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Isolation of Mycoplasma pneumomae and Antimicrobial Suscephb:htnes of the Isolates(Ill). Myung-
Woong Chang?, Kwang Hyuk Kim, In-Dal Park, Gap—Young Song, Sung~Won Kim, Eun-young Lee’,
Moon-Chan Kim’, Myung-Hoon Cho Kyu-Earn Kim® and Choong-Eon Choi®. Department of Mzcrobzology,
Kosin University College of Medicine, Department of Internal Medicine, Pusan Adventist Hospital, Department
of Pediatrics, Pusan St. Benedict Hospital, *Kim Moon-Chan Pedzutrzcs *Yeonje Family Medicine, *Department
of Pediatrics, Yongdong Severeance Hospital, Yonsei University and “Department of Pediatrics, Internal Medicine,
Surgery, Gu-Ho Hospital — The 994 throat swabs obtained from 688 adults and 306 children patients
with respiratory diseases were examined for Mycoplasma pneumoniae infection by culture method.
Antimicrobial susceptibilities of the resulting 123 M. pneumonige isolates were evaluated by testing
minimum inhibitory concentrations (MICs) of erythromycin, minocycline, tetracycline, josamycin, spar-
floxacin, ofloxacin, and ciprofloxacin by a broth micro-dilution method. The erythromycin resistant
strains of M. pneumoniae was determined above 1.0 pg/ml of MIC for erythromycin. The erythromycin
resistant strains of M. preumoniae was confirmed resistant gene mutation of the portions of genes 235
rRNA (domain II and V), and ribosomal protein L4 and L22 by PCR amplified and their nucleotide
sequenses were compared to those of the susceptible strain M129. The isolation rate of M. preumoniae
was 12.9% (89/688) for the adults and 11.1% (34/306) for the children. The MICsg of the M. pneumo-
niae isolates were 0.12 pg/ml for minocycline, 0.25 pg/ml for sparfloxacin, 0.5 ug/ml for ciprofloxacin,
ofloxacin, and tetracycline, respectively, and 2.0 y1g/ml for josamycin and erythromycin, respectively.
The isolation rate of erythromycin resistant M. pneumoniae from patients was 49.4% (44/89) for the
adults, 47.1% (16/34) for children, and 48.8% (60/123) for the total. No mutation could be detected
in the ribosomal protein L22 region, but all strains were mutated in the ribosomal protein 14 as two
point mutation M144V. Two point mutations in domain V of 235 rRNA were selected in the presense
of erythromycin resistant M. pneumoniae isolates, such as one strain was G2057C mutant, two strains
were A2059C mutants, three strains were C2611G mutants, four strains were A2058C mutants, five
strajns were A2058T mutants, twenty strains were A2059G mutants, and twenty-five strains were
A2058G mutants, respectively. These results show that erythromycin was not the most active com-
pound against M. pneumonige infection in Korea and clinical studies of macrolides in human patients
are demanded.

Key words — Mycoplasma pneumoniae, Antimicrobial susceptibility, Erythromycin Resistant Mutants
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25]. Mycoplasma®i| A% Gram g Aol 4]} 2 235 rRNA
copyE ¥ M T} 7HA 3 1o, 235 rRNA domain Vo)
peptidyltransferase $9¢] 7 ESdolo] 93} macrolides
o) WAL 7HA Fobn BaET 9cH19,2021,22]. Lucier
Z[16]S M. preumoniae M129-B16 75 & A @Yol A ery-
thromycinel] =2A]71 3o 23S rRNA V domaing] 2063,
2064 AA o) A—G Ao] Yot F WHo| & £ 3N
g 2ustel. Okazaki 5[18]2 A2 HE Ed M
pneumoniae A clindamycino] A4S FFAA 235
rRNA domaing] 2063 9x]o] A—>G o] Aojit Wo|3
£ sty Rugg. ¢4, FUdM e 2574
219 VAR ERY WUHOE M preumoniaes B F
Ratz, o 9 ABA SAo} FUEI 0T AFHE
Ul Bae A9 gle 4Aon, IulolA erythromycino]
A3 M. preumoniaedF o] o R IE Foho].
olo] B AFdMe IFuolA 2002 129 5-€ 2005 2¥7t
2 994 el 3&7) A8EAY 587 EREZHE o] 79
w2 & o] 7o FAELDA g ZrAY AEE HI 2,
FU oA 2l & M preumonige FF F o)A erythromycin
o] ] MIC7} 1 ug/ul o491 #5F& erythromycino] g}
A FFE BAFI, o] E AFA TF9 235 RNAY {4
A ol fr7E Y oZN GOz oA o] T o 7
AE A8 ol Fa¢ 7% A85E AFdnA gk

