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Abstract  

Background:  Staphylococcus species causes infections worldwide, including central nervous system, 
food poisoning, UTIs, eye, and metastatic diseases. It's the predominant bacterial pathogen in hospital 
and community settings. Aim: The objective is to detect the presence of Clindamycin-resistant 
Staphylococcus bacteria in different clinical samples and evaluate their resistance to inducible 
Clindamycin using the D-test as a regular practice to inform treatment decisions. Materials & Methods: 
Specimens were collected from several wards. The majority of them were from the pediatrics, 
orthopedics, general medicine, dermatology and sexually transmitted disease, and emergency 
departments. The samples were initially identified as Staphylococcus aureus using Gram Staining and 
Standard biochemical procedures. Additional tests, such as the Catalase test and Coagulase test, were 
done. Result: A total of 106 strains of Staphylococcus aureus were subjected to susceptibility testing 
for erythromycin and other antibiotics using the conventional disc diffusion method. Out of the 106 
isolates that were resistant to Erythromycin, 54.7% (58/106) exhibited inducible resistance to 
clindamycin (confirmed by a positive D test), whereas 9.43% (10/106) showed constitutive resistance. 
Out of a total of 106 isolates, 46 of them, which is equivalent to 43.3%, exhibited the MS phenotype, as 
indicated by a negative D test result. Conclusion: The presence of Clindamycin resistance, specifically 
iMLSB and cMLSB, in the Staphylococcus aureus organism, particularly in Methicillin resistant 
Staphylococcus aureus, highlights the importance of routinely conducting the D-test. This test involves 
using Clindamycin against anti-staphylococcal antibiotics like Vancomycin and Linezolid for the 
treatment of Staphylococcal infections. 

Keywords: Clindamycin Resistance in Staphylococcus Aureus, MRSA, Phenotype, D-test, Gram 
Staining. 

 
INTRODUCTION 

Staphylococcus aureus is the pathogen responsible for infecting the skin and mucous 
membranes. Clindamycin is an antibiotic that is commonly used to treat a variety of 
infections such as abscesses, pneumonia, osteomyelitis, endocarditis, arthritis, and 
sepsis. It is preferred due to its effective drug metabolism, availability in both 
intravenous and oral forms, high oral availability of 90%, lower cost, and strong ability 
to penetrate tissues. Additionally, it has the ability to inhibit toxin production in S. 
aureus, making it particularly effective in treating deep abscesses. (1) 

The development of resistance occurs as a result of various infections caused by 
Staphylococcus aureus, particularly the Methicillin-resistant Staphylococcus aureus 
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(MRSA) strain acquired in hospitals. The MRSA staphylococcus strain exhibits 
resistance to β-lactam antibiotics, such as Macrolide, lincosamide, streptogramin 
(MLSB) medications, which are commonly used to treat staphylococcal infections. 
Excessive usage of the clindamycin medicine can result in the development of 
inducible clindamycin resistance, which in turn can lead to the failure of therapeutic 
treatment. 

Clindamycin, an antibiotic belonging to the macrolide lincosamide streptogramin B 
(MLSB) class, is effective in treating skin and soft tissue infections caused by S. aureus 
in individuals with penicillin allergies (2). Clindamycin is a viable option for treating 
infections, since it may be administered through injections or taken orally. It is also 
effective in distributing throughout the body's tissues and has the ability to inhibit the 
growth of S. aureus bacteria. Treatment failure with clindamycin is caused by the 
absence of inducible clindamycin resistance (4, 5). Labeling Staphylococci as 
clindamycin resistant could result in the discontinuation of Clindamycin prescription, 
even if the bacteria are just resistant to erythromycin and susceptible to clindamycin. 
The user's text is simply "(6)". 

The primary mechanisms of resistance to MLSB drugs include target site modification, 
efflux pump activation, and mutation. These three mechanisms are responsible for the 
MLSB phenotype, which can be either constitutive (cMLSB phenotype) where rRNA 
methylase is consistently produced, or inducible (iMLSB phenotype) where methylase 
is only produced in the presence of certain substances such as erythromycin. 

During the treatment of the patient, it is possible for the iMLSB phenotypes to undergo 
mutation and become cMLSB phenotypes. The Clinical and Laboratory Standards 
Institute (CLSI) suggests using the double-disk diffusion method, known as the D-test, 
to detect inducible clindamycin resistance in Staphylococcus aureus. 

