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Abstract: The objective of this study was to describe the rates and impact of bacterial and viral co-infections of
hospitalized children with Mycoplasma pneumoniae. The clinical characteristics, hospital expenses, and differences
between single and co-infection MPP were explored. This study included 5,009 children from 2010 to 2014. Infec-
tions with various pathogens were identified by the following tests: positive specimens’ culture, direct immuno-
fluorescent antigen test for viruses, mycoplasma or chlamydia detection. The results indicated that 13.6% of them
showed positive results, including bacterial pathogens in 2.5% of cases and viral pathogens in 9.8% of cases. The
most commonly identified bacteria was Streptococcus pneumonia. Influenza and parainfluenza were the most com-
monly identified virus. Hospitalization expenses of patients with single infections were less than those who with co-
infections. In conclusion, co-infections were more common in recent years. In severe MPP, rates of co-infection were

higher than non-severe MPP. The longer the course of infection, the higher the co-infection rate.
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Introduction

Mycoplasma pneumonia (MP) has recently
become an important pathogen of respiratory
infection in children, as well as a common
pathogen of community-acquired pneumonia
(CAP) of children. MP plays a significant role in
CAP in children [1, 2]. Recent studies have
reported that 7-30% of hospitalized children
with CAP have been infected by mixed viral-bac-
terial infections [3-5].

In recent years, refractory MP pneumonia
(MPP) has increased. Two main mechanisms of
MPP are proposed: damages to airway directly
by MP, and inflammatory reaction caused by
MP. Refractory MPP is also associated with
many other factors, such as macrolide-resis-
tant MP and combined infection with bacteria
orviruses. It has long been suspected that MPP
may be associated with preceding or concomi-

tant viral infections, while recent experience
with MPP has refocused attention on the role of
bacterial co-infections in contributing to dis-
ease severity and death in children with viral
respiratory tract infections.

There are only fragmentary data on the etiology
of childhood MPP, particularly about co-infec-
tions of MPP in children. The purpose of this
study was to investigate the impact of bacterial
and viral co-infection in hospitalized children
with MPP.

Materials and methods

Study population

All medical records of patients with MPP who
were admitted to Beijing Children’s Hospital

from June 2010 to June 2014 were reviewed.
The wards of the Pediatric Internal Medicine
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Department had 6,128 MPP admissions during
this time. Cases were eligible for enrollment if
data were complete. Diagnosis of pneumonia
was performed according to the practical sci-
ence of Fu-Tang Zhu, clinical practice guidelines
in the management of CAP in infants and chil-
dren and British Thoracic Society guidelines for
the management of community acquired pneu-
monia in children: update 2011 [6-8]. In addi-
tion, antibody for all diagnosed patients was
positive. PCR of throat swabs and BALF were
positive in some cases.

Patients were excluded if they had congenital
immunodeficiency, malignancy or were receiv-
ing immunosuppressant agents. Chronic pneu-
monia was excluded. Cases of tuberculosis,
fungi, EBV and CMV were excluded from the
study. A total of 5,009 children aged 0-17 years
old were included in this analysis.

Microbiological diagnostic methods

The diagnosis of MPP was based on clinical
signs and symptoms (cough, fever, dry or pro-
ductive sputum, dyspnea, chest pain, abnormal
breath sounds), and radiological pulmonary
abnormalities. For M. pneumoniae, both acute
and convalescent serum were obtained and
measured for antibody response to M. pneu-
moniae by enzyme-linked immunosorbent
assay methods (SERODIA-MYCOII) [9]. Paired
serology (rising titers in antibody complement
fixation tests) remains the mainstay for diag-
nosing M pneumoniae and C pneumoniae
infections [8]. Some cases were used PCR to
diagnose M pneumonia from throat swabs and
BAL. An acute infection could be indicated by a
positive IgM result [10]. Patients were evaluat-
ed for viral, bacterial, acid-fast bacillus or fun-
gal infections.

For viral etiology, Respiratory Virus Direct
Specimen Screening Set (Diagnostic Hybrids,
Inc, Athens OH 45701 USA) were performed
using sputum or oropharyngeal swabs. Viruses
examined included respiratory syncytial virus
(RSV), adenovirus, parainfluenza 1, 2 and 3,
and influenza A and B.

All patients were screened for pulmonary tuber-
culosis by the PPD skin test with 5TU purified
protein derivative. Some cases were sent for
Interferon-gamma Release Assey (TB-SPOT).
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Blood, pleural effusion and BALF were sent for
slide review and culture Bacterial, M. tuberculo-
sis and fungus.