ME @ wy
NgzF
Mycoplasma pneumonige (ATCC 29342) #F @#F& Y=

Fo2 AHEHYTH5H]

gl JidE JA

Aol FHHY 123 B Sle TRHE 329
Waksh &okst gl AR} A8 7| HQ Lotbat A7 7hA o3t
3 94 33 fdshe 357 2EAY A7I=2RH 713
2L 97 B20F A3 2 mle) Chanock’s glucose
A el S8 Aol o= F HEE uz Hex oA
S HAE ddoz sgTH5,67.

M. pneumoniae® 2| i Y SH

2719 718E 49 20 wE 2 ml9 Chanock’s glucose Hj
27} E0191E 24 well platec] A 10710742 A+ 8] 431
37T A 357wkttt wiA o] AZS oY Ui,
Hj X o] Mzo] Bgsial, Ao P02 HEFOH M.
pneumoniae7} A9 A0 8 FA5 1, Mo Wi )3
Auj GA 45 47239 (color change unit: CCU)Z
Atk M. pneumonine’} ¥l 8 AT FHE d9E A
24 well plated) 4 107-10° 742 AW 8| M sha, 2ze) 34
A5 10 W #3ted Chanock’s glucose 3HH | R|ol] A F 3l

Phe Akl 9o} 37Tl 333 WsEA ey BA f
22 AFA000CE 8 . 948 Pee & Ay
2

A Adold, arginine ©]-F AE &Aoin, M
preumonice FE Ao i dAAAAE FAA ASE M
preumonice 2 EA 3 FTH5,7,24].

22|l M. pneumoniae? EMEE0| ChsH 2A+A

3357 A% $A2RE E FRY M. preumonise 60
5 10 ml9] Chanock’s glucose ®jA|¢)] 347} v %3}
574 10° cfu/mls| 2 243 $o| 2 GYTAo| F4Y
20 mle] wjAlo Z2 20 WA FFste 37T F9 T4 K
25 gl FHEZL erythromycin (Sigma, USA),
tetracycline (Sigma, USA), minocycline (Cheil Food & Chem.
Co., Seoul), sparfloxacin (Cheil Food & Chem. Co., Seoul),
ofloxacin (Cheil Food & Chem. Co., Seoul), ciprofloxacin
(Cheil Food & Chem.-Co., Seoul), josamycin (Yamanouchi
Pharm. Co., Tokyo)E Al&-3lglon, 24+ FAEAL A3 ¢
=7} 32 ug/mis =3 5Q Fo 7 wj|ol= 16, 8, 4, 2, 1,
0.5, 0.25, 0.125, 0.062, 0.031, 0.015 ug/ml= == H7}sl4 ).
7 AR AAEFAA TEMIOS HA LT =(MBC)
WG FHEL] SR e H2T ALAA Fol
A AZN(HF 4~7LF)el 2 FYEZo] FrE AL
4o JAHE HAFEE MICE, 4% 35F 79 5
o] dAE HAF=E MBCZ FH3ATH1,56,26].
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PCR 0l 2l8t erythromycin M&A #0| 239 &0l

Erythromycin 1.0 pg/ml ©]49] sxo) AFY dF&E&
Zzte] MICES 9} #lA] 5 mlof v ¢g & 12,000 rpmo 2
1587 44T o NS APBS)22 29 A A F
A HEFR-E 50 W A3 110TAA 1023 714
g ¥ 12000 rpm Q.2 1587 A4lste] 1 45 A& PCR v
S A3tk 23 DNA £9d) Taq polymerase
(TaKaRa Taq, Japan)9} 10X PCR buffer, deoxynucleotide
triphosphates, 1.5 mM MgCLE #7183, 3|9 primerE 2z}
2+ 7}8 Fo| MiniCycler (M] Research, US.A)o| A HH§-A]
#thTable 1 B2). A4 94C 1087 2 &)@ F 94T A
1%, 55T A 182, 72T A 12 9] A|zho.2 308 jHE vk
A7) wpx gt 72C el A 1083F A% A AT of AHE
£ 15% o}tz AdA AP 53 & ethidium bromide
i GAsted AnE FASIHY. 2 primer ¥9] PCR At
B9 fAA €749 £438t erythromycindl] 7H4<]
M. prneumonige M129 9} vln £l Edo] K&

