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Purpose: Macrolide resistance rate of Mycoplasma pneumoniae has rapidly increased in children. 
Studies on the clinical features between macrolide susceptible-M. pneumoniae (MSMP) and macrolide 
resistant-M. pneumoniae (MRMP) are lacking. The aim of this study was to identify the macrolide 
resistance rate of M. pneumoniae in Korean children with M. pneumoniae penupmonia in 2015 and 
compare manifestations between MSMP and MRMP. 
Methods: Among 122 children (0–18 years old) diagnosed with M. pneumoniae pneumonia, 95 children 
with the results of macrolide sensitivity test were included in this study. Clinical manifestations were 
acquired using retrospective medical records. 
Results: The macrolide resistant rate of M. pneumoniae was 87.2% (82 of 94 patients) in children with 
M. pneumoniae pneumonia. One patient showed a mixed type of wild type and A2063G mutation in 
23S rRNA of M. pneumoniae. There were no significant differences in clinical, laboratory, and radiologic 
findings between the MSMP and MRMP groups at the first visit to our hospital. The time interval between 
initiation of macrolide and defervescence was significantly longer in the MRMP group (4.9±3.3 vs. 
2.8±3.1 days, P=0.039). 
Conclusion: The macrolide resistant rate of M. pneumoniae is very high in children with M. pneumoniae 
pneumonia in Korea. The clinical manifestations of MRMP are similar to MSMP except for the deferve
scence period after administration of macrolide. Continuous monitoring of the occurrence and antimi
crobial susceptibility of MRMP is required to control its spread and establish strategies for treating 
second-line antibiotic resistant M. pneumoniae infection.
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Introduction

Mycoplasma pneumoniae can cause a variety of respiratory tract diseases, such as upper 
respiratory infection and atypical pneumonia1). The clinical course of M. pneumoniae 
infection is diverse and ranges from self-limiting to severe pneumonia with extrapul
monary complications2). Among the diverse clinical presentations, lower respiratory tract 
infections with pneumonia most commonly require clinical attention.

Macrolide is considered the first-line treatment for M. pneumoniae infection3). Transi
tional mutations in 23S rRNA of M. pneumoniae were reported in erythromycin-resistant 
M. pneumoniae in 1995.4) Thereafter, especially since 2000, the prevalence of macrolide-
resistant M. pneumoniae (MRMP) infection has rapidly increased, with variations according 
to region and study population5). The macrolide resistance rate of M. pneumoniae is much 
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higher in East Asia than in Europe and North America, with up to 
87.1% in Japanese children in 20115-8). In recent M. pneumoniae 
epidemics in Korea, the macrolide resistance rate has markedly 
increased from 2.9% in 2003 to 62.9% in 20115).

In cases of MRMP infection, secondary treatment options are 
limited due to adverse effects of tetracycline or fluoroquinolones, 
especially in children9). In addition, resistance to second-line 
therapy is a concern given the rapid increase in MRMP preval
ence. Therefore, continuous survey on the prevalence of MRMP 
and surveillance on the prescription for M. pneumoniae are in
evitably needed in the prevailing state of MRMP. 

Previous studies comparing the clinical manifestations of 
macrolide susceptible M. pneumoniae (MSMP) and MRMP show
ed inconclusive results10-13). Although a high macrolide resistance 
rate of M. pneumoniae has been reported, studies on the treat
ment patterns of MRMP pneumonia in children are lacking. Fur
ther investigation is needed to develop appropriate treatment 
strategies and monitor the emergence of second-line therapy 
resistant M. pneumoniae.

The aim of this study was to identify the prevalence of macro
lide resistance in children with M. pneumoniae pneumonia in 
2015 and compare the clinical features and treatment patterns of 
MSMP and MRMP in these children.

