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Staphylococcii arei grami positivei spherical shape bacterium withi diameter of 0.5i-1 

µmi in diameter which belongs to the family micrococcaceae [1]. They are catalase 

positive, non-motile, non-sporing, facultative anaerobes and i also i differentiatedi based i 

oni the abilityi to form coagulasei enzyme [2]. Ini thei database list i ofi prokaryotic i names i 

withi standing i ini nomenclature, more than 50 species of Staphylococci are listed [3]. 

Skin and Mucous membrane are the natural inhabitants of many Staphylococcus species 

However, the prevalence of Staphylococcus species varies depending on the host.  

1.1.Classification of Staphylococcus:-  

Thei abilityi of Staphylococcus to clot i plasma i is one of the key diagnostic 

characteristics used to distinguish between Coagulasei Negative Staphylococcii (CoNS)  

i and Coagulase i Positive i Staphylococcii (CoPS)  i

[4].  In addition, Coagulase is an 

important virulence factor; the main function is breakdown of soluble fibrinogen into 

fibrin on the surface of bacteria. Coagulase helps thei bacteria i by protecting i fromi 

phagocytosisi and host i defensesi

 [5].  

1.2 Coagulase Positive Staphylococcus (S.aureus) 

S.aureus is a highly significant member of the Coagulase Positive 

Staphylococcus (CoPS), because of its inherent virulence factor, involvement of tissue 

adhesion, immune evasion, and host cell damage, it is considered to be more pathogenic 

than CoNS. In addition, ai widei variety ofi toxins i are secretedi to i evadei thei immune the 

host defensei mechanisms i, causing variety ofi lifei threateningi conditions (suchi asi skin i 

and soft i tissuei infectionsi to systemic infections)[6].  S.aureus is commensal bacteria and 

it colonizes the anterior nares, skin and mucous membrane. It acts as a reservoir of 

future infections [7]. 20i-80i% ofi thei healthyi humani populations carry S.aureus in 

anterior naresi

[8], Staphylococcus can establish the solid interaction with epithelial cells 

of nasali cavity by various protein molecules and cell surface components thus 

transforming into persistent carrier [9].  

1.3 Coagulase Negative Staphylococcus:-  

Coagulase Negative Staphylococcus (CoNS) is a large heterogeneous group 

among the Staphylococcus species and it is considered less pathogenic or non-

Chapter-1 Introduction 
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pathogenic species [10].   Today, CoNS are typical opportunistic pathogen and are 

recognized i as one of the major nosocomial pathogen ini hospitals i with considerable 

increasing the impact on human health and life [4].   CoNSi can give rise to a variety of 

infectious diseasesi in deepi organsi, Centrali nervousi system, Heart, Joints, 

Immunocompromised individuals, Patients with medical indwelling devices, 

Oncological diseases, and Neonates [11].  As of 2018, 41 CoNS species are described 

validly. Of these, only few species are regularly associated with causing infections to 

human begins [12].  CoNS are the normal commensal component of skin and mucus 

membrane of animals and human beings.  However, Staphylococci prefer moist areas 

to colonize suchi as axillae i, thei gluteali andi inguinali regionsi, thei umbilicusi, thei 

antecubitali andi poplital spaces i and the plantar i foot regioni

 [13].  CoNS are thei major 

source of endogenous infection especially which colonize the i skini and mucous i 

membrane of thei host. CoNS arei transmitted by crossing the physical barriers (eg. Skin) 

during the medical procedures (Invasive devices) [14] 

 

Infections caused by the CoNS are subacute and chronic courses of infection 

with subtle clinical syndromes. However, it is more severe and leads to lethal outcomes 

in patients with improper management of chronic foreign body related infections.  This 

leads to significant increase in duration hospital stay, higher mortality rate and 

increased cost of the hospital stay [16]. In addition, CoNS are involved in native value 

destruction, infective endocarditis, and septic thrombophlebitis in blood stream 

infections [15].  

 

1.4 Antibiotic Resistance to Staphylococcus:-  

Staphylococcus is a potential infectious organism and acquires antibiotic 

resistance quickly.  Antibiotic resistance is a major emerging problem and offers a 

global public threat in modern medical world. Based on epidemiological features, 

S.aureus is categorized into nosocomial, community and livestock associated but, the 

pathogen core genome is highly distinct and variable in terms of mobile genetic element  

[16].  S.aureus acquires antibiotic resistance by horizontal gene transfer method (eg. 

Conjugation) of mobile genetic element [17].   About i 15% ofi S.aureusi genomei isi made i 

up of mobile i genetici elementsi namely Transposons, Integrons, Staphylococcal Cassette 

Chromosomes (SCCs), Plasmids, Pathogenicity Island and Bacteriophages [16]. 

Plasmids play a major role to transfer antibiotic resistant determinants.  S.aureus posses 
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a plasmid withi a sizei ranging i from 1 kbi to 60 kbi, small ranges of plasmids carry 

Tetracycline, Chloramphenicol and Erythromycin resistant determinants.  The larger 

plasmids of S.aureus contain resistant genes of Aminoglycosides, Beta-lactum and 

Macrolides.  Moreover, larger plasmids of S.aureus can combine with other mobile 

genetic elements suchi asi transposonsi andi exhibit resistancei to i erythromycin, 

trimethoprim, spectinomycin, vancomycin, and beta i-lactams. [18] 

 

Staphylococcus resistancei cani also i develop asi ai result i ofi mutationsi that alter 

thei drugi-binding i sitesi oni ai variety of molecular i targetsi and enhance the expression of 

efflux pump proteins [19]. Hospitali acquiredi infection resulting ini death and i morbidityi 

isi ai significant i pathogeni for causingi hospitali acquiredi infection. MRSAi isi resistant i to i 

alli betai-lactum antibioticsi except ceftaroline andi shows resistancei to i otheri antibiotics i 

such as vancomycin, chloramphenicol, tetracycline, and macrolides. ([20] MRSA is an 

emerging infection in the Indian sub-continent with an incidence rate of 25 to 50% in a 

multicenter study reported by the Indiani Councili ofi Medicali Researchi with Global 

Antimicrobiali Surveillancei Networki in 2015 [21]. Nasal colonisation by MRSA is a 

high risk of infection and an important source for person-to-person transmission. 

 

1.5 Importance of Coagulase Negative Staphylococcus:-  

 

Coagulase Negative Staphylococcus (CoNS) is a typical opportunistic pathogen 

and considered as less pathogenic but antibiotic resistance of these pathogens is an 

important risk factor for contributing to transfer of antibiotic resistant determinants to 

other pathogens. This is due to the false finding of CoNS Which is treated with 

unnecessary antibiotics and increases the selection pressure of antibiotics.[22] Hencei, 

thei present i studyi wasi designed i to i know thei prevalence ofi Staphylococcal infections in 

variousi clinical specimens, Nasal colonization of Staphylococcus (including CoNS) 

among healthcare workers, Patient visitors and its antibiotic resistant determinants.  
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1.6 Research Problem  

In 2017, the WHO published an antibiotic resistance priority pathogens list into 

three categories, Critical, High, and Medium. In these, 12 families of antibiotic resistant 

bacteria are included, and these bacteria pose a serious risk to human health. Moreover, 

characterization of these pathogens has to stimulate research and develop new 

antimicrobials. Staphylococcus aureus (resistant to vancomycin and methicillin) is a 

high priority [23]. Antimicrobial resistance in India has been raised as an important 

public health concern. The Indiani Councili ofi Medicali Researchi (ICMR)i focused drug 

resistance oni six pathogensi namelyi, Enterococcus faeciumi, Staphylococcus aureusi, 

Klebsiellai pneumoniaei, Acinetobacteri baumaniii, Pseudomonasi aeruginosai, andi 

Enterobacteri speciesi generally called ESKAPE pathogens [24].  

For several years, coagulase i negativei staphylococcii were thought i to i bei non-

pathogenic i or contaminates. It has been rarely reported to cause severe infections. By 

the end of the 1980s, CoNS' had become accepted and recognised as pathogenic 

bacteria, but most i ofi thei underlyingi moleculari mechanismsi stilli awaited i discoveryi. A 

few clinical studies reported S.epidermidis, S.haemolyticus, S.warneri, and S.hominis, 

to be more prevalent causes of infections than other CoNS. Recently, S.chromogens 

and S.cohnii have been identified as emerging clinical nosocomial pathogens [25].  

Various clinical and diagnostic laboratories have proposed their own guidelines to 

determine pathogenic vs. non-pathogenic contaminants and their clinical relevance. 

CDC guidelines define how to identify CoNS as causing an infection by requiring 

1. Clinical evidence of an infection and appropriate antibiotic therapy  

2. At least two Specimen cultures from same site or  

3. Detection of biofilm formation [26]. 

Resistance to antimicrobials is a major i problemi nowadays in thei treatment i of 

staphylococcali infections (S.aureus and CoNS). The majority of Staphylococci are 

resistant to gram-positive antibiotics such as Macrolides, Tetracyclines, Vancomycin, 

Linezolid, Chloramphenicol, and β-lactam antibiotics.  [27] 

This development of multidrug and pan-drug resistance is due to the rapid 

production of biofilm, genetic modification, irrational use of antibiotics, etc. Detection 

of appropriate resistance by using a phenotypic method does not provide accurate 
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results. Molecular methods provide more accurate information, such as the site of 

resistance genes, whether they are intrinsic or extrinsic, what type of resistance 

mechanism, etc. 

The introduction of molecular methods in diagnostic laboratories for the 

identification of accurate resistance mechanisms is difficult, but very essential to 

identify and avoid false negative reports, which will lead to better clinical outcomes. 

Nasal colonization of Staphylococcus and its antimicrobial resistance is i ai majori 

riski factori in hospitalized patient’s with i underlying diseased conditions. Screening for 

antimicrobial resistant determinants among HCWs, patient visitors, and Staphylococcal 

Cassette Chromosome mec (SSCmec) types is an important epidemiological factor in 

monitoring multidrug resistance determinants and their spread. 

Knowing the accurate antibiotic resistance prevalence in developing countries, 

especially in India, is difficult as only limited data is available. Accurate statistical 

analysis of antibiotic resistance in developing countries is still lacking, and we are not 

adopting any proper antibiotic policy. Identification of antibiotic resistant genes and 

their SCCmec types is an important epidemiological tool to investigate multidrug 

resistance in the community as well as hospitals. There i isi no i adequatei datai about i 

community studies on SCCmec i type’s andi their antibiotic resistance. Hencei, the 

present i studyi is designedi to i investigate the SCCmeci types andi their antibiotic i 

resistancei determinants in the community as well as hospital personnel.  
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Staphylococcus species are grami positivei Coccii occur singlyi, in pairsi, short i 

chainsi, andi are commonly seen in grapei likei clustersi

 [1]. Staphylococci arei non-motile, 

non-sporing bacteria that are catalase positive, facultative anaerobic bacteria that can 

tolerate high salt concentrations and are heat resistant [2]. They belong to the family 

Micrococcaceae and the phylum Firmicutes [3]. CoNS are commensal bacteria in the 

skini and i mucousi membranesi ofi humans andi other mammals'. Theyi can also bei found i 

ini water, dust, and thei air. Depending on the humid condition of the environment, the 

bacterial colonization density varies. Ini moist i locations (suchi asi thei anteriori naresi, 

axillae i, andi perianali areasi), 103 to i 106/cm2 of bacteria are seen, whereas in dry skin 

areas, the count may reach 101 to 103 colony forming units/cm2 [4].   

Therei arei 54 species i andi 28 subi-speciesi ini thei genusi Staphylococcusi.  The 

genus Staphylococcus is classified into 2 groups based on the enzyme Coagulase i, 

namely, 1. Coagulasei Positivei Staphylococcusi (CoPS) 2. Coagulation i negative i 

Staphylococcusi (CoNS)  i

[5] Furthermore, new Staphylococcus spp. are being validated 

and identified. Among 54 Staphylococcus spp, a few species are medically important 

and can cause human infections. Other species are relevant to veterinary medicine, 

causing infections in animals and birds [6]. Coagulase positive Staphylococci, primarily 

S.aureus are more important and known to cause a variety of infections than Coagulase 

negative Staphylococci. 

Staphylococcus aureus colonizes the anterior nares (vestibulum nasi), which 

accounts for 20 to 80% of the human population, which is the most frequent carriage 

site and acts asi a i reservoiri fori thei spreadi ofi thei pathogeni

 [7]. Staphylococcus aureus 

andi nasal epithelial cells show great interactions, and this association transforms into 

persistent carriage through a variety of bacterial cell membrane components [8]. Nasali 

carriagei ofi S.aureusi plays a major rolei ini thei pathogenesisi ofi infectioni ini patientsi 

undergoingi surgeryi, dialysis i and intensive i carei unit, where patients havei beeni shown 

with highi riski of infectioni [9]. S.aureus causes infective endocarditis, pleuropulmonary, 

bacteremia, skini and soft i tissue infectionsi, osteoarticular, and device i- relatedi 

infectionsi. 

Chapter-2 Review of Literature 
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2. 1 Coagulase Negative Staphylococcus (CoNS): 

 As of 2019, 38 recognized CoNS species are available. Of these, 

S.saprophyticusi, S.haemolyticusi, S.hominisi, S.warneri i, S.xylosusi, S.epidermidisi, 

S.schlefierii, and S.lugdunensisi are the ones that tend to colonise and are most often 

found in clinical samples [1]. More recently, S.pettenkoferi, S.petrasii, and 

S.massiliensis have been isolated from clinical specimens [10]. Among the CoNS spp., 

S. epidermidis is often found with bio-material associated with prosthetic devices, S. 

haemolyticus cani causei ai varietyi ofi diseases, including infectionsi ofi prosthetic joints 

andi bacteremia. In sexually active women, S.saprophyticus is often identified by 

urinary tract infections [11].  

2.2 Ecological niches of CoNS associated with Human beings:-  

 S.epidermidis colonizes the body surface especially on moist areas such as 

inguinal perianal areas, Conjunctiva, axillae, web toes and anterior nares [12].  

 S.haemolyticus is frequently isolated from pubic areas,  aprocrine glands  

and axillae[4] 

 S.saprophyticus is frequently seen in genito-urinary tract  and rectum [12] 

 S.capitis colonizes the sebaceous gland of forehead and Scalp [13] 

 S.lugdunensisi isi ani internal part i ofi human skini florai particularly the i 

perineal area and pelvic. It is less frequently seen in anterior nasal cavity [14].  

 Other CoNS are seen in animals, birds and environmental surfaces such as 

dust, air and fermented food products as contaminants[15] 

2.3 Importance of CoNS in clinical settings:- 

In the modern medical world, the increasing use of medical indwelling devices 

and implanted foreign bodies has beeni recognizedi asi onei ofi thei important sources ofi 

colonizing andi causing nosocomiali infectionsi caused by CoNS [16]. In addition, 

demographic and hospital-related factors (elderly, pre-term babies, transfer i of patientsi 

betweeni hospitalsi, etc.) also contribute to the pathogenicity ofi CoNS which are 

considered opportunistic infections [17].  
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2.4 Bloodstream infection due to CoNS:-  

Blood Stream Infection (BSI) of CoNS is associated with indwelling i medicali 

devicesi (Centrali Venousi Cathetersi, pacemakeri leadsi, prosthetici valves, etc.) [18]. CoNSi 

arei thei most i commoni causei of hospital acquired blood i streami infectioni and account 

fori 30-60% [19] of the infections. S.epidermidis and S.haemolyticus are frequently 

isolated pathogens in laboratories and are involved in late-onset sepsis [20]. CoNS are 

frequent contaminants of blood culture and it is difficult to investigate whether it is 

Commensals of a Skin or true pathogen of CoNS causing bacteremia [21].  Neonates, 

cancer patients, and immunosupressed patients, especially those who have neutopenia, 

are at high risk of CoNS related blood stream infections [22]. 

2.5 CoNSi in Surgicali woundi infectioni:-  

Surgical wound infections (SWI) are more common in hospitali acquired i 

infectionsi, accountingi fori 20i% ofi total casesi [23].  CoNSi arei frequentlyi seen in 

superficial incisional infections, causing varying complications in surgeries, and the 

risk of SWI is 1.9 per 100 surgeries [24]. The major risk factors for causing CoNS SWI 

include duration of surgery, host factors, surgeons and nursing staff experience and 

handling of different surgeries [22]. 

2.6 Endocarditis:-  

CoNS are major pathogens affecting cardiac devices, coronary stents, prosthetic 

heart valves, prosthetic vascular valves, etc. CoNS i arei important i pathogensi andi the 

second leadingi causei ofi prosthetic valve endocarditis globally [25]. Ini hospitalizedi 

patientsi, CoNS is thei most i commoni cause of early endocarditis (37–47%) and late 

endocarditis (25%); S.aureus infection isi thei second most i commoni causei ofi infective 

endocarditisi

 [26]. Ai database on heart failure from an international partnership on 

endocarditis revealed that CoNS (54%) are the pathogens most frequently encountered, 

followed by other gram-positive cocci [27]. Among CoNS causing endocarditis, 

S.epidermidis is the most common, followed i byi S.lugdunensisi, S.hominisi, S.capitisi, 

and S.haemolyticusi [28]. 
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2.7 Endopthalmitis:-  

CoNS are often found in people who have endopthamitis after penetrating eye 

surgery, post-operative cases after virectomy or cataract surgery, which make up 15% 

to 73% of all cases. epidermidis is the most commonly encountered pathogen in 

endopthamitis cases [29]. 

2.8 Centrali Nervousi Systemi Shunti Infectionsi:-  

CoNSi are thei common cause of CVS-shunt i infectionsi. It happens within 30 

days of surgery [30]. CVS-shunt infections mostly occur due to normal skin commensals 

like Diptheroides, Propionibacterium acne, S.aureus,  CoNS  etc.  Shunt infections are 

potentially influenced by a variety of variables, including the length i ofi the hospitali 

stayi, the number i ofi revisionsi peri patient i, the experiencei ofi the surgeon, the surgical 

technique, the length of the procedure, the use of indwelling devices during the 

procedure, etc [31].  S.epidermidis is the most common pathogen responsible for CVS-

shunt infections [32]. 

2.9 Vascular Graft Infections:-  

An incidence of vascular graft infections ranging from 1% to 6% is seen within 

30 days after the procedure, but it is more common after a month or year of 

implementation with the highest rate of mortality [33]. Vascular grafts are divided into 

2 categories, namely, 1. intracavitary vascular grafts, which are located in the groin, 

and 2. extracavitary vascular grafts, which are located in the abdomen and the thorax 

region. CoNS are a common cause of vascular graft infections [34]. 

2.10 Prosthetic Graft infections:-  

Joint i replacement i isi onei ofi thei most i commoni operationsi in orthopaedic surgeryi 

in the modern medical world. Periprosthetic joint infection is associated with a higher 

economic burden and has an increased rate of mortality and morbidity than other aseptic 

complications [35]. Periprosthetic joint infections occur, ranging from 1 % to 2% in 

primary cases and 4% in repeated arthoplastic surgery cases [36]. Rheumatoid arthritis, 

surgery duration, previous surgical history, other bacterial infections, and so on are all 

major risk factors for periprosthetic graft infections [37]. The most common isi 

S.epidermidisi, followedi byi S.lugdunensisi andi otheri CoNSi sppi [33]. 
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2.11 Urinary Tract Infections (UTI):-  

CoNS causing UTI are categorized into 2 types in humans.  

1. Indwelling medical devices such as catheterized urine or supra-pubic aspiration 

of urine is the most complicated nosocomial urinary tract infection in hospital 

caused by S.epidermidis   

2. Loweri UTIi ini sexually active youngi womeni is mostly causedi byi 

S.saprophyticusi, and it isi ai truei uro i-pathogeni causing UTI [37].  

 

2.12 CoNS in neonatal sepsis:-  

Infectious disease management of neonates, divided neonatal sepsis into 2 types: 

1. Early onset ( less than 72 hours of life ) 

2. Latei onset i (betweeni 72i hoursi and 30i daysi ofi lifei)[38] 

CoNS are mostly seen in late onset neonatal sepsis especially in very low i birthi 

weight infantsi with increasedi riski ofi neonatali morbidityi and mortality.  This leads 

to long duration of hospitalization [39]. Colonization of CoNS on the i surfacei ofi 

humani bodyi isi initiatedi ini thei first i fewi daysi ori weeksi [40].  S.epidermidis, 

S.warneri, S.haemolyticus and S.capitis are the commonly encountered pathogens 

in neonatal sepsis [41].  

2.13 Antibiotic Resistance [42]:-  

 Development of antibiotic resistance can be categorized into 2 forms;  

1. Acquired resistance – Acquiring resistance by the transfer of the genes 

encoding antimicrobial resistance  

2. Intrinsic resistance – Bacteria resist to antibiotic agents due to their 

inherent structural or functional characteristics. For Ex. Grami negative i 

bacteriai arei resistant i to Vancomycin.  It isi not transferable.  
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2.14 Mechanisms of Antibiotic Resistance:-  

2. 14 β-Lactum Antibiotics:-  

 Penicillin resistance in Staphylococcus has historicali importancei. Penicillin 

resistancei isi primarily caused by Penicillinase, ani extracellular i enzymei ofi Class Ai 

beta-lactamase that cleaves the ring of Penicillin and Ampicillin antibiotic -lactam 

rings. Novick discovered Penicillinase in 1962. discovered the genes for penicillinase 

synthesis and its control in Staphylococcus extra-chromosomal genetic material and 

also showed that plasmids carry these genes [42]. Penicillinase production is encoded i byi 

thei structurali genei blaZi underi thei controli ofi regulatoryi genesi blaI and bla [43]. The 

plasmid-encoded penicillinase enzyme also contains resistance genes for fusidic acid, 

erythromycin, aminoglycosides, heavy metals such as cadmium, mercury, and lead, 

dyes such as acriflavine, quaternary ammonium components, and ethidium bromide [44]. 

2.15 Methicillin resistance:-  

 Methicillini, a semii-synthetici penicillin, wasi first i usedi in clinical settings in 

1959, but due to its toxicity, it is not commonly used today. It was replaced by 

penicillin-stable antibiotics such as Oxacillin, Flucloxacillin, and Dicloxacillin. It 

shows sufficient anti-bacterial activity against penicillin resistant Staphylococcus 

aureus. Although Britishi scientist i Jevonsi discovered penicillini-stablei resistant i 

S.aureus, the term Methicillin-resistant i S.aureusi (MRSAi) is still used today [45]. 

Acquired resistance via the insertion of the mecA gene into the staphylococcal 

chromosome at a precise site [46]. The MecAi gene encodesi a Penicillini Bindingi Proteini 

(PBP2ai or PBP2i’) and shows less affinityi fori most i of the cephalosporin-like agents 

and semi-synthetic penicillin [47]. The mecAi genei makesi bacteriai resistant i to i almost i alli 

β-lactami antibiotics except i ceftarolinei and ceftobiprolei [48]. 

Mechanisms of Methicillin Resistant:-  

β-lactami antibioticsi prevent i thei synthesis i ofi bacteriali celli walli peptidoglycani, the main 

structural component of Staphylococcus. It i consistsi ofi glycani strandsi madei upi ofi 

disaccharide repeating i units such as Ni-actylmuramic acid (NAM) and i Ni-

actylglucosamine (NAG) linked by cross-linkages of peptides between NAG moieties 

on adjacent strands [49]. In S.aureus, bifunctional transglycolylase i-transpeptidasei (also 

known as Penicillini bindingi proteini ‘a’ ori PBPai) isi a crucial target i of β-lactami 
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antibioticsi. Thei Transglycolylasei domaini isi responsiblei fori transferringi thei 

pentapeptide disaccharidei (L-alaninei, D-glutaminei, Lysinei, and 2 D-alaninesi) fromi 

membranei lipids to i elongating chains i ofi polysaccharidei at i reducing ends. Cross links 

of Glycine Bridge from the domain of Transpeptidase (TP) and link i thei D-alaninei at i 

thei 4th
i positioni to i the nearby growing chain i ofi thei peptidoglycani layeri, making thei 

celli-walli sturdy. Blockage of the active i sitei ofi Transpeptidasei (TP) i serinei (PBP2a) is i 

caused by structural analogous (changing from D-Ala4 to D-Ala5). This is followed by 

cleavage of β- lactami ringi andi ai penicilloyli-Oi-serinei intermediatei isi produced [50]. 

mecA genei is encodedi by PBP2a.  The mecA genei is transferredi to otheri S.aureus 

speciesi that are methicillin i sensitivei viai horizontal genei transfer i mechanismsi [51]. 

 Staphylococcali Cassettei Chromosomei meci (SCCi meci):-  

 SSC mec isi ai mobilei genetici component i with ai size range of 21–60 kb. It is 

inserted inside orfX (RNA methyltransferase gene of S.aureus). Other genetici elementsi 

foundi ini SSCmec include insertioni sequencesi, transposonsi (Tn554), andi integrated 

plasmids (pI258, pT181, pUB110) [52].  

1. pUB110i codesi fori Tobramycini, Bleomycin andi Kanamycin resistancei.  

2. pI258i codesi fori heavyi metals andi penicillin resistancei 

3. pT181 encodes resistance to Tetracycline  

4. Tn554 carries Erythromycin resistance and is  responsible for Macrolid-

induced Clindamycin resistance (MLSi)[53] 

SSCmec contains three basic structural/genetic elements namely [54] 

1. mec gene complex (mecA, mec B, mec C and mec D) and its regulatory 

structures to control the expression of genes such as  

 mecR1i- encodingi a signali transducer i proteini  

 mecIi-encodingi ai repressor i proteini 

2. Thei ccri (Cassette Chromosome Recombinase) complexi, which is made up 

of the ccrA, ccrB, and ccrC genes, encodes site-specific recombinases that 

mediate integration and excision.  

3. Joining (J) region.  
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meci gene complexi

 [55] :-  

 meci genei complexi mostlyi Consists ofi meci genei, mecR i1 andi mecIi (regulatory 

elements) andi linkedi insertioni sequencesi (IS). Fivei different i classesi ofi meci genei 

complexi (mec A, mecB, mec, mecD and mecE) are classified based on the difference 

in IS and mec gene complex upstream and downstream regulatory elements.  

Classi Ai meci complexi consists of mecAi genei andi thei regulatoryi componentsi (mecR1i 

andi mecIi) is complete in upstream orientation of mecA. Downstream position of mecA 

involves IS431 and hyper variable region and.  

Classi B mec complexi contain truncated mecR1i (ΔmecR1), mecAi, IS431i, hyper 

variable region and. IS272.  

Classi C mec isi composedi ofi mecAi, ΔmecR1i, IS431i, hyper variable region and IS431. 

Based on the orientation of IS431, mec C has 2 distinct versions.  

 Class C1, IS431upstream and i downstreami ofi mecA i seen ini samei positions. 

 Classi C2i, IS431i arei seeni ini oppositei directioni and i reversed.  

Class D mec complex consists of mecA, ΔmecR1, IS431 but i no i ISi ini downstreami 

positioni ofi ΔmecR1i 

Class Ei meci complexi containsi mecR1, blaZi, mec, andi mecIi.  

  

ccri (cassettei chromosomei recombinasei) genei complexi

 [56,57]:-  

 Thei Cassette Chromosome Recombinasei genes and ORFs of surrounding 

regions contain the ccri genei complexi. Many of the ORFsi in Staphylococcus have i 

unknowni functions. Integrationi and i excisioni ofi SCCmeci into i thei Staphylococcus 

chromosome i is mediated by the ccrAi, ccrBi, and ccrCi genes i. Thei recombinase function 

of the ccri gene complexi is similari to i that i of Bacteriophage integratesi. It breaks down 

nucleic acids, swaps genetic DNA strands, and allows recombination. site of the 

SCCmec element (attSCC) in the bacterial chromosome is attB. Inverted repeats (IR) 

of both sides of the SCCmeci playi a i significant rolei ini excisioni but i not i integrationi. The 

ratei and speedi ofi the i insertioni ofi SSCmeci elementsi are determined i byi 100-200i bp i 

sequencesi in the upstreami and i downstreami orientation of attBi. There are 9 different 

combinations of ccri genei complexi allotypes, namely 1 (A1B1)  i, 2 (A2B2)  i, 3 (A3, B3)  

i, 4 (A4, B4) i, 5 (C) i, 6 (A5B3) i, 7 (A1B6) i, 8 (A1B3) i, and 9 (C2) i. Typei 6i ccri complexes 

arei seen ini CONS and types 7 and 8 are seen only in MRSA. ccrA1B4 i is seen in 
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S.saprophyticusi andi ccrA7B3i isi found in S.sciurii. The latter two combination allotypes 

have been identified recently.  

J regions [58]:-  

J (Joining) regions of cassette chromosome are non-essential and it contains additional 

resistant genes. J regions are i classifiedi into i threei typesi basedi oni thei location within 

the SCCmec namely,  

1. J1i regioni (formerlyi calledi L-Ci regioni) situated between thei right chromosomal 

regioni and ccr gene (in upstream orientation). J1 region contains ORFs and 

regulatory genes.  

2. J2i regioni (formerlyi calledi C-Mi regioni) situated betweeni ccri genei complexi 

and meci genei complex i and it Consists of integrases gene and transposons 

Tn554  

3. J3 region (formerly called L-R region) situated betweeni thei meci genei complexi 

andi thei left i chromosomali junctioni (downstreami orientation ofi meci gene i 

complexi) and it also carries plasmid encoded antibiotic resistance genes 

(Tetracycline, Aminoglycosides etc) 

 

Nomenclature [59]:-  

 Internationali Workingi Groupi oni Staphylococcali Cassettei Chromosomei, 

SCCmeci typesi isi designed in Romani numeralsi followedi byi ccri gene complex andi mec i 

genei complexi For example. Typei 1(1Bi) indicatesi SCCmeci harbors type 1i ccri andi class i 

B meci genei complex. Till date 13 SCCmec i typesi havei beeni discoveredi in Methicillin i 

resistant i Staphylococcal strainsi. Type I i, IIi, III i and IVi widely distributedi amongi 

S.epidermidisi, S.haemolyticusi, S.capitisi, S.sciurii, and S.warnerii.  SCCmec type I is 

seen in multidrug resistant Staphylococcus strain.  

 

Types:-  

Methicillin Resistant Staphylococcus is classified into two types 1. HAi-MRSAi 

(Hospitali acquiredi) and CAi-MRSAi (Communityi acquiredi). MRSAi acquiredi ini 

hospitali ori healthcarei settingi are called as HA-MRSA. HA-MRSA isi ai majori causei ofi 

multi-drug resistant nosocomiali infectioni showing higher risk and i is difficult i to i treat i 

duei to i multiplei antibiotici class resistancei. Epidemic ofi HA-MRSA is due to the 
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transmission of clones that have been recorded in particular geographic locations.  HA i-

MRSAi strainsi carry SCCmeci typesi I to IIIi [60].  

Communityi acquiredi MRSAi (CA-MRSAi) are phenotypicallyi andi genetically different i 

fromi HAi-MRSAi. It isi sensitive to i most of the non-β-lactam antibiotics and they 

produce PVLi (Panton-Valentine leukocidin) exo-toxin that destroys the leukocytes and 

express it as super antigen. PVL genesi arei largelyi seeni ini CA-MRSAi andi absent i ini 

HAi-MRSAi. PVL toxini isi encodedi byi lukSi-PV, lukFi-PV, it is a component of the phage 

genome and is inserted in bacterial chromosome.  CA-MRSA is predominantly found 

ini skini andi soft i tissuei infectionsi and ai CAi-MRSAi strain carriesi SCCmeci typei IV and 

Vi

 [61].  

2.16 Tetracycline Resistance: 

Tetracycline resistances have been described by three different mechanisms 

based on the Tetracycline resistant determinants acquired by bacteria, which are 

disseminated among bacterial population [62].  

1.The most common resistance mechanism is  Ribosomal protection,  

2. Active antibiotic efflux  

3. Enzymatic drug inactivation.  

Mutations in the rRNA, permeability barriers, Multidrug transporter system lead to 

development of resistance to Tetracycline [63].  

 

Active effluxi ofi thei antibiotici:-  

Throughi the exporti proteinsi fromi thei main facilitator i superi familyi, the 

antibiotic is effluxed. Tetracycline is effluxed from the bacterial cell via membrane-

associated proteins and export proteins encoded by teti effluxi genesi. Tetracyclinei efflux 

fromi thei bacteriali celli lowersi the intracellular i drugi concentrationi, protecting the 

bacterial cell ribosome [63]. 

 

Ribosomal Protection Proteins:-  

 The ribosomal protection protein shields bacterial ribosomes from the 

cytoplasmic proteins and tetracycline antibiotic's effects. When the elongation i factorsi 

EFi-Tui and EFi-Gi attach toi ribosomes, modifications take place in ribosome 

conformation. This inhibits protein synthesis or prevents tetracycline from attaching to 
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bacterial ribosomes. This occurs via ribosome i-dependent i GTPasei activityi. This mostly 

confersi resistancei to i minocyclinei andi doxycycline [64]. 

 

Tetracycline Resistance Genes: 

 

38i different i Tetracyclinei resistancei (teti) genesi andi Threei Oxytetracycline i 

resistancei genesi (otri) are identified till datei [65].  Among thesei, 23 genesi codes for i 

effluxi proteinsi, 11i responsible for i ribosomali protectioni, threei fori enzymei inhibitioni 

andi onei genei withi unknowni Tetracycline resistancei mechanismi.  

Environmentali teti genesi encoding export proteinsi, whichi export Tetracycline 

out i ofi thei bacteriali celli andi lowers thei intracellulari drug concentrationsi to allow thei 

bacterial ribosomesi functioni optimally [66]. Thei most i commoni Tetracycline resistance 

genesi  which are disseminated  among  Staphylococcus arei tet(K) i, tet(Li), tet(Mi), tet(Oi) 

 teti (Ki) genei in S.aureus carries the plasmidi ofi pT181i family. pT181 plasmid is a small 

4.45 kb in size and consists of 459 amino acids. pT181 plasmid i belongingi to i 

incompatibilityi groupi inc3 and also foundi ini thei larger plasmids of S.aureus or in 

bacterial chromosomes. They are associated by insertion sequence (IS257) of directed 

repeats [67, 68, 69] 

tet(L) gene: Plasmid pSTE1 carries the tet (L) gene. In 1992, it was discovered for the 

first time in Staphylococcus hyicus. tet(L) was also discovered on the Staphylococcus 

epidermidis plasmid pSTS7 in 1996 [70]. In Streptococci and Enterococci, it i isi thei 

secondi most i prevalent i Tetracyclinei resistant i genei [71]. There are 458 amino acids in it. 

tet (M) :- The tetracycline resistance gene most frequently found in i grami-positive i 

bacteriai isi thei teti (Mi) gene [72]. It was initially discovered in Streptococcus species. 

Additionally, it was discovered in both grami-ipositivei and grami-inegative bacteriai, 

includingi Ureoplasmas andi Mycoplasmas [72]. Thei conjugativei transposonsi of thei 

Tn916i-Tn1545i familyi, whichi also i contain additionali antibiotici resistancei genesi, are 

usually linked to i thei tet(M) gene [73,74]. Thei most i commoni kind ofi Tetracycline i 

resistancei seen in MRSA is tet(M) (Methicillini Resistant i Staphylococcusi aureusi). Thei 

majorityi ofi S.aureusi isolatesi have teit(M) as well as tet(K) determinants. As a result, teti 

(M) or teti (K, iM) genotypes are commonly seen in MRSA isolates [75,76]. 

tet (O) genes : In Staphylococci tet(O) gene s are seen less frequently.  

2.17 Macrolid Resistant:-  
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Macrolides prevents the synthesis of bacterial proteins by promoting the 

peptidyli-tRNAi molecule'si separation fromi thei bacteriali ribosomesi duringi thei 

elongationi processi of translation,. As a result, the polypeptide chain is broken, and 

protein production is reversibly stopped. The adenine -N6 methyltransferase of the 23S 

rRNA underwent post-transcriptional alteration, which resulted in Macrolid resistance. 

The 23S rRNA molecule's A2058 receives one or two additional methyl groups from 

N6 methyltransferase. The methyltransferase genes are numerous (erythromycin 

ribosome methylation). Genes encoding for methyltransferase are erm (erythromycin 

ribosome methylation) [65].  

 

Macrolid Resistant determinants:-  

Antibiotic resistance to Macrolides, Lincosamide, and Streptogramin is being 

studied simultaneously. Macrolide i resistancei genesi (ermi) encodei resistancei to i 

antibiotici ofi two i ori alli threei antibiotic families’ ini Macrolides. A totali of 60i distinct 

genesi havei beeni identifiedii, includingi those linked to rRNAi methylationi, effluxi, andi 

inactivationi, have been identified as causing resistance i to i MLSi antibioticsi. 

Thei erm i (Ai) genei carries thei transposoni Tn554i which isi incorporated into i SCCmeci 

type IIi component. It isi ai conjugativei ori noni-conjugativei transposoni and isi mostlyi 

seeni ini Methicillini Resistancei Staphylococcus [76].  

The erm i (Bi) genei :- Transposonsi Tn917i/Tn551i contain the erm (B) gene. Its sizes are 

2.3 and 4.4 kb, and it lacks any extra resistance genes. [76]. 

The erm (C) gene is situated at small plasmids and mostly seen in i Methicillini 

susceptiblei strainsi

 [77]. 

Thei msri (Ai) genei isi effluxi- pumpi proteins which are mediated i by ABCi transportersi 

systemi andi isi plasmidiz-bornei. msri (Ai) genesi codes for 488 amino acids. [77] The 14-

membered ABC transporters system is i ani ATPi-bindingi transport i proteini whichi 

mediatesi activei effluxi to i antibioticsi and confers resistancei to i Macrolidesi, Lincosamide 

asi welli asi Streptogramini Bi-compoundsi. 
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2.18 Fusidic acid Resistant:-  

A steroid-like antibiotic called Fusidic acid was extracted from Fusidium 

coccineum. It acts as bacteriostatic but could turn bactericidal at higher concentrations 

of Fusidic acid. It binds to elongationi factori Gi (EFi-Gi). Translocase enzyme is requiredi 

fori bacterial translocationi oni ribosomei afteri peptidei bondi has been formed during i 

proteini synthesisi. This mechanismi ofi actioni explainsi therei isi no i intrinsic crossi 

resistancei betweeni otheri antibioticsi andi Fusidic acid. Fusidic acid activity is limited 

and acts mainlyi against i Grami positivei bacteriai i.e.  IS.epidermidisi Clostridiumi sppi, 

Staphylococcus aureus,  and Corynebacterium i. Streptococcii showed moderate 

susceptibility.  Most Gram Negative Bacteria show resistance to Fusidic acid [78]. 

Mechanismi ofi Resistancei:-  

Two i resistance mechanisms i ofi Fusidici acidi were identified in Staphylococcus namely: 

1. Changing the drug's target site as a result of fusA gene (which codes for the 

elongationi factori Gi, or EFi-G) i, rplFi, or fusE i (encodingi ribosomei proteini L6i) 

mutations 

2. fusA gene Point mutation  takes  place  in  domain III of FF-G 

Some other Fusidic acid resistant mechanisms are: 

i. Smalli colonyi variant i (SCV) i Fusidic acid resistant, referred i to i asi fusAi-SCVi 

class. Whichi  occursi  ini domaini Vi ofi EFi-Gi due to mutations 

ii. Acquiredi Fusidici acidi resistancei (horizontal gene transfer method) of 

Staphylococcus spp is mediated by fusBi, fusCi, and fusDi. Thei fusBi gene 

foundi ini plasmidi pUB101 ini S.aureusi and fusCi werei foundi ini S.aureusi and 

coagulasei-negativei Staphylococcii 

iii. Intrinsici factor i of fusD causes resistance to Fusidic acid in Staphylococcus 

saprophyticus [79].  

2.19 iMupirocin:- i 

It iis ia icombination iof ipseudomonic iacids ithat ibinds ito ithe iisoleucyl-tRNA 

isynthetase’s ienzyme itarget isite iand iprevents iprotein isynthesis.  iIt idoes inot ibind ito ithe 

iequivalent imammalian ienzymes, irendering iit inon itoxic ito ihumans. i iBacterial iisoleucine  

itRNA isynthesis iis idecreased iwhich ileads ito istop ithe isynthesis iof ibacterial iprotein iand  

iRNA isynthesis. iMupirocin iis ibacteriostatic iat iconcentrations iclose ito ithe iMinimum 
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iInhibitory iConcentration i(MIC), iand iit iturns ibactericidal iat igreater iconcentrations. iIt 

imostly icombats igram ipositive ibacteria[80]. 

Mechanism iof iResistance:- 

In iUnited iKingdom, ithe ifirst iinstance iof iMupirocin-resistant iS. iaureus iwas idiscovered 

iin i1987. i 

 Mupirocin iresistance iis iclassified ias ifollows; 

1. iLow iLevel iMUP iresistance- i8-64mcg/ml iof iMIC ivalue iis idue ito ipoint imutations ion 

ibacterial ichromosome iin ithe iwild iileS1 igene. iThis icauses ichanges iin iamino  iacid ifrom 

iVal-to-Phe iin ithe iMUP- ibinding isite. 

