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Abstract 

 
Clinical failure of clindamycin therapy has been reported due to multiple 
mechanisms that include resistance to macrolide, lincosamide and strepto-
gramin antibiotics. In vitro routine tests for clindamycin susceptibility may fail 
to detect inducible clindamycin resistance thus necessitating the need to detect 
such resistance by a simple D test on routine basis. Among 446 clinical isolates of 
Staphylococci studied, 145(32.5%) were MRSA and 301(67.84%) were MSSA. 
Of the 446 staphylococcal isolates 87 (19.50%) were resistant to erythromycin of 
which 41 (47.12%) showed inducible clindamycin resistance and belonged to the 
MLSBi phenotype. Among the 41 MLSBi phenotype 36(87.80%) were MRSA 
and 5(12.19%) were MSSA. Of the 36 MRSA 9(25%) were CA-MRSA and 27 
(75%) were HA-MRSA. We conclude therefore, that D-test should be used as a 
mandatory method in routine disc diffusion testing to detect inducible Clinda-
mycin resistance. 
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Introduction 
 
Staphylococcus aureus causes a variety of infections, 
ranging from skin and soft tissue infections to life threat-
ening endocarditis [1]. Methicillin resistant Staphylococ-
cus aureus (MRSA) is a major cause of nosocomial and 
community acquired infections [2]. Increasing frequency 
of Methicillin Resistant Staphylococcus aureus (MRSA) 
infections and changing patterns in antimicrobial resis-
tance have led to renewed interest in the use of macrolide 
lincosamide – streptogramin B (MLSB) antibiotics to 
treat such infections. However, their widespread use has 
led to an increase in the number of Staphylococcus strains 
resistant to MLSB antibiotics [3]. The MLS family of 
antibiotics has three different mechanisms of resistance–
target site modification, enzymatic antibiotic inactivation 
and macrolide efflux pumps. Clindamycin, a lincosamide 
antibiotic, is among the limited choice of antimicrobials 
effective against MRSA. There is concern about use of 
this antibiotic in the presence of Erythromycin resistance 
because of the possibility of induction of cross- resistance  

 
among members of the macrolide, lincosamide, strepto-
gramin B (MLSB) group [4]. As MRSA infections have 
become increasingly common in the community setting 
,the development of empirical antimicrobial therapeutic 
strategies for Staphylococcal infections has become more 
problematic .Clindamycin has long been an option for 
treating both MSSA and MRSA infections.  
 
However, expression of inducible resistance to clindamy-
cin could limit the effectiveness of this drug. Demonstra-
tion of inducible MLSB phenotype in isolates that are 
susceptible to Clindamycin and resistant to Erythromycin 
is possible by using Double Disk diffusion agar inhibitory 
assay or D – test [5,6]. Data describing MLSB - preva-
lence or clinical predictors of the presence of MLSBi 
among CA - MRSA and HA- MRSA isolates are quite 
limited in India. In the present study, we aimed to charac-
terize MLSBi resistance in both hospital and community 
associated Staphylococcus aureus isolates, including 
MRSA and MSSA, at our institute. 
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Materials and Methods 
 
The present study was conducted from Jan 2010 to Dec 
2010.A total 446 isolates of Staphylococcus aureus iso-
lated from various clinical specimens like pus, blood, 
wound swab, body fluids and urine were tested. 
 
Staphylococcus aureus isolates were initially identified by 
the standard conventional  methods  [7,8,9 ]  & followed 
by the screening for Oxacillin resistance using Oxacillin 
(1µg) on Muller Hinton agar supplemented with 2% NaCl 
followed by overnight incubation at 35°C [7]. 
 
Antimicrobial susceptibility testing were done by Kirby 
Bauer’s disc diffusion method on Muller-Hinton agar 
plates using Ciprofloxacin(5µg), Cefoxitin (30µg), Eryth-
romycin (15µg) and  Penicillin (10U) as per CLSI guide-
lines [8]. All antimicrobial susceptibility tests were inter-
preted in accordance with the 2007 guidelines published 
by CLSI. [MRSA isolates were designated as HA - 
MRSA if the source patient had any of the following risk 
factors:  a history of hospitalization, residence in a long 
term care facility (e.g. nursing home), dialysis, or surgery 
within one year to the date of specimen collection; growth 
of MRSA 48 h or more after admission to a hospital; 
presence of permanent indwelling catheter or percutane-
ous device at the time of culture; or prior positive MRSA 
culture report. If none of the above risk factors were pre-
sent, the isolates were considered CA - MRSA.] 
 
Phenotypic inducible resistance to clindamycin by D- 
test.  
 
Isolates were plated on a Muller Hinton agar plate at a Mc 
Far land concentration of 0.5 to eventually cover the agar 
surface. Clindamycin and Erythromycin disks, containing  

2 µg and 15µg each respectively were placed in the center 
of the plate separated by a distance of 15 cm between the 
edges. Plates were incubated at 37° C for 24 hr. Inducible 
resistance to Clindamycin was defined as blunting of the  
clear circular area of no growth around the Clindamycin 
disk on the side adjacent to the Erythromycin disk and 
was designated D - test positive. Absence of a blunted 
zone of inhibition was designated D - test negative. Three 
different phenotypes were interpreted as follows [8.9]. 
 
1. MS phenotype isolates showing circular zone of inhi-
bition around Clindamycin (Zone size> 21mm) and resis-
tance to Erythromycin (Zone size <13 mm) was labeled as 
MS phenotype. 
 
2. Inducible MLSB phenotype Staphylococcal isolates 
showing resistance to Erythromycin (zone size <13 mm) 
and sensitive to Clindamycin (Zone size>21mm) giving D 
- shaped zone of inhibition around Clindamycin disc were 
labeled as Inducible MLSB phenotype. 
 
