Respiratory syncytial virus 369 (7.8) 73 (2.6) 39 (2.1)** 34 (3.1) 310 (5.1) 205 (4.7)
Influenza A viruses 81 (1.7) 57 (2.1) 35 (1.9) 20 (1.8) 110 (1.8) 83 (1.9)
Influenza B viruses 496 (10.4)** 509 (18.4) 336 (18.5) 187 (17.0) 820 (13.5)## 707 (16.2)
Parainfluenza 1, 2 and 3 viruses 809 (17.0)** 743 (27.0) 522 (28.7) 277 (25.2) 1,266 (20.8)## 1,085 (24.9)
One positive 1,333 (28.1)** 998 (36.2) 600 (33.0) 343 (31.2) 1,880 (31.0) 1,396 (32.0)
Multiple positives 881 (18.5)** 933 (33.8) 678 (37.3) 415 (37.7) 1,546 (25.5)## 1,360 (31.2)

Comparison of detection rates in 4 different age-groups:
*P < .05,
**P < .001.
Comparison of detection rates between male and female:
# P < .05,
##P < .001.
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patients 6-<14 years old (x2 = 130.561, P < .0001). Rates of detected
coinfection were more common in girls (31.2%, 1,360 of 4,357) than
in boys (25.5%, 1,546 of 6,072) (x2 = 76.452, P < .0001; Table 2).

The rates of detected coinfection were 32.2% (735 of 2,285), 29.4%
(566 of 1,923), 22.1% (580 of 2,628), and 28.6% (1,026 of 3,593), in 4
seasons respectively (x2 = 197.306, P < .0001). Coinfection rates were
lowest in autumn, and obvious seasonal peaks were observed during
those months with peak strength varying from 1 year to another.
Among the 4 seasons, the highest detection rate was 19.9% (454 of
2,285) in the coinfection combination containing MP and PIVs in
spring, then, 18.5% (356 of 1,923) in summer. The highest detection
rate of 13.1% in winter was the coinfection combination containing
MP and IFVB.

The coinfection combination containing MP and PIVs had the
highest detection rate of 15% (1,564 of 10,429), followed by MP and
IFVB (10.9%), IFVB and PIVs (8.3%). The coinfection combination con-
taining MP and IFVB had the highest detection rate of 39.9% (65 of
163) in 2014, then 25.5% (232 of 909) in 2015 in the study. The coin-
fection combination containing MP, IFVB, and PIVs has the highest
detection rate of 6.2% (649 of 10,429) in the combination of 3 or more
pathogens, with the highest detection rate of 14.7% in 2014 during
the 6 years of the study. The detection rate of coinfection combina-
tion containing MP, LP, IFVB, and PIVs was 1.3% (131 of 10,429),
which was the highest among the combinations of 4 or more patho-
gens, among which the highest detection rate was 3.1% in 2015
(Table 3).

DISCUSSION

In this study, the most predominant pathogen was MP, with a
detection rate of 45.6% in the study. This suggests that MP is the lead-
ing pathogen of RTI in the children we investigated. MP was responsi-
ble for 26.6% of the cases and was frequent in children under 6 years
of age.6 In another study designed to evaluate the incidence of MP
infection in children with community-acquired lower RTIs, 59.2%
children <5 years and 40.7% children ≥5 years age group were posi-
tive for MP infection.17 And we found that MP, PIVs, IFVB, LP, and RSV
were the most important pathogens of RTI in children. In previous
study, RSV, ADV, PIVs, IFVA, and IFVB are the most important viruses
in infants and young children in Beijing, Shenzhen, Guangzhou,
which have been detected by RT-PCR or PCR methods.18-20 However,
as those data were in different climate zones or based on different
kinds of pathogens and that most previous studies have focused
solely on viruses, we conducted the study from 2014 to 2019 to
assess the regional common pathogens infection pattern, especially
MP, including 5 viruses and 4 other pathogens in children in
Luoyang, China.

