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Methicillin-resistant S. aureus (MRSA) poses an even greater challenge, as its resistance to multiple antibiotics makes infections increasingly
difficult to treat. The difficulty in treating MRSA infections has led to a resurgence of interest in alternative antibiotic classes, particularly
Macrolide-Lincosamide- Streptogramin B (MLSB) antibiotics. Hence the present study aims to identify the inducible clindamycin
resistance in S. aureus strains and to ascertain the relationship between methicillin-resistant S. aureus (MRSA) and inducible clindamycin
resistance and effectiveness of commonly used antibiotics in such strains. A prospective study was conducted for a period of one year in
the department of microbiology, tertiary care teaching hospital after obtaining a Institutional ethics clearance. All the samples from both
Out-patients and In-patients received from various clinical departments were processed using standard microbiological procedures. A
total of 173 samples showed the growth of Staphylococcus aureus. MRSA isolates were identified phenotypically using the cefoxitin disc
diffusion method, while inducible clindamycin resistance was assessed using the D-zone test. Chi-square test, Logistic regression analysis
will be conducted to identify significant predictors. A decision tree algorithm was applied to explore classification patterns. Among 173
samples screened for the presence of MRSA/MSSA, 24.27% of samples showed the growth of MRSA and 75.72% of samples showed
the growth of MSSA. Majority of MRSA strains showed resistance to penicillin antibiotic 95.2% followed by ciprofloxacin 88.09%. Most
of the MRSA were sensitive to linezolid 92.8%, cotrimoxazole 88.09% and tetracycline 83.3%. Ten MRSA strains that are known to be
positive for constitutive MLSB (cMLSB phenotype) resistance and these strains carry erm genes (most commonly ermA, ermC, or ermB)
that confer macrolide-lincosamide-streptogramin B (MLSB) resistance. 3 isolates were resistant to erythromycin, susceptible to
clindamycin, and positive for the D-test, indicating the inducible MLSB (iMLSB) phenotype. The findings should be interpreted
considering the absence of molecular confirmation and limited resistant isolate numbers. The rate of inducible clindamycin resistance
(iIMLSB) detected by the D-test in our isolates was only 6.9%, which is relatively low compared to many reports. This suggests that
clindamycin may remain a viable therapeutic option in our setting. However, continued surveillance and routine D-testing are essential to

monitor emerging resistance and guide appropriate antibiotic use.
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INTRODUCTION

According to WHO, the global priority pathogens are categorized into critical,
high, and medium antibiotic resistance bacteria which need to be studied
extensively for the development of new antibiotics and treatments (WHO, 2024).
Amongst these organisms, Gram-positive bacteria pose a significant threat to the
population in causing both hospital-acquired, and community-acquired infections
and among them MRSA, VRSA, VRE, B-lactamase-resistant Streptococcus
pneumoniae are of global concern (Bharadwaj et al., 2022; Karaman et al. 2020).
Staphylococcus aureus causes minor illness to life threatening infections, and it is
one of the leading causes of high mortality rate in patients suffering with skin and
subcutaneous infections, respiratory infections, infective endocarditis, device-
associated infections etc. (Mahmoud et al. 2025; Tomassini et al. 2024; Angelini
et al. 2023). Though the S. aureus was initially susceptible to penicillin antibiotics,
later it develops resistance after its usage in clinical practice for years
(Lobanovska & Pilla, 2017). Later Methicillin was introduced in the United
Kingdom in 1959 as an alternative to traditional penicillin, aiming to overcome
bacterial resistance associated with the production of B-lactamase enzymes,
particularly blaZ (Harkins et al. 2017). Within just two years, cases of methicillin-
resistant S. aureus (MRSA) began appearing in Europe. Denmark reported
invasive MRSA infections, marking the beginning of what would later be
recognized as the first epidemic MRSA clone (Harkins et al. 2017). Methicillin-
resistant Staphylococcus aureus (MRSA) strains possess genetic adaptations that
render them resistant not only to methicillin but also to a broader range of -lactam
antibiotics, including penicillins and cephalosporins. This resistance poses
significant challenges in clinical settings (Ali Alghamdi e? al. 2023). Compared to

