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Abstract: 

Objective: To investigate the role of Mycoplasma pneumoniae (Mp) in hospitalized children with different lower 

respiratory tract infections in Suzhou.  

Methods : We retrospectively analyzed blood samples and nasopharyngeal aspirates (NPAs) of 8547 hospitalized 

patients with bronchiolitis, bronchopneumonia, lobar or segmental pneumonia, interstitial pneumonia from Jan 2006 

to December 2014. We detected Mp by polymerase chain reaction (PCR) of NPAs and IgM serology, respiratory 

viruses (respiratory syncytial virus (RSV), adenovirus (Adv), influenza virus A and B, and parainfluenza virus (PIV) 

1, 2 and 3 by immunofluorescent antigen detection, human metapneumovirus (hMPV), boka virus (HBoV) by PCR 

and bacteria by sputum culture. 

Results: The most common pathogen of bronchiolitis was RSV (34.12%), followed by Mp (15.42%), hMPV 

(10.87%), HboV (8.92%) and PIV-3 (4.56%). The most common pathogen of bronchopneumonia was Mp (27.34%), 

followed by Streptococcus pneumonia (Sp)(16.30%), RSV (8.56%), Haemophilus influenza (Hi) (5.68%), and 

hMPV (5.48%). The most common pathogen of lobar or segmental pneumonia was Mp (54.32%), Sp (18.60%), 

HboV (8.65%) and hMPV (4.46%) and Staphylococcus aureus (Sa) (1.43%). The most common pathogen of 

interstitial pneumonia was Mp (38.35%), followed by RSV(24.34%), HboV (7.43%), Adv (6.62%) and Sp (3.25%).  

Conclusions: Mp was the most common pathogen of lobar or segmental pneumonia, interstitial pneumonia and 

bronchopneumonia, and the second common cause of bronchiolitis. 
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INTRODUCTION 

Mycoplasma pneumoniae is a small bacterium 

withouta cell wall. It is recognized as a common 

cause of lower respiratory tract infections(LRTIs), 

especially in children and adolescents.M. 

pneumoniaeinfection occurs worldwide and tends to 

be endemic. However, epidemic outbreaks of M. 

pneumoniaeinfection occur at intervals of 3–7 year(1, 

2). 

The clinicalpresentation of M. pneumoniaeinfectionis 

not significantly different from those of otheragents 

that cause respiratory tract infections (3, 4). The 
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standard laboratory diagnosis of M. 

pneumoniaeinfection relies on serological 

methods.Serologic diagnosis frequently provides a 

retrospectivediagnosis. In addition, false 

negativeresults have been reported.Because of these 

drawbacks, most clinicians have to opt forempirical 

antimicrobial therapy to manage pneumonia. The 

macrolidesare overused in these years. Thus, 

investigate the prevalence of M. pneumoniaeinfection 

in hospitalized children with different lower 

respiratory tract infectionswould allow the 

appropriateuse of antimicrobial agents and decrease 

the unnecessarymacrolide use. 

This study was conducted toinvestigate the role of M. 

pneumoniae in hospitalized children with different 

lower respiratory tract infections in Suzhou. 

MATERIALS AND METHODS 

Patients : This retrospective study was 

performedusing protocols reviewed and approved by 

the Institutional Review Board of Children’s Hospital 

Affiliated to Soochow University. The 

studypopulation consisted of 8547 hospitalized 

patients with community-acquired LRTIsfrom Jan 

2006 to Dec 2014. 

Viral isolation :  Direct immunofluorescence assay 

was done directly on nasal aspirate specimens by use 

of murine monoclonal antibodies (Chemicon). The 

specimens were tested for respiratory syncytial 

virus(RSV), adenovirus (Adv), parainfluenza virus 

(PIV) types 1–3, and influenza virus types A and B. 

DNA of human bokavirus (HBoV) was tested by 

real-time PCR, while the human metapneumovirus 

(hMPV) was tested by reverse-transcription PCR. 