We evaluated the 9 prevalence of the most frequent respiratory
pathogens based on prospective analysis of 6 consecutive years’ data
from hospitalized children with RTI in the study. The detection rate
for MP was 45.6% (4,752 of 10,429), and the total detection rate for at
least 1 of the 9 respiratory pathogens by IFA was 59.3% (6,183 of
10,429) in hospitalized children with RTI in Luoyang. Generally, the
detected rate of MP was declining year by year from 2015 to 2018.
The reported frequency of community-acquired pneumonia due to
MP in pediatric patients worldwide varies from 1.5% to 17.6%.21-23

Studies conducted in Latin America report frequencies ranging from
0.74% to 43.8%.24-26 Most of the reports are from a previously healthy
pediatric population.

We attribute this as, likely a result of employing IFA as opposed to
PCR methodology and detection of additional virus strains, the differ-
ent types of pathogens tested, or of variation in sample collection
time or geographic differences in these studies. PCR is more sensitive,
but IFA represents an alternative and reliable point-of-care detection
method, and that IFA can independently and simultaneously detect a
variety of different pathogens without cross-interference, especially
during early phase of illness.27

Of the children who had MP, 59% were 1-6 years, 53.4% were over
6 years, and 31% were 0-1 year (P < .001). Previous studies fromMex-
ican have reported that 53.7% of the infections occurred in children
under 6 years,6 from Korea that 70.9% occurred in children between 1
and 6 years.28 In China, a frequency of 80% was reported in children
under 7 years.29 While a study conducted in the United States
reported that 73.3% of the pediatric patients with community-
acquired pneumonia due to MP were over 5 years.30 Children of age
with 1 year younger may be not easy susceptible to infection with
MP, as infants not favors overcrowding and decreases the risk of
infection.

The detection rate of MP, PIVs, and IFVB were the predominant
pathogens. The total detection rate increased with increasing age of
the enrolled children, 46.6% in patients 0-<1 year old, which was the
lowest in the 4 age groups. Among the 6 major pathogens, the detec-
tion rates of MP, PIVs, IFVB, RSV, IFVA, and CB were found to be asso-
ciated with seasons. The seasonal detection characteristics of PIVs,
IFVB, RSV, and ADV reported here were different from other studies,
such as reports from other city of China, Japan and the United
States.31-34 The detection rate of MP peaked twice each year of our
study, and seasons with high detection rates alternate years.

A lot of studies have shown that some pediatric patients with
acute lower RTI infected simultaneously with multiple respiratory



Table 3
Detection rates of coinfection with 2 or more pathogens in children from June 2014 to May 2019

Year N (%)

Pathogens of coinfection 2014 N = 163 2015 N = 909 2016 N = 1,422 2017 N = 3,181 2018 N = 3,596 2019 N = 1,158 Total N = 10,429

MP, LP 6 (3.7) 116 (12.8) 175 (12.3) 178 (5.6) 166 (4.6) 77 (6.6) 718 (6.9)
MP, IFVB 65 (39.9) 232 (25.5) 146 (10.3) 202 (6.4) 326 (9.1) 169 (14.6) 1,140 (10.9)
MP, PIVs 28 (17.2) 229 (25.2) 281 (19.8) 573 (18.0) 319 (8.9) 134 (11.6) 1,564 (15.0)
LP, PIVs 3 (1.8) 50 (5.5) 96 (6.8) 113 (3.6) 54 (1.5) 25 (2.2) 341 (3.3)
IFVB, PIVs 30 (18.4) 135 (14.9) 125 (8.8) 245 (7.7) 234 (6.5) 94 (8.1) 863 (8.3)
MP, IFVB, PIVs 24 (14.7) 123 (13.5) 89 (6.3) 146 (4.6) 182 (5.1) 85 (7.3) 649 (6.2)
MP, PIVs, RSV 3 (1.8) 13 (1.4) 12 (0.8) 36 (1.1) 26 (0.7) 12 (1.0) 102 (1.0)
MP, PIVs, ADV 7 (4.3) 11 (1.2) 16 (1.1) 34 (1.1) 29 (0.8) 1 (0.1) 98 (0.9)
LP, IFVB, PIVs 3 (1.8) 29 (3.2) 32 (2.3) 41 (1.3) 29 (0.8) 14 (1.2) 148 (1.4)
IFVB, PIVs, RSV 3 (1.8) 9 (1.0) 13 (0.9) 36 (1.1) 24 (0.7) 8 (0.7) 93 (0.9)
MP, LP, IFVB, PIVs, 3 (1.8) 28 (3.1) 26 (1.8) 33 (1.0) 27 (0.8) 14 (1.2) 131 (1.3)
MP, IFVB, PIVs, ADV 7 (4.3) 9 (1.0) 8 (0.5) 10 (0.3) 22 (0.6) 1 (0.1) 57 (0.5)
MP, IFVB, PIVs, RSV 3 (1.8) 9 (1.0) 7 (0.5) 14 (0.4) 20 (0.6) 8 (0.7) 61 (0.6)
IFVB, PIVs, RSV, ADV 1 (0.6) 1 (0.1) 5 (0.4) 8 (0.3) 6 (0.2) 0 (0) 21 (0.2)
MP, IFVB, PIVs, RSV, ADV 1 (0.6) 1 (0.1) 3 (0.2) 4 (0.1) 5 (0.1) 0 (0) 14 (0.1)

