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The importance of macrolide-resistant (MR) Mycoplasma pneumoniae has become much more apparent in the past decade. We
investigated differences in the therapeutic efficacies of macrolides, minocycline, and tosufloxacin against MR M. pneumoniae. A
total of 188 children with M. pneumoniae pneumonia confirmed by culture and PCR were analyzed. Of these, 150 patients had a
strain with an MR gene and 134 had one with an A-to-G mutation at position 2063 of M. pneumoniae 23S rRNA domain V. Azi-
thromycin (n � 27), clarithromycin (n � 23), tosufloxacin (n � 62), or minocycline (n � 38) was used for definitive treatment of
patients with MR M. pneumoniae. Defervescence within 48 h after the initiation of antibiotic therapy was observed in 41% of the
patients in the azithromycin group, 48% of those in the clarithromycin group, 69% of those in the tosufloxacin group, and 87%
of those in the minocycline group. The average number of days of fever after the administration of antibiotic treatment was
lower in the minocycline and tosufloxacin groups than in the macrolide groups. The decrease in the M. pneumoniae burden, as
estimated by the number of DNA copies, after 48 to 96 h of treatment was more rapid in patients receiving minocycline (P �
0.016) than in those receiving tosufloxacin (P � 0.049), azithromycin (P � 0.273), or clarithromycin (P � 0.107). We found that
the clinical and bacteriological efficacies of macrolides against MR M. pneumoniae pneumonia was low. Our results indicated
that minocycline rather than tosufloxacin can be considered the first-choice drug for the treatment of M. pneumoniae pneumo-
nia in children aged >8 years.

Mycoplasma pneumoniae is a common causative pathogen of
respiratory infections in children and young adults. For the

treatment of M. pneumoniae, which, unlike most other types of
bacteria, has no cell wall, protein synthesis inhibitors such as mac-
rolides or tetracyclines or DNA synthesis inhibitors such as quin-
olones are used in adults. In general, 14- and 15-membered ring
macrolides are chosen for the initial treatment of children. How-
ever, macrolide-resistant (MR) M. pneumoniae has been reported
in Japan since 2000 and has become widespread in Japan and
China (1–7). MR M. pneumoniae is now spreading throughout
Europe and North America, especially in children (8–13). The
most frequent mechanism of resistance is an A-to-G mutation at
position 2063 of M. pneumoniae 23S rRNA domain V (A2063G)
(5). M. pneumoniae with the A2063G and A2063C mutations is
highly resistant to 14- and 15-membered ring macrolides, but the
degree of resistance to 16-membered ring macrolides varies by
drug or strain (1, 4, 14). M. pneumoniae with the A2064G muta-
tion is highly resistant to all 14-, 15-, and 16-membered ring mac-
rolides. M. pneumoniae with the C2617G mutation varies from
sensitive to neutral for 14- and 15-membered ring macrolides and
sensitive to 16-membered ring macrolides.

Because macrolides are less effective against MR M. pneu-
moniae infection than against macrolide-sensitive (MS) M. pneu-
moniae infection (14–16), the Japanese guidelines for the manage-
ment of respiratory infectious diseases in children recommend the
use of minocycline or tosufloxacin instead of macrolides when
MR M. pneumoniae pneumonia is suspected and a lack of defer-
vescence within 48 h after the initiation of macrolide therapy is
observed (17). Tosufloxacin, a fluoroquinolone antimicrobial
agent that has been reported to have a broader spectrum and po-
tent activity against Gram-positive and Gram-negative bacteria,

including M. pneumoniae, was approved for pediatric use in pa-
tients with community-acquired pneumonia (CAP) by the Min-
istry of Health, Welfare, and Labor in 2010 (18, 19). The MIC of
tosufloxacin against M. pneumoniae is as low as that of minocy-
cline (18). However, tosufloxacin has not yet been approved for
infections with M. pneumoniae. The purpose of this study was to
investigate differences in the clinical and bacterial efficacy of mac-
rolides, minocycline, and tosufloxacin against MR M. pneu-
moniae. We performed the first multicenter, prospective epidemi-
ological study of MR M. pneumoniae in Japan.

