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Abstract

Background and Objectives Macrolide-resistant Mycoplasma pneumoniae (MR-MP) have been reported worldwide. Strate-
gies for the treatment of MR-MP are a key focus of research. The GENECUBE?® is a novel, fully automated rapid genetic
analyzer. The goals of this study were to assess the macrolide sensitivity of M. pneumoniae (MP) isolates by analyzing 23S
ribosomal RNA (rRNA) gene sequences using a GENECUBE®-based system and to determine the validity of this system
in determining clinical treatment options for MP pneumonia.

Methods This was an observational retrospective study including 150 children with MP pneumonia. We used quenching
probe polymerase chain reaction (Q-probe PCR) as implemented in the GENECUBE® system to detect macrolide resistance-
causing mutations in the MP 23S rRNA gene. We compared the duration of fever between patients receiving initial empirical
antibiotic treatment (Empirical T group) and those receiving treatment after Q-probe PCR (PCR First group) diagnosis.
Results Selecting antibiotic treatment after Q-probe PCR significantly shortened the duration of fever compared to empirical
antibiotic treatment (PCR First group, median: 6.0 days [n=32]; Empirical T group, median: 7.5 days [n=66]; p=0.002).
Comparison of macrolide sensitivity using Q-probe PCR and clinical diagnosis showed that the reliability of Q-probe PCR
was nearly validated for macrolide sensitivity.

Conclusion Q-probe PCR as implemented by GENECUBE?® is a useful tool for the diagnosis of MP pneumonia and enables
optimization of the selection of antibiotics in order to rapidly improve the clinical course of disease.

Cases of Mycoplasma pneumoniae (MP) pneumonia
were pre-screened with the GENECUBE® system to
identify macrolide-resistant isolates.

Pre-screening MP cases with the GENECUBE® system
before antibiotic treatment led to a significant reduction
in the duration of fever among MP patients.

The GENECUBE®-based method exhibited high sensi-
tivity, specificity, and reliability, making it a useful tool
for antibiotic selection for treatment of MP infections.
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1 Introduction

Mycoplasma pneumoniae (MP) is one of three species of
Mycoplasma that frequently produce infections in humans.
Many pathogenic features of MP infection are presumed to
be immune-mediated rather than induced directly by the
bacterium [1]. Although MP infections are often associ-
ated with mild-to-moderate pneumonia [2], they can also
cause serious life-threatening disease, with around a quar-
ter of patients experiencing extrapulmonary complications
[3, 4]. MP is transmitted from person to person by infected
respiratory droplets during close contact.

Macrolides are usually the first-line treatment for mac-
rolide-sensitive (MS)-MP infection. Treatment of MP
infections with clarithromycin or azithromycin results in
clinical benefits equal to those of erythromycin treatment
[5, 6]. In 2000, pneumonia-causing MP isolates exhibit-
ing macrolide resistance were isolated from patients with
community-acquired pneumonia (CAP), and macrolide
resistance has since become widespread in Japan [7, 8].
Macrolide-resistant (MR)-MP has also been reported in
Asia, France, Italy, Israel, and the USA [8-16]. The prev-
alence of MR-MP infection varies among countries: for
example, 9.8% in France [9], 26.0% in Italy [13], 32.1%
in Israel [10], and 8.2% in 2012 [11] and 13.2% in 2015 in
the USA [15]. In Japan, the highest prevalence of MR-MP
was 81.6% in 2012, which gradually decreased to 59.3%
in 2014 and 43.6% in 2015 [16].

Diagnosis of MP infection is usually confirmed retro-
spectively, such as following clinical improvement with
empirical treatment, or via serological tests using enzyme
immunoassays of paired acute and convalescent MP sam-
ples. Recently, direct polymerase chain reaction (PCR) has
been used to detect MP genomic DNA and may be highly
sensitive and specific for MP in patients with respiratory
tract infections [18-22]. The Infectious Diseases Society of
America suggests serological or PCR-based tests for the lab-
oratory diagnosis of MP infection [17]. Serological tests and
DNA detection by PCR are typically employed as diagnostic
methods for MP infections, but have limitations; for exam-
ple, serology can show negative results, mainly in the early
disease stages, and PCR does not allow researchers to dis-
tinguish between MP infection and asymptomatic carriage.
In one cross-sectional study, MP DNA was detected with
similar frequency in children with and without symptoms
of upper respiratory tract infection [23]. At present, we need
comprehensive analysis to ascertain an accurate diagnosis
of MP pneumonia, using clinical symptoms, chest X-ray,
serological tests, and DNA detection by PCR, because the
etiological diagnosis of respiratory infections caused by MP
is a constantly challenging issue due to the current lack of a
rapid, sensitive, and specific diagnostic gold standard [24].
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The GENECUBE® is a novel, fully automated rapid
genetic analyzer capable of extracting nucleic acids from
biological material, preparing reaction mixtures, and
amplifying target genes rapidly (all within 50 min) [25,
26]. Assays with this instrument are based on the hybridi-
zation of an allele-specific, fluorescence-conjugated probe
and PCR amplification by melting point analysis. We thus
speculated that the GENECUBE® could be used to detect
MP genes rapidly. The goals of this study were to use a
GENECUBE®-based system for the simultaneous detection
of the presence and macrolide sensitivity of pneumonia-
causing MP isolates by sequencing the 23S ribosomal RNA
(rRNA) gene and to compare these results with the clinical
efficacy of macrolide therapy to determine the utility of this
new system in selecting antibiotics for MP treatment.

