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Abstract

Objective

To clarify therapeutic effects of azithromycin, clarithromycin, minocycline and tosufloxa-
cin against macrolide-resistant Mycoplasma pneumoniae (MRMP) pneumonia and
against macrolide-sensitive Mycoplasma pneumoniae (MSMP) pneumonia in pediatric
patients.

Methods

A prospective, multicenter observational study was conducted from July 2013 to August
2015. The therapeutic effects of azithromycin, clarithromycin, minocycline and tosufloxacin
were evaluated in 89 patients with pneumonia caused by MBMP and in 50 patients with
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pneumonia caused by MSMP. In vitro activities of antimicrobial agents against isolates of
Mycoplasma pneumoniae were also measured.

Results

Mean durations of fever following commencement of treatment in patients infected with
MRMP and MSMP were 5.2 and 1.9 days, respectively (log-rank test, P <0.0001). Among
patients infected with MBMP, mean durations of fever were 4163515, 480 and 7.5 days for
patients treated with azithromycinyclarithromycin, mineeyeline and tosufloxacin, respec-
tively (log-rank test, P < 0.0001). Among patients infected with MSMP, mean durations of
fever were 2i551u7, @19 and 4.3 days for patients treated with azithromycin, clarithromycin,
minocycline and tosufloxacin, respectively (log-rank test, P=0.0162). The MIC90s of azi:
thromycinrandiclarithromycimamong the 27 isolates of MBMP were 64randi256:ug/ml)
respectively, and those among the 23 isolates of MSMP were £0:000125/and0:001mug/ml;
respectively. The MIC90s of minocycline and tosufloxacin among the 27 isolates of MRMP
were 1.0 and 0.25 pg/ml, respectively, and those among the 23 isolates of MSMP were 1.0
and 0.5 pg/ml, respectively.

Conclusion

Both minocycline and tosufloxacin showed good in vitro activities against MRMP. Minocy=
cline, but not tosufloxacin, shortened the duration of fever in pediatric patients infected with
MRMP compared to the duration of fever in patients treated with macrolides.

Introduction

Mycoplasma pneumoniae is one of the common causative pathogens of community-acquired
respiratory tract infections mainly in children and young adults [1]. Macrolides are generally
considered to be the drugs of choice for treatment of children with M. pneumoniae infection
[2]. Since about 2000, macrolide-resistant M. pneumoniae (MRMP) has been emerging in
Asia, Europe, Canada and the USA [3-6]. The rates of MRMP infection range from 3% to 26%
in Europe [7, 8], 63% to 97% in China [9-12] and 25% to 93% in Japan [13-18]. Macrolides
are less effective against MRMP infection than against macrolide-sensitive M. pneumoniae
(MSMP) [14, 19, 20]. Recently, the incidence of extra-pulmonary complications in patients
with MRMP infection was reported to be significantly higher than that in patients with MSMP
infection [21].

Minocycline and fluoroquinolones were shown to be more effective than macrolides in
adult patients infected with MRMP [22]. Minocycline and tosufloxacin have also been used for
treatment of pediatric patients infected with MRMP [14, 23-26]. Tetracyclines including min-
ocycline are incorporated into teeth, cartilage and bone, resulting in discoloration of both pri-
mary and permanent dentitions [27]. Therefore, tetracyclines are contraindicated in children
aged less than 8 years [27]. Fluoroquinolones including tosufloxacin have a potential risk of
inducing cartilage and joint toxicity in children [28]. Although the Japanese guidelines for
management of respiratory infectious diseases in children recommend the use of minocycline
or tosufloxacin instead of macrolides when MRMP pneumonia is suspected and when there is
a lack of defervescence within 48 h after the initiation of macrolide therapy [29], the clinical
effects of tosufloxacin in pediatric patients infected with MRMP have been controversial. One
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of the reasons for this recommendation was the low MIC titers of minocycline and tosufloxa-
cin against MRMP [14].

The purpose of this study was to clarify the therapeutic effects of macrolides (azithromycin
and clarithromycin), minocycline and tosufloxacin against MRMP and MSMP infection in
pediatric patients as well as the in vitro activities of these antibiotics against MRSP and MSMP.

