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INTRODUCTION 
Coagulase-negative staphylococci (CoNS) are one 
of the major nosocomial pathogens, having a 
considerable effect on individual health and 
wellbeing. [1] Increased incidence of methicillin 
resistance among staphylococci is mounting 
emergency and clindamycin remains an alternative 
to defeat this issue. [2] 
 
 Clindamycin is an antimicrobial which belongs to 
the Macrolide–Lincosamide–Streptogramin B 
(MLSB) group. The macrolides, lincosamides and  

 
 
 
 
 
type B streptogramin (MLSB) are group of 
antibiotics which are structurally different but their 
mode of action is similar as they share common 
binding sites called MLSB phenotype and inhibit 
bacterial protein synthesis by binding to 23SrRNA. 
MLSB resistance can either show inducible 
(MLSBi resistance) or constrictive (MLSBc 
resistance). [3] 
  
In vitro, Staphylococcal isolates with constitutive 
resistance(MLSBc) are resistant to both 
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Coagulase-negative staphylococci (CoNS) are one of the major nosocomial pathogens, 
having a considerable effect on individual health and wellbeing. Increased resistance in this 
organism has become threat. This study was done to determine the percentage of 
Coagulase-negative Staphylococci (CONS) isolates having inducible clindamycin 
resistance.  150 Coagulase negative Staphylococci isolated from different specimens were 
subjected to routine antibiotic sensitivity testing by Kirby Bauer disc diffusion method. All 
isolates were tested for Methicillin resistance by using Cefoxitin 30 μg disc. Inducible 
clindamycin resistance was detected by ‘D’ test as per CLSI guidelines. Among the 150 
CONS isolates, 57(38%) isolates were found to be methicillin-resistant CoNS (MRCoNS) 
and 93(62%) were methicillin sensitive (MSCoNS). In this study Constitutive MLSB 
phenotype was most predominant   39 (26%) followed by MS phenotype37 (24.9 %) and 
Inducible MLSB phenotype 27 (18%) among CONs species. High Incidence of inducible 
clindamycin resistance among CONS indicates that inducible clindamycin resistance testing 
(D-test) should be used as a part of routine antibiotic susceptibility so that these isolates 
may not be missed in routine antibiotic testing by disk diffusion method. 
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Erythromycin and Clindamycin whereas those with 
inducible resistance are resistant to Erythromycin 
but susceptible to Clindamycin (MLSBi).Hence the 
treatment of patients harboring MLSBi 
Staphylococci with Clindamycin leads to the 
development of constitutive resistance, 
consequently leading to therapeutic failure. [3] 
Hence in order to avoid any such failure Disc 
diffusion induction methods (D-test) should be 
routinely used to detect MLSBi resistance. In this 
test erythromycin disc is placed close to 
clindamycin disc. Diffusion of erythromycin 
induces resistance to clindamycin, giving a 
flattening zone of inhibition around the 
clindamycin disk adjacent to the erythromycin (D-
shaped zone). [4] Even though   data regarding the 
prevalence of MLSBi resistance phenotypes among 
Staphylococcus aureus isolates from different 
regions of India is rising, figures in CoNS are still 
inadequate. [4] Hence this study was undertaken to 
identify the prevalence of inducible and constitutive 
resistance to clindamycin in CoNS. 
 
MATERIALS AND METHODS 
The study was conducted in a tertiary care hospital 
of Haryana from June 2018 to December 2018 in 
the Department of Microbiology. A total of 150   
coagulase negative staphylococci were isolated 
from various clinical specimens like pus, wound 
swab, blood, urine, vaginal swab, blood, and stool. 
Isolates were identified as CoNS by colony 
characteristics, Gram stain, catalase test, slide 
coagulase test, tube coagulase test, growth on 
mannitol salt agar and DNase test. 
 
Antibiotic susceptibility test was done by Kirby 
Bauer's disc diffusion method according to Clinical 
and laboratory Standards Institute (CLSI) 
guidelines. [5] Mueller Hinton agar plates with 
Erythromycin (15μg), Clindamycin (2μg), 
Penicillin (10 Units), Linezolid (30μg), Cefoxitin 
(30μg), Cotrimoxazole (1.25/23.75μg), 
Ciprofloxacin (5μg), Vancomycin (30μg) were 
used. MRSA were screened using Cefoxitin (30μg) 
disc by disc-diffusion technique. The results were 
interpreted according to CLSI guidelines. 
Staphylococcus aureus ATCC 25923 was taken as 
the positive control strain. 
 
