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Background : The mechanism of erythromycin re-
sistance of Streptococcus pyogenes results from target
modification or active efflux. The purpose of this study
was to determine the positive rate of ermAM gene
modifying 23S rRNA and that of mefA gene related
with efflux for erythromycin-resistant S. pyogenes.

Methods : The minimal inhibitory concentrations
(MICs) of erythromycin, azithromycin, clarithromycin,
and clindamycin against S. pyogenes were tested by
agar dilution method. ermAM and mefA genes were
amplified by polymerase chain reaction (PCR) for 32
strains of erythromycin-resistant S. pyogenes.

Results : Among the 32 erythromycin-resistant S.
pyogenes strains, 20 (62.5%) strains were positive for

ermAM gene and 10 (31.1%) for mefA gene. Eighteen
(90.0%) out of 20 strains with ermAM gene showed
high-level erythromycin resistance (MIC>64 pg/mL),
while all ten strains with mefd gene had low-level ery-
thromycin resistance (MIC<16 ug/mL).

Conclusion : Two-thirds of the S. pyogenes strains
acquired erythromycin resistance by modification of
target site, while the others by active efflux. Each
mechanism of resistance is closely associated with
range of MICs of erythromycin. (Korean J Infect Dis
31:494~499, 1999).
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FE ermAM SRR % Aoz A Yo’ Clancy
o 1491313} 1593F macrolide A|AollE WA o] AR 16
A3} macrolide AA|2} lincosamide ] 3 streptogramin B7|
ol ZHrAlel S, pyogenesZHE] mef (macrolide efflux)A
s FEYEE, o] A= sed = A=
s ek bl skt AsidellA] SRl 2
A3lol] o1&t erythromycin WAL o}#] Basl u} gt
S2lUetellA] S. pyogenes?] erythromycin WAlo] Z7}s}
I o= WA 71 B3k A= Zoks o gk AR
52 erythromycin WAl S. pyogenesE tHA O & ermAM
ALt mefd FAAE FEEL  AsHES(polymerase
chain reaction, PCR) 2.2 ZZ3lo] oFAES zA s, §4

A}e] E7oll W  erythromycin, azithromycin, clarithro-

mycin ¥ clindamycin®] Z]4-2J A5 % (minimal inhibitory
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TF7) 7ol el At e 25 ek
o 32k AAlelA ZelE S. pyogenesell thslo] NCCLS &
As Ao Al ARy ARE Adsin. gl
erythromycin (Sigma Chemical, St. Louis, Mo., U.S.A.),
azithromycin (3=3}o]z}, A%, o3, clarithromycin
(@F=rel2E, A&, tiRl=)3} clindamycin (F=4E, A
=, Wl wiAlE A HEFHAE 5% UK
Mueller-Hinton agar (Difco, Detroit, Michigan, U.S.A)&
o] g3l9tt. Todd-Hewitt SHAJuiz|ol|4] wjekdl  AlfHS
McFarland 0.5319] Bl2 g 233 o|ZAE thA] 1: 1008
3] 4slo] Steers replicator (Craft Machine Inc., Woodline,
Pa., U.S.A)E o]g&slo] HEwsla 35TollA 24417k wljokst
& FA=3idck. MICS] 3142 NCCLS?] 7]5+(M100-S8)0l|
witl. Axde] FFEE NCCLSY JAHE  Strepto-
coccus pneumoniae ATCC 496195 A-£-3]%ir).

2. ermAM REKIL} mefA REKIQ| BF

Erythromycinol] W49l S. pyogenesZ 71733t 2580
A FelE 20758 3 AAAellA] BelE 29E dide
2 ofulle} 7 o Z ermAM FARS) mefA FAAE
58kt

1) DNA £&'°

Todd-Hewite Al H53 ek AFate A4
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Aslo] TE 2H28M(10 mM Tris, 1 mM EDTA, pH 8.0)
o7 X9l Lysozyme (10 mg/mL) 25 4L9} muta-
nolysin (2 mg/mL) 10 LE d7}slo] 37TCoA] 1A7F B
SA]71 & lysis buffer (100 mM Tris, 50 mM EDTA,
0.2% SDS, pH 8.5) 500 pL%} proteinase K (25 mg/mL)
10 pLE Y3 65ColA 30E7F vI-2-A|Zt) Phenol : chlo-
roform : isoamylalcohol (25:24:1)& o] &3 DNA FZ&
23] A3P3k %, ethanolZ HA|A DNAE 3|slict. TE
SFgN 20 pLE Arkka Ael 30E7 EXE F
~70°Cell Has}3]c

