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Background: Group B Strepfococcus (Streptococcus
agalactiae, GBS) is a major cause of severe in-
fections in neonates, including bacteremia, pneumo-
nia, and meningitis, and is generally vertically trans-
mitted from a colonized, pregnant woman to her
infant. Penicillin is the drug of choice to treat GBS
infections, because GBS strains are uniformly sus-
ceptible to penicillin. Recently, however, penicillin re-
sistant GBS strains have been reported and the
rates of erythromycin and clindamycin resistance
have increased. We evaluated the perineal colo-
nization rates and antimicrobial susceptibility of GBS
strains isolated from pregnant and non-pregnant
women.

Methods: The antibiotic susceptibilities of a total of
180 GBS strains isolated from two university hospi-
tals and one reference laboratory between May 2008
and January 2009 were determined using disk dif-
fusion and broth microdilution methods. The pres-
ence of erythromycin resistance genes was confirmed
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by PCR.

Results: The average colonization rate of pregnant
women was 5.5%. The overall colonization rates of
pregnant and non-pregnant women ranged between
5.5% and 7.5%. All 180 GBS strains were suscep-
tible to penicillin. Fifty strains (27.8%) were resistant
to erythromycin, whereas 78 (41.1%) were resistant
to clindamycin. The ermB gene was identified in 40
isolates and 44 isolates had constitutive macrolide-
lincosamide-streptogramin B resistance phenotypes.

Conclusion: Our findings indicate an increased GBS
colonization rate and an increase in macrolide resist-
ance in GBS strains in recent years, emphasizing
the need for further surveillance and continual mon-
itoring of antimicrobial susceptibility. (Korean J Clin
Microbiol 2009;12:180-185)
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EFoll dofAlE Zlog A7tecl. a8 =g GBS Kt ARE
e AP ZRA] ek AL Aare] s glom, Bt Aelebd
A Z gl Bk Ao penicillin B ampicilling Foislo] A1
Aot GBS s+ cllgsles fslar Qlck. Wk By 4R
oflA "lojt AlA¥olE Aelsle 5o A E SallA =4
7] A8 AAE A = Adrh2.3]

AR GBS Hat&2 vt W Fel vt thae, T
N e JAFE o & & AFollA] 3.9%2] W Hgol
Kyl wp ot gatA| g Eell tislixle izt A9 ¢l
+ A7golrH1]. GBS+ penicillin Aol 719 gl ZleZ o
7] glol A Al 24 74 glel penicillin X85 &
oick. e 20061 Kimura S{4]°] penicillin B 749
GBS 14755 E a8k vl e} ek GBS penicillin WA o]
1% A& oo #A ek S4AQ) 24 AL dest
thal Eob 53 penicillin ZH91 3t 2] oiAl] ko2 Ag-s)
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+ erythromycin 2! clindamycin of] thdt HAdo] T Z71=]3
Aeke Bt glo] A A4 D.est Afelels,6). 12
L Sljell A= 71917] ofAellAe] GBS Eig Bl dtAl 7
3 E, macrolides 3HA12] WAZI A tigt A7 =7 4%
oleh. whehd] ¥ AFIAE GARE ERE ol g oz
GBS9| A 5l 379 HFES Lol A, penicilling £33k
chekst s Aloll gk Al B shelsll Kok

har 3

1. S7CHat

20081 5EHE] 2009 19744 |l o gred a4 A
22l GBS A" ZAHGBS screening test)oll4] £2]% GBS 29
T, A W AZ7E duk H-E kA A(cervix-vaginal cul-
ture)oﬂ/ﬂ Hal=l GBS 17¢5F, L&wuljekolA] 22l GBS 25
T, 20081 59 o] 7ol GBS 41" ZAllA] FelxlolA] 574
Hytw]o] QIYl GBS 23755 E33to] o475 o E 3
ek

20081 745 129704 ZhEEdidta A Y o]
A 71817] oA o] A gl Aol|A] elE GBS 357 9 2008
W 7958 9971 EdA e el A AHRe] GBS A
W AA A Feld GBS 477 2 AlAdolellA] He2|% GBS
475 s B3t 3 A4

Al 713 B o3 15A1RE] 49A174A] €] 71917 <1 F
tH(EEHEQl 27 9 #1737 od®)e] Aoz sgiemn, Fd
GApol| A Felwl= vhE 750 S A WA 2l 7 o