MATERIALS AND METHODS
Study population. All of the pediatric patients with CAP who visited 62
institutions located in seven areas of Japan (Kyushu, Chugoku, Shikoku,
Kinki, Tokai, Kanto, and Hokkaido) participating in the Atypical Patho-
gen Study Group from June 2005 to June 2012 were enrolled in this study.
A complete list of participating facilities is located in the Acknowledg-
ments. The diagnosis of pneumonia was based on clinical signs and symp-
toms (cough, fever, productive sputum, dyspnea, chest pain, or abnormal
breath sounds) and radiographic pulmonary abnormalities that were at
least segmental and were caused by pre-existing or other known causes.
Informed consent was obtained from the parents of all patients, and the
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study protocol was approved by the Ethics Committee at the Kawasaki
Medical School.

Study protocol. The first visit was set as day 0, the second visit was at
days 2 to 4, and the third visit was at days 7 to 14. Nasopharyngeal swab
specimens were collected for culture and real-time PCR at each visit.
Peripheral white blood cell count determination, a blood test for C-reac-
tive protein, M. pneumoniae antibody titer determination by particle ag-
glutination test (Serodia-Myco II kit; Fujirebio, Tokyo, Japan), and a chest
X-ray were performed at the first and third visits. It was possible to deter-
mine the presence or absence of the resistance gene about 3 days later.
Clinical information, including symptoms, signs, and physical examina-
tion results, was collected from all patients at each visit.

The primary antibiotic selection was made by the attending pediatri-
cian. The dosage of azithromycin was 10 mg/kg once daily, and clarithro-
mycin, minocycline, and tosufloxacin were administered twice daily at
doses of 15, 4, and 12 mg/kg, respectively, in accordance with the package
insert accompanying each drug. If clinical symptoms and signs had not
improved by the second visit, the antibiotic treatment was changed by the

attending pediatrician to minocycline if the patient was �8 years old or to
tosufloxacin when the patient was �8 years old.

Sample preparation and real-time PCR. Nasopharyngeal swab spec-
imens were collected with a sterile swab (Nippon Menbo, Saitama, Japan).
After collection, the swab was placed into 3.0 ml of Universal Vial Trans-
port Medium (Becton, Dickinson, Tokyo, Japan) and transported at
room temperature within 2 days to our hospital by a parcel delivery sys-
tem. Three hundred microliters of each sample was used for PCR, and the
remainder was stored at �80°C for culture. The medium used for isola-
tion and MIC determination was pleuropneumonia-like organism broth
(Oxoid, Franklin Lakes, NJ) supplemented with 0.5% glucose (Wako Pure
Chemicals Inc., Osaka, Japan), 20% Mycoplasma Supplement-G (Oxoid),
and 0.0025% phenol red (Sigma-Aldrich Co. LLC, St. Louis, MO) (20).
DNA was then extracted with a QIAamp DNA Minikit (Qiagen K. K.,
Tokyo, Japan) in accordance with the manufacturer’s instructions. M.
pneumoniae DNA was detected by real-time PCR targeting a conserved
part of the gene coding for the P1 adhesin (20). Three replicate assays with
each respiratory sample were performed by real-time PCR with the same
reaction volume. A positive result was recorded if all three tests were
positive. If a positive reaction could not be obtained upon repeated test-
ing, the sample was judged to be negative. M. pneumoniae DNA copy
numbers were calculated from the mean value of the three test results.

Detection of point mutations for macrolide resistance in domain V
of 23S rRNA. A search for mutations at sites 2063, 2064, and 2617 in the
M. pneumoniae 23S rRNA domain V gene region was performed by direct
sequencing of isolates or samples with a positive PCR result as reported
previously (2, 16, 21). Specifically, nested PCR was performed with a
thermal cycler (PCR Thermal Cycler Dice Gradient; TaKaRa Bio, Inc.,
Shiga, Japan) with primers (Sigma-Aldrich, Japan), Taq polymerase
(TaKaRa Ex Taq Version; TaKaRa Bio, Inc.), and extracted DNA. The
PCR products were purified with a QIAquick PCR purification kit (Qia-
gen). The purified products were electrophoresed in a 3% NuSieve 3:1
agarose gel (Lonza) and, after the single band was confirmed, labeled with
a BigDye Terminator V3.1 cycle sequencing kit (Applied Biosystems) and
applied to an ABI Prism 3130xl Genetic Analyzer (Applied Biosystems) in
accordance with the manufacturer’s instructions. The presence or absence
of gene mutations at each site was determined with a sequence scanner
(Applied Biosystems)

