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Characterization of S. aureus Showing MLS Resistance with Foggy D Shape (IMLS)
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Abstract — A new type of macrolides, lincosamides and streptogramin B antibiotics (MLS) resistance, showing the char-
acteristic phenotype growing within the inhibition zone area around the clindamycin disk, was identified among clinically iso-
lated Staphylococcus aureus. We named the phenotype as MLS resistance with foggy-D shape (fMLS). The average
frequency of fMLS isolates was 9%. All of fMLS isolates have only erm(A) for the resistance determinant. The growth pat-
tern of the challenged fMLS isolate looks intermediate phase between the patterns of inducible MLS resistance and con-

stitutive MLS resistance.
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Table I~ Primer sequences and annealing temperature used in the PCR for detection of erm gene

Name Primer sequence Product size (base pairs) Annealing temperature
5-GTTCAAGAACAATCAATACAGAG-3° o

erm(A) 5-GGATCAGGAAAAGGACATTTTAC-3" 421 UC

om(®) 5-GAAAAGGTACTCAACCAAATA 32 639 50°C
5-ATGAACGGTACTTAAATTGTTTAC-3®

om(C) 5-GCTAATATTGTTTAAATCGTCAATTCC-3? 79 50°C
5-GGATCAGGAAAAGGACATTTTAC-3P

. 1 3
msrA) 5-GGCACAATAAGAGTGTTTAAAGG-3 940 50°C

5-AAGTTATATCATGAATAGATTGTCCTGTT-3®

*Upper primer.
Lower primer.
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MY

sHFE N MZ 2
MLSAl 38A|Z+=, 148 macrolide”] FHEAQ] erythro-
mycin(Sigma Chemical Co., MO, USA), 163 macrolide#] &+
AEAN josamycin(ICN Biomedical, CA, USA), lincosamide?|
33E249) clindamycin(Sigma Chemical Co., MO, USA)S A}
%ob’iﬁ% Al FFE A2 33 g7, 199933 2001
A, 712]3 200337 2005d0] 9dHCE FEld B3 xeay
T+t 111158 AM-Siich

MICS| &3

AY i gl st FAEL] HA o ,
Clinical Laboratory Standards Institute(CLSI, USA)2] 1A} Bl
] Aol o)sle] ArsFITEY Mueller Hinton agar(MHA;
Difco, MD, USA) Hl#]ol] ZF3tod, 37°CollA] 17A17F <t ik
Sigich AL AT F5E 64 pgml} HES slo], o] F
Sollx 28 Ad FX3 HABE 0.06 pgmlt HEE FA
=4 FAAEES TEth 2 FHEA] T CLSPIM A
Aeh= ATCC w21 Staphylococcus aureus ATCC25923% o)
gate] FA At 7)ol A wlokst gl s FjAsle] F
% #9 F=7) 10° CFUmIZY 955 & 9, = 31%57)
(Sakuma Co., Ltd, Tokyo, Japan)S: 01%*6}04 5w AFSATt
o9 e B F fle 44 55 MICE 3%l Wy
2] 7|52 CLSI®) breakpointE w}gic},

A FE S

LHN Fay

AE did #Fel dist uld 232, CLSIS| gaTRie] &
st AAlsict. 1 wioFet oS MHA aijA]o] =2k §,
erythromycin 15 pg, josamycin 15 pg¥} clindamycin 2 ugo] ¥

29l o] TA2E AR 07l Imwt HES BT
S7°COA 17413 B9F MK F A7) AX9 R0kt 7]
= 7 %S B

LM SEXte] ZHal

Genomic DNA extraction kit?l G spin ™M(INtRON, Gyeonggi,
Korea)Z ©]8-3t9], macrolides] IHE Ao WAl 59
genomic DNAZ 2191t} ©] genomic DNAS 342 erm(A),
erm(B), erm(C) primers ©183}%] multiplex PCRS- S Feoll &
7) 95g Fohd o HRAE HAT dEA] gelsgith
msr(A)°)) 3NEsk= 132 primers ©]#-3le] PCRZE msr(A)
Az skt ? olw) AM2-8t primer?] sequences} W
Z2& Table 17} 2}, Primers Bioneer*HDaejeon, Korea)ol
A g8l 28 ol gl on], PCRE Peltier thermocycler(M]
Research, MA, USA)E o] &8} th & & 95°CollA 587
denaturingS 8t1, ©]o] 97°CollA 10%, Table I°fl ”ﬂ7]ﬂ
primerd annealing 2504 1%, 74°ColA 18- 7He] 7RSS 2
3] NREsle] S£Z5 5, 74°CollA 1087 vl-el elongatlon—é
stk

