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Background: Staphylococcus aureus is the leading cause of nosocomial and 

community acquired infections globally.The Macrolide - Lincosamide 

Streptogramin B (MLSB) antibiotics are commonly used to treat MRSA 

infections. Clindamycin is the most commonly prescribed (MLSB) antibiotics to 

for MRSA and resulted in Staphylococcal strains acquiring resistance against it. 

The aim of the study to detect Methicillin resistance and Inducible clindamycin 

resistance (iMLSB) among S. aureus isolates and to find the effectiveness of 

commonly used antibiotics and the correlation between Methicillin resistance 

and Inducible clindamycin resistance. 

Materials and Methods: A cross sectional study was conducted from October 

2023 to December 2023 in the Department of Microbiology, Tertiary care 

hospital among 200 samples. Staphylococcus aureus isolates were identified and 

antimicrobial susceptibility test was done by Kirby Bauer’s disc diffusion 

method. Cefoxitin disc (30 μg) was used to detect Methicillin resistance. CLSI 

2023 guidelines were followed for performing the tests and its interpretation. 

The data collected was entered in MS Excel windowsand the analysis was done 

through SPSS 16. p value <0.05 is considered as statistically significant. 

Results: Total 35 staphylococcus isolates were obtained.Among them 14(40%) 

were MRSA and 21 (60%) were MSSA. The most common phenotype among 

Erythromycin resistant Staphylococcus aureus isolate were iMLSB 9 (25.7%) 

followed by MS 8(22.8%). Among Erythromycin sensitive isolates, S phenotype 

detected in 13(37.1%) of the samples. 

Conclusion: Our study concluded by stating the prevalence of inducible 

clindamycin resistance (iMLSB) among S. aureus isolates was 25.7%. 

Keywords: MRSA -methicilin resistant Staphylococcus aureus, D-test – Double 

Disc Diffusion test, iCR Inducible clindamycin resistance. 
 

 

INTRODUCTION 
 

Globally Staphylococcus aureusis a leading cause of 

nosocomial and community acquired infections.[1] 

The emergence of drug resistance among 

Staphylococci is of great concern. Methicillin 

resistant Staphylococcus aureus (MRSA) has 

emerged as a major problem of public health 

importance. β-lactam group of antibiotics are the 

most commonly used antibiotic for the treatment of 

Staphylococcus aureus infections.[2]However, 

Methicillin resistant S.aureus(MRSA) poses severe 

therapeutic challenges. The Macrolide – 

LincosamideStreptogramin B (MLSB) antibiotics 

are commonly used to treat MRSA infections and 

among them, Clindamycin is the most commonly 

used MLSB antibiotic in the treatment of 

Staphylococcal infections particularly in Methicillin 

resistant isolates due to its high bioavailability, the 

availability of both parenteral and oral formulations, 
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soft tissue permeability, inhibits toxin production, 

and it is relatively cheap.[4] However, the wide 

spread use of MLSB antibiotics has resulted in an 

increase in the number of Staphylococcal strains 

acquiring resistance against Clindamycin.[5]The 

resistance to Clindamycin depends upon the 

expression of rRNAmethylase (RM) by S.aureus, 

either produced constitutively or induced by an 

inducing agent. Erythromycin is known to be an 

effective inducer of the enzyme.  

 S. aureus isolates with constitutively expressing 

RM (strains termed cMLSB) resist Erythromycin 

and Clindamycin. Invitro Staphylococcal strains 

with inducible rRNAmethylase enzyme (iMLSB) 

shows resistance only to Erythromycin but are 

sensitive to Clindamycin.[6,7] In vitro routine tests 

for Clindamycin susceptibility may fail to detect 

inducible clindamycin resistance. The difference 

between MLSB and cMLSB can be detected by 

Double disc diffusion test called D test.  