Materials and methods

1. Study population
This study enrolled patients aged between 0–18 years old, who 

were diagnosed with community-acquired pneumonia due to M. 
pneumoniae who visited our tertiary hospital in Seoul between 
April 2015 and November 2015. All of the present study patients 
underwent chest radiography and either blood tests including 
specific IgM against M. pneumoniae using a LIAISON Mycoplas
ma pneumoniae IgM kit (DiaSorin, Dublin, Ireland) or polymerase 
chain reaction (PCR) for M. pneumoniae using the AmpliSens 
Mycoplasma pneumoniae/Chlamydia pneumoniae-FRT PCR kit 
(InterLabService Ltd., Moscow, Russia) at the initial visit to the 
hospital. 

During the study period, 122 children were diagnosed with M. 
pneumoniae pneumonia on the basis of either specific IgM 
positivity in a blood test or positive PCR result combined with 
chest radiography and physical examination14). Four children re
ceived only serologic testing for specific IgM against M. pneu
moniae and showed positivity. Eight children underwent only 
PCR analysis of their sputum for M. pneumoniae and showed a 
positive result. Ninety-two children showed both specific IgM and 
PCR positivity for M. pneumoniae. The remaining 18 children 
were tested for both specific IgM and PCR for M. pneumoniae, 
but showed a positive result only for PCR. Among the 118 

children with positive result by PCR for M. pneumoniae, macro
lide resistance tests were performed for 95 children with available 
samples. 

All of the chest radiographs were reviewed by an experienced 
radiologist. Infiltration on the chest radiography was defined as 
any poorly defined opacity in the lung field and consolidation 
was defined as air-space opacification. Information on clinical 
manifestations and prescribed medicine during the disease course 
was obtained using a retrospective chart review. Fever was de
fined as a body temperature above 38°C. This study was approved 
by the Institutional Review Board of Asan Medical Center 
(approval number: 2015-1400).

2. PCR for identification of macrolide resistance 
During the study period, PCR for M. pneumoniae was perform

ed in children with pneumonia diagnosed on the basis of chest 
radiography and physical examination. This analysis was done 
using nasopharyngeal aspirates collected upon visiting to the 
hospital. For detection of M. pneumoniae, our previously reported 
procedure was applied15). Evaluations of macrolide resistance 
were performed in children with a positive PCR result for M. 
pneumoniae. A total of 95 M. pneumoniae isolates, including one 
case of a mixed type of MSMP and MRMP, were obtained from 
sputum samples. Domain V of the 23S rRNA gene was amplified 
using previously described primer pairs (GenBank accession no. 
X68422)16). Nested PCR primers and the conditions described by 
Oh et al.17) were used for the specimens. PCR products were 
purified using a Power Gel Extraction kit (TaKaRa Bio Inc., Shiga, 
Japan). The purified templates were sequenced using an ABI 
Prism BigDye Terminator v3.1 cycle sequencing kit (Applied 
Biosystems, Foster City, CA, USA) and analyzed on an ABI 3730xl 
DNA analyzer (Applied Biosystems).

3. Detection of respiratory virus
Nasopharyngeal swabs were taken by flocked swab and sub

mitted in Universal Transport Medium (Copan Italia S.p.A., 
Brescia, Italy). Viral RNA was extracted from the swabs with 
NucliSENS easyMAG (bioMerieux, Marcy I’Etoile, France). cDNA 
was synthesized using a Revert Aid First Standard cDNA Syn
thesis kit (Fermentas, York, UK), and each cDNA preparation was 
subjected to three sets of real-time multiplex PCR with an 
Anyplex II RV16 Detection kit (Seegene, Seoul, Korea); this kit 
targets 16 respiratory viruses, including respiratory syncytial 
viruses A and B, adenovirus, rhinovirus, parainfluenza viruses 1 
to 4, influenza viruses A and B, metapneumovirus, bocavirus, 
corona viruses OC43, 229E, and NL63, and enterovirus. These 16 
viruses cause the most common respiratory infections in Korea 
according to weekly monitoring by the Korea Centers for Disease 
Control & Prevention18).
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4. Statistical analysis
To compare the clinical and radiologic features and treatment 

regimen between MSMP and MRMP, a t test, Mann-Whitney U 
test, chi-square test, and Fisher exact test were used, as appro
priate. To control for the confounding factors, logistic regression 
analysis was performed. P values less than 0.05 were considered 
statistically significant. All statistical analyses were performed 
using IBM SPSS Statistics ver. 21.0 (IBM Co., Armonk, NY, USA).