2 Subjects and Methods

This study was carried out at the Chutoen General Medi-
cal Center, a tertiary referral hospital in Shizuoka, Japan,
from May 2013 to December 2017. The center covers an
area with a population of about 460,000, including 64,000
children younger than 15 years old. In the present study, we
retrospectively reviewed medical records to identify children
suspected of having MP pneumonia.

2.1 GENECUBE® Assay and Quenching Probe
(Q-Probe) Polymerase Chain Reaction (PCR)
for Mycoplasma pneumoniae (MP) Detection

The GENECUBE® (TOYOBO, Ltd., Osaka, Japan) is a
device that can be used for automated gene analysis, includ-
ing nucleic acid extraction, amplification, and detection.
This device can handle a maximum of eight samples at a
time and analyze up to four items at the same time. After
installing the reagents and consumables, nucleic acid extrac-
tion requires approximately 20 min, and amplification and
detection can be completed in 30 min. To determine mac-
rolide sensitivity, this method was used to detect the 23S
rRNA gene of MP and identify base mutations at positions
2063 and 2064, which are the main mutations responsible
for macrolide resistance [8, 9]. These can be clearly distin-
guished via melting curve analysis (Fig. 1).

DNA extraction was performed using the GENECUBE®
Prep module. PCR was carried out using the TEST BASIC
KIT, which contains primers and probe dilution mixture
(PPD mix, TOYOBO, Ltd., Osaka, Japan), primers, and
probe. The PCR protocol involved denaturation at 94 °C for
30 s, followed by 60 cycles of denaturation at 97 °C for 1 s,
annealing at 58 °C for 3 s, and extension at 63 °C for 5 s. The
PCR products were then automatically subjected to melting
temperature (Tm) analysis, which consisted of denaturation
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Fig. 1 Melting curve analysis for detecting macrolide-resistant Myco-
plasma pneumoniae and macrolide-sensitive M. pneumoniae. Nega-
tive control: result obtained after analysis of the negative control
sample; Positive (wild-type): result obtained after analysis of a plas-
mid containing a partial wild-type M. pneumoniae 23S rRNA gene;
Positive (A2063G): result obtained after analysis of a plasmid con-

at 94 °C for 30 s, annealing at 39 °C for 30 s, and then heat-
ing to 75 °C at a rate of 0.09 °C/s. Q-probe fluorescence was
quenched by the guanine bases in the target [25, 26].

2.2 Diagnosis of MP Pneumonia and Lower
Respiratory Tract Infections

In the present study, before the diagnosis of MP pneumo-
nia, we identified other viral and bacterial pathogens caus-
ing pneumonia using a bacterial culture test and kit for the
identification of viral antigens, such as those of influenza A
and B, human metapneumovirus, respiratory syncytial virus,
and adenovirus. The diagnosis of MP pneumonia was based
on clinical signs and symptoms of lower respiratory tract
infections (cough, fever, productive sputum, dyspnea, chest
pain, or abnormal breath sounds) and the presence of new
infiltrates on chest radiographs that were at least segmental
and were not caused by pre-existing or other known causes.
The diagnosis of MP pneumonia was confirmed using
quenching probe PCR (Q-probe PCR) of nasopharyngeal
or oropharyngeal samples or through testing for a four-fold
increase in the levels of MP antibodies in blood samples of
acutely infected and convalescent (2 or 3 weeks after fever
onset) patients. Antibodies to M. pneumoniae were measured
using particle agglutination (PA) tests (Serodia-Myco II kit,
Fujirebio, Tokyo, Japan; the manufacturers claim that the
Serodia-Myco II PA test exclusively detects IgM antibody)

taining a partial M. pneumoniae 23S rRNA gene with the A2063G
substitution; Positive (A2064G): result obtained after analysis of a
plasmid containing a partial M. pneumoniae 23S TRNA gene with the
A2064G substitution. Reproduced from Kawashima et al. [42], with
permission

[27]. If patients who met the criteria for MP pneumonia were
suspected to also have secondary respiratory infections or
other disease, we discussed and finally diagnosed the patient
during a daily conference with staff doctors.