3. Constitutive MLSB phenotype Staphylococcal isolates 
showed resistance to both Erythromycin (Zone size <13 
mm) and Clindamycin (Zone size < 14mm) with circular 
shape of zone of inhibition if any around Clindamycin. 
 
Results 
 
A total of 446 Staphylococcus aureus obtained from con-
secutive clinical specimens were included, consisting of 
145 (32.51%) MRSA and 301 (67.48%) MSSA. Out of 
446 Staphylococcus aureus 87 (19.50%) were resistant 
erythromycin. These isolates were subjected to D - test. 
12 out of 87 showed resistance to both Erythromycin and 
Clindamycin indicating constitutive MLSB phenotype in 

 

 
 
Figure 1. Disc diffusion test for inducible clindamycin resistance 
 (a) Erythromycin resistant and clindamycin sensitive Staphylococcal isolate with circular zone of inhibition around 
clindamycin suggestive of MS phenotype.  
b) Erythromycin resistant and clindamycin sensitive Staphylococcal isolate giving D shaped zone of inhibition around 
clindamycin with flattening towards erythromycin disc suggestive of inducible MLSB phenotype. 
 (c) Staphylococcal isolate resistant to both erythromycin and clindamycin suggestive of constitutive MLSB phenotype. 
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Figure 2. Distribution of Staphylococcal isolates according to phenotypes  
ERY - Erythromycin; CL- Clindamycin; S – Sensitive; R – Resistant; Constitutive MLSB – Constitutive resistance to 
Clindamycin; Inducible MLSB – Inducible resistance to Clindamycin; MS – MS phenotype  
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Figure 3.. Distribution of CA- MRSA & HA-MRSA isolates  
ERY - Erythromycin; CL- Clindamycin; S – Sensitive; R – Resistant; Constitutive MLSB – Constitutive resistance to 
Clindamycin; Inducible MLSB – Inducible resistance to Clindamycin; MS – MS phenotype  

 
MRSA.Constitutive MLSB phenotype was not detected in 
MSSA Of 87 , 41 (9.19%) showed positive D - test indi-
cating inducible MLSB phenotype while 34 (7.62%)  
 

 
showed D test negative indicating MS phenotype. Among 
41 MLSB phenotype, 36(87.80%) were from MRSA 
strains while 5 (12.19%) were MSSA strains. From a total 
145 MRSA 36 (24.82%) were MLSB phenotypes [Fig. 4]. 

 
Of the 145 MRSA, 69(47.58%) were CA-MRSA & 76 
(52.41%) were HA-MRSA. Among CA-MRSA, 9 (6.2%) 
were MLSB phenotype and from HA-MRSA 27 (18.52 
%) were MLSB phenotype. Of 28 MS phenotype 18 
(12.41 %) and 10 ( 6.89 % ) were from CA-MRSA & 
HA-MRSA respectively.[Fig. 3]. 

 

 
Discussion 
 
Clindamycin is an appealing option because of its proven 
efficacy, safety and convenience of parental and oral ad-
ministration in patients. The possibility of inducible resis-
tance is a concern. Clindamycin resistance can develop in 
Staphylococcal isolates with inducible phenotype and  
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from such isolates, spontaneous constitutively resistant 
mutants have arisen both in vitro and in vivo testing dur-
ing Clindamycin therapy.  
 
Our study suggests that there is a higher percentage of 
erythromycin resistant isolates 76 (52.41%) in MRSA as 
compared to MSSA 11 (3.6%). Out of 76 MRSA, 36 
(24.82%) isolates were positive for ‘D’ test, 12 (8.2%) 
were constitutive MLSB and 28 (19.3%) were ‘D’ test 
negative.  In 301 (67.48%) MSSA isolates, 5 (1.66%) 
were inducible Clindamycin resistant and 6 (1.99%) were 
‘D’ test negative. This was in concordance with a few of 
the studies reported before by Yilmaz et al. [ 10] who  
found inducible resistance of 24.4% in MRSA and 14.8% 
in MSSA. 
 
In a study conducted in Brazil [11,12]  (Vander et al 
2003) 11.3 %  of Staphylococcus aureus were determined 
to have the inducible MLSB resistance phenotype, while 
Fiebelkorn et al,( 2003) [1] showed 29% to have induc-
ible MLSB resistance phenotypes. In another study con-
ducted in Turkey (Azap et al 2005), 5.7% among MRSA 
isolates, 3.6% MSSA isolates were determined to have 
inducible CL-R phenotype. In India Gadepalli et al. [5] 
showed it to be 30% in MRSA and 10% in MSSA, while 
Mohamed Rahabar et al [13] reported 22.6% in MRSA 
and 4% in MSSA, a trend that has been seen nationally. 
 
Clinically, bacterial strains exhibiting MLSB have a high 
rate of spontaneous mutation to constitutive resistance, 
and the use of non inducer antibiotics such as clindamycin 
can lead to the selection of constitutive mutants and may 
result in clindamycin treatment failure [14, 15]. 
 
The emergence of resistance to multiple antibiotics 
among staphylococci has left very few therapeutic options 
for clinicians. A therapeutic decision is not possible with-
out the relevant clinical and microbiological data. The 
increasing frequency of MRSA with in vitro inducible 
clindamycin resistance raises a concern of clindamycin 
treatment failures and this is where the D test becomes 
significant [16,17] 
 
To conclude, the implementation of the D-test a simple, 
auxiliary method with routine antibiotic susceptibility 
testing, delineates inducible and constitutive clindamycin 
resistance. Consequently early detection helps in the use 
of clindamycin only in infections caused by truly clinda-
mycin susceptible S. aureus and thus helps to avoid 
treatment failures. 
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