2. iHigh iLevel iMUP iresistance- iMIC ivalue iof i128- i256µg/ml, imediated iby iplasmid, iby 

itwo idifferent imechanisms: 

1. iAcquiring ian ialternate iisoleucine i- itRNA isynthetase ii.e. iby iacquisition iof ia 

iplasmid imediated imupA ior iisleS2 igene. i 

 i2. i iAcquisition iof imupB igene i
[81,82].. i i i 

2.20 Linezolid iResistance:- i 

It ibelongs ito iOxazolidinone igroup, ieffective iagainst ithe iresistant igram ipositive 

icocci iand ibacillary iinfection. iIt iprimarily iacts ian ibacteriostatic iand ialso iacts ias 

ibactericidal iagainst isome iPneumococci i, iB. ifragilis iand iStreptococci,[83,84].. i 

Linezolid iinhibits ithe iprotein isynthesis iby iacting iat ian iintial istage iof itranslation 

iprocess iin ibacteria. iLinezolid ibinds ito ithe idomain iV iof icentral iloop iin ithe i23S ifraction 

i(P isite) iof ithe i50S iribosome iand iprevents ithe iformation iof itertiary iN-

formylmethionine- itRNA- i70S iinitiation icomplex. iThus, i iit iinhibits iprotein isynthesis iat  

iearly istage i
[84]. 

Mechanism iof iResistance i
[85]:- 

Linezolid iis ia isynthetic idrug itherefore, iinherent iresistance ito iLinezolid idoes inot 

iexist; ihence imutations iare itypically iacquired. i 

Changes iin ithe ipeptidyltransferase icentre i(PTC), iwhere ithe iconserved isections iof ithe  

iribosome idirectly iinteract iwith ilinezolid, iare icaused iby imutations iin ithe i23srRNA 
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isubunit  idomain iV iarea iof iribosomes. iGram ipositive ibacterium icontains i4 ito i6 iallelic  

icopies iof i23S irRNA; iTherefore, iLinezolid iresistance irequires imore ithan ione icopy iof 

i23SrRNA iallele ito ibe imutated. i 

1. Ribosomal iproteins igenes imutation ii.e., iL3 i(rplC igene), iL4 i(rplD igene), iand 

iL22 i(rplV igene) iare iseen iin isome igram ipositive ibacteria. i 

2. The iplasmid imediated iExtrinsic iresistance iof icfr i(Chloramphenicol i–

Florfenicol iResistance) igene ifrom iChloramphenicol iresistant ibacteria, iencodes 

ia iprotein ito icatalyze ithe ipost itranscriptional imethylation iof ithe iC-8 iatom 

i(A2503) iin ithe i23S irRNA. iMethylation iof ithe icfr iconfers ithe imultidrug 

iresistance ito iStreptomycin,
 iLincosamide iand iLinezolid i i

[85]. i 

.Genes iencoding ifor iRibosomal iproteins ihave ibeen ianalyzed iby ipolymerase ichain 

ireaction iand iwhole igenome isequencing. i
[86]. 

 

2.21 iAminoglycosides iResistance:- i 

 

 iAminoglycosides iare iinhibitors iof iprotein isynthesis iand ibroad ispectrum 

iantibiotics. iInitially iAminoglycosides iwere iisolated ispecifically ifrom iStreptomyces 

igriseus iwhich iis ia ispecies iof iAcintomycetes, iand iwas ifirst iused iin iclinical itrials iin i1944.  

iBecause iof itheir ilower itoxicity iand ibroader icoverage ithan iFluoroquinolones,  

iCarbapenems iand iCephalosporins, ihave ireplaced iAminoglycosides ias ifirst-line 

iantibiotics iworldwide i
[87].

 iTobramycin,  iAmikacin, iGentamicin, iNeomycin,  

iKanamycin, iNetilmicin iare iclassical iexamples.  iArbekacin iand iPlazomicin,  itwo 

irecently ideveloped iAminoglycosides, iwere idesigned ito iovercome iAminoglycoside 

iresistance imechanisms i
[88]. iAccording ito iclinical istudies, iaminoglycosides ihave ia 

igreater irate iof inephrotoxicity. iAs ia iresult, iscreening ipatients ifor iserum iurea iand 

icreatinine ilevels iafter iAminoglycoside iinjection iis icritical ifor imonitoring ithe iseverity 

iof ithe itoxic ieffects. iAminoglycosides ihave isignificant iactivity iagainst iinfections 

icaused iby iS.aureus inamely, iMRSA, iVISA, iand iVRSA[88]. i 

Aminoglycoside ientry iinto ibacteria iis itypically idivided iinto ithree istages. i
[89]:- i 

1. Enhancement iof ibacterial icell imembrane ipermeability: iWhen ipolycationic  

iAminoglycoside iantibiotics ibind ito ithe ibacterial icell imembrane, iwhich icontains 

inegatively icharged icomponents isuch ias iphospholipids iand iteichoic iacids,  
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ielectrostatic iattraction ioccurs. iThis icauses ithe ibacterial icells' iouter imembrane 

ito irupture. i i 

2. Energy idependent: iAminoglycosides ienter ithe icytoplasm ivia islow, ienergy-

dependent, iand ielectron-transport imechanisms. i 

3. Protein isynthesis imistranslation iand iinhibition: iMistranslation icauses  

idamage ito icytoplasm iand iallows irapid iuptake iof imore iAminoglycosides iwithin 

ithe ibacterial icell. i iAminoglycoside iresistance imechanism imostly ioccurs iby 

i
[90,91]

 i 

1. Modification iof iEnzyme i 

2. Modification i iof itarget isite i 

3. Active iEfflux ipumps iproteins ipresent ion ibacterial icell.  i 

 

Enzymatic imethylation iof irRNA: iMethylation iof iguanine iresidues iin ithe i16s irRNA iat  

iposition iN7 iresults iin ihigh ilevels iof iAminoglycoside iresistance 

The ienzymatic imodification iof ithe iamino ior ihydroxyl igroup iof iAminoglycosides iis ithe 

imain imechanism iof iresistance iamong iclinically iimportant igram inegative iand igram 

ipositive iisolates. iThree ienzyme ifamilies iare iresponsible ifor ico-factor idependent idrug 

imodification:. i  

1. Aminoglycoside i-Acetyltransferases i(AACs) 

2. .Aminoglycoside- iNucleotidyltransferases i(ANTs) 

3. Aminoglycoside i-Phosphotransferases i(APHs) 

These iwere ifurther iclassified iinto inumerous itypes i(depicted iby iRoman inumerals’). 

iAAC i(6')-I ienzymes iare iacetyltransferases ithat imodify iaminoglycosides iat iposition i6' 

i
[90,

 i
91]. 

The iacquisition iof icytoplasmic iAminoglycoside iModifying iEnzyme i(AME) iby 

iplasmids icauses iaminoglycoside iresistance iin iclinical istrains iof iS.aureus. iFor ieg. 

iResistance ito iNeomycin iand iis imediated iby ithe idually ifunctioning iAcetyl iTransferase-

Phosphotransferase i(aac-aphD) iwhich iare iencoded iby iTransposon iTn4001. i
[91]. 

Neomycin iresistance iis imediated iby iadenyl itransferase iencoded iby iaphA igene iwhich iis 

icarried iby iPlasmid iPUB i110 ior iTransposon iTn5405. iThis iis iseen iin iSSC iII imec i
[92]. i i 

Target isite iModification: i- iChanges iin ithe itarget isite imay iinclude imutations iin 

iribosomal iproteins ior i16S irRNA. iStreptomycin ihas ithe imost imutational ichanges i
[87]. 

Efflux ipump iprotein ion ibacterial icell imembrane: iis ia imechanism iof iintrinsic 

iaminoglycoside iresistance iin ivarious ipathogens. iThis iis ian iefflux ipump iprotein ion 
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ibacterial icells. iThe iexpression iof ithe imultiple iefflux i(Mex) iXY-OprM isystem iin ithe 

iopportunistic ipathogen iof iP. iaeruginosa imediates iintrinsic ilow-level iresistance ito 

iaminoglycosides, iTetracycline, iand iErythromycin. There iare ino iefflux ipump iproteins 

iin iS.aureus ithat icause iresistance ito iaminoglycosides. i
[87]. 

 

2.22 Vancomycin iResistance:- i 

Vancomycin iwas idiscovered iin ia isoil isample iin i1953 iin ia istrain iof 

iAmycolatopsis iorientalis i(initially ireferred ias iNocardia iorientalis) i
[93].

 iIt iwas ifirst  

iapproved ifor iclinical iuse iby ithe iFood iand iDrug iAdministration i(FDA) iin i1955 ito itreat 

iS.aureus iinfections iwhich ishow iresistant ito ipenicillin iantibiotics i
[94].

 iVancomycin iis ia 

iglycopeptide iantibiotic ithat iprevents ithe iformation iof ithe ipeptidoglycan iprecursor ilipid 

iII. iFurthermore, ithe iD-Ala-D-Ala iterminus iof ithe iStaphylococcus icell-wall iis ihighly 

iconserved iand iactive iagainst ia iwide irange iof igram ipositive ipathogens. iVancomycin iis 

ian iantibiotic iused ias ia ilast iresort ito itreat iserious iinfections icaused iby iEnterococci, 

iPenicillin-Resistant iStreptococcus ipneumonia iand iMRSA, iin iadmitted ipatients. i
[95]. i 

 In i1997, iJapan ireported ithe ifirst icase iof iVancomycin idecreased isusceptibility iin 

iMRSA iisolates iwith iMinimum-Inhibitory iConcentration i(MIC) irange iof i3-8µg/ml. i iIn 

i2002, ifirst icase iof iVancomycin-Resistant iStaphylococcus iaureus i(VRSA) iwas ireported 

iin iUnited iStates iwith ithe iMIC irange igreater ithan i100µg/ml.  iIn isame iyear i52 iS.aureus 

iisolates ishowed idecreased isusceptibility ito iVancomycin iand icarrying ivanA igene iwere 

iidentified iin iIndia, iIran, iPakistan, iBrazil iand iPortugal i
[96]. i 

 According ito iCLSI i(Clinical iand iLaboratory iStandard iInstitute) iclassified 

iVancomycin ireduced isusceptibility iinto ithree igroups ibased ion ithe iMIC ivalue inamely 

i
[97] 

1. iMIC iwith i2µg/ml i– iVancomycin iSusceptibility iStaphylococcus iaureus 

i(VSSA) 

2. iMIC iwith i4-8µg/ml- iVancomycin iIntermediate iStaphylococcus iaureus 

i(VISA) 

3. iMIC iwith i≥ i16µg/ml i– iVancomycin iResistant iStaphylococcus iaureus 

i(VRSA)  
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Vancomycin iIntermediate iS.aureus:- i i 

  

iVISA iStrains iare iderived ifrom iheterogeneous iVancomycin iintermediate 

iS.aureus i(hVISA) istrain. i iThe iprecursor iof iVISA iis ihVISA iand iis imade iup iof isub-

populations iof ibacterial icell iwhich ishows ivarying idegrees iof iVancomycin 

iresistance. i iVancomycin-intermediate iS. iaureus i(VISA) ibacteria ishows ia iMIC ivalue 

iranging ifrom i4 ito i8 img/l. ihVISA iisolates ifound ito ibe isensitive ito iVancomycin-

Sensitive iwith iMIC i irange ifrom i1–2 img/l, ibut isub-population iof ibacteria ion isame 

icolony iof ibacteria icontains idaughter icells iof i iVancomycin-intermediate i iwith iMIC i≥ 

i4 iµg/ml(98).
 iThis imeans ithat iin ithe isame iculture iplate, isome ibacteria ishown 

isensitivity ito iVancomycin iand iothers idisplayed iintermediate iresistance, ipotentially 

ileading ito ifailure iof itreatment i
[99]. iThe imechanism ibehind iis inot iyet iunderstood. 

iScientists ihave imade isome iefforts, ihowever, ito ifind ithe isource iof igenetic  

ideterminants iof iVISA iusing ivarious imolecular iidentification imethods isuch ias 

itranscriptomics, iproteomics, iand icomparative igenomics iand iso ion. iThis iresulted iin 

ithe iidentification iof iVISA-causing igenes isuch ias iVraSR iGraSR iand iWalKR. i
[100].

 

iThe iprime icharacteristics iof iVISA iphenotype ias ifollows; i i
[101]. 

1. iThickening iof ithe icell iwall 

2. iReduced ipeptidoglycan icross ilinking 

3. iReduced ibacterial iautolytic iactivity 

4. iVariations iin ithe iprofile iof ibacterial isurface- iproteins 

5. iMalfunction iof ithe iagr isystem i(accessory igene iregulator) i iof iS. iaureus iis ia 

icommon iregulator ithat ireleases isurface iproteins, ivirulence ifactors iand ichanging ithe  

ibacterial igrowth-profile 

The iGraRs igene iregulates icell iwall ibiosynthesis itranscription iand iup-regulates 

ithe igenes iinvolved iin ithe ioperon iof icapsule ibiosynthesis. iThis iincreases ithe iexpression 

iof ithe idlt ioperon iand ithe imprF/fmtC igenes, iwhich iare iinvolved iin iteichoic iacid 

ialanylation iand ivaries ithe icell-wall icharge. iFurthermore, ithe iGraRS imutation ican ialter 

ithe iexpression iof irot i(toxin irepressor) iand iagr. iThis ihas ia iknock-on ieffect ion iagr 

iregulators. i
[101]. i 
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Vancomycin iResistant iStaphylococcus:- i 

The ivan igene iclusters iare iresponsible ifor ivancomycin iresistance. iThe iDNA 

isequence iof ithe iligase ivan igene ihomogenous iis iused ito iclassify ivan igene iclusters. iIt iis 

iencoded iby ithe ikey ienzyme iresponsible ifor ithe isynthesis iof iD-alanyl-D-serine i(D-ala-

D-ser) iand iD-alanyl-D-lactate i(D-ala-D-lactate) i(D-ala-D-lac). iVancomycin iresistance 

iis imediated iby i11 ivan igene iclusters: ivanA, ivanB, ivanD, ivanF, ivanI, ivanM, ivanC, ivanE, 

ivanG, ivanL, iand ivanN. i
[102]. i 

1. ivanA, ivanB, ivanD, ivanF,vanI iand ivanM- iencodes iD-ala-D-Lac iligase iand iconfers  

ihigh ilevel ivancomycin iresistance iwith iMIC ivalue i≥ i256 img/ml.  i 

2. ivanC, ivanE, ivanG, ivanL iand ivanN- iencodes iD-ala-D-ser iligase iand igenerally iconfers 

ilow ilevel iresistance iwith iMIC iof i8-16 img/ml i
[103]. i 

Of ithese i11 ivan igene iclusters, ionly ithe ivanA igene iclusters iconfers iVancomycin 

iresistance ito iS.aureus i
[99]

 is. ivanA igene iclusters iare iencoded iby ifive iproteins inamely i
[104]

 

i 

1. iIn ithe ipresence iof ivancomycin iantibiotic, ivanS iand ivanR iare itwo icomponent isystems 

ithat iup iregulate ithe iexpression iof ivanA igene iclusters. 

2 ivanH, ivanA, iand iVanX iconvert iD-ala-D-native iala's iprecursor ito iD-ala-D-lac, iwhich 

imediates iantibiotic iresistance. 

3. ivanH ifunctions ias ia idehydrogenase, ireducing ipyruvate ito iform iD-lac. 

4. ivanX ifunctions ias ia iD, iD idipeptidase, ihydrolyzing iD-ala-D-ala ito iprevent ithe 

isynthesis iof ipeptidoglycan iin ibacterial icell iwalls. 

5. iVancomycin iantibiotic iresistance iis icreated iwhen ivanA iconnects ithe iD-ala ito iD-lac,  

ireplacing ithe ioriginal iD-ala-D-ala. 

A itransposon-carried iVanA ioperon i(Tn1546) iis ia imobile igenetic ielement. iCo-

infections iwith iVancomycin iResistant iEnterococcus ifecalis iresult iin ithe iacquisition iof 

ithe iVanA ioperon i
[104]. iThe ihorizontal igene itransfer imethod iof ibacterial iconjugation iis 

iused ito ispread ivancomycin iresistance ifrom iEnterococcus ispp ito iother ibacterial ispecies.  

iThe iInc18 iincompatibility iconjugative iplasmid iis ifound inaturally iin iEnterococcus ibut 

inot iin iStaphylococci ispp. iInc18 icontains ipSK41-like imulti-resistant iconjugative 
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iplasmids. iThese iplasmids iare iin icharge iof itransferring iresistant ideterminants ifrom iE. 

ifaecalis ito iS. iaureus. i
[105] 

2.23 iCo-trimoxazole iresistance:- i 

 Sulfonamides iare ithe ifirst iantimicrobial igroup idiscovered iin i1932 iand iwere  

iintroduced iinto iclinical iuse ifor itreating imicrobial iinfections iin i1935 i
[106]. 

iSulfamethoxazole iand isulfadiazine iare imedium iand ilong iacting iSulfonamides. iThey 

iare istill ithe imost iuseful imembers iof ithe iantimicrobial ifamily ifor iusing idifferent  

iclinical iindications.  iHowever,  iSulphonamides icause iserious iside ieffects,  iincluding  

ihypersensitivity,  itoxic idrug ireactions,  iand iblood idyscrasias i
[107]. 

 

In i1962, iTrimethoprim i(TMP) iwas iregistered iwith ithe iFDA iand iintroduced  

iinto iclinical iuse iwith isulphonamides i
[108]. iIn i1972, isulphonamides iwere iadministered  

ialone ifor ithe iprophylaxis iof iurinary itract iinfection i(UTI) iin iFinland. iIn i1979, iTMP 

iwas iused ifor ithe itreatment iof iacute iurinary itract iinfection. iTrimethoprim ialso  ihas iside 

ieffects ithat iaren't  ias ibad ias ithose iof isulfonamides.  iFor iexample,  irashes iand  

ihypersensitivity ireactions ihave ibeen ireported iin ipeople iwith iweakened iimmune  

isystems i(like ithose iwith iHIV, idiabetes, ietc.) iand iare irarely iseen iin iaseptic imeningitis  

i
[109]. inon-allergic isystemic iinfections i(CNS iirritation) ihave ibeen iseen iin ipatients iwith 

iSjogren’s isyndrome, irheumatic idisorders,  iand iHIV iinfected ipatients i
[110]. iNowadays,  

ia icombination iof iSulfamethoxazole iwith iTMP iin ia iformulation icalled iCo-

trimoxazole iis iused.  iAlso, iSliver-Sulfadiazine  iis ia icombination iused ifor ithe 

iprophylaxis iof iwounds iand iburns idressings i
[110]. i 

 

Both iTMP iand iSulphonamides iaffect ithe ibacterial ifolic iacid ibiosynthesis.  

iSulfonamide iinhibits ithe isynthesis iof idihydropteroate isynthetase i(DHPS), iwhich 

icatalyzes ithe iformation iof idihydrofolate ifrom ip-aminobenzoic iacid i(PABA) ito iform 

idihydropeteroate, ia iprecursor iof ifolic iacid. iThe isulfonamide ibinds iat ithe iactive isite iof 

ithe ienzyme iand icompetes iwith iPABA.  iIn iaddition, iSulfonamide iacts ias ian ialternative  

isubstrate ito iform ia ipetroate- isulfonamide iproduct. iThis ileads ito ithe ishut idown iof 

iforming ibacterial ifolic iacid iprecursor i(dihydropeteroate) iand ishows ia ibacteriostatic 

ieffect i
[111]. 
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TMP i(2,4 idiaminopyridine itrimethoprim)  iis ia itarget ifor idihydrofolate 

ireductase i(DHFR).  iThe ibiosynthetic ipathway iof ifolate,  idelivers ithe ibiologically 

iinactive ioxidized iform iof iproduct idihydrofolate, iwhich iconverts idihydrofolate ito 

itetrahydrofolate iby ithe iaction iof ithe ienzyme iDHFR.  iFolic iacid iacts ias ia icarbon idonor 

iduring ithe ideoxythymididylate i imonophosphate i(dMTP) isynthesis.  iIt iis icatalyzed iby 

ithe ienzyme ithymidylate isynthase. iFurthermore, iN5-N10 imethylene itetrahydrofolate  

iis irequired ifor ithe iproduction iof iserine itranshydroxymethylase. iFor ievery imole iof 

idMTP imade,  i1 imole iof ireduced,  iinactive ifolate iis ineeded ito ichange iit  iinto  

idihydrofolate i
[111]. 

Mechanism iof iResistance i
[54]:- i i 

  

Emergence iof iCo-trimoxazole iresistance iis ioccurs iby imutations iin ithe 

ichromosomal igenes iof ibacteria iwhich iencodes ithe iDHPS iand iDHFR. iTMP iResistance  

iin iclinical iisolates iis iconfers iby ichange iin isubstitutions iof iamino iacids iin ithe  

ichromosomally iencoded iDHFR ior iby ihorizontal igene itransfer ithat iencodes ithe iDHFR 

iwhich iallows ithe iblockage iof ithe ichromosomal iDHFR. i 

 The imost icommon iresistance iin iTMP iis ia isingle iamino iacid isubstitution iF98Y 

iin ithe idfrB iresistance iphenotype, iwhich idemonstrates iintermediate iresistance iwith ia 

iMIC iless ithan i256 img/ml. iHorizontal igene itransfer iresistance imay ibe iclassified iinto 

ithree itypes iwhich ishow ihigh ilevel iof iTMP iresistance iwith ian iMIC ivalue iof imore ithan 

i512 img/ml. i 

1. dfrA iresistant ideterminants. iThey iare icarried iby iTn4001 

2. dfrK ideterminants iare ifound iin iLive istock iassociated i-Staphylococci i(LA-

Staphylococci) iand iare i irarely iseen iin iclinical iisolates i 

3. dfrG ideterminants iare i imainly iseen iin iLA-Staphylococci[54]
 i 

 

Resistance ito iCo-trimoxazole iis irare. iHowever, irecent istudies ireported ithat iCo-

trimoxazole iresistance iis idistributed iwidely iin iMSSA iand iMRSA iin isub-Saharan iAfrica 

iand iin iAsia i
[54]. 

 

  



CHAPTER – 2  RIVIEW OF LITRATURE   Pagei 32 

References:-  

1. Grace JA, Olayinka BO, Onaolapo JA, Obaro SK (2019) Staphylococcus aureus and Coagulase-

Negative Staphylococci in Bacteraemia: The Epidemiology, Predisposing Factors, 

Pathogenicity and Antimicrobial Resistance. Clin Microbiol 8: 325. doi: 10.4172/2327-

5073.1000325  

2. Harris, L. G., Foster, S. J., & Richards, R. G. (2002). An introduction to Staphylococcus aureus, 

and techniques for identifying and quantifying S. aureus adhesins in relation to adhesion to 

biomaterials: review. European cells & materials, 4, 39–60. 

https://doi.org/10.22203/ecm.v004a04  

3. Lee, A. S., de Lencastre, H., Garau, J., Kluytmans, J., Malhotra-Kumar, S., Peschel, A., & 

Harbarth, S. (2018). Methicillin-resistant Staphylococcus aureus. Nature reviews. Disease 

primers, 4, 18033. https://doi.org/10.1038/nrdp.2018.33  

4. Kloos, W. E., & Musselwhite, M. S. (1975). Distribution and persistence of Staphylococcus and 

Micrococcus species and other aerobic bacteria on human skin. Applied microbiology, 30(3), 

381–385. https://doi.org/10.1128/am.30.3.381-395.1975  

5. Asante, J., Amoako, D. G., Abia, A., Somboro, A. M., Govinden, U., Bester, L. A., & Essack, 

S. Y. (2020). Review of Clinically and Epidemiologically Relevant Coagulase-Negative 

Staphylococci in Africa. Microbial drug resistance (Larchmont, N.Y.), 26(8), 951–970. 

https://doi.org/10.1089/mdr.2019.0381  

6.  Bitrus, A.A., O.M. Peter, M.A. Abbas and M.D. Goni. 2018. Staphylococcus aureus: A Review 

of Antimicrobial Resistance Mechanisms. Veterinary Sciences: Research and Reviews, 4(2): 

43-54. | http://dx.doi.org/10.17582/journal.vsrr/2018/4.2.43.54 

7. Sivaraman, K., Venkataraman, N., & Cole, A. M. (2009). Staphylococcus aureus nasal carriage 

and its contributing factors. Future microbiology, 4(8), 999–1008. 

https://doi.org/10.2217/fmb.09.79  

8. Brown, A. F., Leech, J. M., Rogers, T. R., & McLoughlin, R. M. (2014). Staphylococcus aureus 

Colonization: Modulation of Host Immune Response and Impact on Human vaccine design. 

Frontiers in Microbiology, 4, 507.  

         https://doi.org/10.3389/fimmu.2013.00507  

9. Sakr, A., Brégeon, F., Mège, J. L., Rolain, J. M., & Blin, O. (2018). Staphylococcus 

aureus Nasal Colonization: An Update on Mechanisms, Epidemiology, Risk Factors, and 

Subsequent Infections.  Frontiers in microbiology,  9, 2419. 

https://doi.org/10.3389/fmicb.2018.02419 

10. Heilmann, C., Ziebuhr, W., & Becker, K. (2019). Are coagulase-negative staphylococci 

virulent?. Clinical microbiology and infection: the official publication of the European Society 

of Clinical Microbiology and Infectious Diseases, 25(9), 1071–1080. 

https://doi.org/10.1016/j.cmi.2018.11.012  

https://doi.org/10.22203/ecm.v004a04
https://doi.org/10.1038/nrdp.2018.33
https://doi.org/10.1128/am.30.3.381-395.1975
https://doi.org/10.1089/mdr.2019.0381
http://dx.doi.org/10.17582/journal.vsrr/2018/4.2.43.54
https://doi.org/10.2217/fmb.09.79
https://doi.org/10.3389/fimmu.2013.00507
https://doi.org/10.3389/fmicb.2018.02419
https://doi.org/10.1016/j.cmi.2018.11.012


CHAPTER – 2  RIVIEW OF LITRATURE   Pagei 33 

11. Eltwisy, H. O., Abdel-Fattah, M., Elsisi, A. M., Omar, M. M., Abdelmoteleb, A. A., & El-

Mokhtar, M. A. (2020). Pathogenesis of Staphylococcus haemolyticus on primary human skin 

fibroblast cells. Virulence, 11(1), 1142–1157.  

https://doi.org/10.1080/21505594.2020.1809962 

12. Schleifer KH, Kloos WE. (1975). Isolation and characterization of staphylococci from human 

skin. I. Amended descriptions of Staphylococcus epidermidis and Staphylococcus 

saprophyticus and descriptions of three new species: Staphylococcus cohnii, Staphylococcus 

haemolyticus, and Staphylococcus xylosus. Int. J. Syst. Bacteriol. 25:50 –61.  

https://doi.org/10.1099/00207713-25-1-50    

13. Kloos WE, Schleifer KH (1975). Isolation and characterization of staphylococci from human 

skin. II. Description of four new species: Staphylococcus warneri, Staphylococcus capitis, 

Staphylococcus hominis, and Staphylococcus simulans. Int. J. Syst. Bacteriol. 25:62–79. 

DOI:10.1099/00207713-25-1-62  

14. Van der Mee-Marquet, N., Achard, A., Mereghetti, L., Danton, A., Minier, M., & Quentin, R. 

(2003). Staphylococcus lugdunensis infections: high frequency of inguinal area 

carriage.  Journal of clinical Microbiology, 41(4), 1404-1409.  

https://doi.org/10.1128/JCM.41.4.1404-1409.2003  

15. Widerström, M., Wiström, J., Sjöstedt, A., & Monsen, T. (2012). Coagulase-negative 

staphylococci: update on the molecular epidemiology and clinical presentation, with a focus on 

Staphylococcus epidermidis and Staphylococcus saprophyticus. European journal of clinical 

microbiology & infectious diseases : official publication of the European Society of Clinical 

Microbiology, 31(1), 7–20. https://doi.org/10.1007/s10096-011-1270-6  

16. Supré, K., Haesebrouck, F., Zadoks, R. N., Vaneechoutte, M., Piepers, S., & De Vliegher, S. 

(2011). Some coagulase-negative Staphylococcus species affect udder health more than 

others. Journal of dairy science, 94(5), 2329–2340. https://doi.org/10.3168/jds.2010-3741  

17. Becker, K., Both, A., Weißelberg, S., Heilmann, C., & Rohde, H. (2020). Emergence of 

coagulase-negative staphylococci. Expert review of anti-infective therapy, 18(4), 349–366. 

https://doi.org/10.1080/14787210.2020.1730813  

18. Morrison, A.J., Jr, Freer, C.V., Searcy, M.A., Landry, S.M., & Wenzel, R.P. (1986). 

Nosocomial bloodstream infections: secular trends in a statewide surveillance program in 

Virginia. Infection control (IC), 7 (11), 550-553.  

https://doi.org/10.1017/s0195941700065309 

19. Rupp ME (2004). Nosocomial bloodstream infections. In: Mayhall CG, editor. Hospital 

epidemiology and infection control, 3rd Edition, vol. 1. Philadelphia: Lippincott Williams and 

Wilkins: 253-66. 

20. Golińska, E., Strus, M., Tomusiak-Plebanek, A., Więcek, G., Kozień, Ł., Lauterbach, R., 

Pawlik, D., Rzepecka-Węglarz, B., Kędzierska, J., Dorycka, M., & Heczko, P. B. (2020). 

Coagulase-Negative Staphylococci Contained in Gut Microbiota as a Primary Source of Sepsis 

https://doi.org/10.1080/21505594.2020.1809962
https://doi.org/10.1099/00207713-25-1-50
http://dx.doi.org/10.1099/00207713-25-1-62
https://doi.org/10.1128/JCM.41.4.1404-1409.2003
https://doi.org/10.1007/s10096-011-1270-6
https://doi.org/10.3168/jds.2010-3741
https://doi.org/10.1080/14787210.2020.1730813
https://doi.org/10.1017/s0195941700065309


CHAPTER – 2  RIVIEW OF LITRATURE   Pagei 34 

in Low- and Very Low Birth Weight Neonates. Journal of clinical medicine, 9(8), 2517. 

https://doi.org/10.3390/jcm9082517  

21. Tokars J. I. (2004). Predictive value of blood cultures positive for coagulase-negative 

staphylococci: implications for patient care and health care quality assurance. Clinical infectious 

diseases : an official publication of the Infectious Diseases Society of America, 39(3), 333–341. 

https://doi.org/10.1086/421941  

22. Singh S, Sebastian S, Dhawan B. (2016). The changing face of coagulase-negative 

staphylococci: diagnostic and therapeutic challenges. MJMS, 1(1): 29-37 

23. Campwala, I., Unsell, K., & Gupta, S. (2019). A Comparative Analysis of Surgical Wound 

Infection Methods: Predictive Values of the CDC, ASEPSIS, and Southampton Scoring 

Systems in Evaluating Breast ReCoNStruction Surgical Site Infections. Plastic surgery 

(Oakville, Ont.), 27(2), 93–99. https://doi.org/10.1177/2292550319826095  

24. Hijas-Gómez, A. I., Egea-Gámez, R. M., Martínez-Martín, J., González-Díaz, R., Losada-

Viñas, J. I., & Rodríguez-Caravaca, G. (2017). Surgical Wound Infection Rates and Risk 

Factors in Spinal Fusion in a University Teaching Hospital in Madrid, Spain. Spine, 42(10), 

748–754. https://doi.org/10.1097/BRS.0000000000001916  

25. Cone, L. A., Sontz, E. M., Wilson, J. W., & Mitruka, S. N. (2005). Staphylococcus capitis 

endocarditis due to a transvenous endocardial pacemaker infection: case report and review of 

Staphylococcus capitis endocarditis. International journal of infectious diseases : IJID : official 

publication of the International Society for Infectious Diseases, 9(6), 335–339. 

https://doi.org/10.1016/j.ijid.2004.08.004  

26. Alonso-Valle, H., Fariñas-Alvarez, C., García-Palomo, J. D., Bernal, J. M., Martín-Durán, R., 

Gutiérrez Díez, J. F., Revuelta, J. M., & Fariñas, M. C. (2010). Clinical course and predictors 

of death in prosthetic valve endocarditis over a 20-year period. The Journal of thoracic and 

cardiovascular surgery, 139(4), 887–893. https://doi.org/10.1016/j.jtcvs.2009.05.042  

27. Lalani, T., Kanafani, Z. A., Chu, V. H., Moore, L., Corey, G. R., Pappas, P., Woods, C. W., 

Cabell, C. H., Hoen, B., Selton-Suty, C., Doco-Lecompte, T., Chirouze, C., Raoult, D., Miro, J. 

M., Mestres, C. A., Olaison, L., Eykyn, S., Abrutyn, E., Fowler, V. G., Jr, & International 

Collaboration on Endocarditis Merged Database Study Group (2006). Prosthetic valve 

endocarditis due to coagulase-negative staphylococci: findings from the International 

Collaboration on Endocarditis Merged Database. European journal of clinical microbiology & 

infectious diseases : official publication of the European Society of Clinical 

Microbiology, 25(6), 365–368. https://doi.org/10.1007/s10096-006-0141-z  

28. Petti, C. A., Simmon, K. E., Miro, J. M., Hoen, B., Marco, F., Chu, V. H., Athan, E., Bukovski, 

S., Bouza, E., Bradley, S., Fowler, V. G., Giannitsioti, E., Gordon, D., Reinbott, P., Korman, 

T., Lang, S., Garcia-de-la-Maria, C., Raglio, A., Morris, A. J., Plesiat, P., … International 

Collaboration on Endocarditis-Microbiology Investigators (2008). Genotypic diversity of 

coagulase-negative staphylococci causing endocarditis: a global perspective. Journal of clinical 

microbiology, 46(5), 1780–1784. https://doi.org/10.1128/JCM.02405-07  

https://doi.org/10.3390/jcm9082517
https://doi.org/10.1086/421941
https://doi.org/10.1177/2292550319826095
https://doi.org/10.1097/BRS.0000000000001916
https://doi.org/10.1016/j.ijid.2004.08.004
https://doi.org/10.1016/j.jtcvs.2009.05.042
https://doi.org/10.1007/s10096-006-0141-z
https://doi.org/10.1128/JCM.02405-07


CHAPTER – 2  RIVIEW OF LITRATURE   Pagei 35 

29.  Karacal, H., Kymes, S. M., & Apte, R. S. (2007). Retrospective analysis of etiopathogenesis of 

all cases of endophthalmitis at a large tertiary referral center. International 

ophthalmology, 27(4), 251–259. https://doi.org/10.1007/s10792-007-9068-3  

30. Vinchon, M., & Dhellemmes, P. (2006). Cerebrospinal fluid shunt infection: risk factors and 

long-term follow-up. Child's nervous system : ChNS : official journal of the International 

Society for Pediatric Neurosurgery, 22(7), 692–697. https://doi.org/10.1007/s00381-005-0037-

8  

31. Simon, T. D., Hall, M., Riva-Cambrin, J., Albert, J. E., Jeffries, H. E., Lafleur, B., Dean, J. M., 

Kestle, J. R., & Hydrocephalus Clinical Research Network (2009). Infection rates following 

initial cerebrospinal fluid shunt placement across pediatric hospitals in the United States. 

Clinical article. Journal of neurosurgery. Pediatrics, 4(2), 156–165. 

https://doi.org/10.3171/2009.3.PEDS08215  

32. Roos KL and WM Scheld. (1997).Central nervous system infections. The Staphylococci in 

Human Disease, ed. KB Crossley, GL Archer, New York: Churchill Livingston.; 1:413-39.  

33. Rogers, K. L., Fey, P. D., & Rupp, M. E. (2009). Coagulase-negative staphylococcal 

infections. Infectious disease clinics of North America, 23(1), 73–98. 

https://doi.org/10.1016/j.idc.2008.10.001  

34. Wilson, W. R., Bower, T. C., Creager, M. A., Amin-Hanjani, S., et al (2016). Vascular Graft 

Infections, Mycotic Aneurysms, and Endovascular Infections: A Scientific Statement From the 

American Heart Association. Circulation, 134(20), e412–e460. 

https://doi.org/10.1161/CIR.0000000000000457  

35. Kurtz, S., Ong, K., Lau, E., Mowat, F., & Halpern, M. (2007). Projections of primary and 

revision hip and knee arthroplasty in the United States from 2005 to 2030. The Journal of bone 

and joint surgery. American volume, 89(4), 780–785.  

https://doi.org/10.2106/JBJS.F.00222 

36. Ong, K. L., Kurtz, S. M., Lau, E., Bozic, K. J., Berry, D. J., & Parvizi, J. (2009). Prosthetic joint 

infection risk after total hip arthroplasty in the Medicare population. The Journal of 

arthroplasty, 24(6 Suppl), 105–109. https://doi.org/10.1016/j.arth.2009.04.027  

37. Hovelius, B., & Mårdh, P. A. (1984). Staphylococcus saprophyticus as a common cause of 

urinary tract infections. Reviews of infectious diseases, 6(3), 328–337. 

https://doi.org/10.1093/clinids/6.3.328  

38. Simonsen, K. A., Anderson-Berry, A. L., Delair, S. F., & Davies, H. D. (2014). Early-onset 

neonatal sepsis. Clinical microbiology reviews, 27(1), 21–47.  

https://doi.org/10.1128/CMR.00031-13 

39. Stoll, B. J., & Hansen, N. (2003). Infections in VLBW infants: studies from the NICHD 

Neonatal Research Network. Seminars in perinatology, 27(4), 293–301. 

https://doi.org/10.1016/s0146-0005(03)00046-6  

40. Björkqvist, M., Liljedahl, M., Zimmermann, J., Schollin, J., & Söderquist, B. (2010). 

Colonization pattern of coagulase-negative staphylococci in preterm neonates and the relation 

https://doi.org/10.1007/s10792-007-9068-3
https://doi.org/10.1007/s00381-005-0037-8
https://doi.org/10.1007/s00381-005-0037-8
https://doi.org/10.3171/2009.3.PEDS08215
https://doi.org/10.1016/j.idc.2008.10.001
https://doi.org/10.1161/CIR.0000000000000457
https://doi.org/10.2106/JBJS.F.00222
https://doi.org/10.1016/j.arth.2009.04.027
https://doi.org/10.1093/clinids/6.3.328
https://doi.org/10.1128/CMR.00031-13
https://doi.org/10.1016/s0146-0005(03)00046-6


CHAPTER – 2  RIVIEW OF LITRATURE   Pagei 36 

to bacteremia. European journal of clinical microbiology & infectious diseases : official 

publication of the European Society of Clinical Microbiology, 29(9), 1085–1093. 

https://doi.org/10.1007/s10096-010-0966-3  

41. Klingenberg, C., Rønnestad, A., Anderson, A. S., Abrahamsen, T. G., Zorman, J., Villaruz, A., 

Flaegstad, T., Otto, M., & Sollid, J. E. (2007). Persistent strains of coagulase-negative 

staphylococci in a neonatal intensive care unit: virulence factors and invasiveness. Clinical 

microbiology and infection : the official publication of the European Society of Clinical 

Microbiology and Infectious Diseases, 13(11), 1100–1111. https://doi.org/10.1111/j.1469-

0691.2007.01818.x  

42. Novick, R. P., & Bouanchaud, D. (1971). The problems of drug-resistant pathogenic bacteria. 

Extrachromosomal nature of drug resistance in Staphylococcus aureus. Annals of the New York 

Academy of Sciences, 182, 279–294. https://doi.org/10.1111/j.1749-6632.1971.tb30664.x  

43. Zhang, H. Z., Hackbarth, C. J., Chansky, K. M., & Chambers, H. F. (2001). A proteolytic 

transmembrane signaling pathway and resistance to beta-lactams in staphylococci. Science 

(New York, N.Y.), 291(5510), 1962–1965.  

https://doi.org/10.1126/science.1055144 

44. Massidda, O., Mingoia, M., Fadda, D., Whalen, M. B., Montanari, M. P., & Varaldo, P. E. 

(2006). Analysis of the beta-lactamase plasmid of borderline methicillin-susceptible 

Staphylococcus aureus: focus on bla complex genes and cadmium resistance determinants cadD 

and cadX. Plasmid, 55(2), 114–127.  

https://doi.org/10.1016/j.plasmid.2005.08.001 

45. Craft, K. M., Nguyen, J. M., Berg, L. J., & Townsend, S. D. (2019). Methicillin-

resistant Staphylococcus aureus (MRSA): antibiotic-resistance and the biofilm 

phenotype. MedChemComm, 10(8),1231–1241. https://doi.org/10.1039/c9md00044e  

46. Hiramatsu, K., Asada, K., Suzuki, E., Okonogi, K., & Yokota, T. (1992). Molecular cloning and 

nucleotide sequence determination of the regulator region of mecA gene in methicillin-resistant 

Staphylococcus aureus (MRSA). FEBS letters, 298(2-3), 133–136. 

https://doi.org/10.1016/0014-5793(92)80039-j  

47. Utsui, Y., & Yokota, T. (1985). Role of an altered penicillin-binding protein in methicillin- and 

cephem-resistant Staphylococcus aureus. Antimicrobial agents and chemotherapy, 28(3), 397–

403. https://doi.org/10.1128/AAC.28.3.397  

48. Chambers, H. F., & Deleo, F. R. (2009). Waves of resistance: Staphylococcus aureus in the 

antibiotic era. Nature reviews. Microbiology, 7(9), 629–641.  

https://doi.org/10.1038/nrmicro2200 

49. Lovering, A. L., Safadi, S. S., & Strynadka, N. C. (2012). Structural perspective of 

peptidoglycan biosynthesis and assembly. Annual review of biochemistry, 81, 451–478. 

https://doi.org/10.1146/annurev-biochem-061809-112742  

50. Foster T. J. (2017). Antibiotic resistance in Staphylococcus aureus. Current status and future 

prospects. FEMS microbiology reviews, 41(3), 430–449.  