NOTE. We have only listed the coinfection combinations that account for a relatively large proportion, not all of them. The N in the table refers to the total number of cases where
coinfection with these pathogens is counted. In addition to the 2, 3, 4, or 5 pathogens listed, there are other pathogens that are coinfected.
ADV, adenovirus; IFVB, influenza B viruses; LP, Legionella pneumophila;MP, Mycoplasma pneumoniae; PIVs, Parainfluenza 1, 2 and 3 viruses; RSV, respiratory syncytial virus.
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pathogens. In our study, the ratio of coinfection of 2 or more patho-
gens to the total number of positive cases is 27.9%, this mostly
included MP codetection. Moreover, MP, PIVs, IFVB, LP, RSV, and ADV
are pathogens with high positive detection rates. Therefore, we sum-
marized some coinfection combinations containing these pathogens.
In the years we investigated from 2014 to 2019, the coinfection com-
binations containing MP and PIVs, MP and IFVB, IFVB and PIVS, MP
and LP all had high detection rates, and the coinfection containing
MP and PIVs had the highest detection rate of 15%, followed by MP
and IFVB, IFVB and PIVs. These pathogens were found to be com-
monly coinfected in patients with RTI, which is different from the
coinfected viruses in previous studies.13 There is no consensus on the
effect of coinfection on disease severity, which may depend on which
pathogens are coinfected.35,36

CONCLUSIONS

In this study, a total of 10,429 specimens were analyzed. We eval-
uated MP and other 8 pathogens in hospitalized pediatric patients
with RTI, using indirect IFA from serum, from June 2014 to May 2019
in Luoyang, central China. MP was the most commonly detected bac-
teria among hospitalized children, although usually considered as
causing a mild pneumonia, 27.9% of whom had multiple pathogens
codetections. MP should be included in the differential diagnosis for
hospitalized children with RTI.

Acknowledgments

We would like to thank Gina Li for her excellent English editing of
the manuscript.

References

1. Tregoning JS, Schwarze J. Respiratory viral infections in infants: causes, clinical
symptoms, virology, and immunology. Clin Microbiol Rev. 2010;23:74–98.

2. Rudan I, Chan KY, Zhang JS, et al. Causes of deaths in children younger than 5 years
in China in 2008. Lancet. 2010;375:1083–1089.

3. Simoes EAF, Cherian T, Chow J, Shahid-Salles SA, Laxminarayan R, John TJ. Acute
respiratory infections in children.. In: Jamison DT, Breman JG, Measham AR,
Alleyne G, Claeson M, Evans DB, Jha P, Mills A, Musgrove P, eds. Source Disease Con-
trol Priorities in Developing Countries. 2nd ed Washington (DC): World Bank; 2006.

4. Morikawa S, Hiroi S, Kase T. Detection of respiratory viruses in gargle specimens of
healthy children. J Clin Virol. 2015;64:59–63.

5. Meyer Sauteur PM, Unger WW, Nadal D, Berger C, Vink C, van Rossum AM. Infec-
tion with and carriage of Mycoplasma pneumoniae in children. Front Microbiol.
2016;7:329.
6. Jocelin MV, Alejandra AA, Deborah PR, Chiharu M, Rosa Maria RA, Agustin De CR.
Detection of Mycoplasma pneumoniae in Mexican children with community-
acquired pneumonia: experience in a tertiary care hospital. Infect Drug Resist.
2019;12:925–935.

