
Received: 2020.08.23
Accepted: 2020.11.02

Available online: 2020.11.26
Published: 2021.01.25

 2760   2   3   36

Bronchiolitis Associated with Mycoplasma 
pneumoniae Infection in Infants in Foshan China: 
An Epidemiologic Study

 AE 1 Cheng Chen*
 AEG 1 Chunwang Lin*
 AB 2 Xiangming Zhong*
 BD 1 Diemei Wen
 CD 1 Jingping Zhang

  * Cheng Chen, Chunwang Lin and Xiangming Zhong contributed equally to this work
 Corresponding Author: Chunwang Lin, e-mail: 1933500933@qq.com
 Source of support: This research was supported by the Science Department of Foshan City, China (No. 2015AB002413)

 Background: Bronchiolitis is common in infants under 2 years of age. Most infections are caused by respiratory syncytial vi-
rus (RSV), but the importance of Mycoplasma pneumoniae (MP) in the etiology of bronchiolitis is unclear.

 Material/Methods: We investigated the clinical characteristics of bronchiolitis caused by MP in 79 infants admitted to Shunde 
Women’s and Children’s Hospital of Guangdong Medical University and Sanshui Women’s and Children’s 
Healthcare Hospital from January 2016 to December 2018. Infection with MP was confirmed by the presence 
of serum immunoglobulin M.

 Results: The peak detection rates of MP in the years 2016, 2017, and 2018 were 19.2%, 21.3%, and 24.0%, respectively. 
In each year, the peak of MP infections occurred during June and July. MP-associated bronchiolitis was mainly 
seen in infants from 6 to 12 months of age. Compared with RSV-associated bronchiolitis, the age of patients 
with bronchiolitis associated with MP was significantly older and they had a shorter hospital stay (all P<0.01 
or P<0.05).

 Conclusions: Our study indicated that MP is an important cause of bronchiolitis, with peaks of occurrence during June and 
July every year. Pulmonary interstitial infiltration was a characteristic of this infection. Azithromycin treatment 
can shorten the course of MP-associated bronchiolitis. Investigation of the epidemiological characteristics of 
pediatric MP-associated bronchiolitis can help diagnose and treat the disease correctly.
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Background

Bronchiolitis is the most common lower respiratory tract disor-
der in infants. The most common pathogen found in patients 
with bronchiolitis is respiratory syncytial virus (RSV) [1,2]. 
Another common cause of respiratory tract infection in chil-
dren is Mycoplasma pneumoniae (MP), one of the smallest of 
bacterial pathogens. MP is transmitted through close contact 
in families and public places, including schools. It is highly con-
tagious, and its severity ranges from mild to life-threatening; 
epidemics are possible [3,4]. The incidence of MP infections has 
increased in recent years in Denmark, Japan, and China [5–7]. 
Pneumonia associated with MP (i.e., MP pneumonia) is the most 
common disease caused by MP infection [8–11]. However, the 
importance of MP in the etiology of bronchiolitis is unclear.

It is difficult to culture MP, and infections are confirmed by 
polymerase chain reaction (PCR) gene amplification or serol-
ogy. In recent years, bronchiolitis caused by MP has received 
increasing attention. A study of 211 infants with bronchiol-
itis reported an MP-positive rate of 7.1% in moderate or se-
vere cases [10]. This is important evidence of an association 
between MP and bronchiolitis in infants.

The present study identified the clinical characteristics, sea-
sonal distribution, and treatment of MP-associated bronchiol-
itis in infants in the subtropical city of Foshan, China.

Material and Methods

Ethics Statement

This study conformed to the Helsinki Declaration regard-
ing medical research involving the human body. The Ethics 
Committee of Affiliated Shunde Women’s and Children’s 
Hospital of Guangdong Medical University approved the study 
(No. Sdfy2015036). The parents of all study participants gave 
written informed consent before the study. All patient infor-
mation was anonymized.