2.3 Outcomes

The primary outcome was the duration of fever, defined by
the period from fever onset to the afebrile state, and this
was compared between the group of children administered
empirical antibiotic treatment first (Empirical T group), fol-
lowed by Q-probe PCR diagnosis of MP pneumonia, and the
group administered antibiotics after Q-probe PCR diagnosis
of MP pneumonia (Q-probe PCR First group). Antibiotic
regimens included erythromycin 25-50 mg/kg/day in four
or six divided doses; clarithromycin 10-15 mg/kg/day in two
or three divided doses; azithromycin 10 mg/kg in one dose
(maximum dose 500 mg) on 3 days; tosufloxacin 12 mg/
kg per day in two divided doses; minocycline 2—4 mg/kg/
day in two divided doses; and garenoxacin 400 mg/day in
one dose. The Empirical T group comprised those patients
administered empirical antibiotics, including erythromycin,
azithromycin, clarithromycin, tosufloxacin, minocycline, and
garenoxacin, before Q-probe PCR examination. Patients
administered penicillin or cephalosporin antibiotics before
Q-probe PCR examination were excluded. The choice of
antibiotics depended on the institutes or physicians attending
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the patients. The Q-probe PCR first group (PCR First) was
defined as those patients administered erythromycin, azithro-
mycin, clarithromycin, tosufloxacin, and minocycline after
Q-probe PCR examination. Based on the results of Q-probe
PCR, MS-MP patients were administered clarithromycin or
azithromycin, MR-MP patients younger than 8 years were
administered tosufloxacin, and MR-MP patients older than
8 years were administered minocycline. We compared the
duration of fever, clinical course, and blood characteristics,
such as white blood cells, red blood cells, hemoglobin,
hematocrit, platelets, total protein, albumin, aspirate ami-
notransferase, alanine aminotransferase (ALT), lactate
dehydrogenase, blood urea nitrogen, creatinine, total biliru-
bin, and C-reactive protein between the Empirical T group
and the PCR First group. In the Empirical T group, blood
examination was performed after macrolide or tetracycline
treatment; in the PCR First group, blood examination was
performed at the time of PCR examination. Corticosteroids
were administered if the patient experienced a prolonged
fever of more than 1 week after antibiotic therapy. Patients
who were administered antibiotics with corticosteroids as
the initial treatment were excluded.

The secondary outcome was the diagnosis of macrolide
sensitivity in MP cases, for which clinical diagnosis was
compared with Q-probe PCR detection. An MP-macrolide
responder (MP-M responder) diagnosis was given to patients
who were afebrile with improvements in clinical symptoms
after administration of clarithromycin or azithromycin.
An MP-macrolide non-responder (MP-M non-responder)
diagnosis was given to patients who were not afebrile with
improvements in clinical symptoms after administration of
macrolide antibiotics or patients who were afebrile with
improvements in clinical symptoms after administration of
minocycline, tosufloxacin, or garenoxacin. Fever was defined
as a maximum axillary temperature of >37.5 °C (measured
two or three times) during the day. Afebrile was defined
by a maximum axillary temperature of less than 37.5 °C,
which was maintained for more than 48 h. Antibiotic resist-
ance was defined as an axillary temperature of more than
37.5 °C, maintained for more than 48 h after administration
of antibiotics.

2.4 Data Analysis

Results are expressed as the median and interquartile
range. Two-sided comparisons between groups were con-
ducted using the Mann—Whitney U test, Chi-square test,
or Fisher’s exact test, as appropriate. Three-sided com-
parisons were tested using a one-way analysis of variance
(ANOVA). Post hoc analyses were performed using the
Bonferroni test. We calculated sensitivity, specificity, and
kappa statistics with respective 95% confidence inter-
vals (CIs) to compare the MP-M responder isolates and
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MS-MP isolates detected through Q-probe PCR. Kappa
coefficients varied between 0 and 1. We used the following
semi-quantitative scale to determine the extent of agree-
ment: > 0.8 (very good), 0.61-0.80 (good), 0.41-0.60
(moderate), 0.21-0.40 (fair), or < 0.21 (slight) [28].

For all statistical analyses, p <0.05 was considered
significant. All statistical analyses were performed with
EZR (Saitama Medical Center, Jichi Medical University,
Tochigi, Japan), which is a graphical user interface for R
(The R Foundation for Statistical Computing) [29]. More
precisely, it is a modified version of R Commander that
was designed to add statistical functions frequently used
in biostatistics.