7. Atkinson TP, Waites KB. Mycoplasma pneumoniae infections in childhood. Pediatr
Infect Dis J. 2014;33:92–94.

8. Yan C, Xue G, Zhao H, et al. Molecular and clinical characteristics of severe Myco-
plasma pneumoniae pneumonia in children. Pediatr Pulmonol. 2019;54:1012–
1021.

9. Perezruiz M, Pedrosacorral I, Sanbonmatsugamez S, Navarromari J. Laboratory
detection of respiratory viruses by automated techniques. Open Virol J. 2012;
6:151–159.

10. Noh JY, Song JY, Cheong HJ, et al. Laboratory surveillance of influenza-like illness in
seven teaching hospitals, South Korea: 2011-2012 season. PLoS One. 2013;8:
e64295.

11. Ren L, Gonzalez R, Wang Z, et al. Prevalence of human respiratory viruses in adults
with acute respiratory tract infections in Beijing, 2005-2007. Clin Microbiol Infect.
2009;15:1146–1153.

12. Wang W, Cavailler P, Ren P, et al. Molecular monitoring of causative viruses in
child acute respiratory infection in endemo-epidemic situations in Shanghai. J Clin
Virol. 2010;49:211–218.

13. Wang H, Zheng Y, Deng J, et al. Prevalence of respiratory viruses among chil-
dren hospitalized from respiratory infections in Shenzhen, China. Virol J..
2016;13:39.

14. Liu W, Chen D, Liu Q, et al. Detection of human bocavirus from children and adults
with acute respiratory tract illness in Guangzhou, southern China. BMC Infect Dis.
2011;11:345.

15. Sung RY, Chan PK, Tsen T, et al. Identification of viral and atypical bacterial patho-
gens in children hospitalized with acute respiratory infections in Hong Kong by
multiplex PCR assays. J Med Virol. 2009;81:153–159.

16. P�erez-Ruiz M, Navarro-Marí J-M, Bautista-Marín M-F, et al. Development and
preliminary evaluation of a rapid oligochromatographic assay for specific
detection of new human Influenza A H1N1 virus. J Clin Microbiol. 2010;5:
1801–1805.

17. Surinder K, Indu BG, Sethi GR. Serological and molecular detection of Mycoplasma
pneumoniae in children with community-acquired lower respiratory tract infec-
tions. Diagn Microbiol Infect Dis. 2019;95:5–9.

18. Yu X, Lu R, Wang Z, et al. Etiology and clinical characterization of respiratory virus
infections in adult patients attending anemergency department in Beijing. PLoS
One. 2012;7:e32174.

19. Wang H, Zheng Y, Deng J, Chen X, Liu P, Li X. Molecular epidemiology of respira-
tory adenovirus detection in hospitalized children in Shenzhen, China. Int J Clin
Exp Med. 2015;8:15011–15017.

20. Zhang D, He Z, Xu L, et al. Epidemiology characteristics of respiratory viruses found
in children and adults with respiratory tract infections in southern China. Int J
Infect Dis. 2014;25:159–164.

21. Jain S, Williams DJ, Arnold SR, et al. Community-acquired pneumonia
requiring hospitalization among U.S. Children. N Engl J Med. 2015;372:835–
845.

22. Marchello C, Dale AP, Thai TN, Han DS, Ebell MH. Prevalence of atypical pathogens
in patients with cough and community-acquired pneumonia: a meta-analysis. Ann
Fam Med. 2016;14:552–566.

23. B�enet T, S�anchez Picot V, Messaoudi M, et al. Microorganisms associated with
pneumonia in children <5 years of age in developing and emerging countries: the
GABRIEL pneumonia multicenter, prospective, case-control study. Clin Infect Dis.
2017;65:604–612.