Subjects and diagnostic criteria

This retrospective study investigated infantile patients with bron-
chiolitis from January 2016 to December 2018 at Shunde Women’s 
and Children’s Hospital of Guangdong Medical University and 
Sanshui Women’s and Children’s Healthcare Hospital. The study 
population (n=368) comprised 125, 122, and 121 patients with 
bronchiolitis treated in the years 2016, 2017, and 2018, respec-
tively. Among them, bronchiolitis was associated with MP and RSV 
in 79 and 289 patients, respectively. Overall, there were 190 boys 
(51.6%) and 178 girls (48.4%), with average ages of 11 months 
(6–36 months) and 7.5 months (3–11 months).

For inclusion in this study, all patients met the following cri-
teria [12]: aged 0–3 years; MP-immunoglobulin M (IgM) anti-
bodies ³1: 320, or positive respiratory virus antibody reaction; 
cough, wheezing, increased respiration, and/or fever; wide-
spread double-lung wheezing revealed by physical examination; 
and chest computed tomography (CT) showing messy, reticu-
lar, high-density shadows appearing as mist in bilateral lungs 
with increased brightness. Patients with any of the following 
were excluded from this study: bronchial asthma, congenital 
heart disease, bronchopulmonary dysplasia, and cystic fibrosis.

Laboratory assays

Blood specimen collection

The MP antibodies and respiratory virus antibodies were mea-
sured and interpreted in a blind manner. The measurement of 
the MP antibodies and respiratory virus antibody levels was 
fully automated. Blood samples of patients were obtained on 
admission to the hospital and/or after treatment. In brief, 2-mL 
venous blood samples were collected in a tube with K2-EDTA 
and routinely processed.

Detection of MP antibody

Plasma MP antibodies (MP-IgM) were analyzed by an immune 
agglutination assay using a kit (Fujirebio, Tokyo, Japan). The 
experimental process was performed strictly in accordance 
with the instructions. Positive MP infection was defined as a 
single antibody titer of 1: 320 for MP-IgM [12].

Detection of monoclonal antibodies against respiratory 
viruses

Monoclonal antibodies against respiratory viruses were de-
tected by direct immunofluorescence labeling. All assay kits 
were purchased from Chemicon (Billerica, USA) and included 
RSV, adenovirus, influenza virus A, influenza virus B, and para-
influenza virus (PIV) 1, 2, and 3.

Therapy for bronchiolitis associated with MP

The therapy for MP-associated bronchiolitis was the same 
as for MP pneumonia. Azithromycin was orally administered 
at 10 mg/kg/d for 6 consecutive days [12], and the remain-
ing therapy was the same as for RSV-associated bronchiolitis.

Statistical analyses

Statistical analyses were performed using SPSS version 20.0 
statistical software (SPSS, Chicago, IL, USA). Continuous data 
are presented as mean±standard deviation. Lung wheezing 
and durations of fever, cough, rales, and hospitalization were 
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analyzed using the t test. Median age, age group, sex, and de-
gree of fever were analyzed using the chi-squared (c2) test. A 
probability (P value) £0.05 was considered significant.

Results

There were 12 patients (2.9%) with bronchiolitis with asth-
ma, 11 patients (2.7%) with congenital heart disease, 3 pa-
tients (0.7%) with bronchopulmonary dysplasia, and 3 patients 
(0.7%) with cystic fibrosis, which were excluded from this study.

Detection of MP and respiratory viruses

Pathogen antibodies were identified in 412 specimens. 
Specifically, respiratory syncytial virus (RSV) or MP was found 
in 289 (70.1%) and 79 patients (19.2%), respectively. Fewer pa-
tients were found with PIV 2 (16, 3.9%), influenza virus B (13, 
3.2%), adenovirus (6, 1.5%), or PIV 3 (5, 1.2%). Influenza vi-
rus A and PIV 1 were found in 2 patients (0.5%) each. Patients 
with no detectable pathogens were excluded from the study.