Materials and methods
Ethics statement

All of the necessary ethics approval for this study was obtained from the Institutional Review
Board of Hokkaido University Hospital for Clinical Research (012-0174). Written or verbal
informed consent was provided by each patient. According to the ethical guidelines for clinical
studies in Japan, written informed consent is not necessarily required for research not involv-
ing intervention but using human biological specimens. When written informed consent is
not obtained, however, the physician must obtain oral informed consent and maintain records
of methods for providing information and the content of the information. The acquisition of
informed consent was confirmed upon arrival of the clinical specimens. The Institutional
Review Board of Hokkaido University Hospital for Clinical Research follows this policy.

Study design

A prospective, multicenter observational study was conducted from July 2013 to August 2015 at
6 pediatric clinics and in the department of pediatrics in 9 hospitals in Asahikawa, Iwamizawa,
Ebetsu, Obihiro, Kushiro, Sapporo, Chitose and Muroran cities, Hokkaido, Japan. Patients aged
under 18 years of age who were afflicted with pneumonia due to M. pneumoniae were enrolled
in this study. Diagnosis of pneumonia due to M. pneumoniae was made when all of the follow-
ing criteria were met: (1) body temperature above 38 degrees Celsius, (2) signs and symptoms
of the respiratory system (cough, dyspnea or abnormal breath sounds), (3) abnormal findings
on chest X-ray (lobar or segmental consolidation, tiny centrilobular nodules and bronchovascu-
lar thickening) and (4) detection of M. pneumoniae DNA by real-time PCR (described below)
or at least a four-fold increase in IgG antibody against M. pneumoniae from acute phase serum
to convalescent phase serum.

The choice of antibiotics was made according to standard-of-care based on decisions by the
treating physicians. The attending pediatrician subsequently chose one of the following antibi-
otics: azithromycin at 10 mg/kg/day for 3 days, clarithromycin at 10-15 mg/kg/day for 3-7
days;minocycline'at2=4'mg/kg/day for2=4'days and tosufloxacin at 12mg/kg/day for 3-7
days. Minocycline was not chosen for patients aged less than 8 years because of side effects
such as tooth discoloration. Laboratory data including results of a serological test for M. pneu-
moniae, radiographic findings, selection and dosage of antibiotics, and outpatient/inpatient
status were recorded by the pediatricians. The age and sex of each patient and the time of
onset (the first time that the patient had a fever of more than 37.5°C) were recorded by the
parents of children. The parents were also instructed to take their children’s axillary body tem-
peratures several times and to record the peak daily body temperatures.

Real-time PCR assay

Nasopharyngeal swab samples were collected from patients and suspended in three ml of BD
universal viral transport medium (Becton Dickinson, Sparks, MD, USA). DNA was extracted
with a QITAamp DNA mini kit (Qiagen, Venlo, The Netherlands) from one ml of BD universal
viral transport medium and was finally resuspended in 50 pl of a buffer. DNA of M. pneumoniae

PLOS ONE | https://doi.org/10.1371/journal.pone.0173635 March 13,2017 3/13


https://doi.org/10.1371/journal.pone.0173635
Manuel 

Manuel 


@° PLOS | ONE

Antibiotic efficacy against Mycoplasma pneumoniae pneumonia

was identified by real-time PCR with Mp181-F and Mp181-R primer pairs and an Mp181-P
probe using one pl of DNA as described elsewhere [30].

Detection of macrolide-resistant point mutations in domain V of 23S
rBNA gene

Mutations associated with resistance to macrolides at sites 2063, 2064, and 2617 in the M.
pneumoniae 23S rRNA gene domain V region were detected by a sequencing method
described elsewhere [31]. M. pneumoniae showing a point mutation in domain V of the 23S
rRNA gene was defined as MRMP.

Isolation of M. pneumoniae by culture

Modified Hayflick medium was used for the isolation of M. pneumoniae from patients [32].

Antibiotic susceptibility

MICs of antibiotics were determined by a broth microdilution method based on the method of
the National Committee for Clinical Laboratory Standards [31].

Sample size and power calculation

For the primary analysis, 32 patients in each antibiotics group were required for a power of
80% at a two-sided alpha of 0.05 to detect a treatment difference of 1 day with a 1.4 standard
deviation regarding fever duration. Therefore, the targeted required number of patients with
MRMP infection was 128. The number of patients with M. pneumoniae infection was esti-
mated to be 50% of those enrolled. The final number of patients with M. pneumoniae infection
was expected to be 256. Since this study has an observational nature, we recruited as many
patients as possible from the collaborative clinics and hospitals during the period from July
2013 to August 2015.