3 Results
3.1 Prevalence of Macrolide-Resistant MP

The study design is shown in Fig. 2. In total, 346 chil-
dren were suspected to have MP pneumonia during the
study period. Of these, 156 were excluded as they were
found to be negative for MP via PCR and to not exhibit
increasing mycoplasma PA. The study group therefore
included 190 children suspected to have MP pneumonia.
Forty cases were excluded based on the exclusion criteria,
Q-probe PCR positive with no MP pneumonia, including
27 without chest X-rays, one complicated with asthma,
one complicated with acute appendicitis, one complicated
with Kawasaki disease, one complicated with Streprococ-
cus pyogenes infection, and nine with symptoms of cough
with no fever. In 150 children, the diagnosis of MP pneu-
monia was confirmed: 139 Q-probe PCR positive with MP
pneumonia and 11 Q-probe negative with MP pneumo-
nia through testing for a four-fold increase in the level of
MP antibodies (PA method) in blood samples of acutely
infected and convalescent patients. There were 53 patients
in the hospital and 97 were outpatients. The decision to
hospitalize a patient was made on a case-by-case basis
depending upon age, underlying medical problems, and
clinical factors including severity of illness. The selection
of the hospital was determined by the institute at which
members of our clinical working group were based. Of
the 139 Q-probe PCR-positive MP cases, 60 were positive
for MR-MP (40.0%). Table 1 shows a comparison of the
clinical courses and blood examinations between MR-MP
and MS-MP cases and sensitivity of Q-probe PCR for MP
using the GENECUBE® method. In the Q-probe PCR-
positive samples collected between 2013 and 2015, 18 of
57 (31.6%) were MR-MP positive, whereas among those
collected between 2016 and 2017, 42 of 82 were (51.2%)
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346 children Excluded:
1 156 PCR-negative and no 4-fold increase in the level of MP
E— antibodies (PA method) in blood samples
190 Chlld LEn Excluded: PCR positive with no MP pneumonia
1 _— 27, lacking X-rays; 1, Asthma; 1, Appendicitis; 1, Kawasaki disease;
1, Streptococcus pyogenes infection; 9, cough with no fever
150 children Included: 11 MP pneumonia, PCR negative with 4-fold increasein the
level of MP antibodies (PA method) in blood samples
v ¥
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Secondary outcome dufation
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! }
32 PCR First group 66 Empirical T group

Primary outcome

Fig.2 Design of the present study. CEF cephalosporin, MP Mycoplasma pneumoniae, MR-MP macrolide-resistant Mycoplasma pneumoniae,
MS-MP macrolide-sensitive Mycoplasma pneumoniae, PA particle agglutination, PCR polymerase chain reaction, PEN penicillin

Table 1 Comparison of macrolide-resistant Mycoplasma pneumoniae and macrolide-sensitive M. pneumoniae cases as determined by

GENECUBE®

Variable MR-MP positive® (n=60) MS-MP positive? (n=79) p value
Age (years) 9.2 (6.6-10.7) 8.1 (6.0-10.5) 0.231
Sex (male:female) [n] 27:33 43:36 0.306
PCR examination days® 6 (5-7) 6 (4-7) 0.100
WBC (/pL) 6400 (5600-7750) 6800 (5350-9000) 0.410
RBC (x 10*uL) 472 (448-498) 473 (458-492) 0.719
Hb (g/dL) 13.0 (12.4-13.7) 12.8 (12.4-13.4) 0.675
Ht (%) 38.7 (37.0-41.2) 38.1 (36.8-40.1) 0.457
Plt (x 10*/pL) 24.4 (21.3-30.7) 24.8 (21.4-30.6) 0.795
TP (g/dL) 7.2 (6.9-17.5) 7.1(6.7-7.4) 0.006
Alb (g/dL) 393.84.2) 39(3.84.1) 0.410
AST (U/L) 30.0 (25.5-38.0) 29.0 (25.6-33.0) 0.214
ALT (U/L) 15.0 (12.0-18.5) 13.0 (10.8-16.0) 0.008
LDH (U/L) 279.0 (261.0-335.0) 298.5 (258.0-336.3) 0.976
BUN (mg/dL) 10.8 (8.6-12.3) 9.5 (7.8-11.0) 0.012
Cre (mg/dL) 0.38 (0.33-0.48) 0.39 (0.30-0.47) 0.483
T.bil (mg/dL) 0.5 (0.4-0.6) 0.5 (0.4-0.6) 0.598
CRP (mg/dL) 1.8 (1.3-2.9) 2.0 (1.0-2.9) 0.946

Data are median (interquartile range), unless otherwise stated

Alb albumin, ALT alanine aminotransferase, AST aspirate aminotransferase, BUN blood urea nitrogen, Cre creatinine, CRP C-reactive protein,
Hb hemoglobin, Ht hematocrit, LDH lactate dehydrogenase, MR-MP macrolide-resistant Mycoplasma pneumoniae, MS-MP macrolide-sensitive
Mycoplasma pneumoniae, PCR polymerase chain reaction, Plt platelet, RBC red blood cell, T.bil total bilirubin, TP total protein, WBC white

blood cell
2As determined by GENECUBE®
The interval from fever onset to PCR examination
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MR-MP positive, indicating a significant increase in the
prevalence over time (p =0.025).