Prevalence	and	seasons	of	MP	and	RSV	infections	from	
January 2016 to December 2018

The Foshan region in China has a subtropical climate, which is 
defined as spring (March–May), summer (June–August), autumn 
(September–November), and winter (December–February), with 
an average annual temperature and humidity of 21.9°C and 
77%, respectively. The peak of MP infection occurs in summer 
(June–August). The number of patients with bronchiolitis as-
sociated with MP in the years 2016, 2017, and 2018 were 24, 
26, and 29, respectively, and the corresponding MP detection 
rates were 19.2%, 21.3%, and 24.0%, respectively.

The highest detection rates of MP were in June 2016 (41.6%), 
July 2017 (42.6%), and June 2018 (44.6%). Overall, there were 
50 patients (63.3%) from June-July 2016 to June–July 2018, 
with peaks in successive years. The lowest MP-positive rates 
were observed each year between December and February.

The numbers of patients with bronchiolitis associated with RSV 
in the years 2016, 2017, and 2018, were 101, 96, and 92, re-
spectively. The peaks of RSV infection occurred between April 
and May of any particular year. Specifically, the highest rates 
occurred in May 2016 (49.8%), April 2017 (51.6%), and April 
2018 (52.2%). The lowest RSV-positive rates were observed 
between July and October of each year (Figure 1).

Distribution of MP infection in different years

Among all the patients, 42 were boys and 37 were girls, with 
a boy-to-girl ratio of 1.135: 1, without any significant sex dif-
ference. Among the 79 patients with bronchiolitis associated 
with MP, the youngest and oldest patients were 4 months and 
3 years of age, respectively. The median age was 11 months 
(range, 4 months to 3 years). Fifteen patients (19.0%) were 
4 or 5 months old, 38 (48.1%) were 6 months to 1 year, 21 
(26.6%) were 1 to 2 years, and 5 (6.3%) were aged 2 to 3 years. 
Between January 2016 and December 2018, the numbers of 
patients with MP infection in the age groups 4 to 5 months 
and 6 to 12 months were significantly higher than that of oth-
er age groups (Figure 2).

Clinical characteristics of patients with bronchiolitis 
associated with MP

The clinical characteristics of patients with bronchiolitis associ-
ated with MP or RSV are shown in Table 1. Fever was recorded 
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Figure 1.  The prevalence distribution of MP-associated bronchiolitis in children between January 2016 and December 2018. The 
peaks of MP infection occurred between June and July of any particular year, and they were the lowest during December to 
February. The peaks of RSV infection occurred during April and May of each year, and they were lowest from July to October.
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in 39 patients (49.4%), and the median fever duration was 
3.0±1.50 h. Severe cough was a prominent symptom in 79 
patients (100%); 11 patients (13.9%) had dyspnea, 6 (7.6%) 
had O2 saturation <90%, and 79 (100%) had wheezing. The 
white blood cell and thrombocyte counts were 8.6±1.7×109/L 
and 456±46.3×109/L, respectively. Thirty-one patients (39.2%) 
had thrombocytosis. C-reactive protein was 25.5±3.5 mg/L, and 
procalcitonin level was 0.16±0.08 ng/mL. Twenty-four patients 
(30.4%) had elevated creatine kinase isoenzyme (CK-MB), tro-
ponin I (CTnI), or both. Alanine aminotransferase (ALT) levels 
were elevated in 16 (20.3%) patients. All patients had abnor-
mal chest X-ray findings, including 63 (79.7%) with pulmo-
nary interstitial infiltration and 16 (20.3%) with emphysema.

Characteristics	of	MP-	and	RSV-associated	bronchiolitis

The median ages of patients with MP- and RSV-associated 
bronchiolitis were 11 months and 7.5 months, respectively. 
Hyperpyrexia was more common in patients with bronchi-
olitis associated with MP, and cough was also more severe 
in this group. However, tachypnea was more common in pa-
tients with RSV infection than in those with MP infection, and 
SaO <90% was more common in patients with RSV infection 
(P<0.01). Moreover, these patients also had more severe dis-
ease (n=61), and 78% of them had prematurity with low birth 
weight (n=25) and/or <6 months old (n=54), as one of the fac-
tors or overlap. Increased C-reactive protein, procalcitonin, CK-
MB, and CTnI levels were significantly more common in pa-
tients with MP infection than in those with RSV (all P<0.01 
or P<0.05). Pulmonary interstitial infiltration was significant-
ly more common in patients infected with MP than in those 
infected with RSV (P<0.01), with messy, reticular, high-densi-
ty or a fuzzy (misty) appearance; it was found in 63 patients 
(79.8%) and 12 patients (4.15%), respectively (Figure 3A, 3B). 