Results

1. Macrolide resistance rate of M. pneumoniae and its distribu
tion according to age 
The macrolide resistant rate of M. pneumoniae was 87.2% (82 

of 94) in children with M. pneumoniae pneumonia (Table 1). 
Those with MRMP were significantly younger than those with 
MSMP (MSMP, 7.6±3.1 years; MRMP, 5.1±2.6 years; P=0.001) in 
the present study. When stratified according to age, the decreas
ing pattern of the prevalence of MRMP was observed with a weak 
trend significance (P=0.052) as follows: 0–4 years, 95.1% (39 of 
41); 5–9 years, 81.8% (36 of 44); 10–18 years, 77.8% (7 of 9) (Fig. 
1). The macrolide resistance rate of M. pneumoniae was higher in 
late summer and fall (Fig. 2).

2. Detection of 23S rRNA gene mutations of M. pneumoniae
Among the 95 M. pneumoniae-positive samples, 82 cases were 

diagnosed with A2063G mutation. No other known mutations, 
such as A2064, in the 23S rRNA gene of M. pneumoniae were 
identified in the present study. The other 12 samples carried a 
wild type of 23S rRNA gene. The remaining one case showed a 
mix of wild type and A2063G mutation. 

3. Comparison of clinical findings between MSMP and MRMP in 
children with M. pneumoniae pneumonia
There were no significant differences in total fever duration and 

respiratory rate at the initial hospital visit between the MSMP and 
MRMP groups. The admission rate due to M. pneumoniae pneu
monia was 72.6% (69 of 95) in the total population. The hospitali
zation rate was higher in the MRMP group compared with the 
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Fig. 1. Rate of macrolide-resistant Mycoplasma pneumoniae in children 
according to age. P for trend=0.052.

Table 1. Clinical characteristics of study participants with Mycoplasma pneumoniae pneumonia according to macrolide susceptibility

Characteristic MSMP (n=12) MRMP (n=82) Total group (n=94) P value

Age (yr) 7.6±3.1 5.1±2.6 5.4±2.8 0.001*

Male sex 3/12 (25.0) 34/82 (41.5) 37/94 (39.4) 0.353

Admission rate 7/12 (58.3) 62/82 (75.6) 69/94 (73.4) 0.206

Total fever duration (day) 8.0±6.0 8.2±3.2 8.2±3.6 0.884

Respiratory rate at the time of visit (/min) 25.7±4.4 (20–34) 27.4±6.0 (20–52) 27.2±5.9 (20–52) 0.486