methicillin-susceptible Staphylococcus aureus (MSSA), MRSA infections are
associated with increased morbidity, higher mortality rates, and a greater financial
burden on healthcare systems. Clindamycin is typically more effective against
community-associated MRSA (CA-MRSA) than healthcare-associated MRSA
(HA-MRSA) (Tsouklidis et al. 2020) with susceptibility rates around 75-95%.
CA-MRSA strains are often susceptible, but may carry inducible resistance via the
erm gene, which requires a D-test to confirm clindamycin suitability (Chavez-
Bueno ef al. 2005; Kong et al. 2016). MRSA infections burden led to intensive
use of the antibiotic vancomycin. VISA (Vancomycin intermediate Staphylococcus
aureus) and VRSA (Vancomycin intermediate Staphylococcus aureus) have emerged
from MRSA. The VRSA strains by acquiring Van A gene from Vancomycin
resistant Enterococci (VRE) develop resistance to glycopeptides antibiotics
including vancomycin, teicoplanin (Cong et al. 2019; Li et al. 2015). Linezolid
and daptomycin were introduced as new anti- staphylococcal antibiotics licensed
to treat MRSA infections (Hong et al. 2022; Gurung et al. 2020). The difficulty
in treating MRSA infections has led to a resurgence of interest in alternative
antibiotic classes, particularly Macrolide-Lincosamide- Streptogramin B (MLSB)
antibiotics (Gurung et al. 2020). Among these, clindamycin is often the preferred
choice due to its excellent pharmacokinetic properties, including good tissue
penetration and effectiveness against a variety of bacterial infections. Although
MLSB antibiotics, especially clindamycin, have been widely used for treating S.
aureus infections, their increased usage has inadvertently contributed to the
emergence of resistant S. aureus strains (Gurung et al. 2020). The resistance
mechanism can be classified into two types Constitutive MLSB (cMLSB) and
Inducible MLSB (iMLSB). Resistance in which these strains possess the potential
to develop resistance but only exhibit it when exposed to certain inducing agents,
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such as erythromycin (Miklasinska-Majdanik, 2021; Thapa et al. 2021). In these
cases, S. aureus isolates initially appear susceptible to clindamycin but can develop
resistance during treatment due to the selection of constitutive mutants. This
phenomenon makes it essential to properly differentiate between iMLSB and
c¢MLSB strains before prescribing clindamycin. If an iMLSB strain is mistakenly
treated with clindamycin, there is a significant risk of treatment failure due to the
bacteria acquiring constitutive resistance during therapy (Thapa et al. 2021).
Hence the present study is intended to detect the erythromycin induced
clindamycin resistance among MRSA isolates obtained from various clinical
samples and to ascertain the relationship between methicillin-resistant S. aureus
(MRSA) and inducible clindamycin resistance and effectiveness of commonly
used antibiotics in such strains.

MATERIAL AND METHODS
Study Design and Ethical Approval

The present study is a prospective study conducted from April 2024 to June 2025
in the department of microbiology, a tertiary care teaching hospital. No formal
sample size or statistical power calculation was performed; all eligible consecutive
isolates during the study period were included. The study was conducted after
getting the approval from Institutional ethics committee
(GIMSR/Admn/Ethics/approval/ IEC-402/2024).

Isolation and Identification of Staphylococcus aureus

S. aureus was isolated from various clinical specimens like pus, wound swab,
aspirates, blood, urine, and other body fluids through culturing on blood agar plates
and MacConkey agar plates. The isolates were first identified as S. aureus by
standard biochemical techniques like catalase, slide and tube coagulase tests
(Walker et al. 2017). The isolates will be then subjected to susceptibility testing
by Kirby Bauer’s disc diffusion method on Mueller Hinton agar plates as per CLSI
guidelines.

Antimicrobial Susceptibility Testing

The antibiotics tested include penicillin (10 units), cefoxitin (30pg), tetracycline
(30pg), co-trimoxazole (1.25/23.75ug), ciprofloxacin (5ug), gentamicin (10ug),
erythromycin (15pg), clindamycin (2pg), and linezolid (30pg) (Hi-Media,
Mumbai, India). Vancomycin susceptibility was tested using E-strips (Hi-Media,
Mumbai, India). The zone diameters will be interpreted as per CLSI guidelines.
The MRSA and MSSA confirmation were done based on the zone size surrounding

the antibiotic cefoxitin. The zone size of cefoxitin greater or equal to 22mm for
MSSA and less than 22mm for MRSA. For detecting inducible clindamycin
resistance in Staphylococcus aureus, MHA plates were incorporated 15pg
erythromycin and 2pg clindamycin discs spaced 15-26mm apart (edge-to-edge).
Standard Disc diffusion procedure was performed, and plates were incubated at
37°C for 16-18h. Flattening of the zone of inhibition adjacent to the erythromycin
disc referred to as a D-zone i.e. Inducible clindamycin resistance (iCR). Hazy
growth within the zone of inhibition around clindamycin is clindamycin resistance,
even if no D-zone is apparent. The isolates were reported as clindamycin resistant.
These isolates were presumed to be resistant based on detection of iCR as
determined by testing clindamycin in combination with erythromycin.