Definitions

Acute MP pneumonia was defined as the course
of disease no more than one month with either
the test results of PCR or MP-specific antibod-
ies by serology was positive. Chronic pneumo-
nia was defined as the course of disease more
than one month. A case with a co-infection was
defined as any pathogen except MP detected in
any specimen type. A patient was considered to
have a single infection if MP was the only patho-
gen detected. Bacterial infection was defined
by a positive result in blood or pleural fluid cul-
ture and BALF.

Severe pneumonia was diagnosed according to
the practical science of Fu-Tang Zhu, clinical
practice guidelines in the management of CAP
in infants and children and British Thoracic
Society guidelines for the management of com-
munity acquired pneumonia in children: update
2011 [6-8]. Refractory M. pneumoniae pneu-
monia was defined as follows: 1) prolonged
fever for 7 days or more or 2) increasing cough
and infiltrates in chest radiograph despite
administration of appropriate antibiotics.
Patients with severe M. pneumoniae pneumo-
nia who required intensive care unit (ICU)
admission were defined by Infectious Diseases
Society of America/American Thoracic Society
criteria for severe CAP [11]. All patients were
treated with macrolide. The symptoms men-
tioned above was typical of SMPP, and patients
without these symptoms could be defined as
non-severe MPP. Mortality of MPP in these
cases was zero.

Statistical analyses

The demographic data and identified patho-
gens were entered into database for analysis.
Descriptive statistics were performed using
SPSS 17.0 (SPSS Inc, Chicago, IL). The differ-
ences in age distributions among patients with
various pathogens identified were tested by an
independent sample t-test. P<0.05 was consid-
ered statistically significant. Parametric data
were compared with independent sample
t-tests. Categorical data were analyzed by using
the chi-square test.
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Table 1. Clinical characteristics of 5,009 children hospitalized with MPP

Single Single infection Co-infection Co-infection

Characteristic Overall infection (percentage) (N) (percentage)
Total cases 5,009 4,326 86.4 683 13.6
Gender
Female 2,378 2051 86.2 327 13.8
Male 2,631 2,275 86.5 356 13.5
Age group
<ly 50 46 92 4 8
13y 322 265 82.3 57 17.7
46y 1,249 1,064 85.2 185 14.8
7-17y 3,387 2,951 87.1 436 12.9
Severe MPP 776 621 80.0 155 20.0
Pleural effusions 636 536 84.3 100 15.7
Time from onset of symptoms to hospital visit (days)
1-7 2,129 1868 87.7 261 12.3
8-15 2298 1969 85.7 329 14.3
16-30 538 445 82.7 93 17.3
Fever 4956
Cough 4958

Hospitalization expenses of single infections were less than co-infections. Significant differences were observed between single
and co-infections. There was no significant difference in duration of hospitalization between patients with single infections and

those who with co-infection.

Results
Demographic and clinical data

A total of 5,009 children hospitalized with MPP
were included in the study, of those who, 2,378
(47.5%) were female and 2,631 (52.5%) were
male. Ages ranged from 2 months to 17 years,
and 67.6% were over 6 years old. There was no
significant difference in gender with different
ages. Ages were classified into subgroups (<1,
1-3, 3-6, >6 years, which correspond to differ-
ent physiological stages). There were 776
(15.5%) patients with severe MPP, 636 (12.7%)
with pleural effusions. Characteristics of the 5,
009 children hospitalized with MPP are shown
in Table 1.

Distribution of pathogens in co-infective MPP

Tests for viral, bacterial, acid-fast bacilli and
fungal infections were performed in all patients,
and 13.6% (683/5,009) of cases were positive
for at least one pathogen in addition to MP
(Figure 1A). The 683 cases identified are listed
in Table 2. There were 894 times co-infections,
including typical bacterial pathogens in 16.9%
(151/894) of it. A total of 51.0% of bacterial
pathogens were identified SP. Viruses were
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identified in 75.7% (677/894) of total co-infec-
tion, CP were identified in 7.4% (66/894) of
total co-infection, while cases mixed EBV,CMYV,
TB infections and fungal infections were
excluded.

