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Introduction 

Staphylococcus aureus (S. aureus ) is etiological agent of a divers 
number of diseases, including necrotizing pneumonia, septic arthri-
tis and osteomyelitis. 90% of all infections are result of skin and soft 
tissue structure breaches [1]. Earlier S. aureus has been associated 
principally to hospital and health care associated infections. Howev-
er over recent decades there has been an alarming increase in S. 
aureus infections associated with antibiotic resistance throughout 
the community. Methicillin resistance S. aureus (MRSA) strains 
were initially described in 1961 and emerged in the last decade as 
one of the most important nosocomial pathogens. Since then, the 
major attention was focused on the knowledge of the prevalence of 
MRSA and their antimicrobial profile to guide the treatment strategy 
for infections caused by these strain [2-4]. In India also, large num-
ber of studies were carried out on prevalence of MRSA and their 
susceptibility pattern to decide the antibiotic policy for appropriate 
empirical therapy for these infections. In recent times, infections 
due to MRSA have become increasingly common in community and 
previously in healthy people who lacked traditional risk factors for 

acquisition of MRSA [5]. 

Given that the majority of reported community associated MRSA 

(CA-MRSA) infections are skin and soft-tissue infections and 
clindamycin represents a superior option as clindamycin comes in 
both intravenous and oral formulations (with 90% oral bioavailabil-
ity) and this drug distributes well into skin and skin structures. 
Clindamycin is also less costly than some of the newer agents that 
might be considered for these infections. Finally, clindamycin may 
be able to inhibit production of certain toxins and virulence factors in 

staphylococci [6-8]. 

One of the major concerns with regard to the use of clindamycin for 
CA-MRSA infection is the possible presence of inducible resistance 
to clindamycin [8]. Inducible clindamycin resistance is not detected 
by standard broth microdilution testing, automated susceptibility 
testing devices, the standard disk diffusion test, or E-test. Uncer-
tainty about the reliability of susceptibility reports for clindamycin, as 
well as confusion over the clinical importance of this inducible re-
sistance, has led some clinicians to avoid use of clindamycin for 
staphylococcal infections whenever erythromycin resistance is not-

ed. 

Erythromycin resistant staphylococci often have cross-resistant to 
macrolides (erythromycin, spiramycin, claritrhomycin, azithromycin) 
lincosamide (lincomycin, clindamycin) and sreptogramin type B 
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antibiotics designated MLSB resistant. MRSA infections and its var-
ying patterns in antimicrobial resistance have led to concern in the 
use of MLSB antibiotics to treat such infections. However, their 
widespread use has led to an increase in the number of S. aureus 
strains resistant to MLSB antibiotics. Data describing MLSB - preva-
lence or clinical predictors of the presence of MLSB (inducible 
MLSB) among MRSA as well as MSSA isolates are quite limited in 
India [5-8]. Clinically, bacterial strains exhibiting MLSB resistant 
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 clindamy-

cin treatment failure [6-9]. 

A therapeutic decision is not possible without the relevant clinical 

and microbiological data. The increasing frequency of MRSA as 
well as rising rate of inducible clindamycin resistance is a great 
concern of clindamycin treatment failures and this is where the D- 
zone test becomes significant. Hence knowledge of prevalence of 
MRSA and their antimicrobial profile with detection of inducible 
clindamycin resistant has become a paramount in the effective 
treatment of the life threatening nosocomial infections and commu-
nity acquired infections caused by these pathogens. 

Present study was designed to isolate and confirm S. aureus from 
various clinical samples by standard, conventional methods. To 
study the antibiotic susceptibility pattern of above isolates with spe-
cial reference to phenotypic detection of MRSA and detection of 
MLSB resistant by D-zone test method and to characterize MLSB 

resistance in both hospital and community associated S. aureus 
isolates, including MRSA and MSSA.  

Material and Methods 

The present study was conducted in the Department Of Microbiolo-
gy, Dr. D. Y. Patil Medical College, Hospital And Research Centre, 

Pimpri, Pune-41018, from July 2014-August 2014.  

Ethical Statement 

Study protocols were approved by the institutional ethics committee 
of Dr. D. Y. Patil Medical College, Pune Ethics DYPV/EC/205/14 

Selection of Test Strains 

Total of 100 S. aureus isolated from various clinical samples like 
blood, pus, wound swab, urine, CSF and body fluids were tasted. 