https://doi.org/10.1007/s10096-010-0966-3
https://doi.org/10.1111/j.1469-0691.2007.01818.x
https://doi.org/10.1111/j.1469-0691.2007.01818.x
https://doi.org/10.1111/j.1749-6632.1971.tb30664.x
https://doi.org/10.1126/science.1055144
https://doi.org/10.1039/c9md00044e
https://doi.org/10.1016/0014-5793(92)80039-j
https://doi.org/10.1128/AAC.28.3.397
https://doi.org/10.1038/nrmicro2200
https://doi.org/10.1146/annurev-biochem-061809-112742


CHAPTER – 2  RIVIEW OF LITRATURE   Pagei 37 

https://doi.org/10.1093/femsre/fux007 

51. Lowy F. D. (2003). Antimicrobial resistance: the example of Staphylococcus aureus. The 

Journal of clinical investigation, 111(9), 1265–1273. https://doi.org/10.1172/JCI18535  

52. Zong, Z., Peng, C., & Lü, X. (2011). Diversity of SCCmec elements in methicillin-resistant 

coagulase-negative staphylococci clinical isolates. PloS one, 6(5), e20191. 

https://doi.org/10.1371/journal.pone.0020191  

53. Saber, H., Jasni, A. S., Jamaluddin, T., & Ibrahim, R. (2017). A Review of Staphylococcal 

Cassette Chromosome mec (SCCmec) Types in Coagulase-Negative Staphylococci (CoNS) 

Species. The Malaysian journal of medical sciences : MJMS, 24(5), 7–18. 

https://doi.org/10.21315/mjms2017.24.5.2  

54. Lakhundi, S., & Zhang, K. (2018). Methicillin-Resistant Staphylococcus aureus: Molecular 

Characterization, Evolution, and Epidemiology. Clinical microbiology reviews, 31(4), e00020-

18. https://doi.org/10.1128/CMR.00020-18  

55. Shore, A. C., Deasy, E. C., Slickers, P., Brennan, G., O'Connell, B., Monecke, S., Ehricht, R., 

& Coleman, D. C. (2011). Detection of staphylococcal cassette chromosome mec type XI 

carrying highly divergent mecA, mecI, mecR1, blaZ, and ccr genes in human clinical isolates 

of clonal complex 130 methicillin-resistant Staphylococcus aureus. Antimicrobial agents and 

chemotherapy, 55(8), 3765–3773. https://doi.org/10.1128/AAC.00187-11 

56. Carroll, D., Kehoe, M. A., Cavanagh, D., & Coleman, D. C. (1995). Novel organization of the 

site-specific integration and excision recombination functions of the Staphylococcus aureus 

serotype F virulence-converting phages phi 13 and phi 42. Molecular microbiology, 16(5), 877–

893. https://doi.org/10.1111/j.1365-2958.1995.tb02315.x  

57. Wang, L., & Archer, G. L. (2010). Roles of CcrA and CcrB in excision and integration of 

staphylococcal cassette chromosome mec, a Staphylococcus aureus genomic island. Journal of 

bacteriology, 192(12), 3204–3212. https://doi.org/10.1128/JB.01520-09  

58. Liu, J., Chen, D., Peters, B. M., Li, L., Li, B., Xu, Z., & Shirliff, M. E. (2016). Staphylococcal 

chromosomal cassettes mec (SCCmec): A mobile genetic element in methicillin-resistant 

Staphylococcus aureus. Microbial pathogenesis, 101, 56–67. 

https://doi.org/10.1016/j.micpath.2016.10.028  

59. International Working Group on the Classification of Staphylococcal Cassette Chromosome 

Elements (IWG-SCC) (2009). Classification of staphylococcal cassette chromosome mec 

(SCCmec): guidelines for reporting novel SCCmec elements. Antimicrobial agents and 

chemotherapy, 53(12), 4961–4967.  

https://doi.org/10.1128/AAC.00579-09 

60. Köck, R., Becker, K., Cookson, B., van Gemert-Pijnen, J. E., Harbarth, S., Kluytmans, J., 

Mielke, M., Peters, G., Skov, R. L., Struelens, M. J., Tacconelli, E., Navarro Torné, A., Witte, 

W., & Friedrich, A. W. (2010). Methicillin-resistant Staphylococcus aureus (MRSA): burden 

of disease and control challenges in Europe. Euro surveillance : bulletin Europeen sur les 

https://doi.org/10.1093/femsre/fux007
https://doi.org/10.1172/JCI18535
https://doi.org/10.1371/journal.pone.0020191
https://doi.org/10.21315/mjms2017.24.5.2
https://doi.org/10.1128/CMR.00020-18
https://doi.org/10.1128/AAC.00187-11
https://doi.org/10.1111/j.1365-2958.1995.tb02315.x
https://doi.org/10.1128/JB.01520-09
https://doi.org/10.1016/j.micpath.2016.10.028
https://doi.org/10.1128/AAC.00579-09


CHAPTER – 2  RIVIEW OF LITRATURE   Pagei 38 

maladies transmissibles = European communicable disease bulletin, 15(41), 19688. 

https://doi.org/10.2807/ese.15.41.19688-en  

61. Parvez, M., Ferdous, R. N., Rahman, M. S., & Islam, S. (2018). Healthcare-associated (HA) 

and community-associated (CA) methicillin resistant Staphylococcus aureus (MRSA) in 

Bangladesh - Source, diagnosis and treatment. Journal, genetic engineering & 

biotechnology, 16(2), 473–478. https://doi.org/10.1016/j.jgeb.2018.05.004 

62. Schnappinger, D., & Hillen, W. (1996). Tetracyclines: antibiotic action, uptake, and resistance 

mechanisms. Archives of microbiology, 165(6), 359–369.  

https://doi.org/10.1007/s002030050339   

63. Michalova E., PNovotna , Schlegelova J. (2004): Tetracyclines in veterinary medicine and 

bacterial resistance to them. Veterinarni Medicina, 49: 79-100.  

https://doi.org/10.17221/5681-VETMED 

64. Taylor, D. E., & Chau, A. (1996). Tetracycline resistance mediated by ribosomal 

protection. Antimicrobial agents and chemotherapy, 40(1), 1–5.  

https://doi.org/10.1128/AAC.40.1.1 

65. Roberts, M. C., Sutcliffe, J., Courvalin, P., Jensen, L. B., Rood, J., & Seppala, H. (1999). 

Nomenclature for macrolide and macrolide-lincosamide-streptogramin B resistance 

determinants. Antimicrobial agents and chemotherapy, 43(12), 2823–2830. 

https://doi.org/10.1128/AAC.43.12.2823  

66. Schmitz, F. J., Krey, A., Sadurski, R., Verhoef, J., Milatovic, D., Fluit, A. C., & European 

SENTRY Participants (2001). Resistance to tetracycline and distribution of tetracycline 

resistance genes in European Staphylococcus aureus isolates. The Journal of antimicrobial 

chemotherapy, 47(2), 239–240. https://doi.org/10.1093/jac/47.2.239  

67. Khan, S. A., & Novick, R. P. (1983). Complete nucleotide sequence of pT181, a tetracycline-

resistance plasmid from Staphylococcus aureus. Plasmid, 10(3), 251–259. 

https://doi.org/10.1016/0147-619x(83)90039-2  

68. Projan, S. J., & Novick, R. (1988). Comparative analysis of five related Staphylococcal 

plasmids. Plasmid, 19(3), 203–221. https://doi.org/10.1016/0147-619x(88)90039-x  

69. Morse, S. A., Johnson, S. R., Biddle, J. W., & Roberts, M. C. (1986). High-level tetracycline 

resistance in Neisseria gonorrhoeae is result of acquisition of streptococcal tetM 

determinant. Antimicrobial agents and chemotherapy, 30(5), 664–670. 

https://doi.org/10.1128/AAC.30.5.664  

70. Schwarz, S., Gregory, P. D., Werckenthin, C., Curnock, S., & Dyke, K. G. (1996). A novel 

plasmid from Staphylococcus epidermidis specifying resistance to kanamycin, neomycin and 

tetracycline. Journal of medical microbiology, 45(1), 57–63. https://doi.org/10.1099/00222615-

45-1-57  

71. Poyart-Salmeron, C., Trieu-Cuot, P., Carlier, C., MacGowan, A., McLauchlin, J., & Courvalin, 

P. (1992). Genetic basis of tetracycline resistance in clinical isolates of Listeria 

https://doi.org/10.2807/ese.15.41.19688-en
https://doi.org/10.1016/j.jgeb.2018.05.004
https://doi.org/10.1007/s002030050339
https://doi.org/10.17221/5681-VETMED
https://doi.org/10.1128/AAC.40.1.1
https://doi.org/10.1128/AAC.43.12.2823
https://doi.org/10.1093/jac/47.2.239
https://doi.org/10.1016/0147-619x(83)90039-2
https://doi.org/10.1016/0147-619x(88)90039-x
https://doi.org/10.1128/AAC.30.5.664
https://doi.org/10.1099/00222615-45-1-57
https://doi.org/10.1099/00222615-45-1-57


CHAPTER – 2  RIVIEW OF LITRATURE   Pagei 39 

monocytogenes. Antimicrobial agents and chemotherapy, 36(2), 463–466. 

https://doi.org/10.1128/AAC.36.2.463  

72. Roberts M. C. (1996). Tetracycline resistance determinants: mechanisms of action, regulation 

of expression, genetic mobility, and distribution. FEMS microbiology reviews, 19(1), 1–24. 

https://doi.org/10.1111/j.1574-6976.1996.tb00251.x  

73. Clewell, D. B., Flannagan, S. E., & Jaworski, D. D. (1995). UnCoNStrained bacterial 

promiscuity: the Tn916-Tn1545 family of conjugative transposons. Trends in 

microbiology, 3(6), 229–236. https://doi.org/10.1016/s0966-842x(00)88930-1  

74. Bismuth, R., Zilhao, R., Sakamoto, H., Guesdon, J. L., & Courvalin, P. (1990). Gene 

heterogeneity for tetracycline resistance in Staphylococcus spp. Antimicrobial agents and 

chemotherapy, 34(8), 1611–1614. https://doi.org/10.1128/AAC.34.8.1611  

75. Lina, G., Quaglia, A., Reverdy, M. E., Leclercq, R., Vandenesch, F., & Etienne, J. (1999). 

Distribution of genes encoding resistance to macrolides, lincosamides, and streptogramins 

among staphylococci. Antimicrobial agents and chemotherapy, 43(5), 1062–1066. 

https://doi.org/10.1128/AAC.43.5.1062  

76. Wendlandt, S., Feßler, A. T., Monecke, S., Ehricht, R., Schwarz, S., & Kadlec, K. (2013). The 

diversity of antimicrobial resistance genes among staphylococci of animal origin. International 

journal of medical microbiology: IJMM, 303(6-7), 338–349. 

https://doi.org/10.1016/j.ijmm.2013.02.006  

77. Ross, J. I., Eady, E. A., Cove, J. H., Cunliffe, W. J., Baumberg, S., & Wootton, J. C. (1990). 

Inducible erythromycin resistance in staphylococci is encoded by a member of the ATP-binding 

transport super-gene family. Molecular microbiology, 4(7), 1207–1214. 

https://doi.org/10.1111/j.1365-2958.1990.tb00696.x  

78. Turnidge, J., & Collignon, P. (1999). Resistance to fusidic acid. International journal of 

antimicrobial agents, 12 Suppl 2, S35–S44.  

https://doi.org/10.1016/s0924-8579(98)00072-7  

79. Dobie, D., & Gray, J. (2004). Fusidic acid resistance in Staphylococcus aureus. Archives of 

disease in childhood, 89(1), 74–77. https://doi.org/10.1136/adc.2003.019695  

80. Khoshnood, S., Heidary, M., Asadi, A., Soleimani, S., Motahar, M., Savari, M., Saki, M., & 

Abdi, M. (2019). A review on mechanism of action, resistance, synergism, and clinical 

implications of mupirocin against Staphylococcus aureus. Biomedicine & pharmacotherapy = 

Biomedecine & pharmacotherapie, 109, 1809–1818. 

https://doi.org/10.1016/j.biopha.2018.10.131  

81. Cookson B. D. (1998). The emergence of mupirocin resistance: a challenge to infection control 

and antibiotic prescribing practice. The Journal of antimicrobial chemotherapy, 41(1), 11–18. 

https://doi.org/10.1093/jac/41.1.11  

82. Raseena Fathimath, Bhat Sevitha, Bhat Archana, M Radhakrishnan (2020). Nasal Carriage And 

Antibiogram Of Staphylococcus Aureus Amidst Healthcare Personnel From A Teaching 

https://doi.org/10.1128/AAC.36.2.463
https://doi.org/10.1111/j.1574-6976.1996.tb00251.x
https://doi.org/10.1016/s0966-842x(00)88930-1
https://doi.org/10.1128/AAC.34.8.1611
https://doi.org/10.1128/AAC.43.5.1062
https://doi.org/10.1016/j.ijmm.2013.02.006
https://doi.org/10.1111/j.1365-2958.1990.tb00696.x
https://doi.org/10.1016/s0924-8579(98)00072-7
https://doi.org/10.1136/adc.2003.019695
https://doi.org/10.1016/j.biopha.2018.10.131
https://doi.org/10.1093/jac/41.1.11


CHAPTER – 2  RIVIEW OF LITRATURE   Pagei 40 

Hospital In Coastal Karnataka, India.. European Journal of Molecular & Clinical Medicine, 

7(2), 4820-4826. 

83. Tripathi, K. D. (2018). Essentials of medical pharmacology (8th ed.). Jaypee Brothers 

Medical, New Delhi, India.  

84. Mendes, R. E., Deshpande, L. M., & Jones, R. N. (2014). Linezolid update: stable in vitro 

activity following more than a decade of clinical use and summary of associated resistance 

mechanisms. Drug resistance updates : reviews and commentaries in antimicrobial and 

anticancer chemotherapy, 17(1-2), 1–12.  

https://doi.org/10.1016/j.drup.2014.04.002 

85. Gawryszewska, I., Żabicka, D., Hryniewicz, W., & Sadowy, E. (2017). Linezolid-resistant 

enterococci in Polish hospitals: species, clonality and determinants of linezolid 

resistance. European journal of clinical microbiology & infectious diseases : official 

publication of the European Society of Clinical Microbiology, 36(7), 1279–1286. 

https://doi.org/10.1007/s10096-017-2934-7  

86. Li, P., Yang, Y., Ding, L., Xu, X., & Lin, D. (2020). Molecular Investigations of Linezolid 

Resistance in Enterococci OptrA Variants from a Hospital in Shanghai. Infection and drug 

resistance, 13, 2711–2716. 

https://doi.org/10.2147/IDR.S251490 

87. Krause, K. M., Serio, A. W., Kane, T. R., & Connolly, L. E. (2016). Aminoglycosides: An 

Overview. Cold Spring Harbor perspectives in medicine, 6(6), a027029. 

https://doi.org/10.1101/cshperspect.a027029 

88. Armstrong, E. S., & Miller, G. H. (2010). Combating evolution with intelligent design: the 

neoglycoside ACHN-490. Current opinion in microbiology, 13(5), 565–573. 

https://doi.org/10.1016/j.mib.2010.09.004  

89. Davis B. D. (1987). Mechanism of bactericidal action of aminoglycosides. Microbiological 

reviews, 51(3), 341–350.  

https://doi.org/10.1128/mr.51.3.341-350.1987 

90. Shaw, K. J., Rather, P. N., Hare, R. S., & Miller, G. H. (1993). Molecular genetics of 

aminoglycoside resistance genes and familial relationships of the aminoglycoside-modifying 

enzymes. Microbiological reviews, 57(1), 138–163.  

https://doi.org/10.1128/mr.57.1.138-163.1993 

91. Ramirez, M. S., & Tolmasky, M. E. (2010). Aminoglycoside modifying enzymes. Drug 

resistance updates : reviews and commentaries in antimicrobial and anticancer 

chemotherapy, 13(6), 151–171. https://doi.org/10.1016/j.drup.2010.08.003  

92. Rahimi F. (2016). Characterization of Resistance to Aminoglycosides in Methicillin-Resistant 

Staphylococcus aureus Strains Isolated From a Tertiary Care Hospital in Tehran, 

Iran. Jundishapur journal of microbiology, 9(1), e29237.  

https://doi.org/10.5812/jjm.29237 

https://doi.org/10.1016/j.drup.2014.04.002
https://doi.org/10.1007/s10096-017-2934-7
https://doi.org/10.2147/IDR.S251490
https://doi.org/10.1101/cshperspect.a027029
https://doi.org/10.1016/j.mib.2010.09.004
https://doi.org/10.1128/mr.51.3.341-350.1987
https://doi.org/10.1128/mr.57.1.138-163.1993
https://doi.org/10.1016/j.drup.2010.08.003
https://doi.org/10.5812/jjm.29237


CHAPTER – 2  RIVIEW OF LITRATURE   Pagei 41 

93. Anderson RCGR, Higgins HM Jr, Pettinga CD (1961) Symposium: How a drug is born. 

Cinncinnati J Med 42: 49-60. 

94. Mccormick, M. H., Mcguire, J. M., Pittenger, G. E., Pittenger, R. C., & stark, W. M. (1955). 

Vancomycin, a new antibiotic. I. Chemical and biologic properties. Antibiotics annual, 3, 606–

611. 

95. Kest H, Kaushik A (2019) Vancomycin-Resistant Staphylococcus aureus: Formidable Threat 

or Silence before the Storm?. J Infect Dis Epidemiol 5:093. doi.org/10.23937/2474-

3658/1510093 

96. Gardete, S., & Tomasz, A. (2014). Mechanisms of vancomycin resistance in Staphylococcus 

aureus. The Journal of clinical investigation, 124(7), 2836–2840. 

https://doi.org/10.1172/JCI68834  

97. Werner, G., Strommenger, B., & Witte, W. (2008). Acquired vancomycin resistance in 

clinically relevant pathogens. Future microbiology, 3(5), 547–562.  

https://doi.org/10.2217/17460913.3.5.547 

98. Wayne, PA (2019) CLSI, Performance standards for Antimicrobial Susceptibility testing,  

Clinical and Laboratory Standards Institute, 30th ed;  CLSI supplement M100 

99. Hiramatsu K. (2001). Vancomycin-resistant Staphylococcus aureus: a new model of antibiotic 

resistance. The Lancet. Infectious diseases, 1(3), 147–155.  

https://doi.org/10.1016/S1473-3099(01)00091-3 

100. Hu, Q., Peng, H., & Rao, X. (2016). Molecular Events for Promotion of Vancomycin 

Resistance in Vancomycin Intermediate Staphylococcus aureus. Frontiers in microbiology, 7, 

1601. https://doi.org/10.3389/fmicb.2016.01601  

101. McGuinness, W. A., Malachowa, N., & DeLeo, F. R. (2017). Vancomycin Resistance 

in Staphylococcus aureus . The Yale journal of biology and medicine, 90(2), 269–281.  

102. Meehl, M., Herbert, S., Götz, F., & Cheung, A. (2007). Interaction of the GraRS two-

component system with the VraFG ABC transporter to support vancomycin-intermediate 

resistance in Staphylococcus aureus. Antimicrobial agents and chemotherapy, 51(8), 2679–

2689. https://doi.org/10.1128/AAC.00209-07  

103. Cong, Y., Yang, S., & Rao, X. (2019). 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  

104.  Hollenbeck, B. L., & Rice, L. B. (2012). Intrinsic and acquired resistance mechanisms in 

enterococcus. Virulence, 3(5), 421–433. https://doi.org/10.4161/viru.21282  

105. Arthur, M., & Courvalin, P. (1993). Genetics and mechanisms of glycopeptide resistance in 

enterococci. Antimicrobial agents and chemotherapy, 37(8), 1563–1571. 

https://doi.org/10.1128/AAC.37.8.1563  

106. Zhu, W., Clark, N., & Patel, J. B. (2013). pSK41-like plasmid is necessary for Inc18-like 

vanA plasmid transfer from Enterococcus faecalis to Staphylococcus aureus in 

vitro. Antimicrobial agents and chemotherapy, 57(1), 212–219.  

https://doi.org/10.1172/JCI68834
https://doi.org/10.2217/17460913.3.5.547
https://doi.org/10.1016/S1473-3099(01)00091-3
https://doi.org/10.3389/fmicb.2016.01601
https://doi.org/10.1128/AAC.00209-07
https://doi.org/10.1016/j.jare.2019.10.005
https://doi.org/10.4161/viru.21282
https://doi.org/10.1128/AAC.37.8.1563


CHAPTER – 2  RIVIEW OF LITRATURE   Pagei 42 

https://doi.org/10.1128/AAC.01587-12 

107. Sköld O. (2000). Sulfonamide resistance: mechanisms and trends. Drug resistance updates 

: reviews and commentaries in antimicrobial and anticancer chemotherapy, 3(3), 155–160. 

https://doi.org/10.1054/drup.2000.0146  

108. Wiholm, B. E., & Emanuelsson, S. (1996). Drug-related blood dyscrasias in a Swedish 

reporting system, 1985-1994. European journal of haematology. Supplementum, 60, 42–46. 

https://doi.org/10.1111/j.1600-0609.1996.tb01644.x  

109. Huovinen, P., Sundström, L., Swedberg, G., & Sköld, O. (1995). Trimethoprim and 

sulfonamide resistance. Antimicrobial agents and chemotherapy, 39(2), 279–289. 

https://doi.org/10.1128/AAC.39.2.279  

110. Harrison, M. S., Simonte, S. J., & Kauffman, C. A. (1994). Trimethoprim-induced aseptic 

meningitis in a patient with AIDS: case report and review. Clinical infectious diseases : an 

official publication of the Infectious Diseases Society of America, 19(3), 431–434. 

https://doi.org/10.1093/clinids/19.3.431  

111. Antonen, J. A., Markula, K. P., Pertovaara, M. I., & Pasternack, A. I. (1999). Adverse drug 

reactions in Sjögren's syndrome. Frequent allergic reactions and a specific trimethoprim-

associated systemic reaction. Scandinavian journal of rheumatology, 28(3), 157–159. 

https://doi.org/10.1080/03009749950154220.

  

https://doi.org/10.1128/AAC.01587-12
https://doi.org/10.1054/drup.2000.0146
https://doi.org/10.1111/j.1600-0609.1996.tb01644.x
https://doi.org/10.1128/AAC.39.2.279
https://doi.org/10.1093/clinids/19.3.431
https://doi.org/10.1080/03009749950154220


CHAPTERII AIM & OBJECTIVES  Pagei 43 
 

 

 

 

 

 

 

Aim  

& 

Objective 
 

 

 

 

 

 

 

 

 



CHAPTERII AIM & OBJECTIVES  Pagei 44 
 

 

 

Aimi:-  

 

 Toi studyi thei prevalencei andi distribution ofi Staphylococcus from healthcare 

settings andi genotypic identification of antibiotic resistance determinants 

Objective:-  

1. Toi studyi thei prevalencei andi distributioni ofi Staphylococcusi from Clinical 

specimen and nasal colonization of Healthcare i workersi andi Patient i visitorsi.  

2. Toi screeni thei antibiotici resistancei phenotypicallyi byi Kirbyi-Baueri Disci 

Diffusioni methodi andi Minimumi Inhibitoryi Concentrationi.  

3. To study the mecA gene distribution andi itsi associatedi SCCmeci typesi amongi 

Clinical specimens and Nasali colonization ofi HCWs and Patient visitors  

4. To determine the antibiotic resistant determinants of Staphylococcus by using 

simplex and multiplex PCR
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Prevalence and distribution of CoNS and S.aureus among Clinical 

Isolates, Nasal carriage of Health care workers and Patient Visitors 

 

3.1. Introduction:-  

 Gram ipositive icocci iare igenerally ifound iin ithe iupper irespiratory itract  iof ihuman 

ibegins ias ia inormal imicro  iflora. iHowever, isome ifactors ilike iage, iimmunity, isocio-

economical ifactors, irecent  itreatment  iof iinfections, iclimate iconditions ietc imay iturn ithese  

iopportunistic icolonizer iinto  ipathogens icausing ihuman iinfections ileading ito  iserious 

iillness i

[1]. iStaphylococcus ispp  iare iopportunistic  ipathogens icommonly iseen iin ithe 

inasopharynx iand iskin iof ithe ivertebrate ianimals. iAmong ithe iStaphylococcus ispp,  

iStaphylococcus iaureus iis ia isignificant  ipathogen icausing ivariety iof iinfections ito  ihuman 

ibegins ifrom isuperficial iskin iinfections iand  ideep iseated iinfections i

[2]. iIn iaddition, iS.aureus 

iis icarried iasymptomatically iwith ivarying irates iin inormal ipopulations i

[3]. i 

 Coagulase iNegative iStaphylococcus i(CoNS) iis ithe inormal icommensals iin ithe 

ihumans, ianimals iand ibirds. iHowever, ithe iCoNS ihave iemerged ias ithe imost  icommon 

iopportunistic ipathogens iresponsible ifor iHospital iAcquired iInfections i(HAIs). iRisk  

ifactors iof iCoNS icausing iinfection iinclude ipatients iwith ipost-surgical,  iwound  iinfections,  

iintravascular icatheters ior iother iforeign imedical iindwelling idevices,  

iimmunocompromised ihost  isuch ias ipremature inewborns, ileukemia ipatients iand iother  

imalignant  idiseases i

[4]. i iHeterogeneous igroup iof ithe iCoNS icontain iapproximately i40  

ispecies i iof iwhich ithe imost  icommon iCoNS ispecies iisolated ifrom ihuman iclinical 

ispecimens iare iS.epidermidis, iS.haemolyticus, iS.saprophyticus, iS.hominis, iS.warneri,  

iS.lugdunensis, iS.capitis, iS.simulans, iS.cohnii, iS.Xylosus. iIt  ihas ibeen iidentified ias 

iimportant  iopportunistic ipathogens icausing inosocomial iinfection i

[5]. i 

 Anterior inares, iskin iand imucosal imembranes iare ithe iimportant  ireservoirs iwhich 

icolonize ithe iStaphylococcus ipermanently iand  itransiently.  i iIt  iacts ias ian iimportant  isource iin 

icausing iblood istream iinfection, iskin iinfections ietc iin ihumans. i60% iof ithe ipopulation 

icarries itransiently,  i20% iof ithe ipopulation icarries iS.aureus ipermanently i

[6]. i iAmong ithe 

iCoNS, iS. ihominis, iS. ihaemolyticus iand iS. iepidermidis iare icommon icolonizers iin inasal 

icavity iand iskin i

[7]. iScreening iof iStaphylococcus iin inasal icarriage iis iimportant  ifactor ito  

ireduce ithe irisk iof iinfections iin ihospitalized ipatients iand iprevent  ithe ispread  iof iantibiotic  

Chapter-3 
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iresistance ibetween ithem. iThis ichapter ifocusses ion ithe iprevalence iof iStaphylococcus 

iamong iclinical iisolates, iHealth icare iworkers iand iPatient  ivisitors. i 

3.2 iStudy  iplan:- i 

Type iof iStudy: i- i i iObservational iCross isectional istudy i 

 iEthical: i- iSamples iwere icollected iwith iproper iinformed iconsent  iafter igetting iapproval 

ifrom iInstitutional iEthical iCommittee i(IEC), iD.Y iPatil iMedical iCollege, iand iKolhapur. 

iNo.DYPMCK/209/2019/IEC. 

Inclusion iCriteria:- i 

1. Healthcare iworkers iand iPatient  iVisitors iwithout  iany iclinical isymptoms 

iwere iincluded iin ithe istudy 

2. Patient  ivisitors ilike iFriends, iCaregivers, iRelatives ithose iwho  icame iwith 

ipatient  iwithout  iany irespiratory iinfections 

3. Healthcare iworkers ilike iNurses, iResident  iDoctors iand iHousekeeping  

iworkers ithose iwho  iwere ion iduty iwithout  iany isymptoms iwere iincluded iin  

ithis istudy. i 

4. Clinical ispecimens ifrom ipatients iand iNasal iswabs iof iHCWs i, iPatient  

ivisitors iwere ifrom iKolhapur idistrict  iwere iincluded iin ithis istudy i 

5. In-Patient  ivisitors, iwho  ivisited  ihospital ito  ivisit  ipatients icontinuously imore  

ithan i2 idays, iwere iincluded iin ithis istudy. i 

6. Out-Patient  ivisitors, iwho  ivisited ihospital imore ithan i2  idays ito  ihospital 

icontinuously iwithout  iany ibreak, iwere iincluded  iin ithis istudy. i 

7. Clinical ispecimens ifrom ipatient  iwere iincluded i16 i-70 iyears iof iage igroup i 

8. HCWs, iIn-Patient  iVisitors iand  iOut- iPatient  iVisitors iwere iincluded iage 

igroup iof i21-70 iyears i 

 iExclusion iCriteria:- i 

1. Patient  ivisitors iand iHealthcare iworkers iwith iany irespiratory itract  iinfections,  

iskin iand isoft  itissue iinfections iup ito  i4 iweeks ibefore inasal isample icollection. i 

2. Patient  ivisitors iand  iHealthcare iWorkers ihaving itreatment  iwith ianti-MRSA  

iointments iand  iother iantibiotics iin ithe ilast  i14 idays.
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3. Clinical ispecimens iwithout  irequisition iforms, iincomplete ipatient  iclinical 

ihistory iand iinappropriate ispecimens iwere iexcluded ifrom ithe istudy. 

4. Clinical ispecimens iand iNasal iswabs iof iHCWs iand iPatient  ivisitors ifrom iout  iof 

iKolhapur idistrict  iwere inot  itaken ifrom ithis istudy. i 

3.3 iMaterials iand iMethods:- 

Sample icollection:- i 

Clinical  ispecimens: i- iClinical isamples ireceived ito  iMicrobiology idepartment  ifor  

idiagnosis iwere itaken i(Pus, iSputum, iUrine, iTips/suction, itissues)  ifor ianalysis. iSpecimens 

iwere ireceived  iin ilaboratory ias iper imicrobiological isample icollection iprocedures. i 

Duration iof iSample iCollection: i- iApril i2019 ito  iJune i2020 

Total isample  icollected: i- i1800 iclinical isamples ifrom iinfected ipatient  i 

Anterior iNasal iswabs ifrom iHealthcare iworkers i(Nurses, iResident  iDoctors iand iHouse  

iKeeping iWorkers) iand iPatient  ivisitors i(Relatives, iFriends, iCare igivers) iwere icollected iby 

iusing iHi-Sterile icotton iswab, iimmediately iinoculated iinto  i5% iSalt  i(NaCl) iBHIB i(Hi-

Media, iBrain iHeart  iInfusion iBroth) iand itransported ito  ithe ilaboratory iimmediately iwithout  

iany idelay[8]. i 

Duration iof iSample iCollection: i- iSeptember i2019 ito  iDecember i2020 

Total iNasal iswabs icollected: i- i200 iNasal iSwabs ifrom iHealthcare iWorkers i 

     i i i i200  iNasal iswabs ifrom iIn-Patient  iVisitors i 

     i i i200 iNasal iSwabs ifrom iOut-Patient  iVisitors i 

Procedure ifor iNasal isample icollection:- i 

1. Sterile  icotton iswab iwas iremoved  ifrom ithe ipackage iwithout  itouching ithe 

isoft  iend 

2. Soft  iend  iof ithe isterile iswab iwas iinserted ito  ione iside iof ithe inostril,  imore ithan 

i¾ iinches ii.e., i1.5cm i 

3. Swab iwas irotated igently iby ipressed iagainst  ithe iinside iof inostril ifor i4 itimes 

iatleast  i15 iseconds. i 
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4. Swab iwas igently iremoved iand ithe istep i3  iwas ifollowed ion iother inostril iby 

isame iswab. i  

3.4 iPrimary  iisolation iof I Staphylococcus:- i 

Swabs ifrom i5%Salt  iBHIB ibroth iwere iinoculated iinto  iBlood iagar iand iMacConkey iagar  

i(Hi-Media) iand iplates iwere iincubated iat  i37ºC ifor i24 ihours. i iClinical ispecimens iwere 

idirectly iinoculated iinto  iBlood iagar iand iMacConkey iagar. i 

3.5 iIdentification iof  iStaphylococcus:- i 

After i24 ihours iof iincubation,  ibased ion icolony imorphology, icatalase itest, igram istain  

ireaction i(Gram ipositive iCocci iin iclusters), iFurazolidone isensitivity itest  iand iGlucose  

ifermentation itest  iStaphylococcus iwere iidentified. iDifferentiation iof iCoagulase  

iNegative iStaphylococci i(CoNS) iand iCoagulase iPositive iStaphylococci i(CoNS) iwas 

idone iby itube icoagulase itest  i 

Identification iof  I S.aureus i

[9]:- 

Identification iof iStaphylococcus iaureus iwas idone iby iCatalase itest  i[Fig i3.2], iMannitol 

ifermentation ireaction, iDNAse itest  i[Fig i3.6], iand iGelatinase itest  iand  ipigment  iproduction 

ion iMannitol iSalt  iagar i[Fig i3.5]. i 

Identification iof I CoNS i

[10]:- i 

Identification iof iCoNS iwas idone iby icatalase itest, iNovobiocin iresistance iSugar 

ifermentation itest  i[Fig i3.9] i(Maltose, iTrehalsoe, iXylose, iMannitol, iSucrose, iMannose, 

iFructose, iRibose, iFuranose, iLactose iand iRaffinose, iUrease, iNitrate iReduction itest  ietc). i 
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Fig 3.1 Gram Staining -Gram 

Positive Cocci in Clusters 
Fig 3.2 Tube Catalase test  

Fig 3.5 Growth on MacConkey agar  Fig 3.4Furazolidone susceptibility test  

Fig 3.5 Growth on Mannitol Salt Agar  Fig 3.6 Growth Blood Agar  
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Fig 3.8 DNAse test 
Fig 3.7 Urease test   

Fig 3.9 Carbohydrate fermentation test for 

identification of CoNS  
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3.6 Results:-  

 Total 1800 clinical specimens were collected. Of these, 800 Staphylococcus 

were isolated. Distribution of clinical specimens as follows [Table 3.1] 

Table  3. 1: Distribution of Clinical Specimens and its isolated Staphylococci 

Clinical Specimen  Isolated Staphylococci (n=800) 

Aspirated Pus 86 (10.75%) 

Wound Swab/Pus swab  186 (23.25%) 

Urine Sample  163 (20.37%) 

Blood culture  83 (10.37%) 

Sputum 112 (14.0%) 

ET secretion 97 (12.12%) 

Catheter tips/Drain tips  25 (3.125%) 

Sterile fluids   

1. Ascitic Fluid  20 (2.51%) 

2. Pleural Fluid  15 (1.87%) 

3. Cerebro-Spinal Fluid 

(CSF) 

01 (0.125%) 

4. Pericardial Fluid  12 (1.5%) 

Total  800 (44.44%) 

Out of 800 Staphylococcus isolated from clinical specimen, 350 were S.aureus and 

450 were CoNS. Distribution of CoNs and S.aureus as follows [Table 3.2].  

Table 3.2:- Distribution of S.aureus and CoNS among clinical specimen  

Clinical Specimen  CoNS (n=450) S.aureus (n=350) 

Aspirated Pus 47 (10.44%) 39 (11.14%) 

Wound Swab/Pus swab  112 (24.88%) 73 (20.85%) 

Urine Sample  101 (22.44%) 62 (17.71%) 

Blood culture  45 (10.00%) 38 (10.85%) 

Sputum 55 (12.22%) 57 (16.28%) 

ET secretion 56 (12.44%) 42 (12.00%) 



CHAPTER-3 PREVALENCE AND DISTRIBUTION OF STAPHYLOCOCCUS  Pagei 53 
 

Catheter tips/Drain tips  12 (2.66 %) 13 (3.71%) 

Sterile fluids    

5. Ascitic Fluid  09 (2.00%) 11 (3.14%) 

6. Pleural Fluid  07 (1.55%) 08 (2.28%) 

7. CSF  00 01 (0.28%) 

8. Pericardial Fluid  06 (1.33%) 06 (1.71%) 

Total  450 (56.25%) 350 (43.75%) 

 

CoNS were isolated maximum in number (56.25%) than S.aureus (43.75%), Most of 

the CoNS were isolated from Wound/Pus swab (24.88%) and Urine Sample (20.37%) 

Specimens [Table 3.2] Most of the CoNS were isolated from the age group of above 40 

years it might  [Table 3.3] and most of the wound specimens were collected from ICUs 

and IPDs. Since most of the patients are immunocompromised and associated with Co-

morbidity.  

Table 3.3Age and Sex Distribution of collected clinical specimens 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Sex CoNS  

(n=450) 

S.aureus  

(n=350)  

Male 241 208 

Female 209 142 

Age Group   

16-20  43 51 

21-40 89 74 

41-60 191 132 

60-70 126 93 



CHAPTER-3 PREVALENCE AND DISTRIBUTION OF STAPHYLOCOCCUS  Pagei 54 
 

Table 3.4 Distribution of clinical isolates of CoNS and S.aureus by ward-wise  

Clinical 

Specimen  

CoNS (n=450) S.aureus (n=350) 

 SICU MICU OPD IPD SICU MICU OPD IPD 

Aspirated Pus 19 12 10 6 11 14 5 9 

Wound Swab/Pus 

swab  

37 17 39 19 14 17 22 20 

Urine Sample  9 14 42 36 11 13 19 18 

Blood culture  10 29 15 12 13 19 0 6 

Sputum 7 28 0 21 7 24 9 17 

ET secretion 5 7 0 0 5 26 0 11 

Catheter 

tips/Drain tips  

0 9 0 0 3 10 0 0 

Sterile fluids          

1. Ascitic 

Fluid  
0 9 0 0 4 7 0 0 

2. Pleural 

Fluid  
0 7 0 0 2 6 0 0 

3. CSF  0 0 0 0 0 1 0 0 

4. Pericardi

al Fluid  
0 6 0 0 0 6 0 0 

Total  97 

21.55

% 

147 

32.66

% 

112 

24.88

% 

94 

20.88

% 

70 

20.00

% 

143 

40.86

% 

55 

15.72

% 

81 

23.15

% 

OPD- out Patient, IPD-In-Patient (General wards), MICU-Medicine Intensive care 

Unit, SICU-Surgery ICU 

Table 3.4 shows the highest number of Staphylococcus was isolated from ICUs and 

General Wards.  
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Table 3.5 Distribution of CoNS and S.aureus of wound infection 

 

CoNS from Diabetic foot ulcers, surgical wound infections, Burn patient, 

Abscesses drainage on Skin were detected more in number [Table 3.5]. This clearly 

states that CoNS are emerging pathogen in immunocompromised patients.  

 Figure 3.10 Distribution of CoNS species among Clinical specimen

n= 116 (25.77%)

n=92    (20.44%)

n=81 (18%)

n=40 (8.88%)

n=34 (7.55%)

n= 28 (6.22%)

n=24 (5.33%)
n=21(4.66%) n=14(3.11%)

S.epidermidis

S.haemolyticus

S.saprophyticus

S.warneri

S.hominis

S.simulans

S.schleferi

S.hyicus

S.capitis

Types of Wound infection CoNS(n=159) S.aureus(n=112) 

Surgical wound Infection  31 (19.49%) 16 (14.28%) 

Diabetic Foot ulcers  23 (14.46%) 21 (18.75%) 

Abscesses Drainage  of skin 

infection 

43 (27.04%) 36 (32.14%) 

Closed wound on skin surface  28 (17.61%) 24 (21.42%) 

Lung abscess  15 (9.43%) 9 (8.03%) 

Liver abscess 14 (8.80%) 6 (5.35%) 

Burn Patient  5 (3.14%) 0 

(n=450) Out of 450 Coagulase Negative Staphylococcus (CONS), S.epidermidis (25.77%) 

was isolated maximum followed by S.haemolyticus (20.44%), S.saprophyticus (18%), 

S.warneri (8.88%), S.hominis (7.55%), S.simulans (6.22%), S.schleferi (5.33%), S.hyicus 

(4.66%), and S.capitis (3.11%). [Fig 3.10]  
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Figure 3.11 Distribution of CoNS species among Clinical Isolates 

(n=450) 

S.i saprophyticusi werei isolatedi morei ini urinei samples,i S.epidermidisi andi  

S.haemolyticusi werei detectedi morei ini woundi swab/Pusi swab.i Cerebro-Spinali Fluidi  

(CSF)i specimensi wasi not i detectedi CoNSi [Fig i 3.11].i i Ini general,i S.saprophyticusi arei 

frequentlyi seeni ini urinei samplesi amongi CoNSi  

 

Total 200 nasali swabsi werei collectedi fromi Healthcarei Workers. Of thesei, 62i% 

werei S.aureusi andi 38i% werei CoNSi [Figure 3.12] 
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Figure 3.12 Distribution of Staphylococcus among Healthcare Workers (n=200) 

S.aureus is frequent colonizer on anterior nasal cavity followed by CoNS. In present 

study 62% detected S.aureus and 38% detected CoNS  

Table 3.6 Age and Sex distribution of HCWs  

Sex  S.aureus (n=92) CoNS (n=56) 

Male  42 23 

Female  54 33 

Age Group    

21-40 31 11 

41-60 42 19 

≥61 19 26 

 

Most of the Staphylococcus species were identified from HCWs were more than 40 

years of age [Table 3.6].   