Statistical analysis

Descriptive statistics were represented using frequency and percentage for
categorical variables and mean + standard deviation for continuous variables. Chi-
square test or Fisher’s exact test, where appropriate, was used to assess associations
between MRSA and MSSA groups. Variables with p <0.2 in bivariate analysis
were included in the logistic regression model. Due to the low frequency of
resistant isolates and class imbalance, predictive modelling findings were
considered exploratory. A decision tree algorithm was applied to identify
preliminary classification patterns. Model performance was interpreted cautiously
considering the imbalance between MRSA and MSSA cases. All analyses were
performed using SPSS software version 24.0, and p <0.05 was considered
statistically significant.

RESULTS

Out of 173 samples received, the number of samples received from males 114
(65.9%) were more than females 59 (34.1%) (Table 1). Among 173 samples
screened for the presence of MRSA/MSSA, 42 (24.27%) samples showed the
growth of MRSA and 131 (75.72%) samples showed the growth of MSSA (Figure
1). Highest percent of MRSA was isolated from females 28.8% out of 59 total
samples tested from female sample category. Maximum samples received were pus
and majority of the MRSA strains were isolated from pus 27.9% (Table 1). No
statistically significant association was observed between MRSA/MSSA status and
gender (p = 0.352) or type of clinical sample (p = 0.297) (Table 1). Out of total 42
MRSA isolated from various clinical samples, majority of them isolated from the
age group 21-30 years and 51-60 years followed by 31-50 years. Statistically
significant association was observed between MRSA/MSSA status and age (p =
0.03) (Table 1).

Table 1 Categorization of MRSA and MSSA cases based on demographic data and sample type

Parameter Category MRSA MSSA Total P-value
Count % Count % Count %
Male 25 21.9% 89 78.1% 114 65.9%
Gender Female 17 28.8% 42 71.2% 59 34.1% 0352
Blood 2 10.0% 18 90.0% 20 11.6%
Pus 38 27.9% 98 72.1% 136 78.6%
Swab 2 25.0% 6 75.0% 8 4.6%
Sample Tissue 0 0.00% 100.0% 1 0.6% 0297
Urine 0 0.00% 6 100.0% 6 3.5%
Wound swab 0 0.00% 2 100.0% 2 1.2%
<1 0 0.00% 5 100.0% 5 2.9%
1-10 1 50.0% 1 50.0% 2 1.15%
11-20 6 27.27% 16 72.72% 22 12.71%
21-30 8 28.57% 20 71.42% 28 16.18%
Age 31-40 7 41.17% 10 58.82% 17 9.82% 0.03
41-50 7 24.13% 22 75.86% 29 16.76%
51-60 8 34.78% 23 74.19% 31 17.91%
61170 2 11.11% 16 88.88% 18 10.4%
71-280 3 14.28% 18 85.71% 21 12.13%
Table 2 MRSA Antibiotic susceptibility pattern
MRSA (n=42)
Antibiotics Number and percentage of Number and percentage of
sensitive strains Resistance strains
Gentamycin 33 (78.57%) 9 (21.42%)
Tetracycline 35 (83.3%) 5 (11.9%)
Clindamycin 31 (73.8%) 11(26.19%)
Linezolid 39 (92.8%) 3 (7.14%)
Cotrimoxazole 37 (88.09%) 5 (11.9%)
Erythromycin 23 (54.76%) 19 (45.23%)
Cefoxitin (Surrogate marker) 0 (0.00%) 42 (100%)
Penicillin 2 (4.76%) 40 (95.2%)
Ciprofloxacin 5(11.9%) 37 (88.09%)
Teicoplanin 0 (0.00%) 2 (4.76%)
Nitrofurantoin (Urine) 0 (0.00%) 0(0.00%)
Norfloxacin (Urine) 0 (0.00%) 0(0.00%)
Fosfomycin (Urine) 0 (0.00%) 0(0.00%)
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Table 2 depicted the antibiotic susceptibility pattern of MRSA towards various
tested antibiotics. The results revealed that, out of 42 MRSA tested, majority of
them showed resistance to penicillin antibiotic 95.2% followed by ciprofloxacin

88.09%. Most of the MRSA were sensitive to linezolid 92.8%, cotrimoxazole
88.09% and tetracycline 83.3%.