2213k tH9,16,18,19].
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Table 1. Oligonucleotides used in this study

Primer target and . iy
& Primer sequence(5’-3')  position

designation

23S rRNA domain II B

Mp23S II-F CGTGCGITITGAAGTATGAG 5607
Mp23S II-R TGGCGCCATCATACATTCAG ~ 886°
235 rRNA domain V '

MP23S V-F TAACTATAACGGTCCTAAGG  1911°
Mp23S V-R ACACTTAGATGCTTTCAGOG  2762°
Ribosomal protein L4

MPLA4-F GAACCAGTGAAACTAAGCCC 467
MPL4-R TITGTCCAAGAGCTTGGCAC 465
Ribosomal protein [.22

MPL22-F CCGTGTGAGAATCTCACCCC — 99°
MPL22-R CIGCITTTTGACGTGCCA 502°

. . b . .
°E. coli numbering, "M. pneumonige numbering

3 A8al 4508 9 357 SR EEEE M. preumonied]
B2 &L 79%(17.6%) oo, YH A yad 4984
998l ME 73 (7.1%)0l R ™, GHAY 4939 FAM =

3 (61%)e1%leH, KH Y 5741 HE Y 335 M o] &
25 ot} AR13A} 6887 F 89 (129%) A To] ¥
ZE Ak sHA WA hopga 161959 7HHEEFAA
34‘1‘(21 1%)oll X M. pneumonier} B2} H o1}, KEAel 97
o, YsH 9 8yFgMe ol FgHA g}t sotdA
3067 FolA 34 (11.1%)eA o] FHHAT & A7
A & 9949 o)A 1238(124%)9| A M. pneumoniae w57}
H2] g gl t)(Table 2).

8228l M. pneumoniaen T2 SME

AR AH
josamycin, tetracycline, minocycline, sparfloxacin, cipro-
floxacin, ofloxacinol] W3t ZFAZAALE AT JHHoE
AN Aze Table 33 2t}

557 849 A= HY E¥ 12878FY M. pneu-
monige A AH] o] 7153t dE 1167F9] ciprofloxacin
o] sk MIC e 025~05 pg/mlo] g2, MICx& 05
ug/ml o]At}. Ofloxacindl] thd MIC H$= 025~05 p
g/mloj1 o0, MICe& 0.5 pg/ml ©]At}. Minocyclined]
A3k MIC B¢ = 0.015~0.25 ng/mle] oy, MICe 0.12
ug/ml o]t} Tetracyclineoll of gt MIC H 4= 0.06~0.5 p

A A At
B2¥ M. pneumonise T5-2] erythromycin,
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g/mio] e n, MICx& 05 pg/ml o|¢th. Sparfloxacind]
o) & MIC B9+ 0.06~0.5 pg/mlo]loH, MIiCopd 025
g/ml o]}, josamycin¥} erythromycine] g MIC ]
= 015~8.0 pg/mlo]g o, MICxne 2.0 ug/ml oItk

ErythromycinGl N&4 2F9| &0l

A BE B9 M. preumonige 123 FF FAA ery-
thromycino] 1.0 ug/ml o)< FEAAN FHHE FFE
erythromycino]l tjgt AgHFF2 Adsigen, 1 243
& Table 48+ 2t}

A o)A B2 8 erythromycin &3 M. pneumoniae It
Zo) B¥E By [ug/mldl AFAQ FF7F AAA 11
d5(25.0%), AollA 4d5(25.0%) HBow, 2 ug/mic A

Table 2. Isolation of M. pneumonige from the throat swabs of
the patients with respiratory diseases from December
of 2002 to February of 2005.