The primary mechanisms of resistance to MLSB medicines involve alterations in the 
target site, resulting in resistance mediated by an active efflux pump encoded by the 
msrA gene, known as the MS phenotype [7]. ErmA, ermB, and ermC provide 
resistance to MLS type B (MLSB) by modifying the target site of the ribosome [8]. The 
variation in ribosomal target is caused by the use of broad-spectrum resistance 
antibiotics like as macrolides and lincosamides, which is encoded by a cluster of erm 
(erythromycin ribosome methylase) genes. ErmA and ermC are commonly found in 
staphylococcal genomes. This process can exist in two forms: constitutive cMLSB or 
inducible iMLSB. The constitutive form produces methylase continuously, while the 
inducible form only produces methylase when an inductor is present (9).  

Studies have shown that the use of clindamycin to treat patients with iMLSB can result 
in cMLSB and treatment failure (10). To prevent this failure, we can employ the use of 
an inducible clindamycin resistance (ICR) test, such as the D-test. Resistance 
mechanisms arise as a result of changes in phenotypes within hospital communities 
and various geographical regions, patient groups, bacterial strains, and bacterial 
susceptibility patterns (11). 

The objective of this study was to ascertain the prevalence of Staphylococcus aureus 
isolates with inducible clindamycin resistance in our specific geographic region by the 
utilization of the D-test. The objective is to examine the occurrence of macrolide 
resistance and identify the ermA, ermB, and ermC genes in clinical isolates of S. 
aureus. 
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In order to treat patients infected with staphylococci that are typically resistant to 
clindamycin but merely resistant to erythromycin, alternative antibiotics are used 
instead of clindamycin. Additionally, a simple laboratory test called the D-zone test is 
recommended. 
 
MATERIALS AND METHODS 

This cross-sectional study collected a total of 211 S. aureus isolates from Vinayaka 
Mission KirupanandaVariyar Medical College and Hospitals, Salem during a period of 
2 years, from November 2019 to February 2022.Isolates were acquired from various 
wards. The majority of them were from the pediatrics, orthopedics, general medicine, 
dermatology and sexually transmitted diseases, and emergency medicine 
departments.The samples underwent standard examinations such as Gram Staining 
and biochemical procedures. Additionally, specific tests such as the Catalase test and 
Coagulase test were conducted to confirm the presence of staphylococcus.  

The antibiotic susceptibility testing was conducted using the modified Kirby Bauer's 
disc diffusion method on Mueller Hinton agar plates. The following antibiotic discs were 
used: erythromycin (15 μg), cefoxitin (30 μg), ceftriaxone (30 μg), ciprofloxacin (5 μg), 
clindamycin (2 μg), and vancomycin (30 μg), in accordance with the CLSI guidelines. 
The user's text is "[12]". An inhibitory zone of 19 mm or smaller surrounding the 
cefoxitin disc confirms the presence of MRSA.  

D Zone Test by disc diffusion method: 

If the antibiotic exhibits inducible resistance to Clindamycin, it was evaluated. The 
Mueller-Hinton agar plate is prepared by inoculating bacterial suspensions. A disc of 
erythromycin (15 μg) is then placed 15 mm away from a disc of clindamycin (2 μg), 
with the edges of the discs touching.  

After being incubated at a temperature of 37°C overnight, the presence of a flattened 
zone (formed like the letter D) around clindamycin, located between two discs, 
suggests the development of inducible clindamycin resistance (12). Following the 
testing, three distinct phenotypes were detected and subsequently evaluated. Only 
strains of S. aureus that were resistant to erythromycin were included. All strains that 
are susceptible to erythromycin are not included.   

Amplification of erm genes: 

The PCR amplification processes were conducted in a 25 µl volume, consisting of 10 
µl of 2x (Promega) PCR mix, 0.2 pM (0.5µl) concentrations of each primer, 1 µl of DNA 
template, and the remaining volume was filled with molecular grade water. The 
process began with an initial denaturation at a temperature of 94°C for a duration of 
10 minutes. This was followed by 30 cycles of amplification, with each cycle consisting 
of a denaturation phase at 94°C for 30 seconds, an annealing step at 53°C for 30 
seconds, and an extension step at 72°C for 1 minute. The final cycle differed in that 
the extension stage lasted for 10 minutes. The PCR results were examined using a 
1.5% agarose gel. 