3.2 Empirical Treatment Versus Treatment After
Detection with Q-Probe PCR

For the comparison of empirical treatment and treatment
after Q-probe PCR, 41 patients were further excluded: nine
patients who were administered antibiotics and corticoster-
oids at initial treatment, 12 patients for whom the number
of afebrile days could not be confirmed because they did not
follow the proper antibiotic regimen, and six and 14 patients
who were administered penicillin and cephalosporin,
respectively, before Q-probe PCR examination. Among the
remaining patients, there was a significant difference in the
duration of fever between the Empirical T and PCR First
groups (Fig. 3, Table 2). There were also significant dif-
ferences in the sex, number of PCR examination days, and
macrolide sensitivity between the two groups. The first anti-
biotic therapy is shown in Table 3. In the PCR First group,
there were 24 MS-MP isolates, with eight cases effectively
treated with azithromycin and 13 cases effectively treated
with clarithromycin. Although clarithromycin or azithromy-
cin was indicated for two patients (a 12-year-old female and
a 9-year-old male), they could not take clarithromycin or
azithromycin powder and were instead administered a tablet
of minocycline, leading both cases to be afebrile. One case
of MS-MP was found to be resistant to azithromycin, and

* p=0.002

! ¥

12

10

Duration of Fever (days)

Empirical T group
7.5 days (6.3-9.0 days, n = 66)

PCR First group
6.0 days (5.0-8.0 days, n = 32)

Fig.3 Comparison of duration of fever between the Empirical T and
PCR First groups. Selection of antibiotic treatment after Q-probe
PCR significantly shortened the duration of fever when compared
to empirical antibiotic treatment. First PCR group, median: 6.0 days
(n=32, IQR 5.0-8.0 days); Empirical T group, median: 7.5 days
(n=66, IQR 6.3-9.0 days), p=0.002. IQR interquartile range, PCR
polymerase chain reaction, Q-Probe PCR quenching probe polymer-
ase chain reaction
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this patient was administered corticosteroids for prolonged
fever. Also, in the PCR First group, there were eight MR-MP
cases, with four effectively treated with minocycline and
three effectively treated with tosufloxacin. One MR-MP case
was resistant to tosufloxacin, and this patient was adminis-
tered corticosteroids for prolonged fever.

In the Empirical T group, there were 22 MS-MP cases.
Among these, three received empirical administration of
azithromycin, including one that was resistant to azithro-
mycin; ten received clarithromycin, including five that were
resistant; two received erythromycin, including two that were
resistant; one received garenoxacin and was resistant; and
six received tosufloxacin, including five that were resistant.
Fourteen of the 22 MS-MP cases in the Empirical T group
(63.6%) were resistant to the first antibiotic used for treat-
ment, especially those who received tosufloxacin first, with
five of six being resistant. There were 44 cases of MR-MP in
the Empirical T group. Among these, 14 received empirical
administration of Azithromycin (AZX), all of which were
resistant; two received azithromycin first and tosufloxacin
second, both of which were resistant; 15 received clarithro-
mycin, all of which were resistant; one received clarithro-
mycin first and azithromycin second and was resistant; three
received clarithromycin first and tosufloxacin second, all of
which were resistant; two received minocycline, none of
which were resistant; and seven received tosufloxacin, four
of which were resistant. Thirty-nine of the 44 MR-MP cases
in the Empirical T group (88.6%) were resistant to the first
antibiotic used.

In the end, among the 22 MS-MP cases in the Empiri-
cal T group, azithromycin was effective in seven cases,
clarithromycin was effective in ten cases, garenoxacin was
effective in one case, and tosufloxacin was effective in two
cases. Azithromycin was only partially effective in two
MS-MP cases, requiring the administration of corticoster-
oids. Among the 44 MR-MP cases, azithromycin was effec-
tive in one case, clarithromycin was effective in one case,
minocycline was effective in 22 cases, and tosufloxacin was
effective in 11 cases. There were nine cases of MR-MP in
the Empirical T group in which antibiotics were only par-
tially effective (four patients administered minocycline and
five administered tosufloxacin), and these patients received
corticosteroids for prolonged fever.