2) PCRO| 2/5 DNA ZZ' 1V

223 DNA 1| xLZ PCR ¥F2oH(1.5 mM MgCl, 50
mM KCl, Z+2+9] dNTP 200 xM, primer 50 pmoles, Tag
polymerase 1 U)Z} =33t Z DNA
(GeneAmp PCR System 9600, Perkin-Elmer Cetus, Nor-
walk, US.A)E Agste] FA2E SFAZ vk =271
2 osCollAl SU FAAE WAR % 04Teld 137
denaturation, 52°Col|4] 187} annealing, 18]3. 72ColA] 1
7} extensiong 303] HFEsl3, 72°CoA 1087 $A31
o} ermAM SARNE ZZsly] 9)sle] 5-GAAATTGGAA-
CAGGTAAAGGGCA-3'7} 5-AAACTGATTTTTAGTAAA-
3 AMEAIR ALYl mefd RS FEE] St
5'-CTATGACAGCCTCAATGG-3'¢} 5-ACCGATTCTATC-
GACAAAG-3& AMHAlE AHgsislct 2 S5 1%
agarose gelol|A] A7]%dEs}o] ethidium bromide® <34}l
). BExlekS sholslr] 9Jsle] 100 bp ladder (Promega,
Madison, Wis., U.S.A)E ZAE A-Ls9c)

thermal cycler

2

S. pyogenes 3275 F 20T362.5%)0l4 530 bp =7
9] ermAM AR} ZZE=|9 3 (Figure 1), 107531.3%)
ol|A] 1,400 bp 37|12 mefA $AA7} ZZ=| 9 rHFigure 2).
1T ermAMT} mefA A7} B ool 9a, 3¢+
B5F 2AJo|qitl Erythromycin, azithromycin, clarithromy-
cin?} clindamycin E5ol] WAIQl 237F 5 2075(87.0%)
oA ermAM FRAAT} oFAo]|9lal, erythromycin, azithro-
mycin 3 clarithromycinol] Ao 4] clindamycinoll= 7+
A 97T T 8TF(88.9%)0NA mefd FAATL FAol et
ermAM FAAZE okAdQl 209FF 5 187F90.0%)+ ery-
thromycin®] MIC7} 64 pg/mL o]A o], azithromycinZ}
clarithromycin®] MICE 256 ug/mL o]l 1% WHAlHo|d
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Figure 1. Detection of ermAM in S. pyogenes by PCR. Lane
M, DNA size marker, 100 bp ladder; Lane 1, Negative
control, no DNA template; Lane 2~7, Erythromycin-resistant
S. pyogenes with a major band of 530 bp.
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Figure 2. Detection of mefA in S. pyogenes by PCR. Lane
M, DNA size marker, 100 bp ladder; Lane 1, Negative
control, no DNA template; Lane 2~10, Erythromycin-
resistant S. pyogenes with a major band of 1,400 bp.

Table 1. Erythromycin Resistant Genes and Minimal In-
hibitory Concentrations (MICs) of Erythromycin,
Azithromycin, Clarithromycin, and Clindamycin
in S. pyogenes

MICs ( pg/mL) of

Genes  NO. groro.  Azithro-  Clarithro-  Clindam-
mycin mycin mycin ycin
ermAM (+) 15 >512 >512 >512 >128
Imefd (—) 1 =512 =512 =512 64
1 256 >512 >512 32
1 64 256 >512 >128
1 8 32 8 >128
ermAM (=) 6 8 16 8 <05
[mefA (+) 1 8 8 4 >128
1 8 16 4 <0.5
1 16 16 16 <0.5
ermAM (+) 1 16 16 16 4
mefA (+)
ermAM (=) 1 16 32 16 <05
jmefA (—) 1 256 >512 >512 >128
1 =512 256 128 64

mefA®] A=

Table 2. Comparison of Frequency of ermAM and mefA
Gene of the Isolates between the Patients and
the Carriers’

