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1. Introduction

Context: Staphylococcus aureus is a very widely occurring pathogen causing both nosocomial 
and community acquired infections globally. It is developing resistance to a wide variety of 
drugs tested routinely. Clindamycin which was very effective for most of the skin and soft tissue 
infections is also receding in its effect due to evolution of resistant strains. Aim: This study aims 
to know the details of different phenotypes involved in inducible resistance to clindamycin in 
erythromycin resistant isolates and also the association of MRSA and the inducible resistance.
Materials and Methods: 96 S.aureus isolates were subjected to routine antibiotic susceptibility 
testing including Erythromycin, Clindamycin and Cefoxitin by Kirby Bauer disc diffusion 
method. Inducible clindamycin resistance was detected by disc approximation test (D test) as 
per CLSI guidelines. Results: Among the 96 isolates tested, 59 (61.45%)were found to be MRSA 
and 37(38.54%) were MSSA. Of the 59 isolates,34(57.63%)showed inducible clindamycin 
resistance,14(23.73%) constitutive resistance and 11(18.64%). Conclusion: High incidence of 
inducible and constitutive resistance was observed in MRSA as compared to MSSA. We suggest 
use of D test routinely to detect true resistance to clindamycin and to avoid treatment failure.

Staphylococcus aureus is one of the most common bacteria 
infecting man [1] . It is also known to acquire antimicrobial 
resistance promptly after the introduction of new antibiotics [2]. 
Emergence of  increasing resistance in Gram positive bacteria in the 
recent years has led to the use of the  macrolide ,lincosamide ,and 
streptogramin (MLS) antibiotics in the treatment of Gram positive 
infections[3]. Increasing frequency of methicillin resistant 
staphylococcus aureus (MRSA) infections and changing patterns in 
antimicrobial resistance have led to renewed interests in the use of 
MLS antibiotics to treat such infections with Clindamycin being the 
preferred drug because of its excellent pharmacokinetic properties 
[4]. However, recently there has been increasing resistance pattern 
to MLS antibiotics because of their indiscriminate use. The 
determination of antimicrobial susceptibility pattern is very crucial 
fo r  t h e  o p t i m a l  t h e ra py  o f  i n fe c t e d  p a t i e n t s  [ 5 ] .  

Erythromycin is an effective inducer of  inducible MLSB 
resistance. It will induce production of the methylase, which 
allows Cd resistance to be expressed. To detect inducible Cd 
resistance strains,the disk approximation test (D-test) has been 
used by several authors [6-9].From past two to three decades, 
Clindamycin is being used to treat serious infections caused by 
Staphylococcus aureus. It is also found to be effective for many 
infections caused by community acquired methicillin resistant 
Staphylococcus aureus.Clindamycin resistance is common among 
health care-associated MRSA strains but the resistance pattern 
vary by region. Staphylococcal resistance to MLS antibiotics may 
be due to an active efflux mechanism encoded by msrA (conferring 
resistance to macrolides and inducible resistance to type B 
streptogramins only and susceptibility to clindamycin ) or may be 
due to ribosomal target modification mediated by erm genes 
affecting macrolides,lincosamides and type B streptogramins 
(MLSB resistance).erm genes encode enzymes that confer 
inducible or constitutive resistance to MLS agents via methylation 
if 23S rRNA thereby reducing binding by MLS agents to the 
ribosome [10,11,12].

In vitro,S.aureus isolates with constitutive resistance are 
resistant to erythromycin and clindamycin while isolates with 
inducible resistance are resistant to erythromycin but appear 
susceptible to clindamycin [8].Failure to identify inducible MLSB 
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This study was undertaken from November 2011 to January 
2012.A total of 164 non repetitive, clinical samples  from patients 
attending dermatology OPD with various infections like boils, 
folliculitis, acne, wound infections, abscesses etc were taken .Two 
swabs were used to collect the sample, of which one was used for 
culture and the other for microscopy. The samples were collected 
under aseptic precautions.Informed consent of the patient was 
obtained before collecting the samples. The samples were 
processed as per standard CLSI guidelines.96 Staphylococcus 
aureus were isolated .The remaining 68 comprised CONS (46),no 
growth (10) and samples contaminated (12).Hence they were all 
excluded from the study. The  Staphylococcus aureus  isolates were 
identified by microscopy-Gram's stain, their growth on blood agar, 
catalase test, slide and tube coagulase tests and finally on mannitol 
fermentation. The confirmed isolates were routinely tested for 
antibiotic susceptibility by Kirby–Bauer's disc diffusion method 
.The drugs tested are as follows-

T e t r a c y c l i n e  ( 3 0 µ g ) ,  c o t r i m o x a z o l e  ( 2 5 µ g ) ,  
Cephalexin(30µg),Cefoxitin(30µg),Clindamycin (2µg) and 
Erythromycin(15µg).All the discs were procured from Hi-Media, 
Mumbai.