3.3 Q-Probe PCR Versus Clinical Diagnosis
of Macrolide Sensitivity

Among the patient samples, 11 were Q-probe PCR negative
and 139 were Q-probe PCR positive. Of these, 21 patients
were excluded, including nine patients administered antibiot-
ics and corticosteroids at initial treatment and 12 patients for
whom the number of afebrile days could not be confirmed
because they did not follow the proper antibiotic regimen.
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Table 2 Comparison of empirical T and PCR First groups

Variable Empirical T* (n=66) PCR First® (n=32) p value
Age (years) 8.6 (6.5-11.1) 8.7 (6.5-10.0) 0.716
Sex (male:female) [n] 27:39 21:11 0.031
PCR examination days® 6 (5-8) 5 (4-6) <0.001
MS/MR (MS%)-MP 22/44 (33.3%) 24/8 (75.0%) <0.001
Corticosteroid use (1) 11 2 0.211
WBC (/uL) 6400 (5700-8200) 7900 (6100-9300) 0.091
RBC (x 10*uL) 471 (449-492) 478 (463-506) 0.203
Hb (g/dL) 12.8 (12.3-13.3) 13.1 (12.6-13.8) 0.383
Ht (%) 38.1 (36.8-40.7) 38.9 (37.0-40.9) 0.687
Plt (x 10*pL) 24.6 (21.8-32.9) 24.8 (20.7-28.9) 0.546
TP (g/dL) 7.2 (6.8-7.5) 7.2 (6.9-7.4) 0.758
Alb (g/dL) 39(3.84.1) 393.94.1) 0.359
AST (U/L) 14.0 (11.0-17.0) 13.0 (11.0-15.0) 0.243
ALT (U/L) 14.0 (12.0-19.0) 13.0 (11.0-15.0) 0.097
LDH (U/L) 297 (262-346) 304 (268-335) 0.972
BUN (mg/dL) 9.6 (8.1-12.2) 10.9 (9.5-11.8) 0.327
Cre (mg/dL) 0.37 (0.31-0.47) 0.42 (0.36-0.58) 0.121
T.bil (mg/dL) 0.5 (0.4-0.6) 0.5 (0.4-0.6) 0.896
CRP (mg/dL) 2.0(1.4-3.1) 2.1(1.0-3.9) 0.900

Data are median (interquartile range), unless otherwise stated

Alb albumin, ALT alanine aminotransferase, AST aspirate aminotransferase, BUN blood urea nitrogen, Cre creatinine, CRP C-reactive protein,
Hb hemoglobin, Ht hematocrit, LDH lactate dehydrogenase, MR-MP macrolide-resistant Mycoplasma pneumoniae, MS macrolide-sensitive,
MS-MP macrolide-sensitive Mycoplasma pneumoniae, n Number of patients using corticosteroid, PCR polymerase chain reaction, Plt platelet,
RBC red blood cell, T.bil total bilirubin, TP total protein, WBC white blood cell

*Empirical T: empirical macrolide treatment
PPCR First: antibiotic treatment started after PCR examination

°The interval from fever onset to PCR examination

Table 3 The first antibiotic therapy in the present study

Empirical T* (n=66) PCR
First®
(n=32)
MS-MP 22 24
First macrolide responder  7/15 21/22
First TFX responder 1/6 0/0
First MINO responder 0/0 2/2
Others 1 GRNX non-responder 0/0
MR-MP 44 8
First macrolide responder 0/35 0/0
First TFX responder 477 3/4
First MINO responder 2/2 4/4

Data are given as the number of responders/the number of admin-
istrations of antibiotic therapy. Macrolides included erythromycin,
clarithromycin, and azithromycin

GRNX garenoxacin, MINO minocycline, MR-MP macrolide-resistant
Mycoplasma pneumoniae, MS-MP macrolide-sensitive Mycoplasma
pneumoniae, PCR polymerase chain reaction, 7FX tosufloxacin

“Empirical T: empirical macrolide treatment

PPCR first: antibiotic treatment started after PCR examination

Table 4 Comparison of clinical and GENECUBE®-based diagnosis
of macrolide sensitivity

MP-M MP-M non- p value®
responder responder
(n=59) (n=170)
PCR negative (n=11) 3 8 <0.001
MS-MP positive (n=65) 54 11
MR-MP positive (n=53) 2 51

MP-M Mpycoplasma pneumoniae—macrolide, MR-MP macrolide-
resistant Mycoplasma pneumoniae, MS-MP macrolide-sensitive
Mycoplasma pneumoniae, PCR polymerase chain reaction

*PCR negative vs. MS-MP positive: p=0.001; PCR negative vs.
MR-MP positive: p=0.128; MS-MP positive vs. MR-MP positive:
p<0.001 after Bonferroni test

