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1. (IU®IC

filige~ A 275 X< (Mycoplasma pneumoniae : M. pneu-

moniae) &, /INEREEZICBIT S L - FTEOEEGIEDE
FERRRETHY, FLRACRII(ELIERET LA
275 A<HiRORNETH A", M. pneumoniae JEYIE
1%, ZAlithili % (community-acquired pneumonia : CAP)
D 20%”, /NBD CAP D 30% % o5 &IN5, FasHE
T 2011 4EA 5 2012 4E222F T M. pneumoniae JEYLRE DS
KAT L7278, IBROE IR THL~ 7051 FRILE
¥ (OUF, 7994 F) CifEE2RT~ 7074 Ntk
M. pneumoniae HHATOEGZ HD72Z & HRHEHE SN
729

JRYYE DR E BRT 5 9 2T, WRIEMAEY O 5 1% 0
MITEELRTE L %5, H4E, M. pneumoniae IZBWTH
Tl & DT ARATEME. S, TR~ sa54 F

itV D BAFRASEE ACHgE S T\ B, AfaTld, M. pneumo-

niae DI TEFEE~Y 7074 FiFEIZoWT, WWER#A
e GRS N-FZE R 2 R 2 TIRL T 5 & & HiT, BR
By TcHwo A~ 271 F 4 Rtk M. pneumoniae Okt

BIZOWTRBNANT 5. E512, 7 a5 4 Nt M. pneumo-

niae EGIEDFRTICOVWT L5,
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2. M. pneumoniae D45

M. pneumoniae \¥EY) ¥ 2—7 A, ¥4 377 A~<H,
RATATTATE, w4 AT FTARIBIIET S, NTHHT
HOeMm % Ry hoMERD 1 >5TH b, EFE1~2um,
HE01~02um ®7 1 5 4 ¥ MRONSZMETH Y, 7
JhH A XL %816 FHLHNTE /NS v (KIBH D 1/6 21 o
F72, MfEEEZ RS E W) RERDDH Y, 7T LGl gt
THb"

M. pneumoniae (T HARSGI OMIE B EICHET S Pl
TN EHNLTRELHELRICHESETLIZLICLY e b
WZIEGes 5, ZDP1 ¥ Y8213 M. pneumoniae D iEE
BB THLIEIZ R L L bIT, BGIE EORIZEIn
BB B ERENPURKTD DAY, M. pneumoniae JEGLIE
DIERE, A5 L7z M. pneumoniae HEET HHHEB IO
MBS = I T & R £ 0 HARGEIEIC & 258 O REG
EOMEMERICE s THIERIENDLEEZLNRTVSY,

M. pneumoniae \ZEERMAKRD & O BER =W FETH
bOO, FEHIZAT O —VEYRT L WH D o B I % 3
MU 7488k 55 (PPLO B53b55) ASh%a 2 &Y, LR
A6 R & B W08 ICRER (1~38M) 2E4 25
Z &5, M. pneumoniae JEHHREDBWIE L LC o5 HER:
EOGHMEIEE L v, L2L, #8395 M. pneumoniae
D53 F-PESFERT R0 LA M O FEAT VA R 55 BlEAR O B PS8
OTHETH D, BZEF TS, WBEEHENZEH THEML T
W5 M. pneumoniae 7R OME % Fig. 1 \IRT . 4
RO HESE 2 BRI Nz2v,
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Fig. 1. Culture method of M. pneumoniae in Yamagata Prefectural Institute of Public Health
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Fig. 2. Weekly patient number per sentinel sites of M. pneumoniae from 2000 to 2019 in Japan reported by The National Epidemiologi-
cal Surveillance of Infectious Diseases
The graph was presented according to the data provided in reference 11.