Clindamycin and erythromycin discs were placed adjacent to 
each other, the distance from edge to edge being 21±1 mm (mean of 
the recommended range).Staphylococcus aureus ATCC25923 was 
used as quality control .Following incubation at 370c for 18-24 
hours a flattening of the  zone in the area between the discs where 
both drugs have diffused indicates that the organism has inducible 
clindamycin resistance(iMLSB Phenotype) [10,14].Three different 
phenotypic patterns were seen .The interpretation was done only 
for erythromycin resistant Staphylococcus aureus strains and all 
the sensitive strains were excluded 

1. D-test Positive (iMLSB Phenotype): Isolates shoeing resistance 

to Erythromycin(≤13mm) and sensitive to clindamycin(≥21mm) 
and showing D shaped zone of inhibition around Clindamycin with 
the flattening towards Erythromycin. 

2. D-test Negative (MS Phenotype): Isolates showing resistance 

to Erythromycin (≤ 13mm)  but susceptible to Clindamycin(≥
21mm) and showing circular zone of inhibition around 
clindamycin. 

3. Constitutive Resistance (cMLSB Phenotype): Isolates showing  

resistance  to both Erythromycin (≤ 13mm)and Clindamycin(≤
14mm)with circular zone of inhibition if any around Clindamycin.

It was observed that many of the isolates were showing resistance 

to cefoxitin (≤19mm) on routine testing. Suspecting them as MRSA 
producers, these isolates were further tested for oxacillin (1µg) 
resistance or susceptibility pattern. The results were tabulated and 
analysed.

3.Resultsresistance may lead to clinical failure of clindamycin therapy,a 
frequent choice for Staphylococcal skin and soft tissue 
infection[13].Inducible MLSB resistance can be detected by disc 
approximation test–(D test) by placing erythromycin and 
clindamycin discs in adjacent positions [8,10].Hence this study 
was undertaken to detect inducible clindamycin resistance in 
Staphylococcus aureus isolates from skin and soft tissue 
infections.

2. Materials and Method

Of the 164 samples processed, 96 (58.53%) were 

Staphylococcus aureus,32(33.33%) isolates showed D test 

p o s i t i v e  i n d i c a t i n g  i n d u c i b l e  M L S B ( i M L S B )  

phenotype,18(18.75%)of the isolates showed constitutive 

MLSB(cMLSB) phenotype and 46(47.9%)were D test negative 

indicating MS phenotype.

Out of 96, 59(61.45%) were oxacillin resistant (zone size≤

10mm) and considered to be MRSA,37 (38.54%) were sensitive 

and considered to be MSSA. The correlation between MRSA and 

MSSA with different phenotypes were analysed and interpreted as 

shown in the table.

Macrolide inducible resistance to clindamycin was first 

recognized in the laboratory in early 1960s [15].Clinical isolates 

res istant  to  c l indamycin  were  f i rst  recognized in  

1968[16].Clindamycin has been the drug of choice to treat serious 

infections caused by susceptible staphylococcus aureus and also 

for many infections caused by CA –MRSA [17,18]. Widespread use 

of MLSB antibiotics has led to an increase in number of 

Staphylococcal strains acquiring resistance to MLSB antibiotics 

[4].

Inducible MLSB resistance is not recognized by using standard 

susceptibility test  methods including standard broth based or 

agar dilution susceptibility tests [10]. The combination of 

resistance to erythromycin with susceptibility to clindamycin in 

Fig I D- test showing blunting of zone of inhibition around 

Clindamycin towards Erythromycin disc indicating iMLS  B

phenotype.

Table depicting different  phenotypes of  MRSA and MSSA

 MRSA                                        MSSA

E-R,Cd-S(D-test positive, iMLS )    B

E-R,Cd-S(D-test negative, MS) 

E-R,Cd-R (cMLS )    B

Total (96)   

34 (57.63%)                               

11 (18.64%)

 4 (23.73%)

59 (61.45%)

6 (16.22%)

23(62.16%)

8(21.62%)

 37(38.54%)

Phenotype

  a] E-Erythromycin, b] Cd-Clindamycin,  c] cMLSB-constitutive, 

 d] iMLSB-inducible.