Table 3 Antimicrobial resistance patterns of Staphylococcus aureus isolates (MRSA and MSSA)

Parameter Category MRSA MSSA Total Povalue

(Antibiotics) Count Y% Count Y% Count Y%
Sensitive 33 21.3% 122 78.7% 155 89.6%

GEN Resistant 9 50.0% 9 50.0% 18 10.4% 0.016

TE Sensitive 35 21.6% 127 78.3% 162 93.6% 0.157
Resistant 5 45.5% 6 54.5% 11 6.35% )
Sensitive 31 21.5% 113 78.5% 144 83.2%

cD Resistant 11 37.9% 18 62.1% 29 16.8% 0.094

Lz Sensitive 39 23.8% 125 76.2% 164 94.8% 0.455
Resistant 3 33.3% 6 66.7% 9 5.2% )
Sensitive 37 22.8% 125 77.2% 162 93.6%

cot Resistant 5 45.5% 6 54.5% 11 6.4% 0.138

E Sensitive 23 20.5% 89 79.5% 112 64.7% 0.139
Resistant 19 31.1% 42 68.9% 61 35.3% )
Sensitive 0 0.00% 130 100.0% 130 75.1%

X Resistant 42 97.7% 1 2.3% 43 24.9% 0.000%

P Sensitive 2 13.3% 13 86.7% 15 8.7% 0.528
Resistant 40 25.3% 118 74.7% 158 91.3% )
Sensitive 5 8.2% 56 91.8% 61 35.3%

CIp Resistant 37 33.0% 75 67.0% 112 64.7% 0.000%

NIT Sensitive 0 0.00% 6 100.0% 6 3.5% )
Resistant 0 0.00% 0 0.00% - -

NX Sensitive 0 0.00% 0 0.00% - - )
Resistant 0 0.00% 6 100.0% 6 3.5%

FO Sensitive 0 0.00% 5 100.0% 5 2.9% )
Resistant 0 0.00% 1 100.0% 1 0.6%

TEI Sensitive 0 0.00% 40 100.0% 40 95.23% )
Resistant 2 100.0% 0 0.00% 2 4.76%

In this study, the antimicrobial resistance patterns of Staphylococcus aureus
isolates were analysed and compared between methicillin-resistant (MRSA) and
methicillin-sensitive (MSSA) strains (Table 3). Among the antibiotics tested,
resistance to Gentamicin (p = 0.016), Ciprofloxacin (p = 0.000), and Cefoxitin (p
= 0.000) showed a significant association with MRSA, indicating that MRSA
isolates were considerably more resistant to these agents compared to MSSA
isolates. Notably, 100% of Cefoxitin-resistant isolates were MRSA, reaffirming
Cefoxitin resistance as a reliable surrogate marker for MRSA detection. Resistance
to Teicoplanin was also significantly associated with MRSA (p = 0.005), though
the small number of resistant cases warrants cautious interpretation. Other
antibiotics, including Erythromycin, Clindamycin, and Linezolid, did not show
statistically significant differences in resistance between MRSA and MSSA (Table
3). Among the MRSA isolates tested, 39 (92.8%) were sensitive to linezolid, while
3 (7.14%) were resistant. The MIC distribution showed that most sensitive isolates
clustered within the lower MIC range, indicating good in-vitro activity of linezolid
against MRSA isolates (Table 4).

Table 4 MIC distribution data of linezolid in MRSA isolates

Linezolid MIC Number of Isolates Percentage
(ug/mL)

<1 Majority of sensitive isolates —

2 Few isolates —

4 Borderline susceptible .

isolates
7.14%

28 3 (Resistant)

For teicoplanin, resistance was identified in 2 isolates (4.76%). Most isolates
demonstrated MICs within the susceptible range, though a small proportion
exhibited elevated MIC values suggestive of reduced susceptibility (Table 5).
Opverall, the MIC distribution pattern indicated preserved activity of linezolid and
teicoplanin against most MRSA isolates