Heart rate at the time of visit (/min) 118.9±13.8 122.9±16.4 122. 5±16.1 0.508

Positive IgM against M. pneumoniae 8/9 (88.9) 64/77 (83.1) 72/86 (83.7) 0.207

Whole blood cells (cells/mm3) 7,500±2,670 8,926±4,801 8,717±4,575 0.319

Platelet count (/mm3) 248.5±59.2 308.3±106.1 300.9±103.1 0.072

Neutrophil (%) 69.1±7.7 61.0±13.3 62.0±13.0 0.054

Lymphocytes (%) 21.1±6.0 28.6±11.9 27.7±11.6 0.003*

Eosinophil (%) 1.5±2.2 2.1±2.1 2.0±2.1 0.456

CRP (mg/dL) 5.9±7.3 (0.4–21.2) 4.8±5.0 (0.1–26.5) 4.9±5.3 (0.1-26.5) 0.539

AST (IU/L) 648.7±2,153.5 (23–7,487) 82.3±420.5 (17–3,746) 159.6±878.7 (17–7,487) 0.380

ALT (IU/L) 720.6±2354.0 (6–7,818) 59.2±379.1 (6–3,362) 140.9±896.3 (6–7,818) 0.374

Coinfection with virus 5/6 (83.3) 30/54 (55.6) 35/60 (58.3) 0.190

Values are presented as a mean±standard deviation (SD), number (%), mean±SD (range),
MRMP, macrolide-resistant Mycoplasma pneumoniae; MSMP, macrolide-susceptible Mycoplasma pneumoniae; CRP, C-reactive protein; AST, aspartate 
aminotransferase; ALT, alanine aminotransferase.
*P<0.05.
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MSMP group without statistical significance (75.6% vs. 58.3%; P= 
0.206) (Table 1). Blood lymphocytes were significantly increased 
in the MRMP group compared with the MSMP group (P=0.003), 
although this difference was not significant after controlling for 
age. Among the children with M. pneumoniae pneumonia, 58.3% 
showed coinfection with respiratory viruses such as rhinovirus 

and parainfluenza virus without significant differences between 
the MSMP (83.3%, 5 of 6) and MRMP (55.6%, 30 of 54) groups.

4. Comparison of radiologic findings between MSMP and MRMP 
in children with M. pneumoniae pneumonia
Chest radiography indicated that consolidation (MSMP, 10 of 

12 vs. MRMP, 46 of 82) and effusion (MSMP, 3 of 12 vs. MRMP, 9 
of 82) were commonly involved in M. pneumoniae pneumonia 
regardless of macrolide resistance (Table 2). There were no statis
tical differences in the prevalence of consolidation or effusion 
between the MSMP and MRMP groups.

5. Comparison in the treatment and clinical outcome of M. 
pneumoniae pneumonia according to macrolide sensitivity
The total duration of antibiotic administration, including non

macrolide antibiotics (beta-lactam and cephalosporin) and 
macrolide, was slightly longer in the MRMP group than in the 
MSMP group, without statistical significance. The total number of 
administered antibiotics was higher in the MRMP group than in 
the MSMP group (P=0.046) (Table 3). The most commonly 
prescribed initial antibiotic was macrolide in both the MSMP 
(80.0%) and MRMP (68.4%) groups, without significant signi
ficance. Tetracycline or fluoroquinolone were administered due to 
unresponsiveness to macrolide in both the MSMP (25.0%, 3 of 
12) and MRMP (29.3%, 24 of 82) groups. Changes of antibiotics 
to other antibiotics among macrolides (azithromycin, clarithro
mycin, or roxithromycin) were more common in the MRMP 
group compared with the MSMP group without statistical signifi
cance (41.8% vs. 18.2%). The time intervals between the initiation 
of macrolide and defervescence were significantly longer in the 
MRMP group compared with the MSMP group (4.9±3.3 vs. 2.8± 
3.1 days, P=0.039). There was no significant difference in the 
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Fig. 2. Monthly distribution of the occurrence of MSMP and MRMP 
pneumonia in Korean children in 2015. MSMP, macrolide susceptible-
Mycoplasma pneumoniae; MRMP, macrolide resistant-M. pneumoniae.

Table 2. Comparison of radiologic features between children infected 
with MSMP and MRMP

MSMP (n=12) MRMP (n=82) Total (n=94) P value

Infiltration 12 (100) 82 (100) 94 (100) NA

Consolidation 10 (83.3) 46 (56.1) 56 (59.6) 0.073

Effusion   3 (25.0)   9 (11.0) 12 (12.8) 0.174

Values are presented as number (%).
MSMP, macrolide-susceptible Mycoplasma pneumoniae; MRMP, macrolide-
resistant Mycoplasma pneumoniae; NA, not applicable.

Table 3. Comparison of treatment patterns and response to macrolides in children with Mycoplasma pneumoniae pneumonia according to macrolide 
sensitivity

Variable MSMP (n=12) MRMP (n=82) Total (n=94) P value

Total duration of antibiotics (day) 12.7±6.4 13.5±5.2 13.4±5.3 0.632

Total number of antibiotics used (day) 1.6±0.7 2.1±0.8 2.00±0.8 0.046*

Initially prescribed antibiotics 0.671

  Nonmacrolide 2/10 (20.0) 24/76 (31.6) 26/86 (30.2)

  Azithromycin 6/10 (60.0) 23/76 (30.3) 29/86 (33.7)