Sample Processing 

S. aureus isolates were identified by the standard conventional 
methods [10] and the antimicrobial susceptibility testing was per-
formed by Kirby Bauers disc diffusion method for co-trimoxazole 
(25µg), Gentamycin (30µg), erythromycin (15µg), linezolid (30µg), 
tetracycline (30µg), and vancomycin (30µg) as per guidelines from 
Clinical and Laboratory Standards Institute (CLSI). Screening for 
Oxacillin resistance using Oxacillin (1µg) on (Muller-Hinton) M-H 
agar supplemented with 2% NaCl followed by overnight incubation 
at 35°C [5,10]. 

Phenotypic Detection of Inducible Resistance to Clindamycin 

by D-zone Test 

The inducible Clindamycin resistance was performed by D- zone 
test using erythromycin (15 µg) and clindamycin (2 µg) discs as per 
CLSI (Clinical Laboratory Standard Institute) guidelines. To detect 
inducible Clindamycin resistant, organism to be tested were cul-

tured on a M-H agar plate at a Mc.Farland concentration of 0.5 to 
eventually cover the agar surface. Clindamycin and erythromycin 
discs were placed in the centre of the plate separated by a distance 
of 15 cm between the edges. Plates were incubated at 37° C for 24 
hr. [5,11]. Organism that shows a blunting or flattering of the 
clindamycin zone are considered D-zone test positive, those that 
show no flattering were D-zone test negative 

Three different phenotypes will be interpreted as follows: 

MS Phenotype 

Isolates showing circular zone of inhibition around clindamycin 
(Zone size> 21mm) and resistance to erythromycin (Zone size <13 
mm) was labelled as MS phenotype. 

Inducible MLSB phenotype: Staphylococcal isolates showing re-
sistance 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 pheno-
type. 

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. 

Quality Control 

S. aureus ATCC 25923 were used as the quality control strain.  

Medical records for the source patients were reviewed for the de-
mographic information, history of prior hospitalisation, presence of 
major comorbid conditions (e.g. Diabetes mellitus, renal dysfunc-
tion, post-surgical status, malignancy, solid organ or stem cell trans-
plantation, neutropenia, trauma or burn injury) and antibiotic expo-
sure within the preceding year.  

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 within 48 h or more after admission to a hospital, 
presence of permanent indwelling catheter or percutaneous device 
at the time of culture; or prior positive MRSA culture report. If none 
of the above risk factors were present, the isolates were considered 
CA – MRSA [1,2]. 

Observation and Results  

A total of 100 S. aureus were collected prospectively. Among these, 
50 (50%) were MRSA and 50 (50%) were MSSA. All strains of S. 
aureus were susceptible to vancomycin and linezolid while 90% 
strains were sensitive to tetracycline. Moderate susceptibility were 

recorded from cotrimaxazole and gentamycin i.e. 55% and 49% [Fig
-1]. 

The presence of MLSB was confirmed by using D test. 

A blunt edge with otherwise clear zone of inhibition around 
clindamycin disc was observed in D-zone test positive strains [Fig-
2]. The prevalence of MLSB among all S. aureus isolates were 30%
(30). Of the 30 MLSB producers, 10 were from MRSA strains 
while20 were from MSSA strains. 

Of the total 100 strains of S. aureus 68% strains were erythromycin 
resistant, of that 30% strains were inducible clindamycin positive. 
[Table-1]. Maximum inducible clindamycin producer strains were 

International Journal of Microbiology Research 
ISSN: 0975-5276 & E-ISSN: 0975-9174, Volume 7, Issue 2, 2015 

Comparative Analysis of Inducible Clindamycin Resistance among Community and Hospital Associated Staphylococcus aureus Infection in 
Tertiary Care Hospital Maharashtra India 



|| Bioinfo Publications ||  625 

 

from pus sample i.e. 27(90%) and only 3(10%) were from body 
fluids [Fig-3]. 14 S. aureus strains were isolated from blood sam-
ples, of that 10 samples were received from ICU patients and all 

strains were not inducible clindamycin producers.  

Fig. 1- Distribution of antimicrobial susceptibility of S. aureus 

(n=100) 

Fig. 2- Positive D-zone test  

Table 1- Distribution of MRSA, MSSA and inducible clindamycin 

resistant (D Test positive) isolates from clinical samples 

Of the 30 MLSB producers, 10 were from MRSA strains while20 
were from MSSA strains [Fig-4]. Among 50 (MRSA) 20(40 %) were 
CA-MRSA and 30(60%) were HA MRSA. MRSA were predominant-
ly isolated from adults in the age group of 18-59 years. The pres-
ence of MLSB (total 30)was detected (07)70% in CA-MRSA and (03)
30% in HA -MRSA. The demographic and clinical characteristics of 

patients with S. aureus infections giving positive D- zone test results 

were obtained. 