A
ool A, e, 3RS, A SollA] AFZE 1K e 27)
9] W5 AAE Amies = Stuart 5ulA]ol] Hol 4°CE 18
AZF Well 2-%5te] gk ulA] Bl CNA (Columbia colistin
nalidixic acid) A&uA]ol] HEd & wWHES LIM broth
(Todd-Hewitt broth with 10 #g/mL colistin and 15 £ g/mL nali-
dixic acid)oll HEslck. 4&H A= dazkd wix =
MacConkey ®l#]ol] &3}, o] % 35~37°C, 5% CO, vk
7104wk & 24272} 4841 7kol] Fslo] 22 B8 di7}
PAY 7 gl 2, 3149 ubRE Aeto]w A, catalase
AR SAeld agkds AAlslch askekddolH Al
CAMP #A} 4, Streptococcus F8A A4 BT 883
o SAekL, PYR A4 S49 3ol GBSE Aslsic

GBS 5 Eefolotol 2 ol §3jo] WESE 3 LA
Aol 5w A wlekelel B4 DA,

4. 23S 0|1Est ednl Z+d FAb

o

EE Tl dlslA taz2 b & o]-83107 penicillin, am-
picillin, clindamycin, erythromycin, cefazolin, vancomycin (BBL
Sensi-Disc, Sparks, Maryland, USA)ell thal Z<rA AAES A
A8kl 4L Clinical and Laboratory Standards Institute
(CLSIZ 7]s-o.& 3th7].

5. Clindamycin STELHA ZIAKD-test)

Erythromycin WAl ¥ % clindamycinoll 27491 ¢
o] &4l D-test (double disk diffusion)E ©]-&84] clindamy-
cin FF=WA (inducible clindamycin resistance) AAHE s}Ac).
D-test= clindamycin (2 #g)Z} erythromycin (15 ¢#g) HU&=3E
12 mm 7H44& F3 ZA A] clindamycin®] A7} DA 7
AAHAH G54 clindamycin W2 7HF3lo] K aslgict
[7].
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6. Microbroth dilutionti2 0|25t sH7H| 2 HAL

BE 7500l 8l Al penicillin, oxacillin, cefotaxime, cefoxitin
(Sigma, St. Louis, Missouri, USA)l] t{g} microbroth dilution
ZAAE CLSIol whetA] AlsBstdTH8]. Penicillin, cefotaxime]
244 A 7132 CLSI M100-S18¢1] Wk MIC <0.12, <0.5
rgmLE 3} 2™ oxacillin, cefoxitinel] thet CLSIS] <A
I AL AR oxacilline Kimura 5[4]0] AR 715
=2 po/mLel 739, cefoxitinS Dahesh S[9]0] AXFX & A
E 28 gl Q) FHE WA 0.2 1EeSI20, v
HANA] 3] A2 3% & E% " FHo] 3715 cation-adjusted
Mueller Hinton Broth (CAMHB) HiA| & o] &3}o] HE + &
%7} 5%10° CFU/MLL.Z FZEsto] 36°CollA] 20~24A]7) uljok
3k & fqlo 7 wh=elgich

7. RSEHEHIE 083 MIC B2H 244 LAl

t 233 HHOA] erythromycinoll WA =8 55 W49l
T MICroSTREP plus panel (Siemens Co., West Sacramento,
California, USA)2 ©]8-#ll4] penicillin, chloramphenicol, ampi-
cillin, cefepime, cefotaxime, ceftriaxone, levofloxacin, azithro-
mycin, clindamycin, erythromycin, tetracycline, vancomycinel] T}
gk A A AR AlEslh de 3% dEE T E
°Ho] 47} CAMHB A5 o] &slo] BHeE w3o|A] 7]Abs}
gom, IS CLSI M100-S180l whzbA] A|3¥sl3ieh7].

8. Erythromycin LHNTO| FHXIE HAL

Al WAHA erythromycinll WAIQl roll Tl A]
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Seeplex GBS-R ACE Detection kit (Seegene Inc., Seoul, Korea)
= o|-gslo], PCR WWHOR erm, mef WA A4S A%
s}3iet.
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1. 7147| oMol & & 3IZF0Me GBS EE

200811 SYFE] 2000\ 19714 ELdol|lA] A= GBS A7
2] A AFE 530710190, 29710] kA olofA] kA EL

5.5%3Ack. vlAbRe] Ag 7R 2 A wg A ek 289
% 17716014 kA olofA] 5.9%30ct. whebA] 719)7] o140 €]
g 3] g2 AA| 8197 F 46710] Ao 7 A EL
5.6%33 k.