3. M. pneumoniae BEZSE DFEEE ARBRBEDTWizZ Ehs, EEMIEYAITI A~

FAE D M. pneumoniae FEYLREDFEAEBIANE, [E DY g DB %2 KT 55D TH 72" 4 377 A<hli%k
SEFREBAEREICBIT M 375 A<idk (KA 131980 4EARITIZ 4 4R 12 1 FED AN 2 AT A S h T B
DOHFEGE, EILIRRER) OFERMFAIC L - TR D, WATAENA Y Y ¥y ZBEEIC L Tna 2 e st
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Table 1. MICs of macrolides against M. pneumoniae with or without macrolide resistance-associated mutation
MIC range (mg/mL)
M. pneunoniae strain Erythro- Clarithro- Azithro- Rokitamy- Telithro- Josamy- Mideca- Minocy- Levo- Tosu-
mycin mycin mycin cin mycin cin mycin cline floxacin  floxacin
Strains with macrolide resistance-associated mutation
A2063G  (n=96) 32->64  32->64 16->64  0.156->64 16->64 0.0625- 2->64 0.0625-1 0.5-1 ND
>64
A2063T (n=29) 64-256 128-256 16-64 1-2 ND ND ND 0.125-05 ND 0.1250.1
A2063C (n=1) >256 128 16 4 ND ND ND 05 ND 05
A2064G (n=7) 64->64  16->64 16-64 8->16 1->16 64->64 >64 0.0313-1 05-1 ND
A2064C (n=1) 256 64 1 16 ND ND ND 0.125 ND 0.25
C2617A (n=1) 1 05 0.0313 0.0313 0.0625 0.0625 ND 1 1 ND
C2617G (n=4) 1-2 0.25-0.5 0.00781- 0.0156- ND ND ND 0.125-0.5 ND 0.25-0.5
0.0156 0.0313
Strains without macrolide resistance-associated mutation
(n=423)  0.00195-  0.00049-  0.00012- 0.0039- 0.00024-  0.0156- 0.0625- 003132 01251 ND
0.0313 0.0313 0.00195 0.0313 0.0039 0.0625 0.25

ND, not determined.

MICs of strains with A2063G, A2064G, and C2617A mutations and strains without macrolide resistance-associated mutation were adapt-

ed from previous study (reference 21).

MICs of strains with A2063T, A2063C, A2064C, and C2617G mutations were determined in our study (reference 22).
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Fig. 3. Annual transition of P1 type of M. pneumoniae isolated from 2004 to 2016 in Yamagata, Japan
The gray and black bar show the ratio of P1 type 1 strain and P1 type 2 strain including type 2 variants, respectively. The figure was

presented by modifying reference 19 and adding unpublished data.

SN, A4 375 APk Z1ZT®, loop-mediated iso-
thermal amplification (LAMP) ##I12X 5~ 375 A~
MR ERAT (2011 AEPRBINE), 4147 7~ MEICLS
<A 37T A PFEEERA (2013 ERBINER) 12XV 2
Wr e~ A a7 7 X< MisgEfaEt LS Twab, Fig 2
122000 4E 5 2019 4E F T~ A 275 A<M SF A B O
WRZRTY, 4 375 A<M %imdT o B 2000 4F
DB S WIS 2> CTld e o 7285, IEAETIE 2011 42705 2012 4%
AT T E 2016 FFITK & LT 2 720, AT ORIITEL R

NO2H5EINIHRZD,

4. M. pneumoniae O~ %7 O A Nit&

M. pneumoniae FERYIEDHIIZBWTIE, KR OMIIRE
ERLEEVHIIFBICEY B-F 7 7 2 RPUH TR TH 5
720, royAuvA Ty, TYAURA Y Y, Bl Fx
FA TV VEORIUTA PPERBPFELE N, L
ML, 2000 SELIBE~ 27 05 4 FICHT At #E L M
pneumoniae 257 TV T & & L ZHIIN L 722, FRATE
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Table 2. Correspondence of profiles of three different molecular
epidemiological methods of M. pneumoniae; P1 typing,
MLST, and MLVA

P1 type ST MLVA type Reference

Type 1 1 4572 33
4-5-7-2 33
5 4-5-7-2 33
4572 33
11 4572 33
12 4-5-7-2 33
13 ND 39

17 ND 39, 41
18 ND 39
19 ND 39
20 ND 39
21 ND 39
22 ND 39
29 ND 39
30 ND 39
ND 4-5-7-3 19
Type 2 2 3-5-6-2 33

(including type 2 variants) 3-6-6-2

4 3-6-6-2 33
6 3-6-6-2 33
7 3-6-6-2 33
8 3-6-6-2 33
10 3-6-6-2 33
11 3-6-6-2 33

14 ND 39, 41

15 ND 39,41
16 ND 39
31 ND 41

ND, not determined.