Table 5 MIC distribution data of teicoplanin in MRSA isolates
Teicoplanin MIC

(ug/mL) Number of Isolates Percentage

2 Majority of isolates —

4 Intermediate/borderline o

isolates
4.76%
28 2 (Resistant)
Table 6 MLSB resistance among MRSA isolates
MRSA MSSA Total
Parameter Category Count % Count o Count % P-value
Negative 32 21.9% 114 78.1% 146 84.4%

ERY-R, CLN-R (cMLSB) Positive 10 37.0% 17 63.0% 27 15.6% 0.14
ERY-R,CLN-S, D-Test Negative 39 24.2% 122 75.8% 161 93.1% 1
positive (iMLSB) Positive 3 25.0% 9 75.0% 12 6.9%
ERY-S, CLN-S (S Negative 19 30.6% 43 69.4% 62 35.8% 0.195
phenotype) Positive 23 20.7% 88 79.3% 111 64.2% )
ERY-R, CLN-S, D-test Negative 36 24.0% 114 76.0% 150 86.7% 0.798
negative (MS phenotype) Positive 6 26.1% 17 73.9% 23 13.3% )

Table 6 showed the categorization of MRSA phenotypes based on their response
to clindamycin and erythromycin antibiotics. Ten MRSA (Methicillin-Resistant
Staphylococcus aureus) strains that are known to be positive for constitutive MLSB
(cMLSB phenotype) resistance (Figure 2). These strains are phenotypically
consistent with constitutive MLSB resistance, which is commonly associated with
erm-mediated resistance mechanisms. 3 isolates were resistant to erythromycin,

susceptible to clindamycin, and positive for the D-test, indicating the inducible
MLSB (iMLSB) phenotype (Figure 2). The detection of both inducible and
constitutive MLSB resistance among MRSA isolates emphasizes the importance
of performing the D-test for appropriate clindamycin use. The iMLSB phenotype
may lead to therapeutic failure if not properly identified, despite initial
susceptibility to clindamycin in routine AST. A total of 6 MRSA isolates exhibited
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resistance to erythromycin and susceptibility to clindamycin, with negative D-test
results, indicating the MS phenotype (Figure 3). However, 23 strains of MRSA
were sensitive to both clindamycin and erythromycin antibiotics and considered as
S Phenotypes. Additionally, inducible and constitutive macrolide-lincosamide-
streptogramin B (MLSB) resistance phenotypes (D-test results) were not
significantly associated with MRSA status (Figure 3).

Table 7 Logistic regression table

Adjusted odds
Parameter 5 S-E. Prvalue ratio (95% CI)
ERY-R,CLN-R
(cMLSB) 0.582 0.601 0.333 1.79 (0.55 - 5.81)
ERY-R,CLN-S,
D- TEST
POSITIVE 0.125 0.759 0.869 1.13 (0.256 - 5.01)
(iMLSB)
ERY-S, CLN-S (S -0.345 0.525 0.511 0.708 (0.253 - 1.98)
phenotype)

Additionally, the inducible and constitutive macrolide—lincosamide—streptogramin
B (MLSB) resistance phenotypes (based on D-test results) were not significantly
associated with MRSA. When we used erythromycin—clindamycin resistance
patterns in a logistic regression model, the model did not perform well in
distinguishing MRSA from MSSA. Although the Hosmer—Lemeshow test
indicated a reasonable fit, the model failed to correctly identify any MRSA cases
and instead classified most cases as MSSA. This led to an apparently high overall
accuracy (75.6%), which is misleading because of the imbalance between MRSA
and MSSA cases (Table 7). Overall, these findings suggest that MLSB resistance
patterns alone are not reliable predictors of MRSA, and additional variables or
alternative analytical approaches may be needed.

A classification tree (CRT) analysis was also performed to differentiate MRSA
from MSSA based on antibiotic resistance patterns (Figure 4). The model
identified teicoplanin (TEI) resistance as a key factor for classification. Most TEI-
resistant isolates were classified as MRSA, while the majority of TEI-sensitive
isolates were classified as MSSA. Although the model demonstrated high apparent
accuracy in both training (97.2%) and test (96.1%) datasets, only two isolates were
resistant to teicoplanin. Therefore, the observed classification performance should
be interpreted cautiously, as it may have been influenced by the small number of
resistant isolates and class imbalance. These findings are exploratory and require
validation in larger multicentric datasets.

Figure 1 MRSA and MSSA Idetiﬁcation with conventional disc diffusion
method. (a) MRSA isolate (cefoxitin inhibition zone <22 mm). (b) MSSA isolate
(cefoxitin inhibition zone >22 mm).

resistance phenotypes.