AT B ollA ARE 313 7117 o34 ¢] A Y 3]
ol 9] GBS E&2 46771 927G F 35710] FAel
2} 7.5%° FAES Hon, AU AR
GBS A #HA BFE2 801719] #7155 44710] oA
o2} 5.5%%cl. e g ARE F3kst A 7|Te] 719)17] o
49l A 8l 355 GBS HFE2 55~7.5% BXE & T %)
o F 7|3ellA] AR BFEE 55% ek
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2. CIATJERAHE 0|2

ro
00k

A 24 AA FTH

7Fd7] o349 A, 355 9l £ IAellA FelE 176719]
GBSTF¢} 432 AlAotellA] elsl F55 A3 18071¢]
GBSol| thet Z+<rAl A 23 penicillin, ampicillin, cefazo-
lin, vancomycin®l] WA= BE F571 ZHAoldtl. Clin-
damycin Z5AES 58.9% (102/180), erythromycin ZH74&
£ 72.2% (130/180) tH(Table 1). Oxacillin?} ceftizoximeol] TH
% 74 ke D571l GolA el ABT 2asd
om, oxacillin® 12~22 mm, ceftizoxime< 20~44 mm Y

o] AAIHE e
3. D-test

Erythromycin W4, clindamycin 54 2.2 D-testE AJ3§gk

Table 1. Disc diffusion susceptibility test results of 180 GBS strain

67 % 3710] 9k o]ol A inducible clindamycin WA 2.2 H 31
HRem, WGl izt AANA 2712 A, 1702
ermA/TR ¥ 22 Jebdrh. D-test 54¢ 3719 WA=k
HAE B mefA/EZ ERETHTable 1).

4. Microbioth dilution{S 0|&st & A 2+ 1}

Penicillin, cefotaximeol] 3= ARG 1807 MIC Fko]
Z7F <0.06 £g/mLe} <0.06 £g/mLEA 254 HEHNe
oxacillin®] MICE EF <0.51gmLoE, oxacillinol] thik
CLSI 42 PATE BF Aoz 5590w, cefoxitin
MICE 2 #g/mLo] 1975, 4 pg/mLo| 16172, HAa7]Fo
E AP >8pg/mLell 3dE= dF+ K Table 2).

5. Erythromycin L4 #30 CHEt XS5} IS 0|1&8t &z
Mz ZA 2t

t&FZ8A 6|4 erythromycinol] WA =5 55 WA
4775 W84 MicroScans o]-83+ Al A A
erythromycinell F5% WAQ 47FE= 25 UXolglen,
ampicillin, cefepime, cefotaxime, ceftriaxone, meropenem, pen-
icillin, vancomycinoll telAE BE #3571 ZrAdolglon,
chloramphenicol 93.6% (44/47), clindamycin 12.8% (6/47), lev-
ofloxacin 95.7% (45/47), tetracycline 2.1% (1/47)8] &4 ES
B9 o azithromycinoll A= 25 WAl o]l ch(Table 3).

Table 2. Microbroth dilution antimicrobial susceptibility test results
of 180 GBS strains

Antibiotics MIC (¢ g/mL)so90* MIC range
Penicillin <0.06/<0.06 <0.06
Oxacillin <0.5/<0.5 <0.5
Cefotaxime <0.06/<0.06 <0.06
Cefoxitin 4/4 2~4

*MIC (#£g/mL)soo, MICs for 50 and 90% of strains tested.

Table 3. MicroScan MIC susceptibility test of 47 erythromycin non-
susceptible GBS strains*

Antibiotics % susceptible
Penicillin 180/180 (100)
Ampicillin 180/180 (100)
Clindamycin 102/180 (58.9)
Erythromycin 130/180 (72.2)
Cefazolin 180/180 (100)
Vancomycin 180/180 (100)
D-test 3*/6

o % I %
Antibiotics susceptible Antibiotics susceptible
Ampicillin 47/47 (100) Cefepime 47/47 (100)
Cefotaxime 47/47 (100) Ceftriaxone 47/47 (100)
Meropenem  47/47 (100) Penicillin 47/47 (100)
Vancomycin ~ 47/47 (100) Chloramphenicol ~ 44/47 (93.6)
Clindamycin ~ 6/47 (12.8) Levofloxacin 45/47 (95.7)
Tetracycline  1/47 (2.1) Azithromycin 0/47 (0)

*D zone positive; inducible clindamycin resistance.