4. Discussion



S.aureus ( and other Gram negative microbes) can be due to 

iMLSB genotypes or efflux pumps. The D-test, based on disc 

diffusion susceptibility testing, is recommended to determine if the 

iMLSB genotype is present [8].The D-test positive isolates in our 

study were 32(33.33%) out of 96 Erythromycin resistant 

Staphylococcus aureus . A study done by Kavitha Prabhu et 

al,showed 37.52% of D-test positive isolates which is similar to our 

findings.[19] V Deotale et al found 45% of isolates to be D-test 

positive in their study [20].Another study done by Gadepalli 

Ravishekhar et  al noticed 21% of iMLSB phenotypes in their study 

[4].cMLSB and MS phenotypes were 18(18.75%) and 46(47.9%)  

respectively in our study.

Various  studies have shown the prevalence of cMLSB phenotype 

to be ranging from 11-27% and MS phenotype to be from 12-44% 

[4,19,20].It was noted that the percentage of inducible clindamycin 

resistance was highest among MRSA as compared to MSSA.57.63% 

and 16.22% respectively. This correlates with studies done by 

various researchers elsewhere [3,9,21,22]. However the true 

incidence depends on the patient population studied, The 

geographical region, the hospital characteristics and Methicillin 

susceptibility [23].

In conclusion, the D-test or Disc induction test, with routine 

antibiotic susceptibility testing can be used as a reliable and cost 

effective with an ease of performance to detect inducible and 

constitutive clindamycin resistance routinely. Hence the early 

detection of clindamycin resistance helps the clinicians to use 

clindamycin judiciously for infections caused by truly susceptible 

strains of S.aureus thus avoiding treatment failure.

We thank  Dr.Vishwanath .G. HOD, Dept of Microbiology J.J.M.M.C, 

Dvg.  And Dr.Murugesh, HOD, Dept of Dermatology &Venereal 

Diseases , J.J.M.M.C, Dvg. For all the help and support extended 

during the conduct of the study.

5.Conclusion

Acknowledgement

6. References

1432

Ambareesha Kondam & M. Chandrashekar  / Int J Biol Med Res. 2012; 3(1):1430-1432

[1] Ryan KJ. Staphylococci .In : Ryan KJ ,Ray CG, editors. Sherris medical 
microbiology.4th ed. New York: McGraw Hill; 2004.p. 261-71.

[2] Moreillon   P, Que YA, Glauser MP. Staphylococcus aureus (including 
staphylococcal toxic shock).In: Mandell GL, Bennett  JE, Dolin R, editors. 
Mandell, Douglas and Bennett's Principles and Practice of infectious 
diseases. 6th ed .Philadelphia: Elsevier Churchill Livingstone; 
2005.p.2321-51

[3] Delialioglu  N,  Aslan  G, Ozturk  C,  Baki  V, Sen  S,Emekdas   G.   Inducible   
clindamycin   resistance in staphylococci isolated from clinical samples.  
Jpn  J  Infect  Dis 2005; 58 : 104-6. 

[4] Gadepalli R, Dhawan B ,Mohanty S, Kapil A, Das BK, Chaudhary R. 
Inducible clindamycin resistance in clinical isolates of Staphylococcus 
aureus. Indian J Med Res 2006; 123:571-3.

[5 ] Woods RC. Macrolide-inducible resistance to clindamycin and the D –Test 
The   Paediatr Infect Dis J 2009:28(12):1115-1118.

[6]  Perez LR, Caierao J, Antunes AL, d'Azevedo PA. Use of the D test method to 
detect inducibleClindamycin   resistance in coagulase negative 
staphylococci (CoNS). Braz J Infect Dis 2007; 11:186-8.

[7] Schreckenberger PC, Ilendo E, Ristow KL. Incidence of constitutive and 
inducible clindamycin  resistance  in Staphylococcus aureus and 
coagulase negative staphylococci in a community and a tertiary care 
hospital. J Clin Microbiol 2004; 42:2777-9.

[8] Steward  CD,  Raney  PM,  Morrell  AK,  Williams  PP, McDougal  LK,  Jevitt  
L,  et  al.  Testing for induction of clindamycin   resistance  in  
erythromycin-resistant  isolates of     aureus.  J  Clin Microbiol 2005; 43  
:1716-21. 

