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Abstract  

 Introduction: Antimicrobial resistance in S.aureus is a growing concern of all microbiologists and clinicians. It has acquired 

resistance to almost all classes of antimicrobials, by various mechanisms including beta lactamase production, altered receptors, 

ribosome modification and active efflux. Biofilm formation by S.aureus is one of its virulence markers which, in addition to 

providing a survival advantage by firm adherence to underlying surface, also protects the organism from the antimicrobials. 

Material & Methods: In present study, a totalof 148 isolates were studied for biofilm production by Congo Red Agar (CRA) 

method and Christensen’s tube method. The methicillin resistanceand clindamycin resistance in S.aureuswas detected by disc 

diffusion method using cefoxitinand clindamycin. The clindamycin disc was placed adjacent to erythromycin disc to detect the 

inducible clindamycin resistance (D test).  

Results: Out of 148 S.aureusisolates89 were biofilm producers and 59 were non biofilm producers. Amongst biofilm producing 

S.aureus, 41 were Methicillin Sensitive Staphylococcus aureus (MSSA)& 48 were Methicillin Resistant Staphylococcus aureus 

(MRSA) as against 54 MSSA & 5 MRSA in non-biofilm producers. Amongst biofilm producing MRSA, clindamycin resistance 

was seen in 81.25% (Inducible-43.75%, Constitutive-37.5%) of the isolates. In non-biofilm producing MRSA, clindamycin 

resistance was seen in 60% (Inducible-20%, Constitutive-40%) of the isolates. In biofilm producing MSSA isolates 73.16% 

showed clindamycin resistance (Inducible-58.53%, Constitutive-14.63%) and in non-biofilm producing MSSA isolates, 27.77% 

showed clindamycin resistance (Inducible-20.37%, Constitutive-7.40%).  

Conclusion: It can be observed that biofilm production was more frequently associated with resistance to antimicrobials (both 

methicillin resistance as well as clindamycin resistance)  

Key words: Biofilm, MRSA,MLSBi. 

 

Introduction 

 Staphylococcus aureus is an important cause of both 

community as well as hospital acquired infections. Its 

ability to develop resistance against commonly used 

antimicrobials and presence of various virulence 

markers enhances its importance, especially as a 

nosocomial pathogen. Biofilm formation is one of its 

virulence factor which not only facilitates the 

adherence of the microorganism to the underlying 

surface but also protects it from the antimicrobials 

and may probably act as an additional factor for drug 

resistance. Betalactam antimicrobials are often used 

in treatment of infections due to S.aureus, however 

increasing resistance has been reported in number of 

clinical isolates to these antimicrobials by way of 

production of beta lactamase enzyme and altered 
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penicillin binding proteins.Macrolides, Lincosamides 

and Streptogramin B (MLSB) group of antibiotics are 

used as an alternative in penicillin-allergic patients. 

However, S.aureus may develop resistance to 

clindamycin (lincosamide) during therapy particularly 

in isolates with erythromycin resistance. Therefore, it 

becomes clinically important to identify isolates with 

biofilm production and inducible resistance in order 

to prevent treatment failures. 

We conducted a study to know the rates of methicillin 

and clindamycin resistance amongst clinical isolates 

of biofilm producing S.aureus.1,2,3,4,5 

Methodology 

A total of 148 isolates of Staphylococcus aureus were 

collected during one year period.All isolates were 

identified as per standard protocol and an 

antimicrobial susceptibility testing (AST),using Kirby 

Bauer’s disc diffusion method, was performed for all 

the isolates as per CLSI guidelines6. In addition the 

D-test, as suggested by Jenssen, was performed for all 

the isolates for detection of Inducible clindamycin 

resistance7
.All isolates were tested for biofilm 

production by Congo red agar method8 and 

Christensen’s tube method.9 

For D test the discs of erythromycin (15µg) and 

clindamycin (2µg) were placed at the distance of 20 

mm and the flattening of zone of inhibition adjacent 

to erythromycin disc (referred to as D test) was 

considered as inducible clindamycin resistance10. 

Observations &Results  

The observed results amongst the study isolates are 

depicted in the table. 

 

Table 1:Methicillin & Clindamycin resistance in biofilm and non biofilm producing Staphylococci. 