Genes
Source of Isolates
ermAM mefA
Patients 6 4
Carriers 13 5

‘Two isolates from the patients and 1 isolate from the
carrier were negative for both ermAM and mefA gene, while
1 isolate from the carrier was positive for both ermAM and
mefA gene.

t}. Clindamycinol] thaliAl= 2075 27 WHAollck 3k
mefA 942l 1095+ erythromycin®] MIC7} 8~16 pg/mL
01931, azithromycin 9 clarithromycin®] MICE 16 pg/mL
olslo|drt. 107F £ 87(80.0%) = clindamycinol] ths}od
FrAoldet. ermAM}: mefA FRAAZE B
T55 27+ erythromycin®] MIC7} 256 pg/mL o)Al
TE PATFOIAT, 172 MIC/ 16 pgmlel FE% W)
ArtolodriTable 1). bl ZEldk 107F%F 6757}
ermAM RAZRE 7HAAL UL, 4TFFE mefd A A
olojch. uhH WFAIA] Held 18FEFE 13727} ermAM
FRAAE 7 AL, SEFE mefd FAAE 7HA 9L
K Table 2).
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S. pyogenest /‘O}Oﬂ/ﬂ Al d7ede] 7 ek 9l
Tog AAQl XG4 A Faleladod &
Alda 22 F5s °.—lv°—5"=l Ak A4 Zdelv
nhel g S AS] Ad GO Fhasle] FHllddle =il
Aot 19859 o|F ulxF} {7 FollA] Alfede] Harx|g)
‘4‘14, 15).

S. pyogenes= WHF-E] Al disle] A4S Hol
] E3] penicillinol] WAQl #F= dAAtA Has wp gl
obh 2. aEd penicillin X Eol] Algt o7} By gl
19 penicillinol] Y277} Qe 7S h2 GHAS st
ojo} 3}l Erythromycine pemcllhnoﬂ o277} 9}\-‘5
5 7H3 ol Agx|olA= gtAlelt}. Erythromycin
AEE Ao} A7lell wEh Xfo]7t vk Seppala %3
e 8. pyogenes® erythromycin WHAEo] 1988%
54%01wdl 19909l 13% 2 7S] ole
thromycin®] A& FAPE Ak Harslgict o]z

rJ.u F10 £ ox



ololl A= S. pyogenes®| erythromycin WAEo] 19931714
10% u|to]ldd 19954WeE 30.7% %2 F43] Z7lsl9ict
Y owm JEAE 19774 83.1%7H4] 2l erythromycin
WAl 1904l 049%2 FHisile. HlEelAL
1993104 19941 Aool]
thromycin Wi Eo] 2% wles d& Aez Wusigd
" elfeloli 1994 A B0l 2% 4 Aol 2
2lgt S. pyogenes®| erythromycin WA E-S 2% 2 HE13}3
Tl 1998 A 57 Zolelld 2l 3175 disle]
A AldE Algsto] erythromycinol] ek WWAEo] 16%
gl Husigich FHTolle= erythromycin®] WAl Eo] 46%7}
A Hagl wp g

Macrolide AAl= 1493} 1592} == 1693} lacton -
25 X3l Aot 1493t macrolide AA|AlE ery-
thromycinZ} 1 549

clarithromycin 5o] 9137, 15Y3} AAoll= azithromycino]

228k S, pyogenes®| ery-

roxithromycin, dirithromycin,
&, 1693 AlAlell= rokitamycin, leucomycin, mica-
mycin, spiramycin So] *¥3Et} Lincosamide®} strepto-
gramin B A= macrolide®} 722 AL ol At 7|5
o] H|zEly] ulitell macrolide WAS AT wf FAloll =
Al EH, o]Fell gk WS FE01A MLSg WAoozt
3lt}. LincosamideAloll+= clindamycin, lincomycin o] S}
31, streptogramin BAJoll= staphylomycin, streptogramin B
gl vernamycin B So] EgFrt}l MLSg WA FHHLS -
¥ (constitutive) T} -5 (inducible), I&8]x1 M FHFHo
2 BRO. THYD S5 S em A4 D

