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Mycoplasma pneumoniae is the major pathogen of community-acquired pneumonia in
children. The prevalence of macrolide-resistant M. pneumoniae (MRMP) is important
owing to the limited alternative therapies for children. We analyzed 111 M. pneumoniae
obtained from 107 children admitted for lower respiratory tract infection at Jeju National
University Hospital between 2010 and 2015. Macrolide resistance of M. pneumoniae was
searched for using polymerase chain reaction (PCR) and sequencing. Of 107 clinical M.
pneumoniae, 11 (10.3%) carried macrolide resistance mutations in the 23S rRNA gene. Al
macrolide resistance mutations were A2063G transitions. We found an acquired A2063G
mutation of M. pneumoniae from a patient during macrolide treatment. Patients'
characteristics and clinical severity did not differ between those with MRMP and

macrolide-sensitive M. pneumoniae, with the exception of frequent pleural effusion in the
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pneumoniae.

Funding: This work was supported by a research grant (No.
201500780001) from Jeju National University Hospital in 2015.

INTRODUCTION

Mycoplasma pneumoniae is one of the most common causal
organisms of community-acquired pneumonia in children and
adolescents. Although M. pneumoniae infections are usually
mild and self-limited, serious infections requiring hospitaliza-
tion sometimes occur, especially in children (1). Globally, M.
pneumoniae infections occur every 3-7 years (2-4), and epide-
mics in Korea are observed every 3-4 years (5). The first treat-
ment of choice for M. pneumoniae infections in children is mac-
rolides; however, macrolide-resistant M. pneumoniae (MRMP)
have increased in Japan, China, Korea, and the USA (6-9). Qui-
nolones and tetracycline are alternative treatment options for
MRMBP, but these drugs are not approved for children.

Jeju Island is geographically located between the mainland
of Korea and Japan. A high prevalence of MRMP in East Asia
has increased interest in M. pneumoniae in Jeju Island. In this
study, the prevalence of macrolide resistance among M. pneu-
moniae isolates from children with lower respiratory tract in-
fections (LRTIs) in Jeju Island was determined. Furthermore,
clinical characteristics of MRMP and macrolide-sensitive M.
pneumoniae (MSMP) were compared.
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MRMP group. The prevalence of MRMP (10.3%) in Jeju Island was relatively lower than
those of surrounding countries in East Asia. Previous antimicrobial usage and timing of
diagnostic test should be considered when determining of macrolide resistance of M.
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MATERIALS AND METHODS

Study design and sample processing

Nasopharyngeal aspirates were obtained from children under
the age of 15 years at Jeju National University Hospital (JNUH)
on Jeju Island, Korea between 2010 and 2015. Nasopharyngeal
aspirates were collected when children were admitted for LRTI
before treatment. LRTI was defined as abnormal chest radiog-
raphy findings or respiratory illness with abnormal lung sound.
Demographic information for the patients, such as underlying
disease, clinical manifestations, radiological features, and out-
comes, were collected retrospectively from medical records.

We used the —80°C frozen DNA after having used it for diag-
nosis on admission. In JNUH, M. pneumoniae infections were
confirmed by polymerase chain reaction (PCR) as follows. DNA
extraction from the nasopharyngeal aspirates was performed
using the Chemagen® DNA Extraction Kit (Perkin Elmer, Inc.,
Baesweiler, Germany) according to the manufacturer’s instruc-
tions. Extracted DNA was amplified with the Veriti® 96-Well
Thermocycler (Applied Biosystems, Waltham, MA, USA) using
the PneumoBacter ACE Detection Kit (Seegene Inc., Seoul, Ko-
rea) which can detect 6 bacterial pathogens including M. pneu-
moniae. We selected the samples which only M. pneumoniae
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was detected, and confirmed P1 adhesin amplification by PCR.