Figure 2 Macrolide-lincosamide-streptogramin B
(a) Constitutive MLSB phenotype (cMLSB) showing erythromycin and
clindamycin resistance. (b) Inducible MLSB phenotype (iMLSB) showing a
positive D-test.

Figure 3 S and MS phenotypes of  Staphylococcus — aureus.
(a) S phenotype showing susceptibility to both erythromycin and clindamycin.
(b) MS phenotype showing erythromycin resistance and clindamycin
susceptibility.

ORGANISM

HNode O

Categony % n
B MRSA 2432 42
B msSsA 57 131

Total 1000 172

Adj. P-walue=0.000, Chi-
=square=167 G637, df=1

Resistant Sensliti\re

Mode 1 Hode 2
Category % n Categony % n
B RSA a7.7 42 B MRSA oo a
B MS5A 2.3 1 NN A00.0 130
Total 240 42 Total 751 120

TE
Adj. P-value=0.035, Chi-square=§.
213, d=1

Resistant Sensitive; <missing=

Node 3 Mode 4
Category % n Categony % n
B hRSA =icc] i} B MRSA 1000 37
B mS5A 6.7 1 B mMSsA Q.0 [n]

Total 325 6 Taotal

1.4 37

Figure 4 Decision tree model
DISCUSSION

The results of the study revealed that 24.27% (95% CI — 18.5% - 31.2%) of the
Staphylococcus aureus isolates were methicillin-resistant (Staphylococcus aureus,
or MRSA), while the remaining 75.72% were methicillin-sensitive
(Staphylococcus aureus, or MSSA). This indicates that while most S. aureus
strains in the sample remain susceptible to methicillin and other beta-lactam
antibiotics, a significant proportion—nearly one in four—are resistant. The
presence of MRSA at this rate is clinically important, as it suggests a continuing
need for careful antibiotic stewardship, infection control practices, and routine
susceptibility testing. The high prevalence of MSSA is encouraging, as it means
most infections caused by S. aureus can still be treated effectively with standard
first-line antibiotics (Fiebelkorn ez al. 2003). However, the notable proportion of
MRSA highlights the potential risk for treatment failure with beta-lactams in a
considerable number of cases and underscores the importance of monitoring
resistance patterns over time. Ghosh et al. (2016) showed the similar isolate rate
23.9% were MRSA, and 76.1% were MSSA. Some studies have reported high
prevalence rate of MRSA 61.9% (Ifediora et al. 2019). Panwala et al. (2021)
isolated 232 Staphylococcus aureus and among them 46.9% were Methicillin
sensitive Staphylococcus aureus (MSSA) and 53.01% were Methicillin resistant
Staphylococcus aureus (MRSA). Prabhu et al. (2011) reported lower prevalence of
MRSA 20% and MSSA 16% out of 190 S.aureus strains isolated. Regional data
likewise show wide variation (e.g. 25-50% across India) and reports from the
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broader Asia- Pacific range from ~26% up to 73% in some settings (Patil et al.
2024; Lim et al. 2019).

In the present study findings, 6.9% of isolates exhibited the inducible MLSB
(IMLSB) phenotype, which is characterized by resistance to erythromycin while
appearing susceptible to clindamycin in routine testing. However, resistance can
be induced during therapy, potentially leading to treatment failure if clindamycin
is used without prior D-test screening. 15.6% of isolates showed the constitutive
MLSB (cMLSB) phenotype, which displays resistance to both erythromycin and
clindamycin in standard susceptibility tests. This phenotype reflects ongoing
expression of resistance genes (such as erm genes) and represents a more stable
and clinically apparent form of resistance. 13.3% of isolates demonstrated the MS
phenotype, defined by resistance to erythromycin but continued susceptibility to
clindamycin, without inducible resistance. This phenotype typically results from
the presence of the msrA gene, which encodes an efflux pump rather than a target-
modifying enzyme. These findings highlight the importance of routine D-test
screening to differentiate between iMLSB and MS phenotypes, as misclassification
could lead to inappropriate use of clindamycin and potential treatment failure. The
presence of cMLSB and iMLSB phenotypes underscores the need for careful
antibiotic selection and resistance monitoring in clinical settings.

