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Distributions of Macrolide-Lincosamide-Streptogramin B
Resistance Phenotypes in Clinical Isolates of Staphylococi
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Background: Increased resistance rates to macro-
lide-lincosamide-streptogramin B (MLSg) antibiotics
among clinical isolates of staphylococci are consid-
ered as a consequence of an expanded use of these
antibiotics in the treatment of Gram-positive infec-
tions. The proportion of MLSg resistance phenotypes
of staphylococci is quite different by geographical
variations and study periods. The aim of the present
study was to determine the distribution of MLSg re-
sistance phenotypes among clinical isolates of sta-
phylococci in a university hospital.

Methods: The MLSg resistance phenotypes of clinical
isolates of staphylococci were investigated by the
double-disk diffusion test using erythromycin and clin-
damycin disks.

Results: Of 7,916 isolates, 55.7% exhibited a con-
stitutive resistance phenotype (cMLSg) whereas 8.1%
expressed an inducible resistance phenotype (iMLSg).
Among 3,419 coagulase-negative staphylococci (CNS),
32.6% and 10.0% exhibited cMLSg and iMLSg resist-
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ance phenotypes, respectively. Of 4,497 Staphylococ-
cus aureus isolates, 73.1% and 6.8% were cMLSg and
iMLSg resistance phenotypes, respectively. cMLSg
was detected among 90.2% of methicillin-resistant S.
aureus (MRSA), 46.5% of methicillin-resistant CNS
(MRCNS), 3.2% of methicillin-susceptible CNS (MSCNS),
and 2.2% of methicillin-susceptible S. aureus (MSSA).
iIMLSB was detected among 16.5% of MSSA, 11.5%
of MRCNS, 6.7% of MSCNS, and 4.4% of MRSA.
Conclusion: MLSg resistance was more prevalent
among S. aureus isolates than CNS strains. Although
cMLSg was the most frequently detected resistance
phenotype among the total staphylococcal isolates,
methicillin-susceptible strains exhibited somewhat
higher iIMLSg resistance rates compared with methi-
cillin-resistant strains. (Korean J Clin Microbiol 2008;
11:78-83)
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A3t Y &5, 5™ Z macrolide-lincosamide-streptogramin
B (MLSy) hY EHRe) wlweh $EF dsinghet
R

200590 11958 2008+ 59744 AF7159H 9 A
shatof] wljeko] O)FHE HA F Staphylococcus T450] £
55 Wdez BBL 3A(BBL Microbiology Systems,
Cockeysville, MD., USA)2] penicillin (10 units), oxacillin (1
pg), vancomycin (30 ¢ g), teicoplanin (30 £ g), erythromycin
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(15 pg), tetracycline (30 #g), ciprofloxacin (5 #g), clindamy-
cin 2 #g)¥} trimethoprim/sulfamethoxazole (1.25/23.75 xg)
Y23 AES o]f3le] NCCLSY| t]AasH 3102 A3
3}, Arbekacin (30 ¢g, Eiken, Tokyo, Japan) HA=== A|
Z3]4k9] Aol whel A AAE AlReRaiehA4].
EEYT A4S 1FQAAT catalase HALol A X o
o)A coagulase testE Al3§sto] FolH Staphylococcus
aureus, 573°]™ coagulase-negative staphylococci (CNSZ <F
HE FAERL, N, HXglzt 22 A HollA Fel=]
= 752 API STAPH (bioMérieux, Marcy I’Etoile, France) 5=
+ Vitek 2 GP card (bioMérieux)S o]-&3lo] FA s}
ErorEe] MLS, Y FHYL ol F vaz A0
2Rlsglet. o]F t2== B4 2 Mueller-Hinton 3 wHA o]
0.5 McFarland B2 2 7SN S WEog S35 vk
HjR] Ewol] 5 t]A= dispensers ©]8-3to] erythromycin
t]2=(15 pg, BBL)$} clindamycin ©12~3F(2 #g, BBL)E ¢
HahAl B9 F 35°CollA] a5t wieksiedct. A 352 er-
ythromycinel] 2173} clindamycin®] A7} F4 DA} el
£ Yol §58 WA S Z, clindamycinZ} erythromycinol] =
el T4 WY AL A% ek 2ol
A FaEo] Feld T 4 oA ALJslaL, eryth-

romycin %5= clindamycinell Z-7F1A (intermediate) 7235 X.9]

