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INTRODUCTION

Staphylococcus aureus (S. aureus) remains a significant
human pathogen responsible for a wide spectrum of clinical
manifestations, ranging from minor skin and soft tissue
infections to life-threatening conditions such as pneumonia,
endocarditis, and septicemia.® In the environment of tertiary
care hospitals, the management of staphylococcal infections
is increasingly complicated by the emergence of multidrug-
resistant strains, which contribute to higher morbidity,
mortality, and healthcare costs."Globally, The resistance
to antimicrobial agents among Staphylococcus aureus is
an increasing and it is a leading cause of nosocomial and
community-acquired infections.!” A major challenge in
contemporary clinical practice is the rising prevalence of
Methicillin-Resistant Staphylococcus aureus (MRSA). MRSA
is considered a severe global threat because it is resistant to
nearly all beta-lactam antibiotics, leaving clinicians with
limited therapeutic options®. This resistance has led to a
renewed interest in the Macrolide-Lincosamide-Streptogramin
B (MLSB) family of antibiotics, particularly clindamycin, due
to its excellent tissue penetration, low cost, and ability to inhibit
bacterial toxin production."®However, the clinical utility
of clindamycin is often compromised by various resistance
mechanisms. Resistance to MLSB antibiotics is primarily
mediated by erm (erythromycin ribosome methylase) genes,
which modify the ribosomal target site.YThis resistance can be
expressed in two ways: Constitutive (cMLSB): The bacteria are
resistant to both erythromycin and clindamycin in vitro tests
and Inducible (iMLSB or EICR): Inducible MLSB phenotype
showing resistance to Erythromycin with a flattened zone of
inhibition around Clindamycin, forming a D-shaped zone of
inhibition.”® The phenomenon of Erythromycin-Induced
Clindamycin Resistance (EICR) is particularly dangerous
because if these isolates are misidentified as clindamycin-
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susceptible, treatment can result in clinical failure as resistant
mutants emerge during therapy.®Since standard susceptibility
methods do not detect this inducible phenotype, the use of the
D-zone test (disk approximation test) is essential for accurate
reporting.® Given the regional variations in the prevalence of
MRSA and EICR, periodic monitoring of the bacteriological
profile and resistance patterns is vital for formulating effective
empirical treatment protocols in tertiary care settings. This
study aims to determine the prevalence of MRSA and different
clindamycin resistance phenotypes among S. aureus isolates at
our institution.

AIM AND OBJECTIVES

e To study the resistance pattern of Staphylococcus au-
reus among various clinical isolates.

e To identify Methicillin Resistance Staphylococcus
aureus (MRSA).

e To identify Inducible Clindamycin Resistance in
Staphylococcus aureus (EICR).

MATERIALS AND METHODS

This Retrospective study was conducted in the Department of
Microbiology at PDU Medical College,Rajkot a period of 6
months from July 2024 to December 2024.S. aureus isolates
was identified by conventional methods such as colony
morphology on culture medium, Gram staining, catalase
activity, slide& tube coagulase tests and Mannitol fermentation
test. Antibiotic susceptibility testing were performed by Kirby-
Bauer disc diffusion method and interpretation was done
according to current CLSI guidelines. Ethical clearance was
obtained from the Institutional Ethics Committee (IEC) prior
to the commencement of the study.

Sample Collection and Identification

A total 391clinical specimen were obtained which include
pus, wound swabsand blood. The isolates were identified as
S. aureus based on:

e  Colony morphology:

Nutrient agar- Showed 1 to 3 mm diameter,circular,
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smooth, low convex,glistening densely opaque colo-
nies with golden yellow pigmentation.colonies were
surrounded by a narrow zone of beta hemolysis. Mac-
Conkey agar: Colonies were pink and smaller in size.

e  Gram Staining: Observation of Gram-positive cocci in
clusters.

e Biochemical Tests: Positive results for catalase, slide/
tube coagulase, and mannitol fermentation tests.

e  Antibiotic Susceptibility Testing (AST)

All isolates were subjected to antimicrobial susceptibility
testing using the Kirby-Bauer disc diffusion method on
Mueller-Hinton Agar (MHA), following the guidelines of the
Clinical and Laboratory Standards Institute (CLSI).

Detection of MRSA: Cefoxitin (30 pg) discs were used.
Isolates with a zone of inhibition <21 mm were reported as
Methicillin-Resistant (CLSI, 2024).

Detection of EICR (The D-Zone Test): To detect inducible
clindamycin resistance, an Erythromycin (15 pg) disc and a
Clindamycin (20pg) disc were placed manually at a distance
of 15 mm (edge to edge) on an MHA plate inoculated with the
test organism.

Interpretation of D-Test Phenotypes

After incubation at 37°C for 18-24 hours, the following
patterns were recorded:

MS Phenotype: Resistance to Erythromycin but Susceptibility
to Clindamycin (circular zone).

iMLSB  Phenotype (D-test positive): Resistance to
Erythromycin with a flattened zone of inhibition around
Clindamycin, forming a “D” shape.

cMLSB Phenotype: Resistance to both Erythromycin and
Clindamycin.