Patients infected with M. pneumoniae showing a point mutation in
domain V of the 23S rRNA gene were defined as patients with MR M.
pneumoniae (MR patients), and those infected with M. pneumoniae with-

TABLE 1 Categorical variables age, gender, number of patients
hospitalized, and mutation type of 188 pediatric patients with MS and
MR M. pneumoniae pneumonia

Variable MS patients MR patients P value

No. of patients 38 150
Mean age (range), yr 8.4 (1–15) 8.0 (0–15) 0.670

No. (%) of patients:
�1 yr old 2 (5.3) 7 (4.7) 0.786
2–5 yr old 11 (28.9) 42 (28.0) 0.908
6–7 yr old 7 (18.4) 23 (15.3) 0.643
8 yr old 18 (47.4) 78 (52.0) 0.610

No. of males/females 22/16 84/66 0.833
No. (%) hospitalized 0 15 (10.0) 0.218

No. (%) with point mutation in
domain V of 23S rRNA

A2063G 134 (89.4)
A2063T 8 (5.3)
A2063C 2 (1.3)
A2064G 6 (4.0)

TABLE 2 Categorical variables age, gender, number of patients hospitalized, and change in antibiotics of 188 pediatric patients with MS and MR M.
pneumoniae pneumonia according to treatment group

Variable

MS patient treatment group: MR patient treatment group:

AZMa CLRb AZM CLR TFXc MINd

No. of patients 16 22 27 23 62 38
Mean age (range), yr 8.6 (1–13) 8.0 (2–15) 8.4 (1–14) 8.0 (3–15) 6.5 (0–15) 9.8 (1–15)

No. (%) of patients:
�1 yr old 1 (6.3) 1 (4.6) 1 (3.7) 0 5 (8.1) 1 (2.6)
2–5 yr old 5 (31.3) 6 (27.3) 5 (18.5) 8 (34.8) 23 (37.1) 6 (15.8)
6–7 yr old 4 (25) 3 (13.6) 7 (25.9) 3 (13.0) 13 (21.0) 0
8 yr old 6 (37.5) 12 (54.5) 14 (51.9) 12 (52.2) 21 (33.9) 31 (81.6)

No. of males/females 8/8 14/8 13/14 14/9 35/27 22/16
No. (%) hospitalized 0 0 1 (3.7) 3 (13.0) 5 (8.1) 6 (15.8)
No. (%) with antibiotic change at second visit 0 0 10 (37.0)e 13 (56.5)f 0 0
a AZM, azithromycin.
b CLR, clarithromycin.
c TFX, tosufloxacin.
d MIN, minocycline.
e Antibiotic changed to TFX for five patients and to MIN for five patients.
f Antibiotic changed to TFX for six patients and to MIN for seven patients.
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out a mutation were defined as patients with MS M. pneumoniae (MS
patients).

Antibiotic susceptibility. The MICs of five antimicrobial agents for
the isolates were determined by the microdilution method (22). Briefly,
medium containing 105 to 106 CFU/ml M. pneumoniae was placed in
96-well microplates and incubated at 37°C for 6 to 8 days. The MIC was
defined as the lowest concentration of an antimicrobial agent at which the
growth of the organism was inhibited, as evidenced by a lack of color
change in the medium when the drug-free control first showed a color
change. The antimicrobial agents used for MIC determination were as
follows: erythromycin, clarithromycin, azithromycin, minocycline, and
tosufloxacin.