Clinical diagnosis of macrolide sensitivity was therefore per-
formed in 129 patients, with a clinical diagnosis of MP-M
responders in 59 cases and a clinical diagnosis of MP-M non-
responders in 70 cases. Table 4 compares rates of clinical
and Q-probe PCR diagnosis of macrolide sensitivity. Those
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cases that were Q-probe PCR negative tended to exhibit a
clinical course similar to that of MP-M non-responder cases.
Among the three Q-probe PCR-negative cases that were
clinically diagnosed as MP-M responders, azithromycin was
effective in one case, and clarithromycin was effective in two
cases. Of the eight Q-probe PCR-negative cases that were
clinically diagnosed as MP-M non-responders, tosufloxa-
cin was effective in four cases; among the other four cases,
two were resistant to minocycline and two were resistant
to tosufloxacin, and all received corticosteroids. Of the 11
cases diagnosed as MS-MP by Q-probe PCR but diagnosed
clinically as MP-M non-responders, minocycline was effec-
tive in three cases, tosufloxacin was effective in two cases,
and garenoxacin was effective in one case. The remaining
five cases were resistant to azithromycin and received corti-
costeroids. There were 51 cases diagnosed as MR-MP using
both Q-probe PCR and clinical diagnosis; among these,
minocycline was effective in 27 cases, and tosufloxacin was
effective in 14. Among the remaining ten cases, four were
resistant to minocycline, six were resistant to tosufloxacin,
and all were administered corticosteroids. Table 5 shows
the validation of Q-probe PCR detection when compared
to clinical diagnosis in the present study. According to this
validation, for MS-MP cases, the sensitivity of Q-probe PCR
was 91.5% (95% CI 81.3-97.2), specificity was 84.3% (95%
CI 71.7-91.2), positive predictive value (PPV) was 83.1%
(95% CI 71.7-91.2), negative predictive value (NPV) was
92.2% (95% CI 82.7-97.4), and kappa was 0.75 (95% CI
0.64-0.87). For MR-MP cases, sensitivity was 72.9% (95%
CI 60.9-82.8), specificity was 96.6% (95% CI 88.3-99.6),
PPV was 96.2% (95% CI 87.0-99.5), NPV was 75.0% (95%
CI 63.7-84.2), and kappa was 0.68 (95% CI 0.55-0.80).

4 Discussion
Prolonged fever of more than 48 h after the initiation of anti-

biotic treatment has been reported in children with MR-MP
who were treated with macrolide antibiotics [12, 30]. In

Table 5 Validation of GENECUBE® diagnosis of macrolide sensitivity

the present study, we retrospectively compared the dura-
tion of fever between patients who received initial empiri-
cal antibiotic treatment and those who received antibiotic
treatment after Q-probe PCR diagnosis. Our results showed
that selecting the antibiotic for treatment after Q-probe PCR
significantly shortened the duration of fever compared to
empirical antibiotic treatment. No significant differences
were observed between MS-MP and MR-MP in terms of
clinical symptoms or examination results.

In Japan, the highest prevalence of MR-MP was 81.6%
in 2012, which gradually decreased to 59.3% in 2014 and
43.6% in 2015 [16]. However, during the study period of
this experiment, the prevalence of MR-MP among children
in the Chutoen area increased significantly. Thus, the pos-
sibility of MR-MP should be considered in children with
suspected MP infection who do not respond as expected to
macrolide treatment, and strategies for MR-MP treatment
should be a key area of research. Pharmacokinetic and
clinical data indicate that both tetracyclines and fluoroqui-
nolones are highly effective in the treatment of MS-MP and
MR-MP [3, 7, 31-33]. Currently, macrolides are the only
practical option for treatment of MP pneumonia in young
children, since both fluoroquinolones and tetracyclines are
relatively contraindicated for patients younger than 18 and
8 years of age, respectively, due to safety and toxicity con-
cerns [34, 35]. In Japan, guiding principles for treating MP
pneumonia were recently published (2014) [36]. According
to this guideline, macrolides are recommended as the first-
line drug for treating MP pneumonia because their minimal
inhibitory concentrations (MICs) against MS-MP are quite
low. In contrast, the MICs of tosufloxacin and minocycline
against MP are relatively high, and in some patients infec-
tion may persist in the airways and become disseminated
after treatment. Generally, children who are hospitalized
with pneumonia are initially treated empirically. Empirical
treatment is encouraged in the 2011 and 2014 guidelines for
the treatment of MP infection [35, 36]. However, evidence
has shown that the excessive and uncontrolled use of long-
acting, broad-spectrum macrolides may be the main driver

MP-M responder MP-M responder p value® MP-M non-responder MP-M non-responder  p value®
positive negative positive negative
MS-MP positive 54 11 <0.001
MS-MP negative 5 59
MR-MP positive 51 2 <0.001
MR-MP negative 19 57

MP-M Mycoplasma pneumoniae—macrolide, MR-MP macrolide-resistant Mycoplasma pneumoniae, MS-MP macrolide-sensitive Mycoplasma

pneumoniae, PCR polymerase chain reaction

*PCR negative vs. MS-MP positive: p=0.001; PCR negative vs. MR-MP positive: p=0.128; MS-MP positive vs. MR-MP positive: p <0.001

after Bonferroni test
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of the development of macrolide resistance [37], and inap-
propriate use or overuse of antibiotics is a major factor in the
development of antibiotic resistance [38]. However, prompt
initiation of antibiotic treatment is crucial in children with
CAP. With changes in the prevalence of MR-MP, the opti-
mization of antibacterial use is important, both in the care
of individual patients and within strategies to address the
wider problem of antibacterial resistance. This has prompted
the need for methods allowing the rapid diagnosis of MP
infections and the proper use of antibiotics in the treatment
of outpatients. Our results show that the Q-probe PCR as
implemented by the GENECUBE® system can enable the
optimization of antibacterial selection and be used to rapidly
improve the clinical course of MP pneumonia.