The rate of inducible clindamycin resistance (iMLSB) detected by the D-test in our
isolates was only 6.9%, which is relatively low compared to many reports. For
comparison, Eksi et al. found iMLSB in 6.9% of MRSA and 10% of MSSA isolates
in Turkey (EKksi ef al. 2011), while other studies (e.g. in Nepal or Africa) have
reported much higher rates (often >20-30%). Nonetheless, even a modest iMLSB
rate can be clinically important. Strains with inducible clindamycin resistance can
develop full (constitutive) resistance during therapy, leading to treatment failure
(EKsi et al. 2011). Therefore, routine D-testing is essential wherever clindamycin
might be used. In fact, prior work emphasizes that every S. aureus isolate that is
erythromycin- resistant should be screened by D-test, as this guides therapy and
prevents failure (EKsi et al. 2011). Our findings reinforce these recommendations:
a negative D-test (no iMLSB) safely allows clindamycin use, whereas a positive
result indicates clindamycin should be avoided despite apparent in vitro
susceptibility.

Different MLSB resistance phenotypes carry distinct treatment implications.
Constitutive MLSB (cMLSB) isolates are fully resistant to clindamycin (even
without a D-test) and require alternate agents. In contrast, the MS phenotype
(resistant to erythromycin but sensitive to clindamycin) allows clindamycin
therapy. The inducible phenotype (iMLSB) is the most insidious: isolates appear
clindamycin-susceptible on routine tests but can fail therapy, as noted above. In
our cohort as in Mokta et al. (2015) both inducible and constitutive clindamycin
resistance were much more common in MRSA than MSSA, reflecting linked
resistance mechanisms. Detection of all three phenotypes (MS, iMLSB, cMLSB)
is thus crucial for stewardship and appropriate therapy. Overlooking inducible
resistance (iMLSB) can lead to “inappropriate clindamycin therapy” and
therapeutic failure. Our data underscore that, in high-MRSA settings, clinicians
must interpret erythromycin/ clindamycin susceptibility patterns carefully: MS
strains can safely use clindamycin, whereas any MLSB (especially inducible)
should prompt use of other antibiotics.

Juyal et al. (2013) reported inducible MLSB (iMLSB) phenotype appeared in
12.1% of isolates; rates varied by location, with iMLSB ranging between 7% and
94% overall. Constitutive resistance (cMLSB) and MS phenotype rates also
fluctuated notably. A regional study stressed that constitutive and inducible MLSB
resistance varied significantly across geographic areas and recommended routine
susceptibility testing procedures, particularly D-test, to prevent clindamycin
treatment failures (Juyal et al. 2013). Studies from various regions report wide
variation in the prevalence of iMLSB and ¢cMLSB resistance phenotypes in
Staphylococcus aureus. In Gujarat, India, iMLSB was found in 59.3% of MRSA
and 12.8% of MSSA isolates, while cMLSB was present in 15.4% of MRSA and
14.7% of MSSA. In Ethiopia, iMLSB was detected in 25.8% of isolates and
c¢MLSB in 6.1%, with a higher MS phenotype noted among MRSA strains (Saikia
et al. 2009). A South Indian (Mangalore) study reported 18.8% of MRSA isolates
exhibited iMLSB, compared to 3.5% among MSSA (Pai et al. 2010). In Nepal,
iMLSB and cMLSB were found in 34.2% and 23.2% of S. aureus isolates overall,
with even higher rates among MRSA compared to MSSA (Amrullah et al. 2019).
Egyptian studies showed iMLSB prevalence ranging from 13.6% to 40%, and
c¢cMLSB ranging from 22.5% to 41.5%, depending on the region and study
population (Helmy et al. 2023). In Uruguay, cMLSB was more common (22%)
than iMLSB (10%), particularly among hospital-acquired MRSA (Pardo et al.
2019). Iranian data indicated a lower iMLSB prevalence (10—12.6%) and a higher
cMLSB rate (48-52.6%), suggesting constitutive resistance is more dominant
there. Globally, including data from South Africa, iIMLSB averages around 21%
and cMLSB around 29%. These findings highlight significant regional differences
and emphasize the importance of routine D-testing to accurately identify iMLSB
phenotypes and guide appropriate use of clindamycin in treatment. We also
observed that MRSA isolates were significantly more resistant to other agents
gentamicin, ciprofloxacin than MSSA isolates. This is in line with prior
surveillance: for example, in a large multi-center Indian study MSSA showed
substantially higher susceptibility to gentamicin and fluoroquinolones compared
to MRSA (Indian Network for Surveillance of Antimicrobial Resistance, 2013).
Specifically, MRSA often exhibits co-resistance to aminoglycosides and