T, ¥~27 a7 4 Fif?k M. pneumoniae 1 2001 4F 24 &
THH S, DL PE # R 38 1E 2003 4E 12 5.0%, 2006
12 30.6%, 2009 412 59.1%, 2011 4£12 89.5% & 4E & HalnL
T2 EHEIN TS,

M. pneumoniae D~ 7 1 F 4 Fiijtkix, ~2us 4 Fo
FELREMEMTH S 23S rRNA KA AL ¥ ViElEEZa—F
T LB TOHER (704 NifE#EETER) 1I2X)
fT5.8N5b, BARWICIE, 27874 FBNAAL 2 VITH
95 ETEEZR 20631, 2064 LOT7 TF=rDOHERIZX
D774 FPRETERL Y, 7074 FICEER
PAb$ 5", F72, 23S rRNA O &M 1 2063 i, 2064
BT 2 2617 DY b VI R AL ¥ V OV — T
DOHEFFICEETH Y, ZOWMOBERIILIYS 0T 4F
MNP F L 2B LTIy BT 4 FICRESICHIE LT %
EEZLNTWDLY, ABETHEEES NS M. pneumoniae
D=7 874 Fiigth#EmE T2 R A2063G R R D % <,
WNT A2063T AL W2, 271 F 4 FigtEfisFaR
%49 % M. pneumoniae \ZXf$ 5~ a54 K, 5N
BRI THL 7 VA uF ) urRZBIOTF I A2
v RPLHFEY o MIC % Table 1 12-73%%, 23S rRNA 2063
7% 7213 2064 (S ER %435 M. pneumoniae 3% U C,
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BREF L WHREIRTEEICY 78T 4 FIZx LTk
THhhbo, B, M pneumoniae N7 15 4 Niijthidrk
WZIE MICHIZBIC X D g 8N B XREZH, M. pneumoniae
VARV =2t Ru i THL»FZR S REzH
5729, 704 FiNEEEFEROREE<YI7 T T4 F
D RBBAIEFIZ L —HT B LBMENT D7,
FoT, RERTIRUT, v~7uo4 itz T 282 AT
% M. pneumoniae %~ 7 15 4 Fiifth M. pneumoniae &
W %o

5. M. pneumoniae D FIEZHEAT

M. pneumoniae Db — M7 i3 TIEFAENT L, Pl &
H%3I— N5 5% Pl#Efa T OWEERINOLM % 35T 5
Pl # (xR T 5P%, M. pneumoniae (& P1 i#fx 1!
PNCE D FER 200 PI#EETE, $74bb, 1828
WRAEN, 2BUIEE S~ ORERIN 23R % 5 KO
WA (2a 8, 2b B, 2¢ BEE) MEAET A%, BUREWC
L2, M. pneumoniae \EFAT D Eii % K Pl E{n T RIAS
8~10 M TRMT 23R PLEMETHOERILR) »*
HAZ & G i 45 E Tty S Tw 29 Fig. 312 IWJE
15T 2004 4E75 5 2016 4E 2408 X L7z M. pneumoniae @ P1
BETFROWER LRI, IWBERTIZ20124F L) 285 (5
(2 2c BIWR) AL, 2013 FDARE 1 B I2fb - TEiL %
B 72 KBRO WA T 3 FERIZ 2015 4 LLEE 2 BITE & 2c
BRHMLTEBY, EFERPEICBWTPL#EZETFHOE
BERSEETWLEEZOND,

P1EfR R & 0 & ikl ge 2 R0 o TR ST & L
T, & 4E multiple-locus variable-number tandem-repeat
analysis (MLVA) #:% multi-locus sequence typing (MLST)
AN SN2, MLVA & M. pneumoniae 7/ A I
D ADOHEY & LEHIEIB O ) K LB OMAE DL S
BIMP:C, M. pneumoniae 1% 20 LA L MLVA ELZHI4ME
N, MLST #:% M. pneumoniae ® 8§ DDIN7 A
F— Y VMR T OIRIERH Y — DA E DRI L HH]
T, BUE 37T MO ST MAH 5N T w59, Table 2
a3 B, PlifzT%, MLVAZ, B X O MLST &
BENZENL CHIET D 2 EAHSIT 90 - Zes [
T, Pl#E =T 18I# o MLVA & 4-5-72 1 & 45.7-3 A,
ST #1& ST3, ST17, STIO NS W2 &, 2RI %2 & 2
BIR O MLVA % 3562 B, ST #ix ST2, ST7, ST14 %%
LV ARG I TN Y,