  Clarithromycin 2/10 (20.0) 24/76 (31.6) 26/86 (30.2)

  Roxithromycin 0/10 (0) 5/76 (6.5) 5/86 (5.8)

Number of changes in antibiotics from macrolide to tetracycline or fluoroquinolone 3/12 (25.0) 24/82  (29.3) 27/94 (28.7) 0.833

Antibiotics changes within the macrolide  2/11 (18.2) 33/79 (41.8) 35/90 (38.9) 0.133

Time to defervescence after initiation of the first macrolide (day) 2.8±3.1 (0–9) 4.9±3.3 (0–15) 4.7±3.3 0.039*

Values are presented as a mean±standard deviation (SD), number (%), mean±SD (range),
Nonmacrolide antibiotics included β-lactam and cephalosporin.
MRMP, macrolide-resistant Mycoplasma pneumoniae; MSMP, macrolide-susceptible Mycoplasma pneumoniae.
*P<0.05.
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period between onset of fever and start of macrolide admini
stration (MSMP, 6.6±7.0 days; MRMP, 4.1±3.2 days; P=0.254). 
Fever was subsided after 1.7 days from the start of administration 
of tetracycline or fluoroquinolone. There were no side effects of 
the treatment with tetracycline or fluoroquinolone. None of the 
variables listed in Table 3 were confounded by age. All patients 
hospitalized due to M. pneumoniae pneumonia were discharged 
in a defervescent state with partial or total improvement in chest 
radiography compared with administration. There was no signi
ficant difference in the hospitalization duration between the 
MSMP (mean±standard deviation, 7.7±5.6 days) and MRMP (6.3± 
3.4 days) groups. There were also no cases in our current series 
who needed ventilator care or transfer to an intensive care unit 
due to the pneumonia.

6. Mixed wild type and A2063G mutant case
A mix of wild type and A2363G mutant M. pneumoniae 23S 

rRNA was detected in a 4-year-old girl, who had presented with 
fever and cough 4 days earlier. She was prescribed with a 3-day 
regimen of clarithromycin before sputum sample collection for 
sequencing of the 23S rRNA gene.

Discussion

In our current study, we have identified a macrolide resistance 
rate of 87.2% in children diagnosed with M. pneumoniae in 2015. 
All cases of this macrolide-resistant strain showed an A2063G 
point mutation in the 23S rRNA gene. MRMP was detected in 
younger children with a higher prevalence. There were no signifi
cant differences in the clinical, laboratory, and radiologic findings 
between MSMP and MRMP groups. Administration of macrolide 
led to more rapid defervescence in the MSMP group compared 
with the MRMP group.

The prevalence of MRMP observed in our present study was 
higher than that reported for 2000 to 2011 in Korea. This pre
valence increased over time and exceeded a peak of 62.9% in 
20115), and was similar to that reported in Japanese children in 
2011 (87.1%)8) and Chinese children in 2008–2009 (90.0%)13). 
However, the prevalence of MRMP in Europe has been reported 
to be less than 26%19,20). Recent studies on the prevalence of 
MRMP infection are lacking, and our present analysis is signifi
cant because it reports on the recent macrolide resistance rate of 
M. pneumoniae with increasing pattern in Korean children.

We found no significant differences in clinical manifestations 
or laboratory findings between the MRMP and MSMP groups. 
Even in the MSMP group, complications of M. pneumoniae infec
tion, such as hepatitis, high C-reactive protein levels, long-term 
fever, and consolidation and effusion in chest radiography, were 
similar to those in the MRMP group. In addition, no differences in 

the clinical manifestations between the 2 groups were found to be 
associated with the administration of tetracycline or fluoro
quinolone before identification of macrolide sensitivity, even in 
the MSMP group. Previous studies on the comparisons of clinical 
manifestations between MSMP and MRMP groups also reported 
no significant differences12,21). However, the mean duration from 
the start of macrolide treatment to defervescence was longer in 
the MRMP group compared with the MSMP group in our present 
study, which is similar to the results of the previous study11). The 
relatively long-term period of fever in M. pneumoniae infection 
might be partially attributable to the immune reaction in asso
ciated with M. pneumoniae infection regardless of the macrolide 
resistance22). Large-scale studies on the clinical course of these 
infections are needed in the future to compare clinical manife
station between MSMP and MRMP infection.

