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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, β-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 β-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 β-lactam 

antibiotics, including penicillins and cephalosporins. This resistance poses 

significant challenges in clinical settings (Ali Alghamdi et 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 et 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, 

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 
(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 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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such as erythromycin (Miklasińska-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 

cMLSB 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 (30µg), tetracycline 

(30µg), co-trimoxazole (1.25/23.75µg), ciprofloxacin (5µg), gentamicin (10µg), 

erythromycin (15µg), clindamycin (2µg), and linezolid (30µg) (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 15µg 

erythromycin and 2µg clindamycin discs spaced 15-26mm apart (edge-to-edge). 

Standard Disc diffusion procedure was performed, and plates were incubated at 

37oC 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 % 

Gender 
Male 25 21.9% 89 78.1% 114 65.9% 

0.352 
Female 17 28.8% 42 71.2% 59 34.1% 

Sample 

Blood 2 10.0% 18 90.0% 20 11.6% 

0.297 

Pus 38 27.9% 98 72.1% 136 78.6% 

Swab 2 25.0% 6 75.0% 8 4.6% 

Tissue 0 0.00% 1 100.0% 1 0.6% 

Urine 0 0.00% 6 100.0% 6 3.5% 

Wound swab 0 0.00% 2 100.0% 2 1.2% 

Age 

<1 0 0.00% 5 100.0% 5 2.9% 

0.03 

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% 

31 – 40 7 41.17% 10 58.82% 17 9.82% 

41 – 50 7 24.13% 22 75.86% 29 16.76% 

51 – 60 8 34.78% 23 74.19% 31 17.91% 

61 – 70 2 11.11% 16 88.88% 18 10.4% 

71 – 80 3 14.28% 18 85.71% 21 12.13% 

 

Table 2 MRSA Antibiotic susceptibility pattern 

Antibiotics 

MRSA (n=42) 

Number and percentage of 

sensitive strains 

Number and percentage of 

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 

(Antibiotics) 
Category 

MRSA MSSA Total 
P-value 

Count % Count % Count % 

GEN 
Sensitive 33 21.3% 122 78.7% 155 89.6% 

0.016 
Resistant 9 50.0% 9 50.0% 18 10.4% 

TE 
Sensitive 35 21.6% 127 78.3% 162 93.6% 

0.157 
Resistant 5 45.5% 6 54.5% 11 6.35% 

CD 
Sensitive 31 21.5% 113 78.5% 144 83.2% 

0.094 
Resistant 11 37.9% 18 62.1% 29 16.8% 

LZ 
Sensitive 39 23.8% 125 76.2% 164 94.8% 

0.455 
Resistant 3 33.3% 6 66.7% 9 5.2% 

COT 
Sensitive 37 22.8% 125 77.2% 162 93.6% 

0.138 
Resistant 5 45.5% 6 54.5% 11 6.4% 

E 
Sensitive 23 20.5% 89 79.5% 112 64.7% 

0.139 
Resistant 19 31.1% 42 68.9% 61 35.3% 

CX 
Sensitive 0 0.00% 130 100.0% 130 75.1% 

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

P 
Sensitive 2 13.3% 13 86.7% 15 8.7% 

0.528 
Resistant 40 25.3% 118 74.7% 158 91.3% 

CIP 
Sensitive 5 8.2% 56 91.8% 61 35.3% 

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

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 

(µg/mL) 
Number of Isolates Percentage 

≤1 Majority of sensitive isolates — 

2 Few isolates — 

4 
Borderline susceptible 

isolates 
— 

≥8 3 
7.14% 

(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). 