http://refhub.elsevier.com/S0196-6553(20)30040-7/sbref0001
http://refhub.elsevier.com/S0196-6553(20)30040-7/sbref0001
http://refhub.elsevier.com/S0196-6553(20)30040-7/sbref0002
http://refhub.elsevier.com/S0196-6553(20)30040-7/sbref0002
http://refhub.elsevier.com/S0196-6553(20)30040-7/sbref0003
http://refhub.elsevier.com/S0196-6553(20)30040-7/sbref0003
http://refhub.elsevier.com/S0196-6553(20)30040-7/sbref0003
http://refhub.elsevier.com/S0196-6553(20)30040-7/sbref0003
http://refhub.elsevier.com/S0196-6553(20)30040-7/sbref0004
http://refhub.elsevier.com/S0196-6553(20)30040-7/sbref0004
http://refhub.elsevier.com/S0196-6553(20)30040-7/sbref0005
http://refhub.elsevier.com/S0196-6553(20)30040-7/sbref0005
http://refhub.elsevier.com/S0196-6553(20)30040-7/sbref0005
http://refhub.elsevier.com/S0196-6553(20)30040-7/sbref0006
http://refhub.elsevier.com/S0196-6553(20)30040-7/sbref0006
http://refhub.elsevier.com/S0196-6553(20)30040-7/sbref0006
http://refhub.elsevier.com/S0196-6553(20)30040-7/sbref0006
http://refhub.elsevier.com/S0196-6553(20)30040-7/sbref0007
http://refhub.elsevier.com/S0196-6553(20)30040-7/sbref0007
http://refhub.elsevier.com/S0196-6553(20)30040-7/sbref0008
http://refhub.elsevier.com/S0196-6553(20)30040-7/sbref0008
http://refhub.elsevier.com/S0196-6553(20)30040-7/sbref0008
http://refhub.elsevier.com/S0196-6553(20)30040-7/sbref0009
http://refhub.elsevier.com/S0196-6553(20)30040-7/sbref0009
http://refhub.elsevier.com/S0196-6553(20)30040-7/sbref0009
http://refhub.elsevier.com/S0196-6553(20)30040-7/sbref0010
http://refhub.elsevier.com/S0196-6553(20)30040-7/sbref0010
http://refhub.elsevier.com/S0196-6553(20)30040-7/sbref0010
http://refhub.elsevier.com/S0196-6553(20)30040-7/sbref0011
http://refhub.elsevier.com/S0196-6553(20)30040-7/sbref0011
http://refhub.elsevier.com/S0196-6553(20)30040-7/sbref0011
http://refhub.elsevier.com/S0196-6553(20)30040-7/sbref0012
http://refhub.elsevier.com/S0196-6553(20)30040-7/sbref0012
http://refhub.elsevier.com/S0196-6553(20)30040-7/sbref0012
http://refhub.elsevier.com/S0196-6553(20)30040-7/sbref0013
http://refhub.elsevier.com/S0196-6553(20)30040-7/sbref0013
http://refhub.elsevier.com/S0196-6553(20)30040-7/sbref0013
http://refhub.elsevier.com/S0196-6553(20)30040-7/sbref0014
http://refhub.elsevier.com/S0196-6553(20)30040-7/sbref0014
http://refhub.elsevier.com/S0196-6553(20)30040-7/sbref0014
http://refhub.elsevier.com/S0196-6553(20)30040-7/sbref0015
http://refhub.elsevier.com/S0196-6553(20)30040-7/sbref0015
http://refhub.elsevier.com/S0196-6553(20)30040-7/sbref0015
http://refhub.elsevier.com/S0196-6553(20)30040-7/sbref0016
http://refhub.elsevier.com/S0196-6553(20)30040-7/sbref0016
http://refhub.elsevier.com/S0196-6553(20)30040-7/sbref0016
http://refhub.elsevier.com/S0196-6553(20)30040-7/sbref0016
http://refhub.elsevier.com/S0196-6553(20)30040-7/sbref0016
http://refhub.elsevier.com/S0196-6553(20)30040-7/sbref0017
http://refhub.elsevier.com/S0196-6553(20)30040-7/sbref0017
http://refhub.elsevier.com/S0196-6553(20)30040-7/sbref0017
http://refhub.elsevier.com/S0196-6553(20)30040-7/sbref0018
http://refhub.elsevier.com/S0196-6553(20)30040-7/sbref0018
http://refhub.elsevier.com/S0196-6553(20)30040-7/sbref0018
http://refhub.elsevier.com/S0196-6553(20)30040-7/sbref0019
http://refhub.elsevier.com/S0196-6553(20)30040-7/sbref0019
http://refhub.elsevier.com/S0196-6553(20)30040-7/sbref0019
http://refhub.elsevier.com/S0196-6553(20)30040-7/sbref0020
http://refhub.elsevier.com/S0196-6553(20)30040-7/sbref0020
http://refhub.elsevier.com/S0196-6553(20)30040-7/sbref0020
http://refhub.elsevier.com/S0196-6553(20)30040-7/sbref0021
http://refhub.elsevier.com/S0196-6553(20)30040-7/sbref0021
http://refhub.elsevier.com/S0196-6553(20)30040-7/sbref0021
http://refhub.elsevier.com/S0196-6553(20)30040-7/sbref0022
http://refhub.elsevier.com/S0196-6553(20)30040-7/sbref0022
http://refhub.elsevier.com/S0196-6553(20)30040-7/sbref0022
http://refhub.elsevier.com/S0196-6553(20)30040-7/sbref0023
http://refhub.elsevier.com/S0196-6553(20)30040-7/sbref0023
http://refhub.elsevier.com/S0196-6553(20)30040-7/sbref0023
http://refhub.elsevier.com/S0196-6553(20)30040-7/sbref0023
http://refhub.elsevier.com/S0196-6553(20)30040-7/sbref0023
http://refhub.elsevier.com/S0196-6553(20)30040-7/sbref0023