Statistical analysis. Statistical analysis of the data was performed with
Microsoft Excel 2010 for Statistics (SSRI, Tokyo, Japan). The mean age of
the patients and the mean number of febrile days after antibiotic admin-
istration were compared with the Wilcoxon rank-sum test. The M. pneu-
moniae bacterial counts at three points after the administration of each
antibiotic were analyzed by a paired t test. P values of �0.05 were consid-
ered to indicate statistical significance.

RESULTS
Patient characteristics. Samples from a total of 2,505 patients
with CAP were sent to our hospital. Among these, there were 523
cases positive by culture or real-time PCR for M. pneumoniae, and
291 of these cases fit the study protocol. Finally, 188 cases were
analyzed for gene mutations. The patient characteristics are
shown in Table 1. Of the patients diagnosed with pneumonia
caused by M. pneumoniae, 33% were �5 years old. In 2011 and
2012, an epidemic of M. pneumoniae infection especially among
children occurred throughout Japan and the incidence was the
highest observed during the past decade (23). This surge in M.
pneumoniae infections may reflect the high rate in patients �5
years old. A total of 150 (80%) of 188 pediatric patients with M.
pneumoniae pneumonia were determined to have an MR M. pneu-
moniae isolate. Of these, 134 patients had an isolate with the
A2063G mutation, 8 had an isolate with the A2063T mutation, 2
had an isolate with the A2063C mutation, and 6 had an isolate
with the A2064G mutation. A total of 141 isolates of M. pneu-
moniae were obtained by cultivation of samples from these pa-
tients (125 isolates had mutations). Fifteen patients with MR
strains were hospitalized, but no patients with MS strains were
hospitalized. The statistical significance of differences in categor-
ical variables such as age of onset, gender, and fever disappeared
within 48 h after antibiotic administration, as determined by the
�2 test or Fisher’s exact test. No significant difference between MR
and MS patients in mean age, the number of patients in each age
group, gender, or the number of patients hospitalized was ob-
served.

Of the 38 MS patients, 16 received azithromycin and 22 re-

ceived clarithromycin (Table 2). There was no significant differ-
ence in mean age, the number in each age group, or gender be-
tween the azithromycin and clarithromycin groups. Of the 150
MR patients, 27 patients received azithromycin, 23 patients re-
ceived clarithromycin, 62 patients received tosufloxacin, and 38
patients received minocycline. Hospitalization of one patient in
the azithromycin group, three patients in the clarithromycin
group, five patients in the tosufloxacin group, and six patients in
the minocycline group occurred after the initiation of antibiotics
(Table 2). The antibiotic was changed to tosufloxacin or minocy-
cline at the second visit for 10 patients in the azithromycin group
and 13 in the clarithromycin group. There was no significant dif-
ference in the gender of hospitalized patients in the four treatment
groups, but the mean age was significantly higher in the minocy-
cline group than in the tosufloxacin group, and the number in
each age group and of each gender differed between the azithro-
mycin and clarithromycin groups. The number of patients 2 to 5
years old was significantly lower in the minocycline group than in
the tosufloxacin group (P � 0.0401); the number of patients 6 to 7
years old was significantly lower in the minocycline group than in
the other treatment groups (P � 0.0001), and the number of pa-
tients �8 years old was significantly higher in the minocycline
group than in the other treatment groups (P � 0.0001).

Antibiotic susceptibility. Table 3 shows the MIC ranges,
MIC50s, and MIC90s for the five agents according to the presence
or absence of a mutation of the 23S rRNA gene in the 141 M.
pneumoniae isolates. Among the 125 isolates of MR M. pneu-
moniae, the MIC90s of 14- and 15-membered macrolides such as
erythromycin, clarithromycin, and azithromycin were �128,
�128, and 128 �g/ml, respectively. Tosufloxacin and minocycline
showed good antimycoplasmal activity, including against MR iso-
lates, for which the MIC90s were 0.5 and 2 �g/ml, respectively.

Clinical efficacy. The clinical efficacy of anti-M. pneumoniae
antibiotics against MS and MR M. pneumoniae strains is shown in

TABLE 4 Clinical efficacies of macrolides against MS M. pneumoniae
pneumonia

Treatment group
(no. of patients)
or parameter

No. (%) of patients whose
fever disappeared within
48 h after antibiotic
administration

Avg no. of days of
fever after
antibiotic
administration

AZMa (16) 14 (88) 1.62
CLRb (22) 22 (100) 1.04
P value 0.333 0.058
a AZM, azithromycin.
b CLR, clarithromycin.