Age Hospital cases  Culture positive (%)
Adventist 450 79 (17.6)
Yeonje 99 (7.1)
Guho 49 3 (6.1)
Adult Kosin 57 0)
Hansol 33 0 (0
Subtotal 688 89 (12.9)
St. Benedict 161 34 (21.1)
. Kim's 97 0 (0)
Children —y e 48 0 (0)
Subtotal 306 34 (11.1)
Total 994 123 (124)

Table 3. Comparison of the in vitro activity of the antimicrobial
agents against 123 strains of M. preumoniae isolates

Antibiotis MIC (ug/ml)
Range MIGCs, MICy
Ciprofloxacin 0.25~0.5 0.25 05
Ofloxacin 0.25~05 0.25 0.5
Minocycline 0.015~0.25 0.12 0.12
Tetracycline 0.06~0.5 0.25 05
Sparfloxacin 0.06~0.5 0.25 0.25
Josamycin 0.015~8.0 012 2.0
Erythromycin 0.015~8.0 0.015 20

Table 4. Erythromycin resistant M. preunoniae isolated from patients with respiratory diseases compared with adult and children

MIC (ug/ml)

Patients 1 2 4 8 Total
Adults 11/44 (25.0) 9/44 (205) 11/44 (25.0) 13/44 (29.6) 44/89 (49.4)

Children 4/16 (25.0) 1/16 (6.3) 6/16 (37.5) 5/16 (31.3) 16/34 (47.1)
Total 15/60 (25.0) 10/60 (16.7) 17/60 (28.3) 18/60 (30.0) 60/123 (48.8)
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AN FF7F AANA 9TF(205%), Lot A 1 FF(6.3%)
K27, 4 ug/mlol] AFAL FF7} UM 11FF(25.0%),
aofell A 67 F(37.5%) R o1, 8 ug/midl A&/l FFvt
ARlel A 133 F(29.6%), AololA 5FF(31.3%)ReH, &
e TF 1235 FollA 607F(48.8%)7} erythromycin A 3}
A dFolAtt.

Erythromycin N&4 M. pneumoniae® HIIME 2M

Erythromycin®] X346} Baste FARQ 235 rRNA
domain II, V3 robosomal protein 14, 122 B-&-& PCR=Z
A3 £ Zt7ho] PCR AHE-9] FI7IH €S 243819 erythro-
mycind| 749 M. preumoniae 129 739} 971443 H|
g A= Table 59} Fig. 13} 7t}

Erythromycinol| 849 M. pneumoniae 6073 3ol A
23S rRNA domain V& G2057C 5-9jd] E@wo]r} dojut

Z7F 13(17%) o1eH, A2059C B-9jo) Edolr} o
ojt #F7} 253(3.3%) ollen, C2611G £9o] g o]
7b ol FF7} 357(5.0%) o] A1, A2058C £-99) EF
ol7} Yok FF7}F 43:(6.7%) o] 01, A2059G 290
Sawo]s} Yol F37} 202(333%) 0]1.0.H, A2058G
F-9ol EdRe]7} dojd dF7} 25 (41.7%) o]t} Ery-
thromycin #3491 M. pneumoniae 6005 S04 235 tRNA
domain TI ‘E‘%’M} EQHo7t dojd FF= 2F(33%)
RAow, 3 dF= T742C H-Yqd), T & F3= T799C &
YA thyrmneol cytosine2. 2 W7} oS ¢ $
13t} Erythromycinol] 234 M. pneumoniae 607 5+
7} ribosomal protein L4 % & ojl A} methionine©] valine .

L.
2=

2

(]

Table 5. Detection of erythromycin resistant mutants gene on
the M. pneumoniae 123 isolates by PCR and sequencing
of the gene

Nucleotide and amino acid changes

Domain of 235 rRNA  Ribosomal protein

Region II v 4 L2
A2058G 25 (20.3%)

A2059G 20 (16.3%)

A2058T 5 (4.1%)

A2058C 4 (33%)

C2611G 3 (24%)

A2059C 2 (16%)

G2057C 1 (0.8%)

T742C 1 (0.8%)

T799C 1 (0.8%)

M144V 123
Changed 2 (16%) 60 (488%) 123 0
Unchanged 121 (984%) 63 (512%) 0 123

Total 123 (100%) 123 (100%) 123 123

A; adenine, C: cytosine, G: guanine, T thymine, M: methionine,

Aol 7} dojton), ribosomal protein 1224 & of) A
duolrh Lojux Bee BT & AN

AT A erythromycino)] A3A4 722 &8 60
o Z57} ribosomal protein [4 4 %3} 235 rRNA domain
Vel Yo7k dojiton, o] FolA 273 235 rRNA
domain II¢] He]7} dojwt erythromycin A 34 F59o]
A HAT gl B Ao AE7A 2®E M