Statistical analysis

Demographic data are expressed as means +- SD or proportions. Continuous variables were
compared using Student’s t-test. Frequency analysis was performed by the chi-square test. The
distributions of fever duration were depicted by the Kaplan-Meier method, and the log-rank
test was used for comparisons of fever duration. To adjust for confounding, we set the duration
of fever as a dependent variable and set the following factors as clinically relevant independent
variables in multivariate Cox’s regression analysis: age, sex, hospital admission during the
course, days from onset of fever to administration of antibiotics, antibiotic initially chosen,
change in antibiotics during the course and macrolide resistance of M. pneumoniae. To be
understandable intuitively, we inversed the value of the hazard ratio in this text; that is, a value
less than 1.0 means that the duration of fever is shorter than that of the reference. A two-sided
Pvalue of <0.05 was considered statistically significant. All statistical analyses were performed
using JMP software version 12.0.1 (SAS Institute, Cary, NC, USA).

Results
Patient characteristics and macrolide resistance of M. pneumoniae

During the two-year enrollment period, recruitment was slower than expected, and a total of
109 patients who were diagnosed with pneumonia due to M. pneumoniae were enrolled in this
study (S1 Table). In 42 of the 92 M. pneumoniae-positive samples, the presence of A2063G
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Table 1. Background characteristics of patients diagnosed with pneumonia due to Mycoplasma pneumoniae.

MRMP patients MSMP patients Pvalue

No. of patients 59 50
Mean age (yr) = SD (range) 9.0+3.2(3-17) 9.2+3.3 (2-15) 0.7745
No. of males/females 33/26 29/21 0.8280
Mean duration (days) of fever before administration of 3.1+ 1.8 (0-6) 3.6+2.1(0-8) 0.2056
antibiotics + SD (range)
Antibiotics initially chosen AZM 18 (30.5%) 11 (22.0%) 0.2217

CAM 29 (49.2%) 26 (52.0%)

MINO 4 (6.8%) 9 (18.0%)

TFLX 8(13.5%) 4 (4.0%)

AZM, azithromycin; CAM, clarithromycin; MINO, minocycline; TFLX, tosufloxacin; MRMP, macrolide-resistant Mycoplasma pneumoniae; MSMP,

macrolide-sensitive Mycoplasma pneumoniae.

https://doi.org/10.1371/journal.pone.0173635.t001

mutation in the 23S rRNA gene, a single-base mutation that is known to confer macrolide
resistance to M. pneumoniae, was detected, but other mutations (A2063C, A2063T, A2064G
and C2617G) were not detected. These mutations were not detected in the remaining 50 M.
pneumoniae-positive samples. Although nasopharyngeal swab samples were not available from
seventeen patients who had been shown to have pneumonia due to M. pneumoniae by serolog-
ical tests in Kushiro City from July 2013 to January 2014, these patients were regarded as being
infected with MRMP (see discussion). The 42 patients from whom MRMP was detected and
the 17 patients in Kushiro City in whom M. pneumoniae infection was serologically demon-
strated were incorporated into the MRMP group. Fifty patients from whom M. pneumoniae
was detected but single-base mutations conferring macrolide resistance to M. pneumoniae
were not detected were incorporated into the MSMP group.

No significant differences were found between the MRMP and MSMP patients in baseline
status items: age, sex, time from onset of fever to administration of antibiotics and the antibi-
otic initially chosen (Table 1).

Antibiotic susceptibility

In vitro anti-mycoplasma activities of eight agents against 50 isolates of M. pneumoniae with or
without A2063G mutation in the 23S rRNA gene were measured (Table 2). The MIC90s of
erythromycin, clarithromycin, azithromycin and clindamycin among the 27 isolates of MRMP

Table 2. In vitro anti-mycoplasma activities against clinical isolates of M. pneumoniae with or without A2063G mutation in the 23S rRNA gene.