 

 

 

 

 

  

62%

38%

S.aureus CONs

n=56

n=92
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Figure 2.13 Ward wise distributions of Staphylococcus among HCWs 

(n=148) 

 

Figure 3.13 Ward wise distributions of Staphylococcus among HCWs (n=148) 

Figure 3.13 shows the ward wise distribution of S.aureus and CoNS among 

HCWs. In-Patient department isolated Healthcare workers isolated more 

Staphylococcus i.e., 28.26% S.aureus and 41.07% CoNS. 

Table 3.7:- Distribution of CoNs among HealthCare workers (HCWs) 

Sr. No  CoNS Isolated CoNS 

1 S.epidermidis  20 (35.71%) 

2 S.haemolyticus  14 (25%) 

3 S.saprophyticus  08 (14.28%) 

4 S.warneri 06(10.71%) 

5 S.hominis  05(8.92%) 

6 S.hyicus 03(5.35%) 

Total  56 

 

S.epidermidis was isolated highest i.e., 20 (35.71%) out of 56 isolated CoNs followed 

by others [Table 3.7]. S.epidermidis and S.haemolyticus are seen in moist area of the 

body than other CoNS.  

MICU SICU OPD IPD

CoNS (n=56) 11 9 13 23

S.aureus(n=92) 16 18 32 26
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Figure 3.14 Distribution of Staphyloccus among Patient visitors 

Totali 400i nasali swabsi werei collectedi fromi patienti visitors. Ofi thesei, 200i nasali 

swabsi werei collectedi fromi Ini-patienti visitorsi and 200 swabs from out-patient visitors. 

Total 172 Staphylococcus spp were isolated. Out of these, 92 were S.aureus and 80 

were CoNS [Figure 3].  

 Table 3.8 Distribution of Sex and Age group among Patient 

visitors  

 In-Patient Visitors  Out-Patient Visitors  

Sex  S.aureus  

(n=51) 

CoNS  

(n=39) 

S.aureus  

(n=41) 

CoNS  

(n=41) 

Male  28 13 22 17 

Female  23 26 19 24 

Age 

Group  

    

21-40 19 18 19 12 

41-60 21 21 15 21 

≥61 11 39 7 8 

 

In-Patient Visitors Out-Patient Visitors

S.aureus 51 41

CoNs 39 41
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Table 3.8 shows the sex and age group of the participant. Most of the Nasal carriage of 

Staphylococcus isolated above 40 years of age group  

Table 3.9:- Distribution of CoNS among Patient visitors 

Sr. No Isolated CoNS In-Patient 

visitors 

Out-Patient 

Visitors 

1 S.epidermidis 11 (28.20%) 13 (31.70%) 

2 S.haemolyticus 12 (30.76%) 10 (24.39%) 

3 S.saprophyticus 07 (17.94%) 08 (19.51%) 

4 S.warneri 04 (10.25%) 06 (14.63%) 

5 S.homini 03 (7.69%) 02 (4.87%) 

6 S. lugdunensis 02 (5.12%) 02 (4.87%) 

 Total 39 41 

 

Table 3.9 shows distribution of CoNS species among Patient visitors. S.epidermidis 

was isolated more in number followed by others  

3.7  iDiscussion:- i 

 In ipresent  istudy, iout  iof itotal i1800 iclinical ispecimens i800 i(44.44%) iStaphylococci 

iwere iisolated. iAmong ithese i450 i(46.25%) iwere iCoagulase inegative iStaphylococci  

i(CoNS). iIsolation iand iidentification iof iCoNS iamong ivarious iclinical isamples ivaries ifrom 

idifferent  istudies. iAbishek iet  ial iisolated i42.94% iof iCoNS iamong ivarious iclinical 

ispecimens i

[11]
 iwhere ias iShiv iKumar iet  ial iisolated i15% iof iCoNS ifrom iclinical isamples i

[12].  

iThese ivariations imight  ibe idue ito  iavailability iof isamples, itype iof iclinical ispecimen iused ifor  

ianalysis, itype iof istudy iand iconsideration iof iCoNS ias ia ipathogens iin iclinical ispecimens.  

iAmong  i450 iCoNS, iS.epidermidis i(25.77%) iwas iisolated imore  ifollowed iby 

iS.haemolyticus i(20.44%), iS.saprophyticus i(18%), iS.warneri i(8.88%), iS.hominis 

i(7.55%), iS.simulans i(5.33%), iS.schleferi i(5.33%), iS.hyicus i(4.66%) iand iS. icapitis 

i(3.11%). iOur iresult  iis iconsistent  iwith iother istudies iperformed iby iAbhinaya iet  ial, iSateesh 

iK iet  ial iand iBora iet  ial i, iwho  ifound iS.epidermidis imore ifollowed iby iS.saprophyticus iand  

iS.haemolyticus i

[13-15]. iWhile iSingh iet  ial ifound ithat  iS.haemolyticus iwas imore ithan 

iS.epidermidis i

[16]. iThis ivariable imight  ibe idue ito  icolonization iof iCoNS iin iskin iand iMucous 

imembrane  iof ithe iindividuals. iS.epidermidis iand  iS.haemolyticus iare ifrequently ifound iin  

ihumid iareas iof ithe ibody ilike iaxillae, iinguinal iand  iperianal iarea ias inormal iflora. iThis  
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icolonizer imay iturn ito  inosocomial ipathogen iand icause ivariety iof inosocomial iinfection iand  

icapacity ito  iform ibiofilm. i 

 We ifound iStaphylococcus isaprophyticus imore iin iurine isamples ithan iother iclinical 

isamples. iS.saprophyticus iis ia icommon iuropathogen iamong ithe iCoNS ispecies, iand  iis  

imostly iseen iin isexually iactive iyoung iwomen iand iimmunocompromised ipatients. iThis 

ifinding iis isimilar  ito  iother istudies iconducted iby iShiek iand  iMehdinejad  iet  ial i,  iUsha iet  ial i

[17,
 

i

18]. iIn ithe icurrent  istudy ihighest  iCoNS iwere iisolated iin iwound iswab i(24.88%) ifollowed iby 

iother iclinical isamples i[Table i3.2]. iThis iis iin icontrast  ito  iother istudies iconducted iby iValli 

iPunitha iet  ial iand iBadampudi iVijayasri iet  ial i

[19,
 i

20]. iHigher iprevalence iof iCoNS iin iwound  

iswab iin iour istudy imight  ibe ibecause iof imaximum inumber iof ithe isamples iwere icollected  

ifrom iwound iswab i(23.25%) ifollowed iby iUrine isample i(20.37%) iand iSputum isamples 

i(14.0%). iIn igeneral,  iCoNS iare iskin iflora iwhich imay icontaminate ithe iwound idue ito  ipoor 

ipersonal ihygiene, iexposure iof iwound ito  ienvironment. iFurthermore, imost  iof ithe ipeople  

itrend ito  itreat  iwound iinfections ion itheir  iown. iTechniques iused ito  icollect  iwound iswabs iby 

ihealthcare iworkers imay ialso  ivary i

[21]. i i 

 In ipresent  istudy iprevalence iof iS.aureus iin iclinical ispecimen iwas i43.75% i(n=350).  

iPrevalence iof iS.aureus ivaries ifrom iother istudies. iShahi iet  ial iin iNepal ifound iprevalence  

irate i14.4 i% iin iclinical ispecimens iat  itertiary icare iteaching ihospital i

[21], iwhile iEyob  

iYohaness iGaroy iet  ial ishowed ihigher iprevalence irate iof i61.8% iin ia iMulti icenter istudy iat  

iAsmara, iEritrea iamong ivarious iclinical ispecimens i[22]. iThe ivariation iof iStaphylococcus 

iaureus iisolation iamong ithe iclinical ispecimens iin iour istudy imight  ibe ibecause iours iis ia 

isingle icentric istudy iand istudy iwas iconducted iin ia itertiary icare iteaching ihospital, imost  iof 

ithe iS.aureus iisolated iwas iabove i40  iage igroups iand imost  iof ispecimens iof iS.aureus iwere 

ifrom iICUs iand  iIPDs. iMost  iof ithe iS.aureus iwere iisolated ifrom ithe iwound  iswab/pus iswab 

i(20.85%) ifollowed iby iUrine i(17.71%) iand iSputum i(16.28%). iThis ifinding iis isimilar ito 

iother istudies, iJyotshna iSapkota iet  ial i2018 iwho  ifound imore iS.aureus iin iPus i/wound iswab 

i(78.95%)[23], iEyob iYohaness iGaroy iet  ial i2019  ishowed imore inumbers iin idischarging  

iabscess i(62.1%)[22]. i iIn iour istudy, imaximum inumber iof isamples iwas icollected ifrom 

iwound iswab ifollowed iby iurine iand iSputum i[Table i3.1] ithis imay ibe ithe ireason iwe igot  imore 

iisolates ifrom ithese. iIn iGeneral, iS.aureus iis ia icommon icommensal iof iskin iwhich imay ienter 

ithe ihost  ithrough icut, icracks, iabrasions ior iminor iinjuries iand icause ipygenic iinfections i

[22]. i 
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 Blood iStream iInfection i(BSI) ibyS.aureus iand iCoNS iin ipresent  istudy iwas ilower  

i10.85% iin iS.aureus iand i10.00% iin iCoNS.In ipresent  istudy, imost  iof ithe iBlood ispecimens 

iwere icollected ifrom iICUs iand iIPDs ipatients iwith iage igroup iof iabove i40 iyears ipatients 

imay ibe iunderlying idiseased  iconditions. iAmong iCoNS iin iBSI, iS.epidermidis i(n=11) iwas 

ifound  imore iin icurrent  istudy. iThis iwas isimilar ito iBSIof iother istudies iconducted iby 

iWorthington iet  ial i2000, iwhofound ihigh iprevalence i(96%) iof iS.epidermidis iamong  

icatheter iassociated iblood istream iinfection i

[24]. iIbrahim iAli iet  ial i2015, ifound ihigh irate iof 

iS.epidermidis i(34%) iamong ithe iblood ispecimens i

[5]. iThe iresults iobtained ifrom ithe iabove  

istudies iwere isimilar iand icoinciding ito  iour istudy, iso  iabove iwe iconclude ithat  iS.epidermidis 

iis ithe imost  icommon ipathogen iin iBSI ifollowed iby iS.haemolyticus. 

 Nasal icolonization iof iStaphylococcus iaureus iis ian imajor irisk ifactor ifor iinvasive  

iinfections. iIn ithis istudy iwe ihad  itaken ianterior inasal iswabs ifrom iHealthcare iworkers iand  

iPatient  ivisitors, ithe iPrevalence  iof iS.aureus iand iCoNS iamong iHCWs iand  iPatient  ivisitors 

iwas ifound i62% iand i23%.S.aureus icolonizes ithe inasal icavity iranging ifrom i20-80%. iRate 

iof iNasal icolonization iof iS.aureus ivaries ifrom iother istudies; iKhanal iet  ial i2015 ifound iless 

iprevalence i(15.7%) iof iS.aureus iamong iHCWs i

[25], iwhereas iNipa iSingh iet  ial i2018 ifrom 

iOdhisa ifound  i40.8% inasal icolonization iof iS.aureus iamong ihealth icare iworkers i

[26]. iMost 

iof ithe inasal icolonized iS.aureus iisolated iin iour istudy iwere iabove i40 iyears iof iage igroup 

iwhich iindicates ithat  icarriage iof iS.aureus ivaries iin idifferent  iage igroups iand iOccupation. iIn 

igeneral, iHCWs iare ifrequently iin icontact  iwith ihospital ienvironment  iindirectly ior idirectly,  

iS.aureus imay icolonize ithe iHCWs itransiently.  i iIn ithe ipresent  istudy, iHCWs ifrom iIPD iand  

iOPD iwere iisolated imaximum inumber iof inasal icolonization iof iStaphylococcus i[Figure  

i3.13] 

 Nasal icarriage iof iCoNS iis ian iimportant  iand icommon ireservoir iwith iincreased irisk  

iof icausing inosocomial iinfections iand iantibiotic iresistance. iEpidemiology iof iCoNS iin  

ihealthcare isetting iis imuch iless ithan ithe iS.aureus. iThe iprevalence iof iCoNS iin iHCWs iand  

iPatient  ivisitors iseen iin ithis istudy iwas i38% iand i20%. iS.epidermidis iwas ithe icommon 

ispecies iisolated ifollowed iby iS. ihaemolyticus, iS. isaprophyticus, iS. iwarneri, iS. ihominis, 

iS.hyicus iand iS.lugdunensis i[Table i3.3 iand i3.4]. iCoNS iprevalence iin inasal icarriage iin iour  

istudy iwas iless ias icompared ito  iS.aureus. iThis ifinding idiffers iin idifferent  istudies, ias  

iprevalence iof iCoNS idepends ion ithe iseveral ifactors ilike iOccupation, ihabits, ipersonal 

ihygiene ileading  ito  ivariations iin iits iprevalence irates. i 
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3.8 iConclusion:- i 

 Routine iscreening iof iStaphylococcus iin inasal icavity iamong ithe ihealthcare  

iworkers, ipatient  ivisitors iwill ihelp ito  iprevent  ithe ispread iof iStaphylococcal iinfection iand iits 

iantibiotic iresistance iin ihospital isettings. iIt  ialso  ihelps ito ireduce ithe ihospitalization,  

itreatment  icost  iof ipatient  iand iprevent  ithe iunwanted ihigh iantibiotic ipressure iin ihospitals. iIn 

iPresent  istudy, i62% iS.aureus iand  i38% iCoNS iwere iisolated iamong  ianterior inares iof 

iHCWs. i i i iAmong  iPatient  iVisitors i23% iS.aureus iand  i20% iCoNS iwere idetected. i iS.aureus iis 

ifrequent  icolonizer ithan iCoNS. i iMoreover, iHCWs icome idirectly ior iindirectly iin icontact  

iwith ihospital ienvironments iand  ipatients. iHence, ithe irate iof iisolation iis imore iin iHCWs 

ithan iPatient  ivisitors. i 

In ipresent  istudy, i43.75% iS.aureus iwere iisolated ifrom iclinical ispecimens imost  iof 

ithe iS.aureus iseen iin iWound iswabs i(20.85%). i iPresent  istudy imaximum inumber iof 

ispecimens iwas iwound iswab i(23.25%) ihence; ithe iisolation irate iis imore iin iwound iswabs. iIn  

igeneral iwound imay iget  icontaminate iHigh inumber iof iS.aureus iisolated iin ithis istudy ifrom 

iICUs iand iIPDs iand iage igroup iof iabove i60 iyears. i 

56.25% iof iclinical ispecimens iare iidentified ias iCoNS iamong ithese, iS.epidermidis 

i(25.77%) iare ihigher iprevalence ithan iothers. iS.epidermidis iand iS.haemolyticus iare 

ifrequently iseen iin imoist  isurface iof ithe ibody. iIn ithe ipresent  istudy, i54.22% iclinical 

ispecimens ifrom iCoNS iwere ifrom iICUs. iICUs ipatient  imay ihave imedical iimplant  idevices,  

idiabetes, isurgical isite  iinfections, iBurns, iLung iabscess. i iGood iknowledge ion ihospital 

iinfection ipractices iand iclinical ifollow iup iwill ihelp ito  ieliminate ithis ipathogen iand  

iminimize ithe ihorizontal itransfer iof iantibiotic iresistance ito  iother ipathogens. i 
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Detection iof iantibiotic iresistant iby iKirby iBauer idisc idiffusion imethod 

iand iMinimum iinhibitory iconcentration 

4.1 iIntroduction:  i- 

 Antimicrobial iresistance i(AMR) iis ia imajor iissue iin ithe iglobal ihealth isystem i

[1].
 

iAccording  ito  ithe iWorld iHealth iOrganization, iAMR iis icaused iby imicroorganism 

imutations, iwhich iresult  iin ithe iineffectiveness iof iantimicrobials, ithe ipersistence  iof 

iinfections iin ithe ihost  ibody, iand ian iincreased irisk iof itransmission iof iAMR ipathogens ito  

iothers i

[2]. iOne iof ithe ifollowing ifactors imay icontribute ito  ithe iemergence  iof iAMR. i

[3] 

 Over iuse iand iOver-prescription iof iAntimicrobials i 

 Use iof iantimicrobials  iin iAgriculture ilike icommercial iapplication iof 

iantimicrobials iin ianimal ifood iproduction i i 

 High iantibiotic  iselection ipressures iin ihospitals. i 

There iare i12  idrug-resistant  ibacteria ifamilies ithat  ipose ithe igreatest  ithreat  ito  ihuman ihealth.  

iAs ia iresult, iWHO icreated ithe iPriority iPathogen iList  i(PPL) ibased ion ia imulti-criteria  

idecision ianalysis i(MCDA). iPriority ipathogens iare iclassified ias icritical,  ihigh, ior imedium 

ipriority. iStaphylococcus iaureus iis ia ihigh ipriority ipathogen ithat  iis imethicillin-resistant, 

ivancomycin-intermediate, iand iresistant  i

[4]. i 

The iIndian iCouncil iof iMedical iResearch i(ICMR) ihas iestablished ia inetwork ifor 

iantimicrobial iresistance isurveillance iand iresearch i(ICMR-AMRSN). iAMRSN iprimarily 

ifocuses ion isix idrug iresistance ipathogens: iI iEnterobacteriaceae icausing isepsis, i(ii) iGram-

negative inon-fermenters, i(iii) iEnteric ifever ipathogens, i(iv) iDiarrhoeagenic ibacterial 

iorganisms, i(v) iGram-positives: iStaphylococci iand  iEnterococci, iand  i(vi)  iFungal 

ipathogens: iyeasts i(Candida iand iCryptococcus). i iAntibiotics iare iwidely iused iin iIndia iand  

iother ilow iand imiddle-income icountries i(LMICs).Monitoring iof iantibiotic iresistance iin  

iLMIC iis ivery idifficult  idue ito  ithe iunregulated isales iof iantimicrobials ii.e., iover  ithe icounter  

iwithout  iany iprescription iand iunwontedly, ilarge inumber iof iantibiotics ihas ibeen iused iin  

iveterinary isector ifor iincreasing  ithe imeat  iproduction i

[6]. i iTill idate, iresearch iand istudies ion 

iantimicrobial iresistance  iburden iin iLMICs iis ivery ilimited iand irestricted ihence ithe ipresent  

ichapter ifocuses ion ithe iantibiotic iresistance iof iisolated iStaphylococcus iamong ithe iclinical 

Chapter-4 
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ispecimens iand inasal icolonization iphenotypically iby iKirby-Bauer iDisc idiffusion imethod  

iand iMinimum iinhibitory iconcentration. i 

4.2 iMaterials iand iMethods: i- 

 Antibiotic iresistant  idetection iwas idone iby iusing iKirby-  iBauer iDisc iDiffusion 

iMethod iand iMinimal iinhibitory iconcentration iby iusing  ifollowing iantibiotics ias iper ithe 

iCLSI iguidelines i2020  i

[7] 

Table i4.1: iList iof iAntibiotic idiscs iused iin icurrent istudy i 

Sr. iNo Antibiotic idisc i(Hi-Media, iMumbai, iIndia) 

1 Cefoxitin i(30mcg) 

2 Chloramphenicol i(30 imcg) 

3 Ciprofloxacin i(5 imcg) 

4 Erythromycin i(15 imcg) 

5 Clindamycin i(2 i img) 

6 Co-trimoxazole i(25 imcg) 

7 Fusidic iacid i(10 imcg) 

8 Gentamicin i(10 imcg) 

9 Linezolid i(30 imcg) 

10 Tetracycline i(30 imcg) 

11 Mupirocin i(5 imcg) 

mcg- iMicrogram, iMg i–Milligram i 

4.3 iKirby iBauer iDisc iDiffusion iMethod i

[7]:- i 

 Using ia isterile iinoculation iloop, ifour ito ifive iuniform iisolated icolonies ifrom 

iClinical iSpecimens, iHCWs iand  iPatient  ivisitors i iof iStaphylococcus ifrom i24 ihour’s 

ibacterial iculture iplate iwere itouched iand itransferred iinto  itest  itube icontained i2 iml iof isterile  

isaline. i iSaline itube iwas imixed iproperly iwith ithe ihelp iof ivortex ito  icreate ia iuniform 

isuspension. iTurbidity iof ithe ibacterial isuspension iwas iadjusted ito  i0.5 iMcFarland  

istandards iby i0.5 iMcFarland icontrol itube. i 

 Sterile icotton iswab iwas iimmersed iinto  i0.5 iMcFarland iadjusted isuspension itube.  

iSwab iwas igently irotated iagainst  ithe iside iof ithe itest  itube i(above ithe ifluid ilevel)  iby igentle  

ipressure ito  iremove iexcess ifluid. iSwab iwas iinoculated ion ithe idried  isurface iof iMuller  
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iHinton iagar i(MHA) iby istreaking ithe iswabs i3  itimes iover ithe ientire iagar isurface. iThe iplate 

iwas irotated iapproximately i60  idegrees ieach itime ito  iensure ian iuniform idistribution iof ithe 

ibacterial iinoculum. i iSwab istick iwas idiscarded icarefully iin idiscarding ijar icontaining i5%  

isodium ihypochlorite isolution. i 

  i iPlates iwere iallowed ito  istand iat  iroom itemperature ifor i3 ito  i5 iminutes ifor ithe iagar  

isurface ito  idry. i iAfter i5  iminutes iantibiotic idiscs i(Hi-media, iTable  i4. i1) iwere idispensed iby 

iusing isterile  iforceps ion ithe iagar isurface icarefully. i iPlates iwere ikept  iat  i35ºC iin iambient  

iincubator ifor i16 ito  i18 ihours. i 

4.4 iMinimum iInhibitory iConcentration i

[8]:- 

A. Stock isolution ipreparation:- 

Stock isolution iof iantibiotics iwas iprepared iby iusing ifollowing iformula i 

 

 
1000

P
× V × C = W 

Where, iP i= ipotency iof iantibiotic  ipowder, igiven iby ithe imanufacturer i(µg/mg) 

 V= iVolume irequired i(mL) 

 C= iFinal iconcentration iof iantibiotic isolution i(multiplies iof i1000) i(mg/L) 

 W= iWeight  iof iantibiotic i(mg) ipowder ito  ibe idissolved iin ivolume iV i(mL) 

For iexample, i 

    

1000

980
× 20 × 10 = 204.8 𝑖𝑚𝑔 

204.08 img iof iantibiotic ipowder iwas idissolved iin i20ml iof isolvent  i= i10,000 img/L iof 

iantibiotic isolution i 

Further istock isolutions iwere iprepared ifrom iinitial i10,000 img/L iantibiotic isolution ias 

ifollows i 

 1mL iof i10,000mg/L iantibiotic  isolution i+ i9 imL iof idiluents i= i1000 img/L iof 

iantibiotic isolution i 

 100µL iof i10,000mg/L iantibiotic isolution i+ i9  imL iof idiluents= i100 img/L iof 

iantibiotic isolution i 
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B. Preparation iof iantibiotic idilution irange ias iper ithe iCLSI 

iguidelines i2020[7] 

 Dilution irange iwas iprepared ifrom i0.25 ito  i128 img/L i 

96 iwell iflat  ibottom imicrotitre iplate iwas ilabeled ias ifollows i128, i64, i32, i16, i8, 

i4,2,1,0.5,0.25 iand i0 img/L i 

From ithe i10,000 img/L istock isolution iof iantibiotic  iwas idispensed iinto  i96 iwell imicrotitre 

iplates ias ifollows i 

 i256 iµL iwas idispensed iinto  ithe iwell ilabeled i128 

128µL iwas idispensed  iinto  ithe iwell ilabeled i64 

64 iµL iwas idispensed iinto  ithe iwell ilabeled i32 

32µL iwas idispensed  iinto  ithe iwell ilabeled i16 i 

From ithe i1000 img/L istock isolution iof iantibiotic iwas idispensed iinto  i96 iwell imicrotitre 

iplates ias ifollows i 

16µL iwas idispensed  iinto  ithe iwell ilabeled i8 i 

8µL iwas idispensed  iinto  ithe iwell ilabeled i4 

4µL iwas idispensed  iinto  ithe iwell ilabeled i2 

From ithe i100 img/L istock isolution iof iantibiotic iwas idispensed iinto  i96 iwell imicrotitre 

iplates ias ifollows i 

2µL iwas idispensed  iinto  ithe iwell ilabeled i1 i 

1µL iwas idispensed  iinto  ithe iwell ilabeled i0.5 i 

0.5 iµL iwas idispensed iinto  ithe iwell ilabeled i0.25 i 

No  iantibiotic isolution iwas iadded iin ithe iwell ilabeled ias i0 img/L i(antibiotic ifree icontrol) i 

C. Preparation iof iInoculum 

3-4 icolonies iwith isimilar imorphology iwere igently itouched iby ia isterile iinoculation iloop 

iand itransferred ito  ia i2ml itest  itube icontaining isterile  iMuller iHinton iBroth. iSuspension 
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tube was gently mixed with the help of vortex to make a uniform microbial 

suspension. The suspension was adjusted to 0.5Mc Farland standard (107cfu/mL) with 

sterile distilled water. 75 µl of test organisms were dispensed to respective wells 

containing antibiotics.  

75 µl of test organism suspension was inoculated into the well containing no 

antibiotic solution act as organism control.  Plate lid was covered carefully and 

incubated at 35ºC for overnight.  

Table 4.2: Potency and Diluents of Vancomycin Hydrochloride 

Sr.No Antibiotic Powder  Potency (Given by 

Manufacturer) Hi-

Media  

Diluents  

1 Vancomycin Hydrochloride  ≥950 µg/mg  Autoclaved 

distilled water  
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4.5 Results:- 

 

 

Fig 4.1:- Antibiotic sensitivity Pattern of S.aureus among clinical 

isolates by Kirby Bauer-Diffusion Method (n=350)  

 

 

0 50 100 150 200 250 300 350 400

Cefoxitin (30mcg)

Chloramphenicol (30 mcg)

Ciprofloxacin (5 mcg)

Co-trimoxazole (25 mcg)

Fusidic acid (10 mcg)

Gentamicin (10 mcg)

Linezolid (30 mcg)

Tetracycline (30 mcg)

Mupirocin (5 mcg)

Cefoxitin
(30mcg)

Chloramp
henicol

(30 mcg)

Ciprofloxa
cin (5
mcg)

Co-
trimoxazo

le (25
mcg)

Fusidic
acid (10

mcg)

Gentamici
n (10
mcg)

Linezolid
(30 mcg)

Tetracycli
ne (30
mcg)

Mupirocin
(5 mcg)

Sensitive 190 238 259 288 309 276 341 141 301

Resistant 160 112 91 62 41 74 9 209 49

54.28% 

68% 

74% 

82.28% 

88.28% 

78.85% 

97.42% 

40.28% 

86% 
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Table 4.3:- Distribution of Antibiotic sensitivity pattern among clinical specimens of isolated S.aureus (n=350) 

Cx-Cefoxitin, C-Chloramphenicol, Cipro-Ciprofloxacin, Cot-Cot-Trimoxazole, Fus-Fusidic acid, Gen-Gentamicin, LZ-Linezolid, Tet-Tetracycline, Mup-Mupirocin 

Types 

of 

Clinical 

Specim

ens 

Cx  C  Cipro  Cot  Fus  Gen  LZ  Tet  Mup  

Ri Si Ri Ii Si Ri Si Ri Si Ri Si Ri Si Ri Si Ri Si Ri Si 

Pus 

Aspirat

ed 

(n=39) 

19 
(5.4%
) 

20 
(5.71
%) 

15 
(4.28
%) 

3 
(0.85
%) 

23 
(6.57
%) 

14 
(4%) 

25 
(7.14
%) 

07 
(2.00
%) 

32 
(9.14
%) 
 

4 
(1.14
%) 

35 
(10%) 

9 
(2.57
%) 

30 
(8.57
%) 

1 
(0.28
%) 

38 
(10.8
5%) 

22 
(6.28
%) 

17 
(4.85
%) 

35 
(10%) 

4 
(1.14
%) 
 

Pus/Wo

und 

Swab  

(n=73) 

38 
(10.85
%) 

35 
(10%
) 

20 
(5.71
%) 

1 
(0.28
%) 

42 
(12.0
0%) 

18 
(5.14
%) 

55 
(15.7
1%) 

15 
(4.28
%) 

58 
(16.5
7%) 

7 
(2.00
%) 

66 
(18.8
5%) 

17 
(4.85
%) 

56 
(16%) 

3 
(0.85
%) 

70 
(20%) 

35 
(10%) 

38 
(10.8
5% 

64 
(18.2
8% 

9 
(2.57
%) 

Urine  

(n=62) 

32 
(9.14
%) 

30 
(8.57
%) 

23 
(6.57
%) 

2 
(0.57
%) 

39 
(11.1
4%) 

17 
(4.85
%) 

45 
(12.8
5%) 

10 
(2.85
%) 

52 
(14.8
5%) 

9 
(2.57
%) 

53 
(15.1
4%) 

15 
(4.28
%) 

47 
(13.4
2%) 

2 
(0.57
%) 

60 
(17.1
4%) 

33 
(9.42
%) 

29 
(8.28
%) 

49 
(14%) 

13 
(3.71
%) 

Sputum 

 (n=57) 

28 
(8.00
%) 

29 
(8.28
%) 

19 
(5.42
%) 

3 
(0.85
%) 

38 
(10.8
5%) 

14 
(4%) 

43 
(12.2
8%) 

09 
(2.57
%) 

48 
(13.7
1%) 

6 
(1.71
%) 

51 
(14.5
7%) 

12 
(3.42
%) 

45 
(12.8
5%) 

2 
(0.57
%) 

55 
(15.7
1%) 

36 
(10.2
8%) 

21 
(6%) 

48 
(13.7
1%) 

9 
(2.57
%) 

ET 

Secretio

n 

(n=42) 

15 
(4.28
%) 

27 
(7.71
%) 

13 
(3.71
%) 

1 
(0.28
%) 

29 
(8.28
%) 

11 
(3.14
%) 

31 
(8.85
%) 

08 
(2.28
%) 

34 
(9.71
%) 

7 
(2.00
%) 

35 
(10%) 

08 
(2.28
%) 

34 
(9.71
%) 

1 
(0.28
%) 

41 
(11.7
1%) 

25 
(7.14
%) 

17 
(4.85
%) 

36 
(10.2
8% 

6 
(1.71
%) 

Blood 

culture 

(n=38) 

09 
(2.57
%) 

29 
(8.28
%) 

07 
(2.00
%) 

1 
(0.28
%) 

31 
(8.85
%) 

07 
(2.00
%) 

31 
(31.8
5%) 

07 
(2.00
%) 

31 
(8.85
%) 

3 
(0.85
%) 

35 
(10%) 

05 
(1.42
%) 

33 
(9.42
%) 

- 38 
(10.8
5%) 

29 
(8.28
%) 

09 
(2.57
%) 

35 
(10%) 

3 
(0.85
%) 

Cathete

r tips 

(n=13) 

7 
(2.00
%) 

6 
(1.71
%) 

4 
(1.14
%) 

-- 9 
(2.57
%) 

04 
(1.14
%) 

9 
(2.57
%) 

02 
(0.57
%) 

11 
(3.14
%) 

1 
(0.28
%) 

12 
(3.42
%) 

02 
(0.57
%) 

11 
(3.14
%) 

- 13 
(3.71
%) 

9 
(2.57
%) 

04 
(1.14
%) 

12 
(3.42
%) 

1 
(0.28
%) 

Sterile 

fluids 

(n=26) 

12 
3.42% 

14 
4% 

09 
2.57
% 

1 
0.28
% 

17 
4.85
% 

06 
1.71
% 

20 
5.71
% 

04 
1.14
% 

22 
6.28
% 

4 
1.14
% 

22 
6.28
% 

6 
1.71
% 

20 
5.71
% 

- 26 
7.42
% 

20 
5.71
% 

06 
1.71
% 

22 
6.28
% 

4 
1.14
% 

Total 160 

45.71

% 

190 

54.2

8% 

110 

31.4

2% 

12 

3.42

% 

228 

65.14

% 

91 

26% 

259 

74% 

62 

17.7

1% 

288 

82.28

% 

41 

11.7

1% 

309 

88.28

% 

74 

21.1

4% 

276 

78.85

% 

9 

2.57

% 

341 

97.42

% 

209 

59.71

% 

141 

40.28

% 

301 

86% 

49 

14% 
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Table 4.4 Distribution of Antibiotic sensitivity pattern from isolated 

S.aureus among Health care workers (n=92) 

Sr. No Antibiotics Resistant Intermediate Sensitive 

1 Cefoxitin 
 

25 (27.17%) 
-- 

 

67 (72.82%) 

2 Chloramphenicol 
 

7 (7.60%) 

7 

(7.60%) 

 

78 (84.78%) 

3 Ciprofloxacin 
 

4 (4.34%) 

5 

(5.43%) 

 

83 (90.21%) 

4 Co-trimoxazole 
 

7 (7.60%) 

3 

(3.26%) 

 

82 (89.13%) 

5 Fusidic acid 
 

4 (4.34%) 
-- 

 

88 (95.65%) 

6 Gentamicin 5 (5.43%) 
3 

(3.26%) 

 

84 (91.30%) 

7 Linezolid 
 

-- 
-- 

 

92 (100%) 

8 Tetracycline 
 

8 (8.69%) 

4 

(4.34%) 

 

80 (86.95%) 

9 Mupirocin 3 (3.26%) - 
 

89 (96.73%) 

 

27.17% isolates showed resistant to Cefoxitin i.e., MRSA and Linezolid showed 

100% sensitive  
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Table 4.5 Distribution of Antibiotic sensitivity pattern from isolated S.aureus 

among Patient visitors 

Sr. 

No 

Antibiotics In-Patient Visitors (n=51) Out-Patient Visitors (n=41) 

Ri Ii Si Ri Ii Si 

1 Cefoxitin 14 

(27.45%) 

-- 37 

(72.54%) 

12 

(29.26%) 

-- 29 

(70.73%) 

2 Chloramphenicol 4 

(7.84%) 

4 

(7.84%) 

43 

(84.31%) 

4 

(9.75%) 

2 

(4.87%) 

35 

(85.36%) 

3 Ciprofloxacin 3 

(5.88%) 

5 

(9.80%) 

43 

(84.31%) 

2 

(4.87%) 

1 38 

(92.68%) 

4 Co-trimoxazole 4 

(7.84%) 

1 

(1.96%) 

46 

(90.19%) 

2 

(4.87%) 

3 

(7.31%) 

36 

(87.80%) 

5 Fusidic acid 2 

(3.92%) 

-- 49 

(96.07%) 

1 

(2.43%) 

-- 40 

(97.56%) 

6 Gentamicin 5 

(9.80%) 

3 

(5.88%) 

43 

(84.31%) 

2 

(2.43%) 

1 

(2.43%) 

38 

(92.68%) 

7 Linezolid -- -- 51 

(100%) 

-- 

 

-- 41 

(100%) 

8 Tetracycline 7 

(13.72%) 

5 

(9.80%) 

39 

(76.47%) 

6 

(14.63%) 

1 

(2.43%) 

34 

(82.92%) 

9 Mupirocin 2 

(3.92%) 

-- 49 

(96.07%) 

2 

(4.87%) 

-- 39 

(95.12%) 

 

In –Patient visitors and Out-Patient visitors showed more or less same resistance 

pattern. 
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D-test (Erythromycin induced clindamycin resistant) from isolated S.aureus among clinical isolates:-  

15 μg Erythromycin and 2 μg clindamycin discs (HiMedia) were placed on Mueller–Hinton plate that had been inoculated with a staphylococcal 

isolate to detect inducible Clindamycin resistance. The antibiotic discs were kept at a distance of 15–20 mm edge to edge from each other. Plates 

were incubated overnight at 37 °C [9]  

Table 4.6: - D-test Prevalence from isolated S.aureus among clinical isolates 

 Healthcare Workers (n=92) In-Patient Visitors (n=51)
 

Out-Patient Visitors (n=41) Clinical specimens (n=350) 

 D-

test 

MLS

Bi 

C-

MLS

B 

MS E-

S/C-S 

D-test 

MLS

Bi 

C-

MLS

B 

MS E-

S/C-S 

D-test 

MLS

Bi 

C-

MLS

B 

MS E-

S/C-S 

D-test 

MLS

Bi 

C-

MLS

B 

MS E-

S/C-S 

S.aur

eus 

9 

(9.78

%) 

12 

(13.04

%) 

14 

(15.21

%) 

38 

57 

(61.95

%) 

7 

(13.72

%) 

8 

(15.68

%) 

11 

(21.56

%) 

25 

(49.01

%) 

5 

(12.19

%) 

8 

(19.51

%) 

11 

(26.82

%) 

17 

(41.46

%) 

67 

(19.14

%) 

48 

(13.71

%) 

71 

(20.28

%) 

164 

(46.85

%) 

C-MLSB: Constitutive MLSB, C-S,E-S: Clindamycin sensitive and Erythromycin sensitive  

A positive D test resulted in flattening of the zone of inhibition surrounding the Clindamycin disc proximal to the Erythromycin disc (D shaped 

zone of inhibition) and was defined as inducible MLSBi (Macrolid, Lincosamide, Streptomycin B inducible) resistance.  

Constitutive MLSB resistance was defined as isolates that were i resistant i toi bothi Erythromycini andi Clindamycini. 