Of the 683 cases, one pathogen was identified
in 72.2% (496/683), two pathogens were iden-
tified in 23.9% (163/683), and three pathogens
were identified in 3.5% (24/683) (Figure 1B).
Overall, frequency of pathogens in co-infection
with MPP was showed in Figure 3. IFB, PIV1, 2,
3 and IFA were the most common source of
infection. IFB were detected with 5.3% in all
cases.

The proportion of IFB infection with MPP
increased in 2010, 2013 and 2014 (Figure 1C).
The proportion of IFA patients with MPP
increased in 2010 and 2014, while PIV
increased in 2012 and the proportion of AdV
increased in 2013. Pathogens identified are
shown in Table 2, and Figure 1D.

Season distribution of co-infection in MPP

The annual rates of co-infection of MPP patients
increased from 11.3% in 2011 to 39.6% in

Int J Clin Exp Med 2015;8(9):15666-15674
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Figure 1. Distribution of pathogens in co-infective MPP. A. Distribution of
pathogens in co-infective MPP. B. Percentage of different number patho-
gens. C. Distribution of pathogens in MPP with co-infection during 4 years. D.
Distribution of pathogens in co-infective MPP.

Table 2. Pathogens identified in 5,009 hospitalized children with
mycoplasmal pneumonia

Pathogen (s) Cases Pathogen(s) Cases Pathogen (s) Cases
IFA + IFB + PIV 13 IFB + PAE 1 PAE 6
IFA + IFB + AdV 2 IFB +S.P 2 E. coli 1
IFB + PIV + AdV 1 IFB + Ab 1 Ab 1
IFB + RSV + AdV 1 PIV + RSV 6 Kp 4
IFB + BC + Hi 1 PIV +S.P 2 BCe 1
IFB + BC + S.P 1 PIV + CP 2 Sewer coli 1
IFB + Hpi + S.P 1 RSV+ AdV 7 ML 1
PIV + RSV + AdV 2 RSV + S.P 1 Hpi 6
AdV + S.P + Hi 1 RSV + BC 1 SA 12
AdV + PIV 11 AdV + Hpi 1 Hi 15
AdV + Hi 4 S.P + Hpi 2 IFA 19
IFA + IFB 76 SP+Kp 1 IFB 126
IFA + RSV 2 S.P+ Hi 2 PIV 90
IFB + PIV 15 S.P+BC 2 RSV 34
IFB + AdV 11 Ab + S. coli 1 AdV 57
IFB + RSV 6 S.P 62 CP 57
IFB + CP 7 Ng 4

2014 (Figure 2A). Co-infections were more
common in autumn and winter (Figure 2B).

15669

Viruses were more common
in autumn and winter, and
bacteria were more common
in spring and summer (Figure
2C).

Course distribution of co-
infection in MPP

Co-infections were more com-
mon in severe MPP than in
non-severe MPP, and co-
infections were also more
serious than single infections
(Figure 3A). Viruses account-
ed for 100% of pathogens
were identified in children
less than 1 year old (Figure
3B). In children aged from 1 to
3 years old, bacteria were the
most common co-infection
identified. Similarly, the pro-
portion of identifiable viral
infections decreased with
increasing ages.

The co-infection rate increas-
ed with increasing time from
onset of symptoms to hospi-
tal visit days (Figure 3C).
Hospitalization expenses of
single infections were less
than co-infections (Table 3).
Significant differences were
observed between single and
co-infections for each patho-
gen identified (Table 3). Mixed
co-infection with Hi, SA, PAE,
AB and AdV, or positive bacte-
rial result showed in blood
culture often caused the hos-
pitalization expenses increas-

ing.
Discussion

In our study, 13.6% of chil-
dren with MPP were infected
with another pathogen. This
percentage of MPP with co-
infections was less than the
report about co-infections of
children with MPP in China
[12] and the result of

Michelow et al. [5]. This difference might be
caused by excluding rhinoviruses and enterovi-
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B 100%

Percentage

e}

80%
60%
40%
20%

0

100%

Percentage

80%
60%
40%

20%

Co-infections of mycoplasma pneumoniae pneumonia

— 25.3%

B Co-infection percentage

1139% = 12.9%

2011

2010

2012 2013 2014

O Co-infection
Single infection

Spring Summer Autumn Winter
Season
o V+B
m Bacterial
@ Virus
Spring Summer Autumn Winter

Figure 2. Season distribution of co-infection in MPP. A. Percentage of co-
infection in MPP, stratified by year. B. Season distribution of co-infection in
MPP. C. Distribution of pathogens in co-infective MPP, stratified by season.