o] g, M ZAHL A frzell o3k Aol 4%
WA FFe 2] MLSg Al idS vkl
3, =Y WA T 149938 macrolideo)] F5% W
Adolm  1699%ke]u} clindamycinol] FHrAlo® vieht=d)
14948ke] Effstoll 16998k 8l clindamycinol] WAjo] vebd
T P ermAM SRS FE TFAY WAL FFNA
WA, Seppila £V FE3 MLSp U Holt s.
pyogenesol|A ermAMI}= o2 2§ FARE WA
ermTRoZ}aL slgl=vl] o] fA7ke] 7142 Staphyloco-
ccus aureus®t coagulase 24 EEFFolA WAE ermA
RS 82.5% FRsIACk ARG A5 ermAM FRA
7t AEE I L erythromycinell L= ol$laL,
azithromycin, clarithromycin 3 clindamycinol] tsjA = i
4 w0l Seppila o] FRU WA EHY F TAN W)

=
49 AYE F2T F ke
58§l o8 A A% 1498 1598 macro-
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lideoll= WAdo]x 16993} 9 lincosamide, streptogramin B
AN A4S ki P, Clancy 52 5. pyo
genesolA] SEH Sl Bolsis e Thulg P
RS FEste] mefAztal ®elglal o] A} ¢
A4 26N BelE 8. pyogenesoll de] REY Holeh o}
itk Cocuzza 5772 o|gelolol|] E2|3t S. pyogenesd
35%E SEH G2l I3 WAl 0|5 erythromy-
cin®] MIC7} 8~16 pg/mLZE Bv]Z& Y9kl clindamycin
ol el ZAolelr Ruslgich AREL] ZH-lx
mefA SR AEA e W 59 31.3%0]90=d
erythromycin®] MIC7} 8~16 pg/mLo]glx, thH-E clinda-
mycinell ZH=pAolet. 3kAollA] Reld Rl eslE B
QoflA] Feld FollAl ermAM A4 FHE] et =
o}, B{FAol|A9] erythromycin %] 82| o] dtd
9ovf ojFo] the A T& Hskehe <8 sl ul
oll WAFFe] shito] $ier)

B oA ermAM A% me AR oA
PCRE Aleigtice] ermTR3} & 12 $8Al it <l
TE 71 ermAM3L mefA B gA0INW 3dFE
By mgo] B Zlolth AREE erythromycin WA
S. pyogenes % TASIE A€t 2¢Fuke didow A
sl ol AGellA fLeld T W 75 R
olg]gt A7} o] Folltkd Seluetelld FelE= S pyo-
genes®| erythromycin WA 7]4& olafjsl=n] =so| =

Zo|tt.

2 o

S &F : Streptococcus pyogenes®| erythromycinel] thgh
WAL 249 Heel 554 fr 7Ide] <A Sick A
AFE-2 erythromycin WA S. pyogenesES tjato g A2
23S IRNAE FAJsfo] 342 Wslol] Tofsl= ermAM
AR} A ol Bolshe mefd FAAS] FES =
Apsto] erythromycin WA 7145 dotE izt slgict.

o B A7 25 ASuieket gk AAAlellA e
2 S. pyogenesE TFSE erythromycin, azithromycin,
clarithromycin 3 clindamycinol] thslo] s34 o g 3}
A 254 ABE Adelel 2 A minimal inhibi-
tory concentration, MIC)E ZA}s}3cl. I % erythromycin
ol WS Helx 32¢FE SR ermAMIt mefd 4
A5 PCRE ZZ319ir)

Z 1} : Erythromycin WAQl S. pyogenes 3275 %5 20
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FR62.5%)= ermAM SRR} R0l L, 10F2(31.3%)
= mefd SRA7E FRoIolEh ermAM §7A A 207
F F 187390.0%)= erythromycin®] MIC7} 64 pg/mL
ol A= WAl mefd AR FAQY 10¢F+=
BE MICH} 16 pgimL olshe] F5E WA Folgich

g B2 od7llA S. pyogenes?| erythromycin WA
oF 2/3%= 1A ¢] wistell o3t WAl 132 54
Zol 3 Wolgleh o5 WA 1AL erythromycing]
MICsh A% Balel Uleh & o we ol oelol
ermAM 7S} mefd A 2 2 9] vE WA AR
ol Ui AT-E el Seltelol Beld 8. pyogenes
o @Al WY 710 YRIES westolo} & Aol
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