868 T Alefstal EAegirh A9 &S(community-ac-
quired) LG 2ol A =3t 759 o 487K
of oo Beldl 2 AHstehs]. AT
Aol A+ S, aureus ATCC 259235 o]-g3}9ic).
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A 7,916 ZELT FollA] 2,808 (35.5%) TF+ eryth-
romycin®} clindamycinol] B ZHEAlo] AT 5,108 (64.5%) T
& erythromycin B=% clindamycinol] WAlo|ich Ax] =
Ut FollA 4,405 (55.7%) T T4 (constitutive) MLSg
WA o], 645 (8.1%) T+ 553 (inducible) MLSs WA
olglem 58 (0.7%) T+ erythromycinell ZHrAdolglent
clindamycinoll= WAo]¢itlh. MRSAS] cMLSp (constitutive
MLSs)Sh iMLSs (inducible MLSp) 43 18-S 90.2%9F
4.4%.31, 5.3%+ erythromycin@} clindamycinol] &5 254
o]gtl. Methicillin 7274 S, aureus (MSSA)S] cMLSs2¢
iMLSg AR vlES 22%9F 16.5%30T, 81.2%+= eryth-
romycinZ} clindamycinoll 27 ZH54d o9}t Methicillin WA
CNS (MRCNS)®| cMLSpe} iMLS; A& 18-S 46.5%9}
11.5%%3.3L, 40.1%% erythromycin¥} clindamycinol] 25 7<=
Aol e 1.9%%= erythromycinel] 2401921} clindamy-
cinoll&= WAlo|del. Methicillin ZHF4 CNS  (MSCNS)2)
cMLSpS} iMLSp WA S 3.2%%} 6.7%3L, 89.3%+ eryth-
Aol e 0.8%+ eryth-
clindamycinoll= WAl oAt}

romycin¥} clindamycinol] 5
romycinel] ZFAd o9l e
(Table 1).

A3t el MRSA wel&2 27 47.8%2k 90.6%3Av.
A9 25 MRSA® cMLSs9t iMLSy WAE wl& 72t
64.9%2}F 15.8%33L, 19.1%+= erythromycin} clindamycinol]
25 Aol el el MRSAS cMLSpot
iMLSg A4S Bl 2H2F 94.2%8F 2.6%313L, 3.1%%H0] er-

Table 1. Distribution of macrolide-lincosamide-streptogramin B (MLSg) resistance phenotypes of Staphylococcus species

Organisms MLSg No. (%) c¢cMLSg No. (%) iMLSg No. (%) ERY’CLI® No. (%)
S. aureus
MRSA (3626) 3431 (94.6) 3271 (90.2) 160 (4.4) 4 (0.1)
MSSA (871) 163 (18.7) 19 2.2) 114 (16.5) 1 (0.1)
Subtotal (4497) 3594 (79.9) 3290 (73.1) 304 (6.8) 5 (0.1)
CNS
MRCNS (2322) 1347 (58.0) 1080 (46.5) 267(11.5) 44 (1.9)
MSCNS (1097) 109 (9.9) 35 3.2) 74 (6.7) 9 (0.8)
Subtotal (3419) 1456 (42.6) 1115 (32.6) 341 (10.0) 53 (1.6)
Total (7916) 5050 (63.8) 4405 (55.7) 645 (8.1) 58 (0.7)

Abbreviations: ¢MLSp, constitutive MLSg resistance phenotype; iMLSg, inducible MLSg resistance phenotype; ERYCLI®, erythromycin-
susceptible and clindamycin-resistant; MRSA, methicillin-resistant S. aureus; MSSA, methicillin-susceptible S. aureus; CNS, coagulase-negative

staphylococci; MRCNS, methicillin-resistant CNS; MSCNS, methicillin-susceptible CNS.
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ythromycin¥} clindamycinol] 25 Z<rAdolgie). A Foll4 &
2]% MSSA®] cMLSp9t iMLSs WAH Hl& 27 1.5%%
143%%33L, Al A ¥ MSSAS] MLSs A% 53
o mlge A7 34%8F 203%ek AT Dol
MRCNS2| cMLSpE 28.8%9} 65.8%, IMLSpE 15.8%2} 6.8%
231, MSCNS9] A3} Y] cMLSeE 2.5%8}F 5.2%, =

L 7.5%9} 4.5%3ATHTable 2).