CBm, Tyl

U6 g—cutl

S, . ¢ Ery, Cbm, Tyl, Tel
g —¢

A—U

6—¢C

>0 060

Fig. 1. 235 rRNA mutation to erythromycin resistant M. pneumoniae isolates in Korea.



pneumoniae T 32 48.8%7} erythromycine] A&43 T Fehe
AL & & Aok

I &

3E7) A8 AV E MR EZRE wjddd g%
M. pneumoniae®] 82 €& E AFoNME 4l 12.9%,
ZoloA 111%go.H, o] ZUdA Chang F(5)°] Ao}
HHASANA 12% = FAHE AH oo Lotst 49
3E7128A0A Zzt 65%, 8.0% T RIRTE =2 &
g fol9l oy}, Chang S{6]& A2 SE71A&A A 29.3%,
Aol Ao A 14%9 & Hoe @& B0t ¢
o] & Tully S{24]& 5~46%, Dular 5[9] 142~459% 2}
1 3te] Bzt wel Aot B5E ¢ F Utk ol /M
2o A 2 A uhd, wiA 9 FRY G 21 Tl et
oj7k A& § & AoE AZdEr

B a7 587 28 BA2RE F2lE M preumoniae
T 9 tetracyclined] tj3 MIC H9& 0.06~05 ug/ml=
tetracyclineo]] A4 & F2& A 3kt o]= Chang &
[6]9] B¢} Waites 5[26]2] B9} HAFS}HA tracyclined]
A F& ey, Chang 5[5 RuoA Eld9
6%, Kenny $[15]2 2279 10% FE7} tetracyclinedl]
Fggoldtie Bk Aolrt ATk ole £ A7I¢ =
7t wet zol7h AU & Jom, FUdME dxEE
o7} A& AL ojvtx FZo] AN tetracyclined] A+
o] ZAaHAY WEoz Aztgch Ciprofloxacine] o3
MIC W9 025~05 pg/ml o]AH, ol Chang $[6]9)
B 759 63.3%, Chang 5519 BidA Eeja39 42%
7t A4 dFdke Biske W o8 2300 Ofloxacin
o] th3t MIC ¥9E 025~05 ug/mlo]1on, o] Chang
=519 BaoA BEEFFe 30%7F A o5 dve 21
b= zpo)7} ol Chang S[6]9 EFFo e ofloxacin
o 3§ Aol dutte Rade 2 BAFIAU. of
28 Ajo]He) Ye 335 FH) Holof & Ao E J7tE
t}. Minocyclineol] 3+ MIC ¥ 9] 0.015~0.25 pug/mlo] 1
o1}, Arai S[1]% Suyama $(23]9] MICy2 0.5 pg/ml B
o} woton, & S[6]e] RudMs} 2ol A #F=
2l th. Sparfloxacine] o} 3 MIC ¥l 0.06~0.5 ug/milo| ]
o, MICe 05 ug/mlg Kaku S[13]8] 0.063 pg/mi,
Kenny $[15]¢] 0.25 ug/ml Chang[6] 59} 0.06 pg/ml, Chang
5[5]9] 0195 pg/mlEth wgtovt APY d& A
Josamycind] thE MIC ®HHE 015~8.0 pg/mlo|glom,
MICy& 2.0 pg/mlZ Chang S[5]& #¥ #F E57}
josamycind] #gAoldthe R1¢ Chang F[6]9 &2
Z RE7} Ao itE Riske ato|7t gsten, oj¢
2o Aol Fof £ A7)9) AHEE ZHEZY F79 A