TABLE 3 In vitro antimycoplasma activity against 141 clinical isolates of M. pneumoniae according to the presence or absence of a mutation in the
23S rRNA gene

Antimicrobial agent

MIC (�g/ml) for:

MS M. pneumoniae (n � 16) MR M. pneumoniae (n � 125)

Range 50% 90% Range 50% 90%

Erythromycin 0.001–0.0078 0.0039 0.0078 128–�128 �128 �128
Clarithromycin 0.001–0.0156 0.002 0.0039 128–�128 �128 �128
Azithromycin 0.000125–0.001 0.00025 0.0005 16–�128 64 128
Minocycline 0.25–2 1 2 0.25–4 1 2
Tosufloxacin 0.125–0.5 0.25 0.5 0.125–0.5 0.25 0.5
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Tables 4 and 5, respectively. Among the patients with MS strains,
azithromycin and clarithromycin showed good clinical efficacy,
with defervescence within 48 h after the initiation of antibiotics
observed in 88 and 100% of the patients, respectively (P � 0.333)
(Table 4). The average number of days of fever after the initiation
of macrolide therapy was 1.62 days in the azithromycin group and
1.04 days in the clarithromycin group (P � 0.058).

Among the MR patients, defervescence within 48 h after the
initiation of antibiotics was observed in 41% of the azithromycin
group, 48% of the clarithromycin group, 69% of the tosufloxacin
group, and 87% of the minocycline group (Table 5). Treatment
was more effective in the minocycline and tosufloxacin groups
than in the macrolide groups (statistically significantly different,
although the difference between the clarithromycin and tosu-
floxacin groups was not significant) and significantly more effec-
tive in the minocycline group than in the tosufloxacin group (P �

0.047). The average number of days of fever after antibiotic ad-
ministration was significantly shorter in the minocycline group
than in the macrolide groups (versus azithromycin, P � 0.002;
versus clarithromycin, P � 0.008). No significant differences were
observed between the tosufloxacin and minocycline groups (P �
0.152) or between the tosufloxacin and macrolide groups (versus
azithromycin, P � 0.062; versus clarithromycin, P � 0.081).

Antibacterial efficacy. M. pneumoniae DNA copy numbers es-
timated from real-time PCR results at three time points before and
after antibiotic treatment in MS patients and MR patients are
shown in Fig. 1 and 2, respectively. DNA copy numbers indicate
the mean values (standard deviations) of all patients in each treat-
ment group. The M. pneumoniae DNA copy numbers after 48 to
96 h of macrolide treatment in the control group decreased
promptly from 4.2 � 104 (3.3 � 103; range, 2.7 � 103 to 2.1 � 105)
to 1.7 � 103 (1.4 � 103; range, 0 to 5.9 � 103) in patients receiving
azithromycin (P � 0.008) and from 3.3 � 104 (5.0 � 103; range,
1.6 � 103 to 1.4 � 105) to 1.6 � 103 (1.2 � 103; range, 0 to 1.1 �
104) in patients receiving clarithromycin (P � 0.001) (Fig. 1).
However, the M. pneumoniae DNA copy numbers after 48 to 96
h of macrolide treatment in MR patients decreased slowly from
3.5 � 104 (3.8 � 103; range, 1.9 � 103 to 3.3 � 105) to 2.2 � 104

(1.4 � 103; range, 1.5 � 102 to 1.5 � 105) in patients receiving
azithromycin (P � 0.273) and from 3.8 � 104 (3.6 � 103; range,
8.5 � 103 to 9.0 � 105) to 9.2 � 103 (7.0 � 102; range, 5.8 � 102 to
1.8 � 104) in patients receiving clarithromycin (P � 0.107) (Fig.
2A and B). The M. pneumoniae DNA copy numbers in MR pa-
tients decreased promptly after the administration of tosufloxacin
(from 6.6 � 104 [2.7 � 103; range, 1.6 � 103 to 1.3 � 106] to 1.2 � 104

[5.4 � 10; range, 0 to 3.9 � 105]) and minocycline (from 3.1 � 104

[3.2 � 103; range, 1.1 � 103 to 4.2 � 105] to 2.0 � 103 [4.2 � 103;
range, 0 to 1.2 � 105]), but the decrease in M. pneumoniae was
more rapid in patients receiving minocycline (P � 0.016) than in
those receiving tosufloxacin (P � 0.049) (Fig. 2C and D).