Antimicrobial agent MIC (ug/ml) for MBMP (n = 27) MIC (pg/ml) for MSMP (n = 23)

Range 50% 90% Range 50% 90%
Erythromycin 128 - >256 256 >256 0.002-0.0078 0.0039 0.0039
Clarithromycin 64 - >256 256 256 0.0005-0.0039 0.001 0.001
Azithromycin 16-128 32 64 <0.000125-0.00025 <0.000125 <0.000125
Clindamycin 16-256 64 128 0.13-0.5 0.25 0.5
Levofloxacin 0.25-0.5 0.5 0.5 0.25-0.5 0.5 0.5
Ciprofloxacin 0.5-1 1 1 0.5-2 1 1
Tosufloxacin 0.13-0.25 0.25 0.25 0.13-0.5 0.25 0.5
Minocycline 0.13-1 0.5 1 0.13-2 0.5 1

MRMP, macrolide-resistant Mycoplasma pneumoniae; MSMP, macrolide-sensitive Mycoplasma pneumoniae.

https://doi.org/10.1371/journal.pone.0173635.t1002
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A

were >256, 256, 64 and 128 pg/ml, respectively, and those among the 23 isolates of MSMP
were 0.0039, 0.001, <0.000125 and 0.5 pg/ml, respectively. The MIC90s of levofloxacin, cipro-
floxacin, tosufloxacin and minocycline among the 27 isolates of MRMP were 0.5, 1.0, 0.25 and
1.0 ug/ml, respectively, and those among the 23 isolates of MSMP were 0.5, 1.0, 0.5 and 1.0 pg/
ml, respectively. The results for resistant gene mutation of the 50 cultural isolates were consis-
tent with those for the original isolates.

Duration of fever following commencement of treatment

The durations of féver following commencement of treatment with azithromycin, clarithro-
mycin, minocycline and tosufloxacin were evaluated by Kaplan-Meier estimates (Fig 1). The
mean durations were 3i831317;1019 and 16.4 days for the azithromycin;clarithromycin, minocy=
clineand tosufloxacin groups, respectively (log-rank test, P < 0.0001) (Fig 1A). Among the
patients with MRMP, the mean durations were 4163555110 and 7.5 days for the azithromycin,
clarithromycin, minocycline and tosufloxacin groups, respectively (log-rank test, P < 0.0001)
(Fig 1B). Among the patients with MSMP, the mean durations were 2I55I7510!9and 4.3 days
for the azithromycin, clarithromycin, minocycline and tosufloxacin groups, respectively (log-
rank test, P = 0.0162) (Fig 1C).

The durations of fever following commencement of treatment in patients infected with
MRMP and patients infected with MSMP were evaluated by Kaplan-Meier estimates (Fig 2).
The mean durations were 5.2 and 1.9 days for the MRMP and MSMP groups, respectively (log-
rank test, P < 0.0001) (Fig 2A). The durations of fever were significantly different between
MRMP patients and MSMP patients treated with azithromycin (4.6 and 2.5 days, respectively,
P =0.0175) (Fig 2B) and between MRMP patients and MSMP patients treated with clarithromy-
cin (5.4 and 1.7 days, respectively, P < 0.0001) (Fig 2C). No statistically significant difference in
the duration of fever was found between MRMP patients and MSMP patients treated with min-
ocycline (1.0 and 0.9 days, respectively, P = 0.7496) (Fig 2D) or between MRMP patients and
MSMP patients treated with tosufloxacin (7.5 and 4.3 days, respectively, P = 0.3166) (Fig 2E).

Fever subsided within two days following commencement of treatment in 9 (15%) of the 59
patients infected with MRMP and in 39 (78%) of the 50 patients infected with MSMP (Fig 3).

The Cox proportional hazards model showed that the duration of fever following com-
mencement of treatment correlated with hospital admission during the course (hazard

B C

Time after start of treatment (days)

§ 1 MRMP and MSMP groups 1.0 MRMP group 1.0 MSMP group

5 all = ~H :

Q 5 ——I — = — = |— — =
52 0l AZM (n=29) | ;g AZM (n=18) | 4 g1 AZM (n=11)
€ in — CAM (n=55) — CAM (n=29) — CAM (n=26)
O N

g8 06 — MINO (n=13) | 0-67 — MINO (n=4) | 0-67 — MINO (n=9)
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£E€ 021 0.2- 0.2-
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3 0 5 10 15 20 0 5 10 15 20 0 5 10 15 20