Isolates that were Clindamycin susceptible and 
Erythromycin resistant were tested for inducible 
resistance by the use of D-zone test. 

D-zone test: A 0.5 McFarland equivalent 
suspension of organisms was incubated on Muller-
Hinton agar (MHA) plate as described in the CLSI 
recommendations. Clindamycin and Erythromycin 
disks were placed 15-26mm apart from each other 
on the MHA plates. After 24 hours incubation at 
37º C, plates were observed and   flattening of 
inhibition zone (D-shaped) around clindamycin was 
considered as inducible clindamycin resistance .[5] 
  
Three different phenotypes were appreciated and 
were interpreted as follows [5-7] 
a) Inducible MLSB phenotype: iMLSB isolates 

of S.aureus showing resistance to Erythromycin 
(zone size≤13 mm) and were sensitive to 
Clindamycin (zone size ≥21 mm) giving D 
shaped zone of inhibition around Clindamycin 
with flattening towards Erythromycin disc (D 
test positive). 
 

b) Constitutive MLSB phenotype: cMLSB S. 
aureus isolates which showed resistance to both 
Erythromycin (zone size ≤13 mm) and 
Clindamycin (zone size ≤14mm) with circular 
shape zone of inhibition around Clindamycin. 
 

c) Methicillin-sensitive (MS) phenotype: S. 
aureus isolates exhibiting resistance to 
Erythromycin (zone size ≤13 mm), while 
sensitive to Clindamycin (zone size≥21 mm) 
and giving circular zone of inhibition around 
Clindamycin (D test negative). 

 
RESULTS  
One hundred and fifty CoNS isolates from various 
clinical samples were included in the study. Among 
them, 68 were from urine samples, 29 from pus, 6 
from vaginal secretion, 11 from stool, 23 from 
blood samples and 13 from wound swabs.57(38%) 
isolates were found to be methicillin-resistant 
CoNS (MRCoNS ) and 93(62%) were methicillin 
sensitive (MSCoNS). In this study Constitutive 
MLSB phenotype was most predominant   39 
(26%) followed by MS phenotype37 (24.9 %) and 
Inducible MLSB phenotype 27 (18%) among 
CONs species (Table 1) 
 
Constitutive MLSB phenotype and Inducible 
MLSB phenotype was predominant among both 
MRSA and MRCNS isolates. MS phenotype was 
more predominant among MSSA and MSCoNS 
isolates. 
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A total of 27 (18 %) isolates of Cons were found to 
be D-test positive. Among MRCoNS isolates, 
28(49.1%) had the constitutive and 11(19.2) had 
the inducible clindamycin resistance. In MSCoNS 
isolates, 11(11.8%) and 16 (16.1%) isolates 
exhibited the constitutive and inducible resistance 
phenotypes respectively. Thus, both the constitutive 
and inducible resistance phenotypes were found to 
be significantly higher in MRCoNS isolates 
compared to MSCoNS (P<0.0001and P<0.05 
respectively by Chi-square test). Isolates with MS 
phenotype and sensitive to both erythromycin and 
clindamycin were predominant among MSCoNS. 
(Table 2) 
 
DISCUSSION 
The significant rise of infections caused by CONS 
and the increasing methicillin resistance among 
them has led to renewed interest in the use of 
clindamycin to treat such infections. Both 
methicillin-resistant as well as methicillin 
susceptible staphylococcal infections can be treated 
by clindamycin, alternative to vancomycin. [1] 
 
 The  tolerability, cost, excellent oral absorption 
and incredible tissue penetration makes it an 
important choice in outpatient therapy or as follow-
up after intravenous therapy .However during the 
clindamycin therapy  risk of clinical failure  
remains  an important concern. It occurs as MLSB 
inducible resistance phenotypes are being more 
commonly reported due to selection of constitutive 
mutants both in vitro and in vivo during 
clindamycin therapy. [8] 
 
 On the contrary, tagging all erythromycin-resistant 
staphylococci as clindamycin resistant prevents the 
use of clindamycin in infections caused by truly 
clindamycin-susceptible staphylococcal isolates. A 
therapeutic conclusion is not possible without the 
accurate antibiotic susceptibility data and this 
makes the use of D-test noteworthy. 
 