INS D TESENTE, M. pneumoniae OIS BT
B RATAR D FRNT R0 fi i IR A D [ B 55 12k S R & Tw
L300 s py 3 DUET, IR C 4Bk X L7z M. pneumo-
niae 122\ T PlL#if= 7RI & MLVA #2320 L, 11
VLT 2011 4E 2 & 2013 4E IS DO EIZ TR O M. pneumo-
niae DAFIFICHAT L 722 &9, BLXOBEEOEE IO M.
pneumoniae (2 & 2 FMNHATOIRT 5722 LW & #HE L7z,
Fig. 412, 20124E 9 HH» 5 2013 4F 1 H 22 TIIBIL C3E
DI FERNTATRROMEZ R T ZOFERNTITIZ 32D
MLVA %@ M. pneumoniae (2% % 3 DT o 7275, BIEGE
WZ LT, RIEMRIZH L EHE (Fig 41, #f TR
HBE) »o0BES 72 M. pneumoniae ® MLVA #1134 C
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Fig. 4. Timing and MLVA type of M. pneumoniae strains isolated from a school epidemic observed from September 2012 to January

2013 in Yamagata, Japan

Figure shapes indicate affected students: Students with MLV A type 4-5-7-2, 4-5-7-3, and 3-5-6-2 M. pneumoniae are indicated as
open shapes, gray shapes, and filled shapes, respectively. Students in the same classroom are connected by a line. Students in
the same family are connected by dotted lines. The figure was presented by modifying reference 44.

—FHLTWZoIH LT, MLy 7 AR 5 8% (Fig 4
th, EHTHIIN-EE) BTM  pneumoniae ® MLVA
RIS = L 72N £ > Twize TROHDOREDS
&% 513 M. pneumoniae EHHEDIRIE DY & L CRENE
TWThbHI L, BIUERNTIEZZ 5252, HIZEECR
FHEFEEN L EGAZF O DAL T 2 WSS 5 2 & & 3
HBLTVDRY, 5% INOSDO5TEFMBIEICLY M
pneumoniae JEGREDIEFINFEAE HIHER T 5 2 & HSHIfRE
s,

6. ¥/ 0541 KftE M. pneumoniae DD FIEFHIIEH

<27 a5 A4 Rtk M. pneumoniae DEFWIEIZBWTDH,
LTl R TIEFTESH O NS, EEHELD, [WER
T 2004 4EH 5 2014 4E 250 HE S 72 M. pneumoniae @ P1
BETHBICMLVARI D705 4 RiiftkiEico
WCHE A L (Fig.5) Yo ThEToE s, HKAH
D=7 a5 A4 Ntk M. pneumoniae 1%, WO &A% ST
ZEMBIBICBNTYH, FEAENFPIEETIMETH
o 35U, 1 WHOFEELR MLVA B TH 5 4-57-2 14
L4573 MTIEAS5T72MO~< 70T 4 FitEERL L ) B

é 19)32)45)

Zt (Fig.5) 9% B~z uo4 Fighk1A&lEo ST A
1ZST3 & STIO AL W EPVAURENT WD,

ZOXHIT, PLEMREFIAFEIERIIZ 074 FIZit
AL L TV B A, HERDETIE Pl EETROBBRBRIC
I ITMEWAL, Kbz r a5 4 FiiftkRow 2
BW QEERREZ &) 2MLCwb7z% (Fig 3, Fig
5), 4fk& LT M pneumoniae ®< 7 25 4 RiiftEFRIZAK
THEINIZBH 592, — KT, 27154 Fiiltk M. pneumoniae
27874 FAETOEREICL ) BT 5 T &R
WIRENTBY™, FREBRIIY 7054 FEEHICHEL
L7z M. pneumoniae S S N7z BEOFHE SN TW
A0 RSB LIEI, 27 14 NIk M. pneumoniae
PT84 IV &M T501C~v 7074 P&t
M. pneumoniae JEGEBHOWARE TR, v~ 7074 M5
\2X Y M. pneumoniae 7527 25 4 FIZIEALT 52 &%
WiHELTWwa (Fig. 6) o HAMIZIE, ~2u54 M5
F#GT2 5 H E TR S etk o 5 #E S 7z M. pneu-
moniae &P~ 7054 FEZUROF F72-7: (Fig. 6
i, O) OIZX LT, 7 HUBRIZIR S 7z Mefkh & 55T
%7 M. pneumoniae ¥ 6 Bl T~ 27 10 F 4 Ntk I
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Fig. 5. Annual distribution of macrolide-resistant isolates of each MLV A type and P1 type M. pneumoniae isolated from 2004 to 2014 in