Fig. 3- Distribution of MLSBi from clinical samples 

Fig. 4- Distribution of MLSBI in MRSA and MSSA strains 

Discussion 

Clinical data regarding the risk of emergence of inducible clindamy-
cin resistance through selection of resistant mutants during therapy 
of MLSB S. aureus infections are limited primarily to a few case 
reports. Much of the recent data have been derived from pediatric 
patients, because CA-MRSA was recognized early among some 
pediatric groups [13-14]. Although the data are not entirely conclu-
sive, the trend has been that clindamycin treatment failures are 

more likely in MRSA infections due to MLSB strains. 

The present study was conducted to isolate and confirm S. aureus 
from various clinical samples by standard, conventional methods 
and also to characterize MLSB resistance in both hospital and com-
munity associated S. aureus isolates, including MRSA and MSSA. 
50 % S. aureus were oxacillin resistant while 68% strains were 
erythromycin resistant. Of the 68 erythromycin resistant strains, 30
(44.11%) strains were positive for D-zone test i.e. Inducible 
clindamycin resistant, while 17(25%) strain were MS- phenotype 
and 21(30.80%) were constitutive phenotype. In the present study, 
we have detected 20(66.66%) and 10(33.33%) inducible clindamy-
cin resistant in MSSA and MRSA respectively. S. aureus remains 
the most prominent etiology of pyogenic infections. In the present 
study the majority of the isolates [58%] were from pus samples. 
Several reports also suggested that MRSA were isolated most com-
monly from pyogenic infections and ranged from 50% to 70% [8,15]. 
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Specimen 
(no of samples) 

MRSA isolates  MSSA isolates 
D-test positive 

isolates  

Pus (58) 28 (48.27%) 30 (51.7%) 27 

Body fluids (28) 21 (75%) 07 (25%) 3 

Blood (14) 01 (7%) 13 (92.8%) 0 

Total (100) 50 (50%) 50 (50%) 30 
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Studies on inducible clindamycin resistance from other parts of 
India ranged from 11% to 25% [16-18]. In the present study the 
overall inducible clindamycin resistance among S. aureus was 
demonstrated in 30 [30%] of isolates, In our study we observed 
that, almost all the CA-MRSA isolates were from pus samples and 
showed higher susceptibility to tetracycline, amikacin, clindamycin, 
linezolid in comparison to HA-MRSA. We also observed that, the 
multi-drug resistance and inducible clindamycin resistance was 
higher in HA-MRSA than CA-MRSA [19-21]. There have also been 
several studies reporting that clindamycin /lincomycin therapy fail-
ures in in sever staphylococcal infections dur to inducible clindamy-
cin resistant strains [5-9] indicating that this has led to questioning 
the safety of clidamycin use against erythromycin resistant staphy-
lococcal strains. However Lewis et al [21] and Levin [20] reported 
that clindamycin has been effective in some situations where induci-

ble clindamycin resistance where demonstrated. 

This may be useful in guiding the clinicians in treating CA-MRSA 
infections, as these are generally less resistant than HA-MRSA. 
However, further study needed for genetic analysis in detection of 
specific genes, other virulence markers and typing of SCCmec in 
MRSA. Since the main source of MRSA are the hospitals, the effec-
tive infection control measures and proper hand washing practices 
must be adopted by all the health-care providers to prevent spread 
of MRSA and MDR S. aureus. Screening of all the health- c a r e 
providers for nasal carriage of MRSA may be done as a mandatory 
procedure in all the hospitals and treating carriers with topical mupi-
rocin, may reduce MRSA and their spread in those setups. At the 
laboratory level, detection of MRSA by routine antibiotic susceptibil-
ity test must be done at the earliest for the better treatment outcome 

of patients, to control the infection and prevent their spread.  

Conclusion 

Due to of increasing prevalence in infections caused by MDR staph-
ylococcal infections, it is decisive to do accurate drug susceptibility 
testing in addition to detect inducible MLSB resistance by D- zone 
test. All clinical microbiological laboratories should implement of D-
zone test if local prevalence is found to be considerable with iso-
lates which exhibit MLSB reported as being clindamycin resistant. 

Non MLSB infections can be treated with clindamycin if appropriate. 
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