 D-test can help to determine whether Clindamycin 

could be used as a therapeutic option in 

S.aureus.[8]Sedighiet al have recommended to use D-

test routinely in all microbiologic laboratories and 

not to apply Clindamycin in patients with infections 

caused by inducible resistant S. aureus to avoid 

treatment failure.They also suggested to avoid 

switch therapy from Erythromycin to 

Clindamycin.[9] The D-zone test has a high 

throughput reporting different types of phenotypic 

resistance in a single test. This method has a 

sensitivity of 100% when the Erythromycin disc 

(15ug) and the Clindamycin disc (2ug) are kept 

within in the distance of 15 mm.[10] The present 

study was aimed to find out the percentage of S. 

aureus having inducible clindamycin resistance 

(iMLSB)using D- test. The aim of the study to 

detect Methicillin resistance and Inducible 

clindamycin resistance (iMLSB) among S.aureus 

isolates and to findthe effectiveness of commonly 

used antibiotics and the correlation between 

Methicillin resistance and Inducible clindamycin 

resistance. 

 

MATERIALS AND METHODS 
 

Study Design: A cross sectional study.  

Study site: Microbiology laboratory. 
Study period :2 months (October 2023 to December 2023). 

Samples size :200. 

Study 
population 

: Samples of patient attending tertiary care 
hospital. 

 

Study Samples 

Clinical samples including wound Swab, blood, pus, 

sputum, and body fluids received in the diagnostic 

Microbiology laboratory for Culture & Sensitivity 

were included in this study.  

Procedure  

All samples received were streaked on Mac Conkey 

agar and blood agar media and incubated at 37°C for 

24-48 hrs.Colony morphology was observed, Grams 

staining was performed and Gram positive cocci in 

clusters were observed.The isolates were subjected 

to catalase test.The catalase positive isolates were 

further subjected to tube coagulase test as per 

standard laboratory protocols. The S. aureus isolates 

were collected and subjected for antibiotic 

susceptibility testing by modified Kirby Bauer’s 

disc diffusion method.[6] The sensitivity pattern of 

the isolates to the drugs were observed.  

An inhibition zone 22 mm or less around Cefoxitin 

disc indicates MRSA as per CLSI guidelines 2023. 

Inducible resistance to Clindamycin were tested by 

‘D test’ as per CLSI guidelines.[7] 

Quality control (QC) of the Erythromycin and 

Clindamycin discs were performed with S. aureus 

ATCC 25923, according to the standard disc 

diffusion QC procedure. Additional QC were 

performed with separate in-house selected S. aureus 

strains that demonstrated positive and negative D-

test reactions. Different phenotypes were observed. 

Sensitive (S) phenotype: Inhibition of growth 

around Erythromycin (zone size ≥23 mm) and 

Clindamycin (zone size ≥21 mm). Sensitive to both 

E and CD Constitutive MLSB phenotype (MLSBc): 

Presence of growth around Erythromycin (zone size 

≤13 mm) and Clindamycin (zone size ≤14 mm). 

Resistant to both E and CD. Inducible MLSB 

phenotype (MLSBi): Presence of growth around 

Erythromycin (zone size ≤13 mm) and clearance 

around Clindamycin (zone size ≥21 mm), giving D 

shaped zone of inhibition around Clindamycin with 

flattening towards Erythromycin disc (D test 

positive). MS phenotype: Presence of growth around 

Erythromycin (zone size ≤13 mm) and inhibition of 

growth around Clindamycin (zone size ≥21 mm) 

and giving circular zone of clearance around 

Clindamycin (D test negative). 

 

 
Figure 1: Different phenotypes of Staphylococcal 

isolates 

 

Figure 1:a) MLSBiinducible clindamycin resistance 

(E=Resistant CD=Sensitive with positive D testb) 

MS- (E=Resistant and CD=Sensitive) ; c) S-

(E=Sensitive and CD=Sensitive) ; d) MLSBc-

constitutive clindamycin resistance (E=Resistant 

and CD=Resistant. E-Erythromycin&; CD-

Clindamycin. 

Statistical Analysis 

The data were entered in spread sheet. Univariate 

analysis weresummarised using numbers and 

percentages. Bivariate analysis was done using Chi-



1152 

 International Journal of Medicine and Public Health, Vol 15, Issue 1, January-March, 2025 (www.ijmedph.org) 

 

square statistics. p value <0.05 is considered as 

statistically significant. 