[9] Yilmaz  G,Aydin  K,  Iskender  S,  Caylan  R,  Koksal  I.  Detection and 
prevalence of inducible resistance in Staphylococci. J Med Microbiol 
2007; 56:342-5. 

[10] Fiebelkorn  KR, Crawford SA, McElmeel ML, Jorgensen JH.Practical  disk  
diffusion  method  for  detection  of  inducible  clindamycin  resistance  in  
Staphylococcus  aureus  and  coagulase-negative  staphylococci.  J  Clin 
Microbiol 2003;41 : 4740-4.

[11] Roberts M.C., Sutcliffe, J., Courvalin, P.,  Jensen,L.B., Rood, J. and Seppala,  
H.(1999):Nomenclature for Macrolide –lincosamide-streptogramin B 
resistance determinants. Antimicrobe. Agents Chemother., 43,2823-
2830.

[12] Jenssen W.D., S. Thakker-Varia, D.T. Dubin, M.P. Weinstein. Prevalence of 
macrolides-lincosamides-streptogramin B resistance and erm gene 
classes among clinical strains of staphylococci and streptococci. 
Antimicrob Agents Chemother1987; 31:883-8.

[13] Drinkovic D, Fuller ER, Shore KP, Holland DJ, Ellis-Pegler R. Clindamycin  
treatment  of  Staphylococcus  aureus  expressing  inducible  
clindamycin  resistance.  J  Antimicrob Chemother 2001; 48 : 315-6

[14] Sanchez, M.  L., K.  K. Flint, and R.  N.  Jones.  Occurrence  of macrolide 
lincosamide-streptogramin    resistances    among staphylococcal  
clinical  isolates  at  a  university  medical  center .Is  false  susceptibility  
to  new  macrolides  and  clindamycin  a contemporary  clinical  and  in  
vitro  testing  problem?  Diagn  Microbiol Infect Dis 1993;16:205-13.

[15] Barber M, Waterworth P. Antibacterial activity of lincomycin and 
pristinamycin: acomparison with erythromycin. Br Med J. 1964; 2603– 
606

[16] McGehee RF, Barrett F, Finland M. Resistance of Staphylococcus aureus to 
lincomycin,  clindamycin , and erythromycin. Antimicrob Agents 
Chemother. 1968;  8:392–397.

[17] Martinez-Aguilar G, Hammerman W, Mason E Jr, et al. Clindamycin 
treatment of invasive infections caused by community-acquired, 
methicillin-resistant and methicillin-susceptible Staphylococcus  aureus  
in  children.  Pediatr Infect  Dis  J.2003;22:593–598.

[18]  Frank   AL,   Marcinak   J,   Mangat   P,   et   al.Clindamycin   treatment   of   
methicillin-resistant Staphylococcus aureus infections in children. 
Pediatr Infect Dis J. 2002;21:530 –534. 

[19] K Prabhu, Rao S, Rao V. Inducible clindamycin resistance in 
Staphylococcus aureus isolated from clinical samples. Journal of 
Laboratory Physicians/Jan-Jun 2011/ Vol-3/Issue-1

[20] Deotale V, Mendiratta DK,  Raut U, Narang P. Inducible clindamycin 
resistance in Staphylococcus aureus isolated from clinical samples. 
Indian J Med Microbiol 2010; 28:124-6

[21] Ajantha GS, Kulkarni RD, Shetty J, Shubhada C, Jain P. Phenotypic 
detection of inducible clindamycin resistance amongst Staphylococcus 
aureus isolates by using lower limit of recommended inter-disk distance. 
Indian J Pathol  Microbiol 2008; 51:376-8.

[22] Rahabar M, Hajia M. Inducible clindamycin resistance in Staphylococcus 
aureus: A cross sectional report. Pak J Biol Sci 2007; 10:189-92

[23] Shanthala G B, Adithi S Shetty, Rahul  Rao K , Vasudeva, Nagarathnamma T. 
Detection of inducible Clindamycin resistance in clinical isolates of 
Staphylococcus aureus by the Disc Diffusion Induction Test Journal of 
Clinical and Diagnostic Research .2011;5(1) :35-37.

Copyright 2010 BioMedSciDirect Publications IJBMR -  
All rights reserved.

ISSN: 0976:6685.c


	Page 1
	Page 2
	Page 3