Fig 1. Durations of fever following commencement of treatment for pneumonia due to MRMP and MSMP by azithromycin, clarithromycin,
minocycline and tosufloxacin. Kaplan—Meier curves showing a comparison of times taken for body temperature to return to <37.5°C among patients with
(A) MBMP and MSMP (log-rank test, P < 0.0001), (B) MBRMP (log-rank test, P < 0.0001) and (C) MSMP (log-rank test, P=0.0162).

https://doi.org/10.1371/journal.pone.0173635.9001
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Fig 2. Differences between fever durations in the MRMP and MSMP groups following commencement of treatment with azithromycin,
clarithromycin, minocycline and tosufloxacin. Kaplan—Meier curves showing a comparison of times taken for body temperature to return to <37.5°C
among patients infected with MRMP and patients infected with MSMP who were treated with (A) any of the antibiotics (log-rank test, P < 0.0001), (B)
azithromycin (log-rank test, P=0.0175), (C) clarithromycin (log-rank test, P < 0.0001), (D) minocycline (log-rank test, P=0.7496) and (E) tosufloxacin (log-

rank test, P=0.3166).

https://doi.org/10.1371/journal.pone.0173635.9002

ratio = 0.48, 95% confidence interval of 0.29 to 0.78, P = 0.0031) and with macrolide resistance
of M. pneumoniae (hazard ratio = 0.41, 95% confidence interval of 0.26 to 0.64, P < 0.0001)
(Table 3). There was a statistically significant association between duration of fever following
commencement of treatment and the antibiotic initially chosen. Patients who were treated
with minocycline had a shorter duration of fever than did patients treated with azithromycin
(hazard ratio = 0.35, 95% confidence interval of 0.15 to 0.85, P = 0.0215), clarithromycin (haz-
ard ratio = 0.26, 95% confidence interval of 0.11 to 0.61, P = 0.0024) or tosufloxacin (hazard
ratio = 0.16, 95% confidence interval of 0.06 to 0.43 P = 0.0004). Patients treated with azithro-
mycin had a shorter duration of fever than did patients treated with tosufloxacin (hazard

ratio = 0.45, 95% confidence interval of 0.20 to 0.91, P = 0.0256). There was no statistically
significant association between duration of fever following commencement of treatment

and age (P = 0.9896), sex (P = 0.2810), days from fever onset to commencement of treatment
(P =0.0621) or change in antibiotics during the course (P = 0.2273).

The durations of fever following commencement of treatment in the 59 patients infected
with MRMP were sub-analyzed using the Cox proportional hazards model (Table 3). The
duration of fever following commencement of treatment correlated with hospital admission
during the course (hazard ratio = 0.50, 95% confidence interval of 0.25 to 0.98, P = 0.0404) and
with the antibiotic initially chosen. Patients treated with minocycline had a shorter duration of
fever than did patients treated with azithromycin (hazard ratio = 0.03, 95% confidence interval
0f 0.00 to 0.20, P = 0.0003), clarithromycin (hazard ratio = 0.02, 95% confidence interval of
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0.00 to 0.13, P < 0.0001) or tosufloxacin (hazard ratio = 0.01, 95% confidence interval of 0.00
to 0.11, P < 0.0001). The durations of fever following commencement of treatment in the 50
patients infected with MSMP were also sub-analyzed using the Cox proportional hazards
model (Table 3). The duration of fever following commencement of treatment correlated with
hospital admission during the course (hazard ratio = 0.39, 95% confidence interval of 0.17 to
0.87, P = 0.0240) and with days from fever onset to administration (hazard ratio = 0.79, 95%
confidence interval of 0.65 to 0.97, P = 0.0256). There was no statistically significant associa-
tion between duration of fever following commencement of treatment and age (P = 0.9496),
sex (P = 0.1075), or the antibiotic initially chosen.

Discussion

In the present study, the therapeutic effects of azithromycin, clarithromycin, minocycline and
tosufloxacin against MRMP and MSMP infection in pediatric patients were investigated. In
patients treated with macrolides (azithromycin and clarithromycin), the duration of fever fol-
lowing commencement of treatment for MRMP was longer than that following commence-
ment of treatment for MSMP (Figs 2 and 3). These results were consistent with the results of
the antibiotic susceptibility tests (Table 2). Similar findings have been reported [14, 19, 20, 24].
In patients infected with MRMP, the duration of fever following commencement of treat-
ment with minocycline was significantly shorter than the duration of fever following com-
mencement of treatment with macrolides (azithromycin and clarithromycin) and tosufloxacin
(Fig 1, Table 3). Minocycline is well known to be effective for treatment of MRMP infection in
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Table 3. Results of analysis using the Cox proportional hazards model to determine factors influencing duration of fever following commence-