Yamagata, Japan

The upper, middle, and lower graphs show annual distribution of M. pneumoniae isolates of MLV A type 4-5-7-2 and P1 type 1,
MLVA type 4-5-7-3 and P1 type 1, and MLVA type 3-5-6-2 and P1 type 2c, respectively. The gray and black bar in each graph
show macrolide-susceptible and macrolide-resistant isolates, respectively. The figure was presented by modifying reference 19.

HoTw/ (Fig.6H, @) EHIR&ZLIZ, 717
A4 FICTPEL L7226 8109 5 3H1iZ PlEf=T 2 THE CTH -
72, ooz id, BN TIE~Y 7 274 FigtksRo
W2RIE L, WATEMYELTY 27 a54 FICRBEINLEE
KVPET T & THMALAHEST T 2 W REEA S H 5 2 L 2RI L
Twb, £oTC, SR 2HMED~ 7 1T 1 Fiittk{boBn
EEHL T DLERD S,

Flzlb_722 B0, M. pneumoniae D~ 27 1 F 4 Ntk
RIGBEETHICE->TRE L, $4bb, PLEET 1AE
D=7 154 NittEEE <, 2 BE ORHER IR0
MATHEHELIL, Fig 4R EBY, x27 074 Ntk
WO DR OBET RO M. pneumoniae J35FAEN T
BRCHAT LIS L2 MG L2, Shooz bid, flzi
& B ERNTATICR T A2 RADOEBEN~ 7 a5 4 Ptk M
pneumoniae \ZJJEF LTV LThH, TOHRDEENLT
Lb~27uJ A4 Fiitth M. pneumoniae (2J&H: L TW 5 b
TEHZVWIEZRLTWAS, o T, RETHRRSL L) B~
71254 Kttt M. pneumoniae O¥HP:%HWT, it D
BH LI 7054 Nt M. pneumoniae 2 X % &gen>
BOEMEIITENTLE2ZEPETINS,

7. ¥ 0354 Nt M. pneumoniae Di&HE

M. pneumoniae RGHEDZHITB VT, ¥ 7174 Niif
WIS X 2B B2 IE L BT 5 2 L dfEHnwsE %
BN L ETHWOTEETH S, —HK&NIZ, M pneumoniae
EYSEDBWIE < A 37 I X< ikt LAMP 12 X %
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A AT T AR ERAE, 4L 70% MEIZKLE<A

275 AP EMMRAEICL ) 23N, TRHDOHET

=707 4 FIFERIC L 25050 F TRHBIC&E v,
ZO®, vr7uI4 Ntk rERoOm T HE Lz

Fl 2 OMART M, BARIIZIE, 23S rRNA # {5 1% PCR
THIME U ORI 2 R T A PCRYA L b=y

AP DIEH, U TIVE A L PCR % S L 72 @l i
MrE?, TagMan 71u— 73, quenching probe (Q 71 —