*3 strains: not tested.
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6. Erythromycin Lj& 79| FHAE ZHAM 2t

Erythromycinoll WAIQl 5075oll tHallA] AAIG erm e
mef B WARAZ A A3 ermB FAATY 407102 717
ol Hel=llem, mef/E A7} 570, ermA/TR 347} 2
2, mefA/E Bl ermB 7L A FAol 17019l em, 271
WAL AR bkt Mol digk ¥ eees
A% MLSs (constitutive macrolide-lincosamide-streptogramin
B)yWAle] 447102 714 vlokom | 353 (inducible) MLSg W
Aol 37, M WAlo| 3710]%ltKTable 4, Fig. 1).

| &

GBSt 717919] ot oA 4710l Aoz EAlst
uh Aol e, 4171 A Bl AQleliAl s devl=
A2 deiA glei10]. Aot &2 vetol we} v
|52 Aok 1,000 5 1~4me] Zheddeka shglont S
o] Ao} Fhed 2 w2 ot o] GBS Il AT Hi
Fol] 9| Fel Hlgl &) witog F45 U 199449 Uh 511
T A HFgo] 3.9%2 Al vl AAE] FoHles
sk vl glek w3k 20019 Yi {1118 3 917 GBS &
2lgo] I ol ulel] Fsstod, GBSOl 2Idt 2ol T4
< AARE k9t o= feluetellME AlelAe] GBS #
AE ul oA AATlelM ] Hig Soll s 7hxoF & uf

Table 4. MLS phenotypes and genotypes of 50 erythromycin-resistant
strains

Phenotype Genotype No. of strains
M (EM" CM) mefA/E 3
cMLSs (EM® CMY) ermB 40
ermA/TR 1
ermB, mefA/E 1
mefA/E 2
iMLSg (EM® CM) ermA/TR 1
None 2

Abbreviations: EM, erythromycin; CM, clindamycin; M, efflux;
cMLSg, constitutive MLSg resistance; iMLSg, inducible MLSg
resistance.

500 bp - - o o
Soeoascee Seoes

mefA/E; 593 b
ormB: 507 bp

ghar Hojx|w, gk GBS7} f-elvtelell A = Al Ao} 2hed o] &
o3 AT F UFE L PSS AL HodXlc)

7}elodAd o] A 7oA 2] GBS EF&S vl wel -
thEc) u2o] Aol 5~35%E LA YEd[12], YE
ALE 0.7~10.0%E Hag vl 9a[13], FHAE 03~
3.9%% H3% v} glek 3} Schuchat[ 141 vkl 4] 19904
of] Ao} 1,000 GBS 7ZHedo| 1.8¢019.21} 19991 el = 0.8
Hog 7hask Ao ' Hugthul glom, o] &4 A AR
oflAl FAYAE oA oE Folgh uifo g Hokrh ulEhA
GBSol| 23t Ao} Zhodw o] fH & AEol =& v=xt
frdoll A& 4174 GBS A AAL Bl Bpol] oigk A
oA Al X85 ARk

B ATl A 5 7|3kl whe} oF7ke] xo]7} RARE 7H4)7]
ofAle] A 5l 3-S5 GBS BFES 5.5~7.5%, AR Hid
wo g W 55~63% AET) o] BEELS 379 Kt v
A= 57 At} %Mo) ST FARIA tisliAl =
AEAQ] A7 Fesiriar HodXic), westh vl 5o His
Hop dgs] U Baed Ve 9t ol K] 2
o7} ASZHAQ] gk 5 ol aglell o3t ZARJIAE EA sk
L Hrgo] FolE ofIFsl= dl Ego] Hele ok

GBS+ AN7EA = penicillinell Aol 9] $le ZoE &
A QlolA TAAAY A A AAE Allslar siAl=
obck et 19941 ~#|9lellA = GBSE penicillin?} ampi-
cillindll e 255 WA S-S 27 2%%} 8%= Hsk u} 9l
©m[15], 20061 Kimura 5= penicillin ¥4 GBS ¥
14755 Ea1gk vh Qleh2]. o]&2 PBP2X FAAke] A&
wo]o]| 2]t penicillin binding?] 7H4&=7} o] gt v| Al o] A
0lo g Byl rH2]. 3FollAE= GBSE erythromycin WAl &
& 2.8%E A Bk vf gk e SUellA] A9l o439
H| 32341 7)ol 4] el GBSell gt gt WA A eryth-
romycin WAEo] 19971 6%, 19991 12%, clindamycin WA
2 2%0014 7%E Barsk up glow, Aol iAol A 8] GBS
erythromycin WA EE 4.7%0l4 12%2 Z7}=|dvka B gk
vl 6], 2T LlTrollA 9] erythromycin A &2 20% A X,
clindamycin WA E-2 4~5%Z 3153 9Jo] GBS macro-
lide, lincosamide WAdo] &715]+= FA2 Hal)