The MS phenotype consisted ofi isolatesi that were resistant to Erythromycin but sensitive to Clindamycin. 
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Table 4.7: Distribution of antibiotic sensitivity pattern among Clinical isolates of isolated CoNS (n=450) 

 Cx Chloram Cipro Cot-tri Fus Gen LZ Tet Mup 
 Ri Si Ri Si Ii Ri Si Ii Ri Si iI Ri Si iR Si Ii Ri Si Ri Si Ii Ri Si 
S.epiderm

idis 

(n=116) 

44 
37.9
3% 

72 
62.0
6% 

29 
25% 

85 
73.27
% 

2 
1.7
2% 

14 
12.0
6% 

98 
84.4
8% 

4 
3.4
4% 

42 
36.2
0% 

68 
58.6
2% 

6 
5.1
7% 

24 
20.6
8% 

92 
79.31
% 

16 
13.7
9% 

98 
84.4
8% 

2 
1.7
2% 

5 
(4.31
%) 

111 
95.6
8% 

61 
(52.5
8%) 

50 
43.1
0% 

5 
4.3
1% 

12 
10.3
4% 

104 
89.6
5% 

S.haemoly

ticus 

(n=92) 

29 
31.5
2% 

63 
68.4
7% 

19 
20.6
5% 

63 
68.47
% 

4 
4.3
4% 

23 
25% 

65 
70.6
5% 

4 
4.3
4% 

20 
21.7
3% 

72 
78.2
6% 

- 29 
31.5
2% 

63 
68.47
% 

21 
22.8
2% 

68 
73.9
1% 

3 
3.2
6% 

- 92 
100
% 

39 
42.39
% 

45 
48.9
1% 

8 
8.6
9% 

16 
17.3
9% 

76 
82.6
0% 

S.saproph

yticus 

(n=81) 

9 
11.1
1% 

72 
88.8
8% 

8 
9.87
% 

70 
86.41
% 

3 
3.7
0% 

12 
14.8
1% 

68 
83.9
5% 

1 
1.2
3% 

11 
13.5
8% 

70 
86.4
1% 

- Intrinsic 
Resistant 

11 
13.5
8% 

68 
83.9
5% 

2 
2.4
6% 

- 81 
100
% 

24 
29.62
% 

50 
61.7
2% 

7 
8.6
4% 

6 
7.40
% 

75 
92.5
9% 

S.warneri 

(n=40) 

2 
5% 

38 
95% 

6 
15% 

32 
80% 

2 
5% 

4 
10% 

36 
90% 

- 6 
15% 

33 
82.5
% 

1 
2.5
% 

5 
12.5
% 

35 
87.5% 

3 
7.5
% 

37 
92.5
% 

- - 40 
100
% 

7 
17.5
% 

32 
80% 

1 
2.5
% 

1 
2.5
% 

39 
97.5
% 

S.hominis 

(n=34) 

1 

2.94
% 

33 

97.0
5% 

2 

5.88
% 

32 

94.11
% 

- - 34 

100
% 

- 1 

2.94
% 

33 

97.0
5% 

- 2 

5.88
% 

32 

94.11
% 

2 

5.88
% 

32 

94.1
1% 

- - 34 

100
% 

3 

8.82
% 

30 

88.2
3% 
 

1 

2.9
4% 

- 34 

100
% 

S.simulan

s (n=28) 

1 
3.57
% 

27 
96.4
2% 

1 
3.57
% 

26 
92.85
%% 

1 
3.5
7% 

- 28 
100
% 

- 1 
3.57
% 

27 
96.4
2% 

- 2 
7.14
% 

26 
92.85
% 

- 28 
100
% 

- - 28 
100
% 

2 
7.14
% 

26 
92.8
5% 

- - 28 
100
% 

S.schleifer

i (n=24) 

1 
4.16
% 

23 
95.8
3% 

1 
4.16
% 

23 
95.83
% 

- - 24 
100
% 

- 2 
8.33
% 

22 
91.6
6% 

- 2 
8.33
% 

22 
91.66
%% 

2 
8.33
% 

22 
91.6
6% 

- - 24 
100
% 

3 
12.5
% 

20 
83.3
3% 

1 
4.1
6% 

- 24 
100
% 

S.hyicus  

(n=21) 

- 21 
100
% 

3 
14.2
8% 

17 
80.95
% 

1 
4.7
6% 

1 
4.76
% 

20 
95.2
3% 

- - 21 
100
% 

- 3 
14.2
8% 

18 
85.71
% 

1 
4.76
% 

20 
95.2
3% 

- - 21 
100
% 

2 
9.52
% 

18 
85.7
1% 

1 
4.7
6% 

- 21 
100
% 

S.capitis  

(n=14) 

1 
7.14
% 

13 
92.8
5% 

1 
7.14
% 

13 
92.85
% 

- - 14 
100
% 

- - 14 
100
% 

- 1 
7.14
% 

13 
92.85
% 

- 14 
100
% 

- - 14 
100
% 

2 
14.28
% 

12 
85.7
1% 

- 2 
14.2
8% 

12 
85.7
1% 

Total 88 

19.5
5% 

362 

80.4
4% 

70 

15.5
5% 

367 

81.55
% 

13 

2.8
8% 

54 

12% 

387 

86% 

9 

2% 

83 

18.4
4% 

260 

57.7
7% 

7 

1.5
5% 

68 

15.1
1% 

301 

66.88
% 

56 

12.4
4% 

387 

86% 

7 

1.5
5% 

5 

1.11
% 

445 

98.8
8% 

143 

31.77
% 

283 

62.8
8% 

24 

5.3
3% 

37 

8.22
% 

413 

91.7
7% 
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Table 4.8:- Distribution of antibiotic sensitivity pattern of isolated CoNS among Healthcare workers(n=56) 

 Cx Chloram Cipro Cot-tri Fus Gen LZ Tet Mup 

 R

i 

Si Ri Si I

i 

Ri Si I

i 

R

i 

Si I

i 

Ri Si Ri Si I

i 

R

i 

Si Ri Si Ii R

i 

Si 

S.epiderm

idis 

(n=20) 

- 20 

(35.7

1%) 

5 

(8.92

%) 

15 

(26.7

8%) 

- 2 

(3.57

%) 

18 

(32.1

4%) 

- - 20 

(35.7

1%) 

- 3 

(5.35

%) 

17 

(30.3

5%) 

2 

(3.57

%) 

18 

(32.1

4%) 

- - 20 

(35.7

1%) 

5 

(8.92

%) 

14 

(25%

) 

1 

(1.78

%) 

- 20 

(35.7

1%) 

S.haemol

yticus 

(n=14) 

- 14 

(25%

) 

2 

(3.57

%) 

12 

(21.4

2%) 

- - 14 

(25%

) 

- - 14 

(25%

) 

- 1 

(1.78

%) 

13 

(23.2

1%) 

1 

(1.78

%) 

13 

(23.2

1%) 

- - 14 

(25%

) 

3 

(5.35

%) 

11 

(19.6

4%) 

- - 14 

(25%

) 

S.saproph

yticus 

(n=8) 

- 8 

(14.2

8%) 

- 8 

(14.2

8%) 

- 1 

(1.78

%) 

7 

(12.5

%) 

- - 8 

(14.2

8%) 

- IR - 8 

(14.2

8%) 

- - 8 

(14.2

8%) 

1 

(1.78

%) 

7 

(12.5

%) 

- - 8 

(14.2

8%) 

S.warneri 

(n=6) 

- 6 

(10.7

1%) 

1 

(1.78

%) 

5 

(8.92

%) 

- - 6 

(10.7

1%) 

- - 6 

(10.7

1%) 

- 1 

(1.78

%) 

5 

(8.92

%) 

1 

(1.78

%) 

5 

(8.92

%) 

- - 6 

(10.7

1%) 

1 

(1.78

%) 

4 

(7.14

%) 

1 

(1.78

%) 

- 6 

(10.7

1%) 

S.hominis 

(n=5) 

- 5 

(8.92

%) 

1 

(1.78

%) 

4 

(7.14

%) 

- - 5 

(8.92

%) 

- - 5 

(8.92

%) 

- - 5 

(8.92

%) 

- 5 

(8.92

%) 

- - 5 

(8.92

%) 

2 

(3.57

%) 

3 

(5.35

%) 

- - 5 

(8.92

%) 

S.hyicus 

(n=3) 

- 3 

(5.35

%) 

- 3 

(5.35

%) 

- - 3 

(5.35

%) 

- - 3 

(5.35

%) 

- - 3 

(5.35

%) 

- 3 

(5.35

%) 

- - 3 

(5.35

%) 

- 3 

(5.35

%) 

- - 3 

(5.35

%) 

Total - 56 

(100

%) 

9 

(16.0

7%) 

47 

(83.9

2%) 

- 3 

(5.35

%) 

53 

(94.6

4%) 

- - 56 

(100

%) 

- 5 

(8.92

%) 

43 

(76.7

8%) 

4 

(7.14

%) 

52 

92.85

%) 

- - 56 

(100

%) 

12 

(21.4

2%) 

42 

(75%

) 

2 

(3.57

%) 

- 56 

(100

%) 
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Table 4.9:-Distribution of antibiotic sensitivity pattern of isolated CoNS among visitors 

 Cx Chloram Cipro Cot-tri Fus Gen LZ Tet Mup 

 Ri Si Ri Si Ii Ri Si Ii Ri Si I

i 

Ri Si Ri Si Ii R

i 

Si Ri Si Ii Ri Si 

S.epider

midis 

(n=24) 

3 

(3.75

%) 

21 

(26.2

5%) 

4 

(5.0

0%) 

18 

(22.5

%) 

2 

(2.5

%) 

3 

(3.7

5%) 

20 

(25%

) 

1 

(1.2

5%) 

4 

(5.0

0%) 

20 

(25%

) 

- 5 

(6.2

5%) 

19 

(23.7

5%) 

3 

(3.7

5%) 

21 

(26.2

5%) 

- - 24 

(30%

) 

7 

(8.75

%) 

16 

(20%

) 

1 

(1.2

5%) 

2 

(2.5

%) 

22 

(27.5

%) 

S.haemol

yticus 

(n=22) 

1 

(1.25

%%) 

21 

(26.2

5%) 

2 

(2.5

%) 

19 

(23.7

5%) 

1 

(1.2

5%) 

1 

(1.2

5%) 

21 

(26.2

5%) 

- 2 

(2.5

%) 

19 

(23.7

5%) 

- 2 

(2.5

%) 

20 

(25%

) 

2 

(2.5

%) 

19 

(23.7

5%) 

1 

(1.2

5%) 

- 22 

(27.5

%) 

4 

(5.00

%) 

17 

(21.2

5%) 

1 

(1.2

5%) 

1 

(1.2

5%) 

21 

(26.2

5%) 

S.saprop

hyticus 

(n=15) 

2 

(2.5%

) 

13 

(16.2

5%) 

3 

(3.7

5%) 

12 

(15%

) 

- 2 

(2.5

%) 

13 

(16.2

5%) 

- 1 

(1.2

5%) 

14 

(17.5

%) 

- IR - 15 

(18.7

5%) 

- - 15 

(18.7

5%) 

5 

(6.25

%) 

10 

(12.5

%) 

- - 15 

(18.7

5%) 

S.warner

i (n=10) 

- 10 

(12.5

%) 

1 

(1.2

5%) 

9 

(11.2

5%) 

- - 10 

(12.5

%) 

- - 10 

(12.5

%) 

- - 10 

(12.5

%) 

- 9 

(11.2

5%) 

1 

(1.2

5%) 

- 10 

(12.5

%) 

3 

(3.75

%) 

7 

(8.75

%) 

- - 10 

(12.5

%) 

S.homini

s (n=5) 

- 5 

(6.25

%) 

- 5 

(6.25

%) 

- - 5 

(6.25

%) 

- - 5 

(6.25

%) 

- - 5 

(6.25

%) 

- 5 

(6.25

%) 

- - 5 

(6.25

%) 

2 

(2.5

%) 

3 

(3.75

%) 

- - 5 

(6.25

%) 

S.lugdun

ensis 

(n=4) 

- 4 

(5.00

%) 

- 4 

(5.00

%) 

- - 4 

(5.00

%) 

- - 4 

(5.00

%) 

- - 4 

(5.00

%) 

- 4 

(5.00

%) 

- - 4 

(5.00

%) 

- 4 

(5.00

%) 

- - 4 

5.00

%) 

Total 6 

(7.5%

) 

74 

(92.5

%) 

10 

(12.

5%) 

67 

(83.7

5%) 

3 

(3.7

5%) 

6 

(7.5

%) 

73 

(91.2

5%) 

1 

(1.2

5%) 

7 

(8.7

5%) 

72 

(90.0

0%) 

- 7 

(8.7

5%) 

58 

(72.5

%) 

5 

(6.2

5%) 

73 

(91.2

5%) 

2 

(2.5

%) 

- 80 

(100

%) 

21 

(26.2

5%) 

57 

(71.2

5%) 

2 

(2.5

%) 

3 

(3.7

5%) 

77 

(96.2

5%) 
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Table 4.10: - D-test (Erythromycin induced Clindamycin resistance) from isolated CoNS:- 

Healthcare workers (n=56) In-Patient Visitors (n=39) Out-patient visitors (n=41) Clinical specimens (n-450) 

D-

test 

MLS

Bi 

C-

MLS

B 

MS E-

S/C-S 

D-

test 

MLS

Bi 

C-

MLSB 

MS E-

S/C-S 

D-test 

MLSB

i 

C-

MLS

B 

MS E-

S/C-S 

D-

test 

MLS

Bi 

C-

MLSB 

MS E-

S/C-S 

4 

(7.14

%) 

7 

(12.5

%) 

11 

(19.64

%) 

34 

(60.71

%) 

2 

(5.12

%) 

4 

(70.25

%) 

8 

(20.51

%) 

25 

(64.10

%) 

5 

(12.19

%) 

3 

(7.31

%) 

12 

(29.26

%) 

21 

(51.21

%) 

37 

(8.22

%) 

64 

(14.22

%) 

77 

(17.11

%) 

272 

(60.44

%) 

 

C-MLSB: Constitutive MLSB, C-S,E-S: Clindamycin sensitive and Erythromycin sensitive  

A positive D test resulted in flattening of the zone of inhibition surrounding the Clindamycin disc proximal to the Erythromycin disc (D shaped 

zone of inhibition) and was defined as inducible MLSBi (Macrolid, Lincosamide, Streptomycin B inducible) resistance.  

Constitutive MLSB resistance was defined as isolates that werei resistant i toi bothi Erythromycini andi Clindamycini. 

Thei MS phenotype consisted ofi isolatesi that were resistant to Erythromycin but sensitive to Clindamycin. 
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Minimum Inhibitory Concentration (MIC) of Vancomycin:-  

Disc diffusion method does not distinguish Vancomycin susceptibility of S.aureus from 

Vancomycin-Intermediate isolates, nor does the test differentiate between Vancomycin 

Intermediate, Resistant and susceptible of staphylococcal spp other than S.aureus,  all 

of which give similar zone of inhibition [CLSI Guidelines 2020].  

Table 4. 11:-Vancomycin Minimum Inhibitory Concentration (MIC) of S.aureus 

 Sensitive Intermediate  Resistant  

MIC 

(µg/mL) 

0.5 1 2 4 8 > 16 

 

HCWS  

(n=92) 

7 

(7.60%) 

16 

(17.39%) 

54 

(58.69%) 

6 

(6.52%) 

4 

(4.34%) 

5 

(5.43%) 

In-Patient 

Visitors 

(n=51) 

3 

(5.88%) 

12 

(23.52%) 

18 

(35.29%) 

7 

(13.72%) 

5 

(9.80%) 

6 

(11.76%) 

Out-

Patient 

visitors 

(n=41) 

1 

(2.43%) 

8 (19.51%) 19 

(46.34%) 

6 

(14.63%) 

3 

(7.31%) 

4 

(9.75%) 

Clinical 

specimens 

(n=350) 

47 

(13.42%) 

74(21.14%) 175(50%) 11 

(3.14%) 

16 

(4.57%) 

27 

(7.71%) 
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 Clinical Specimens In-Patient Visitors Out-Patient visitors Healthcare Workers 

 S I R S I R S I R S I R 

 ≤ 3 4 8 16 > 32 ≤ 3 4 8 16 > 32 ≤ 3 4 8 16 > 32 ≤ 3 4 8 16 > 

3

2 

S.epider
midis 

34 
7.55
% 

62 
13.77% 

2 
0.44
% 

4 
0.88% 

4 
0.88% 

2 
5.13% 

7 
17.95

% 

- 1 
2.56
% 

1 
2.56
% 

3 
7.31
% 

9 
19.51% 

- 1 
2.44
% 

- 6 
10.71

% 

14 
25% 

- - - 

S.haemo
lyticus 

35 
7.77
% 

54 
12.00% 

2 
0.44
% 

5 
1.11% 

2 
0.44% 

1 
2.56% 

9 
23.07

% 

- - 2 
5.13
% 

1 
2.44
% 

7 
17.07% 

- 1 
2.44
% 

1 
2.44
% 

3 
5.35% 

10 
17.85% 

- 1 
1.78
% 

- 

S.saprop
hyticus 

36 
8.00
% 

43 
9.55% 

- 2 
0.44% 

- 1 
2.56% 

6 
15.38

% 

- - - - 8 
19.51% 

- - - - 7 
12.5% 

- 1 
1.78
% 

- 

S.warner

i 

15 

3.33
% 

23 

55.11% 

- 1 

0.22% 

1 

0.22% 

- 4 

10.25
% 

- - - - 5 

12.20% 

- - - - 6 

10.71% 

- 1 

1.78
% 

- 

S.homini
s 

4 
0.88
% 

29 
6.44% 

- - 1 
0.22% 

- 3 
7.69 

- - - - 2 
4.88% 

- - - - 4 
7.14% 

- - - 

S.simula
ns 

7 
1.55

% 

19 
4.22% 

- - 2 
0.44% 

- - - - - - - - - - - - - - - 

S.schleif
eri 

3 
0.66
% 

20 
4.44% 

- - 1 
0.22% 

- - - - - - - - - - - - - - - 

S.hyicus 3 
0.66
% 

16 
3.55% 

- 1 
0.22% 

1 
0.22% 

- - - - - - - - - - - 3 
5.35% 

- -  

S.capitis 6 
1.33
% 

11 
2.4% 

- 1 
0.22% 

- - - - - - - - - - - - - - - - 

S.lugdun
ensis 

- - - - - - 2 
5.13
% 

- - - - 2 
2.44% 

- - - - - - - - 

Total  143 

(31.7

7%) 

277(61.

55%) 

4(0.8

8%) 

14(3.

11%) 

12(2.

66%) 

4(10.

25%) 

31 

(79.4

8%) 

- 1(2.5

6%) 

3(7.6

9%) 

4(9.7

5%) 

32(78.

04%) 

- 2(7.3

1%) 

3(2.4

3%) 

9(16.

07%) 

44(78.

57%) 

- 3 

(5.3

5%) 

- 

Table 4.12 :-Vancomycin Minimum Inhibitory Concentration (MIC) of CoNS 
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Fig 4.2 Antibiotic Susceptibility testing by Kirby Bauer 

Disc Diffusion method 

Fig 4.3 D-test (Erythromycin Induced Clindamycin Resistance) 
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4.6 Discussion:- 

 S.aureus icauses ivariety iof iinfections iand idevelops iresistance iamong 

ivarious itypes iof iantibiotics iand ilimits ithe itherapeutic ioptions i[10]. i iIn ithe 

ipresent istudy, iwe ifound imore iresistance ito iTetracycline i(59.71%) ifollowed iby 

iothers iamong ithe iclinical iisolates iof iS.aureus. i i 

The iprevalence irate iof iMRSA iamong ithe iclinical iisolates iin ithe ipresent 

istudy iwas i45.71% iamong ithe iclinical iisolates. i iResult iof iour istudy iis iin 

icontrast iwith istudies iconducted iby iSweta iShah iet ial i2021[11], ifrom iMumbai 

ishowed i33.6% iof iMRSA iamong ivarious iclinical ispecimens, iKaur iet ial i2019[12] 

ifrom iPunjab iwho ishowed ihighest iprevalence irate iof iMRSA i(51.2%). i iRate iof 

iMRSA iis inot iuniform iand iit ihas imore ivariation iamong ithe iclinical iisolates iof 

iS.aureus. iPrevalence irate iof iMRSA ivaries ifrom idifferent iparts iof iIndia iranging 

ifrom i30-85% i(Lowy iet ial)[13]. iMRSA irate iin iour istudy iis imore ior iless isimilar 

ito iother icountries, i55.9% iTaiwan, i54.8% iChina, i41.9% iPakistan, i41% iJapan, 

i[13]. iFactors iresponsible ifor ivariations iof iMRSA irates iamong ithe iclinical 

isamples ifrom istudies imay ibe idue ito idifferent igeographical ilocations, isample 

isize ivariations; itype iof istudy, ispecimen itype’s imethod iused ifor ianalysis, 

iantibiotic ipolicies iof ihospital, iinfection icontrol ipractices i[14]. iIn ipresent istudy, 

imaximum iof iMRSA iwere iisolated ifrom ipus ior iwound iswabs i(23.75%) 

ifollowed iby iurine i(20%) iand isputum i(17.5%) ispecimen. iThis imay ibe ibecause; 

iS.aureus icauses imost iof ithe iskin iinfections, irespiratory itract iinfections, 

Fig 4.4 Micro broth dilution method of Minimum Inhibitory 

Concentration of Vancomycin 
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isepticemia iand iurinary itract iinfections. iThis iis icomparable iwith istudies 

iconducted iby iKulshrestha iA iet ial i2017[15] iand iPradeep iKumar iet ial i2021[16] i 

Vancomycin iand iLinezolid iantibiotics ishould ibe iused ijudiciously iin 

iMRSA icases iand ishould ibe ipreserved ifor ifuture iuse. iLinezolid iis ia imajor 

iantimicrobial iagent itargeted iagainst iS.aureus iinfection. iLinezolid iresistance ihas 

ibeen iincreasing isteadily isince ithe ifirst icase iidentified i[17]. iLinezolid iresistance 

iin iEurope iis iless ithan i2% iwhereas iin iIndia, iLinezolid iresistance ihas ibeen 

ireported iranging ifrom i2-20% i[18]. iIn ipresent istudy ithe irate iof iLinezolid 

iresistance iwas i2.57% iamong iclinical ispecimens. iThe imaximum inumber iof 

iLinezolid iresistance iwas iobserved iin ipus iswab/wound iswab ispecimen i(0.85%). 

i 

Wide ispread iuse iof iVancomycin iin iclinical ipractice ileads ito idecrease iin 

ithe isusceptibility iof iVancomycin. iDisc idiffusion itest ifor iVancomycin 

isusceptibility iis inot ia ireliable imethod ias iper iCLSI iguidelines i2020, ihence ithe 

ipresent istudy idetection iof ivancomycin isusceptibility iby iusing ibroth idilution 

imethod i(Minimum iInhibitory iConcentration)[7]. iIn ipresent istudy, iwe iobserved 

ithat i7.71% iof iS.aureus iisolates ifrom iclinical ispecimens ishowed iresistance ito 

iVancomycin iwith iMIC ivalue iof i≥ i16 iµg/mL iand i7.71% iof iS.aureus iisolates 

ishowed iintermediate iresistance. i iLower iprevalence irates iof iVRSA iwere 

idetected iin iother ideveloping icountries. iHowever, ithey iused ithe iKirby-Bauer 

idisk idiffusion imethod, iwhich iindicates ithat ithe iactual iprevalence irate iis inot 

iaccurate. i iGohniem iet ial. i2014[19] ishowed ihigher iresistance irate iof iVRSA iand 

iVISA i(20.68% iVISA iand i20.68% iVRSA) iwhich iindicates ithat iresistance irates 

iare iincreasing. iHowever, iAmr iet ial. i2017[20] ishowed ilower iincidence i(8.8%) iof 

iVRSA iamong iclinical iisolates. iThis idifference iis iprobably idue ito ithe iantibiotic 

ipolicies iin ihospitals, igeographical ilocations, iuse iof iantibiotic iin iother isectors 

iwithout iany iprior iknowledge iabout iresistance ietc. i 

Clindamycin iis ia idrug iof ichoice ifor ithe itreatment iof iskin iand isoft itissue 

iinfections icaused iby iMRSA iand iMSSA. iIn iaddition, iclindamycin ican ibe iused 

ifor iPenicillin iallergic ipatients i[21]. iOveruse iof ithis iantibiotic ileads ito idecrease 

iin ithe iefficacy iof idrug. iIn ithe ipresent istudy, iwe ishowed i13.17% iClindamycin 

iresistance iamong ithe iclinical isamples. iThis iis icomparable ito iother istudies 
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iconducted iby iSebnem iEbru iet ial i2017[22] iand iVan iet ial i2011 i[23] iwho ishowed 

iprevalence irate iof iClindamycin i6.2% iand i11.1% iamong iClinical ispecimens. 

iMaximum inumber iof iClindamycin iresistance iwas iseen iin iwound iswab 

i(39.58%) ifollowed iby iothers. iThis imight ibe idue ito ithe iover iuse iof 

iClindamycin iin iskin iand isoft itissue iinfection iand itransferable iof iresistance 

ifactor ito iother isusceptible iS.aureus. i 

Erythromycin iresistance iis imostly irelated iwith iClindamycin iresistance. 

iDetection iof iinducible iMacrolid iLincosamide iStreptrogram iB i(iMLSB) 

iresistance iphenotype iin iroutine itests iis idifficult iand iisolates ishows iClindamycin 

isensitive iand iErythromycin iresistance iin ilaboratories iin ivitro i[24]. iThis ifalse 

iidentification iof iClindamycin isusceptibility iin iiMLSB iisolates ileads ito itreatment 

ifailure. iIn iour istudy i67 i(19.14%) iisolates iamong ithe i350 iisolates iof iS.aureus 

ifrom iclinical ispecimens ishowed iiMLSB iphenotype iand ithis iis icomparable ito 

iother istudies iconducted iby iAddhikeri iet ial i2017[25], iMohapatra iTM iet ial i2009 

i[26], iGade iet ial i2013 i[27] ifound i11.48%, i18.2% iand i24.3%. iThese iwide 

ivariations imay ibe idue ito ithe ihigher iconsumption iof iLincosamide iantibiotics 

iand igeographical ivariation iof iS.aureus iclones icirculation iin iparticular iregion. 

iStrains ithat iare iresistant ito iboth iErythromycin iand iClindamycin iare igenerally 

itermed ias icMLSB i(Constitutive iMacrolid iLincosamide iStreptogram iB). iThe 

iincidence iof icMLSB iphenotypes iis ivaries ifrom iother istudies. iWe idetected 

i13.71% iof icMLSB iamong ithe ivarious iclinical ispecimens. iThe iPresent istudy 

irevealed ithat iInducible iresistance iof iMacrolides iwas imore i(19.14%) icompared 

ito iConstitutive iresistance i(13.71%). i iThis iis iin icontrast ito ia istudy iconducted 

iby iKishk iet ial i2020[9] iwho ifound iConstitutive iresistance iis ihigher ithan ithe 

iinducible iresistance i(38.6% iand i13.6%). i iThis idiscrepancy ibetween iother 

istudies iis idue ito ithe idifference iin ibacterial isusceptibility iand imethod iof 

ianalysis ito idetect iresistance iphenotypically. i 

Fusidic iacid iand iMupirocin iare itopical iantibiotics iused ito itreat 

iStaphylococcal iskin iinfections icaused iby iMRSA istrains i[28]. iAs ithese iantibiotics 

iare iincreasingly iused ito itreat iskin iinfections, iresistant istrains iof iS.aureus 

iemerge iand ispread. iIn ithe ipresent istudy, iwe ishowed iresistance irate iof iFusidic 

iacid iand iMupirocin iwas i11.71% iand i14%. i iEbru iSebnem iet ial i2017[27] ifound 

ithe iFusidic iacid iresistance irate i12.4% iamong ithe iclinical isamples, iwhich iis 
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icomparable ito iour istudy. i iAbdulgader iet ial i2020[29] ifound iMupirocin iresistance 

i12% iamong iclinical ispecimens iof iS.aureus. iMaximum inumber iof iFusidic iacid 

iand iMupirocin iresistance iwas idetected iin iPus ior iWound iswab i[Table] ifollowed 

iby iother iclinical ispecimens. i iIncreasing iresistance irate iof iMupirocin imight ibe 

ithe iusage iof iMupirocin iand iFusidic iacid ias ia itopical iagent imore iin iskin 

iinfection iand iover ithe icounter iof iantibiotics. i i 

 Resistance irate iof iGentamicin iamong ithe iclinical ispecimens iof iS.aureus 

ishowed i21.45% iof iresistance irate iin ipresent istudy iit iis ilower ithan ithe istudy 

iconducted iby iDueran iet ial i2012[30] iwho ifound iresistance irate i38.1% iand ihigher 

ithan ithe istudy iconducted iby iCalik iet ial i2015[31] iwho ifound ithe iresistance irate 

iof iGentamicin i6.4%. iCo-trimoxazole ishowed i17.71% iresistance irate iin iour 

istudy iamong ithe iclinical ispecimens iof iS.aureus iout iof i350 iisolates. iOzalkp 

iand iBaybek iet ial i[32] ifound ithe irate iof iCo-trimoxazole iresistance iamong ithe 

iclinically iisolated iS.aureus iwas i29.8% iand iAydin iet ial ishowed i15.8% i[33]. i 

iChloramphenicol iand iCiprofloxacin ishowed iresistance irate iin ipresent istudy iwas 

i32% iand i26%. iAydin iet ial i[33] ishowed irate iof iCiprofloxacin iresistance iwas 

i7.3%. i iTetracycline iresistance irate iwas ifound ihigher i(40.28%) ias icompared ito 

iother iantibiotics iin ipresent istudy. iThis imight ibe idue ito ioveruse iof itetracycline 

iantibiotics iin ianimals iand ibirds ifor iprophylaxis, itreatment iand igrowth 

ipromoters iwithout iany iprecautionary. iTetracycline iresistant ideterminants ifrom 

ianimal ihandler imay ibe itransferred ito iothers. iApart ifrom ithese, iover iand imisuse 

iof iTetracycline iantibiotics iin ihospitals imay ibe ithe ireason. i 

 Screening iof inasal icarriage iof iStaphylococci iand iits iantibiotic iresistance 

iis ia ifundamental ipractice iin inosocomial iinfection icontrol ipractices i[34]. 

iEradication iof inasal icolonization iof iStaphylococci iwill ireduces ithe iinfection 

irates iin ipatient. iIn ipresent istudy, iout iof i92 iS.aureus ifrom ihealth icare iworkers, 

icarriage irate iof iMRSA iwas i21.17%. iPrevalence iof iMRSA iamong ithe 

ihealthcare iworkers iis ifound ito ibe ivariable iamong ithe idifferent icountries 

iranging ifrom i0.4% iin iSweden i[35], i48.4% iin iBelgium i[35]. iIn iIndia, iNipa iSingh 

iet ial i2018 i[36] iin iOdhisa ifound i7.5% iamong iHCWs. iGopala iKrishanan iet ial 

i[37] ifrom iChennai iwho ifound i40% iMRSA iamong iHCWs. iThese ivariations iof 

iMRSA iprevalence iis idue ito ithe iuse iof iantibiotic idisc ifor idetection iof iMRSA, 

igeographical ilocations, iinfection icontrol ipractices iin ihospital, ipoor ihygiene ietc. 
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 Mupirocin iis ian iimportant iantibiotic iin ieradication iof iMRSA ifrom ithe 

inasal icarriage iand iother ibody isites icolonization. iIncreasing ithe iMupirocin 

iresistance iis imajor iconcern iin ipublic ihealth i[38]. i iIn iour istudy, i3.26% iof 

iMupirocin iresistance iwas idetected iamong i92 iS.aureus iisolated ifrom iHCWs. 

i100% iwere isensitive ito iLinezolid iantibiotic. i iNone iof ithe iisolates idetected 

iLinezolid iresistance iamong iHCWs iin iour istudy. i4.34% iof iS.aureus iisolates 

iamong iHCWs idetected iFusidic iacid iand iCiprofloxacin iresistance iin ithis istudy. 

i5.43% iresistance iwas iobserved iin iVancomycin iand iGentamicin. iIn ithe ipresent 

istudy, i8.69% iof iTetracycline iresistance ifollowed iby i7.60% iof iCo-trimoxazole 

iresistance iwas ifound iamong iHWs. iWe idetected i23.91% iS.aureus iisolates 

iresistance ito iCefoxitin ii.e., iMRSA. iVarying idegree iof iantibiotic iresistance 

itowards idifferent iantibiotics iamong iS.aureus iof iHCWs imay ibe idue ito ithe 

ispontaneous imutation iin iplasmid ichromosome, ihigh iselective ipressure iof 

iantibiotics iin ihospitals iand iconstant iexposure iof iHCWs ito iinfected ipatients i[39]. 

iiMLSB iresistance, icMLSB iresistance iof ierythromycin iwas iobserved i9.78% iand 

i13.04%. iConstitutive iresistance iwas imore ithan ithe iinducible iresistance iin ithis 

istudy. iThis iindicates ithat iErythromycin iinduces iresistance ito iClindamycin. i 

 Antibiotic iresistance iof iS.aureus iamong ipatients ivisitors iare icategorized 

iinto iin-patient ivisitors iand iout-patient ivisitors. iOut-patient ivisitors ishowed imore 

iresistance itowards iCefoxitin i(29.26%) ii.e. iMRSA, iTetracycline i(14.63%), 

iChloramphenicol i(9.75%), iVancomycin i(11.76%) iand iMupirocin i(4.87%) ithan 

iIn-patient ivisitors. iNone iof iisolates iboth iIn iand iOut-patient ivisitors idetected 

iany iLinezolid iresistance iamong iS.aureus. iIn-patient ivisitors ishowed imore 

iresistance iagainst iCiprofloxacin i(5.88%), iCo-trimoxazole i(7.84%), iFusidic iacid 

i(3.92%) iand iGentamicin i(9.80%). iPatient ivisitors ican itransfer iantibiotic 

iresistance ibacteria ifrom icommunity isetting ito ihospitals. iThis ileads ito iproblems 

iin iimmunocompromised ipatients iand ipatients ihaving iany iunderlying idiseased 

icondition. iScreening iof iS.aureus iin inasal icarriage iand iits iantibiotic iprofile 

iamong iHCWs iand iIn-Patient ivisitors iis ia ifundamental ihospital iinfection icontrol 

ipractice. i 

 MRSA iis icommonly iresistant ito ibeta-lactum iantibiotics iincluding 

iPenicillin, iCarbapenem, iand iCephalosporin. iThe isusceptibility iof iMRSA iisolates 

iin ipresent istudy ishowed i5.65% iLinezolid iresistance iamong iclinical ispecimens 
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iand i100% isensitive iamong iHCWs, iand iPatient ivisitors. i21.42% iVancomycin 

iresistance iwas iobserved iin iIn-patient ivisitors, ifollowed iby iout-patient ivisitors 

i(16.66%), iHCWs i(8%) iand iClinical iisolates i(5%). i iMupirocin iis ia itopical 

iantibiotic iwhich ican ibe iused ias ialternative ifor iMRSA iisolates. iIn iPresent 

istudy, i16.55% iMupirocin iresistance iseen iin iout-patient ivisitors ifollowed iby 

iHCWs i(8%), iIn-patient ivisitors i(7.14%) iand iclinical iisolates i(5.65%). iFusidic 

iacid iresistance iwas iobserved imore iin iHCWs i(16%) ithan iother igroups. iOther 

iantibiotics ishowed ibelow i20% irate iof iresistance iagainst iMRSA iisolates. iThis 

iis icomparable istudy iconducted iby iAila iNAE iet ial i2017 i[40]. i 

 Coagulase inegative iStaphylococcus i(CoNS) iis icommensal iflora iof iskin 

iand imucosa iwhich isame ithe isame iecological iniche iin ianterior inares iof ihuman 

ibegins iwith iS.aureus iand iother ibacteria. iCoNS ican iexchange ithe iresistance 

igenes iby ihorizontal igene itransfer imethod iand iCoNS ihave ibeen iidentified ias 

isource iof iantibiotic iresistance iand ireservoir ito itransfer iantibiotic iresistance 

iacross ithe ientire ifamily iof iStaphylococcaceae. i iIn ipresent istudy, i19.55% 

iMRCoNS iwas idetected iamong iclinical iisolates. iOut iof i88 iMRCoNS, ihighest 

irate iof iMRCoNS iwas iobserved iin iS.epidermidis i(50%) ifollowed iby 

iS.haemolyticus i(32.95%). iS.hyicus idid inot idetect iany iMethicillin iresistance. iThe 

iprevalence iof iMRCoNS iis ivariable ifrom iother istudies iranging ifrom istudies iby 

iSateesh iK iet ial i2017[41] ifrom iMangalore iwho ifound i37%, iAbinaya iet ial i2019 

ifrom iChennai i[42] iwho ifound i26% iMRCoNS iamong iClinical ispecimens. iHigher 

iincidence iof iMRCoNS iis ia icommon iproblem inowadays. iMethicillin iresistant iin 

iStaphylococci iwill imake iit inecessary ito iuse imore iglycopeptides iantibiotics 

iespecially iVancomycin iand iTeicoplanin ifor ithe iserious iStaphylococcal iinfection. 

iIn imost iof ithe istudies, iS.epidermidis iis ifrequently iisolated ibacteria iamong 

iCoNS iin ithe iclinical iisolates ithan iothers ihence, ithe irate iof iMethicillin 

iresistance iis imore iin iS.epidermidis iamong iCoNS. i5 i(1.11%) iisolates iof 

iS.epidermidis ishowed iresistance ito iLinezolid iamong ithe iclinical iisolates iin 

ipresent istudies. iOther iclinically iisolated iCoNS ishowed i100% isensitivity. 

iVancomycin iresistance idetected ionly i2.66%. i iAmong ithese, i33.33% iof 

iVancomycin iresistance iwas iseen iin iS.epidemidis, i16.66% iin iS.haemolyticus iand 

iS.simulans, i8.33% iin iS.warneri, iS.hominis, iS.schleiferi iand iS.hyicus. i8.22% iof 

iCoNS idetected iresistance ito iMupirocin iamong ithese, i43.24% iof iresistance iseen 
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iin iS.haemolyticus, i32.43% iin iS.epidermidis, i16.21% iin iS.saprophyticus, i5.40% 

iin iS.capitis iand i2.70% iin iS.warneri. i31.77% ishowed iresistance ito iTetracycline, 

i12.4% iin iGentamicin, i18.44% iin iCo-trimoxazole, i12% iin iCiprofloxacin15.11% 

iin iFusidic iacid iand i15.33% iin iChloramphenicol iwere iobserved. iDevelopment 

iof iantibiotic iresistance iamong iCoNS imay ibe idue ito ithe iselection iof ipre-

existent iresistant istrain iunder ihigh iantibiotic ipressure ior ifrom iexogenous 

iacquisition. i i60.44% iCoNS iamong ithe iclinical ispecimens ishowed isensitivity ito 

iboth iErythromycin iand iClindamycin, i8.22% iisolates iwere iiMLSB, iand i14.22% 

iwere icMLSB iresistance. iMethicillin iresistance iis ia imultidrug iresistance iand 

ishowed iresistance ito iboth ibeta-lactum iand inon-beta-lactum iantibiotics. iAmong 

i88 i(19.55%) iMRCoNS iin ipresent istudy ifrom ithe iclinical iisolates, i25% 

iMRCoNS ishowed iresistance ito iLinezolid, i13.63% iin iChloramphenicol, i11.63% 

iin iCiprofloxacin, i10.22% iin iCo-trimoxazole, iVancomycin, i9.09% iin iFusidic 

iacid iand iTetracycline, i4.54% iin iErythromycin iand iClindamycin, i2.27% iin 

iGentamicin. i 

Nasal icolonization iof iCoNS iis ilinked ito ian iincreased irisk iof inosocomial 

iinfection. iIn iaddition, itransfer iof iantibiotic iresistance igenes iamong ithe 

iStaphylococceae ifamily ithis ileads ito idevelopment iof iunnecessary iantimicrobial 

iresistance. iHCWs imay icarry iopportunistic iCoNS iin itheir ianterior inares ithey 

ican iacts ias ipotential ivector ito itransfer ithese iopportunistic ipathogen ito ipatients 

iwho iare iin iunderlying icondition iand ialso itransfer ithe iantibiotic iresistance iin 

ihospitalized ipathogens i[34]. iThis imay ibecome isevere iwith ihigh irate iof 

imorbidity iand imortality. iIn ipresent istudy, iwe idetected i100% isensitivity ito 

iCefoxitin i(i.e., iMSSA), iVancomycin, iLinezolid iand iMupirocin iantibiotics 

iamong ithe iisolated iCoNS iof iHCWs. i i21.42% iresistance iwas idetected iin 

iTetracycline, i16.07% iresistance iin iChloramphenicol, i8.92% iin iFusidic iacid, 

i7.14% iin iGentamicin iand i5.35% iin iciprofloxacin. iIn iD-test, i7.14% iof iisolates 

idetected iiMLSB, i12.5% iin icMLSB iand i60.71% iisolates iwere isensitive ito 

iErythromycin iand iClindamycin ifrom iCoNS iamong ithe iHCWs. i i 

 Screening iof iCoNS iin icommunity isettings iis ia iground ilevel 

iSurvillanence ito imonitor ithe iAMR i(Antimicrobial iResistance). iAMR iis ia irisk 

ifactor ias ia iopportunistic ipathogens iin iimmunocompromised ipatients iwhen isuch 

ibacteria ienter iinto ihospitals. iAMR isurveillance ioutside ithe ihospital isector iis 
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ineeded ito ireduce ithe iunnecessary icomplications. i7.5% iisolates ishowed 

iMethicillin iresistance ii.e., iMR-CoNS iamong ipatient ivisitors. iVancomycin 

iresistance iwas idetected ionly iin i7.5% iand ino iresistance iwas idetected iin 

iLinezolid. i3.75 i% iisolates idetected iresistance ito iMupirocin, i8.75% ito iFusidic 

iacid, i6.25% ito iGentamicin, i8.25% ito iCo-trimoxazole, i12.5% ito 

iChloramphenicol, i7.5% iin iCiprofloxacin, iand i26.25% iin itetracycline. i8.74% 

ishowed iiMLSB iand icMLSB iresistance iin iD-test i57.5% iisolates ishowed 

isensitivity ito iErythromycin iand iClindamycin iamong ipatient ivisitors iof iCoNS iin 

ipresent istudy. iAmong i7.5% iMR-CoNS, i50% iwere iresistant iin iMupirocin iand 

iVancomycin iamong ipatient ivisitors iof iCoNS. 

4.7 Conclusions:-  

 In the present study, we concluded that clinical isolate showed maximum 

resistance to antibiotics than HCWs and Patient visitors. However, Screening of 

uncommon CoNS among clinical specimens and nasal cavity of HCWs, Patients 

visitors and its antibiotic resistance has raised major concerns. In present study, we did 

not detect Linezolid resistance among Nasal colonization of HCWs and Patient visitors. 

Vancomycin resistance was detected more in S.aureus than CoNS and indicates that 

CoNS have less exposure to Vancomycin antibiotics. Screening of nasal colonization 

is an important nosocomial infection control practice and it willi helpi toi preventi thei 

spreadi ofi unwanted nosocomial infection andi its antimicrobial resistance in hospitals 

settings.  
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Prevalence of mecA gene and its associated Staphylococcus Cassette Chromosome 

mec (SCCmec) among clinical isolates, Nasal carriage of healthcare workers and 

Patient visitors 

5.1 Introduction:- 

Methicillin is a semi-synthetic antibiotic, introduced clinical use for the treatment of 

Penicillin resistant bacterial infection in 1960.  Methicillin showed resistance to 

Staphylococcus aureus in 1961 and called as MRSA (Methicillin Resistance S.aureus)[1].  