Azt AujellA E2]El MRSAY] tetracycline, trimetho-
prim/sulfamethoxazole (TMP/SMX), ciprofloxacin 3! arbekacin
o) A2 7 29.5%9F 13.0%, 90.0%9F 95.0%, 27.9%F
4.6% 9 95.0%9F 93.4%31ck. MRSAS] MLSp E3 3ol vhE
A WAES A4 Gl EFollA tetracycline® cipro-

Table 2. Distributions of MLSg resistance phenotypes of Staphylococcus species according to patients' classification

Classification (No.) ERY*CLI® No. (%)

¢MLS; No. (%)

iMLSg No. (%) ERYCLI® No. (%)

Community-acquired

MRSA (499) 95 (19.1) 324 (64.9) 79 (15.8) 1 (0.2)
MSSA (546) 459 (84.0) 8 (1.5) 78 (14.3) 1 (0.2)
Subtotal (1045) 554 (53.0) 332 (31.8) 157 (15.0) 2 (0.2)
MRCNS (1212) 651 (53.7) 349 (28.8) 192 (15.8) 20 (1.7)
MSCNS (810) 722 (89.1) 20 (2.5) 61 (7.5) 7 (0.9)
Subtotal (2022) 1373 (67.9) 369 (18.3) 253 (12.5) 27 (1.3)
Hospital-acquired
MRSA (3127) 96 (3.1) 2947 (94.2) 81 (2.6) 3 (0.1)
MSSA (325) 248 (76.3) 11 (34) 66 (20.3) 0 (0)
Subtotal (3452) 344 (9.9) 2958 (85.7) 147 (4.3) 3 (0.1)
MRCNS (1110) 280 (25.2) 731 (65.8) 75 (6.8) 24 (2.2)
MSCNS (287) 257 (89.6) 15 (5.2) 13 (4.5) 2 (0.7)
Subtotal (1397) 537 (38.4) 746 (53.4) 88 (6.3) 26 (1.9)

Abbreviations: ERY*CLI®, erythromycin-susceptible and clindamycin-susceptible; Others, see Table 1.

Table 3. Antibiotic susceptibilities of Staphylococcus aureus according to MLSg resistance phenotypes and patients' classification

Classification (No.)

Tetracycline No. (%)

TMP/SMX No. (%)

Ciprofloxacin No. (%)

Arbekacin No. (%)

Community-acquired

MRSA
cMLSs 14 (4.3) 284 (87.7) 5 (1.5) 306 (94.4)
iMLSg 49 (62.0) 73 (92.4) 49 (62.0) 76 (96.2)
ERY’CLI® 1 (100) 1 (100) 1 (100) 1 (100)
ERY®CLI® 83 (87.4) 91 (95.8) 84 (88.8) 91 (95.8)

Subtotal 147 (29.5) 449 (90.0) 139 (27.9) 474 (95.0)

MSSA
cMLS3 4 (50.0) 7 (87.5) 7 (87.5) 8 (100)
iMLSg 73 (93.6) 78 (100) 74 (94.9) 74 (94.9)
ERY’CLI® 0 (0) 1 (100) 0 (0) 1 (100)
ERY®CLI® 422 (91.9) 459 (100) 451 (98.3) 439 (95.6)

Subtotal 499 (91.4) 545 (99.8) 532 (97.4) 522 (95.6)

Hospital-acquired

MRSA
cMLSg 270 (9.2) 2808 (95.3) 13 (0.4) 2748 (93.2)
iMLSg 47 (58.0) 71 (87.7) 46 (56.8) 78 (96.3)
ERY®CLI® 1 (33.3) 0 (0) 0 (0) 3 (100)
ERY®CLI® 90 (93.8) 93 (96.9) 84 (87.5) 93 (96.9)

Subtotal 408 (13.0) 2972 (95.0) 143 (4.6) 2922 (93.4)

MSSA
cMLSg 7 (63.6) 10 (90.9) 6 (54.5) 11 (100)
iMLSg 64 (97.0) 66 (100) 65 (98.5) 63 (95.5)
ERY’CLI® 233 (94.0) 247 (99.6) 239 (96.4) 239 (96.4)