Amplification of macrolide resistance genes

The frozen M. pneumoniae DNA was used to detect macrolide
resistance genes. Domain V of the 23S rRNA gene was ampli-
fied by PCR using primers (forward, 5-CGCAAGCGAAGCTT-
TTAACT; reverse, 5"-ATTCCACCTTTCGCATCAAC) (10). PCR
was performed in a volume of 20 pL containing 0.2 pL of geno-
mic DNA and 2 pL of 10 x buffer in a PCR PreMix Tube (Accu-
Power; Bioneer Inc., Alameda, CA, USA). The reaction mixture
was subjected to denaturation, annealing, and elongation for 5
minutes at 90°C, 30 seconds at 90°C, 40 seconds at 50°C, followed
by an extension step of 5 minutes at 90°C for 35 PCR cycles. When
the PCR product was uncertain, nested PCR was performed us-
ing second primers (forward, 5-TAACTATAACGGTCCTAAGG;
reverse, 5'-ATTCCACCTTTCGCATCAAC). The amplified prod-
ucts were analyzed by electrophoresis on a 1.5% agarose gel.
The sizes of PCR products were 306-bp and 263-bp including
positions 2063 and 2064.

Statistical analysis

Various characteristics were compared between MRMP and
MSMP patient groups. Categorical variables were compared
using the chi-square test or Fisher’s exact test, and continuous
variables were analyzed using the Mann-Whitney U test. A two-
tailed P value of less than 0.05 was considered statistically sig-
nificant.

Ethics statement

This study was approved by the Institutional Review Board of
the Jeju National University Hospital with an exemption of ac-
quiring informed consent (No. 2016-06-003). There are no po-
tential conflicts of interest relevant to this article.
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Fig. 1. Macrolide resistance rates of M. pneumoniae in 2010-2011 and 2014-2015
epidemics.

*Each number above the bar was represented as a percent (8.3% [1/12] and 10.8%
[10/93], respectively).
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RESULTS

Patient characteristics

A total of 111 nasopharyngeal aspirates obtained from 107 chil-
dren were included in the study. Mycoplasma infection was
tested twice by PCR in four children to verify M. pneumoniae.
The mean age of children was 5.86 years (range, 0.8-16.9 years),
and 44 (41.1%) were male. All patients were previously healthy,
except 3 children, which had bronchopulmonary dysplasia, di-
lated cardiomyopathy, and hereditary spherocytosis.

Macrolide-resistant M. pneumoniae

Two nasopharyngeal aspirates from one patient were consid-
ered a single clinical mycoplasma infection. Therefore, 107 M.
pneumoniae strains were analyzed in this study. Of the 107 sam-
ples positive for M. pneumoniae, 12 (10.9%) showed macrolide
resistance. Of 8 M. pneumoniae strains in 4 children who were
tested twice, 1 strain was initially macrolide-sensitive, but its
status changed to macrolide-resistant in the second test. This
strain was considered MSMP. All MRMP had the A2063G point
mutation in domain V of the 23S rRNA gene. Other mutations
in the 23S rRNA were not detected. Epidemics of M. pneumoni-
ae in Jeju Island were observed in 2010-2011 and 2014-2015.

Table 1. Comparison of clinical characteristics between MRMP and MSMP patient
groups

Variables MRMP (n = 11) MSMP (n=96)  Pvalue
Age, yr 4.9 (2.8-7.4) 513.3-7.3) NS
Gender (male/female) 5/6 39/57 NS
Hospital duration, day 6.0 £ 3.0 55+ 26 NS
Fever, day