RESULT

Table 1. Distribution of S. aureus in Clinical Samples

Total
Total
Number number Percentage
Sample type . . of Positive (%)
of clinical ..
clinical (n=152)
samples
samples
Pus 221 84 55.26%
Wound swab 52 26 17.11%
Blood 118 42 27.63%
Total 391 152 100%

Table 2. Prevalence of MRSA vs. MSSA

Type of isolates Number Percentage (%)
MRSA
(Methicillin- 112 73.68%
Resistant)
MSSA
(Methicillin- 40 26.32%
Sensitive)
Total 152 100%

Table 3. Antibiotic susceptibility pattern of Methicillin
resistant Staphylococcus aureus isolates

Antibiotics Sensitive (%) Resistant (%)
Penicillin 0 % 100 %
Cefoxitin 0 % 100 %

Gentamycin 65 % 35%

Tetracycline 94 % 6 %

Ciprofloxacin 78 % 22%
Levofloxacin 72 % 28 %
Cotrimoxazole 25 % 75 %
Chloramphenicol 100 % 0%
Linezolid 100 % 0%
Vancomycin 100 % 0%

Table 4. Correlation between Methicillin resistance and
Clindamycin resistance

Phenotvpe | MRSA [ MSSA [ Total
YPE | n=112) | (n=40) | (n=152)

E=S,C=S | 15.18%(17)| 20%(8) | 16.45%(25)

E-R, C-R

(D-ZONE 31.57%

Positive) | 37-5%(42) | 15% (6) |~ )
iMLSB

E-R, C=R

D-ZONE

g\legaﬁve) 19.65%(22) | 25%(10) | 21.05%(32)
MS

E-R, C-R

MLSB . |27-67%(31) |40%(16) [30.92%(47)

DISCUSSION

The current study analyzed 391 clinical samples, of which
152 (38.87%) were positive for Staphylococcus aureus. This
isolation rate highlights the significant burden of staphylococcal
infections within our tertiary care setting.

In the present study, Staphylococcus aureus was isolated from
38.87% (152/391) of clinical samples. The highest recovery
was from Pus samples (55.26%), followed by Blood (27.63%)
and Wound swabs (17.11%). The high isolation rate from pus
and wound swabs (totaling over 72%) reinforces the standing
of S. aureus as the leading cause of pyogenic infections and
skin and soft tissue infections (SSTIs) in hospital settings.

A critical finding of this study is the high prevalence of
Methicillin-Resistant Staphylococcus aureus (MRSA), which
accounted for 73.68% (112/152) of the isolates.This rate is
significantly higher than many national averages, suggesting
a high selection pressure of antibiotics or a robust presence of
resistant clones within the tertiary care environment.

Only 26.32% of the isolates were Methicillin-Sensitive
(MSSA), indicating that MRSA is no longer an occasional
finding but the dominant phenotype in our facility.

The susceptibility profile of MRSA isolates (Table 3) presents
a challenging therapeutic landscape:As expected for MRSA,
there was 100% resistance to Penicillin and Cefoxitin. A notably
high resistance rate was observed for Cotrimoxazole (75%),
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limiting its utility as an oral alternative for MRSA infections.
Resistance to Ciprofloxacin (22%) and Levofloxacin (28%)
was relatively moderate but signifies an increasing trend
toward multi-drug resistance.

Fortunately, several antibiotics maintained excellent
efficacy against these MRSA strains with100% Sensitivity.
Chloramphenicol, Linezolid, and Vancomycin all showed
0% resistance. Vancomycin & Linezolid are remain the “gold
standard” and the most reliable reserve drugs for treating
serious MRSA infections in our hospital.

Gentamycin (65% sensitive) and Tetracycline (94% sensitive)
still show promising activity, which may be useful in
combination therapies or for less severe infections.

The most clinically significant aspect of this study is the
correlation between methicillin resistance and iMLSB
(inducible Macrolide-Lincosamide-Streptogramin B
resistance), commonly referred to as EICR.

* Prevalence of iMLSB: Out of 152 isolates, 31.57% (48/152)
were D-test positive, indicating inducible clindamycin
resistance.

* MRSA vs. MSSA Correlation: There was a notably higher

frequency of the iMLSB phenotype in MRSA (37.5%)
compared to MSSA (15%). This suggests that methicillin-
resistant strains are more likely to harbor the erm genes
responsible for inducible resistance.

* Constitutive Resistance (cMLSB): the MSSA group showed
a higher percentage of cMLSB (40%) compared to the MRSA
group (27.67%).

The discovery that 37.5% of MRSA isolates possess inducible
clindamycin resistance is a critical warning for clinicians. If
the D-test is not performed, these isolates would be reported as
“Clindamycin Sensitive” by routine disk diffusion, potentially
leading to therapeutic failure when used in a clinical setting.

Only 15.18% of MRSA isolates were truly sensitive to both
Erythromycin and Clindamycin. This underscores the fact that
Clindamycin should not be used for MRSA infections in our
hospital without a negative D-test result.