Data analysis: 

The statistical analysis for the required sample size per group was carried out using 
Statistica version 9 (StatSoft, Inc, 1984-2009, USA). All other statistical analyses were 
performed using the Statistical Package for Social Sciences for Windows 8.0 software. 
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The results are presented as means with their respective standard deviations. The 
results were evaluated within a 95% confidence interval, and significance was 
determined with a probability level of less than 0.05. 
 
RESULTS 

A total of 106 strains of Staphylococcus aureus were subjected to susceptibility testing 
for erythromycin and other antibiotics using the conventional disc diffusion method. 
Out of the 106 isolates that were resistant to Erythromycin, 54.7% (58/106) exhibited 
inducible resistance to clindamycin (confirmed by a positive D test), whereas 9.43% 
(10/106) showed constitutive resistance. Out of the 106 isolates, 46 of them, which is 
equivalent to 43.3%, exhibited the MS phenotype (D test negative).  

Among the 106 isolates that were resistant to Erythromycin, 39.6% (42/106) were 
Methicillin-Susceptible Staphylococcus aureus (MSSA) and 64.1% (68/106) were 
Methicillin-Resistant Staphylococcus aureus (MRSA). The prevalence of clindamycin 
resistance induced by MSSA (with positive D test) was 54%. Our analysis found that 
around 9.43% of the MSSA isolates exhibited constitutive resistance, as indicated in 
Table 1. 

Table1: D test among Erythromycin Resistant Staphylococci isolates 

 D test -ve (MS phenotype) D test +ve (iMLSB) cMLSB 

MSSA  (46) 18 (39.1%) 22 (47%) 4 (8.6%) 

MRSA  (60) 24 (41.17%) 32 (53.3%) 6 (9.8%) 

TOTAL  (106) 42 (39.6%) 54 (50.9%) 10 (9.4%) 

 

Genotypic detection of Clindamycin Resistance by Polymerase Chain Reaction: 

The PCR analysis revealed the presence of solely the erm A and erm B genes in the 
iMLSB isolates (16). Erm A genes are more frequent compared to erm B genes. Three 
isolates were discovered to contain both A and B genes. One isolate exhibited neither 
the erm A nor the erm B gene. Table 2 and Chart 2 

Table 2: Prevalence of erm A gene & erm B gene (Isolate –iMLS B 
Staphylococcus aureus) 

Genotype PCR result  

ermA 
Positive 50 

Negative 30.4 

ermB 
Positive 25 

Negative 50 
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Among ermA, ermB, and ermC genes by PCR, ermC is the predominant genetic 
determinant for the expression of resistance to macrolides among MRSA 21 

Chart 2:  Distribution of erm A and erm B genes among iMLSB phenotypes 

 

Table 3: Primers and PCR Cycle conditions 

Gene Target Sequence Product Product size (bp) 

 
erm A 

GTTCAAGAACAATCAATACAGAG GGATCAGGAA  
AAGGACATTTTAC 

 
421 

 

 
erm B 

CCGTTTACGA AATTGGAACA GGTAAAGGGC 
GAATCGAGAC TTGAGTGTGC 

 
359 
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DISCUSSION 

During our research, we found that 60% of S. aureus infections were caused by MRSA, 
which was identified using cefoxitin. Anupurba et al. (2003) found a prevalence of 
54.82%, while Joshi et al. (2013) observed 54% MRSA among S. aureus infections 
[14, 15]. The variation in incidence of inducible clindamycin could be attributed to 
geographic locations and different hospital setups [16].       

According to the investigations conducted by Kavitha Prabhu and others, the 
percentages of inducible resistance and constitutive clindamycin resistance were 
higher in MRSA compared to MSSA, with rates of 20% and 16.66% for inducible 
resistance, and 6.15% for constitutive resistance in MRSA and MSSA, respectively. 
My study demonstrates that the prevalence of inducible clindamycin resistance is 
greater among methicillin-resistant Staphylococcus aureus (MRSA) compared to 
methicillin-sensitive Staphylococcus aureus (MSSA). This represents a rare 
occurrence where just a small number of previous investigations have revealed similar 
findings. Several investigations have demonstrated a remarkably high prevalence of 
MRSA with inducible resistance. In contrast, several investigations have demonstrated 
a higher prevalence of inducible resistance in methicillin-susceptible Staphylococcus 
aureus (MSSA) compared to methicillin-resistant Staphylococcus aureus (MRSA). 