HEEM

S AR LS 7HAE 752 Mueller Hinton broth(MH;
Difco, MD, USA)ellA] 2 uljefate] 3t A1=71704] 718 &,
erythromycin® #F % 0.1 uygmi/F H55 F7isted AgE
302 <k S skl 3+ 590 nm oM FREE
=481, WS 58 73 78R 2 #He] F%F 0D
0.057} H%= 7dskd i}, 18]3, clindamycing: #HE
% 10 ug/mio] HEE H7Rsle] 37°CelA 200 rpmeE R
wjokatict. vl Al kg AjFske] OD #ks Aol 71%
&b 21X Bk AAAarA s k1= AR o] W stokak

Hlwsh] fla 1A o, fd WEgE 7RE 2 A
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Fig. 1 - Phenotype of fMLS. The disks labeled with J contain 15 ug of josamycin, E contain 15 pg of erythromycin and C contain 2 pg of
clindamycin per disk. The figure upper left shows the typical form of iMLS phenotype with D-shaped inhibition zone area of josamycin
and clindamyein. Also, the figure upper right is the typical form of cMLS phenotype. Two other figures lower show fMLS phenotypes
which show the slight growth of bacteria within inhibition zone area of josamycin and clindamycin.
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Table II - The frequency of IMLS among clinically isolated S. aureus

ST, A T, A, AV T T8 a3 R
& o Wigs @E@Fﬁ% ol oiE Axe] 54& 7t
A w3 LA FrelAut ERlE i) A A &
2] g e T FolA J 18 AA g 7HE F5Ee
2 W Table T3 2}, A Ok A4 5 5 9.0%7)
HlE A U TEES e, JdEEE B ol

] 4

19999 % ol AE 10.8%, 20014 % T5ol = 8.0%, 2003
T 4.8%, 200595 FFolAE 9.0%7F 2 A
o:‘| o_ﬂ Bé Z71— 34)\1—0 o]—x1° o] X%Qx] O}OH;}, ]
A 9ol $AxE 25 em(A) SARE 7R3

Ko, ermB)t erm(C), msr(A) 5 MLS W/dH 2] dclo]
Hi U8 faxkE 7A T JA &9kth v, = UidE "
&4 WAEAES Hole 3 e T d552 em(A)9)

IMLS MLS cMLS Total MLS Susceptible Total

1999 No. of isolates 72 69 340 481 155 636
% 11.3 10.8 53.5 75.6 24.4 100

2001 No. of isolates 7 10 67 84 41 125
% 5.6 8.0 53.6 67.2 32.8 100

2003 No. of isolates 37 12 88 137 113 250
% 14.8 4.8 35.2 54.8 45.2 100

2005 No. of isolates 6 9 53 68 32 100
% 6.0 9.0 53.0 68.0 32.0 100

Total No. of isolates 122 100 548 770 341 1111
% 11.0 9.0 49.3 69.3 30.7 100

cMLS: Constitutive MLS resistance; iMLS: Inducible MLS resistance; MLS: MLS resistance

Vol. 50. No. 3. 2006



202 &2 - e

- oWt - % -

vl - A8

Table III - Genotype of fMLS

Gene erm(A) erm(B) erm(C) msr(A)
iMLS +/- - +/- -
MLS + - - -
cMLS +/- - +/- +/-
+; Detected in all
-; Not detected in all
+/-; Detected in some of them
15 .
S 1
n
S s
0
0 5 10 15 20
time(hr)
Susceptible
1.6
1.4
1.2
2 1
n 0.8
Sos6
0.4
0.2 —X
2 -
° 5 10 15 20
time(hr)
iMLS
1.6
1.4
1.2
° 1
2 0.8
Sos
0.4
0.2
0
0 5 10 15 20
time(hr)
c¢cMLS
1.6
1.4
1.2
e 1
208
Sos6
0.4
0.2
o
o s 10 15 20
time(hr)
fMLS

m Not induced and challenged

4@ Not induced and not challenged
A Induced and not challenged

X Induced and chalienged

Fig. 2 - Growth curve through the phenotype.
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