Overall, 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 

(µg/mL) 
Number of Isolates Percentage 

≤2 Majority of isolates — 

4 
Intermediate/borderline 

isolates 
— 

≥8 2 
4.76% 

(Resistant) 

Table 6 MLSB resistance among MRSA isolates 

 
Parameter 

 

Category 

MRSA MSSA Total 
P-value 

Count % Count % Count % 

ERY-R, CLN-R (cMLSB) 
Negative 32 21.9% 114 78.1% 146 84.4% 

0.14 
Positive 10 37.0% 17 63.0% 27 15.6% 

ERY-R,CLN-S, D-Test 
positive (iMLSB) 

Negative 39 24.2% 122 75.8% 161 93.1% 
1 

Positive 3 25.0% 9 75.0% 12 6.9% 

ERY-S, CLN-S (S 

phenotype) 

Negative 19 30.6% 43 69.4% 62 35.8% 
0.195 

Positive 23 20.7% 88 79.3% 111 64.2% 

ERY-R, CLN-S, D-test 

negative (MS phenotype) 

Negative 36 24.0% 114 76.0% 150 86.7% 
0.798 

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 

Parameter B S.E. P-value 
Adjusted odds 

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 

(iMLSB) 

0.125 0.759 0.869 1.13 (0.256 - 5.01) 

ERY-S, CLN-S (S 

phenotype) 
-0.345 0.525 0.511 0.708 (0.253 - 1.98) 

 

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 Identification with conventional disc diffusion 

method. (a) MRSA isolate (cefoxitin inhibition zone <22 mm). (b) MSSA isolate 
(cefoxitin inhibition zone >22 mm). 

 
Figure 2 Macrolide-lincosamide-streptogramin B resistance phenotypes. 

(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. 

 

 
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 et 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 (Eksi et 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 
cMLSB 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 

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, iMLSB 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-β-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.  

 

REFERENCES 

 

WHO bacterial priority pathogens list, 2024: Bacterial pathogens of public 

health importance to guide research, development and strategies to prevent and 

control antimicrobial resistance. 

https://www.who.int/publications/i/item/9789240093461  

Bharadwaj, A., Rastogi, A., Pandey, S., Gupta, S., & Sohal, J. S. (2022). 

Multidrug‐resistant bacteria: their mechanism of action and prophylaxis. 
BioMed research international, 2022(1), 5419874.  

https://doi.org/10.1155/2022/5419874 

 

https://www.who.int/publications/i/item/9789240093461
https://doi.org/10.1155/2022/5419874


J Microbiol Biotech Food Sci / Mishra et al. 2026 : 16 (1) e14067 

 

 

 

 
6 

 

  

Jubeh, B., Breijyeh, Z., & Karaman, R. (2020). Resistance of gram-positive 

bacteria to current antibacterial agents and overcoming approaches. Molecules, 

25(12), 2888.  

https://doi.org/10.3390/molecules25122888 

 

Mahmoud, A. N., Yousef, L. M., & Sayed, S. A. (2025). Detection of 

Clindamycin Resistance Antibiotic Genes among Staphylococcus Isolates by 

Using Real Time PCR. Sohag Medical Journal, 29(3), 212-219.  
https://doi.org/10.21608/smj.2025.419505.1612 

 

Tomassini, L., Ferretti, F., Uvelli, A., Fedeli, D., & Gualtieri, G. (2024). Fatal 

Viral and Bacterial Septicemia in a Seventeen-Year-Old Woman with 

Immunodepressive Influenza A H1N1: An Autopsy Case. La Clinica 
Terapeutica, 175(2).  

 

Angelini,F., Rossi,L., Taccogna,S., Crisanti,A., Borra,G., & Gozzi, E. (2023). 

First report of Central-line-associated bloodstream infection (CLABSI) due to 

Enterococcus raffinosus (ER) in a cancer patient. La Clinica Terapeutica, 174(6).  

 

Lobanovska, M., & Pilla, G. (2017). Penicillin's discovery and antibiotic 
resistance: lessons for the future?. The Yale journal of biology and medicine, 

90(1), 135.  

 

Harkins, C. P., Pichon, B., Doumith, M., Parkhill, J., Westh, H., Tomasz, A., ... 