Subtotal 304 (93.5) 323 (99.4) 310 (95.4) 313 (96.5)

Abbreviations: TMP/SMX, trimethoprim/sulfamethoxazole; Others, see Table 1 and Table 2.
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Table 4. Prevalence of MLSg resistance phenotypes of methicillin-resistant Staphylococcus aureus according to isolation years and patients'

classification
No. (%) by year
Classification
2005 2006 2007 2008
Community-acquired
cMLSp 31 (38.7) 254 (37.6) 284 (41.5) 104 (38.4)
iMLSg 16 (20.0) 118 (17.5) 102 (14.9) 35 (12.9)
ERY*CLI® 1 (13) 12 (1.8) 5 (0.7) 3 (L1)
ERY®CLI® 32 (40.0) 291 (43.1) 294 (42.9) 129 (47.6)
Subtotal 80 (100) 675 (100) 685 (100) 271 (100)
Hospital-acquired
¢MLSg 236 (89.3) 1198 (85.4) 1609 (87.2) 635 (87.5)
iMLSgp 11 (42) 66 (4.7) 59 (3.2) 20 (2.8)
ERY®CLI® 1 (0.4) 4 (0.3) 14 (0.8) 8 (1.1)
ERY*CLI® 16 (6.1) 135 (9.6) 162 (8.8) 63 (8.7)
Subtotal 264 (100) 1403 (100) 1844 (100) 726 (100)

Abbreviations: see Table 1 and Table 2.
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o} b2 olfEk Aesich

MLSg WAE2 MLSg AW 3ol whe}l 22y o]
Wl Ao, 24 A7ell whet Xpo]7h Eel1,6,9]. Macrolide
WA S aureus7t QAR Z FA7} 5l AL ol 19501 =
HHRE] AJAE ek 19581378 19691d74A] |5 CDCel =4
H 16779 erythromycin WA S, aureus FollA 15757}
erm(AYE 23 = iMLSg Ao 17F+= cMLSg Y
AP ZA ermBYE 23 AATH7]. dluk=eollA 195913 7
19881d7}A] HoYol|A] Hel=l 428372 erythromycin WA S.
aureus SN 19714 ol AMAE erm(A) A7} 93t
AL, erm(C)= 19717 HE=7] Al&tsto] o] % G343 &
&5 2ol 1984~1988Wd0ll £2]H erythromycin WA S. aur-
eus T2 72%% XA eH11]. 1984~1985 1] New Jersey
o] 3709 W dellA] EelE S. aureus®t CNSS] MLSg WA &
ZHZE 22%8) 45%3. 3, MLSg HAIQl L5 5 S aureus?)
31%}F CNS9| 19%7} erm(A)YE, YA Bl¥-20] erm(C)S
Zr1 YATH12]. TS erm(A)yE S aureusollA+= IMLSg WA
oA =A] A& CNSellAE= cMLSg WA llA =gtom,
erm(C)= S. aureus®} CNS BollA T+ o] A% =9o}H12]. o
TollAE CNS FollAl erm(B)= S&ollAnt HEE L QA
7ed F3lellA Eel®l FFollAT erm(C)7F 7H E319ick
[13]. Lim S{6lol] <lshd Aloekzgsloly Sejn Ero7
2] MLSg WA F-AAF BE= S aureus®] 82.5%7} erm(A)o] 3L
erm(C)y DA 2.6%Htell ]2 ghotor] CNSOIAE erm(A)7}
11.2%°]3 erm(C)y= 47.2%=A 2=l B|3] S aureusollAl
erm(C)®] H1E7} w5 Uhgheh AlEgkmdellA] 19931 7]
200113714 S. aureus®] erythromycin?} clindamycin WA &<
ZH7} 68%~16%9F 51%~67%2 AEHME T3t S FAE
AL LH9] 2ol vl =9keH14]. 2002+ =Wl 137] 2] 87
ol FRH S, aureus®] erythromycinZ} clindamycin A&
& 2 74.5%9F 58.9%%331[15], - Aol A= erythromycin
79.9%, clindamycin 73.3%<] WAEo]%c}. Clindamycin WA
< MRSA A& Foll g55= vlE7l Fow 53] eryth-
romycin HAQl 754 wf o] &3] WYl =2[6,8,10], MRSA
Hlgo| 29 clindamycin WAE©| o = glem, cMLSs
WA vlgoll we} clindamycin WA Eo] ZelAlt)