Previous research reported a PCR method for MP detec-
tion with a sensitivity of 92% [21]. In the present study, the
sensitivity of the Q-probe PCR for detecting MP infection
was unclear. Recently, inconsistencies have been reported
between PCR-based and PA tests for MP laboratory diag-
nosis, indicating that PA tests may exhibit high false-pos-
itive rates and that PCR-based tests may be more accurate
in detecting true MP infection [39]. Moreover, no single
diagnostic test is considered optimal for MP detection, and
improved assays are required [24]. We validated the abil-
ity of Q-probe PCR to determine the macrolide sensitivity
of MP isolates by comparing it with the clinical diagnosis
of macrolide sensitivity. The reliability of Q-probe PCR
in determining macrolide sensitivity was nearly validated.
Thus, our results showed that the sensitivity, specificity,
and reliability of the Q-probe PCR as implemented by
GENECUBE® were sufficient for the detection of macrolide
sensitivity in MP pneumonia. The sensitivity and accuracy
of Q-probe PCR are dependent on the design of primers
with high amplification efficiency, and several sets of PCR
primers have been designed for Q-probe PCR of MP. The
Q-probe PCR GENECUBE® system allows for the rapid,
simple, non-invasive detection of 23S rRNA gene mutations
within 50 min from start to finish.

A 2014 systematic review of 17 studies (4294 patients)
found insufficient evidence for the efficacy of antimicrobial
treatment of MP in reducing respiratory tract infections or
improving symptoms, including the duration of fever [39].
This analysis, however, was limited by publication bias;
heterogeneity; and the lack of blinding, consistent diag-
nostic methods, reliable outcome measures, and informa-
tion on duration of symptoms or mixed infections in the
included studies [40, 41]. We suggest that the Q-probe PCR
by GENECUBE? is a useful tool for the clinical and epide-
miological control of MP pneumonia.

There are several limitations of the present study. This
study was conducted with a relatively small number of
patients and used a retrospective, cross-sectional study
design. There may be selection bias, as all cases of MP

pneumonia were derived from a single tertiary referral hos-
pital. There were significant differences in macrolide sensi-
tivity between the Empirical T and PCR First groups. One
reason for this difference could be that some children with
MP pneumonia who were administered empirical antibiotic
treatment improved before being referred our hospital; these
children were therefore excluded from the present study. In
the present study, the empirical therapeutic use of fluoro-
quinolones and tetracyclines was conducted in only three
patients: one was administered garenoxacin and two were
administered minocycline. Although the sample size was
small, we considered that there was no bias in the analysis of
primary outcomes of the empirical therapeutic use of fluo-
roquinolones and tetracyclines. The GENECUBE® method
cannot detect the macrolide resistance-causing mutation at
position 2617 in the 23S rRNA gene of MP, and thus MP
pneumonia cases with this mutation were included in the
MS-MP group. However, the most frequent MR-MP-caus-
ing mutation in Japan is the mutation at position 2063 [16].
Cases of MR-MP pneumonia caused by the 2617 mutation
may be very rare, and this source of study bias can largely
be ignored. Fourth, we did not analyze mutations in the
23S rRNA gene by direct sequencing to confirm the results
of Q-probe PCR. However, previous studies validated the
23S rRNA gene mutation using Q-probe PCR [42]. ALT
levels were significantly different between the MR-MP and
MS-MP cases. The reason for this is unknown but may
involve bias due to the limited number of study subjects.
There was a distinct difference in the collection timing of
initial blood samples between the Empirical T group and
PCR First group. Comparisons between these datasets may
have introduced bias. Another limitation was the complete
exclusion of secondary respiratory infections.

5 Conclusion

In spite of the limitations mentioned, and although decisions
regarding empirical treatment are complicated by substantial
differences in the clinical presentation of MP pneumonia,
Q-probe PCR by GENECUBE® can be useful for optimiz-
ing antibacterial selection and rapidly improving the clinical
course of disease. Further studies of the Q-probe PCR by the
GENECUBE?® system, including prospective randomized
trials, are needed given the frequent use of macrolide anti-
biotics in children.
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