Methicillin resistance staphylococcus is major pathogens in hospital as well as community 

setting. It  ishows iresistance ito  iall iβ-lactum iantibiotics iexcept  inewer igenerations iof 

iCephalosporin’s i(Ceftobiprole iand iCeftaroline)[2,3]. iPenicillin iBinding iProtein i(PBP), iis ia 

imembrane iassociated imacromolecular iprotein iwhich iplays ian iimportant  ifunction iduring icell 

iwall isynthesis iprocess. iAntibiotic iinactivation iis icaused iby ithe imodification iof iPBP ito  iPBP2a 

iwhich ileads ito  ilow iaffinity iof ibinding  iβ-lactum iantibiotics ito  ithe ibacterial icell iwall[4].  

iMethicillin iresistance iis iinfluenced  iby imecA igene i(2.1 ikb) iwhich iis ifound  ion ithe 

iStaphylococcus iCassette iChromosome imec i(SCCmec) iand iincorporated iinto  ichromosome  

iof iMethicillin iresistant  iStaphylococcus. i 

SCCmec iis ia imobile igenetic ielement, isituated inear ithe iorigin iof ireplication i(orf) iof ithe  

iStaphylococcus ichromosome iand iit  iis iincorporated iat  iattB iinsertion isite. i iSCCmec icarries 

imec igene icomplex iand ithe igenes iwhich iis iresponsible ito  icontrol iits iexpression inamely i

[5], i 

1. mecR1- iit  iencodes ithe isignal itransduce iprotein i 

2. mecI- iencodes ithe irepressor iprotein iand iacts ian icarrier iprotein ito  iexchange ithe  

igenetic iconstituents ibetween iStaphylococcus ispecies[5]. i 

SCCmec icomplex icontains ithree ibasic ielements inamely,  i1. iCcr  icomplex iplays ia imajor irole iof 

iaccurate iintegration iand  iexcision iof iinserting  imultidrug iresistance  iand iheavy imetal 

iresistance igenes, i2. imec igene icomplex iand i3. iJoining i(J) iregion 

Based  ion ithe inature iof ithe imec igene iand iccr icomplexes, iSCCmec iare iclassified iinto  i13 itypes 

i(types iI ithrough iXIII). iSCCmec itypes iI itoV iare iwidely idistributed iglobally. i

[6]. i iType iI, iIV, iV, 

iVI iresponsible ifor iβ-lactum iantibiotic iresistance i

[7]. iType iII iand iIII icontains imulti idrug 

iresistance iproperties iand iit  iis icarried ion iintegrated iplasmids ipUB110, ipI258, ipT181, 

iTransposons i554 i(Tn554). iPlasmid ipUB110 icodes ifor iKanamycin, iTobramycin iand  

Chapter-5 
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iBleomycin iresistance  igenes. iPlasmid ipI258 icodes ifor iPenicillin iand iheavy imetal iresistance,  

iplasmid i ipT181 icodes iTetracycline iresistance iand iTransposon iTn554 iencodes i(carry iermA) 

ifor iMacrolid, iLincosamide iand iStreptogramin i(MLS) iresistance igenes[7]. i 

i CoNS iact  ias ia ireservoir iof iSCCmec ibased ion ithe ievidence ithat  itransfers ithe iSCCmec  

ielements iby itransfer iof igene ifrom iCoNS ito  iS.aureus ivia iconjugation iprocess. iHowever, ithe 

iorigin iof iSCCmec iis istill iunknown. i iSCCmec  iI, iII iand iIII iare iwidely idistributed iand iobserved  

iamong iS.epidermidis ispecies i

[8]. i 

Based  ion ithe iepidemiological irisk ifactors, iMRSA iis iclassified iinto  i2  itypes inamely, i1. iHospital 

iacquired iMRSA i(HA-MRSA) iand i2. iCommunity iacquired iMRSA i(CA-MRSA). i iCA-

MRSA iare isensitive ito  inon-β-lactam iantibiotics, iwhereas, iHA-MRSA iare iresistant  ito  imost  iof 

ithe iβ-lactum iantibiotics. i iCA-MRSA iare iassociated iwith iskin iand isoft  itissue iinfections,  

inecrotizing ipneumonia iand isevere isepsis. iHA-MRSA iis ifrequently iassociated iwith 

ipneumonia, iblood istream iinfections iand iinvasive iinfections. i iCA-MRSA ivaries ifrom iHA-

MRSA iby idistinct  igenotypes, icarrying ipvl igene iand iother ienterotoxin igenes. iHA-MRSA ihas  

ilarge iSCCmec iI, iII, iand iIII igenes, iwhich iare iresponsible ifor iresistance ito  iother inon ibeta-

lactam iantibiotics. iCA-MRSA icarries iSCCmec iIV iand iV iwhich iare ismaller iin isize iand inot  

ihaving iany iother iresistance igenes ias ipreviously idescribed i

[10]. iIn ithis ichapter, iwe istudy ithe 

idissemination iof imecA igene iand iits iassociated iSCCmec itypes iamong iclinical iisolates iand  

inasal icolonization iof iStaphylococcus ispecies iand ievaluate ithe iSCCmec ityping ias ia itool ito 

idifferentiate iCA-MRSA iand iHA-MRSA. I 

 

5.2 iiMethodology:- ii 

i5.3 iiDNA iiExtraction:- 
i 

Boiling iilysis iiMethod ii

[9]:- ii 

A iipure iiculture iiof iiStaphylococci iiisolates ii(4-5 iidiscrete iicolonies) iiwas iitransferred iiinto  ii1.5 iimL  

iiof iiBrain iiheart  iiinfusion iibroth ii(Hi-media, iiMumbai,  iiIndia) iiand  iitubes iiwere iiincubated iiat  ii37 ii° iic 

iifor ii24 iihours. ii500µl iiof iibacterial iisuspension ii iiwas iitransferred iiafter ii2houres iiof iiincubation ii iito  iia 

ii2mL iimicro  iicentrifuge iitube iicontaining ii500µl iiof iinuclease iifree iiwater. 

The ibacterial isuspension iin ithe itube iwas iheated iat  i100 i° ic ifor i10 iminutes iusing ia ithermal imixer  

i(Applied iBiosystem), ifollowed  iby i icentrifuged iat  i6000 irpm ifor i10 iminutes. iThe iobtained  
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isupernatant  iserved ias ia itemplate iDNA. iThe itube icontain iDNA i i iwas istored iin ia ideep ifreezer i(-

20oC) ifor ifuture iuse.. 

5.4 iDetection iof imecA, ifemA iand ipvl igene: 

mecA igene iwas idetected iby iconventional imultiplex iPCR imethod i(Bio-Rad iCFX i100). i iThe 

ifollowing iPCR icycling  iconditions iand  iprimers i(Primers ipurchased ifrom iSyngene iPvt  iLtd) 

iwere iused iin ithis istudy 

 

Table i5.1 iPrimers ifor imecA, ifemA iand ipvl igene 

 

 

Table i5.2 iCycling iCondition iof imecA, ifemA iand ipvl igene 

Gene MecA i/fem iA/pvl 

Initial idenaturation 94ᵒC i120 iS 

Denaturation 94ᵒC i45 iS 

Annealing 55ᵒC i i30 iS 

Extension 72ᵒC i45 iS 

No. iof iCycles 35 

Final iExtension 72ᵒC i i i120 iS 

 

  

Gene Sequence Size i 

i(bp) 

References 

mecA F: i5’-TGCTATCCACC iCTCAAACAGG-3’ 

R: i5’-AACGTTGTAAC iCACCCCAAGA-3’ 

286  

 

11 femA F: i5’ i– iAAAAAAGCAC iATAACAAGCG i– i3’ 

R: i5’ i– iGATAAAGAAGA iAACCAGCAG  i– i3’ 

132 

pvl F:5’–ATCATTAGGTAAAAT 

iGTCTGGACATGATCCA–3’ 

R: i5’–  iGCATCAASTGTATT  iGGATAGCAAAAGC– 

i3’ 

441 
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5.5 iDetection iof iSCC iMec ityping:- 

SCC imec itypes i(I ito  iV) iwere idetected iby imultiplex iPCR[11] 

 

Table i5.3 iPrimers ifor iSCCmec itypes i(I ito iV) 

Target Sequence Size 

SCCmec itype iI 5’GCTTTAAAGAGTGTCGTTACAGG i3’ 

3’ iGTTCTCTCATAGTATGACGTCC  i i5’ 

613 ibp 

SCCmec itype iII 5’ iCGTTGAAGATGATGAAGCG  i3’ 

3’ iCGAAATCAATGGTTAATGGACC i5’ 

389 ibp 

SCCmec itype iIII 5’ iCCATATTGTGTACGATGCG i3’ 

3’ iCCTTAGTTGTCGTAACAGATCG i5’ 

280 ibp 

SCCmec itype iIVa 5’GCCTTATTCGAAGAAACCG i3’ 

3’CTACTCTTCTGAAAAGCGTCG i5’ 

776 ibp 

SCCmec itype iIVb 5’ iTCTGGAATTACTTCAGCTGC i3’ 

3’ iAAACAATATTGCTCTCCCTC i5’ 

493 ibp 

SCCmec itype iIVc 5’ iACAATATTTGTATTATCGGAGAGC i3’ 

3’ iTTGGTATGAGGTATTGCTGG i5’ 

200 ibp 

SCCmec itype iIVd 5’CTCAAAATACGGACCCCAATACA i3’ 

3’ iTGCTCCAGTAATTGCTAAAG i5’ 

881 ibp 

SCCmec itype iV 5’ iGAACATTGTTACTTAAATGAGCG i3’ 

3’ iTGAAAGTTGTACCCTTGACACC i5’ 

325 ibp 

 

Table i5.4 iCycling iCondition ifor iSCCmec i(types iIto iV) 

Steps Temperature iand iTime Cycle 
Initial iDenaturation 94ºC ifor i45 is 

 

Denaturation 94ºC ifor i45 is 10 iCycles 

Annealing 65ºC ifor i45 is 

Extension 72ºC ifor i90 is 

Denaturation 94ºC ifor i45 is 25 icycles 

Annealing 55ºC ifor i45 is 

Extension 72ºC ifor i120 is 

Final i iExtension 72ºC ifor i10 imins 
 

Hold 4 iºC 
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5.6 iResults:- 

Total iof i200 inasal iswabs ifrom iHealthcare  iworkers iand i400 inasal iswabs ifrom iPatient  ivisitors 

iwere icollected. iOf ithese, i184 iS.aureus iand i134  iCoNS i iwere iisolated. 

200 iswabs iwere icollected ifrom iin-patient  ivisitors, iparticularly ithose iwho  ivisited  

iIPDs, iand i200 iswabs iwere icollected ifrom ioutpatient  ivisitors iwho  icame iwith ipatients. 

iDistribution iof iStaphylococci iis ishown iin itable i5.5 

Table i5.5 iDistribution iof iS.aureus 
 

S.aureus CONS 

In-patient  ivisitors i(n=200) 51 i(27.71%) 39 i(29.10%) 

Out-patient  ivisitors i(n=200) 41 i(22.28%) 41(30.59%) 

Health icare iworkers i(n=200) 92 i(50%) 56(41.79%) 

Clinical iSpecimens i(n=1800) 350 i(43.75%) 450 i(56.25%) 

Total 534 586 

 

Methicillin iresistant iS.aureus i(MRSA):- 

211 i(39.51%) iisolates idetected iMethicillin iResistant  iS.aureus i(MRSA). iAmong  ithese,  

iClinical iisolates ishowed imaximum iMRSA iprevalence  ii.e., i160  iisolates i(45.71%) ifollowed  

iby iothers i[Table i6]. i ifemA igene iwas idetected iin iall iMRSA iisolates. 

Table i5.6 iDistribution iof iMRSA 
 

MRSA MSSA 

Out i-Patient iVisitors 12(29.26%) 29 i(70.37%) 

In- iPatient iVisitors 14 i(27.45%) 37 i(72.54%) 

Health iCare iWorkers 25 i(27.17%) 67 i(72.82%) 

Clinical ispecimens 160 i(45.71%) 190 i(54.28%) 

Total 211 i(39.51%) 323 i(60.48%) 

 

Panton-valentine ileukocidin i(PVL) igene iwas itested iagainst  ithe iMRSA iisolates. iOut  iof i211  

i(39.51%) i iMRSA iisolates, ipvl igene idetected i98 i(46.44%) iS.aureus iisolates. iOf ithese, iClinical 

iisolates ishowed imore iprevalence irate i(35.07%) ifollowed iby iHealthcare iworkers i(5.21%), 

iOut-Patient  ivisitors i(3.31%) iand iIn-patient  ivisitors i(2.84%). i i[Table i5.7] i53.55% iisolated  

iMRSA iisolates idid inot  idetected ipvl igene. 
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Table i5.7 iDistribution iof iPvl igene iagainst iMRSA iisolates 
 

Pvl igene idetected Pvl igene iNot idetected 

Out i-Patient iVisitors 7(3.31%) 5 i(2.36%) 

In- iPatient iVisitors 6 i(2.84%) 8 i(3.79%) 

Health iCare iWorkers 11 i(5.21%) 14 i(6.63%) 

Clinical ispecimens 74 i(35.07%) 86 i(40.75%) 

Total 98 i(46.44%) 113 i(53.55%) 

Diversity iof iStaphylococcal iCassette iChromosome imec i(SCCmec) ielements iamong 

iMRSA: 

SCCmec iwas ifound iin i73 iMRSA iisolates i(SCCmec iTypes iI ito  iV), i iSCCmec itype iIII i iwas i imost  

icommon i(20.76 i%) iin ipresent  istudy ifollowed iby iSCCmec itypes iIV, iII, iI, iand iV. iThree iisolates 

icould inot  ibe ityped.. i[Table  i5.8] 
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Table i5.8 iDiversity iof iStaphylococcal iCassette iChromosome imec i(SCCmec) ielements iamong iMRSA: 

 

Out-patient iVisitors i 

i(n=12) 
In-Patient iVisitors i(n=14) 

Heath icare iworkers 

i(n=25) 

Clinical iisolates 

( in=160) 

 

 

 

Total 
Pvl inegative i 

iisolates 

Pvl 

ipositive 

isolates 

Pvl inegative i 

iisolates 

Pvl 

ipositive 

isolates 

Pvl inegative i 

iisolates 

Pvl 

ipositive 

isolates 

Pvl 

inegative 

isolates 

Pvl ipositive i 

iisolates 

SCCmec itype iI 3 i(25%) - 3(21.42%) - 5(20%) - 24(15%) - 34 

SCCmec itype 

iII 
- 

- 
2(14.28%) 

- 
3(12%) 

- 
19(11.87%) 

- 23 

SCCmec itype 

iIII 
2(16.66%) 

- 
1(7.14%) 

- 
4(16%) 

- 28(17.5%) - 31 

SCCmec itype 

iIVa 
- 

2(16.66%) 
- 

2(14.28%) 
- - - 12(7.5%) 16 

SCCmec itype 
iIVb 

- 
- 

- 
1(7.14%) 

- 
3(12%) 

1(0.62%) 11(6.87%) 16 

SCCmec itype 
iIVc 

- 
1(8.33%) 

- - - 
1(4%) 

- 3(1.87%) 5 

SCCmec itype 

iIVd 
- 

- 
- - - 

1(4%) 
- 6(3.75%) 7 

SCCmec itype 

iV 
- 

3(25%) 
- 

2(14.28%) 
- 

4(16%) 
- 26(16.25%) 35 

SCCmec itype 

iV+ iI 
- 

1(8.33%) 
- - 

1(4%) 
- 2(1.25%) 4(2.5%) 8 

SCCmec itype 
iIII+ iII 

- - 1(7.14%) - - - 1(0.62%) 3(1.87%) 5 

SCCmec itype 

iIII+ iIV 
- - - - 1(4%) 1(4%) 3(1.87%) 2(1.25%) 7 

Non itypeable - - - -  
1(4%) 

 
3(1.87%) 5(3.12%) 9 

Total 
5 

(41.66%) 

7 

(58.33%) 

6 

(57.14%) 

6 

(42.83%) 
14 

(56%) 

11 

(44%) 

86 

(53.75%) 

74 

(46.25%) 

211 
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Total i450 i(56.25%) iCoNS iwere iisolated ifrom iclinical ispecimens. iTotal iof i600 ianterior inasal iswabs iwere icollected ifrom iHealthcare 

iworkers iand iPatient  ivisitors. iAmong i ithese, i56 i(38%) i iwere iCONS ifrom iHealthcare iWorkers, i i22.67% iof iCoNS ifrom iIn-Patient  

iVisitors iand i23.83% iof iCoNS ifrom iOut-Patient  iVisitors i[Chapter i3, iTable i3.4].

 

Fig i5.4 iDistribution iof iCoagulase inegative iStaphylococci i(CoNS) 

 

Clinical Samlpes HCWs In-Patient Visitors Out-Patient Visitors

Isolated CoNS 450 56 39 41

Total Staphylococci 800 148 90 82
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Table i5.9 iDistribution iof iMRCoNS:- 

 MRCoNS MSCoNS 

Clinical iSpecimens i(n=450) 88 i(19.55%) 362 i(80.44%) 

HCWs i(n=56) - 56 i(100%) 

In-Patient  iVisitors i i(n=90) 3 i(3.33%) 87 i(96.66%) 

Out-Patient  iVisitors i i(n=92) 3 i(3.26%) 89 i(96.73%) 

 

19.55% iMRCoNS iwas ishown iamong iclinical ispecimens ifollowed iby i3.33% iMRCoNS iwas 

iisolated iamong iIn-Patient  iVisitors iand i3.26% iMRCoNS ifrom iOut-Patient  iVisitors. i iCoNS 

iisolated ifrom iHCWs iwere ishown isensitive ito  iCefoxitin iantibiotic ii.e., iMethicillin iSensitive 

iCoNS. 

Table i5.10 iDistribution iof iPvl igene iagainst iisolated iMRCoNS 

 pvl idetected iMRCoNS pvl inot idetected iMRCoNS 

Clinical iSpecimens i(n=88) 14(15.90%) 74 i(84.10%) 

In-Patient  iVisitors i i(n=3) 3 i(100%) -- 

Out-Patient  iVisitors i i(n=3) 1 i(33.33%) 2 i(66.66%) 

 

Table i5.11 iDistribution iof ipvl ipositive iMRCoNS ispecies 

 S.epidermidis S.haemolyticus S.saprophyticus 

Clinical iIsolates 6 i(42.86%) 5 i(35.71%) 3 i(21.42%) 

HCWs - - - 

In-patient iVisitors 3 i(100%) - - 

Out-Patient ivisitors 1 i(33.3%) - - 

Total 10 5 4 
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Table i5.12 iDiversity iof iStaphylococcal iCassette iChromosome imec i(SCCmec) ielements 

iamong iMRCoNS: 

 

Out-patient 

iVisitors i i(n=3) 

In-Patient iVisitors 

(n=3) 

Clinical iisolates 

(n=88) 

 

 

 

Total Pvl 

inegative i 

iisolates 

Pvl 

ipositive 

iisolates 

Pvl 

inegative i 

iisolates 

Pvl 

ipositive i 

iisolates 

Pvl 

inegative i 

iisolates 

Pvl ipositive 

i isolates 

SCCmec itype iI - - - - 3 

3.40% 

1 

1.13% 

4 

SCCmec itype iII 
1 

33.33% 

- 1 

33.33% 

- 9 

10.22% 

1 

1.13% 

12 

SCCmec itype iIII 
1 

33.33% 

- - - 11 

12.5% 

2 

2.27% 

14 

SCCmec itype iIVa 
- - - 1 

1.33% 

10 

11.36% 

0 11 

SCCmec itype iIVb 
- - - - 4 

4.54% 

1 

1.13% 

5 

SCCmec itype iIVc 
- - - - 7 

7.95% 

- 7 

SCCmec itype iIVd 
- - - - 7 

7.95% 

- 7 

SCCmec itype iV 

- 1 

33.33% 

1 

33.33% 

- 11 

12.5% 

2 

2.27% 

15 

SCCmec itype iIII+ iI 

- - - - 2 

2.27% 

1 

1.13% 

3 

SCCmec itype iIV i+ iV 

- - - - 1 

1.13% 

- 1 

SCCmec itype iIII+ iV 

- - - - 1 

1.13% 

1 

1.13% 

2 

 

Non itypeable 
- - - - 8 

9.09% 

5 

5.68% 

13 

Total 2 1 2 1 74 14 94 
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Fig i5.5 iDistribution iof iSCCmec itypes ifrom iS.epidermidis iamong iclinical iisolates 

 

 

Fig i5.6 iDistribution iof iSCCmec itypes ifrom iS.saprophyticus iamong iclinical iisolates 
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Fig i5.7 iDistribution iof iSCCmec itypes ifrom iS.haemolyticus iamong iclinical iisolates 

 

Fig i5.5 iDistribution iof iSCCmec itypes iof iother iisolated iCoNS iamong iclinical iisolates 

Sccmec itype iIII iwas imore idetected ithan iother iSCCmec itypes i[Fig  i5.5] i. 
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Table i5.13 iDistribution iof iSCCmec itypes iamong inasal icarriage iof iPatient ivisitors 

 S.epidermidis 

Out-Patient 

iVisitors 

In-Patient 

iVisitors 

SCCmec i iI - 1 

SCCmec i iII 1 1 

SCCmec i iIII 1 - 

SCCmec i iV 1 - 

Table i5.13 ishows ithe iSCCmec itypes idistribution iamong ipatient  ivisitors inasal icolonization, i6  

iisolates iwere iMRCoNS iin iNasal icarriage iof ipatient  ivisitors i[Table i5.9]. i iAmong ithese, i5  

iisolates iwere iS.epidermidis iand ione iisolate iwas iS.haemolyticus iwhich iwas inot  itypeable iin  

icurrent  istudy iwhich imay ibe iother iSCCmec itypes iwhich iare icommon iin iother iIndian istudies 

 

 

Amplified iPCR imixtures iwere iseparated ion ia i1.5% iAgarose igel istained iwith iethidium ibromide i(0.5  

iµg/mL) ialong iwith ia i100 ibp iDNA iladder i(Hi-Media, iMumbai, iIndia) iand ielectrophorized iAgarose igel 

iwas iphotographed iusing ia ie- igel iimager i(Applied iBiosystem) 

Fig i5.6 iAgarose igel ielectrophoresis iof 

iSCCmec itypes 

Fig i5.7 iAgarose igel ielectrophoresis iof 

imecA, ifemA iand ipvl igenes 
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5.7 Discussion:- 

Methicillin iResistant  iStaphylococcus i(MRS) iposes ia isignificant  ithreat  ito  ihuman 

ihealth. iUnderstanding ithe idisease iprogression iof iMRS iand iits ivirulence imechanisms iare 

ichallenging iproblem iin imodern iworld. iUnderstanding ithe iprevalence iof ivirulence ifactors iand  

igenetic imarkers iwill ibe iuseful ifor ithe icontrol iof ispread iof iantibiotic  iresistant  ideterminants 

iamong ithe ibacteria[6]. iIn ipresent  istudy, ithe imecA igene iwhich iis iresponsible ifor iMethicillin  

iresistance, irate iof iMethicillin iresistance iamong iclinical iisolates iof iS.aureus iwas ifound  

i45.17% ifollowed  iby iOut-Patient  iVisitors i(29.26%), iIn-patient  iVisitors i(27.45%) iand  iHealth 

icare iworkers i(27.17%). i iThe iprevalence iof iMRSA iis ivarying iglobally ias ipreviously idescribed  

ichapter i4. iIdentification iof imecA igene iby iPCR iis ia igold istandard iidentification iof iMRSA 

icompared ito  iother imethods. i iIn iall imecA igene ipositive  iisolates iin icurrent  istudy ifemA i(Factor 

iEssential ifor iMethicillin iResistance) igene iwas ipositive. ifem igene icode ifor iprotein ithat  

iinfluence ithe ilevel iof iMethicillin iresistance i iand  ialso  ifem igene ipresent  iin iStaphylococcus  

ichromosome iare iconsidered ias iindicator ifor iMRSA[12]. 

MRSA ican ibe iclassified iinto  itwo  itypes ibased ion iepidemiological irisk ifactors inamely 

iCommunity iAcquired iMRSA i(CA-MRSA) iand iHospital iAcquired iMRSA i(HA-MRSA).  

iCA-MRSA idiffers ifrom iHA-MRSA. iCA-MRSA icarries ipvl igene i(Panton iValentine  

iLeukocidin), iis ia icytolysin itoxin ithat  icauses imembrane idamage ito  ihost  iimmune icells iand  

imajor ivirulence ifactor ipresent  iin iS.aureus[13]. ipvl ipositive istrains iare icommonly iseen iin iSkin  

iand isoft  itissue iinfections, iurinary itract  iinfections, inecrotizing ipneumonia[7]. iCA-MRSA ialso  

icarries iSCCmec itype i1V iand iV iand iusually isensitive ito  iβ-lactam iantibiotics i

[7]. iIn iPresent  

istudy, i35.07% ipvl igene  igenes iwere idetected iamong ithe iclinical iisolates iof iS.aureus ifollowed  

iby iHCWs i(5.21%), iOut-patient  ivisitors i(3.31%) iand iIn-patient  iVisitors i(2.84%). i ipvl  igene  

idetection ifrom iother istudies ishows iwide ivariation, iHu iet  ial i2015[14], ishowed i10.9% iisolates 

idetected ipvl igene i iamong ithe iskin iand isoft  iinfections iisolates iof iMRSA. iDekker iet  ial i2016  

ireported i75% iof ipvl igene idetected iamong iinvasive idisease iMRSA iisolates i

[15]. iNikou 

iBahramin iet  ial i2019 ifound i17.2% iof ipvl idetected iamong iclinical ispecimens  i

[16]. iThe icurrent  

ifindings iof ipvl idetected iamong iHCWs iare iagreement  iwith ithe istudy iconducted iby iEnas 
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iMamdouh iHefzy iet  ial i2016 iwho  ifound iprevalence  irate iof ipvl idetected iamong iHCWs iare 

i2.3%[17]. iDetection iof ipvl igene iis inot  ia iconfirmatory imarker ito  idetect  iCA-MRSA i

[17]. 

Conformation iof iCA-MRSA iwas idone iby iusing iSCCmec ityping iin icurrent  istudy. 

i46.25% iisolates iwere ifound ipvl ipositive iamong ithese, iSCCmec itype iV iwas ifound imore  

i(16.25%) ifollowed  iby iSCCmec iIVa i(7.5%), i iSCCmec iIVb i(6.87%), iSCCmec  iIVd i(3.75%), 

iSCCmec iIVc i(1.87%). iHowever, iother istudy ishowed iSCCmec iIV iwas ipredominant  i, 

iBuntaran iet  ial ifrom iIndonesia idetected iSCCmec iV iwas imore iprominent  iamong iclinical 

iisolates iof iMRSA[18]. iAqghar iet  ial idid inot  idetect  iany iSCCmec iIV iin ihis istudy i

[19]. iThis imight  

ibe idue ito  ivariation iin itype iof isample iused  iin ithe istudy,  itype iof istudy iconducted, igeographical 

idistribution iof iSccmec itypes iand igeographical ilocation. i iFive iisolates i(3.12%) iwere inot  

itypeable iin icurrent  istudy, iit  imay ibe ihaving  iother iSCCmec itypes iwhich iare icommon iin iIndian 

iisolates. i4 i(2.5%) iisolates icarried iSCCmec  iI+V, i3  iisolates i(1.87) icarried iSCCmec iIII+ iIV iand  

i2 iisolates i(1.25%) icarried  iSCCmec iIII+1V. 

HA-MRSA iwas iconfirmed iby iusing iSCCmec ityping, iSCCmec iI, iSCCmec iII iand  

iSCCmec iIII iwhich iare icommon iin iHA-MRSA. iMost  iof ithe iHA-MRSA idid inot  icarriy iany ipvl  

igene. iIn ipresent  istudy, i53.75% iisolates iof iMRSA iamong iclinical iisolates idid inot  idetect  iany 

ipvl igene. i iAmong i53.75% ipvl inot  idetected iisolates, iSCCmec iIII iwas ifound imore iprevalence  

i(17.5%) ifollowed iby iSCCmec iI i(15%) iand iSCCmec iII i(11.87%). iIt  iis icomparable ito  ia istudy 

iconducted iby iNamvar iet  ial i2014[20]
 iwho  ifound iSCCmec iIII iwas ipredominant  iamong  ithe 

iMRSA iisolates iof iburn ipatients. iMontazeri iand  iJaponi iet  ial ifound  imore iSCCmec iIII iin iHA-

MRSA iisolates iof ivarious iclinical ispecimens i

[21]. iSCCmec iIII iwas ipredominant  itype iin iAsian 

icountries; isame iwas ireflected iin icurrent  istudy. i iOne iisolate i(1.25%) icarried iSCCmec itype iIVb 

iwhich iis inot icommon iin iHA-MRSA. iIt  imay ibe itransfer ifrom iCA-MRSA ito  iHA-MRSA iby 

ihorizontal igene itransfer imethod; isize iof iSCCmec iIV  iis ivery ismall iand iplays ian iimportant  irole  

iin imobility iand ieasily iexposure ito  iMRSA iin ithe icommunity ias iwell ihospital. i i i3 iisolates 

i(1.87%) iare inot  itypeable, i2 iisolates i(1.25%) icarried iSCCmec iI+V, i3  iisolates icarried i(1.87%) 

iSCCmec iIII+ iIV, ione iisolate i(0.62%) icarried iSCCmec iII+III. 



Chapter i5 iPrevalence iof imecA iand iSCCmec itypes Page i113 
 

In icurrent  istudy, i27.17% iisolates icarried imecA igene iamong ithe inasal icolonization iof 

iHealthcare iworkers. iAmong i27.17% iMRSA iisolates iof iHCWs, i6.63% inot  idetected iany ipvl  

igene, i5.21% iisolates idetected ipvl igene iagainst  iMRSA iisolates iof iHCWs. iOut  iof i6.63% i ipvl  

inegative iisolates, i5 i(25%) icarried iSCCmec iI ifollowed iby iSCCmec iIII i(16%) iand iSCCmec iII 

i(12%). i i2 iisolates iof ipvl inegative iMRSA istrains iamong iHCWs, idetected iCo-existence iof 

imultiple iSCCmec, ii.e., i1 iisolate i(4%) icarried iSCCmec  iI+V, i1 iisolate icarried iSCCmec iIII i+ 

iIV. iExistence iof imultiple iSCCmec itypes iamong iindividual iisolates iof iMRSA iand iMRCONS  

ihave ibeen ireported iin iIndia  ibut  iit  ioccurs irare ifinding iin iMRSA iisolates i

[22]. iChanchaithong  iet  

ial, i2014 iwho  ifound imultiple iSCCmec itypes iamong iCoagulase iPositive iStaphylococcus iof 

ianimal iand ianimal ihandlers i

[23]. iOut  iof i11 i(5.21%) ipvl idetected iMRSA iisolates iamong  iHCWs,  

iSCCmec itype iIV ifound imore i(5 iisolates) ifollowed iby iother iSCCmec i(16%). i iAmong i9  

iisolates iof iSCCmec iIV i3 iisolates icarried iSCCmec iIva, ione iisolate icarried iSCCmec iIVc isub  

itypes iand ione iisolate icarried iSCCmec iIVd i iin icurrent  istudy. iOne iisolate iare iwas inot  itypeable  

iand iI iisolate icarried iSCC imec iIII+IV 

In icurrent  istudy, i12  iisolates i(29.26%) ifrom iOut-Patient  ivisitors idetected imecA igene.  

iAmong ithese, i7 i(3.31%) iisolates idetected ipvl iand i5  i(2.36%) iisolates inot  idetected ipvl igene.  

iOut  iof i7  i(3.31%) ipvl idetected iMRSA iisolates ifrom iOut-Patient  ivisitors, i2 iisolates(16.66%) 

idetected iSCCmec iIva ifollowed iby i3 i(25%) iisolates icarried iSCCmec iV, ione iisolate i(1.8.33%) 

ityped iSCCmec iV+I. iAmong i5(2.36%) ipvl inot idetected iMRSA iisolates iof iOut-Patient  

ivisitors, i3 iisolates i(25%) icarried iSCCmec iI, ifollowed iby i2 iisolates i(16.66%) icarried iSCCmec  

iIII. 

We ishowed, i14 iisolates i(27.45%) icarried imecA igene iamong iIn-Patient  ivisitors iamong  

i51 iisolates iof iisolated iS.aureus ifrom iIn-Patient  iVisitors. iOf ithese i14 iMRSA iisolates ifrom iin-

Patient  ivisitors, i6 i(2.84%) idetected ipvl igene iand i8 i(3.79%) iisolates inot icarried ipvl igene.  

iAmong  i6 i(2.84%) ipvl ipositive  iMRSA istrains, i2  iisolates i(14.28%) icarried  iSCCmec iIva iand  

ione iisolate ityped i(7.14%) iSCCmec iIVb ifollowed iby i2 iisolates i(14.28%) icarried iSCCmec iV 

iand ione iisolate i(7.14%) iwas inot  itypeable  iin icurrent  istudy. i iAmong  i8  i(3.79%) ipvl inegative 

iMRSA iisolates iof iIn-Patient  ivisitors, i3 iisolates i(21.42%) icarried iSCCmec iI ifollowed iby i2  

i(14.28%) iisolates idetected iSCCmec iII, i ione iisolate i(7.14%0 icarried iSCCmec iIII, ione iisolate  
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i(7.14%) icarried ico-existence iof i2 iSCC i imec itypes i(SCCmec iIII+II) iand ione iisolate iwas inot-

typeable. 

In ipresent  istudy, i19.55% i(n=88)  iisolates idetected imecA igene iwhich iis iresponsible  ifor  

iMethicillin iresistance iamong i450 iisolated icoagulase inegative iStaphylococci. iOf ithese, i14  

iisolates i(15.90%) idetected ipvl igene, iwhich iis ian icytotoxic igene iand iimportant  ivirulence  

ifactor iin ipathogenicity imostly iassociated iwith iCA-MRSA i

[24]. iThere iis ino  iadequate idata ior 

istudy iis iavailable  iin iprevalence iof ipvl igene iand  iits iassociated iSCCmec idiversity iamong  

iCoNS. iAmong  i14  ipvl  idetected iMRCoNS, i2.27% iisolates icarried  iSCCmec iIII, iSCCmec iV iand  

i1.14% iisolates icarried iSCCmec iI iand iII. iOne iisolate idetected iSCCmec iI i+ iIII; ithe iCo-

existence iof i2 iSCCmec itypes iamong ithe iCoNS iare ivery icommon. i. i iCo-existence iof iSCCmec  

itypes iamong isingle istrain iof iMRCoNS iwas isupported iby imultiple  iclonal itheory iphenomenon 

i

[25], iwhich istates ithat  ithe iacquisition iof iSCCmec ielements ioccurs ion ioccasion; ithis iwill 

iincrease ithe ipossibility iof iintegration iand iaddition iof iother iSCCmec ielements iinto  ithe ialready 

iexisting ione iand igive irise ito  icomposite iSCCmec ielements. iIn ipresent  istudy, i5 iisolates iare inot 

itypeable iwhich imight  ibe idue ito ioccurrence iof ithe iother iSCCmec itypes iwhich iare icommon iin  

iother iIndian istudies. 

In ithe ipresent  istudy, i42.86% iisolates iof iS.epidermidis iwere idetected ipvl igene iamong  

i14 ipvl ipositive iMRCoNS iof iclinical isamples ifollowed iby iS.haemolyticus i(35.71%) iand  

iS.saprophyticus i(21.42%). iThis iwas isupported iby iother istudy iconducted iby iSani iNAM iet  ial 

iwhich ishowed i8% iof ithe iS.epidermidis istrains icarried ipvl igene i

[26], iA istudy ifrom iKorea iwhich 

ishowed iprevalence irate iof ipvl igene iamong iS.epidermidis ifound i71.4%[27]. i i i iAmong ithe iCoNS 

ithe ipvl igene iare ipredominantly iseen iin iS.epidermidis ifollowed iby iothers. iOut  iof i88 iMR-

CoNS iin iclinical ispecimens, i50% iMethicillin iresistance iwere idetected iin iS.epidermidis  

ifollowed iby iS.saprophyticus i(32.95%), iS.haemolyticus i(10.22%) iand iS.warneri i(2.27%). i 

iS.simulans, iS.schleiferi, iS.capitis, iS.hominis iwere idetected iMethicillin iresistance  irate iwas 

i1.13% iamong ithe iclinical iisolates iout  iof i450 iisolated iCoNS. i iAmong i50% i(n=44) iMethicillin  

iresistance iS.epidermidis, iSCCmec iIV iwere iobserved ivery icommonly ifollowed iby i15.91% iof 

iSCCmec iIII iand iSCCmec iV, i9.09% iof iSCCmec iII, i6.82% iof iSCCmec iI. i2 iisolates icarried  

iSCCmec iI+ iII iand ione iisolates icarried iSCCmec iIII i+ iV, i5 iisolates iof iS.epidermidis iare inot 
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itypeable iin icurrent  istudy, ias ithey imay ibelong ito  iother iSCCmec itypes. i iAmong i29 i(32.95%) iof 

iMethicillin iResistance iS.saprophyticus, iSCCmec  iIV i iwere idetected imore iin inumber  

ifollowed iby iSCCmec iII i(17.24%), iSCCmec iIII i(13.79%) iand iSCCmec iV i(10.39%) i.SCCmec  

iI iwas inot  idetected iin iMethicillin i i iresistance  iS.saprophyticus, i2  iisolates icarried iSCCmec iI+III, 

i3 iisolates iof iMethicillin iresistance iS.saprophyticus icarried iSCCmec iIII i+V iand ione iisolate  

icarried iSCCmec iIII+V. i4 iisolates iof iMethicillin  iresistance iS.saprophyticus iin iclinical 

ispecimens inot  itypeable. i iSCCmec iII iand iV iwere ifound  ihighest  i(22.22%) iamong ithe i10.22% 

iof iMethicillin iresistance  iS.haemolyticus i(n=9), ifollowed  iby iSCCmec iI, iSccmec  iIII iand  

iSccmec iIV iwere idetected iin i11.11%. iOne iisolate icarried iSCCmec iIV i+V iand ione iisolate iof 

iS.haemolyticus iamong ithe iclinical isamples iwas inot  itypeable. i2.27% iof iMethicillin iresistance  

iS.warneri  icarried iSCCmec iIII, i1.13% iof iMethicillin iresistance  iS.hominis iand iS. iSchleiferi 

icarried  iSCCmec iIII, i1.13% iof iMethicillin iresistance iS.capitis icarried  iSCCmec iI. i i1.13% iof 

iMethicillin iresistance iS.simulans ifrom iclinical iisolates icarried iSCCmec iIV 

Anterior inasal icolonization iMRCoNS iwere inot  idetected iamong ithe iHealthcare  

iworkers iin ipresent  istudy. i iWhereas, iIn-patient  ivisitors ithose iwho  icame ifor igeneral ivisit  

i(Patient  irelatives, iFriends ietc iin igeneral iwards ietc) i3.33% i(n=3)  iwere idetected iMethicillin  

iresistant  iand  iall iisolates i(n=3)  ishowed ipvl  icytotoxic igene igenes. iAmong  ithese  i3  iMR-CoNS 

ifrom iIn-patient  ivisitors, i2  iisolates iof iMethicillin iresistance iS.epidermidis iwere idetected iand  

ione iof ieach iisolate icarried  iSCCmec iI iand  iSCC imec iII. iS.haemolyticus iwas inot  itypeable iany 

iSCCmec itypes iamong inasal icolonization iof iMR-CONS iin icurrent  istudy. i3.32 i%(n=3)  

iMRCoNS iwere idetected iin iOut-Patient  ivisitors i(Those iwho  icame iwith iout-patients ito ivisit  

iOPD), iamong  ithese ione iisolate idetected ipvl igene iand  icarried  iSCCmec iV ii.e., iS.epidermidis. i2  

iisolates iof iMethicillin iresistance iS.epidermidis iwere idetected iamong  inasal icolonization iof 

iOut-patient  ivisitors iof i ipvl igene inot  idetected iMR-CoNS iisolates iand icarried iSCCmec iII iand  

iIII. 
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5.8 iConclusions:- 

Molecular icharacterization iof iSCCmec ityping iamong iMRSA iand  iMRCoNS iis ian 

iimportant  iepidemiological itool ifor istudying ithe igenetic ielements ievolution iand iproviding ithe 

iantibiotic  iresistance ipattern iinformation iin iStaphylococci ispp. iIn ithe ipresent  istudy iwe 

iconcluded ithat  ithere iwas imore iprevalence iof ipvl igene iamong iS.aureus iand  iCoNS. iSCCmec  

itype iIV iCarried  imaximum ifollowed  iby iSCCmec iV, iIII, iII iand iI. iMultiple iclones iof iSCCmec  

iwere iobserved iin isame istrains iof iStaphylococcus. iType iII iand  iIII icontains imulti idrug  

iresistance iproperties iand iit  iis icarried ion iintegrated iplasmids. iFurthermore, iCoNS iacts ias ia 

ireservoir iand itransfer iof iSCCmec ielements ito  iother iStaphylococcus ispp iby ihorizontal igene 

itransfer imethod. i iIdentification iof iTrue iCoNS, ivirulence  iproperty iand  iits iantibiotic iresistance  

ipattern iwith irespective iSCCmec itypes iis iimportant  ito  ifind  iout  ithe imultidrug iresistance  

ipattern. iThe ipresent  istudy ishowed ithat  iPatient  ivisitors icarried imecA igene iand iits iassociated 

iSCCmec ielements imay itransfer ithese ifactors ito  iHCWs iand iPatients. iThis iwill ileads ito  ipoor 

ioutcome iof ithe ipatient  iwith iStaphylococcal iinfection iespecially iskin iinfections. iHospital 

iinfection icontrol ipractices iare inecessary ito  iprevent  ithis itransfer iof iunwanted iantibiotic  

iresistance ifactors iamong ihospital isettings. 



CHAPTER –  5 PREVALENCE OF MECA AND SCCMEC TYPES  Pagei 117 
 

 

References:- 

1. Martínez-Meléndez, A., Morfín-Otero, R., Villarreal-Treviño, L., González-González, G., 

Llaca-Díaz, J., Rodríguez-Noriega, E., Camacho-Ortíz, A., & Garza-González, E. (2015). 

Staphylococcal Cassette Chromosome mec (SCCmec) in coagulase negative staphylococci. 

Medicina Universitaria, 17(69), 229–233. https://doi.org/10.1016/j.rmu.2015.10.003 

2. Monecke, S., Jatzwauk, L., Müller, E., Nitschke, H., Pfohl, K., Slickers, P., Reissig, A., Ruppelt-

Lorz, A., & Ehricht, R. (2016). Diversity of SCCmec elements in staphylococcus aureus as 

observed in south-eastern Germany. PLoS ONE, 11(9), 1–24. 

https://doi.org/10.1371/journal.pone.0162654. 

3. CLSI. Performance Standards for Antimicrobial Susceptibility Testing. 30th ed. CLSI 

supplements M100. Wayne, PA : Clinical and Laboratory Standards Institute; 2019 

4. Macheboeuf, P., Contreras-Martel, C., Job, V., Dideberg, O., & Dessen, A. (2006). Penicillin 

binding proteins: Key players in bacterial cell cycle and drug resistance processes. FEMS 

Microbiology Reviews, 30(5), 673–691. https://doi.org/10.1111/j.1574-6976.2006.00024.x. 

