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Abstract 
Introduction: Clindamycin is an essential alternative antibiotic in the treatment of 
Staphylococcus aureus infections. The limited treatment choices for MRSA emphasise the 
necessity of selecting the correct antibiotic. The occurrence of inducible clindamycin 
resistance, which can lead to treatment failure, is the main issue with using clindamycin for 
such infections. The D-Test was used in this investigation to detect inducible clindamycin 
resistance in methicillin-resistant S. aureus isolates. 
Methods: A D-test employing erythromycin and clindamycin was done according to CLSI 
standards to determine inducible clindamycin resistance. Four phenotypes were interpreted as 
methicillin-sensitive (MS) (D-test negative), inducible MLSB (iMLSB) (D-test positive), 
constitutive MLSB, and sensitive to both. 
Results: Of the 470 isolates tested, 80 (17.02%) were MRSA. The prevalence of iMLSB, 
cMLSB phenotype, MS phenotype and sensitive phenotype in MRSA isolates was 22(28%), 
24 (29%), 4 (5%) and 30 (38%), respectively. The majority of MRSA isolates originated from 
Skin & nasal swabs. All S. aureus isolates showed 100% sensitivity to vancomycin and 
Gentamycin. 
Conclusion: This study highlights MRSA-induced clindamycin resistance. Thus, clinical 
microbiology laboratories should focus on D-zone assays to identify inducible MLSB 
resistance from constitutive. Increasing MRSA produced clindamycin resistance and antibiotic 
usage have increased sensitivity, prompting epidemiological investigation. 
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Introduction  
Staphylococcus aureus has been identified 
as a significant cause of community and 
hospital acquired infections [1]. The 
organism's potential to propagate and 
trigger outbreaks in hospitals varies. 
Staphylococcus aureus infections typically 
respond to lactam and related antibiotics. 
However, treatment of these infections has 

become difficult due to the emergence of 
methicillin resistance among 
staphylococcus aureus isolates (MRSA). A 
few key risk factors for MRSA acquisition 
are indiscriminate use of several antibiotics, 
prolonged hospital admissions, intravenous 
drug usage, and carriage of MRSA in the 
nose [2]. 
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When lincomycin was first used in clinical 
trials in 1966, erythromycin was no longer 
thought to be a safe antianaerobic drug. 
Despite this, the clearly present 
"disappointed phenotype" was neglected in 
the research literature [3]. Clindamycin 
(Cd), a lincosamide, was commonly utilised 
to treat Staphylococcus aureus in cases of 
penicillin intolerance or methicillin 
resistance [4]. Recent results, however, 
suggest that failure may occur in the 
situation of inducible Clindamycin 
resistance despite invitro susceptibility to 
clindamycin. Clindamycin suppresses toxin 
and virulence factor generation in Gram-
positive organisms by inhibiting protein 
synthesis [5,6]. The methylase expressed by 
the erythromycin resistant methylase (erm) 
and macrolides streptogramins resistance 
(msrA) genes mediates Clindamycin 
resistance in Staphylococcus. 
Antibiotic efflux, drug inactivation, and 
target-site change by methylation or 
mutation cause bacterial resistance to 
macrolide and lincosamide antibiotics. The 
three processes affect pathogenic bacteria 
differently in incidence and clinical 
implications. Efflux and inactivation only 
impact some macrolides and lincosamides, 
whereas ribosomal target change confers 
broad resistance. Macrolides, lincosamides, 
and group B streptogramins (MLSB) all 
suppress bacterial protein synthesis and are 
used to treat Gram-positive infections.  
Methylation of the 23s binding site is the 
resistance mechanism. If this happens, the 
bacteria become resistant to both 
macrolides and lincosamides. 
Erythromycin's binding to its target is 
weakened as a result of methylation. MLSB 
resistance expression might be constitutive 
or inducible. Many countries have reported 
the prevalence of induced clindamycin 
resistance in S. aureus [7-10]. Many papers 
from India [11-15] documented the 
establishment of induced clindamycin 
resistance in S. aureus. 
Inducible clindamycin resistance may 
indicate mutational constitutive resistance. 