The isolation rate of S. aureus in your study was 38.87%,
with a staggering 73.68% identified as MRSA. This is notably
higher than the national Indian average reported by the ICMR
Antimicrobial Resistance Surveillance Network, which
typically ranges between 30% and 50%. This study findings
more closely with studies from high-burden tertiary centers,
such as Murugan et al. ®(2022), who reported MRSA rates
exceeding 60% in similar hospital settings. The high resistance
to Cotrimoxazole (75%) in your MRSA isolates further
suggests a multi-drug resistant (MDR) profile common in
hospital-acquired strains.

This study found that iMLSB was significantly higher in
MRSA (37.5%) than in MSSA (15%).This trend is mirrored
in a study by Dey et al. ©(2021), where iMLSB was found
in 33.3% of MRSA isolates compared to only 12% in MSSA.
The higher prevalence in MRSA suggests that the erm genes
are often co-located with methicillin-resistance determinants
on mobile genetic elements.

CONCLUSION

This study underscores a critical epidemiological challenge in
our tertiary care hospital, characterized by an exceptionally high
prevalence of MRSA (73.68%). Furthermore, the significant
burden of inducible clindamycin resistance (31.57%),
particularly within MRSA isolates (37.5%), highlights a severe
limitation in therapeutic options for routine skin and soft tissue
infections.

* Mandatory Screening: Routine D-testing must be
implemented for all S. aureus isolates demonstrating resistance
to Erythromycin to prevent clinical failure associated with
masked clindamycin resistance.

* Empiric Therapy: Given the high MRSA rate, empirical
treatment protocols should be re-evaluated. Vancomycin
and Linezolid remain the most reliable options, displaying
100% sensitivity, but their usage must be governed by strict
antimicrobial stewardship to prevent the emergence of further
resistance.

References

1. Banik A, Khyriem AB, Gurung J, Lyngdoh VW.
Inducible and constitutive clindamycin resistance in
Staphylococcus aureus in a northeastern Indian tertiary
care hospital. J Infect Dev Ctries. 2015;9(7):725-731.
doi: 10.3855/jidc.6336.

2. Durmaz S, Kiraz A, Ozer TT, Percin D. Macrolide-
Lincosamide-Streptogramin B Resistance Phenotypes
in Staphylococcus Aureus. Electron J Gen Med.
2014;11(2). doi: 10.15197/sabad.1.11.75.

3. Handa VL. A study of antibiotic resistance pattern of
clinical bacterial pathogens isolated from patients in a
tertiary care hospital. Front Microbiol. 2024;15. doi:
10.3389/fmicb.2024.1383989.

4. Lall M, Sahni AK. Prevalence of inducible clindamycin
resistance in Staphylococcus aureus isolated from
clinical samples. Med J Armed Forces India.
2014;70(1):43-47. doi: 10.1016/j.mjafi.2013.01.004.

5. Lewis JS, Jorgensen JH. Inducible Clindamycin
Resistance in Staphylococci: Should Clinicians and
Microbiologists be Concerned? Clin Infect Dis.
2005;40(2):280-285. doi: 10.1086/426894.

6. Lim HS, Lee H, Roh KH, Yum JH, Yong D, Lee K,
et al. Prevalence of Inducible Clindamycin Resistance
in Staphylococcal Isolates at a Korean Tertiary Care
Hospital. Yonsei Med J. 2006;47(4):480. doi: 10.3349/
ymj.2006.47.4.480.

7. Leclercq R. Mechanisms of resistance to macrolides
and lincosamides: nature of the resistance elements
and their clinical implications. Clin Infect Dis.
2002;34(4):482-492.

8. Murugan S, et al. Methicillin-resistant Staphylococcus
aurcus (MRSA) in Indian Tertiary Care Centers:
A Review of Emerging Resistance. Indian J Med
Microbiol. 2022.

9.  Dey S, et al. Prevalence of Inducible Clindamycin
Resistance among Staphylococcus aureus Isolates in a
Tertiary Care Hospital. J Clin Diagn Res. 2021.

www.recentscientific.com

656



Bacteriological Profile Of Staphrylococcal Aureus With Eicr (Erythromycin Induced Clindamycin Resistant) And Mrsa

10. Goudarzi M, Kobayashi N, Oadashi M, Pantucek R,
Nasiri MJ, Fazeli M. Prevalence, genetic diversity, and
temporary shifts of inducible clindamycin resistance

Staphylococcus aureus Clones in Tehran, Iran: a
molecular-epidemiological analysis from 2013 to 2018.
Front Microbiol. 2020. doi: 10.3389/fmicb.2020.00663.

How to cite this article:

Bindiya Devendrabhai Gavadiyaet al., (2026). Bacteriological profile of staphylococcal aureus with EICR (Erythromycin induced
clindamycin resistant) and MRSA (Methicillin resistant staphylococcus aureus) in tertiary care hospital, Rajkot. Int J Recent Sci
Res.17(02), pp.654-657.

sk skoskeosk skosk

657

www.recentscientific.com