The study found that the department of surgery had the highest number of MRSA 
isolates (25.2%), followed by the emergency department (11.75%). This could be 
attributed to the fact that surgical interventions were required in a majority of the cases. 
Adam et al. (2009) and Valsesia et al. (2010) found that 35% of cases originated from 
the surgical ward, and 86% of MRSA infections were frequently found in skin and soft 
tissue infections [17, 18]. Another study found that skin and soft tissue infections were 
the most often reported cases in emergency wards. Among these infections, MRSA 
was the most prevalent strain isolated from abscesses (61%), wounds (53%), and 
cellulitis with purulent discharge (47%) [19]. Concurrently with the previous study, most 
of the cases originated from surgical wards, and MRSA was frequently found in skin 
and soft tissue infections. 

Out of the 106 S. aureus isolates, 32 (53.33%) showed inducible resistance [20,21]. 
Another study, with 288 Staphylococcal isolates, revealed that 116 (40.27%) of them 
exhibited resistance to cefoxitin and were classified as MRSA. A D-test was 
conducted, which revealed that 21 individuals (18.1%) had erythromycin resistance 
and clindamycin sensitivity, confirming the presence of inducible clindamycin 
resistance [22-25]. Simultaneously, we have reported that out of 106 S. aureus 
isolates, 60 (56.6%) were identified as MRSA. Out of the total, 32 (30.2%) showed 
evidence of inducible clindamycin resistance. 

Kavitha Prabhu, along with others, conducted research that also performed the same 
test to corroborate the inclusion of the D-test as a standard procedure for antimicrobial 
testing. Administering clindamycin without screening for inducible resistance in S. 
aureus may lead to the use of incorrect clindamycin treatment. Conversely, a negative 
result for inducible clindamycin resistance suggests that clindamycin is effective and 
offers a highly favorable treatment choice. The user's text is "[26]". 

Due to the fact that the iMLSB resistance mechanism is not detected using normal 
susceptibility test methods and its frequency differs depending on the geographic 
region, the D-test is essential for routine antimicrobial susceptibility testing.  
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Devi Thapa and colleagues conducted a study that emphasizes the same point. The 
significant prevalence of MRSA and iMLSB phenotypes in S. aureus highlights the 
necessity of including methicillin resistance testing and D-test in routine susceptibility 
testing to ensure efficient management of S. aureus. 

The resistance shown in Subsini Majhi, Muktikesh Dash, and others is mostly 
attributed to factors such as age groups, antibiotic prescription patterns, and methicillin 
susceptibility. Identifying the phenotypic pattern of inducible Clindamycin resistance 
and establishing a clear antibiotic policy might be beneficial in decreasing the 
prevalence of MRSA infections and improving the success rate of Clindamycin therapy 
in the hospital. 
 
CONCLUSION 

Staphylococcus aureus, specifically the strain that is resistant to Methicillin 
Staphylococcus aureus, namely Methicillin-resistant Staphylococcus aureus (MRSA), 
has emerged as a significant worldwide health issue, affecting both community 
settings and hospitals. Therefore, resistance to antibiotics arises as a result of their 
widespread usage. Consequently, it is imperative to implement antibiotic stewardship 
control strategies within our healthcare settings. The sensitivity pattern of MRSA to 
vancomycin and adherence to an antibiotic policy are effective in lowering hospital-
acquired infections. If both inducible macrolide-lincosamide-streptogramin B (iMLSB) 
and constitutive macrolide-lincosamide-streptogramin B (cMLSB) resistance 
mechanisms are present, the recommended treatment choices for methicillin-resistant 
Staphylococcus aureus (MRSA) include Linezolid and Vancomycin medicines. In 
order to identify these resistance mechanisms through observable characteristics, we 
must regularly do the D-test. This will assist clinicians in determining the appropriate 
use of Clindamycin. 
 
Limitations 

As this was a single center study with a comparatively short sample size, results of this study cannot 
be generalized. Generalization requires the support of results from similar large studies. 
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