The D-test involves placing clindamycin 
and erythromycin discs 15–20 mm apart 
and looking for flattening of the zone 
nearest the erythromycin disc [16]. A 
positive D-test shows an erm gene, which 
may cause clindamycin resistance and 
clinical failure. Clindamycin resistance 
failures are rare [17-21]. 
These strains are Ery-resistant because 
erythromycin (Ery) induces this methylase, 
but modifications in the promoter region of 
erm allow methylase synthesis without an 
inducer [22]. Clindamycin cannot bind to 
this residue after methylation. MRSA is 
becoming resistant to macrolides and 
lincosamides, limiting treatment options. 
Low-dose erythromycin induces MLSB 
resistance best. Ery induction of Cd 
resistance can detect MLSB strains in disc 
approximation experiments [22]. These 
strains use erythromycin and Cd or 
lincomycin discs. As Erythromycin 
diffuses through the agar, lincosamide 
resistance is developed, flattening or 
blunting the zone of inhibition near to the 
disc, giving it a D shape (D zone effect). In 
January 2004, NCCLS devised a Cd 
induction testing approach [23] that places 
Cd discs 15 to 26 mm from an Ery disc in a 
normal disc diffusion process or on an 
inoculum check agar plate. 
Different phenotypic appearances of D-
zone are demonstrated in hospital acquired-
MRSA isolates from medical wards, 
surgical wards, and intensive care units at 
Viswabharathi Hospital, Kurnool in the 
current study. 
Materials and Methods 
This study was carried out over the course 
of a year, from November 2021 to October 
2022 in the Department of Microbiology, 
Viswabharathi Medical College & 
Hospital, Kurnool, In this study a total of 
470 samples were obtained from patients of 
medical wards (n=280), surgical wards 
(n=140) and intensive care units (ICU) 
(n=50), at Viswabharathi Hospital, 
Kurnool. Samples comprised of blood 
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(=28), urine (n=49), pus (n=44), respiratory 
tract swabs (n=39), ear swabs (n-88), eye 
swabs (n=49), skin infection swabs (n=79), 
and anterior nasal swabs (n=94) 

Culture 
Patients' swabs and bodily fluids were put 
into blood agar plates, with each plate 
holding a single patient's sample. These 
inoculation plates were incubated at 37o C 
for 18 to 24 hours. The swabs were placed 
in 7.5% sodium chloride brain heart 
infusion broth (BHI) after being inoculated 
on blood agar and incubated at 37°C for 18- 
24 hours. BHI broth that had been 
subcultured was inoculated into blood agar 
plates. S. aureus colonies on blood agar 
plates that were opaque, spherical, and 
stained with hemolysis were identified by 
Grams staining, Catalase, and Coagulase 
(Slide and Tube) assays [24]. Appropriate 
controls were installed at each level. 153 
coagulase positive S. aureus strains were 
recovered and identified from 478 clinical 
samples. 

Testing for antibiotic susceptibility 
The medicines Oxacillin (1g), Gentamycin 
(10g), Erythromycin (15g), Cotrimoxazole 
(25g), and Vancomycin (30g) were tested 
for susceptibility using the Kirby- Bauer 
disc diffusion technique with the quality 
control strain S. aureus ATCC25923 (Hi-
media). On Muller-Hinton agar with 4% 
NaCl and 6g/ml oxacillin, bacterial 
suspensions with turbidity standards of 0.5 

McFarland were inoculated. MRSA was 
found in isolates that demonstrated visible 
growth after 24 hours of incubation at 33-
35oC. Oxford strains of S. aureus NCTC 
6571 sensitive to methicillin and S. aureus 
NCTC 12493 resistant to methicillin were 
used as control organisms. MRSA has 
finally identified thanks to the finding of the 
mecA gene by PCR. 
D-zone evaluation 
When doing the Erythromycin and 
Clindamycin double disc susceptibility test, 
the NCCLS guideline2004 [26] was 
followed (D-zone test). Muller-Hinton agar 
plates were used to culture all of the isolates 
(Hi media, India). The clindamycin disc (2 
g) was manually placed around 12 mm 
(edge to edge) from the erythromycin disc 
(15 g) (Hi media, India) [27]. The induction 
test results (D-shaped zone) were read 
using transmitted and reflected light at 16 to 
18 hours. 
Ethical Approval: Obtained from the 
Institutional Ethics Committee (IEC). 