A100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0

B 100%
80%
60%
40%
20%

0

c 120
100

80

60

40

20

m Co-infection
@ Single infection
severe non-severe
| T O Others
0O v+B
L B Bacterial
O Virus
=1y 1-3y 4-5y =6y
B Co-infection
O Single infection
1-7days 8-15days 16-30days
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rus tests in our data. The inci-
dence of mixed infections
with viruses was 9.8%, which
was less than the result of
Michelow [5] and Hamano-
Hasegawa [13].

MPP in children under 4 was
rare. In the infants below one
year of age, as compared with
the other age group, fever was
observed frequently less than
30 percent in contrast to
47-60 percent of the other
age groups [14]. In our study,
the infants below one year of
age showed slight fever, but
children more than 3 years
showed severe fever. Pathy
shadow could be easily seen
from Chest X-ray perfor-
mance. It was difficult to dis-
tinguish the MPP from differ-
ent pneumonia. Generally, it
was considered that M. pneu-
moniae infections were mild
in infants. Present reports
showed that infants below
one year of age less frequent-
ly had fever or pneumonia,
and showed slighter symp-
toms as compared with elder
children. It was easy to be
ignored. In our study, there
are 372 children under 3
years with MPP. Analysis
results suggested that myco-
plasma played an important
role also in this age group.

A previous study indicated
that most viruses exhibited
strong seasonal patterns, and
some viruses were frequently
detected in the cold and rainy
season [15]. In our study,
virus infections were more
common in autumn and win-
ter. This led to more co-infec-
tions being identified during
these seasons, and could be
related to polluted air in these
seasons. Such co-infections
may be particularly problem-
atic during influenza pand-
emics. The August and

Int J Clin Exp Med 2015;8(9):15666-15674
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Table 3. Hospitalization expenses of co-infec-
tions and single infections

Hospitalization expenses (dollar)

Pathogen - - - - -

Co-infections  Single infections
S.P 17290.0 14,607.0 0.01
Hi 25327.0 14,607.0 0.0001
BC 16272.6 14,607.0 0.01
SA 24443.1 14,607.0 0.0001
PAE 19351.3 14,607.0 0.001
AB 31304.5 14,607.0 0.0001
AdVv 24017.8 14,607.0 0.0001
RSV 17336.6 14,607.0 0.01
PIV 17784.5 14,607.0 <0.001

September 2010 HAN1 influenza virus pan-
demic resulted in sharply increased rates of
influenza co-infection of children with MPP.
Co-infections of children with MPP were higher
in 2010, 2013 and 2014, and were primarily
related to viruses being identified more often
these years. The prevalence of influenza infec-
tions increased during autumn and winter.
Respiratory viral infections may be a main rea-
son for the development of MPP, while infection
with MP might lead to further deterioration of
health. According to previously published
reports, enteroviruses were common in spring
and summer, but enteroviruses were not evalu-
ated in our study. RSV and influenza viruses are
the major viral pathogens during the winter sea-
son, and their peak incidences often overlap
[16]. In our study, co-infection with MP and RSV
was less common than with MP and influenza.
In previous study, the delayed and reduced cir-
culation of RSV in 2009-2010 compared with
2008-2009 suggested that the early circula-
tion of the 2009 pandemic IFA (HIN1) viruses
had an impact on the RSV epidemic [17].

Age is an important factor that can affect
pathogen distribution, and viruses without bac-
terial co-infection were more frequently identi-
fied in young children than in elder children. In
other study, Viruses could cause a significant
percentage of CAP infections, especially in chil-
dren who were younger than two years old [18].
In previous studies, respiratory viral infections
showed a periodic seasonal distribution and
were the main cause of acute respiratory infec-
tion in young children [19, 20]. Co-infections in
1-3 years old children were increased than
other aged children. This result was consistent
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with that reported by Nakamaya in a previous
study [21]. According to previous investiga-
tions, viral pneumonia occurred primarily in
young children [5], and the major risk factors
had been identified as young age and immuno-
logic impairment [14-22]. As a result, viral
pneumonia was less common in elder children
and adolescents than in young children. In
young children, respiratory and immune sys-
tems are immature and may be more suscepti-
ble to respiratory pathogens [25]. AdV may be
associated with complications such as bronchi-
olitis obliterans or bronchiectasis [26, 27]. AdV
infections often associated with co-infection of
bacterial or viral agents, frequently led to
severe clinical consequences in hospital
patients [28]. According to our data, the propor-
tion of ADV increased in 2013 and 2014 com-
pared to earlier years. The most common age
of AdV infection in our study occurred among
children between 2 to 4 years old, while Chen
et al. reported the peak values occurred
between 4 and 8 years old in Taiwan [29].
Similar to our findings, other studies reported
that AdV infections primarily occurred among
children under 5 years of age [30, 31].