5. Lakhundi S, Zhang K. (2018) Methicillin-Resistant Staphylococcus aureus: Molecular 

Characterization, Evolution, and Epidemiology. Clin Microbiol Rev. Sep 12;31(4):e00020-18. 

doi: 10.1128/CMR.00020-18. PMID: 30209034; PMCID: PMC6148192. 

6. Yurtsever, S. G., Aygul, A., Ozturk, I., Nemli, S. A., Kaya, S., & Ermertcan, S. (2020). 

Investigation of Various Virulence Factors and SCCmec Types in the Healthcare-associated and 

Community-associated Methicillin Resistance Staphylococcus aureus Strains. European 

Journal of Therapeutics, 26(2), 113–118. https://doi.org/10.5152/eurjther.2019.19062. 

7. Deurenberg R, Vink C, Kalenic S, Friedrich A, Bruggeman C, Stobberingh E. (2007) The 

molecular evolution of methicillin-resistant Staphylococcus aureus. Clinical Microbiology and 

Infection, 13(3):222–235. https://doi.org/10.1111/ j.1469-0691.2006.01573.x. 

8. Nagasundaram N, Sistla S. (2019) Existence of multiple SCCmec elements in clinical isolates 

of methicillin-resistant Staphylococcus aureus. J Med Microbiol,  68(5):720-727. doi: 

10.1099/jmm.0.000977. Epub 2019 Apr 17. PMID: 30994438. 

9. Dashti AA, Jadaon MM, Abdulsamad AM, Dasht HM. (2009)  Heat Treatment of Bacteria: A 

Simple Method of DNA Extraction for Molecular Techniques. Kuwait Medical Journal,  

41(2):117-122. 

10. Abimanyu N, Krishnan A, Murugesan S, Subramanian G K, Gurumurthy S, Krishnan P. (2013) 

Use of Triplex PCR for Rapid Detection of PVL and Differentiation of MRSA from Methicillin 

Resistant Coagulase Negative Staphylococci. J Clin Diagn Res. , 7(2):215-8. doi: 

10.7860/JCDR/2013/4523.273 PMID: 23542876; PMCID: PMC3592277. 

11. Zhang K, McClure J-A, Elsayed S, Louis T, Conly JM. (2005) Novel multiplex PCR assay for 

characterization and concomitant subtyping of Staphylococcal cassette chromosome mec types 

I to v IN Methicillin resistant Staphylococcus aureus. J Clin Microbiol, 43(10):5026-5033 

https://doi.org/10.1016/j.rmu.2015.10.003
https://doi.org/10.1371/journal.pone.0162654
https://doi.org/10.1111/j.1574-6976.2006.00024.x
https://doi.org/10.5152/eurjther.2019.19062


CHAPTER –  5 PREVALENCE OF MECA AND SCCMEC TYPES  Pagei 118 
 

12. Li X, Xiong Y, Fan X, Feng P, Tang H, Zhou T. (2012)  The role of femA regulating gene on 

methicillin-resistant Staphylococcus aureus clinical isolates. Med Mal Infect. , 42(5):218-25. 

doi: 10.1016/j.medmal.2008.09.031. PMID: 22609268. 

13. Kim, S. J., & Park, C. (2014). Panton-Valentine leukocidin and Staphylococcal cassette 

chromosome (SSCmec) from CA-MRSA (community-acquired methicillin resistanct 

Staphylococcus aureus). Biomedical Research (India), 25(4), 441–444. 

14. Hu Q, Cheng H, Yuan W et al .(2015)  Panton-Valentine leukocidin (PVL)-positive health care-

associated methicillin-resistant Staphylococcus aureus isolates are associated with skin and soft 

tissue infections and colonized mainly by infective PVL-encoding bacteriophages. J Clin 

Microbiol, 53(1):67-72. doi: 10.1128/JCM.01722-14. Epub 2014 Oct 22. PMID: 25339405; 

PMCID: PMC4290966. 

15. Dekker, D., Wolters, M., Mertens, E., Boahen, K. G., Krumkamp, R., Eibach, D., et al. (2016). 

Antibiotic resistance and clonal diversity of invasive Staphylococcus aureus in the rural Ashanti 

Region, Ghana. BMC Infect. Dis. 16:720. doi: 10.1186/s12879-016-2048-3. 

16. Bahrami, N., Motamedi, H., Reza Tofighi, S. E., & Akhoond, M. R. (2019). SCCmec typing 

and Panton-valentine leukocidin occurrence in methicillin resistant Staphylococcus aureus 

(MRSA) isolates from clinical samples of Ahvaz,southwest of Iran. Microbiologia Medica, 

34(2). https://doi.org/10.4081/mm.2019.8050. 

17. Hefzy EM, Hassan GM, Abd El Reheem F. (2016) Detection of Panton-Valentine Leukocidin-

Positive Methicillin-Resistant Staphylococcus aureus Nasal Carriage among Egyptian Health 

Care Workers. Surg Infect (Larchmt), 17(3):369-75. doi: 10.1089/sur.2015.192. Epub 2016 Mar 

16. PMID: 26983032. 

18. Buntaran L, Hatta M, Sultan AR, Dwiyanti R, Sabir M. (2013) SCCmec type II gene is common 

among clinical isolates of methicillin-resistant Staphylococcus aureus in Jakarta, Indonesia. 

BMC Res Notes 6, 110 (2013). https://doi.org/10.1186/1756-0500-6-110. 

19. Asghar AH. (2014 )Molecular characterization of methicillin-resistant Staphylococcus aureus 

isolated from tertiary care hospitals. Pak J Med Sci., 0(4):698-702. doi: 

10.12669/pjms.304.4946. PMID: 25097499; PMCID: PMC4121680. 

20. Namvar AE, Afshar M, Asghari B, Rastegar Lari A. (2014) Characterisation of SCCmec 

elements in methicillin-resistant Staphylococcus aureus isolated from burn patients. Burns, 

40(4):708-12. doi: 10.1016/j.burns.2013.09.010. Epub 2013 Nov 7. PMID: 24211088. 

21. Japoni-Nejad A, Rezazadeh M, Kazemian H, Fardmousavi N, van Belkum A, Ghaznavi-Rad E. 

(2013) Molecular characterization of the first community-acquired methicillin-

resistant Staphylococcus aureus strains from Central Iran. Int J Infect Dis. 17:e949–54. 

doi: 10.1016/j.ijid.2013.03.023. 

22. Montazeria EA, Khosravi AD, Jolodar A, Ghaderpanah M, Azarpira S. (2015) Identification of 

methicillin-resistant Staphylococcus aureus (MRSA) strains isolated from burn patients by 

multiplex PCR.  Burns, 41:590–4. doi: 10.1016/j.burns.2014.08.018. 

23. Bhutia KO, Singh T, Adhikari L, Biswas S. (2015) Molecular characterization of community- 

& hospital-acquired methicillin-resistant & methicillin-sensitive Staphylococcus aureus isolates 

https://doi.org/10.4081/mm.2019.8050
https://doi.org/10.1186/1756-0500-6-110


CHAPTER –  5 PREVALENCE OF MECA AND SCCMEC TYPES  Pagei 119 
 

in Sikkim. Indian J Med Res, 142(3):330-5. doi: 10.4103/0971-5916.166600. PMID: 26458350; 

PMCID: PMC4669869. 

24. Chanchaithong P, Perreten V, Schwendener S, Tribuddharat C, Chongthaleong A, Niyomtham 

W, Prapasarakul N. (2014) Strain typing and antimicrobial susceptibility of methicillin-resistant 

coagulase-positive staphylococcal species in dogs and people associated with dogs in Thailand. 

J Appl Microbiol, 117(2):572-86. doi: 10.1111/jam.12545. Epub 2014 Jun 3. PMID: 24833550. 

25. Ul Bashir Y, Bali N, Sharma S, Jahan T, Shafi H. (2019) SCCmec Type IV and V Methicillin 

Resistant Staphylococcus aureus Intrusion in Healthcare Settings. Am J Clin Microbiol 

Antimicrob. 2(1): 1032 

26. Goudarzi M, Goudarzi H, Sá Figueiredo AM, Udo EE, Fazeli M, Asadzadeh M, Seyedjavadi 

SS. (2016) Molecular Characterization of Methicillin Resistant Staphylococcus aureus Strains 

Isolated from Intensive Care Units in Iran: ST22-SCCmec IV/t790 Emerges as the Major Clone. 

PLoS One. 12; 11(5):e0155529. doi: 10.1371/journal.pone.0155529. PMID: 27171373; 

PMCID: PMC4865093. 

27. Sani, N.A.M., Sapri, H.F., Neoh, Hm. et al. (2014). First report on the molecular epidemiology 

of Malaysian Staphylococcus epidermidis isolated from a University Teaching Hospital. BMC 

Res Notes , 7: 597 https://doi.org/10.1186/1756-0500-7-597

 

  

https://doi.org/10.1186/1756-0500-7-597


CHAPTER – 6  GENOTYPIC IDENTIFICATION  Pagei 120 
 

 

 

 

 

 

 

 

 

 

 

Detection of antibiotic resistant determinant 

among Clinical isolates, Nasal carriage of 

Health care workers and Patient visitors 

 

  



CHAPTER – 6  GENOTYPIC IDENTIFICATION  Pagei 121 
 

 

Detection of Antibiotic resistance determinants of Staphylococcus 

among clinical isolates, Nasal colonization of Healthcare workers and 

Patient visitors  

 

6.1 iIntroduction:- i 

 S.aureus iand iCoagulase inegative iStaphylococci  iare iwell iknown ipathogens ito  

icause ihospital iand icommunity iacquired iinfections. iStaphylococcus iis ia irapidly iadapting  

ipathogen iin ivarious ienvironments iand idevelops iresistance ito  ivarious iclasses iof iroutinely 

iused iantibiotics. iAntibiotic iresistance idevelops ithrough ihorizontal itransfer iof 

iantimicrobial iresistance ideterminants ior imutation, ithus, ileading ito  idevelopment  iof 

iunwanted icomplications iin ihospitalized  ipatients i

[1]. iIn ipast  i2 idecades itreatment  iof 

iMultidrug iresistance i(MDR) iStaphylococcus iinfections iis iincreasing iand isometimes 

ileads ito  itreatment  ifailure i

[2]. i iMost  iof ithe istaphylococcus iis iresistant  ito  iMacrolid igroup iof 

iantibiotics isuch ias iErythromycin. i iIn iStaphylococcus, itwo imechanisms iof iErythromycin  

iresistance ihave ibeen iidentified: i1. iRibosomal itarget isite imodification, iwhich iis imediated  

iby imethyltransferases iand iencoded iby ithe ierm i(Erythromycin iresistant  imethylase) igene.  

i2. iThe imsrA i(Macrolid  ispecific iresistant) igene iencodes ian iefflux ipump[3]. i iTwo imain  

imechanisms iof iTetracycline iresistance iagainst  iStaphylococcus iare iidentified iand  ivery 

icommon inowadays inamely. i1. iPlasmid imediated iActive iefflux iprotein iis iencoded iby ithe 

igenes itetK iand  itetL i2. iProtection iof ibacterial iribosome iwhich iis iencoded iby itetM, itetO iand  

iit  iis imediated iby ichromosome ior iTransposon. iAmong ithese, itetK ishowed iresistance ito 

iTetracycline ionly iand itetM ishowed iresistant  ito  iboth iTetracycline iand iMinocycline i

[4]. i 

 Resistance ito  iAminoglycosides iantibiotics iis imainly idue ito  ithe iproduction iof 

iAminoglycoside imodifying ienzymes i(AMEs). iAMEs iare iseen iwithin ithe imobile igenetic  

ielements iof iStaphylococcus. iThe imost  icommon iAMEs iin iStaphylococcus iare iAAC(6’)-

Ie-aph i(2’)-Ia, iaph(3’)-IIIa iand iant i(4’)-Ia igene i

[5]
 iMupirocin i(Pseudomonic iacid  iA) iis ia  

itropical iointment  iused  ito  itreat  iStaphylococcal iskin iinfections iand  iis ieffective ifor  

iMethicillin iResistant  iStaphylococcus inasal idecolonization.
 i

[6]. iBased ion ithe iMinimum 

iInhibitory iConcentration i(MIC) iMupirocin iResistance  iis iclassified iin itwo  iphenotypes,  

ilow iand ihigh ilevel iresistance. iLow ilevel iMupirocin iresistance ihas ia iMIC irange ibetween i8  

i- i256 iµg/mL iand iis iinfluenced iby ipoint  imutations iin ichromosomosal igene iiles-1 iwhich iis  

iencoded iby itRNA isynthetase. iLow ilevel iMupirocin iresistance iis inot-transferable iand  

Chapter-6 
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istable. iHigh ilevel iMupirocin iresistance  iis imostly iby iby ithe iacquisition iof iplasmid iborne  

iresistance igenes imupA iand imupB iby iconjugation iand ia iMIC ivalue iof i≥512µg/mL. i imupA  

igene icarries iadditional iantibiotic iresistance igenes  i

[7]. iThe imost  icommon iFusidic iacid  

iextrinsic iresistance igenes iamong  iStaphylococcus ispp iare ifusB, ifusC iand ifusD. iAmong  

iFusidic iresistance igenes, ifusB, ifusC iare iwidely idistributed iin iS.aureus iand iCoNS. iThe 

iintrinsic ifactor ifusD ishowed iFusidic  iacid  iresistance iintrinsically iamong iS.saprophyticus  

i

[8]. i 

 Vancomycin iresistance iamong iStaphylococcus ispp imight  ibe ieither iby imutation ior 

itransfer iof iantibiotic iresistant  ideterminants ivia ihorizontal igene itransfer iprocess. iAs ifar  

inow, i11 ivan igenes ihave ibeen idescribed inamely ivanA, ivanB, ivanC, ivanD, ivanE, ivanF, 

ivanG, ivanH, ivanI, ivanM, ivanN. i iVanA iand ivanB iare ithe imost  icommonly iobserved  

iVancomycin iresistance igenes iin ihospital isettings. ivanA igene iis iresponsible ifor  

iVancomycin iand  iTeicoplanin iresistance, iwhile ivanB igene iseen ionly iin iVancomycin  

iresistance. i

[9]. iThe ivanA igene iclusters iare icarried  iin itransposons iTn1546. i iThey iact  ias  

imobile igenetic ielement  ito  itransfer iantibiotic iresistance igene ifrom iVancomycin iresistance  

iEnterococci ito iStaphylococci i

[10]. iLinezolid  iis ian iOxazolidinone  igroup iof iantibiotics iused  

iagainst  icommunity iand, iuncomplicated iskin iand  isoft  itissue iinfections, ibacteremia,  

ihospital iacquired ipneumonia icaused iby imultidrug iresistant  iStaphylococcal ipathogens. i 

iLinezolid iresistance iis imostly iby iMutations iin iribosomal iproteins iL3, iL4 iand iL22 iand  

imutations iin idomain iV iregion iof  i23S irRNA,. iIn iaddition, iplasmid imediated ihorizontal 

igene itransfer, iresistance iis imediated iby ioptrA iand  icfrA i(Chloramphenicol-Florfenicol 

iresistance) igenes  i

[11]. iThe irapid iand iaccurate idiagnosis iof imultidrug iresistant  ibacteria iin  

inasal icavity iand iclinical ispecimens iis ivery iimportant  ito  iinhibit  ithe ispread iof imultidrug  

iresistance ipathogens iand iits iresistance ideterminants. iOnly ifew istudies iare iavailable iin  

iIndia ion ithe idistribution iof iantibiotic iresistance ideterminants iamong ihealthy icommunity 

inasal icarriage iand iclinical iisolates. iHence, ithe ipresent  istudy iwas idesigned ito  ifind  ithe 

iantibiotic  iresistant  ideterminants iand  iits iSCCmec itypes iamong iS.aureus iand  iCoNS ifrom 

iKolhapur, iMaharashtra, iIndia. 
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6.2 Methodology:-  

Nucleic acid extraction was done by using boiling lysis method as previously described 

in chapter 5  

6.3 Polymerase Chain Reaction (PCR):-  

The following primers were used in this study to detect the antibiotic resistant 

determinants of various classes of antibiotics.  

Table 6.1 Primers used in this chapter for identification of antibiotic resistance 

determinants among Staphylococcus 

Sr.No Gene  Primers  Bp Ref  

1 Van A  5'-CATGAATAGAATAAAAGTTGCAATA-3'  1032  

 

 

   

12 

5'-CCCCTTTAACGCTAATACGACGATCAA-

3' 

2 Van B  5'-ACGGAATGGGAAGCCGA-3'  647 

 5'-TGCACCCGATTTCGTTC-3' 

3 Van C  5'-ATGGATTGGTACTGGTAT-3'  815 

5'-TAGCGGGAGTGACCAGTAA-3 

4 aac (6,)-

Ie aph 

(2”)-I 

F-

CAGGAATTTATCGAAAATGGTAGAAAAG  

369  

 

 

13 
R-CACAATCGACTAAAGAGTACCAATC 

5 aph(3’)-

IIIa 

F-GGCTAAAATGAGAATATCACCGG  523 

R-CTTTAAAAAATCATACAGCTCGCG 

6 ant(4’)-

Ia 

F-CAAACTGCTAAATCGGTAGAAGCC  294 

R-GGAAAGTTGACCAGACATTACGAACT 

7 tet K F- GTAGCGACAATAGGTAATAGT  360  

 

14 
R- GTAGTGACAATAAACCTCCTA 

8 tet M F- AGTGGAGCGATTACAGAA 158 

 R- CATATGTCCTGGCGTGTCTA 

9 tet L F-ATAAATTGTTTCGGGTCGGTAAT  1077 15 

R- AACCAGCCAACTAATGACAATGAT 

10 tet O F-AACTTAGGCATTCTGGCTCAC  514 16 

R-TCCCACTGTTCCATATCGTCA 

11 ermA TATCTTATCGTTGAGAAGGGATT 139  

 

17 
CTACACTTGGCTTAGGATGAAA 

12 ermB CTATCTGATTGTTGAAGAAGGATT 142 

GTTTACTCTTGGTTTAGGATGAAA 

13 ermC CTTGTTGATCACGATAATTTCC 190 

ATCTTTTAGCAAACCCGTATTC 

14 msrA TCCAATCATAGCACAAAATC 163 

AATTCCCTCTATTTGGTGGT 

15 Domain 

V of 

23SrRNA  

GCGGTCGCCTCCTAAAAG 390 18 

ATCCCGGTCCTCTCGTACTA 

16 rplC AACCTGATTTAGTTCCGTCTA 

GTTGACGCTTTAATGGGCTTA 

822  
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17 rplD TCGCTTACCTCCTTAATG 1200 19 

GGTGGAAACACTGTAACTG 

18  rplV CAACACGAAGTCCGATTGGA 350 

GCAGACGACAAGAAAACAAG 

19  Cfr  TGAAGTATAAAGCAGGTTGGGAGTCA 746 

ACCATATAATTGACCACAAGCAGC 

20 

 

iles-1 

 

 TATATTATGCGATGGAAGGTTGG,  

AATAAAATCAGCTGGAAAGTGTTG, 

764 

 

20 

 

21 mupB CTAGAAGTCGATTTTGGAGTAG, 

AGTGTCTAAAATGATAAGACGATC 

674 21 

22 FusB CCGTCAAAGTTATTCAATCG 

ACAATGAATGCTATCTCGACA 

492 21 

23 FusC GGACTTTATTACATCGATTGAC 

CTGTCATAACAAATGTAATCTCC 

411 

24 Fus D AATTCGGTCAACGATCCC 

GCCATCATTGCCAGTACG 

465 

25 dfrA  CTCACGATAAACAAAGAGTCA 

CAATCATTGCTTCGTATAACG 

201 22 

 

Table i6.2 iCycling icondition iof ivan iA, ivanB iand ivanC 

Initial idenaturation 95ºC i– i5 iminutes i 

Denaturation 94ºC- i1  iminute 

Annealing i 50ºC-1minute 

Extension 72ºC-1 iminute 

No. iof iCycles i 35 

Final iExtension i 72ºC i– i10 iminutes i 
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Table i6.3 iCycling icondition iof iaac(6’)-Ie iaph(2”)-I, iaph i(3’)-IIIa,ant(4’)-Ia, itetK, 

itetM, itetL, itetO 

 

 

 

 

 

Table i6.4Cycling icondition iof iermA, iermB,ermC iand imsrA 

Initial idenaturation 94ºC i– i5 iminutes i 

Denaturation 95ºC- i1  iminutes i 

Annealing i 55ºC-30 iseconds i 

Extension 72ºC- i2  i iminutes 

No. iof iCycles i 30 

Final iExtension i 72ºC i– i10 iminutes i 
Table i6.5 iCycling icondition iof idomain iV iof i23sr iRNA iand icfr 

Initial idenaturation 94ºC i– i5 iminutes i 

Denaturation 94ºC- i30 iseconds 

Annealing i 55ºC-30 iseconds i 

Extension 72ºC- i1  i iminutes 

No. iof iCycles i 30 

Final iExtension i 72ºC i– i7 iminutes i 
 

Table i6.6 iCycling icondition iof irpl iC, irpl iD iand irpl iV 

Initial idenaturation 94ºC i– i10 iminutes i 

Denaturation 94ºC- i30 iseconds 

Annealing i 55ºC-30 iseconds i 

Extension 72ºC- i1  i iminutes 

No. iof iCycles i 35 

Final iExtension i 72ºC i– i10 iminutes i 
 

  

Initial idenaturation 94ºC i– i5 iminutes i 

Denaturation 94ºC- i40 iseconds 

Annealing i 56ºC-40 iseconds i 

Extension 72ºC-40 iseconds 

No. iof iCycles i 35 

Final iExtension i 72ºC i– i7 iminutes i 
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Table i7 iCycling icondition iof iiles-1and imupB 

Initial idenaturation 94C i– i5 iminutes i 

Denaturation 94- i30 iseconds 

Annealing i 60C-30 iseconds i 

Extension 72C- i30seonds i 

No. iof iCycles i 30 

Final iExtension i 72C i– i5 iminutes i 
 

Table i6.8 iCycling icondition iof ifus iB iand ifusC 

 

 

 

 

 

Table i6.9 iCycling icondition iof ifusD 

Initial idenaturation 94ºC i– i5 iminutes i 

Denaturation 94ºC- i30 iseconds 

Annealing i 57ºC-30 iseconds i 

Extension 72ºC- i30seonds i 

No. iof iCycles i 30 

Final iExtension i 72ºC i– i10 iminutes i 

 

Table i6.10 iCycling icondition iof idfrA 

Initial idenaturation 94ºC i– i4 iminutes i 

Denaturation 94ºC- i30 iseconds 

Annealing i 54ºC-30 iseconds i 

Extension 72ºC- i30seonds i 

No. iof iCycles i 25 

Final iExtension i 72ºC i– i5 iminutes i 
 

 

Initial idenaturation 94ºC i– i5 iminutes i 

Denaturation 94ºC- i30 iseconds 

Annealing i 50ºC-30 iseconds i 

Extension 72ºC- i30seonds i 

No. iof iCycles i 30 

Final iExtension i 72ºC i– i10 iminutes i 
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6.4 Results:-  

Table 6.11 Prevalence and Distribution of antibiotic resistant determinants among isolated Staphylococcus 

Genes  Clinical Isolates Health care workers 

 

In-Patient Visitors  

 

Out-Patient Visitors 

S.aureus  

(n=350) 

CoNs 

(n=450)  

S.aureus  

(n=92) 

CoNs 

(n=56) 

S.aureus  

(n=51) 

CoNs  

(n=39) 

S.aureus  

(n=41) 

CoNs 

(n=41  

msrA 60(17.14%) 51(11.33%) 16(17.39%) 8(14.28%) 8(15.68%) 5(12.82%) 8(19.51%) 7(17.01%) 

ermC 45(12.85%) 40(8.88%) 7(7.60%) 4(7.14%) 6(11.76%) 3(7.69%) 5(12.19%) 3(7.31%) 

ermB 33(9.42%) 35(7.77%) 6(6.52%) 4(7.14%) 6(11.76%) 2(5.12%) 6(14.63%) 3(7.31%) 

ermA 17(4.85%) 21(4.66%) 2(2.17%) 2(3.57%) 2(3.92%) 2(5.12%) 2(4.87%) 2(4.87%) 

ermB + 

msrA 

11(3.14%) - - 2(3.57%) 1(1.96%) - 1(2.43%) - 

erm C+ 

msrA 

10(2.85%) 2(0.44%) 1(1.08%) - 1(1.96%) - - 24.87%) 

erm A+ 

erm C 

4(1.14%) 12(2.66%) - - - - - - 

tet M 110(31.4%) 74(16.44%) 5(5.43%) 5(8.92%) 7(13.72%) 7(17.94%) 6(14.63%) 6(14.63%) 

tet K 79(22.57%) 47(10.44%) 4(4.34%) 3(3.57%) 4(7.84%) 3(7.69%) 5(12.19%) 6(14.63%) 

tet L 5(1.42%) 14(3.11%) - - - - 1(2.43%) - 

tet O - - - - - - - - 

tet M + 

tet K 

6(1.71%) 10(2.22%) 1(1.08%) 1(1.78%) 1(1.96%) 1(2.56%) 1(2.43%) 2(4.87%) 

aac(6’)-

Ie aph 

(2”)-Ia 

31(8.85%) 26(5.77%) 4(4.34%) 3(3.57%) 2(3.92%) 3(7.69%) 4(9.75%) 2(4.87%) 

aph(3’)- 

IIIa 

25(7.14%) 21(4.66%) 2(2.17%) - 2(3.92%) - 2(4.87%) - 

ant (4’)–

Ia 

18(5.14%) 12(2.66%) - - - 1(2.56%) 2(4.87%) - 

van A 27(7.71%) 14(3.11%) 6(6.52%) - 4(7.84%) 1(2.56%) 3(7.31%) 2(4.87%) 
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domain V 

of 23S 

rRNA 

4(1.14%) - - - - - - - 

rpl C 2(0.57%) 3(0.66%) - - - - - - 

rplD - 1(0.22%) - - - - - - 

cfr 2(0.57%) - - - - - - - 

mupA 38(10.85%) 18(4.00%) 3(3.26%) - 2(3.92%) 1(2.56%) 3(7.31%) - 

iles-1 5(1.42%) 6(1.33%) - - - - 1(2.43%) - 

fus B 20(5.71%) 38(8.44%) 3(3.26%) 3(3.57%) 1(1.96%) 2(5.12%) 3(7.31%) 3(7.31%) 

fusC 18(5.14%) 26(5.77%) 2(2.17%) 1(1.78%) - 1(2.56%) 1(2.43%) - 

dfrA 11(3.14%) 8(1.77%) 8(8.69%) 1(1.78%) 3(5.88%) - 5(12.19%) - 

 

Table 6.12 Prevalence and Distribution of antibiotic resistant determinants among isolated MRS 

 Clinical Isolates 

 

Health care 

workers 

 

In-Patient Visitors  

 

Out-Patient Visitors 

 S.aureus  

(n=123) 

CoNs 

 (n=72) 

S.aureus 

(n=24) 

 

CoNs  

(n=0) 

S.aureus  

(n=14) 

CoNs  

(n=9) 

S.aureus  

(n=10) 

CoNs  

(n=9) 

msrA  11(8.94%) 04(5.55%) 2(8.33%) - 02(14.28%) 1(11.11%) 2(20.00%) 3(33.33%) 

ermC 07(5.69%) 05(6.94%) 1(4.16%) - - 1(11.11%) - - 

ermB 04(3.25%) 01(1.38%) - - 01(7.14%) 1(11.11%) - - 

ermA 3(2.43%) - - - - - - - 

ermB + 

msrA  

1(0.81%) - - - - - - - 

tet M 9(7.31%) 4(5.55%) 2(8.33%) - 2(14.28%) 2(22.22%) 1(10.00%) 1(11.11%) 

tet K 6(4.87%) 2(2.77%) 2(8.33%) - - 1(11.11%) 1(10.00%) 2(22.22%) 

tet M + 

tet K 

5(4.06%) - 1(4.16%) - - - 1(10.00%) - 
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aac(6’)-

Ie aph 

(2”)-Ia 

8(6.50%) 3(4.16%) 2(8.33%) - 1(7.14%) - - - 

aph 

(3’)- 

IIIa 

5(4.06%) 2(2.77%) 1(4.16%) - - - - -- 

ant (4’) 

–Ia 

3(2.43%) 1(1.38%) - - - - - - 

van A 27(21.95%) 14(19.44%) 6(25.00%) - 4(28.57%) 1(11.11%) 3(30.00%) 2(22.22%) 

domain 

V of 

23S 

rRNA 

4(3.25%) - - - - - - - 

rpl C 2(1.62%) 3(4.16%) - - - - - - 

rplD - 1(1.38%) - - - - - - 

cfr 2(1.62%) - - - - - - - 

mup A 6(4.87%) 17(23.61%) 3(12.5%) - 2(14.28%) 1(11.11%) 2(20.00%) - 

iles-1 1(0.81%) 3(4.16%) - - - - 1(10.00%) - 

fus B 6(4.87%) 4(5.55%) 2(8.33%) - 1(7.14%) 1(11.11%) 1(10.00%) 1(11.11%) 

fusC 2(1.62%) - - - - - - - 

dfrA 11(8.94%) 8(11.11%) 2(8.33%) - 1(7.14%) - - - 
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Table 6. 11 Distribution of SCCmec types among clinical isolates of S.aureus (n=123) 

SCCmec I II III IVa IVb IVc IV d V I + V II 

+III 

III+I

V 

Total  

msrA  4 
3.25% 

3 
2.43% 

- 1 
0.81% 

1 
0.81% 

- - 2 
1.62% 

- - - 11 
8.94% 

ermC 2 

1.62% 

- 2 

1.62% 

- - 1 

0.81% 

- 2 

1.62% 

- - - 7 

5.69% 

ermB - 2 
1.62% 

- 1 
0.81% 

- - - - 1 
0.81% 

- - 4 
3.25% 

ermA - - 3 

2.43% 

- - - - - - - - 3 

2.43% 

ermB + 

msrA  

- - - - - - - - - 1 
0.81% 

- 1 
0.81% 

tet M 3 

2.43% 

2 

1.62% 

- 2 

1.62% 

- 1 

0.81% 
- 1 

0.81% 

- - - 9 

7.31% 

tet K 2 
1.62% 

4 
3.25% 

- - - - - - - - - 6 
4.87% 

tet M + 

tet K 

- - - 1 

0.81% 

2 

1.62% 

- - 1 

0.81% 

- - 1 

0.81% 

5 

4.06% 

aac(6’)-

Ie aph 

(2”)-Ia 

3 
2.43% 

- - 1 
0.81% 

2 
1.62% 

- 2 
1.62% 

- - - - 8 
6.50% 

aph (3’)- 

IIIa 

- 3 

2.43% 

- - - - - 2 

1.62% 

- - - 5 

4.06% 

ant (4’) –

Ia 

- 2 

1.62% 

- 1 

0.81% 

- - - - - - - 3 

2.43% 

van A 2 

1.62% 

2 

1.62% 

13 

10.56
% 

- 2 

1.62% 

- - 1 

0.81% 

2 

1.62% 

2 

1.62% 

3 

2.43% 

27 

21.95% 

domain 

V of 23S 

rRNA 

2 

1.62% 

- - 2 

1.62% 

- - - - - - - 4 

3.25% 

rpl C - - - - - - - 2 

1.62% 

- - - 2 

1.62% 

cfr -- - - - - - 2 - - - - 2 
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1.62% 1.62% 

mup A 2 

1.62% 

- - - - - - 4 

3.25% 

- - - 6 

4.87% 

iles-1 1 

0.81% 

- - - - - - - - - - 1 

0.81% 

fus B - - - 1 

0.81% 

- - - 5  - - 6 

4.87% 

fusC 1 

0.81% 

- - 0 1 

0.81% 

- - - - - - 2 

2.43% 

dfrA 1 

0.81% 

- 5 

4.06% 

- 1 

0.81% 

- - 2 

1.62% 

1 

0.81% 

1 

0.81% 

- 11 

8.94% 

Total 23 

18.69

% 

18 

14.63

% 

23 

18.69

% 

10 

8.13% 

9 

7.31

% 

2 

1.62

% 

4 

3.25

% 

22 

17.88

% 

4 

3.25

% 

4 

3.25

% 

4 

3.25

% 

123 

 

Table 6.12 Distribution of SCCmec types among Clinical isolates of CoNS (n=72) 

SCCmec I II III IVa IVb IVc IV d V I + V II 

+III 

III+IV Total 

msrA  1 
1.38% 

2 
2.77% 

1 
1.38% 

- - - - - - - - 4 
5.55% 

ermC - 2 

2.77% 

- - - - - 3 

4.16
% 

- - - 5 

6.94% 

ermB - 1 

1.38% 

- - - - - - - - - 1 

1.38% 

tet M 2 
2.77% 

0 2 
2.77% 

- - - - - - - - 4 
5.55% 

tet K - 2 

2.77% 

- - - - - - - - - 2 

2.77% 

aac(6’)-Ie 

aph (2”)-

Ia 

- - 1 
1.38% 

- 1 
1.38% 

- 1 
1.38% 

- - - - 3 
4.16% 

aph (3’)- 

IIIa 

- 1 

1.38% 

- 1 

1.38% 

- - - - - - - 2 

2.77% 



CHAPTER – 6  GENOTYPIC IDENTIFICATION  Pagei 132 
 

ant (4’) –

Ia 

- 1 

1.38% 

- - - - - - - - - 1 

1.38% 

van A - - 3 
4.16% 

3 
4.16% 

2 
2.77% 

- 3 
4.16% 

2 
2.77

% 

- - 1 
1.38% 

14 

rpl C 1 
1.38% 

- - 2 
2.77% 

- - - - - - - 3 
4.16% 

rplD - - - - - - - - 1 

1.38

% 

- - 1 

1.38% 

mup A - 1 

1.38% 

3 

4.16% 

1 

1.38% 

2 

2.77% 

4 

5.55% 
- 5 

6.94

% 

1 

1.38

% 

- - 17 

23.61% 

iles-1 - - - - - 1 
1.38% 

- 1 
1.38

% 

- 1 
1.38% 

- 3 
4.16% 

fus B - - 2 

2.77% 

- - 2 

2.77% 
- - - - - 4 

5.55% 

dfrA - - 1 

1.38% 

2 

2.77% 

- - 2 

2.77% 

1 

1.38

% 

1 

1.38

% 

- 1 

1.38% 

8 

11.11% 

 

Total 4 

5.55% 

10 

13.88

% 

13 

18.05

% 

9 

12.5% 

5 

6.94% 

7 

9.72% 

6 

8.33% 

12 

16.6

6% 

3 

4.16

% 

1 

1.38

% 

2 

2.77% 

72 

 

 

  



CHAPTER – 6  GENOTYPIC IDENTIFICATION  Pagei 133 
 

Table 6.15 Prevalence and Distribution of SCCmec types among S.aureus of HCWs (n=24) 

 

 

  

SCCmec I II III IVb IVc IV d V I + V II +III III+IV Total  

msrA 1 
4.16% 

- - 1 
4.16% 

- - - - - - 2 

8.33% 

ermC  - 1 

4.16% 

- - - - - - - - 1 

4.16% 

tetM 2 
8.33% 

- - - - - - - - - 2 

8.33% 

tetK - 1 

4.16% 

1 

4.16% 

- - - - - - - 2 

8.33% 

tet K+tetM - - - - - - - - - 1 
4.16% 

1 

4.16% 

aac(6’) 1 

4.16% 

- 1 

4.16% 

- - - - - - - 2 

8.33% 

aph (3’) - 1 
4.16% 

- - - - - - - - 1 

4.16% 

vanA - - 2 

8.33% 

1 

4.16% 

- - 2 

8.33% 

- 1 

4.16% 

- 6 

25.00% 

mupA - - - - 1 
4.16% 

1 
4.16% 

1 
4.16% 

- - - 3 

12.5% 

fusB - - - - - - - 1 

4.16% 

1 

4.16% 

- 2 

8.33% 

dfrA  - - - 1 
4.16% 

- - 1 
4.16% 

- - - 2 

8.33% 

Total  4 

16.66% 

3 

12.5% 

4 

16.66% 

3 

12.5% 

1 

4.16% 

1 

4.16% 

4 

16.66% 

1 

4.16% 

2 

8.33% 

1 

4.16% 

24 
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Table 6.16 Prevalence and Distribution of SCCmec types among S.aureus of Out- Patient visitors (n=10) 

 

  
SCCmec I II III IVa IVb V II +III Total  

msrA  2 

14.28% 

0 0 0 0 0 0 2  

14.28% 

ermB 0 1 

7.14% 

0 0 0 0 0 1 

7.14% 

tet M 1 

7.14% 

0 1 

7.14% 

0 0 0 0 2 

14.28% 

aac (6’)-Ie-aph -Ia 1 

7.14% 

0 0 0 0 0 0 1 

7.14% 

vanA 0 1 

7.14% 

0 2 

14.28% 

0 1 

7.14% 

0 4 

28.57% 

mupA 0 0 0 0 0 2 

14.28% 

0 2 

14.28% 

fus B 0 0 0 0 0 0 1 

7.14% 

1 
7.14% 

dfrA  0 0 0 1 

7.14% 

1 

7.14% 

0 0 2 

(14.28%) 

Total 4 

28.57% 

2 

14.28% 

1 

7.14% 

2 

14.28% 

1 

7.14% 

3 

(21.42%) 

1 

7.14% 

14 
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Table 6.17 Prevalence and Distribution of SCCmec types among S.aureus of In- Patient visitors (n=14) 

 

 

 

 

 

SCCmec I III IVa IVc V I + V Total  

msrA  1 

10.00% 

1 

10.00% 

0 0 0 0 2 

20.00% 

tet M 0 1 
10.00% 

0 0 0 0 1 

10.00% 

tet K 1 

10.00% 

0 0 0 0 0 1 

10.00% 

tet K + L 0 0 1 
10.00% 

0 0 0 1 

10.00% 

vanA 1 

10.00% 

0 0 0 0 0 1 

10.00% 

mupA 0 0 0 1 

10.00% 

0 1 

10.00% 

2 

20.00% 

iles-1 0 0 0 0 1 

10.00% 

0 1 

10.00% 

fus B 0 0 0 0 1 
10.00% 

0 1 

10.00% 

Total  3 

30.00% 

2 

20.00% 

1 

10.00% 

1 

10.00% 

2 

20.00% 

1 

10.00% 

10 
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erm B + ermA tet M + tet K
erm B + tet K
+aac (6')-Ie-
aph (2") Ia

ermC + tet K
+mupA +fus B

dfrA + aph (3')-
IIIa +tet K +erm

A +rpl C

Out Patient visitors 0 0 0 0 0

In-Patient Visitors 0 0 0 0 1

HCWs 0 0 0 1 0

Clinical Isolate 1 5 1 0 0

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100% 

 

 

 

 

 

 

 

 

 

 

Figure 6.8 Distribution of Co-existence of antibiotic resistant determinants 

among S.aureus 

 

Table 6.13 Distribution of SCCmec types among Co-existence of multiple 

antibiotic resistant determinants of Methicillin resistant CoNS  

 

 

Resistant determinants  SCCmec types  No.of Isolates  

erm B + ermA SCCmec I 1 

tet M + tet K SCCmec III 1 

erm B + tet K +aac (6')-Ie-aph (2") Ia SCCmec II + III 1 

ermC + tet K +mupA +fus B SCCmec I 1 

dfrA + aph (3')-IIIa +tet K +erm A +rpl C SCCmec 1V 1 

4.16% 

7.14% 

0.81% 

1.62% 

4.06% 
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Figure 6.9 Distribution of Co-existence of multiple antibiotic resistant 

determinant of Methicillin resistant CoNS  

 

Figure 6.10 Distribution of SCCmec Types among co-existence of multiple 

Antibiotic Resistant Determinants of isolated CoNS 

 

dfrA +
aph (3')-

IIIa
+vanA

fus B +
mup A +
erm C +

dfr A

msr A +
tet K +
van A

msrA +
tet L +
van A

msrA +
tet L +
fus B

tet K +
tet L +
van A

msrA +
erm C +
erm B+

tet K

mup A +
fus B

Out-Patient visitors 0 0 1 1 1 0 0 0

In-Patient visitors 0 0 1 0 0 1 1 1

HCWs 0 0 0 0 0 0 0 0

Clinical isolates 2 2 0 0 0 0 0 0
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III
SCCmec