Among MS patients, eradication of M. pneumoniae from the
nasopharynx at the end of treatment was observed in 100% of
the patients in the azithromycin group and 73% of the patients

TABLE 5 Clinical efficacies of macrolides, minocycline, and
tosufloxacin against MR M. pneumoniae pneumonia

Treatment
group (no. of
patients) or
parametera

No. (%) of patients whose
fever disappeared within
48 h after antibiotic
administration

Avg no. of days of
fever after antibiotic
administration

AZM (27) 11 (41) 3.06b

CLR (23) 11 (48) 3.15b

TFX (62) 43 (69) 2.31
MIN (38) 33 (87) 1.83

P value for:
AZM vs CLR 0.698 0.869
AZM vs TFX 0.017 0.062
AZM vs MIN 0.0002 0.002
CLR vs TFX 0.067 0.081
CLR vs MIN 0.001 0.008
TFX vs MIN 0.047 0.152

a AZM, azithromycin; CLR, clarithromycin; MIN, minocycline, TFX, tosufloxacin.
b Antibiotic changed to TFX or MIN at the second visit for 10 patients in the AZM
group and 13 in the CLR group.

FIG 1 Mean MS M. pneumoniae DNA copy numbers estimated from real-time PCR results at three time points before and after antibiotic treatment. Data for
16 patients receiving azithromycin (A) and 22 patients receiving clarithromycin (B) are shown. Bars indicate standard errors.
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in the clarithromycin group (P � 0.0679). Among the MR pa-
tients, the rate of M. pneumoniae eradication in the nasopharynx
at the end of treatment was 34% of the patients in the azithromy-
cin group, 35% of those in the clarithromycin group, 59% of those
in the tosufloxacin group, and 77% of those in the minocycline
group. The eradication rate was significantly better in the mino-
cycline group than in the macrolide groups (versus azithromycin,
P � 0.0008; versus clarithromycin, P � 0.0025), but no significant
differences were observed between the clarithromycin and tosu-
floxacin groups (P � 0.0864) or between the minocycline and
tosufloxacin groups (P � 0.0843).

DISCUSSION

The increase in MR M. pneumoniae has become a problem in
Japan. In cases with genetic resistance, macrolides are less effective
than they are against MS M. pneumoniae (14–16). Defervescence
and disappearance of coughing could not be achieved in a number
of MR patients who initially received macrolides. In the present

MR patients, defervescence within 48 h after the initiation of an-
tibiotics was observed in 41% of the azithromycin group, 48% of
the clarithromycin group, 87% of the minocycline group, and
69% of the tosufloxacin group. The decreasing numbers of M.
pneumoniae DNA copies after the initiation of antibiotics were
well correlated with clinical improvement in all of the antibiotics
used.

Similar results for therapeutic efficacy in pediatric MR patients
were reported in a recent study (24). Okada et al. reported that
defervescence within 48 h after the initiation of antibiotic therapy
was observed in 46% of the patients who received macrolides (five
received azithromycin, and eight received clarithromycin), 90%
of the patients who received minocycline and 69% of the patients
who received tosufloxacin (24). They also evaluated bacterial dis-
appearance by real-time PCR method after the initiation of the
antibiotics and found that the decrease in the MR M. pneumoniae
bacterial count was significantly more rapid in patients receiving