 

ERM = Erythromycin, CD = Clindamycin 

S. aureus 

n=148 

S. aureus 

n=148 

ERM –S,  

CD – S (%) 

MSB phenotype (%) 

ERM – R,  

CD – S  

(D test negative) 

Inducible  

(D test positive) 

(%) 

ERM –R,  

CD –R (%) 

Biofilm Producers 

(89) 

MSSA (41) 10 (24.39) 1 (2.43) 24 (58.53) 6 (14.63) 

MRSA (48) 8 (16.66) 1 (2.08) 21 (43.75) 18(37.5) 

Non Biofilm 

producers (59) 

MSSA (54) 35 (64.81) 4 (7.40) 11(20.37) 4 (7.40) 

MRSA (5) 1 (20) 1 (20) 1 (20) 2 (40) 

ERM = Erythromycin, CD = Clindamycin 

 

Out of 148 S.aureusisolates89 were biofilm producers 

and 59 were non biofilm producers. Amongst biofilm 

producing S.aureus, 41 were MSSA & 48 were 

MRSA as against 54 MSSA & 5 MRSA in non-

biofilm producers. Thus methicillin resistance was 

more frequently observed in biofilm producing 

S.aureusas compared to non-biofilm producing 

S.aureus. Amongst biofilm producing MRSA, 

clindamycin resistance was seen in 81.25% 

(Inducible-43.75%, Constitutive-37.5%) of the 

isolates while in non-biofilm producing MRSA, 

clindamycin resistance was seen in only 60% 

(Inducible-20%, Constitutive-40%) of the isolates. It 

was also observed that 73.16% of biofilm producing 
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MSSA isolates showed clindamycin resistance 

(Inducible-58.53%, Constitutive-14.63%)in contrast 

to 27.77% in non-biofilm producing MSSA 

isolates(Inducible-20.37%, Constitutive-7.40%).This 

reveals that biofilm production was more frequently 

associated with resistance to antimicrobials (both 

methicillin resistance as well as clindamycin 

resistance) 

Discussion 

 S.aureushas acquired resistance to almost all 

antimicrobials by various mechanisms. Different 

virulence markers, including biofilm formation, and 

ability to acquire antimicrobial resistance makesit one 

of the difficult to treat pathogen. Beta lactams have 

long been used in the treatment of staphylococcal 

infections. However,their use has been challenged by 

development of resistance and hypersensitivity 

(allergy) to these agents in some individuals. The 

mechanism of resistance to beta lactam group of 

antimicrobials in staphylococci is either production of 

beta lactamase or mecA mediated modified penicillin 

binding protein(PBP). These mechanisms can be 

detected phenotypically by testing the sensitivity of 

the isolate to penicillin and cefoxitin respectively.1,2,6 

The Macrolides, Lincosamides and Streptogramin B 

(MLSB) family of antibiotics serve as an alternative 

to treat staphylococcal infections in penicillin allergic 

patients, especially for skin and soft tissue infection. 

However, widespread use of MLSB antibiotics has 

led to an increase in number of staphylococcal strains 

acquiring resistance to MLSB antibiotics, either 

constitutively or inducibly, leading to treatment 

failures. The most common mechanism for such 

resistance is target site modification mediated by 

ermgenes which can be expressed either 

constitutively (Constitutitive MLSB phenotype) or 

inducibly (Inducible MLSB phenotype).These 

mechanisms can be detected by placing clindamycin 

disk adjacent to erythromycin disk (D test) during 

routine antimicrobial susceptibility testing.12,13,14,15 

In addition,biofilm production increases the 

probability of the isolate being resistant to methicillin 

and clindamycin as has been observed in our study. 

Incorporating simple tests like growth on Congo red 

agar for detection of biofilm,in routine staphylococcal 

identification, may provide useful information to 

clinicians and may aid in selecting the antimicrobials 

for therapy.The resistance to methicillin and 

clindamycin was significantly higher in biofilm 

producing isolates (p value 0.001) suggesting a 

correlation between biofilm production and 

methicillin and/or clindamycin resistance. However, 

this phenotypic correlation needs to be verified at 

genetic level. It would be interesting to observe if the 

isolate exhibits methicillin and clindamycinresistance 

phenotypically, in biofilm producing strains, in the 

absence of the genetic mechanisms (genes) for the 

same.  

