
 
Prevalence of Constitutive and Inducible Clindamycin Resistance Among 
Clinical Isolates of MRSA and MSSA in Coimbatore Area, Tamilnadu, 

India 
 

S. Manju1& K. Moorthi2* 
 

1Ph.D Research scholar (Category B), Bharathiar University, Tamilnadu, India. 
2 Associate professor, Dept. of Microbiology, Vivekanandha College of arts and Sciences 

for women, Tiruchengode, Tamilnadu, India. 

 
 

Abstract 
Background: Clindamycin is used for the remedy of infections attributed to macrolide 
(erythromycin) resistant Staphylococcus aureus; significantly infections of skin and soft tissues. 
Treatment for staphylococcal infections can be convolute by the possibility of inducing 
resistance of macrolide-lincosamide-streptogram B.  
Objective: This study was conducted to evaluate the prevalence of phenotypic expression of 
inducible clindamycin resistance of MRSA isolated from Coimbatore area, Tamilnadu, India. 
Methods: A total of 30 Staphylococcus aureus were procured from clinical laboratory, Coimbaore, 
Tamil nadu, India and which were subjected to antibiotic susceptibility testing by Kirby-Bauer disk 
diffusion method. The D-test was used to investigate inducible and constitutive MLSB resistant 
phenotype. 
Results: From 30 isolates, 22 of were MRSA and 8 of were MSSA isolates. We found a 90% 
prevalence rate of penicillin and Cefixime resistance. All isolates were susceptible to ciprofloxacin, 
3.3% of isolates were resistance to Co trimaxzole and 7% of were resistance to Norfloxcin. Among 
the 22 MRSA, 1 (3.3%) isolate was iMLSB, 4 (13.3) of were MLSB and 10 (33.3%) of were MS 
Phenotype. The incidences of constitutive and inducible clindamycin resistant phenotypes were 
higher in MRSA than MSSA isolates.  
Conclusion: The study also showed the importance of D-test in detecting inducible clindamycin 
resistance in S. aureus. 
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1. Introduction 
 
Staphylococcus aureus is the most common human bacterial pathogen, which causes 

numerous infections in humans including skin and soft tissue infections, tonsillitis, pharyngitis, 
Toxic shock syndrome, sepsis, etc. it’s dangerous pathogen for both community-acquired as well as 
hospital-associated infections [1]. The epidemiological, clinical, prognostic, and therapeutic 
characteristics of S.aureus isolated from infected patients have been studied widely in the last 
decade. During the infection, most of the isolates escape from the antibiotic action and became 
resistant to commercially available antibiotics. The rapid emergence of resistant S.aureus is 
occurring worldwide, among them, Methicillin-resistant Staphylococcus aureus (MRSA) is a major 
pathogen in hospital and which are associated with increased morbidity and mortality, in 
comparison with other S. aureus infections. 

In India, Methicillin-resistant Staphylococcus aureus (MRSA) represents a challenge for all 
healthcare institutions. MRSA are clinically important and associated with additional economical 
cost and prolonged hospital stay as compared with those of susceptible isolates [2]. The population 
is rapidly spreading in India, in this scenario is that MRSA prevalence is rapidly increasing with the 
time. In 2015 Bouchiat et al., [3] were observed 52.2% of MRSA from Bangalore. Recently, 
increasing percentage of MRSA were observed from Jeevan and Zarrin [4] studies, they were 
observed 63.1% of MRSA from clinical samples. 

In addition to the dreadful situation, MRSA isolates are important for their resistance to 
many other commonly used antibiotics and the emergence of resistance to Vancomycin. It is 
essential to control the emerging problem of Vancomycin resistance and multidrug resistance in 
MRSA strains. In India, Assadullah et al [5] were reports of emergence of Vancomycin resistance 
in S. aureus from clinical samples. In this situation changing patterns in antimicrobial resistance 
there is renewed interest in use of macrolide -lincosamide-streptogramin (MLSB) family of 
antibiotics such as erythromycin, clindamycin. However, some authors were report the resistance to 
clindamycin, which was due to indiscriminate use of these antibiotics [6], [7]. Moreover this 
resistance phenomenon was not easily detected by the routine laboratory tests if the erythromycin 
and clindamycin are not kept adjacent to each other while performing antimicrobial susceptibility 
testing [8]. For detection of inducible clindamycin resistance, Clinical and Laboratory Standards 
Institute (CLSI) [9] developed a phenotypic method called the double disk diffusion test (D-test). 

The present study was carried out to determine the prevalence of inducible clindamycin 
resistance among Staphylococcus aureus in our area isolated from various clinical samples, using 
‘D’ test and to find out the relationship between methicillin resistant Staphylococcus aureus and 
inducible clindamycin resistance. 

 
2. Materials and methods 
 
 The present observational study was conducted over a period of one year from August 2016 
to August 2017. A total of 30 clinical isolates were procured from Microteck laboratory on 
Coimbatore, India. Which isolates were observed from various sources such as pus/wound swab 
(n=15), urine (n=3), sputum (n=5), blood (n=2), throat swab (n=5). This information also obtained 
from clinical laboratory. 