Emphysema was significantly more common in RSV-associated 
bronchiolitis than in MP-associated bronchiolitis (P<0.01): em-
physema was found in 238 patients (82.4%) and 16 patients 
(20.3%), respectively (Figure 3C).

Clinical	outcomes	of	patients	with	MP-	and	RSV-associated	
bronchiolitis

The 2 groups differed significantly with regard to end of fe-
ver, cough, rales, and hospitalization (all P<0.05; Table 2). 
Specifically, in patients with MP- (RSV-) associated bronchiol-
itis, the time to end of fever was 3.0±1.5 h (2.1±0.8 h), time 
to cough cessation was 9.5±1.2 days (6.5±1.1 days), and time 
to disappearance of wheezing rales was 4.1±1.2 days (6.2±1.2 
days); corresponding hospitalizations were 7.5 days (7.0–9.5 
days) and 9.5 days (8.5–10.5 days), respectively.

Discussion

We investigated the clinical characteristics of bronchiolitis 
caused by MP in 79 infants admitted to Shunde Women’s 
and Children’s Hospital of Guangdong Medical University and 
Sanshui Women’s and Children’s Healthcare Hospital from 
January 2016 to December 2018. This study found that MP is 
an important causative pathogen of bronchiolitis in Foshan 
China, especially in children from 4 to 10 months of age, with 
seasonal peaks in summer, unlike in northern China and in 
higher-latitude countries. Pulmonary interstitial infiltration is 
the main imaging feature, unlike in RSV-associated bronchiol-
itis. Understanding the epidemiological characteristics of MP-
associated bronchiolitis in children is helpful to determine the 
correct diagnosis and treatment.
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Figure 2.  The prevalence and age distribution of MP-associated bronchiolitis in children between January 2016 and December 2018. 
The number of patients with MP infection in the age groups 4–5 months and 6–12 months was significantly higher than that 
of the other age groups.
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In this study, MP was the second most common (after RSV) 
pathogen causing bronchiolitis, and the detection rate was 
19.2%. This suggests the importance of MP as a pathogen 
causing bronchiolitis. MP was reported as an important patho-
gen in children with community-acquired pneumonia [13,14]. 
Two studies from Guangzhou and Suzhou in southern China 
reported that the rate of MP infection was 11.3% and 36.08%, 
respectively [14,15], and another study in 5 cities of south-
ern and northern China reported that the rate of MP infec-
tion was 25.5% [16]. The present study showed an endemic 

peak of MP infection during the past 3 years in the popula-
tion seeking medical treatment in hospitals, and it reached a 
level of 63.3% in June and July in the years 2016 to 2018. The 
epidemic pattern of MP infection is somewhat similar to that 
of other countries [5,17,18].

Our data showed that the positive rate of MP is highest in 
summer, with a peak prevalence between June and July each 
year, and the positive rate is very low in winter. This indi-
cates that the epidemic season of MP in the Foshan region 