M. pneumoniaeand C. pneumoniaedetection. 

Nasopharyngeal aspirates were tested for the 

presence of M. pneumoniaeand C. pneumoniaeby a 

real-time PCR, acute IgM and IgG serology were also 

evaluated using enzyme-linked immunosorbent assay 

(Virion-Serion, Germany).A≥4-fold rise in IgG titer 

or the presence of IgM antibodies were used as 

current M. pneumoniaeor C. pneumoniaeinfection. M. 

pneumoniae or C. pneumoniae infectionwas also 

considered to be present by DNA detection when 

real-time PCR methods were positive. 

Bacteria culture :  Sputum samples were collected 

in a sterile vialand sent within 2 h to a central 

laboratory. A Gram’s stain of sputum in the area of 

maximal purulence wasexamined for 

polymorphonuclear leukocytes and epithelial 

cells.The following criteria, based on the criteria of 

Miravitlles(5) and Heineman(6) et al, were applied in 

order for asputum sample to be deemed acceptable 

for analysis: a microbiologicalstudy done by using a 

low-magnification lens (×100)reveals <10 epithelial 

cells and >25 leukocytes per field. Sputum specimens 

(n=341)were notcultured if they did not fulfill these 

criteria. 

Sputum specimens were processed microbiologically 

for quantitativestudy following accepted laboratory 

methods(5). An arbitrary cutoff point was chosen to 

minimize the risk ofdealing with contaminants. 

Bacterial agents were regarded as 

pathogenicmicroorganisms if they reached a growth 

of >10
6
 cfu, except for Streptococcuspneumoniae 

where growth of >10
5
 cfu was deemedsufficient.  

Analysis and definitions  : Medical records were 

reviewedretrospectively. We analyzed age, sex, 

clinical diagnosis, clinical manifestations, 

laboratoryfindings, results of radiological 

examinations.LRTIs were categorized as 

“bronchiolitis,” “bronchopneumonia,” “lobar or 

segmental pneumonia,” and “interstitial pneumonia”.  
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RESULTS 

Patients 

8547 patients met theinclusion criteria for enrollment. 

Of these patients, 5384 (63%) were male.The mean 

age was 33 months (range:1 months to 14years). 

Thirty-nine percent of the patients were <6months 

old, 31% were 6 months to <2 years old, 20%were 2 

to <5 years old, and 10% were ≥5 years old.Ninety-

eight percent of thepatients had cough, 48% had 

fever,71% hadfeeding difficulties, 41% had vomiting, 

and 13% hadabdominal pain, 4% had chest pain. 

Sixty-seven percent of the patients had received oral 

antibiotics within thepreceding two-week period. The 

medianduration of symptoms before admission was 6 

days. The median length of hospitalization was 

7days. Twenty-one percent of the patients required 

supplemental oxygen therapy, 2% required assisted 

ventilation. 

Etiology 

A potentialcausative agent was detected in5187 

(60.7%)of the 8547 patients. Evidence of bacterial 

infection was demonstrated in3767 (43.9%) patients, 

viral infection in 2763 (32.2%)patients.Mixed 

bacterial-viral infection was found in 1589(18.5%) 

patients. 

Bacteria included typical respiratory pathogens 

(Streptococcus pneumonia, Haemophilus influenza, 

Moraxella catarrhalis and Staphylococcus aureus) 

and atypical respiratoryagents (M. pneumoniaeand C. 

pneumoniae, Table 1). 

A total of 1916 (22.3%) of 8547 patientswere found 

to have M. pneumoniae infection based on serology 

or PCR findings (Table 1). Four hundred and forty-

three (5.2%) were positive by PCR only, 675 (7.9%) 

were positive by serology only, 786 (9.2%) were both 

positive by PCR and serology. C. pneumoniaewas 

foundin 87 (1%) children. 

S.pneumoniae, H. influenza, M. catarrhalisand S. 

aureuswere the most common typical respiratory 

pathogens. S. pneumoniae infection was detected in 

940 (11.0%) of 8547 patients, H. influenzainfection 

in 325 (3.8%) patients, M. catarrhalisinfectionin 263 

(3.1%) patients and S. aureusinfection in236 (2.8%) 

patients. 

Data on detection of different viruses 

innasopharyngealspecimens were shown in Table 1. 

RSV, hMPV and HBoV were the most common 

viruses.RSVinfection was detected in 1311 (15.3%) 

of 8547 patients, hMPVinfection in 581 (6.8%) 

patients, HBoV infectionin 292 (3.4%) patients. 