Total duration 57+ 4.4 6.0 £ 3.5 NS

After hospitalization 1.8+ 21 19+£19 NS
Extrapulmonary manifestations

Rash 0(0.0) 6(6.3) NS

Liver enzyme elevation 0(0.0) 2(2.1) NS
Laboratory examination

WBC, /uL 8,118 £ 2,571 8,857 + 4,392 NS

CRP, mg/dL 1.03 (0.47-1.52)  2.51 (1.04-5.05) NS

ESR, mm/hr 27.0 (15.5-37.0)  34.0 (25.0-46.0) NS
Chest X-ray

Effusion 4 (36.4) 8(8.3) 0.020

Location* (unilateral/bilateral) 7/4 71/22 NS

Consolidation 6 (54.5) 63 (65.6) NS
Treatment

Quinolone 0(0.0) 2.2 NS

Doxycycline 0(0.0) 2.2 NS

Steroid 1(8.3) 1(1.1) NS

Values are presented as median (IQR), mean £ SD, or number (%).

MRMP = macrolide-resistant M. pneumoniae, MSMP = macrolide-sensitive M. pneu-
moniae, WBC = white blood cell, CRP = C-reactive protein, ESR = erythrocyte sedi-
mentation rate, IQR = interquartile range, NS = not significant (P> 0.050), SD = stan-
dard deviation.

*Location of abnormality on chest X-ray. Three children in the MSMP group had no
abnormalities on chest X-rays. fAlternative treatment after the failure of macrolide
treatment.
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Macrolide resistance rates of each epidemics were 8.3% (1/12)
and 10.8% (10/93) (Fig. 1).

Comparison of clinical characteristics for MRMP and
MSMP

The demographic data, clinical course, and laboratory findings
for children with MRMP and MSMP pneumonia are summa-
rized in Table 1. Demographic properties were not significantly
different between the two groups. The duration of hospital stay,
fever, and time to defeverance were not different between two
groups. Inflammatory markers such as the erythrocyte sedi-
mentation rate (ESR), C-reactive protein (CRP) level, and white
blood cell (WBC) counts, were not related to macrolide resis-
tance. Most radiological findings of M. pneumoniae pneumo-
nia patients were unilateral lobar pneumonia (72.9%, 78/107)
in both groups. Compared with the MSMP group, the MRMP
group had more plural effusion on the chest X-ray (33.3% vs.
8.4%, P = 0.028).

Antimicrobial agents, such as quinolones or tetracycline, and
immunomodulating agents, like steroids, were administered if
clinical features did not improve after macrolide uses. These al-
ternative treatments were not increased in the MRMP group
compared with the MSMP group (Table 1).

Change in macrolide resistance

Two consecutive tests at an interval of 7 days were performed
for a 13-year-old girl. Initial antimicrobial agents were ampicil-
lin/sulbactam and clarithromycin. Despite treatment, the fever
was sustained and consolidation on the chest X-ray did not im-
prove. After the administration of minocycline on hospital day
5, the fever disappeared and respiratory symptoms improved.
No mutation in domain V of 23S rRNA was found in the first na-
sal aspirate. However, in a second sample obtained after 7 days
of hospitalization, an A2063G mutation was found.

DISCUSSION

M. pneumoniae is the most common bacteria in community-
acquired pneumonia requiring hospitalization in children (11).
LRTIs caused by M. pneumoniae are initially treated with mac-
rolides because M. pneumoniae lacks a cell wall, the target of
B-lactam antibiotics. However, the emergence of MRMP has
been reported in many countries. Non-macrolide antibiotics,
such as fluoroquinolones and tetracyclines, are candidates for
alternative MRMP treatment. Owing to the risk associated with
fluoroquinolone and tetracyclines administration in children, it
is important to determine MRMP rates to inform the selection
of appropriate antibiotics for M. pneumoniae treatment.
Macrolide resistance in M. pneumoniae is caused by point
mutations at a few positions in domain V of 23S rRNA, the loca-
tion of macrolide binding to the 50S ribosome subunit (12). The
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first nucleotide mutations associated with resistance to macro-
lides in M. pneumoniae were identified in 2001 (13). Since then,
the development of molecular techniques has improved our
knowledge of MRMP and its epidemiology (6,8). Known point
mutations conferring macrolide resistance include A2063G or T,
A2064G, A2067G, and C2617A or G (14,15). The A2063G muta-
tion is the most common mutation associated with macrolide-
resistance, and was the only mutation found in our study.

