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An Easy Method of Disk Diffusion Antibiotic Susceptibility Test for Detection of
Erythromycin-induced Resistance to Clindamycin in Staphylococci
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A simple and easy modification of AST by disk diffusion was tested for the detection of induced
clindamycin resistant Staphylococci and their antimicrobial susceptibility at the same time. The incidence of
inducible clindamycin resistant staphylococci in blood culture and their MIC characterization at Seoul
National University Hospital was analyzed by an AST contained disk approximation test (D-zone test) and
Etest, respectively. Of the total 309 staphylococcal isolates, 139 (45%) isolates presented constitutive
resistance to ERY and CLI (ERY-R, CLI-R phenotype), and 59 were ERY-I/R and CLI-S phenotypes. Of
the 59 isolates, 19 (32%) isolates were inducible resistant to CLI. The incidence was higher in S. aureus
(66.7%) than coagulase-negative staphylococci (CNS, 26.0%). Especially, methicillin-resistant staphylococci
(MRSA, 100%; MRCNS, 45.5%) presented higher inducibility than methicillin susceptible (MSSA, 50%;
MSCNS, 20%). For most of the inducible clindamycin resistant staphylococci (15 of 19 isolates), their ERY
MIC were high (>128 pg/mL) and were methicillin resistant. The remaining 4 isolates were methicillin
susceptible and their ERY MIC were of intermediate concentrations (1-4 upg/mL). We concluded that
suscetibility testing of staphylococci, especially methicillin resistant, should include the D-zone test.

Key Words : D-zone test, Inducible clindamycin resistant staphylococci, Incidence of inducible MLSg,

Methicillin resistant staphylococci

I. M =

S Asgro g A= datAlolth. Staphylococcus

Macrolide, lincosamide$} streptogramin BA] (MLSB
A) FBAE 23S RNAC 2-g351e] Alte] vl a3

AAAZL 2 FAY, ($)110-744, AEA] FETF ADF 28,
Aetista g, AezAbel sk,

Tel : 02-2072-2797, 019-443-2937

E-mail : sijoo@paran.com

38

aureus(S. aureus)$} coagulase-negative staphylococci (CNS)
o A erythromycin©.2 w3 == macrolide &=l t
S WAL, erm frAbel| ok dtA] 29 E A
gslgtoza gaArt AgstA Rt she A-85-9
W3 7] A3 Rose 5, 1990), mstA f--}ol &3 A
A W 7)1"-o] AtHRose 5, 1989). erm A =}ol] &
3+ 23S rRNAS] Wg3k= MLSA 2 ahAlo 2g5



A FH o]l2 <18t MLSAH &tA|
2ATHRobert 5, 1999). MLS &A=

A 5ANA AR Aol 53]
o]} penicillin o

2
staphylococci 2
lincosamidA| €] clindamycina 37+
4 SxjoA HdElEE gatA o] th(Fiebelkorn
2003). L2t} B BuAox F%A clindamycin W43
staphylococci 7+ 3x}e] UXH-o| A clindamycin %] &
53 X7yt A9sidta B asky o H(Watanakuna-
korn, 1976; Drinkovic 5, 2001; Siberry 5, 2003), 2004
o]l National Committee for Clinical Laboratory Standards
(NCCLS, 2004)= erythromycinel]l 93] =% += clinda-
mycin WAlS EE staphylococcioll A HAFSIEE & 7)8}

'6'1

Atk F%=A4  clindamycin WAL AZFde WHe
Fiebelkorn 5(2003)ell <Jate] AtE = CLSI/NCCLS

multi-center 7-(Zelazny 5, 2005)2 53l ¥F+3}y
20053 CLSI M100-S159)4= S. aureus, CNS,
Streprococcus pneumoniae(S. pneumoniae)9} HE}-8-3 A
AT 2 A E o] &3 A3 A
of X% AE3=E 3ttt 54 “D-zone test”2Hal &
Z o] gz &3 A AANdisk approximation test)=
iz oz HAF Al vl HEsta: G840
=4 clindamycin WS A& 4 Atk
Syt M= 20021 a0l Al B k21 o A]
E=719 F=4 clindamycin WAde] 10.2%2] HIx=
Ueldtiy Bag vk glom(Lim 5, 2002), S. pneu-
0.9%zt RIuFV|=  SFATHKImM

:]_l‘l

moniaeol| A=
2005).