Bacteria were recognized as a common cause
of respiratory infections. Co-infection with
respiratory bacteria and MP was rare, and in
our study this occurred less commonly than co-
infection with viruses and MP. Nearly all chil-
dren in our study received antibiotic treatment.
Most pneumococcal pneumonia occurred in
children aged 5 years old or younger [25]. SP
and Hi were the most commonly identified
pathogens for childhood pneumonia in develop-
ing countries. ¥SP were the most commonly
isolated bacterial pathogens among children
with MPP [32]. In our study, SP was the leading
cause of bacterial co-infection. In a previous
analysis, a sub-analysis stratified by bacteria
species, outcomes were worse for co-infected
children in the subgroups of children with SA
and with no specified bacteria [33]. In our study
SA co-infections led to more disease severity in
children with MPP compared with single infec-
tions. In addition to these bacteria, attention
should also be paid to opportunistic bacteria
such as BC, which could lead to severe disease
in certain conditions.

In our study, co-infections were more severe
than single infections, which was consistent

Int J Clin Exp Med 2015;8(9):15666-15674
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with some previous studies [34, 35]. In con-
trast with other previous studies, co-infection
did not affect disease severity [19]. In the pres-
ent study, co-infections were slightly increased
in recent years, and could be found in severe
cases. Co-infection may lead to severe pneu-
monia. As for multiple viral infections, previous
studies had reported conflicting results when
comparing a single infection to multiple patho-
gens infections and their association with more
severe clinical presentation [36].

Co-infections became more common with
increasing time from symptom onset to hospi-
tal visit. There was no significant difference in
duration of hospitalization between patients
with single infections and those with co-infec-
tion. Hospitalization expenses of patients with
single infections were less than those with co-
infections. Hospitalization expenses were
greatly increased with co-infection with Hi, SA,
PAE, AB and AdV, or when they were blood cul-
ture positive. In agreement with previous stud-
ies, we found that bacterial co-infections with
influenza were also associated with more
severe illness and worse outcomes in children
[37-41]. This was a main reason why expenses
were higher for patients with co-infections.

Particular attention should be paid to viral
infections in younger children, especially in
autumn and winter. In recent years, increased
attention had been paid to viruses. Additional
studies should focus on the duration of iliness
that was caused by respiratory viruses, as well
as if any of these viruses were part of the nor-
mal viral flora. Improvement of etiological
insight was needed to lead to better clinical
management and prevention. The 2011 pediat-
ric CAP guidelines noted that positive viral test
results could modify clinical decision-making in
children suspected of having pneumonia by
allowing antibacterial therapy to be withheld in
the absence of clinical, laboratory, or radio-
graphic findings which suggested bacterial co-
infection [41]. Climate change, air pollution in
urban areas, and economic or political upheav-
als that might impact population-level nutrition-
al health, access to health care, and seasonal-
ity and other epidemiological aspects of some
respiratory pathogens might become important
factors regarding CAP and other infections in
children in the next few decades.

In conclusion, these co-infections were more
common in recent years than in 2010.
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Co-infections should be considered in refracto-
ry MPP. IFB, PIV 1, 2, 3 and IFA were the most
common viruses in co-infections. The single
most common detected virus was [IFB.
Co-infection with respiratory bacteria occurred
less commonly, and SP and Hi were the most
commonly identified bacteria. Co-infections
were more common in autumn and winter, and
co-infections were more common in severe
MPP patients. Mixed infections with viruses
were common in young children. Co-infections
became more common with increasing time
from symptom onset to hospital visit. In our
study, co-infections were more severe than sin-
gle infections, and hospitalization expenses of
patients with single infections were less than
patients with co-infections, while the duration
of hospital stay days were same between
patients with single and co-infections. There
were several limitations to our study. First,
nearly all children in our study received antibi-
otic treatment. Second, our testing did not
include human rhinovirus, human metapneu-
movirus, bocavirus or enteroviruses; as a
result, viral co-infections may be underestimat-
ed. Lastly, CP was not detected in many cases.
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