The frequency of macrolide-resistant isolates in M. pneumo-
niae infections has increased worldwide, especially in Asia. Af-
ter the first isolation of MRMP, the macrolide resistance rate has
increased to 87% among children with mycoplasma in Japan
(6,16). In China, the prevalence of MRMP isolates is more than
90% and has increased over time (7,14). The mainland of Korea
recently identified a 62.9%-87.2% prevalence of MRMP isolates
(8,17). In addition to this high prevalence of MRMP in East Asia,
the prevalence of MRMP in the United States and Europe is 13%-
30% (9,18,19). This variation indicates regional variation in M.
pneumoniae. In our study, a prevalence of 10.9% MRMP was
detected in Jeju Island. This prevalence is relatively low when
compared with those of geographically surrounding countries,
showing a high MRMP prevalence. Although it is difficult to in-
terpret these findings owing to the unique characteristics of the
isolated island, they are supported the relatively low MRMP prev-
alence (23.0%) in Taiwan which has similar geographic condi-
tions to those of Jeju Island (20).

Clinical presentations, such as respiratory symptoms, pneu-
monia severity, inflammatory markers, and radiographic find-
ings, do not depend on M. pneumoniae resistance to macro-
lides (21). In our study, no differences in clinical presentation
were observed, except for pleural effusion on chest X-rays (Ta-
ble 1). However, the amount of pleural effusion was minor, and
no aspirations were performed in either group. We also found
that the incidence of extrapulmonary findings was not different
between the two groups.

Macrolide resistance was a subject of controversy as a deter-
minant on clinical course of M. pneumoniae pneumonia. Many
studies have found that the therapeutic efficacy of macrolide
administration differs between MRMP and MSMP groups. For
example, in the MRMP group, the duration of fever, cough, hos-
pitalization was longer and the rate of change to alternative an-
tibiotics was higher than the MSMP group (20,21). However, a
recent study reported that macrolide resistance alone has no
effect on clinical course of M. pneumoniae pneumonia (22). In
our study, the contribution of macrolide resistance on clinical
course was not found like the latter report.

We detected many differences in clinical characteristics and
the response to macrolides from those observed in previous
MRMP studies. We focused on one case in which macrolide re-
sistance changed after the treatment with macrolides for 7 days.
The prevalence of MRMP was confirmed not only by the origi-
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nal characteristics of the bacteria, but also by the exposure to
antimicrobial agents when considering the observed mutation.
Furthermore, the timing of diagnostic tests after disease onset
can be an important factor with respect to confirming macro-
lide-resistance. Most tests for M. pneumoniae macrolide resis-
tance were performed in a tertiary hospital because this test is
not a routine laboratory test. Although JNUH is the only univer-
sity hospital in Jeju Island, it has good accessibility and children
with relatively low severity can be admitted. These characteris-
tics of JNUH can explain the low MRMP prevalence and clinical
similarities between MRMP and MSMP. When confirming MRMP,
previous antimicrobial usage and timing after the disease onset
should be considered.

This study had several limitations. First, clinical data were
retrospectively collected based on medical charts only. Second,
a culture study for M. pneumoniae was not performed because
we used previously extracted DNA from nasopharyngeal aspi-
rates. Lastly, the MRMP sample size was not sufficiently large to
obtain significance in some statistical analyses.

We found the relatively lower prevalence of MRMP in Jeju Is-
land compared with surrounding countries including the main-
land of Korea. Although a recent increase in macrolide resis-
tance was found in East Asia, we believe that total aspects such
as previous antimicrobial usage and diagnostic timing should
be considered. Also, no significant differences of clinical char-
acteristics between MSMP and MRMP in our study show the
importance of other pathogenesis of M. pneumoniae.
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