Results 
150 clinical samples out of 470 were found 
to be S. aureus positive. Testing the 
sensitivity to oxacillin allowed researchers 
to distinguish 80 of 150 samples that tested 
positive for S. aureus as MRSA strains. 
Tables 1 and 2 indicate the overall number 
of MRSA isolates as well as their pattern of 
antibiotic susceptibility. 

Table 1: Showing total no of isolates of Staphylococcus aureus and MRSA isolated from 
various samples of patients from 3 groups (Medical wards, surgical wards and Intensive 

care units (ICU). 
Source of sample Total No. of samples Coagulase Positive S. aureus MRSA 
Blood 28 03 01 
Urine 49 10 02 
Pus 44 20 13 
Nasal swabs 94 44 25 
Respiratory tract swabs 39 02 00 
Eye swabs 49 01 00 
Ear swabs 88 30 13 
Skin swabs 79 40 26 
Total 470 150 80 
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Table 2: Susceptibility pattern of the coagulase positive Staphylococcus aureus 

Antibiotic Resistance % Intermediate% Sensitivity% Total 
Oxacillin 53 - 47 150 
Gentamycin - - 100 150 
Erythromycin 21 21 58 150 
Co-trimoxazole 40 - 60 150 
Vancomycin - - 100% 150 

Inducible clindamycin resistant-Phenotypes 
Two induction and four non-induction phenotypes were found in 80 MRSA isolates by disc 
diffusion (Table 2 and Fig.1). 19 isolates showed the D-zone phenotype after induction, with a 
blunt edge but a clear zone of inhibition surrounding the Cd disc (at different distances Fig. 2). 
Three isolates were D+. These isolates had zone of inhibition blunting and small colonies 
around the Cd disc. Cd induction supports D and D+ results (inducible MLSB resistance). Four 
isolates showed Ery-resistant and Cd-susceptible zone widths without blunting. Negative 
phenotype. Hazy D (HD phenotype) was seen in 17 isolates, with some blunting. Because 
growth reached the disk's edge, the HD trait was not considered inducible (indicating Cd 
resistance). Seven isolates showed Ery and Cd resistance and confluent growth around both 
discs with no inner zone of inhibition, suggesting the R phenotype. HD and R phenotypes are 
cMLSB resistant. 30 showed significant inhibition around Ery and Cd discs, confirming the S 
phenotype. 
D and D+ isolates had similar Ery and Cd zone diameters. The inducible D zone was visible at 
16–18 hrs, but the small colonies extending up to the Cd were more visible at 24 hrs, especially 
when using transmitted light. Neg and D+ phenotypic isolates had equal Cd and Ery zone sizes. 
For most HD isolates, the hazy zone surrounding the Cd disc separated it from the solid growth 
in R phenotype. (Table 3) 

Table 3: Characteristics of clindamycin induction test phenotypes as tested by disk 
diffusion 

Induction test Resistance phenotype Cd result Ery result No. of isolates 
D Inducible MLSB S R 19 
D+ Inducible MLSB S R 03 
Neg MLSB S R 04 
HD Constitutive MLSB R R 17 
R Constitutive MLSB R R 07 
S No resistance S S 30 
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Discussion 
Methicillin-resistant S. aureus causes high 
morbidity and mortality. MRSA strains 
account for 53.6% of hospital-acquired 
infections in Indian hospitals, and antibiotic 
sensitivity testing has indicated 30% to 
80% methicillin resistance [28]. Antibiotic 
resistance is usually triggered by inhibitor 
deactivation or target change (mutations of 
ribosomal proteins or rRNA genes). Active 
efflux (msrA gene) and ribosomal target 
modification (erm gene) can resist MLSB 
(MLSB resistance). The MLS group's 
binding to the 23s region of the 50S subunit 
of bacterial ribosomes prematurely 
dissociates the peptidyl-tRNA, giving an 
antibiotic action. Peptide bond formation is 
promoted by the 23s region of the 50S 