& Holden, M. T. (2017). Methicillin-resistant Staphylococcus aureus emerged 
long before the introduction of methicillin into clinical practice. Genome 

biology, 18(1), 130. https://doi.org/10.1186/s13059-017-1252-9 

 

Alghamdi, B. A., Al-Johani, I., Al-Shamrani, J. M., Alshamrani, H. M., Al-

Otaibi, B. G., Almazmomi, K., & Yusof, N. Y. (2023). Antimicrobial resistance 
in methicillin-resistant Staphylococcus aureus. Saudi journal of biological 

sciences, 30(4), 103604.  

https://doi.org/10.1016/j.sjbs.2023.103604 

 

Tsouklidis, N., Kumar, R., Heindl, S. E., Soni, R., & Khan, S. (2020). 
Understanding the fight against resistance: hospital-acquired methicillin-

resistant Staphylococcus aureus vs. community-acquired methicillin-resistant 

Staphylococcus aureus. Cureus, 12(6). https://doi.org/10.7759/cureus.8867 

 

Chavez-Bueno, S., Bozdogan, B., Katz, K., Bowlware, K. L., Cushion, N., 
Cavuoti, D., & Appelbaum, P. C. (2005). Inducible clindamycin resistance and 

molecular epidemiologic trends of pediatric community-acquired methicillin-

resistant Staphylococcus aureus in Dallas, Texas. Antimicrobial agents and 
chemotherapy, 49(6), 2283-2288.  

https://doi.org/10.1128/AAC.49.6.2283-2288.2005 

 

Kong, E. F., Johnson, J. K., & Jabra-Rizk, M. A. (2016). Community-associated 

methicillin-resistant Staphylococcus aureus: an enemy amidst us. PLoS 
pathogens, 12(10), e1005837. https://doi.org/10.1371/journal.ppat.1005837 

 

Cong, Y., Yang, S., & Rao, X. (2020). Vancomycin resistant Staphylococcus 

aureus infections: A review of case updating and clinical features. Journal of 
advanced research, 21, 169-176.  

https://doi.org/10.1016/j.jare.2019.10.005 

 

Li, Z. X., Liu, Y. N., Wang, R., & Li, A. M. (2015). Nemonoxacin has potent 

activity against gram-positive, but not gram-negative clinical isolates. Clin Ter, 
166(6), e374-e380.  

 

Hong, X. B., Yu, Z. L., Fu, H. B., Cai, Z. H., & Chen, J. (2022). Daptomycin 

and linezolid for severe methicillin-resistant Staphylococcus aureus psoas 

abscess and bacteremia: A case report and review of the literature. World Journal 
of Clinical Cases, 10(8), 2550.  

https://doi.org/10.12998/wjcc.v10.i8.2550 

 

Gurung, R. R., Maharjan, P., & Chhetri, G. G. (2020). Antibiotic resistance 

pattern of Staphylococcus aureus with reference to MRSA isolates from 
pediatric patients. Future science OA, 6(4), FSO464.  

https://doi.org/10.2144/fsoa-2019-0122 

 

Miklasińska-Majdanik, M. (2021). Mechanisms of resistance to macrolide 

antibiotics among Staphylococcus aureus. Antibiotics, 10(11), 1406.  
https://doi.org/10.3390/antibiotics10111406 

 

Thapa, D., Pyakurel, S., Thapa, S., Lamsal, S., Chaudhari, M., Adhikari, N., & 

Shrestha, D. (2021). Staphylococcus aureus with inducible clindamycin 

resistance and methicillin resistance in a tertiary hospital in Nepal. Tropical 
Medicine and Health, 49(1), 99.  

https://doi.org/10.1186/s41182-021-00392-2 

 

Walker, J. N., Flores-Mireles, A. L., Pinkner, C. L., Schreiber IV, H. L., Joens, 

M. S., Park, A. M., ... & Hultgren, S. J. (2017). Catheterization alters bladder 
ecology to potentiate Staphylococcus aureus infection of the urinary tract. 

Proceedings of the National Academy of Sciences, 114(41), E8721-E8730. 

https://doi.org/10.1073/pnas.1707572114 

 

Fiebelkorn, K. R., Crawford, S. A., McElmeel, M. L., & Jorgensen, J. H. (2003). 

Practical disk diffusion method for detection of inducible clindamycin resistance 

in Staphylococcus aureus and coagulase-negative staphylococci. Journal of 

clinical microbiology, 41(10), 4740-4744.  
https://doi.org/10.1128/JCM.41.10.4740-4744.2003 

 

Ghosh, S., & Banerjee, M. (2016). Methicillin resistance & inducible 

clindamycin resistance in Staphylococcus aureus. Indian Journal of Medical 
 

Research, 143(3), 362-364. 

https://doi.org/10.4103/0971-5916.182628 

Ifediora, A. C., Nwabueze, R. N., Amadi, E. S., & Chikwendu, C. I. (2019). 