quinolones, whereas a higher proportion of MSSA remains sensitive. The INSAR
study noted ciprofloxacin susceptibility in only 21% of MRSA versus 53% of
MSSA, implying much higher fluoroquinolone resistance in MRSA. Likewise,
MSSA in that study was more often gentamicin-susceptible than MRSA (Trueba
et al. 2006). These patterns likely reflect the plasmid- and SCCmec-associated
resistance genes carried by MRSA clones. Clinically, this means our MRSA cases
frequently require non-f-lactam, broad-spectrum therapy (e.g. vancomycin,
linezolid, etc.), as many oral options (like ciprofloxacin or gentamicin) may be
ineffective. The high co-resistance also argues for strict infection control to
prevent spread of these multidrug-resistant clones.

Interestingly, our decision-tree analysis identified teicoplanin non-susceptibility as
a very strong predictor of MRSA status. Glycopeptide antibiotics (vancomycin,
teicoplanin) are typically reserved for MRSA, and outright S. aureus resistance to
these drugs is still very rare. However, when teicoplanin resistance does occur, it
appears to cluster in methicillin- resistant strains. Teicoplanin resistance was
found almost exclusively in methicillin-resistant isolates (at least in coagulase-
negative species) (Timsina et al. 2020). Although teicoplanin-resistant S. aureus
remains uncommon, the emergence of even a few teicoplanin-non-susceptible
MRSA clones could explain our model’s finding. In contrast, our logistic
regression models using MLSB phenotypes (iMLSB, cMLSB, MS) did not have
predictive power: inducible clindamycin resistance showed no significant
difference between MRSA and MSSA. This aligns with Eksi et al. who similarly
found ICR rates that did not differ significantly by methicillin status. In other
words, while MRSA tends to carry more constitutive MLSB resistance overall, the
presence or absence of an inducible phenotype alone is not a reliable marker of
methicillin resistance in a multivariate model. These results highlight that
predicting MRSA based on MLSB phenotype is unreliable, and unusual findings
(like teicoplanin resistance) may reflect uncommon evolutionary pathways.
However, this finding should be interpreted with caution, as only two isolates were
resistant to teicoplanin. The small number may affect the stability of the model and
limits the reliability of this observation. Further studies with larger sample sizes
are needed to validate this finding.

CONCLUSION

The rate of inducible clindamycin resistance (iMLSB) detected by the D-test in our
isolates was only 6.9%, which is relatively low compared to many reports. This
suggests that clindamycin may still have a potential role in selected cases in our
setting, provided routine D-testing confirms absence of inducible resistance.
However, continued surveillance and routine D-testing are essential to monitor
emerging resistance and guide appropriate antibiotic use. First, D-testing must be
routine for all erythromycin-resistant S. aureus. Missing an inducible phenotype
risks clindamycin failure. As our study and others recommend, any S. aureus
isolate that is clindamycin-susceptible but erythromycin-resistant should have a D-
test before reporting susceptibility. Second, the very high MRSA prevalence
demands tailored empiric therapy. Empiric use of clindamycin (or other
lincosamides) in our hospital would be risky unless guided by D-test results and
local antibiogram. In practice, most serious MRSA infections here will require
drugs like vancomycin, teicoplanin or linezolid. Third, the co-resistance patterns
(gentamicin, ciprofloxacin) underscore the need for combination stewardship:
avoiding overuse of fluoroquinolones and aminoglycosides may help limit MRSA
spread. In summary, our data argue for institution-specific antibiotic policies and
regular resistance surveillance.  Clinicians should avoid clindamycin without
confirmatory D-test and prefer alternative agents in MRSA-prone settings.

LIMITATIONS

Like many single-center studies, our work is subject to local bias. It represents only
one tertiary hospital over a limited time frame, which may affect the
generalizability of the results to other regions or settings. In addition, temporal
trend analysis was not performed due to the limited study duration. We also lacked
molecular epidemiology data (e.g., mecA, SCCmec typing, or erm gene PCR) due
to resource constraints and did not determine minimum inhibitory concentrations
for borderline results. These factors limit inferences about clonality or resistance
mechanisms. Furthermore, the relatively small number of resistant isolates and
class imbalance limited the robustness of the exploratory decision tree analysis;
therefore, these findings should be interpreted cautiously and require validation in
larger multicentric studies.
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