In previous studies, the most common macrolide resistance 
mutation (up to 97.5%) was the A2063G mutation in the 23s 
rRNA5,21), which we also observed in our present study. Macrolide 
inhibits protein synthesis by binding to domain V of 23S RNA at 
nucleotide positions 2063 and 206421). Mutations at these sites 
enable protein synthesis that promotes M. pneumoniae survival. 
The minimum inhibitory concentration (MIC) of macrolides 
differs according to the specific point mutation7,8,21). A2063G and 
A2064G confer the most resistance to macrolides and also pro
duce resistance to 14-ring macrolides, such as clarithromycin 
(MIC, 8 to >128) and roxithromycin (MIC, 0.008 to 128), and 15-
ring macrolides such as azithromycin (MIC, 1 to 64)5,7,23). Com
pared to clarithromycin, azithromycin and roxithromycin have 
lower MIC levels and are preferred as an initial treatment option 
for M. pneumoniae infection with unidentified macrolide resis
tance. As widespread macrolide usage is associated with the 
occurrence of MRMP, continuous monitoring of the MICs for 
each macrolide and secondary line therapy against M. pneu­
moniae infection are needed to identify the advent of M. pneu­
moniae stains that are resistant to other antibiotics and establish 
treatment strategies for MRMP infection.

We identified one case with mixed A2063G and wild type 23S 
rRNA. Although most macrolide resistance is detected at the start 
of the disease course7), a conversion from MSMP to MRMP is also 
possible during clarithromycin treatment24). Possible underlying 
mechanisms of mixed type of macrolide resistance in M. pneu
moniae include selected outgrowth of MRMP resulting from 
administration of clarithromycin. The aforementioned case might 
support the outgrowth of MRMP during M. pneumoniae treat
ment with macrolide.

In our present study series, 30.2% of the children with M. 
pneumoniae pneumonia were initially prescribed nonmacrolide 
antibiotics. Although M. pneumoniae is known to cause pneu
monia in older children14), it can also cause lower respiratory tract 
infections including pneumonia in children as young as 6 months 
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old25). Therefore, M. pneumoniae can be considered as a pathogen 
for respiratory infections, even in young children, and especially 
during an epidemic of M. pneumoniae.

Our present study is significant because it has compared the 
manifestations of MRMP and MSMP in children in a high macro
lide resistance period for M. pneumoniae. However, it also had 
several limitations of note. All of the patients analyzed visited our 
tertiary hospital, and this population may therefore have included 
some very severe M. pneumoniae cases. However, we found no 
significant differences between the clinical, radiologic, and 
laboratory findings for the MSMP and MRMP groups analyzed. 
Our sample size was relatively small, and the study duration was 
relatively short. Therefore, our analysis lacked an evaluation of 
the full spectrum of M. pneumoniae pneumonia in relation to 
macrolide resistance. Also, there was a significant difference in 
age distribution between the 2 groups, which caused a selection 
bias. However, the prevalence of consolidation and effusion on 
chest radiography, which might suggest more severe pneumonia, 
was similar between our 2 study groups even after adjustment for 
age (data not shown). For the diagnosis of M. pneumoniae 
infection, serological assays and PCR using sputum samples are 
widely used. However, these tests have limitations in that false 
responses can be obtained depending on sample collection time 
and remote infection in serology tests and colonization in airways 
in PCR.

In conclusion, there was a high macrolide resistance rate of M. 
pneumoniae (87.2%) in Korean children with M. pneumoniae 
pneumonia in 2015. MRMP pneumonia occurred across all ages, 
including infants. Although there were no significant differences 
in the clinical, laboratory and radiologic findings between the 
MSMP and MRMP groups, MRMP is associated with persistence 
of fever during its clinical course. Further large-scale, nation-
wide studies are required to control the spread of MRMP and 
establish strategies for treatment of MRMP infection.
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