Our study shows among 57 MRCoNS isolates, 
49.1%, 19.2% and 17.5% isolates had the 
constitutive MLSB resistance, inducible 
clindamycin resistance and the MS phenotype 
respectively. As far as MSCoNS isolates are 
concerned   MS phenotype was predominant (29%), 
with 11.8% and 17.2% isolates having MLSBc and 
MLSBi resistance respectively. 
 

We have observed that MRCoNS had a   higher 
constitutive as well as inducible resistance. Similar 
incidence  were reported by  Schmitz et al, which 
showed   high  constitutive (69%) and inducible 
(30%) resistance in CoNS On the contrary 
Hamilton-Miller et al. documented higher rates of 
inducible resistance compared to constitutive in 
CoNS. [9] 
 
Van der Heijden et al. [10] from Bazil found an 
inducible resistance of 13.7%in CONS and Ciraj et 
al. [11] showed an incidence of 6.3% of inducible 
clindamycin resistance in CoNS which is 
considerably less as compared to our results. 
Similarly, Angel et al. [12] reported 19% MS 
phenotype and 10% MLSBi resistance but no 
MLSBc phenotype in their CoNS isolates.  Pal et 
al. [13] from western India reported higher 
inducible resistance rates in MRCoNS than 
MSCoNS which is in accordance with our study. 
Mohanasoundaram et al. [14] from Tamil Nadu 
demonstrated MLSBi as 17% in CoNS.Our study 
shows the same in  18% of the isolates. Fibelkorn et 
al. [15] found the inducible resistance of 30% in 
CoNS isolates.  
 
This potentially shows difference in the prevalance 
of constrictive, inducible and MS phenotype in 
different parts of the world.The reason behind this 
may perhaps be the changes in bacterial 
susceptibility patterns of various regions and 
treatment protocol of the treating specialists. These 
variations draw our attention towards the 
importance of inducible clinamycin resistance in 
our area. 
 
CONCLUSION  
Prior to beginning   antimicrobial treatment in 
infected individuals, antimicrobial susceptibility 
testing for the clinical isolates should be performed 
to avoid an indiscriminate usage of antibiotics on 
an experimentation ground. The treatment of beta-
lactamase producing staphylococcal isolates is 
becoming a great worry for the clinicians. 
Considering the mode of action, adverse reactions 
and pharmacokinetics of antibiotics like 
vancomycin, severe and resistant organisms should 
be treated by clindamycin. In our study the 
presence of inducible clindamycin resistance 
among them was high so implementation of simple 
and straight forward D-test ought to be performed 
in all clinical microbiology laboratories. 
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Misclassification of clindamycin susceptibilty by 
CoNS without performing a D-test can lead to 
treatment disappointment. 
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Table 1: Distribution of MLSB resistance phenotypes among MRCoNS and MSCoNS isolates 
 
Isolates MLSBc 

Phenotype (%) 
MLSBi 
Phenotype  (%) 

MS phenotype 
(%) 

Sensitive to both 
Erythromycin and 
Clindamycin (%) 

MRCONS        
( n=57) 

  28  (49.1) 11(19.2 ) 10 (17.5) 8 (14.0) 

MSCONS  
(n=93) 

  11(11.8) 16(17.2 ) 27(29.0) 39(41.9) 

Total  
(n=150) 

  39(26) 27(18 ) 37(24.9) 47(31.3) 
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Table: 2 Antibiotic Sensitivity of CONS with MLSBi resistance (n=27) 
 
Antibiotic No of Resistant strains (%) No of Sensitive strains (%) 

Penicillin 20(74.07 ) 7(25.9 ) 

Amoxycillin/Clavulanic Acid 18(66.6 ) 9( 33.3) 

Trimethoprim/Sulphamethoxazole 16(59.2) 11( 40.4) 

Cephalexin 11( 40.7 ) 16(59.2) 

Ciprofloxacin 20(42.5) 7( 25.9) 

Vancomycin 0(0) 27(100 ) 

Linezolid 0(0) 27(100 ) 
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