FIG 2 Mean MR M. pneumoniae DNA copy numbers estimated from real-time PCR results at three time points before and after antibiotic treatment. Data for
27 patients receiving azithromycin (A), 23 patients receiving clarithromycin (B), 62 patients receiving tosufloxacin (C), and 38 patients receiving minocycline (D)
are shown. Bars indicate standard errors.
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minocycline than in those receiving tosufloxacin. Although the
tosufloxacin-treated patient group was small (n � 6), our study
with a larger sample size supported the results of Okada et al.,
which indicate that minocycline was more effective than macro-
lides or tosufloxacin against MR M. pneumoniae pneumonia in
terms of shortening of the clinical course and decreasing the M.
pneumoniae burden. However, it needs to be considered in clinical
practice that tetracyclines can cause the side effect of tooth discol-
oration in children �8 years old. In order to prevent the spread of
MR M. pneumoniae infections, studies of new drugs that are safe
for use by children �8 years old are needed.

Tosufloxacin is a newly approved fluoroquinolone antimicro-
bial agent for pediatric use (18, 19). Use was confined strictly to
patients with CAP or acute otitis media caused by penicillin-resis-
tant Streptococcus pneumoniae or non-�-lactamase-producing,
ampicillin-resistant Haemophilus influenzae and to patients whose
infections did not respond to any agent apart from tosufloxacin.
Tosufloxacin has not yet been approved for infections with M.
pneumoniae. In this study, we evaluated the effectiveness of tosu-
floxacin in pediatric MR patients. Although our study showed that
tosufloxacin was more effective than macrolides in MR patients, it
was less effective than minocycline. We may need a more active
agent than tosufloxacin for younger age groups in the future.

In Japan, few reports on MR M. pneumoniae in adults have
appeared (5). Because MR M. pneumoniae can spread in a family,
resistant M. pneumoniae is likely to increase in adults also. How-
ever, there is a possibility that MR M. pneumoniae does not spread
because of the frequent use by adults of fluoroquinolones such as
garenoxacin, moxifloxacin, and sitafloxacin, which are active
against MR M. pneumoniae with MICs of �0.0625 �g/ml (4). If
tosufloxacin is used appropriately for M. pneumoniae infections in
pediatric patients, the negative cycle of resistance can be broken
and MR M. pneumoniae may, it is hoped, decrease in children as in
adults. Our data indicate that fluoroquinolones such as tosufloxa-
cin are the treatment of choice for CAP due to MR M. pneumoniae
in children �8 years old.

Our study had several limitations. First, we assessed the clinical
outcome by using fever. Previous studies also assessed only febrile
days to evaluate the clinical outcome in MR patients, but a higher
frequency of prescription changes was observed in MR patients
than in MS patients (14–16). Previous reports demonstrated that
the mean numbers of febrile days of MS patients during macrolide
administration were 1.4 and 1.5, respectively (14, 15). They also
reported that the mean numbers of febrile days of MR patients
during macrolide administration were 4.3 and 4.0, respectively.
Thus, the Japanese guidelines for the management of respiratory
infectious diseases in children recommend the use of minocycline
or tosufloxacin instead of macrolides when MR M. pneumoniae
pneumonia is suspected and a lack of defervescence within 48 h
after the initiation of macrolide treatment is observed (17). Sec-
ond, we performed a nonrandomized trial to compare the effica-
cies of several antibiotics against MR strains. Randomized thera-
peutic trials are necessary to establish clinical guidelines with
regard to the most appropriate antimicrobial agents to use against
these MR strains. Third, in our study, 15 MR patients (10%) and
no MS patients were hospitalized. The decision to hospitalize was
made by the attending physician and not according to pneumonia
severity as judged by guidelines (17). Therefore, further study is
needed to investigate the differences in severity between pneumo-
nia cases due to MR and MS M. pneumoniae strains.

In conclusion, the numbers of M. pneumoniae bacteria in the
nasopharynxes of MR patients decreased promptly after minocy-
cline and tosufloxacin treatment and were closely related to the
clinical outcomes. In contrast, we found that the clinical and bac-
teriological efficacy of macrolides for treating cases of MR M.
pneumoniae was low. Our results indicated that minocycline
rather than tosufloxacin can be considered the first-choice drug
for the treatment of M. pneumoniae pneumonia in children �8
years old.
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