Methicillin and inducible clindamycin-resistant Staphylococcus aureus isolates 
from clinical samples in Abia State. Microbiology Research Journal 

International, 29(4), 1-9.  

https://doi.org/10.9734/mrji/2019/v29i430167 

 

Panwala, T., Gandhi, P., & Jethwa, D. (2020). Inducible Clindamycin resistance 
and MRSA amongst Staphylococcus aureus isolates: a phenotypic detection. IP 

Int J Med Microbiol Trop Dis, 6(4), 222-226. 

https://doi.org/10.18231/j.ijmmtd.2020.050 

 

Prabhu, K., Rao, S., & Rao, V. (2011). Inducible clindamycin resistance in 
Staphylococcus aureus isolated from clinical samples. Journal of laboratory 

physicians, 3(01), 025-027.  

https://doi.org/10.4103/0974-2727.78558 

 

Patil, P. P., Patil, H. V., & Patil, S. (2024). Evaluation of antibiotic sensitivity in 
Methicillin-Resistant Staphylococcus aureus isolates from clinical specimens in 

a tertiary care hospital. Cureus, 16(10).  

https://doi.org/10.7759/cureus.72628 

 

Lim, W. W., Wu, P., Bond, H. S., Wong, J. Y., Ni, K., Seto, W. H., ... & Cowling, 
B. J. (2019). Determinants of methicillin-resistant Staphylococcus aureus 

(MRSA) prevalence in the Asia-Pacific region: A systematic review and meta-

analysis. Journal of global antimicrobial resistance, 16, 17-27.  
https://doi.org/10.1016/j.jgar.2018.08.014 

 

Eksi, F., Gayyurhan, E. D., Bayram, A., & Karsligil, T. (2011). Determination 

of antimicrobial susceptibility patterns and inducible clindamycin resistance in 

Staphylococcus aureus strains recovered from southeastern Turkey. Journal of 
Microbiology, Immunology and Infection, 44(1), 57-62.  

https://doi.org/10.1016/j.jmii.2011.01.011 

 

Mokta, K. K., Verma, S., Chauhan, D., Ganju, S. A., Singh, D., Kanga, A., ... & 

Mehta, V. (2015). Inducible clindamycin resistance among clinical isolates of 
Staphylococcus aureus from Sub Himalayan Region of India. Journal of clinical 

and diagnostic research: JCDR, 9(8), DC20.  

https://doi.org/10.7860/JCDR/2015/13846.6382 

 

Juyal, D., Shamanth, A. S., Pal, S., Sharma, M. K., Prakash, R., & Sharma, N. 
(2012). The prevalence of inducible clindamycin resistance among 

Staphylococci in a tertiary care hospital-a study from the Garhwal Hills of 

Uttarakhand, India. Journal of Clinical and Diagnostic Research: JCDR, 7(1), 
61.  

https://doi.org/10.7860/JCDR/2012/4877.2671 

 

Saikia, L., Nath, R., Choudhury, B., & Sarkar, M. (2009). Prevalence and 
antimicrobial susceptibility pattern of methicillin-resistant Staphylococcus 

aureus in Assam. Indian journal of critical care medicine: peer-reviewed, official 

publication of Indian society of critical care medicine, 13(3), 156.  
https://doi.org/10.4103/0972-5229.58542 

 

Pai, V., Rao, V. I., & Rao, S. P. (2010). Prevalence and antimicrobial 

susceptibility pattern of methicillin-resistant Staphylococcus aureus [MRSA] 

isolates at a tertiary care hospital in Mangalore, South India. Journal of 
laboratory physicians, 2(02), 082-084.  

https://doi.org/10.4103/0974-2727.72155 

 

Amrullah S, Bijay Raj P, Ashish V. Characterization and Prevalence of 

Clindamycin Resistance Staphylococcus aureus from Clinical samples of 
National Medical College and Teaching Hospital, Nepal. Asian J Pharm Clin 