Characteristics MP (n=79), n (%) RSV	(n=289),	n	(%) c2/t test P

Mean age (range) (months)  11.0 (6.0–36.0)  7.5 (3.0–11.0) 2.97 <0.05

<6 months  15 (19.0)  208 (72.0) 7.54 <0.01

6 months–1 year of age  38 (48.1)  58 (20.1) 5.88 <0.01

1–2 years of age  21 (26.6)  17 (5.9) 8.12 <0.05

2–3 years of age  5 (6.3)  6 (0.2) 15.16 <0.01

Male  42 (53.2)  148 (51.2) 1.08 >0.05

Female  37 (46.8)  141 (48.8) 1.05 >0.05

£39°C  32 (40.5)  192 (66.4) 1.73 >0.05

>39°C  7 (8.9)  12 (4.2) 4.85 <0.01

Cough  79 (100)  289 (100) – –

Wheezing  79 (100)  289 (100) – –

Dyspnea  11 (13.9)  71 (24.6) 4.77 <0.05

Lung wheezing rales  79 (100)  289 (100) – –

SaO2 <90% (¯)  6 (7.6)  36 (12.5) 4.56 <0.01

WBC (×109/l)±SD 8.6±1.7 7.1±2.3 1.54 >0.05

Thrombocyte (×109/l)±SD
456±46.3

(Male, 48 2±76.7;
Female, 430±39.7)

175±33.7
(Male, 185±37.4;

Female, 166±30.1)
5.67 <0.01

Thrombocytosis 31(39.2) 8(2.8) 12.45 <0.01

CRP (mg/l)±SD
25.5±3.5

(Male, 26.2±4.7;
Female, 24.8±3.5)

4.7±2.1 
(Male, 4.5±1.8;
Female,4.9±2.3)

10.34 <0.01

PCT(ng/m)±SD
0.16±0.08

(Male,0.18±0.07; 
Female,0.14±0.09)

0.03±0.02 
(Male,0.03±0.01; 

Female,0.03±.0.02)
10.28 <0.01

CK-MB and (or) CTnI (�)  24 (30.4)  27 (9.3) 7.56 <0.01

ALT (�)  16 (20.3)  54 (18.7) 1.23 >0.05

Emphysema  6 (20.3)  196 (67.8) 6.15 <0.01

Pulmonary interstitial infiltration  63 (79.8)  36 (12.5) 11.87 <0.01

Table 1. Clinical characteristics of patients with bronchiolitis associated with MP or RSV.

Male vs. Female: Thrombocyte: t=1.32; CRP: t=1.03; PCT: t=1.37, all P>0.05.
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was summer. These results are consistent with the season-
al patterns reported in previous epidemiological studies by 
Ji et al. [19]. The present study showed that the infection rate 
of MP was positively correlated with air temperature. This is 
supported by a previous study in which a gradual increase in 
the rate of MP infections occurred as the environmental tem-
perature rose [20,21]. Defilippi et al. [22] revealed that the 
first epidemic peak occurred in June, and the second epidem-
ic peak was in December and January. Hadil et al. [23] report-
ed that the peak of an MP epidemic occurred in autumn, with 
fewer patients in winter and spring. However, another study 
showed that MP infection rates were highest in winter [24], 
and Foy et al. [25] reported that there was no seasonal differ-
ence in the epidemiology of MP. Altogether, the above stud-
ies show that children may experience MP infection at any 
time of the year, but the epidemiology of MP varies by region 
and climate. In spring, RSV infection was more likely in chil-
dren with bronchiolitis. In summer, MP infection is more like-
ly in children with bronchiolitis. This is useful for the diagno-
sis and treatment of children with bronchiolitis.

In addition, the present study found that MP-associated bron-
chiolitis was mainly seen in infants from 6 months to 1 year of 
age, with a detection rate of 48.1% in that age group. This re-
sult is obviously different from that in previous reports of MP 
pneumonia, in which MP infections occurred mainly in patients 
between 5 and 14 years of age [26]. MP infection in infants 
was reported to be a relatively rare occurrence [10]. However, 

MP infection can occur at any age. Defilippi et al. [22] revealed 
that MP infection can occur in young children. This study re-
vealed that in 102 MP-positive children aged 1 month to 13.5 
years, 28.38% were < 3 years old, confirming the finding of 
younger age of MP infection. The possible causes of MP in-
fection are as follows: the Foshan region in China has a sub-
tropical climate with higher temperature and humidity, so MP 
activity is enhanced and the climate is beneficial to MP trans-
mission [20,21]; infants were more prone to respiratory virus 
infection, and injury of respiratory mucosa is conducive to MP 
adhesion [27]; and with increased alertness to MP-infected in-
fants, the chances of detection of MP have increased in infants.