ment of treatment.
Independent factors Unit/Control | Patients infected with either with Patients infected with MRMP Patients infected with MSMP
MRMP or MSMP (n = 109) (n=59) (n=50)
Hazard ratio (95% P Hazard ratio (95% P Hazard ratio (95% P
Confidence interval) Confidence interval) Confidence interval)
Age Per one year 1.00 (0.93-1.07) 0.9896 1.00 (0.91-1.10) 0.9467 1.00 (0.90-1.11) 0.9496
Sex Female 1.25(0.83-1.89) 0.2810 1.14 (0.62-2.08) 0.6772 1.69 (0.88-3.25) 0.1075
Admitted patients or Admitted 0.48 (0.29-0.78) 0.0031 0.50 (0.25-0.98) 0.0404 0.39 (0.17-0.87) 0.0240
outpatients patients
Days from fever onset to Per one day 0.89(0.79-1.01) 0.0621 0.92(0.76-1.10) 0.3452 0.79 (0.65-0.97) 0.0256
administration
Antibiotic initially chosen
AZM CAM 0.73(0.45-1.22) 0.2279 0.66 (0.35-1.28) 0.2228 0.75(0.34-1.72) 0.4785
MINO AZM 0.35(0.15-0.85) 0.0215 0.03 (0.00-0.20) 0.0003 0.70 (0.21-2.22) 0.5529
MINO CAM 0.26 (0.11-0.61) 0.0024 0.02 (0.00-0.13) <0.0001 0.52 (0.18-1.54) 0.2378
AZM TFLX 0.45 (0.20-0.91) 0.0256 0.48 (0.17-1.27) 0.1410 0.33 (0.08-1.06) 0.0639
CAM TFLX 0.61(0.29-1.19) 0.1554 0.72 (0.26-1.82) 0.5060 0.44 (0.12-1.23) 0.1269
MINO TFLX 0.16 (0.06-0.43) 0.0004 0.01 (0.00-0.11) <0.0001 0.23 (0.04-1.01) 0.0511
Change in antibiotics Without 1.41 (0.82-2.50) 0.2273 1.12(0.58-2.22) 0.7350 1.72 (0.63-5.56) 0.3269
during the course change
Macrolide resistance of Macrolide 0.41 (0.26-0.64) <0.0001 - - - -
M. pneumoniae resistant

AZM, azithromycin; CAM, clarithromycin; MINO, minocycline; TFLX, tosufloxacin; MRMP, macrolide-resistant Mycoplasma pneumoniae; MSMP,
macrolide-sensitive Mycoplasma pneumoniae.

https://doi.org/10.1371/journal.pone.0173635.t003

- Minocycline: T1/2 10h; bonne biodisp po; MIC 90 =0.25 mcg/ml
- Azithromycine:1/2 de 2-4 jours; biodisp po 30%; pic
plasmatique 2-3h; MIC 90 =0.25 mcg/ml

-Clarithromycine T1/2 2,2-3,5h; biodisp po 55%, pic plasmatique:
3h; MIC 90 =0.25 mcg/ml

pediatricpatientsraged GIOTSIEINMISIEANS | 1 4, 23, 26]. The clinical effects of tosufloxacin in
patients infected with MRMP have been controversial. Kawai ef al. reported that the 48-h
defervescence rate after initiation of treatment with tosufloxacin (43 of 62 patients, 69%) was
significantly higher than that after initiation of treatment with azithromycin (11 of 27 patients,
41%) [14]. Okada et al. reported that 24-h defervescence rates after initiation of treatment with
tosufloxacin and macrolides were 31% (4 of 13 patients) and 31% (4 of 13 patients), respec-
tively [26]. In our study, the duration of fever following commencement of treatment with
tosufloxacin in patients infected with MRMP was not significantly different from the duration
of fever following commencement of treatment with macrolides (azithromycin and clarithro-
mycin) (Fig 1, Table 3). Additionally, the duration of fever following commencement of treat-
ment with tosufloxacin in patients infected with MRMP was almost same as that for patients
infected with MSMP (Fig 2). In this study, we could not demonstrate a therapeutic advantage
of tosufloxacin for treatment of MRMP.