Antibiotic sensitivity testing was done by Kirby Bauer’s disc diffusion method on Mueller- 
Hinton agar plates using 14 different antibiotic discs. The diameter of the zone of inhibition 
produced by each antibiotic disc was measured and interpreted using the standard chart of the disc 
manufacturing company (Himedia). 
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2.1 Phenotypic detection of inducible resistance to Clindamycin by D-test 
 
Isolates that were erythromycin resistant was tested for inducible resistance by the ‘D test’ 

as per CLSI guidelines. Erythromycin (15µg) disc was placed at a distance of 15 mm (edge to edge) 
from clindamycin (2 µg) on Mueller–Hinton agar plates previously inoculated with 0.5 McFarland 
bacterial suspensions. Plates were analyzed after 18 h of incubation at 37 C. Interpretation of the 
inhibition zone diameters was as follows: If an isolate was erythromycin resistant and clindamycin 
susceptible, with a D-shaped inhibition zone around the clindamycin disc, it was considered to be 
positive for inducible resistance (D test positive, iMLSB phenotype). If the isolate was 
erythromycin resistant and clindamycin susceptible, with both zones of inhibition showing a 
circular shape, the isolate was considered to be negative for inducible resistance (D test negative, 
MS phenotype), but to have an active efflux pump. If the isolate was erythromycin resistant and 
clindamycin resistant, the isolate was considered to have the macrolide–lincosamide–Streptogramin 
B constitutive (cMLSB phenotype) [10]. 
 

3. Result and discussion  
 

Staphylococcus aureus is a leading cause in every region of the world of nasocomial and 
community-acquired infection. The high prevalence of methicillin resistance among staphylococcus 
isolates have been observed in most of the countries. In the case of India, MRSA was noted in all 
over the country. The 27.4% of MRSA observed from Bangalore [10] and recently 36.9% of MRSA 
from UP state [4]. From the past 2 years, increasing percentages of MRSA were observed in India.  
In Karnataka 47.5% [11]; Kerala 43% [12]; Indore 53% [13] of MRSA were observed. Out of total 
30 Staphylococcus aureus strains, 22 (73.3%) were found to be MRSA and 8 of were MSSA. 

This study showed important data on current antimicrobial resistance, including 
cephalosporins and betalactamase antibiotic resistance, for a collection of recent clinical isolates of 
S. aureus from hospital sources in Coimbatore, India. We found a 90% prevalence rate of penicillin 
and Cefixime resistance (Fig1). This compares with prevalence rates of 100% observed in a study 
from the Iran [14] and Iraq [15].  This was almost identical to a previous study in India [16], they 
were 100% of penicillin resistance S. aureus observed from clinical samples. 

 

 

Fig1. Antibiotic Resistance Pattern of Staphylococcus aureus Isolated from Clinical Specimens 
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Presently, all isolates were susceptible to ciprofloxacin, 3.3% of isolates were resistance to Co 
trimaxzole and 7% of were resistance to Norfloxcin.  Over all 83.3% of isolates were resistances to 
5 or 10 antibiotics, 7% of isolates were resistance to 10 or more antibiotics, no one isolate was 
susceptible to all antibiotics. Totally, 15 types of antibiotic resistance patterns were observed from 
30 isolates of S. aureus (Table1). Among the 7 group of antibiotics cephalosporin (82.3%) showed 
highest resistance and second most was betalactamase antibiotics.  

 

Table 1. Antibiotic Resistance Patterns of Clinical Isolates of S.aureus 

 

 
The pattern of antibiotic susceptibility of S. aureus differed significantly between MSSA and 

MRSA isolates (Fig 2). Except for penicillin and to some extent Cefixime, most MRSA isolates 
were resistance to nearly all antimicrobial agents used in this study. In contrary, in the case of 
MRSA, multiple drug resistance was common and only few antibiotics were active against these 
isolates. Cephalosporins group of antibiotics were did not show good activity against MRSA 

S. No Resistance patterns 
No. of 

isolates 
Percentage 

1. OX,P,CAZ,TE 1 3.33 

2. VA,OX,P,CPD,CAZ,CFM 3 10 

3. OX,COT,CPD,CAZ,M,CFM 1 3.33 

4. OX,AK,P,CPD,CAZ,M,CFM 4 13.33 

5. OX,P,CPD,CAZ,TE,CFM 1 3.33 

6. OX,P,CPD,CAZ,TE 1 3.33 

7. OX,P,CAZ,M,TE,CFM 2 6.6 

8. CAZ 1 3.33 

9. OX,P,CPD,CAZ,M,TE,CFM 1 3.33 

10. OX,P,CPD,M,CFM 4 13.33 

11. OX,P,CPD,CAZ,M,CFM 1 3.33 

12. OX,P,CPD,M,CFM 3 10 

13. OX,AMX,P,CPD,CAZ,M,CFM 4 13.33 

14. K,VA,AMX,G,AK,NX,P,CAZ,M,TE,CFM 2 6.6 

15. K,VA,OX,AMX,G,CPD,TE,CFM 1 3.33 
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isolates, this phenomenon was disappointing results of clinical trials that used Cephalosporins for 
treatment of MRSA infections.  

 
 

Figure 2. Antibiotic Resistance Pattern of MRSA and MSSA I
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Table 2. Phenotypic Pattern of Clindamycin Resistance Observed in MSSA and MRSA 

 

In the present study, the incidence of iMLSB and cMLSB is higher among MRSA (4.5% and 
14%) as compared to MSSA (0% and 12.5%), respectively, in our setting. However, Taruna et al., 
[18] reported (25% and 64.8%) in MRSA and (8.7% and 4.6%) in MSSA, respectively. This was in 
concordance with Amrullah et al., [19] who found 43.80% iMLSB among MRSA and 26.85% 
among MSSA. 

 
This observation suggests that it is important to check for inducible clindamycin resistance, 

otherwise clindamycin therapy would have been started due to misidentification of erythromycin 
resistant S. aureus isolates as clindamycin sensitive, ultimately resulting in therapeutic failure. Thus 
in erythromycin resistant S. aureus isolates true Clindamycin sensitivity can only be confirmed after 
completing D test. We conclude that whenever clindamycin is used for the S.aureus infection, the 
clinical laboratory should test the isolated organism by D testing for iMLSB. 
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