2 ATE 20059 % 1€7H 10€7HA] A2ttty
A9 Fohujfolly Bed ZE IFINTS Ao,
E479 g3 H-S Al A erythromycin (ERY)
7} cIindamycin(CLI) a3 23 A AL SAld

2 & JEE 39kste] fEA clindamycin WA H1%
ZAFFAAL, 1 AW 84S FotEUT &

A1 clindamycin WA Hol= #E9 XdFH EA4S
oolr sl 95kl Etest a+#A A A|(AB BIODISK,
o]-&3t HArAlTE ArE AAIsH

o,

L=
R

o)

i o%'

Solna, Sweden)E

I BIE ZARIATH
II. T8 % dkH
thAEF - AedistwE Aol A 2005 1€ 3E 109

39

7HA] e 9 BEldTFE
T 3 Aol A A5l E2E o
™, A& A7}A] 10% skim milk brothel] &
of RSt Hid w5 Al Aol A
Aol A AEFste] 36°C, 5% CO, vl %7l &=
At

ot E;g ol 6]-}\(@;(1] 71—/\/\ 7‘51'/\]_ : 7_1'- -T‘lL_Z'_g]
VITEK(bioMeriux Inc., NC, USA)<
o A B PAE CLSE M2-A89l HFE AR
(2005)0 we} vz o g AAEFow CLSI
M100-S159] 7]Fol| whel #=53H3ith Methicillinel] o gk
54 B cefoxitin-30 pg TlX~=(Oxoid Ltd.,
Hampshire, UK)E A8-3}3 -

tx=3 &3 A3 7 AKdisk approximation test, D-zone
test) : FAA A AAE AAE W 23 FF7](12
Y= &, Oxoid Ltd., Hampshire, UK)olA CLI diskE
AAs AL 11709) Y2a3g B335151, CLI-2 pg t2IE
ERY-15 png disk(Oxoid Ltd., Hampshire, UK) £°llA] 20
mm7} oA=& HX| &3tk 35T, 7] JE 2 18A17F
HieFstdeh. F A & A4 JAdE f15Eel 8l
o] Yeh}d “D-zone =437, CLIS| AIth7} ERY disk
WEFo 2 915 Eo] “D"AF BeFo 2 YEhd “D-zone &
Aro 2 A=Y THFig. 1).

Fig. 1. Disk approximation test (D-zone test). (A) When
ERY-15 pg disk and CLI-2 pg disk were placed 20 mm apart
(edge to edge), inhibition zone of CLI disk was presented “D”
form. (B) But these disks were placed at routine disk diffusion
position (38 mm apart), CLI disk was viewed well inhibited
round zone.
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Table 1. Incidence of resistance phenotypes of staphylococci, blood isolates from SNUH from Jan. to Oct. 2005

No. (%) of methicillin
resistant isolates**

Phenotype* (No. of isolate)

No. (%) of methicillin
susceptible isolates

S. aureus CNS S. aureus CNS
ERY-S, CLI-S (111) 1 (4.5) 35 (19.3) 18 (64.3) 57 (73.1)
ERY-S, CLI-I/R (3) 0 (0.0) 1 (0.6) 1 (3.6) 1 (1.3)
ERY-I/R, CLI-S (59) 3 (13.6) 32 (17.7) 6 (21.4) 18 (23.1)
ERY-I/R, CLI-I/R (136) 18 (81.8) 113 (62.4) 3 (10.7) 2 (2.6)
Total (309) 22 181 28 78

* ERY, erythromycin; CLI, clindamycin; S, susceptible; I, intermediate; R, resistant.

** CNS, coagulase-negative Staphylococcus sp.



Table 2. Incidence of erythromycin-induced clindamycin resistant staphylococci, ERY-I/R, CLI-S phenotype isolate from Table 1

No. (%) of isolates with D-zone test result

Organisms

Positive Negative

S. aureus
Methicillin resistant
Methicillin susceptible
Coagulase-negative Staphylococcus sp.
Methicillin resistant
Staphylococcus species
. epidermidis
. hominis
. haemolyticus
. intermedius
S. capitis
Methicillin susceptible
Staphylococcus species
S. epidermidis
S. hominis
S. intermedius
S. warneri
Total
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3
3
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Table 3. Distribution of clindamycin MIC (ug/mL) among D-zone test positive and negative staphylococci isolates

No. of isolates in each clindamycin MIC (ug/mL)

D-zone Organisms*

0.032 0.064 0.125 0.25 0.5 1 2

Positive MRCNS - 5 4 1 - - -
MSCNS - - 1 - - - -

MRSA - - 1 1 - 1 -

MSSA - 1 2 - - - -

Negative MRCNS 1 4 12 3 1 - -
MSCNS - 8 7 - - - -

MSSA - - - - - 1

Total 1 18 28 5 1 1 1

* MRCNS, methicillin-resistant coagulase-negative Staphylococcus sp.
MSCNS, methicillin-susceptible coagulase-negative Staphylococcus sp.

MRSA, methicillin-resistant Staphylococcus aureus
MSSA, methicillin-susceptible Staphylococcus aureus
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Table 4. Distribution of erythromycin MIC (ug/mL) among D-zone test positive and negative staphylococci isolates

No. of isolates in each erythromycin MIC (ug/mL)

D-zone Organisms*
1 2 4 8 16 32 64 128 >256
Positive MRCNS - - - - - - - 1 9
MSCNS - - 1 - - - - - -
MRSA - - - - - - - - 3
MSSA 1 1 1 - - - - - -
Negative MRCNS - - - - 1 2 5 4
MSCNS - - - - 2 - 2 2
MSSA - - - 1 - - - -
Total 1 1 2 1 3 2 7 7 31
* See Table 3.
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