1236 J. Liu et al. / American Journal of Infection Control 48 (2020) 1231−1236
24. Herrera M, Aguilar YA, Rueda ZV, Muskus C, V�elez LA. Comparison of serological
methods with PCR-based methods for the diagnosis of community-acquired pneu-
monia caused by atypical bacteria. J Negat Results Biomed. 2016;15:3.

25. Del Valle-Mendoza J, Orellana-Peralta F, Marcelo-Rodríguez A, et al. High preva-
lence of Mycoplasma pneumoniae and Chlamydia pneumoniae in children with
acute respiratory infections from Lima, Peru. PLoS One. 2017;12:e0170787.

26. Jonnalagadda S, Rodríguez O, Estrella B, Sabin LL, Semp�ertegui F, Hamer DH. Etiol-
ogy of severe pneumonia in Ecuadorian children. PLoS One. 2017;12:e0171687.

27. Shafik CF, Mohareb EW, Youssef FG. Comparison of direct fluorescence assay and
real-time rt-PCR as diagnostics for respiratory syncytial virus in young children. J
Trop Med. 2011;2011: 781919.

28. Kim EK, Youn YS, Rhim JW, Shin MS, Kang JH, Lee KY. Epidemiological comparison
of three Mycoplasma pneumoniae pneumonia epidemics in a single hospital over
10 years. Korean J Pediatr. 2015;58:172–177.

29. Tian DD, Jiang R, Chen XJ, Ye Q. Meteorological factors on the incidence of MP and
RSV pneumonia in children. PLoS One. 2017;12:e0173409.

30. Diaz MH, Winchell JM. The evolution of advanced molecular diagnostics for the
detection and characterization of Mycoplasma pneumoniae. Front Microbiol.
2016;7:232.
Coming SooComing Soo

Changing the Culture of Urine Culturing: Utilizing Agile Imple

Bioaerosol Sampling of a Ventilated Patient with COVID-19

3D Printing of Face Shields to Meet the Immediate Need for P
COVID-19 Pandemic
31. Chen K, Jia R, Li L, Yang C, Shi Y. The aetiology of community associated pneumonia
in children in Nanjing, China and aetiological patterns associated with age and
season. BMC Public Health. 2015;15:113.

32. Kaneko M, Watanabe J, Kuwahara M, 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;44:240–243.

33. Laguna-Torres VA, S�anchez-Largaespada JF, Lorenzana I, et al. Influenza and other
respiratory viruses in three Central American countries. Influ Other Respir Viruses.
2011;5:123–134.

34. Kouni S, Karakitsos P, Chranioti A, Theodoridou M, Chrousos G, Michos A.
Evalua- tion of viral co-infections in hospitalized and non-hospitalized chil-
dren with respiratory infections using microarrays. Clin Microbiol Infect. 2013;
19:772–777.