 

RESULTS 

 

Among 200 samples studied, pus was the most 

common specimen 128(64%) followed bySputum 

40,Blood (23) and body fluid. Among the various 

samples the culture positivity of the samples were 

pus 74 (85.5%),OP 16 (21.6%) IP 58 (78.37%), 

sputum 10(11.49%) OP 2(,20%) IP 8(80%), blood 

3(3.44%) OP (0,0%) IP (3,100%), body fluids 

0(0%). [Table1, 2] 

 

Table 1: Distribution of samples 

 Pus Sputum Blood Bodyfluids Ear/eye swab Total 

    OP 23 13 1 1 0 38 

IP 105 27 22 8 0 162 

Total               128            40 23 9 0 200 

 

Table 2: Culture positivity percentage among various samples -200 
 Pus Sputum Blood Bodyfluids Ear/eye swab 

OP 16(21.6%) 2(20%) 0(0%) 0(0%) 0 (0%) 

IP 58(78.4%) 8(80%) 3(100%) 0 (0%) 0 (0%) 

Total 74(85.05%) 10(11.4%) 3(3.34%) 0 (0%) 0 (0%) 

 

Among the 200 samples most of thesamples were 

from males 122. The most common age group was 

above 50 years were 77(63.2%) and below 50 years 

were 45(36.8%). Infemales 78 most common age 

group was above 50years were 44(56.4%) and 

below 50 years were34(43.6). [Table 3] 

 

Table 3: Sample distribution among Males and females -200 

 > 50years < 50 years Total 

Males 77(63.2%) 45(36.8%) 122 

Females 44(56.4%) 34(43.6%) 78 

 

Among the 200 samples Staphylococcus aureus was 

isolated in 35(17.5%)samples. Pus was the most 

common sample from which 29(82.8%) followed by 

sputum 3(8.5%) blood 2 (5.7%) body fluid 1(2.8%). 

Among the 35 isolates of S aureus 21(60%) isolates 

were Methicillin sensitive S aureus and 14 

(40%)were Methicillin resistance S aureus. [Table 4, 

5] 

 

Table 4: Total number of Staphylococcus aureus isolates from specimens 

 Pus blood sputum 
Body 

fluids 
Others Total 

Staphylococcus aureus 

isolates 
29(82.8%) 2(5.7%) 3(8.5%) 1(2.8%) 0(0%) 35 

 

Staphylococcus aureus isolate was iMLSB 

9(25.7%), MS 8(22.8%), cMLSB 5(14.2%). Among 

Erythromycin sensitive isolates S phenotype 

detected in 13(37.1%). Gauravdalela et al., from 

Rajasthan also observed iMLSB phenotype as most 

common phenotype, their study showed a higher 

incidence of iMLSB (36.63%) as compared to 

cMLSB(32.67%) in the S.aureus isolates.[15] 

 

Table 5: Staphylococcus aureus isolated from specimen and their Methicillin susceptibility 

Sample Total no of isolates MRSA MSSA 

Pus 29(82.8%) 12(86%) 17(81%) 

Sputum 3(8.5%) 2(14%) 1(5%) 

Body fluid 1(2.8%) 0(0%) 1(5%) 

Blood 2(6%) 0(0%) 2(9%) 

Ear/eye swab 0(0%) 0(0%) 0(0%) 

Total 35(100%) 14(40%) 21(60%) 

 

The frequency of susceptibility pattern to 

Erythromycin as well as different patterns of 

susceptibility to Staphylococcus aureus was 

noted[Table 6].The inducible clindamycin resistance 

(D-test positive) was more commonly seen in 

MRSA as compared to Methicillin sensitive 

Staphylococcus aureus (MSSA). [Table 7] 

 

Table 6: Phenotypes of Staphylococcus aureus isolates 

 

Phenotypes  

cMLSB 

(E*-r,CD*-r) 

iMLSB 

(E-r, CD-s. 

D-test-pos-itive) 

MS 

(E-r*, CD-s*. 