Distribution of pathogens in different categories of 

LRTIs. Distribution of pathogens in different 

categories of LRTIs were shown in Table 2. Among 

the 8547 patients,2603 (30.5%) were categorized as 

bronchiolitis, 4422 (51.7%) were categorized 

asbronchopneumonia, 511(6.0%) were categorized 

aslobar or segmental pneumonia and 

258(3.1%)werecategorized as interstitial 

pneumonia.The most common pathogen of 

bronchiolitis was RSV (33.3%), followed by Mp 

(15.2%), hMPV (11.4%), HboV (4.9%) and PIV-3 

(4.3%). The most common pathogen of 

bronchopneumonia was Mp (26.1%), followed 

bySp(14.7%), RSV (8.3%), Hi (5.8%), and hMPV 

(5.8%). The most common pathogen of lobar or 

segmental pneumonia was Mp (52.3%), followed 

bySp (12.7%), HboV (5.9%). The most common 

pathogen of interstitial pneumonia was Mp (39.1%), 

followed by RSV(23.6%), Adv (7.0%) and Sp 

(3.5%). 

The yearly distribution of Mp in different 

categories of LRTIs 

Figure 1 shows the distribution of incidence of Mp 

infections from 2006 to 2014.It can be seen that there 
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were three majoroutbreaks of Mp infectionsduring 

this period; the first one in 2006, a second in 2009 

and the last one from 2012 to 2014. Last epidemi

a large epidemic which had lasting for three years. 

the patients with Mp infection, percentage of

hospitalizations for lobar or segmental 

 

Figure 1.The yearly distribution of incidence of Mycoplasma pneumoniae infections from 2006 to 2014.
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Table 1. Infections caused by viruses and bacteriadiagnosed in 8574 children hospitalized with community-

acquired pneumonia. 

Pathogen No. (%) of patients 

Viruses  

  Respiratory syncytial virus 1311 (15.3) 

  Human metapneumovirus 581 (6.8) 

  Human bokavirus 292 (3.4) 

  Parainfluenza virus  

Type 1 51 (0.6) 

Type 2 7 (0.1) 

Type 3 283 (3.3) 

Adenovirus 65 (0.8) 

Influenza virus 

Type A 

 

147 (1.7) 

Type B 26 (0.3) 

Bacteria  

Mycoplasma pneumoniae 1916 (22.3) 

Streptococcus pneumoniae 940 (11.0) 

Haemophilus influenza 325 (3.8) 

Moraxella catarrhalis 263 (3.1) 

Staphylococcus aureus 236 (2.8) 

Chlamydia pneumoniae 87 (1.0) 

Total diagnosed cases 5187 (60.7) 

 
Table 2 Distribution of pathogens in different categories of LRTIs 

Pathogens Bronchiolitis 

(n=2603) 

Broncho 

pneumonia  

(n=4422) 

Lobar 

pneumonia 

(n=511) 

Interstitial 

pneumonia 

(n=258) 

Respiratory syncytial virus 866 (33.3) 369 (8.3) 15 (2.9) 61 (23.6) 

Human metapneumovirus 296 (11.4) 255 (5.8) 24 (4.7) 6 (2.3) 

Human bokavirus 128 (4.9) 125 (2.8) 30 (5.9) 9 (3.5) 

Parainfluenza virus-3 113 (4.3) 161 (3.6) 7 (1.4) 2 (1.0) 

Influenza virus-A 74 (2.8) 67 (1.5) 2 (0.2) 4 (1.6) 

Adenovirus 14 (0.5) 28 (0.6) 5 (1.0) 18 (7.0) 

Parainfluenza virus-1 11 (0.4) 33 (0.7) 2 (0.2) 5 (1.9) 

Influenza virus-B 12 (0.5) 10 (0.2) 2 (0.2) 2 (1.0) 

Parainfluenza virus-2 3 (0.1) 3 (0.1) 0 (0) 0 (0) 

M. pneumoniae 396 (15.2) 1152 (26.1) 267 (52.3) 101 (39.1) 

C. pneumoniae 47 (1.8) 34 (0.8) 3 (0.6) 3 (1.2) 

Streptococcus pneumoniae 75 (2.9) 651 (14.7) 65 (12.7) 9 (3.5) 