35. Semple MG, Cowell A, Dove W, et al. Dual infection of infants by human meta-
pneumovirus and human respiratory syn-cytial virus is strongly associated with
severe bronchiolitis. J Infect Dis. 2005;191:382–386.

36. Martin ET, Kuypers J, Wald A, Englund JA. Multiple versus single virus respira-tory
infections: viral load and clinical disease severity in hospitalized children. Influ-
enza Other Respir Viruses. 2012;6:71–77.
n in AJICn in AJIC

mentation to Improve Diagnostic Stewardship in the ICU

PE in an Anesthesiology Department during the

http://refhub.elsevier.com/S0196-6553(20)30040-7/sbref0024
http://refhub.elsevier.com/S0196-6553(20)30040-7/sbref0024
http://refhub.elsevier.com/S0196-6553(20)30040-7/sbref0024
http://refhub.elsevier.com/S0196-6553(20)30040-7/sbref0024
http://refhub.elsevier.com/S0196-6553(20)30040-7/sbref0025
http://refhub.elsevier.com/S0196-6553(20)30040-7/sbref0025
http://refhub.elsevier.com/S0196-6553(20)30040-7/sbref0025
http://refhub.elsevier.com/S0196-6553(20)30040-7/sbref0025
http://refhub.elsevier.com/S0196-6553(20)30040-7/sbref0026
http://refhub.elsevier.com/S0196-6553(20)30040-7/sbref0026
http://refhub.elsevier.com/S0196-6553(20)30040-7/sbref0026
http://refhub.elsevier.com/S0196-6553(20)30040-7/sbref0026
http://refhub.elsevier.com/S0196-6553(20)30040-7/sbref0027
http://refhub.elsevier.com/S0196-6553(20)30040-7/sbref0027
http://refhub.elsevier.com/S0196-6553(20)30040-7/sbref0027
http://refhub.elsevier.com/S0196-6553(20)30040-7/sbref0028
http://refhub.elsevier.com/S0196-6553(20)30040-7/sbref0028
http://refhub.elsevier.com/S0196-6553(20)30040-7/sbref0028
http://refhub.elsevier.com/S0196-6553(20)30040-7/sbref0029
http://refhub.elsevier.com/S0196-6553(20)30040-7/sbref0029
http://refhub.elsevier.com/S0196-6553(20)30040-7/sbref0029
http://refhub.elsevier.com/S0196-6553(20)30040-7/sbref0030
http://refhub.elsevier.com/S0196-6553(20)30040-7/sbref0030
http://refhub.elsevier.com/S0196-6553(20)30040-7/sbref0030
http://refhub.elsevier.com/S0196-6553(20)30040-7/sbref0031
http://refhub.elsevier.com/S0196-6553(20)30040-7/sbref0031
http://refhub.elsevier.com/S0196-6553(20)30040-7/sbref0031
http://refhub.elsevier.com/S0196-6553(20)30040-7/sbref0032
http://refhub.elsevier.com/S0196-6553(20)30040-7/sbref0032
http://refhub.elsevier.com/S0196-6553(20)30040-7/sbref0032
http://refhub.elsevier.com/S0196-6553(20)30040-7/sbref0033
http://refhub.elsevier.com/S0196-6553(20)30040-7/sbref0033
http://refhub.elsevier.com/S0196-6553(20)30040-7/sbref0033
http://refhub.elsevier.com/S0196-6553(20)30040-7/sbref0033
http://refhub.elsevier.com/S0196-6553(20)30040-7/sbref0034
http://refhub.elsevier.com/S0196-6553(20)30040-7/sbref0034
http://refhub.elsevier.com/S0196-6553(20)30040-7/sbref0034
http://refhub.elsevier.com/S0196-6553(20)30040-7/sbref0034
http://refhub.elsevier.com/S0196-6553(20)30040-7/sbref0035
http://refhub.elsevier.com/S0196-6553(20)30040-7/sbref0035
http://refhub.elsevier.com/S0196-6553(20)30040-7/sbref0035
http://refhub.elsevier.com/S0196-6553(20)30040-7/sbref0036
http://refhub.elsevier.com/S0196-6553(20)30040-7/sbref0036
http://refhub.elsevier.com/S0196-6553(20)30040-7/sbref0036