D-test-negative) 

S (E-s,CD-s) 

Staphylococcus aureus 5(14.2%) 9(25.7%) 8(22.8%) 13(37.1%) 
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MRSA 3(8.5%) 7(20%) 2(5.7%) 2(5.7%) 

MSSA 2(5.7%) 2(5.7%) 6(17.14%) 11(31.4%) 

 

Table 7: Pattern of inducible clindamycin resistance(iMLSB) in Staphylococcus aureus with respect to methicillin 

susceptibility 

Methicillin 

Susceptibility 

D-test 
total Chisquare value p-value 

Positive negative 

MRSA 7(77.77%) 2(22.22%) 9 
4.45679 0.03476 

MSSA 2 (25%) 6 (75%) 8 

 

DISCUSSIONS 

 

Staphylococcus aureus was isolated most commonly 

from pus 29(82.8%) in the present study. Goudarziet 

al.,from Iran also isolated S.aureus from wound 

specimen (35%). Similarly Prasanthsingh et al., 

from Haryana, Mohanasoundaram et al., from Tamil 

nadu, Jangla et al., from Maharashtra reported pus 

as most common specimen reported S aureus 43%, 

35% and 29% respectively.[1,13,17,18] 

As per ICMR 2018-2022 antimicrobial resistance 

pattern report, the prevalence of MRSA from 2015 

till 2022 in India were 37.5% in 2015, 32.9% in 

2017, 38.6% in 2018, 42.6% in 2020 respectively. 

And in the present study prevalence was 40% and it 

was similar to the findings of Ajantha AS et al.,from 

Madhya Pradesh(64%), V Aruna et al.,form Tamil 

nadu (30.9%), Mohanasoundaram from Tamil nadu 

(39%) respectively.[5,11,12,17] 

In the present study, Cefoxitin resistance was seen 

in (40%) samples. The sensitivity pattern of 

commonly used antibiotics were Doxcycline 

(100%),Cotrimoxazole (67%),Erythromycin (33%), 

Linezolid (100%), Tetracycline (100%), 

Vancomycin (100%), Clindamycin (67%) was 

observed.In the present study, the most common 

phenotype among Erythromycin resistant 

Staphylococcus aureus isolate was iMLSB9(25.7%), 

MS 8(22.8%), cMLSB 5(14.2%). Among 

Erythromycin sensitive isolates S phenotype 

detected in 13(37.1%). Gaurav dalela et al., from 

Rajasthan also observed iMLSB phenotype as most 

common phenotype, their study showed a higher 

incidence of iMLSB (36.63%) as compared to 

cMLSB(32.67%) in the S.aureus isolates.[15] 

In present study inducible clindamycin resistance 

was observed in 25.7% isolates. This was similar to 

findings of V Aruna et al., from Tamil Nadu in 

Staphylococcus aureus (40%), Prasanthsingh et al., 

from Haryana (23%), Upadhya et al., from 

Karnataka in Staphylococcus aureus 

(33%).[12,13,16]This iMLSB phenotype widely varies 

on the basis of geographical location, patient age, 

type of clinical specimen, hospital environment, 

bacterial species and antibiotic susceptibility profile 

of bacteria. The emergence of MDR in 

Staphylococcus aureus has left limited options to the 

clinicians in selection of appropriate antibiotics. The 

inducible resistance may be missed by routine 

invitro susceptibility tests. D test is very simple, 

easy to perform and reliable method for detection of 

MLSBc and MLSBi resistance in resource limited 

setups. D test should be performed on all the 

Staphylococcus aureus isolates as a routine 

antimicrobial susceptibility testing. To avoid 

therapeutic failures of Clindamycin in 

Staphylococcal infections the D test to be performed 

as a routine test in all the laboratories. 

 

CONCLUSION 
 

According to our study findings, the prevalence of 

inducible Clindamycin Resistance (iMLSB) among 

S. aureus isolates was 25.7%.In future, Clindamycin 

can be kept as a reserve drug and advocated in 

severe MRSA infections. D test can be advised as a 

mandatory method in routine disc diffusion testing 

to detect inducible Clindamycin resistance in 

Staphylococcus for the optimum treatment of 

patients to avoid false susceptible results leading to 

treatment failure. Treatment with clindamycin to be 

avoided in patients with inducible clinamycin 

resistance. 
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