Journal of Life Science 2005, Vol. 15. No. 3 483

Z3)Ate] wa} 2ol7} Q1 & loy, i B T Aol
Aol o go g A 5e Hopopd ot ivta 4
zt5lt}. Erythromycind] thd MIC ¥ $& 015~8.0 ug/ml
0] 710, MICe 2.0 pg/mig Chang 5[5} &8 #F &
T7} erythromycindl] Z+=Aolithe Bie zbo|7h Beke
o, o] ZdlA 19953 7} erythromycindl] A &4
M. pneumoniae7t #2851 A ¢gk2.0, Matsuoka[17] 5} B
o) ojshd YBNME 19983 £ FFoAM< erythro-
mycin A&4 M. preumonize7t AT R A3} &
Aol Yt} Waites 5[26]¢] MIC 0.008 ug/ml, Pereyre &
[19]8] MIC 1.0 pg/ml, Yamaguchi [28]¢) MIC 0.025 pg/ml
BoE 953 =9tou), Matsuoka F[17]9] erythromycin
AgAF] MIC 256 pg/ml Bohs 24tk £ dFolA
erythromycine] #8432 M. preumoniae 7] 2 g0
48.8%2 Y9 Matsuoka[l7] 59 20% Bt} A3 52
o, o] FU A erythromycin®] AH-H=7 B-& At
1 AZEth YA #E erythromycin AFY M.
preumonige TF 52 235 rRNA domain V&} A2058G (E. coli
numberingis) ®olF7} 203% 2 7} BRom, A2059G (E.
coli 522}) Wo|F7} 16.3%, A2058T Ho|F-7} 41%, A2058C
wo)|Z27} 3.3%, C2611G Wo|ZF7} 2.4%, A2059C wHo|F7l
1.6%, G2057C wWo]Z 7} 0.8%0] 91Tt o= Matsuoka[l7] &
o] 10/13 (77%)F%7} A2063G Wol% AoH, 1/13 (7.7%)
37} A2064G, 1/13 (7.7%) 37} A2063C, 1/13 (7.7%)
27} A2617G Wo|F Quhe Bt Aol7p Bokon, of
' AERFY Aot 9& F ' AR Ao
Pereyre 5[20]& erythromycinoll A 8/3Q1 M. pneumoniae
w2 A 235 rRNA domain VoA C2611A, A2062G o]
F3E gostgohe B, Okazaki $[18]9) erythromycin
A F3¢] 235 rRNA domain Vol A A2063G (E. coli &
A2 E A2058G9} 22), A2064G (E. coli £AZEA2059G
22, A2064C o] F 2 #alstg i B, Lucier F[16]
& erythromycin A &4 FF)A A2063G, A2064G ®io| &
Z2 glsgos Bug fARE S 28y Sy Bed
Zo| X M. pneumoniaed| M o} A7}A] BHIHA @& ¥Hol
F2E A5tk B FulolA £ M preumonice 75
£ erythromycind] A3H4 #F7} RonE Qo= ol ¢
o o AA#A X2 erythromycing AHE3he AL
aHojel & Aoz Az

2 %

20021 2975 200513 249712 41 & Ao 3FAR
A 9948 9] A% SLEA M. pneumonizge TFE #)
33, 2l 739 ciprofloxacin, ofloxacin, minocycline,
tetracycline, sparfloxacin, josamycin, erythromycino]] gt
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a4 AAE ArEE e, #e2lE 759 235 rRNA domain
19} Vol A erythromycin %84 wWol7} dojyt=rtE PCR
T FHA GUIMEEH o2 erythromycind] ZH44190 M.
preumoniae @3¢ H7|NE7 vlmEN s It &
E71R28A )X M. preumoniae] 2] &S 123/994 (12.4%)
o|low, 228 M. preumoniae T3 2] minocycline, spar-
floxacin, -tetracycline, ciproflexacin, ofloxacin, josamycin,
erythromycin MIC ¥ $]= z}2} 0.015~0.25, 0.06~0.5, 0.06 ~
0.5, 0.25~0.5, 0.25~0.5, 0.015~8.0, 0.015~8.0 ug/mle] ]
o 28 4" M. pneumoniae 75 F o)A erythromycind]
A8l dF7} 605F(48.8%) Ao, 257} ribosomal protein
493} 23S rRNA domain Vol JjAduo}z} dojyton,
o] & 2@F+ 235 rRNA domain IIo| % o]} ot F3
= AT oM B = E M. pneumoniae T3 9] 48%7}

erythromycino] A4 FFolm2 ¢oZ o] Fo o3’

W@ Azd #o7} e FUG
UMl 2

HAAF7)edFAEA Y A

£ A7 RANAY
% (01-PJ10-PG6-01GMO03-0002)

B
o SJstel o2l A9,

=g

Ho
ra
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