Res [Internet]. 2019 May 7 [cited 2025 Aug. 15];12(5):90-2.  

https://doi.org/10.22159/ajpcr.2019.v12i5.32257 

 

Helmy, H. A., AbdElhamed, M. R., Youssef, M. I., El Zamek, H. M., Kamal, 
A., Abdelfattah, A., ... & El-Khayat, M. M. (2023). A Multicenter Experience of 

Inducible Clindamycin Resistance in Staphylococcus aureus Infection among 

800 Egyptian Patients with or without Diabetes Mellitus. The American Journal 
of Tropical Medicine and Hygiene, 109(2), 350.  

https://doi.org/10.4269/ajtmh.22-0492 

 

Pardo L, et al. Macrolide-lincosamide-streptogramin B resistance phenotypes 

and their associated genotypes in Staphylococcus aureus isolates from a tertiary 
level public hospital of Uruguay. Rev Argent Microbiol. 2019.  

https://doi.org/10.1016/j.ram.2019.10.004 

 

Joshi, S., Ray, P., Manchanda, V., Bajaj, J., Chitnis, D. S., Gautam, V., ... & 

Indian Network for Surveillance of Antimicrobial Resistance (INSAR) group. 
(2013). Methicillin resistant Staphylococcus aureus (MRSA) in India: 

prevalence & susceptibility pattern. Indian Journal of Medical Research, 137(2), 

363-369.  

 

Trueba, F., Garrabe, E., Hadef, R., Fabre, R., Cavallo, J. D., Tsvetkova, K., & 
Chesneau, O. (2006). High prevalence of teicoplanin resistance among 

Staphylococcus epidermidis strains in a 5-year retrospective study. Journal of 

clinical microbiology, 44(5), 1922-1923.  
https://doi.org/10.1128/JCM.44.5.1922-1923.2006 

 

https://doi.org/10.3390/molecules25122888
https://doi.org/10.21608/smj.2025.419505.1612
https://doi.org/10.1186/s13059-017-1252-9
https://doi.org/10.1016/j.sjbs.2023.103604
https://doi.org/10.7759/cureus.8867
https://doi.org/10.1128/AAC.49.6.2283-2288.2005
https://doi.org/10.1371/journal.ppat.1005837
https://doi.org/10.1016/j.jare.2019.10.005
https://doi.org/10.12998/wjcc.v10.i8.2550
https://doi.org/10.2144/fsoa-2019-0122
https://doi.org/10.3390/antibiotics10111406
https://doi.org/10.1186/s41182-021-00392-2
https://doi.org/10.1073/pnas.1707572114
https://doi.org/10.1128/JCM.41.10.4740-4744.2003
https://doi.org/10.4103/0971-5916.182628
https://doi.org/10.9734/mrji/2019/v29i430167
https://doi.org/10.18231/j.ijmmtd.2020.050
https://doi.org/10.4103/0974-2727.78558
https://doi.org/10.7759/cureus.72628
https://doi.org/10.1016/j.jgar.2018.08.014
https://doi.org/10.1016/j.jmii.2011.01.011
https://doi.org/10.7860/JCDR/2015/13846.6382
https://doi.org/10.7860/JCDR/2012/4877.2671
https://doi.org/10.4103/0972-5229.58542
https://doi.org/10.4103/0974-2727.72155
https://doi.org/10.22159/ajpcr.2019.v12i5.32257
https://doi.org/10.4269/ajtmh.22-0492
https://doi.org/10.1016/j.ram.2019.10.004
https://doi.org/10.1128/JCM.44.5.1922-1923.2006


J Microbiol Biotech Food Sci / Mishra et al. 2026 : 16 (1) e14067 

 

 

 

 
7 

 

  

Timsina, R., Shrestha, U., Singh, A., & Timalsina, B. (2021). Inducible 

clindamycin resistance and erm genes in Staphylococcus aureus in school 

children in Kathmandu, Nepal. Future Science OA, 7(1), FSO361. 

https://doi.org/10.2144/fsoa-2020-0092 

 

 

https://doi.org/10.2144/fsoa-2020-0092