The present study revealed that the white blood cell count can 
show a nonspecific variation in patients with bronchiolitis as-
sociated with MP. Glader et al. [28] reported that the mean 
white blood cell counts in patients with bronchiolitis associ-
ated with MP were similar to those of children of all ages. In 
the present study, in patients with MP-associated bronchiol-
itis, the C-reactive protein level was significantly elevated and 
the procalcitonin level was slightly elevated. These features re-
semble those of a bacterial infection and were obviously dif-
ferent from those of RSV-associated bronchiolitis. However, 
the findings of RSV-associated bronchiolitis were the oppo-
site; CT examination of the chest revealed pulmonary inter-
stitial lesions in both lungs in the majority of patients with 
bronchiolitis associated with MP. Chest CT showed a gener-
al increase in the brightness of both lungs in RSV-associated 

n Fever, h Cough, d Rales,	d Hospitalization, d

MP 79 3.0±1.5 9.5±1.2 4.1±1.2  7.5 (7.0–9.5)

RSV 289 2.1±0.8 6.5±1.1 6.2±1.2  9.5 (8.5–10.5)

t 2.84 2.79 2.88 2.55

Table 2. Comparison of clinical outcomes of MP- and RSV-associated patients with bronchiolitis.

P<0.05 between MP- and RSV-associated bronchiolitis for each symptom and hospitalization.

A B C

Figure 3.  Radiographic characteristics of representative patients. (A) A patient with MP-associated bronchiolitis. Messy, reticular, high-
density shadows, with lamellar shadows were found on chest CT. (B) A patient with MP-associated bronchiolitis. Markings 
accompanied by a misty fuzziness on chest CT. (C) A patient with RSV-associated bronchiolitis. Chest CT shows increased 
brightness in the bilateral lungs.
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patients with bronchiolitis. This clinical characteristic helps to 
distinguish between the 2 types of bronchiolitis. Myocardial 
injury was the most prominent extrapulmonary complication, 
which was more common in MP-associated bronchiolitis than 
in RSV-associated bronchiolitis, and emergent MP-associated 
bronchiolitis can cause more harm. Several studies revealed 
that myocardial damage was related to changes in immune 
function caused by inflammation [29–31], and this is sup-
ported by the present study, which found C-reactive protein 
and procalcitonin levels were elevated in patients with MP-
associated bronchiolitis.

A report showed that thrombocytosis is very common (33%) 
in children with MP infection and may be related to inflam-
mation, and no sex differences were found [32]. In the pres-
ent study, 39.2% of children with MP infection had thrombo-
cytosis with increased CRP and procalcitonin levels, and no 
sex differences were detected.

A meta-analysis confirmed prematurity and low birth weight 
were the important risk factors by estimating odds ratios with 
95% confidence intervals [33]. Mansbach et al. [34] report-
ed that younger age was the main risk factor of severe RSV-
associated bronchiolitis. The findings of our study are consis-
tent with the results in the above-mentioned research. Our 
study also showed that prematurity with low birth weight 
and/or young age were primary risky factors of severe RSV-
associated bronchiolitis.

The main clinical manifestations of MP-induced respirato-
ry infections in children are cough and fever [35,36]. The 
present research showed that cough and fever due to MP-
associated bronchiolitis were more severe than that due to 
RSV-associated bronchiolitis, and azithromycin treatment can 
shorten the course of MP-associated bronchiolitis. However, 
treatment of RSV-associated bronchiolitis lacks objective an-
tiviral drugs; therefore, the course is longer than that of MP-
associated bronchiolitis.

The major limitation of this study was absence of detection 
of sputum MP-DNA and absence of asymptomatic control pa-
tients. We will perform a more extensive study in the future 
to address these issues.

Conclusions

Our study indicated that MP was the second most common 
pathogen (after RSV) causing bronchiolitis. Pulmonary interstitial 
infiltration was a characteristic of this infection. Azithromycin 
treatment can shorten the course of MP-associated bronchi-
olitis. Investigation of the epidemiological characteristics of 
pediatric MP-associated bronchiolitis can help diagnose and 
treat the disease correctly.
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