Both minocycline (MIC90, 1.0 ug/ml) and tosufloxacin (MIC90, 0.25 pg/ml) had higher
antibacterial efficacies than those of azithromycin (MIC90, 64 ug/ml) and clarithromycin
(MIC9032561ig/ml)ragainstisolatesiof MRMPI(Table 2). Therefore, antibacterial efficacy
alone could not explain the differences in clinical effects of minocycline and tosufloxacin
in patients infected with MRMP. Minocyclinehasarelatively high'blood concentration
(2.3 pg/ml afteroralladministration)of 4 mg/kg) andalonghalf=time (10 hours) [33]. Minoe*
cycline penetrates efficiently into lung tissues and bronchial mucus; mean tissue or mucus
concentration to plasma concentration ratios were 3.78 +/- 1.10 for lung parenchyma, 4.04
+/- 1.31 for bronchial walls and 1.99 +/- 1.80 for intraluminal mucus collected from bronchi
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after ofalladministration'of 100imgifor3idays [34]. In contrast, the maximum blood concen-
tration of tosufloxacin is relatively low (1.0 ug/ml after administration of 6 mg/kg) and its
half-time is short (3.8 hours) [35]. Tosufloxacin does not penetrate efficiently into lung spu-
tum and bronchial mucus; maximum sputum concentration to serum concentration ratios
were 0.34/0.94 in one patient and 0.31/0.51 in another patient after oral administration of
150 mg [36]. These differences can partially explain the differences in clinical effects of
these two antibiotics in MRMP infections.

Seventeen patients in Kushiro City for whom M. pneumoniae infection was serologically
demonstrated but nasopharyngeal swab samples were not available were considered to be
patients with MRMP for the following reasons. First, the rate of MRMP infection in Kushiro
City was 100% in this period (July 2013 to January 2014) [16]. Second, there was no statistically
significant difference in fever duration between MRMP patients and the 17 patients who were
shown to have pneumonia due to M. pneumoniae by serological tests.

In patients infected with MSMP, the durations of fever following commencement of treat-
ments with four antibiotics were different (P = 0.0162) (Fig 1). The durations of fever following
commencement of treatments with azithromycin, clarithromycin and minocycline were
shorter than the duration of fever following commencement of treatment with tosufloxacin,
though the difference was not statistically significant (Table 3).

Our study has several limitations. First, this study was a ionrandomized trial to compare
the efficacies of several antibiotics against MRMP strains. Selection of antibiotics was made
by the attending physicians. The lack of evaluation of pneumonia severity could be a con-
founding factor for comparison of fever duration and choice of the antibiotic for treating
MRMP or MSMP. We started surveillance of MRMP among pediatric patients in Hokkaido
in 2012 [16], and physicians therefore knew the prevalence of macrolide resistance in their
region. That might have influenced their choice of antibiotic for treating M. pneumoniae
pneumonia. Physicians in Kushiro City were inclined to select either minocycline or tosu-
floxacin because the macrolide resistance rate in Kushiro City was 100% in that period (July
2013 to January 2014). Six of thirteen patients prescribed minocycline and six of twelve
patients prescribed tosufloxacin resided in Kushiro City. Second, we assessed the clinical
outcome only by using fever, not by using respiratory symptoms. Third, we could not totally
exclude colonization of M. pneumoniae instead of infection in the M. pneumoniae DNA-
positive patients because of the lack of an IgG antibody against M. pneumoniae between
acute and convalescent phase serum. Finally, we could not achieve the target sample size in
this study. If we had calculated the sample size to detect the difference between 3.8 days vs.
0.9 days with 1.4 standard deviation, the required sample size becomes 7 patients with M.
pneumoniae for each antibiotic (28 in total) with 0.5 of 2-sided alpha and 90% power. Thus,
this post-hoc power calculation shows that relatively modest differences among groups
could be detected with 59 MRMP patients in the present study despite the failure to reach
the planned sample size.

In conclusion, minocycline was clinically more effective against MRMP infection in pediat-
ric patients than were the other three antibiotics (azithromycin, clarithromycin and tosufloxa-
cin). Therefore, minocycline could be one of the choices for treatment of MRMP infection in
children over 8 years of age. Treatment of MRMP infection in children less than 8 years of age
should be investigated.

Supporting information
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(XLS)
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