7)) PSR VIR TR I Nz, S HITEE

TlE, Q 7u—72 g EE s L/ L - HEfb S iz
fz M A B 25 © D 2 GENECUBE® (B ##itk &tk <

Smart Gene® (BRX&HLI XFXF 1 —) I, —FK
EHREMICDER LDOH D, D DBIZTRADIE M

pneumoniae PHMHIZBWTIRE - JFRE L HITENL TV S

DAL ST, 70T 4 Rk a2 ROf L FRIH

PWEETH L LD, ¥~27aF 4 Ntk M. pneumoniae
R CIHOE - N AVASE DRSS 3F (W

8. ¥/ 054 KitE M. pneumoniae Fi g DL

<A 37T AMEOERIEL, WEOFEIIrrb ST
BATHNETH Y7054 FRIE (752871422,
TIVAARA T Y, TYRAURA Y V) DEE—RIRTH 2,
72721, HEZHETIZ M. pneumoniae M 47)fihs38 R0 354
UM A EMT 5 2 L HAEP O THEETH Y, £ DY
G707 4 FIEOFMETRD I LB TELR WV, L7
BoT, v z7us A4 FREOHEGHICHHEEZWE LT, i
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Fig. 6. M. pneumoniae load as quantified by real-time PCR in second specimens obtained after administration of macrolides according

to time after the initiation of antibiotic treatment

Open circles indicate M. pneumoniae without macrolide-resistant mutations in the second specimen; filled circles indicate M.
pneumoniae with macrolide-resistant mutations in the second specimen. These patients had infected with macrolide-susceptible
M. pneumoniae at the point before administration of macrolides. The figure was presented by modifying reference 51.

PO M2 BRIICHEN T2 &b, @, ~7aI4
FEERRIC L 234 3T AR TIE~ 70T 4 FRED
Yo 48 MR ICIZHY 80% AYfELT 5o L2L, 27 BT A4
R TIEH 30% LR L e Shb, ¥4 375
A MO E 2~3 HRIERDP L HE L 2 wihe, ~
794 FREOHHEGRHE~ 7 a5 4 NPk
90% LLETH Y, miGHRThE~Yr a5 4 Figtk%i
50% LT THoHEEZBNDY,

~ a5 4 itk & IS b6, SR LT
TEIV A7) UREFT T a0 v RENRKGENL YN,
<2154 Fiittk M. pneumoniae \Zx}3 % R AT W=
WHINMFE R EZETHE, F/0rRELIVLF IS
7)Y REOHBHEHEZEZ NS, T I 7)) VR
TRI VA7) URBIRENDE Z L%, 72720, —i
PEEREAL, EEER, TF A NVEREAZORIEH S
A7z, SEARMONRIET I A 2 ) v RITEANEE
STHAHY, WATEF / v ryRELLCELRT7aFH Y
V, AL 2RIy, XV 7RSI Y, Yy T7uFHY
Y, MA7uFRH T URHwLNS, NETIE N AT TR
VUM RE R /a0 v RIETH B,

$72, v A4 27T AMiOPIIZERELT 26055 0,
ZDIHIEIZ T M. pneumoniae W23 % HEARD BF 7 009%
FIGEZEZ BN TWS, 20X RYE, ENH B X OH
FIEOHWTATBA FEOEHES (X F VT F=vn
ViR k) MibhsrY,

9. HHIC

AfciE~2r a5 4 Fiigtk M. pneumoniae M5 TIESIC
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An overview of molecular epidemiology of macrolide-resistant Mycoplasma pneumoniae
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Mycoplasma pneumoniae is one of the major pathogens that cause upper and lower respiratory tract infections (RTI), such
as community-acquired pneumonia, mainly in children and young adults. Macrolides is usually used for the treatment of M.
pneumoniae infections as first-line antibiotics; however, the prevalence of RTI due to macrolide-resistant M. pneumoniae has
been increasing for these two decades. Macrolide-resistant M. pneumoniae infection has become an important public health
concern, and the epidemic of M. pneumoniae infection was observed with high prevalence of macrolide-resistant M. pneumo-
niae between 2011 and 2012 in Japan. Molecular epidemiological analysis revealed a high prevalence of macrolide resistance
in P1 type 1 M. pneumoniae, especially multiple-locus variable-number tandem-repeat analysis (MLVA) type 4-5-7-2, and
multi-locus sequence typing (MLST) type ST3 and ST19 strains. The P1 type 1 strain has recently been decreased and the P
1 type 2 strain that shows low prevalence of macrolide resistance has been increased, resulting in a decrease of macrolide-
resistant M. pneumoniae in Japan. It is necessary for the precise diagnosis of macrolide-resistant M. pneumoniae infection to
monitor trends of macrolide resistance in P1 type 2 strain and introduce the genetic testing methods into clinical situation,
which should be useful to prepare for future outbreak or epidemic of M. pneumoniae infection.
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