7 51512 MRSA £&8]59] erythromycin¥} clindamycin W
E 96.6%%} 83.9%F wl-¢- E3 ot MSSACNAE 26.6%
9F 3.8%Z wil-g- kel B AFolA e o]¢t fARE AR
Bvh EESF F5ol whE MLSs WA ES B oA =
S. aureus7} 79.9%%Z CNS9] 42.6%Et} =9k} Cetin 5{14]
<2 CNS9| WA Eo| 44.4%= S aureus] 25.0%5c}F =9k
FE 52| methicillin WA ell w-& MLSy WA ¥+ Hazt
of] ukE xo]7} glort -2 MRSAIA 7H4 &3F MLSk
AT cMLSpO] I MSSACYA] = iMLSgol v}, & qdollA] =

MRSAIA = cMLSg WA HIE7} 90.2%E X o2 $-Alls}
3L, MSSACA= IMLSg WA HI=7} --Alskgie}. Lim 51{6]
2 iMLSg WA HIEE S aureus7} 14.6%E. CNSY 9.6%X.c}h
oo} B o3 FollA= CNSe| iMLSg WA HIET} S, aureus
R} o4 E9rK(Table 1).

Erythromycinoll&= 774 ©] 2L lincosamidesol] WHAlS Hol&
T lin(A) AR el 23 5243 LYo} At WA
7172 gzl wh glovt Fehem| el EAlsl= lin(A)S)
lin(AY) FAAeE AAdAide] =& FAA el 93 lincomycin?}
clindamycing nucleotidylation (adenylation) A]7]& &4zol 2
3l WS vrebie LS, 3ollA sl L33} LS\ 74
3™ streptogramin Aol tHaF AT AA} H )t
LSA¥2 S aureusAE =&EA WAE|ARE Staphylococcus
sciurii, Staphylococcus cohnii, Staphylococcus xylosusS} 732
CNsellA t] Eslel16].

B o3 FollA] #]o] 25 MRSAS] TMP/SMXZ} arbekacin®]
AFAES A 90.0%, 95.0%2 vl =tk A HE
MRSA®I|A] tetracycline} ciprofloxacin®] 24 &2 29.5%2}
27.9%E Yot iMLSg WA AT B 62.0%E 1|23
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HiZE: 23HtA AT ZHedoll macrolides A ks FHA AH&3tol vt AAAelA EelEe EEAT2] macro-
lide-lincosamide-streptogramin B (MLSg) Aol thgt WA o] S7kstA] ElQieh L5+ MLSs WA 8382 vl&
< A3} AFAT el wet 2ol 7 Gk B Aol A e U ] FelEle RS MLSy WA 339
EX 5 AvEnzt a9l

HiH: o] MLS WA 8L erythromycin clindamycin TlAFE o] &3t o]FtjAa WS o] 833

Zif A 7916 LA FollA 557% T4E MLSy WAE0IAIL, 8.1%E 53 MLSy WAoldr) 4,497 52|
Staphylococcus aureus FoNA TAEZ F-53 MLSy WAES 73.1%2F 6.8%3A3L, 3,419 coagulase 54 EELTH(CNS)
ZollA AR 58 MLSy WAES 32.6%2F 10.0%33c) A3 MLSy WA B2 methicillin-resistant S. aureus
(MRSA) 90.2%, methicillin-resistant CNS (MRCNS) 46.5%, methicillin-susceptible CNS (MSCNS) 3.2% 5! methicillin-suscep-
tible S. aureus (MSSA) 2.2%3t}. 553 MLSs WHAE-2 MSSA 16.5%, MRCNS 11.5%, MSCNS 6.7% % MRSA 4.4%33t}.
ZE: MLSB A2 CNSHU} S, aureusoll Al Eslict. 743 MLSB= AA| 227 FollA 71 &3] A5+ WA
F¥ o], methicillin 24 T methicillin WA Tl vl 23 MLSs WA 83 vlEo] vk =tk [T
A MZ5ES|X| 2008:11:78-83]
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