2003 GEellAE 4o} ghAke] Aol A EelHl GBS &

Fig. 1. MLS genotype analysis of erythromycin-resistant
GBS strains. Lane M: 100 bp DNA ladder marker; Lane
1,2,4,5: Negative patient’s strains; Lane 3,6,7,10: ermB

b
b(FfS bp gene positive strains; Lane 8: Negative control; Lane 9:

—_ Internal control; 205 bp  €MMA/TR gene positive strains; Lane 11: mefA/E gene

R 2 8 4 5 6 7. 8 © 10 #H 12

positive strains; Lane 12: Positive control.
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A 254 AA A3 penicillin F5-5 WA 2177(18%), W
A 178F(1%)E Baskgivh16]. B3k o] dFellA=
cillino] WAl 5175544%), cefotaximeol] A2l 67(5%)
£ K33l 200413 Simoes G121 T4l o] A7) #
A5k Ao}z el Helsl GBSel v EAREA A
penicillinol] WAJQl & 24| Fdl o}, 255 WA E°] 17%,
ampicillinel] g 55 WAEE 15%Z sk v Qo) &=
sk 2 Uh 5171 < GBS Tl thet edoll4] clinda-
S 43.1%, 36.7%, 95.4%

ampi-

mycin, erythromycin, tetracycline WAl &5
2 B33k v ek
B oA E e el U L i =
clindamycin WAIE-2 41.1%, erythromycin WAl &= 27.8%%
UERIA MLSAI% SFAl7} o o)A ulg kst 7Adla wi
oA X 8AI7F o™, penicillin ZHIREG-0] S SEAtellA]
XH}l A] clindamycin B! erythromycinol] gt A ZAA} vE
=4 geshela A7 w3 o) oo
S AE Y etk ok
GBS©llA] erythromycin} clindamycin WA 2] 714 &3 7]
AL erm FAA N &8k 34 #(target site modification)o]
U, mef AR &3k erythromycin®] 553 F-Z(active ef-
flux)o|eH5]. Erm +32= MLSg & A1S] 74 e =
3 WAl FoJsh, mef FHARE macrolides WAME WA)
3t AR 2 R e U7 e el
v, EH0 2 oMLSy HHFe] 7H Bskeh. ol Un
?[17 1ol 20071 =W erythromycin WA GBSS| 92.5%7}
ermB FAAE 7R Ao Hadk Az AvclellA] de

penicillin ®]7}

cefazoling §oi

Azavedo 510], Desjardins 518]°] *A& WA GBS FollA
T emB AL, 58 WAT FolAE emTR §427F
.

1 o B A% AAHE Asield,

2 o17e) Astz B u) Fo) 4] obd AAleIAE] GBS
B389 erythromycin, clindamycin WAEo] $7} 4|2 Hod
A, olu] GE 5] u]3 FollA LX}F A9 penicillinel] F5%
WA 9 WS 7HA GBS7E B glom g ke A& o
2 GBS M8 o $TA WY P sfeha, ol Uikt

7-]0] Al Ao} GBS 7Hadg % g, c:ﬂ\ﬂo‘- 51‘,_].3]’ Al GBS Z+edo|
A9 A& 8 WAT BelE Sl dgdeleka ARk
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Hi&: Group B streptococcus (Streptococcus agalactiae, GBS)= A1 Ao} & Z 1l ¥utejo] F 93t fIolFo g W el
QAR RE] A AotollAl 7] ZhdElE Ao E de{A Adrk GBSE penicillin Aol A9 §le Zo& deiA] Ao
< penicillin BIZA F2] 8 9 erythromycin, clindamycin WAl 2] S7171F $2i= 2 Qo) uleba] 2 ol
At JARE EP ol e oo Gpsel A 1 H190el HFEE ok, chek AE Al ol BEA 2
o el Hakch

HpE. 20081 5UEE] 20004 19744 F st At & QAAAAE] o4 ARE T3 71el7] oAl A 7 3]oH
W ) gl A Aolell A EelxEl 180712] GBSTFoll thallA] tl2==2iY 9l broth microdilution H-& ©]-&¢F Al
A A AR, erythromycin Y TS AR AAE PCRUHL.R Aelgich

Al 71]17] o34l el A ol 335 GBS ETFE 5.5~7.5%, ARl A Bg-2 5.5~63%rh Al A A
penicillinel] 25 ZHrAd0]9)l 2™, clindamycin B erythromycin WAIE-2 41.1%, 27.8%33t}. Erythromycin WA+ 7 A}
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