Haemophilus influenza 58 (2.2) 257 (5.8) 8 (1.6) 2 (1.0) 

Moraxella catarrhalis 39 (1.5) 213 (4.8) 5 (1.0) 6 (2.3) 

Staphylococcus aureus 66 (2.5) 160 (3.6) 8 (1.6) 2 (1.0) 

Escherichia coli 12 (0.5) 107 (2.4) 1 (0.2) 0 (0) 

Pseudomonas aeruginosa 16 (0.6) 109 (2.5) 4 (0.8) 2 (1.0) 

Klebsiella pneumoniae 35 (1.3) 100 (2.3) 2 (0.2) 1 (0.4) 
 

Data are expressed as n (%) 
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DISCUSSION 

LRTIs is acommon and serious diseases, responsible 

forone fifth of children’s deaths around the world(7). 

However, identifying the cause of a lowerrespiratory 

tract infection remains a challenge because adequate 

samples are difficult toobtain, and the differentiation 

between infection andcolonization are difficult to 

made(8, 9).In our study, multiple diagnostic tests 

combiningserology, microbiology and biochemical 

assays were used todefine the spectrum of pathogens 

including viruses, and atypical and common bacteria 

that cause pneumonia in children. A potential 

causative agent was detected in 60.7% patients in the 

study. In previousstudies, the rate has been 43%–

91%(10-15). 

Viruses have been most commonly associated with 

CAP ininfants and younger children(10, 14, 16). 

However, recent evidencesuggests that, when 

sensitive detection methods are used, the prevalence 

of Mp infections is higher than was previously 

thought. In our study, the positive rate of Mp is 

22.3%. The identification rate is in line with 

theprevious reported, which have ranged from 9% to 

45% in hospitalized children(17-19). 

Mp infection usually presents with 

bronchopneumonia andinterstitial pneumonia. In 

some instances,lobar or segmental pneumonia and 

bronchiolitis are also evident(20). In our study, Mp 

was the most common pathogen of lobar or 

segmental pneumonia, interstitial pneumonia and 

bronchopneumonia, and the second common cause of 

bronchiolitis. 

Lobar or segmental pneumonia was previously 

considered as bacteria pneumonia and the most 

common bacteria was S. pneumoniae(21). However, 

during last decade, the role of Mp in lobar or 

segmental pneumonia was emphasized(20). In our 

study, Mp, instead of S. pneumoniae, was the most 

common pathogen of lobar or segmental 

pneumonia.Besides, of the patients with Mp 

infection, percentage ofyearly hospitalizations for 

lobar or segmental pneumoniasignificantly increased 

from 13.6-29.4% in 2006-2009 to 41.5-48.2% in 

2010-2014. The greatly increased incidence of Mp 

lobar or segmental pneumonia infection may be 

attribute to the large Mp epidemic (2012-2014) and 

the decreased incidence of typical pneumococcal 

pneumonia (the pneumococcal conjugate vaccine was 

introduced in 2008 in China). 

  Interestingly, Mp was the second common pathogen 

of bronchiolitis in children. Actually the role of Mp 

in bronchiolitis has been less discussed. Bronchiolitis 

is a constellationof clinical symptoms and 

signsincluding a viral upper respiratoryprodrome 

followed by increased respiratoryeffort and wheezing 

in childrenless than 2 years of age(22). However, 

antibody response to Mpis weak or deferred in young 

children(20).  

Therefore, conventionalserologic methods may be of 

reduced diagnostic valuein patients with 

bronchiolitis. PCR assay was found to be useful for 

theearly diagnosis of Mp infection in young patients 

with bronchiolitis(20). However, we previously 

reported that young patients usually had low bacteria 

load of Mp and often associated the virus co-

infection(23). So the etiologic role of Mp in 

bronchiolitis is still to be determined. 

In conclusion, consistent with other studies, 

theseresults emphasize the concept that Mp shouldbe 

kept in mind as an important cause of LRTIs. Indeed, 

Mp was the most common pathogen of lobar or 

segmental pneumonia, interstitial pneumonia and 

bronchopneumonia, and the second common cause of 

bronchiolitis. 
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