Conclusions: 

We feel that biofilm per se can attribute methicillin 

and clindamycin resistance in the absence of known 

genetic mechanisms for their resistance. But it needs 

to be extensively studied. We could not verify the 

same due to resource constraint.Nevertheless we are 

inclined to suggest that the simple tests like D test 

and growth on congo red agar can be performed in 

routine clinical microbiology laboratory, thereby 

guiding the clinicians in effective management of 

staphylococcal infections. 

 

 

 

10 



International J. of Healthcare and Biomedical Research, Volume: 04, Issue: 02, January 2016, 8- 12 

 

9 

www.ijhbr.com     ISSN: 2319-7072 

 

 

 

 

References: 

1. Philippe M, Yok-Al Q & Michel P. G. Staphylococcus aureus (Including Staphylococcal Toxic Shock). In: 

Mandell  GL, Bennett JE & Dolin R, editors. Mandell, Douglas & Bennett’s Principles & Practice of 

Infectious Diseases. 6th ed. Elsevier Churchill Livingstone; 2005. p. 2321-2351. 

2. Ananthanarayan. R, Paniker J. Text Book of Microbiology 8th edition, University Press: 2009. 195-203 

3. AsthaAgarwal&Amita Jain. Association between drug resistance & production of biofilm in staphylococci. 

Indian J Med Microbiol 2012; 135(4): 562-564. 

4. Fiebelkorn KR, Crawford SA, McElmeel ML, Jorgensen JH. Practical disc diffusion method for detection 

of inducible clindamycin resistance in Staphylococcus aureus and coagulase negative staphylococci. J 

ClinMicrobiol 2003;41:4740-4. 

11 



International J. of Healthcare and Biomedical Research, Volume: 04, Issue: 02, January 2016, 8- 12 

 

10 

www.ijhbr.com     ISSN: 2319-7072 

 

5. Sivapalasingam S &Steigbigel NH. Macrolides, Clindamycin and Ketolides. In: Mandell  GL, Bennett JE & 

Dolin R, editors. Mandell, Douglas & Bennett’s Principles & Practice of Infectious Diseases. 6th ed. 

Elsevier Churchill Livingstone; 2005. p. 396-417. 

6. CLSI. Performance Standards for Antimicrobial Susceptibility Testing; Twenty-First Informational 

Supplement. CLSI document M100-S21. Wayne, PA: Clinical and Laboratory Standards Institute; 2011. 

7. Jenssen WD, Thakkervaria S, Dublin DT, Weinstein MP. Prevalence of macrolides-lincosamides-

streptogramin-B resistance and erm gene classes among clinical strains of Staphylococci and Streptococci. 

Antimicrob Agents Chemother 1987;31:883-8. 

8. Freeman DJ, Falkiner FR, Keane CT. New method for detecting slime production by coagulase negative 

staphylococci. J. Clin. Pathol 1989; 42:872-74. 

9. Christenson et al. Adherence of Slime-producing strains of Staphylococcus epidermidisto smooth 

surfaces.Infect. Immune. 1982; 37(1): 318-26 

10. Ajantha GS, Kulkarni RD, Shetty J, Shubhda and Jain P. Phenotypic detection of inducible clindamycin 

resistance among staphylococcus aureus isolates by using the lower limit of recommended inter-disk 

distance. Indian J. pathol. and Microbiol. 2008;51(3):376-8. 

11. Deotale V, Mendiratta DK, Raut U, Narang P. Inducible clindamycin resistance in Staphylococcus aureus 

isolated from clinical samples. Indian J Med Microbiol 2010;28(2):124-6. 

12. Novotna G, Adamkova V, Janata J, Melter O, Spizek J. Prevalence of resistance mechanisms against 

macrolides and lincosamides in Methicillin-Resistant Coagulase-Negative staphylococci in Czech republic 

and occurrence of an unidentified mechanism of resistance to lincosamides. Antimicrob. Agents Chemother. 

2005;49(8):3586-9. 

13. Schreckenberger PC, E Ilendo, 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. 

14. Angel MR, Balaji V, Prakash JAJ, Brahmadathan KN, Mathews MS. Prevalence of Inducible clindamycin 

resistance in gram positive organisms in a tertiary care centre. Indian J Med Microbiol 2008;26(3):262-4. 

15. Patel M, Waites KB, Moser SA, Cloud GA, Hoesley CJ. Prevalence of inducible clindamycin resistance 

among community-and hospital-associated Staphylococcus aureus isolates. J. Clin. Microbiol. 

2006;44(7):2481-4. 

 

 

 

 

 

 
 

 

12 