(peptidyl trans- ferase centre), and an 
aminoacyl-tRNA is linked to a developing 
peptide chain via the P site of the donor 
tRNA. A site. MLS antibiotics stop this. 
Resistance is 23s binding site methylation. 
This makes bacteria resistant to macrolides 
and lincosamides. Methylation weakens 
erythromycin's target binding. Inducible or 
constitutive MLSB resistance. Bacteria 
generate dormant mRNA without 
methylase to induce resistance. Only 
macrolide inducers activate mRNA. The 
constitutive expression generates active 
methylase mRNA without erythromycin. 
Non-inducible macrolides and 
lincosamides affect inducible erm gene-
carrying organisms but not inducers. 
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Mutations in the erm promoter region allow 
methylase synthesis without erythromycin 
[29,30]. These mutants resist erythromycin 
and clindamycin forever. Gram-positive, 
spirochete, and anaerobic bacteria express 
erm methylases, which macrolides and 
lincosamides target. 
Erythromycin-inducible clindamycin 
resistance was found in 28% of MRSA 
strains. As a result of the fact that the 
binding sites for macrolides, lincosamides, 
and streptogramins B in 23S rRNA are 
highly conserved and often overlap, 
induced clindamycin-resistant S. aureus is 
multidrug resistant to many antimicrobial 
agents, limiting treatment options and 
increasing the risk of inadequate treatment 
and morbidity and mortality. Inducible 
clindamycin resistance has complicated 
multidrug-resistant organism treatment in 
recent years. Clindamycin was an effective 
treatment for skin and soft tissue infections 
caused by these strains, but using it 
alongside erythromycin produced 
clindamycin resistance [31]. 
This investigation validated phenotypic 
presentations of the Cd zone next to a 
conventional 15 g Ery disc in a classic disc 
diffusion test. Induced Cd resistance strains 
with the ermA or ermC gene constitutively 
expressed have a flattening Cd disc 
diffusion zone (D-zone effect). Cd-resistant 
strains differ in Cd zone shape [32]. After 
16–18 hours, positive disc diffusion 
induction findings (D and D+) were read 
using reflected light, while transmitted light 
helped distinguish non-inducible 
phenotypes like HD and R. Disk tests 
incubated for up to 24 hours helped 
distinguish D from D+ phenotypes, but they 
were not needed to distinguish Cd inducible 
from non-inducible isolates. 
Most induction test studies find inducible 
Cd resistance in Ery-resistant but Cd-
susceptible isolates [33]. Even before 
results for Ery and Cd resistance are known, 
some labs do the D-zone test on 
susceptibility testing purity plates. Many 
isolates resistant or susceptible to both 

erythromycin and clindamycin were 
examined to determine phenotypes. The 
HD zone is actually a Cd-induced 
phenotype. If the Cd test was not first 
interpreted phenotypically, our isolates had 
several macrolide resistance genes, making 
predictions unreliable. For therapeutic 
reasons, it is important to differentiate 
between erm-mediated inducible MLSB (D 
and D+ phenotypes) and msrA-mediated 
cMLSB resistance in a clinical laboratory. 
However, differentiating D from D+ 
phenotypes may help epidemiologists 
characterise isolates in health care and 
community settings. 
Therapy suggestions require proper 
susceptibility data. If created resistance can 
be consistently recognised in clinically 
significant isolates on a regular basis, Cd 
can be safely and effectively delivered to 
patients with true Cd-susceptible strains. 
Knowing the incidence of inducible 
resistance in clindamycin-erythromycin S. 
aureus might reduce adverse effects while 
maintaining Cd effective. Inducible MLSB 
resistance occurs when bacteria produce 
latent mRNA that cannot encode 
methylase, hence clinical microbiology 
laboratories should perform the D-zone test 
to distinguish it from constitutive 
resistance.  
Only macrolide inducer erythromycin 
activates the mRNA. Constitutive 
expression generates active methylase 
mRNA without Erythromycin. Inducible 
erm gene strains withstand inducers but not 
noninducer macrolides and lincosamides. 
Mutations in the erm promoter region allow 
methylase synthesis without erythromycin 
[30]. Lincosamides should not be taken 
with erythromycin, chloramphenicol, or 
most bactericidal medicines since they have 
a shared site of action and may interact. 
Conclusion 
This study shows MRSA-induced 
clindamycin resistance. Since MLSB 
medicines share a site of action, 
clindamycin and macrolide erythromycin 
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should not be given simultaneously. 
Clinical microbiology laboratories should 
use D-zone tests to distinguish inducible 
MLSB resistance from constitutive. 
MRSA-induced clindamycin resistance and 
antibiotic use have increased sensitivity, 
necessitating epidemiological inquiry.  
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