IV
SCCmec V

SCCmec
III + V

SCCmec II
+ V

msrA+ ermC +ermB+tetK 0 0 0 0 1 0

tetK+tetM +vanA 0 0 1 0 0 0

msrA+tetK +fusB 0 0 0 1 0 0

msrA+tetL+vanA 0 1 0 0 0 0

msrA + tet K + vanA 1 0 0 0 0 0

fusB +mupA+ermC+dfrA 0 1 0 0 0 0

dfrA + aph(3')-IIIa+ vanA 0 0 0 0 0 1

0

0.5

1

1.5

2

2.5

N
o

. o
f 
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o

la
te

s 

2.27% 

1.13% 

33.33% 

33.33% 

33.33% 

33.33% 

33.33% 

33.33% 

33.33% 
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6.5 Discussion:-  

 Staphylococci iare iimportant  ipathogens iin ihumans iall iover ithe iworld,  

iAntimicrobial iresistant  i(AMR) iin ibacteria iis ian iimportant  ipublic ihealth iproblem iin  

imodern imedical iworld. iCoNS iare ipotential ireservoirs iof iantibiotic iresistant  ideterminants 

iwhich imay itransfer ithen ito  iS.aureus iboth iin ivivo  iand iin ivitro  i

[23]. iDeveloping icountries,  

ilike iIndia igenerally ipay iless iattention iin icommensal,  ilow ipathogenic iand ienvironmental 

iantimicrobial iresistance ibacteria. iThese ibacteria iact  ias ia ireservoir iof iAMR igenes ithat  

imight  iincrease ithe inumber iof iantibiotic iresistance ideterminants iand imake ipatients iwho  

iare ihospitalised imore iharmful. i

[24]. iErythromycin ihas ia igood ioral iabsorption iand ihigh 

itissue ipenetration iand. iIt  iremains ian iimportant  iantibiotic iin iMacrolid igroups iand iis iused ito  

itreat  inosocomial iand icommunity iassociated iinfections icaused iby igrami ipositivei iandi igrami 

inegativei ibacteriai i

[25]. i 

In ithe ipresent  istudy, ifrequency iof iErythromycin  iresistant  ideterminants iwas 

i41.33% iamong iclinical iisolates iof iS.aureus. iAmong ithese, imsr iA i(31.72%) igene ifound  

imore ifollowed iby ierm iC i(22.58%), ierm iB i(16.66%) iand  ierm  iA i(15.59%). imsrA igene 

iencodes ifor ithe iactive iefflux ipump iprotein iand iit  iis i iATP idependent. iThis iis isimilar ito  ithe 

ifindings iof iMisic iet  ial i2017, iHungary i

[26]
 iwho  ifound imsrA igene iin ihalf iof ithe iMacrolid  

iresistant  iStaphylococci. iAmong ierm igenes iermC iwas imore icommon ithan iother ierm  

igenes; imost  iof ithe istudies ifound iermC iwas imore iprevalent  ifollowed iby iothers. iThis icould  

ibe idue ito  ithe ipresence iof iermC igenes iin ismall iplasmids iand ieasier itransmission iand  

idissemination ifrom iresistant  istrains ito  isusceptible istrains i

[27]. iIt  iwas isupported iby ia istudy 

iconducted iin iIran i2019 i

[28], iwho  ifound imore iprevalence iin iermC igene ithan iothers. iSome  

istudies idid  inot  ifind iermB igene iand  ishowed ino  irole iin iprevalence  iof iMacrolid  iresistance. i 

iBut  iour istudies ishowed iermB iwas i16.66%. iThis iindicates ithat  iermB, iermA iand iermC iplay 

iimportant  irole iin iMacrolid  iresistance iamong iS.aureus. i i 

We ifound iCo-existence iof iermB i+ imsrA iwas i6.45%, iermC i+ imsrA i4.30% iand 

iermA+ iermC i2.68%. i iIt  iwas ipreviously ireported iand  isupported iby iother istudies, iFaccone 

iD iet  ial i2014 i

[29], iSazczuka iE iet  ial i2016  i

[30]
 iand iSteward iCD iet  ial i2005  i

[31]. iCo-existence iof 

iMacrolid igenes iin isingle iisolate iindicates ithat  ithe ipathogen iplasmids imay icarry imultidrug  

iresistant  igenes iand  iposses imore ivirulence ithan ithe iother ipathogens. iAmong  iMRSA 

iclinical iisolates, i8.94% iisolates idetected imsrA, i5.69% iermC, i3.25% iermB, i2.43% iermA  

iand i1 iisolate i(0.81%) idetected ierm iC i+msrA. iAmong i11 i(8.94%) imsrA iMRSA iclinical 

ipositive iisolates, i4 i(3.25%) iisolates icarried iSCCmec  iI, i3(2.43%) icarried iSCCmec  iII,  
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i1.62% iSCCmec  iIV, iand i2  i(1.62%) idetected iSCCmec iV. i iAmong i7  iermC ipositive iclinical 

iMRSA iisolates, i2 iisolates i(1.62%) iisolates icarried iSCCmec iI i, iSCCmec iIII, iSCCmec iV 

iand ione iisolate icarried  iSCCmec iIV. iermB i+ imsrA iisolate iof i iMethicillin iresistance  

iS.aureus ifrom iclinical iisolates icarried  iSCCmec iII i+ iIII. i iOne iisolate i(0.81% i) iof iermA  

icarried iSCCmec i iI i+ iV. i 

Aminoglycosides iare iimportant  iclass iof iantibiotics iwhich iare iused ifor  

icomplicated iStaphylococcal iinfections. iThe icommon iAminoglycoside iresistance  

imechanisms iare iAminoglycoside  iModifying  iEnzymes i(AMEs). iAmong  iAMEs, ithe imost  

icommon iAMEs iseen iin iStaphylococcus iare iaac(6’)-Ie-aph(2”) iwhich iconfers iresistance  

ito  iGentamicin, iTobramycin iand iKanamycin, iaph(3’)-IIIa iwhich iconfers iresistance ito 

iNeomycin iand iKanamycin, iant-(4’)-Ia iwhich iconfers iresistance ito  iKanamycin,  

iTobramycin,  iAmikacin iand iNeomycin i

[32-34]. iIn ipresent  istudy, i15.77% iAminoglycosides  

iresistance iwere idetected igenotypically iamong  iclinical iisolates iof iS.aureus. iOf ithese,  

iaac(6’)-Ie-aph i(2”)-Ia iwas idetected imore icommon i(43.66%) i ifollowed  iby iaph(3’)-IIIa 

i(35.21%) iand iant i(4’)-Ia i i(25.35%). iAmong i160 iMRSA iclinical iisolates, i10% iof ithe  

iisolates idetected iresistance  ito  iAminoglycosides, i6.50% iof iisolates idetected iaac(6’)-Ie-

aph i(2”) ifollowed iby iaph(3’)-IIIa i(4.06%) iand  iant i(4’)-Ia i(2.43%). iMost  iof ithe  

iaminoglycoside iresistance iMRSA icarried iSCCmec iIV ifollowed iby iSCCmec iII, iI iand  iV. i 

In icurrent  istudy, iNasal icolonization iof iAminoglycoside iresistance iamong  

iS.aureus iof iHealthcare  iworkers, iIn i–patient  iand  iOut-Patient  ivisitors iwas i6.52%, i7.84%  

iand i19.51%. i iWe ifound iaac i(6’)-Ie-aph i(2”) iwas imore ifollowed iby iother iAMEs 

ideterminants. iOut  iof i24 i(26.08%) iMRSA iisolates iamong iHCWs, i3 i(12.5%) iisolates 

idetected iAMEs ideterminants. iOf ithese, iaac i(6’)-Ie-aph i(2’) ifound i8.33% iand iaph i(3’)-III 

ia ifound i4.16%. iOne iisolate i(7.14%) iof iMRSA ifrom iIn- ipatient  ivisitors idetected iaac(6’)-

Ie-aph i(2”). iOut  i–Patient  ivisitors idid inot  idetect  iany iAMEs iresistance ideterminants 

itowards iMRSA iisolates. i 

In icurrent  istudy, imost  icommon iTetracycline iresistance igene iamong  iclinical 

iisolates iof iS.aureus iwas imediated itetK i(33.14%) ifollowed iby itet  iM i(22.57%) iand itetO 

i(1.42%). iAmong i22 iMRSA itetracycline iresistant  iS.aureus iisolates ifrom iamong iclinical 

ispecimens, i7.31% iof itetM i, i4.87% iof itetK iwere idetected. i iThis iis icomparable ito  iother 

istudies ireported iby iKhoramrooz iet  ial i2017 i i

[4]
 iwho  ifound itetK i(82.57%) ito  ibe ithe imost  

iprominent  igene ifollowed  iby itetM  i(56.9%). iJones iCH iet  ial i2006 i

[35]
 idetected itetK igene 
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ihigher inumber  iin ia imulticenter istudy iamong  iMRSA iisolates. iWe ifound iCo-existence iof 

itetk i+tet iM i(4.06%) iin iMRSA iisolates iand ithis iwas ipreviously ireported iin ia istudy iby 

iSchmitz  iet  ial i

[36]. i iIn ithe ipresent  istudy ino  irole iof itetO igene iin iTetracycline iresistance  

iamong iclinical iisolates iof iS.aureus. itetM igene iwas ifound imore iin inasal icolonization  

iS.aureus iof iHealthcare iworkers, iIn-patient  iVisitors iand  iOut-patient  ivisitors ii.e, i5.43%, 

i15.68%, i17.07%. iOur ifinding  iis icomparable ito  ia istudy iconducted iby iHui-Ling iOng  iM iet  ial 

i2017 i

[37], iwho  ifound imore iprevalence iof itetM igene. itetM igene iis imore istable iand ipersists 

ifor ia ilonger iperiod iof itime iin ia ibacterial ipopulation ifollowed  iby iother itet igenes iin  

iTetracycline iresistance. iThis iis idue ito  ithe iTransposon iTn916, iwhich iis ia ihighly istable  

itransposon ieven iwithout iany ihigh iantibiotic iselective ipressure. itetK igene iseen iin ia i4.4kb 

itransmissible iplasmid i(pT181) iwhich iinfects ionly ia ilimited ihost  irange i

[38]. iSCCmec iII iwas  

iseen imore iin iTetracycline iresistant  igenes ifollowed iby iother iSCCmec itypes. iHowever, ia 

istudy ifrom iBelgium i

[39]
 ireported iSCCmec iI iinstead iof iSCCmec  iII. iThis idifference  

ibetween ithe iprevalence  iof iTetracycline  iresistance  ideterminants iin ithe iSCCmec  itype imay 

ibe idue ito  ithe igeographical ilocation iand isample itypes. i 

Vancomycini  iisi  iai idrugi iofi ichoicei ifori ithei itreatmenti iof iMethicillin iResistant  

iStaphylococcal iinfection, iVancomycin iresistance ioccurs iby itwo imechanisms i1. i  

iMutation ior iby ihorizontal itransfer  iof iVancomycin iresistant  ideterminants iamong  ibacteria  

iand i2. iIncreased icell iwall ithickness ileading  ito  idecreased iintake iof iantibiotic iinside ithe 

ibacterial icell i i

[12]. iThe ifirst  imechanisms iare imediated iby ivan igene iclusters. iTill inow i11 ivan  

igene iclusters ihave ibeen iidentified. iOf ithese, ivanA iand ivanB igenes iare icommonly 

iobserved iin ihospital iisolates iof iStaphylococcus i

[40]. iIn ithe iPresent  istudy, i27 i(6%) iof 

iisolates icarried ivanA igene iand iwe idid inot  idetect  ivanB iand iVanC igene iamong  ithe iclinical 

iisolates iof iS.aureus. iAll ivanA ipositive iisolates ishowed iMethicillin iResistance. iThis iis  

isupported iby ithe istudy iconducted iMeera iMaharajan iet  ial i2021[41], iwho  ifound imore ivanA 

igene ithan ivanB iamong ithe iclinical iisolates. i iSCCmec  iIII iwas ithe ipredominant  itype iin ivanA  

ideterminants ifollowed iby iother iSCCmec itypes; ithis imay ibe idue ito  iits ihospital iassociation 

ias ipreviously idescribed iin iChapter i5. iCo-existence iof i2 iSCCmec itypes iwere iidentified iin  

iclinical iisolates iof iS.aureus ii.e. iSCCmec iIII+IV i(2.63%), iSCCmec  iI+V, iSCCmec iII+III. 

i1.62%. iNasal icolonization iof iMRSA iisolates ifrom iHCWs, iIn-Patient  iVisitors iand iOut-

Patient  iVisitors iwere ifound iin i6.52%, i7.84% iand i7.31% iof ivanA igene iand imost  iof ithe 

iisolates icarried iSCCmec iV ifollowed iby iother iSCCmec itypes iwhich imay ibe ithe 

icommunity iassociated. i i 
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Fusidic iacid iis ia inarrow ispectrum isteroid ilike iantibiotics iused iagainst  ithe iMRSA 

iinfection iin isystemic iand itopical iointment  iforms. iFusidic iacid ihas ibeen iused iwidely iin  

igram ipositive ibacteria ibecause iof iits iminimal iside ieffects iand ithere iis ino  iknown icross 

iresistance iamong  ibacteria  i

[42]. iHowever, ithe ilong iterm icontinuous iusage iof iFusidic iacid  iin  

itreatment  ihas ibeen ideveloping ia iresistance iagainst  iFusidic iacid. iTwo imajor iFusidic iacid  

iresistance imechanisms ihave ibeen ireported iamong iStaphylococcus ispp inamely, i1.  

iChanging ithe idrug itarget isite iby imutation iat  ichromosomal ilevel iwhich iis imediated iby ifusA 

ior ifusE igene i2. iAcquired iFusidic iacid iresistance iis imediated iby ifus iB, ifusC iand ifus iD, ithese  

ideterminants iare ilocated ion iplasmids ior itransposons-like ielements i

[43]. iIn ipresent  istudy,  

iwe ianalyzed ithe iplasmid imediated iacquired iresistant  ideterminants ii.e., ifusB, ifusC iand 

ifusD iwhich iare imore  icommon iin iboth iS.aureus iand iCoNS. i8.44% iof iS.aureus iamong  

iclinical iisolates ishowed iFusidic iacid iresistance igenotypically.  i iAmong ithese, i52.63%  

i(n=20) idetected ifus iB i, i47.36% i(n=38) idetected ifus iC igene. ifus iD ideterminants iwere inot  

idetected iin iclinical iisolates iof iS.aureus. i11 iisolates i(8.94%) iof iS.aureus ifrom iclinical 

iisolates ishowed iresistance ito  iFusidic iacid igenotypically. iOut  iof ithese, i4.87% idetected ifus 

iB igene iand i1.62% idetected ifus iC igene. iThis iis icomparable ito  iother istudies iby iAldasouqi iet  

ial i2019 ifrom iJordan i

[44], iYu iF iet  ial i2015  ifrom iChina[45]
 iwho  ifound  ifusB igene imore  

ifollowed iby ifusC igene  iamong iMRSA iisolates iin itheir istudies. i iHowever iit  iis iin icontrast  ito  

iother istudy iconducted iby iBoloki iet  ial i2021 ifrom iKuwait[46]
 iwho  ifound imore ifus iC 

ideterminants ithan ifus iB. iThese idifferences imay ibe ithe igeographical idistribution iof 

iFusidic iacid ideterminants iamong iMRSA iisolates. iMajority iof ifus iB ideterminants idetected 

ihigher iSCCmec itype iV i(4.06%) ithan iother iSCCmec  itypes. i0.81% iSCCmec itype iI iand iIV 

icarried  ifus iC igene iamong ithe iclinical iisolates iof iS.aureus. iGenotypic iprevalence iof 

iFusidic iacid iresistant  ideterminants iof iS.aureus iamong iHCWS, iIn-patient  ivisitors iand  

iOut-Patient  ivisitors iin iour istudy iwere i3.26%, i1.96% iand i7.31%. i iAmong  ithese, iout-

patient  ivisitors icarried imore iFusidic  iacid ideterminants ii.e., i8.33% iamong iMRSA iisolates 

ifollowed iby iclinical iisolates i(8%) iand iIn-patient  ivisitors i(7.14). iMost  iof ithe iMRSA 

iFusidic iacid iresistant  ideterminants iamong iHCWS, iIn-Patient  iand iOut-Patient  ivisitors 

icarried  iCo-existence  iof i2 iSCCmec  itype’s ii.e iSCCmec iI+V, iSCCmec iII i+III iand  ione 

iisolate icarried iSCCmec iV. i iMost  iof ithe iFusidic  iacid  ideterminants icarried  iSCCmec iV iand  

iin iCombination ithis iindicates ithat  iMRSA imay ibe icommunity iassociated iin ithose iwho  

ifrequently iuse iFusidic iacid ias ia itopical iointment  iover ithe icounter. i 
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Mupirocin ialso  icalled  ias iPseudomonic iacid iA, iis iused  ito  ieliminate ithe inasal 

icolonization iof iMRSA iamong ihealthcare iworkers iand itreatment  iof iStaphylococcal iSkin 

iand isoft  itissue iinfection i

[6]. iMupirocin iinhibits ithe isynthesis iof iprotein iby iinteracting iwith  

iisoleucine i–transfer iRNA i(tRNA) isynthetase i(IIeS). iTwo itypes iof iMupirocin iresistance  

iamong iStaphylococcus ihave ibeen ireported ibased  ion ithe iMIC i(Minimum iInhibitory 

iConcentration). iLow ilevel iMupirocin iresistance i(LLMR) iwith ian iMIC irange ibetween i8 ito  

i256 iµg/mL iwhich iis iinfluenced iby ipoint  imutation iin it-RNA isynthetase ichromosomal 

igene iof ibacteria i(iles-1). iHigh ilevel iMupirocin iresistance i(HLMR) iwith ian iMIC irange  

i≥512 iµg/mL iand iHLMR iis ian iacquired iresistance iby iplasmid  ior itransposons ilike ielement; 

iit  iis iencoded iby imupA ior imupB igene. imupA  ideterminant  iencoding  iplasmids icarrying iother 

iantibiotic iresistance i

[47]. iIn iPresent  istudy, iwe idetected iiles-1 i(LLMR) iand imupA igene 

i(HLMR) iamong iclinical iisolates iof iS.aureus. i9.55% iMupirocin iresistance iwas idetected 

igenotypically iin icurrent  istudy ifrom iclinical iisolates iof iS.aureus. iAmong ithese, imupA  

i(HLMR) iwas idetected iin i88.37% ifollowed iby iiles-1 i(LLMR) igene i11.62%. iOut  i9.55% 

i(n=43) iMupirocin iresistance igenotypically, i7 iisolates ishowed iresistance ito iMethicillin  

iout  iof ithese, i i6 iisolates i(4.87%) ishowed iresistance ito  imupA i(HLMR) iand i1 iisolate i(0.81%) 

ishowed iresistant  ito  iiles-1 i(HLMR). iOur ifinding iis isupported iby istudy iconducted iby 

iShivanna iet  ial i2018 i

[48], iBatoorn iet  ial i2012 i

[49]
 iwho  ifound imore ihigh ilevel iMupirocin 

iresistance ithan iLLMR. i iIn icontrast, iRudresh iet  ial i

[50]
 ifound  ihigher iprevalence iin iLLMR 

ithan iHLMR. iThe idifference ibetween ithe istudies imay ibe idifferent  iorigin iof iisolates, 

igeographical iareas iand  ipatient  icharacteristics ietc. iMost  iof ithe iMupirocin iresistant  iMRSA 

istrains iin iclinical ispecimens icarried iSCCmec iV i(4.06%) ifollowed iby iSCCmec iI i(1.62%) 

iand iSCCmec iII i(0.81%). iNasal icolonization iof iS.aureus iisolates iamong iHCWs, iIn-

Patient  iVisitors iand iOut-Patient  ivisitors ishowed iresistance ito iMupirocin ias ifollows i; 

i3.26%, i3.92% iand i7.31%. iAll ithese iisolates ishowed iresistance ito  iMethicillin iand imup iA  

i(HLMR) igene iwas iobserved imore ithan ithe iiles-1 i(LLMR). iMost  iof ithe iMupirocin 

iresistance istrains icarried iSCCmec iIV ifollowed iby iother iSCCmec itypes. i iThis iindicates 

ithat  ithe imost  iof ithe iresistance iis icommunity iorigin; idue ito  ithe iincreased iusage iof 

iMupirocin iointment  iover ithe icounter. iThis ihas ideveloped iunwanted iresistance iagainst  

iMupirocin iamong iS. iaureus. i i 

Linezolid iis ia ibacteriostatic iagent  ithat  iinhibits ithe isynthesis iof ibacterial iprotein iby 

ibinding ito  ithe iVariable idomain iof ithe i23Sr iRNA iin ithe ibacterial iribosome iof i50S isubunit  

i

[51]. iTwo  imain imechanisms ihave ibeen imediating ithe iLinezolid iresistance iamong  
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iStaphylococcus. i1. iMutations iin iRibosomal iproteins iL3, iL4 iand iL22 iencoded iby irplC,  

irplD iand irplV igenes i2. iPlasmid imediated iresistance iby icfr i(Chloramphenicol-florfenicol 

iresistance) i

[52]. iIn iPresent  istudy, i1.77% iof iS.aureus iclinical iisolates ishowed iresistance  ito  

iLinezolid igenotypically. iAmong ithese, imutation iin idomain iV iof i23srRNA iwas idetected 

iin i50% ifollowed iby iribosomal imutation iprotein iL3 i(rplC) i25%, iand iplasmid imediated 

iresistance i(cfr) iwas i25%. iMutation iin idomain iV iof i23s irRNA icarried iSCCmec iII, 

imutation iin iL3 iprotein i(rplC) icarried iSCCmec iV iand iplasmid imediated icfr igene icarried  

iSCCmec  iIV. iThese iresults iare icomparable ito  istudy iconducted iby iYoo  iIY iet  ial i2020 i

[11]. iAll 

icfr ipositive  iisolates ishowed iresistance ito  iChloramphenicol ialso. iDomain iV i23sRNA  

imutation iare inot  itransmissible  iand iit  iis iassociated iwith ioveruse  iof iantibiotics iin iclinical 

isettings ior imisuse iof iantibiotics. iCfr igene iis iunstable iplasmid, imediated iand  iresponsible  

ifor imultidrug iresistance. iWe idid inot  idetect iany iLinezolid iresistance iamong iHCWS, iIn-

patient  ivisiors iand  iOut-patient  ivisitors iS.aureus. iTwo iresistance imechanisms iof 

iTrimethoprim ihave ibeen idiscovered itill idate. i1. iMutation iof ithe ichromosomal 

idihydrofolate ireductase i(DHFR) iand  i2. iResistant  igenes ithat  iencode ithe ivariant  iof iDHFRs  

i

[53]. iIn ipresent  istudy iwe idetected idfrA igene iin iStaphylococcus, idfr imediate ivariant  ishows 

ihigh ilevel iresistance  ito  iTrimethoprim iand  ikey ideterminant  iin iTrimethoprim iresistance iin  

iS.aureus iamong ihumans i

[54]. iWe idetected i8.94% iof idfrA igene iamong  iclinical iisolates iof 

iS.aureus iand iall iare iresistant  ito  iMethicillin. iMost  iof ithe idfrA ipositive iisolates icarried  

iSCCmec iIII iin ipresent  istudy ifollowed iby iother iSCCmec itypes. iThis iindicates ithat  iall iare 

iassociated iwith iHospital iacquired iHA-MRSA. iNasal icolonization iof iS.aureus iamong  

iHCWs, iIn-Patient  iVisitors iand iOut-Patient  iVisitors ishowed iresistance ito iTrimethoprim 

i(dfrA) iwas i8.69%, i5.88% iand  i12.19%. idfrA igene iwith iMRSA iisolates ishowed i8%  iin  

iHCWs, i7.14 iin iIn-patient  ivisitors. i iWe idid inot  ifind iany idfrA+ imecA igene iin iOut-patient  

ivisitors. iAll ithese imecA+dfrA iisolate icarried iSCCmec iIV. i 

Antimicrobial iResistance i(AMR) iis ia imajor ichallenge iin itreatment  iof ibacterial 

iinfection. iTo  iasses irisk ifactor iand iAMR iin iCommensal iand ienvironmental ibacteria iis ian 

iimportant  ifactor ito  icontrol ithe ispread iof iunwanted isuperbugs iamong ithe iliving  

icommunities i

[55]. iCoNS iare itypical icommensals iand ishare ithe isame iecological iniches iin  

ithe ianterior inares iof ihuman ibegin iwith iS.aureus iand iother icommensal ibacteria i

[55]. i iCoNS  

iare iopportunistic ipathogens. i iThey itransfer ithe iAMR ideterminants ithrough ithe ihorizontal 

igene itransfer imethod iand  iexchange ithe igenetic imaterials. iCoNS iacts ias ia ireservoir iand  

isource iof iresistant  itraits iand itransfer iit  iacross ithe iStaphylococcaceae ifamily. iFor iexample  
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iorigin iof imecA igene iwhich iis iresponsible ifor iMultidrug iMethicillin iresistance iwhose  

igenetic iorigin iis iStaphylococcus isciuri i

[21]. iMacrolides iare ifrequently iprescribed  

iantibiotics iin iout-patient  ibasis iand iTetracycline iis imost  icommonly iused iantibiotics iin  

ianimal iand iagricultural isectors i

[2]. iIn icurrent  istudy, ithe iprevalence iof ierythromycin  

iresistant  igenes iamong  iCoNS iof iclinical iisolates iwas i35.77%. iOf ithese, i11.55% iisolates 

icarried imsrA igene, i11.42% iisolates idetected iermC ifollowed iby ierm iB i(7.77%), ierm iA 

i(4.66%). i12 i(2.66%) i iclinical iisolates iof iCoNS icarried  ierm i i+ ierm iC igene iand  i0.44%  

iisolates idetected iermC i+msrA igene. iAmong iMRCoNS, iin iPresent  istudy, i11.36% iisolates 

idetected ierythromycin iresistant  ideterminants. iAmong ithese, i5.68% ierm iC, i4.54 i% imsrA  

iand i1.13% iermB igene, imost  iof ithe iMRCoNS ipositive ierythromycin iresistant  igene icarried  

iSCCmec iII ifollowed iby iSCCmec iV, iII iand iI. i iScreening iof iCoNS iin inasal icolonization iof 

iHCWs iand  iPatient  ivisitors iis ian iimportant  iinfection icontrol ipractice  ito  iprevent  ithe ispread  

iof iunwanted iantibiotic iresistant  ipathogens iin ihospital ienvironment. iIn ipresent  istudy,  

i35.71% iisolates idetected ierythromycin iresistant  ideterminants iamong iisolated iCoNS iof 

iHCWs, i30.76% iof iIn-patient  ivisitors iand i41.46% iof iOut-Patient  ivisitors. iAmong ithese,  

imsrA igene iis iisolated imore iin inumber ifollowed iby iother iErythromycin iresistant  

ideterminants. iHCWs idid inot  idetect  iany iMR-CONS ibut, iIn-patient  ivisitors iand iOut-

patient  ivisitors icarried imecA igene iwhich iis iresponsible ifor iMethicillin iresistance. iAmong  

ipatient  ivisitors iof iMRCoNS iisolate, iout-patient  ivisitors icarried  imsrA igene, iIn-patient  

ivisitors icarried imsrA, iermB iand iermC iand icarried  iSCCmec iII, ifollowed iby iSCCmec iIII  

iand iV. i 

Tetracycline iis ia ibroad ispectrum iantibiotic, iused imore ifrequently iin ihumans ias  

iwell ias iin iVeterinary imedicine. iIncreased  iirrational iusage iof iantibiotics iwill idevelop  

iresistance itowards iantibiotics. iIn ipresent  istudy, i32.22% iof iTetracycline iresistance  

ideterminants iwere idetected iamong iCoNS iof iClinical iisolates. iAmong ithese, i16.44% iwere 

itetM, i10.44% iof itetK i3.11% iof itet iL iand inot  idetected itet iO ideterminant. i2.22% iof iisolates 

icarried ico-existence iof i2 igenes i(tet iK i+ itet iL). iAmong iMRCoNS iof iclinical iisolates, 

i6.81% iisolates idetected iTetracycline iresistant  ideterminants ii.e. i., itetM i(4.54%) iand itetK  

i(2.27%). iSccmec iII iwas idetected iin itetK iisolate iand iSCCmec  iI iand iIII iwere idetected iin 

itetM iisolates iof iCoNS. i16.07% iof iTetracyclines iresistant  ideterminants iwere idetected iin  

iHCWs inasal icavity i, i28.20% iwas idetected iin iIn-Patient  ivisitors iand i34.14% iin iOut-Patient  

ivisitors. i 
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13.11% iof iAMEs igenes iwere idetected iamong iClinical iisolates iof iCoNS. iOf ithese,  

i5.77% iof iaac i(6’)-Ie-aph i(2”) iIa ifollowed iby i4.56% iof iaph i(3”) iIIIa iand i2.66% iof iant  i(4’)-

Ia. i i6.81% iof iMRCONS iisolates iof iclinical ispecimens ishowed iresistance ito  

iAminoglycosides iand icarried i3.40% iof iaac i(6’)-Ie- iaph i(4”) iIa, i2.27% iof iaph i(3’)-IIIa 

iand i1.13% iof iant i(4’)-Ia. iMost  iof ithe idetected iAMEs iamong  iMRCoNS iwas icarried  

iSCCmec  iIV ifollowed iby iSCCmec  iII iand iSCCmec  iIII. iNasal iscreening iof iantimicrobial 

iresistance iamong iCoNS iare iimportant  ito  imonitor iand iprevent  ithe idevelopment  iof 

iunwanted iresistance ipathogens iin icommunity ias iwell ias iin ihospital. iIn ipresent  istudy,  

i10.25% iof iAMEs ideterminant  iwere idetected iin iIn-Patient  iVisitors ifollowed  iby i5.35% iin  

iHCWs iand  i4.87% iin iOut-Patient  ivisitors. iWe idid inot  idetect  iany iAMEs igenes iamong  

iMRCoNS iisolates iof iHCWs, iIN iand iOut-Patient  iVisitors. i 

Fusidic  iacid  iis iused ifori ithei itreatment  iofi iskini iandi isofti itissuei iinfectionsi ias iboth 

isystemic iand itopical iointment. iDevelopment  iof iantimicrobial iresistance iamong  

icommensal ibacteria iis ia imajor ichallenge iin imodern iworld. iIt  iwill itransfer ithe iplasmid  

imediated iresistance ideterminants ithrough ihorizontal igene itransfer imethod ito  ipathogenic  

ibacteria ithus ileading ito  iorigin iof iMDR iand itreatment  ifailure iamong ihospitalized ipatients.  

iIn ipresent  istudy, iplasmid imediated ifusB iand ifusC iresistance ideterminant  iwere idetected 

i8.44% iand i5.77% iamong iclinical iisolates iof iCoNS. iOnly i4.54% iof ifusB igene iwas idetected 

iamong iMRCoNS iisolates. iAll ifusB idetected iisolates iin iclinical ispecimens icarried  

iSCCmec  iIII iand iSCCmec iIV. iAmong  inasal icolonization, i7.31% iof ifus iB iwere idetected iin 

iOut-Patient  ivisitors ifollowed iby i5.35% iin iHCWs iand i5.12% iin iIn-patient  ivisitors. i2.56% 

iof ifusC igenes iwere idetected iIn-Patient  iVisitors ifollowed iby i1.78% iin iHCWs iand iwe idid  

inot  idetect  ifusC igene iin iOut-Patient  ivisitors. iAmong iMRCoNS iof inasal icolonization, ifus iB 

iwas idetected iin i33.33% iof iPatient  ivisitors iand inot  iHCWs iin icurrent  istudy. i 

 Mupirocin iis iused  ias inasal idecolonization iof iMethicillin iResistance  

iStaphylococcus iand ialso  iused ias itopical iointment  ifor ithe itreatment  iof iskin iand iwound  

iinfections. iIn ipresent  istudy, i5.33% iof iMupirocin iresistance iwas idetected igenotypically 

iamong ithese, iLow ilevel iMupirocin iresistance i(LLMR) iwas idetected i4% i(iles-1 igene)  

ifollowed iby iHigh ilevel iMupirocin iResistance i(HLMR) iwas i1.33% i(mupA igene) iand imost  

iof ithe iisolates icarried iSCCmec iIV ifollowed iby iother itypes. iMupirocin iresistance iamong  

iHCWs iand iOut-Patient  ivisitors iof iCoNS iwas inot  idetected iin icurrent  istudy. i2.56% iof 

iisolates idetected ilow ilevel iMupirocin iresistant  i(LLMR) ideterminants. i9.09% iMR-CONS  

iof iclinical iisolates icarried idfrA igene iwhich iis iresponsible ifor iTrimethoprim iresistance  
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ifollowed iby i33.33% iof iIn iand iOut-Patient  ivisitors. iMajority iof ithe idfrA ipositive iMR  

iCoNS idetected iSCCmec iIV ithan iother iSCCmec itypes. i 

 i 3.11% iof iVancomycin iresistant  ideterminants iwere idetected iamong iCoNS iof 

iclinical iisolates iin icurrent  istudy iand iall ithese iisolates icarried  iSCCmec iIV ifollowed iby 

iSCCmec  iIII iand iSCCmec iV. i2.56% iof iVancomycin iresistant  ideterminants iwere idetected 

iin iIn-Patient  ivisitors iand i4.87% iin iOut-Patient  ivisitors iand icarried iSCCmec iII, iIII iand iV.  

iWe idid inot idetect  iany iLinezolid iresistant  ideterminants iin icurrent  istudy iamong iClinical 

iisolates, iHCWs iand  iPatient  ivisitors iof iCoNS. i 

Co-existence iof imore ithan itwo iresistant  ideterminants iamong ithe imultidrug  

iresistant  iStaphylococcus iis icommon. i iIn iCurrent  istudy, i0.81% iMRSA iisolate iof iclinical 

iisolates idetected ierm iB i+ imsrA icarried  iSCCmec iI i, i4.06% iisolate idetected itet iM i+ itet iK, 

i1.62% icarried iSCCmec iIII idetected ierm iB+ itet iK+ iaac(6’)-Ie-aph i(2”)-Ia, icarried  

iSCCmec iII i+ iIII ione iisolate iof iMRSA ifrom iHCWs idetected ierm iC i+tet iK i i+mupA+ ifus iB, 

icarried  iSCCmec iI ione iisolate iof iMRSA ifrom iin-patient  ivisitors idetected idfrA i+aph i(3’)-

IIIa i+ itet iM i+ ierm iA i+ irpl iC., icarried iSCCmec  iIV. iIn iPresent  istudy, i2.27% iof iMRCoNS 

iclinical iisolates idetected idfrA i+aph i(3’)-IIIa i+ ivan iA iand  icarried iSCCmec iII i+V, i1.13%  

iMRCoNS iclinical iisolates idetected ifus iB i+ imup iA i+ ierm iC i+dfr iA iand icarried iSCCmec iIII. 

i iOut-Patient  ivisitors iof iMRCoNS idetected icombination iof imsrA i+ itet iK i+ ivan iA igenes iin  

ione iMRCoNS iisolate iof iIn-Patient  ivisitors iand icarried iSCCmec iII, i ione iisolate icarried  

imsrA i+ itet iL i+ ivan iA, icarried iSCCmec  iIII iand imsrA+ itet iL i+ ifus iB, icarried iSCCmec iV. i iIn 

icurrent  istudy, i3 iisolates ifrom iIn-Patient  ivisitors iMRCoNS icarried imup iA i+ ifus iB iand  

icarried iSCCmec iIII i+ iV, i itet iK i+ itet iM i+ ivan iA iand idetected iSCCmec iIV iand imsr iA i+ ierm iC 

i+erm iB i+ itet iK i, idetected iSCCmec  iII. i 

 

6.6 Conclusions:-  

 The ipresent  istudy ishowed ithe iprevalence  iof iantibiotic iresistance ideterminants 

iamong ithe iClinical ispecimens, iNasal icolonization iof iHCWs iand iPatient  ivisitors iof iCoNS 

iand iS.aureus iand iits iassociated iSCCmec itypes. i iThe ipresent  ichapter iconcludes ithat, iCoNS 

iare iemerging  iantibiotic  iresistant  ipathogens iand  iincreased  ilevel iof iantibiotic  iresistance  iis  

idetected iin iS.aureus. i35.14% iof iMethicillin iResistant  iS.aureus iand i16.00% iof iMRCoNS 

iisolates idetected iantibiotic iresistant  ideterminants iamong  iclinical ispecimen. iIn ipresent  

istudy imost  iof ithe iantibiotic  iresistant  ideterminants icarried  iSCCmec iIV ifollowed  iby 
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iSCCmec itype iIII iand iV. i i9 iisolates iof iS.aureus iand  i5 iisolates iof iCoNS iamong iClinical 

iisolates, iHCWs iand iPatient  ivisitors idetected imultiple iresistant  ideterminants iin isingle  

ipathogens. iScreening iof iantibiotic iresistant  ideterminants iand iits iassociated iSCCmec  

itypes iis ian imajor iepidemiological itool iin ihospital iinfection icontrol ipractices ito  iprevent  ithe 

ispread iof imultidrug iresistance ipathogens. 
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80-Recommendations 

 

7.1 iRecommdations:- i 

 

The istudy ihas icontributed ito  iunderstanding ithe iantibiotic iresistance iprofile iamong  

iStaphylococcus ispecies ifrom iClinical iand iNasal icolonization. iThe irecommendation ias 

ifollows i 

a. iIn ithis istudy, iStaphylococcus iwas iidentified  iby iconventional iMicrobiology 

imethod. iIt iis irecommended ito iconduct  ia istudy ion idetection iof iStaphylococcus ispecies iby 

imolecular ibased  ianalysis ilike ispecies ispecific iRT-PCR, i16s irRNA iand  iwhole  isequencing.  

iIt  iwill iyield imore iaccurate idata. i 

b. iSCCmec itypes iwere idone iby iMultiplex iPCR iand  iSCCmec iI ito  iSccmec itype iV 

iwere ityped. i iIt  iis irecommended ithat  iSCCmec itype ican ibe idone iby isequence ianalysis iof 

iSCCmec, iMulti-locus isequence ityping, iPulse ifield  ielectrophoresis iand iidentification iof 

iclonal icomplexes iof iStaphylococcus iwill igive iaccurate iresults iof iSCCmec itypes iand  

istrain icirculation iin iparticular iregion. i 

c. iAntibiotic iresistant  ideterminants iwere iidentified iby imultiplex iand isimplex 

iconventional iPCR. iIt  iis irecommended ithat  iRT-PCR iand iplasmid ianalysis ican ibe idone 

iwhich iwill iprovide imore iinformation iabout  iantibiotic iresistance imechanisms. i 

 

7.2 I Summary iand iConclusions i 

Antimicrobial iresistance i(AMR) iis ian iimportant  ipublic ihealth iconcerns iin imodern 

imedicine. i iInfections icaused  iby imulti idrug iresistance ipathogen icould ilead ito  iprolonged  

ihospitalization, iincreased imortality, i i icausing iheavy ifinancial iburden ito  iaffected ipatients,  

ihealth-care isystem iand ihinder ithe isustainable idevelopment  igoals. iAntimicrobial 

iresistance iis ia inatural iphenomenon; iit  idevelops iby ithe iselection ipressure iof iantimicrobials  

iin iboth ianimal iand ihuman isectors. iDuring ithe ipast  ifew idecades, inovel imechanisms iand  

ispread iof iantibiotic  iresistant  ideterminants ihave ibeen iidentified. iFor iexample,  

iVancomycin iResistance iEnterococci i(VRE), iMultidrug iresistance ipathogens ican ibe 

itreated iwith ihigher iend iand ilast  iresorts iof iantibiotics. iThese iinclude iESKAPE igroup iof 

iMicroorganisms inamely, iEnterococcus ifaecium, iStaphylococcus iaureus, iKlebsiella  
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ipneumoniae, iAcinetobacter ibaumanii, iPseudomonas iaeruginosa  iand  iEnterobacter 

ispecies. iAMR istudies ifrom iIndia iare ivery ilimited  ito  iquantify ithe inationwide  imortality 

icaused  iby iAMR ipathogen i

[1]. i 

In ipresent  istudy,  i43.75% iof iS.aureus iwas iisolated ifrom iClinical ispecimen iand  

i56.25% iof iCoNS. iAmong iCoNS, iS.epidermidis iwas iisolated ihighest  iin inumber ifollowed  

iby iS.haemolyticus, iS.saprophyticus, iS.warneri, iS.hominis, iS.simulans, iS.schleferi, 

iS.hyicus iand iS.capitis. iAmong  iclinical ispecimens, imore iCoNS iwere iisolated ifrom iUrine 

iand iWound/Pus iswabs. iThese iare ithe icommon iCoNS iisolated ifrom iclinical ispecimens 

iand iact  ias iemerging ipathogens. i 

Nasal icolonization iof iS.aureus iamong iHCWs, iIn-Patient  iVisitors iand iOut-Patient  

iVisitors iwere i62%, i29.6% iand  i23.83%. iWe iisolated iCoNS ifrom ithese igroups ito  ibe i38%,  

i22.67 i% iand i23.83% irespectively. iWe iobserved imore iStaphylococcus iamong iHCWs 

ifollowed iby iothers. i iThis iindicates ithat, iboth icommunity ipeople iand iHCWs iacts ias ivectors 

ito  itransfer ithe iunwanted iStaphylococcal ipathogen ito  ihospitalized ipatients iand ialso  

itransfer ithe iantibiotic iresistant  ideterminants ito  ithose ihospitalized ipatient  iwho  iare iin iclose  

icontact. i iAmong iCoNS iwe iisolated iS.epidermidis, iS.haemolyticus, iS.saprophyticus, 

iS.warneri, iS.hyicus, iS.hominis iand iS.lugdunensis. iAll ithese iare iisolated iCoNS iare 

icommon iskin iflora iand imay iacts ias iopportunistic ipathogens. iThey icarry iunwanted  

iantibiotic iresistance ideterminants iin itheir iplasmids iand imay itransfer iit  ito  iother ipathogens 

ior ithey imay iget  iacquired iresistance  iby ihigh iantibiotic ipressure. i i 

MRSA iis icommonly iresistant  ito  iall ibeta-lactam iantibiotics iand iconsidered ias 

imultidrug iresistant  ipathogen. iIn ithe ipresent  istudy i45.71% iof iS.aureus iin iclinical 

ispecimens idetected iMRSA; ifollowed iby i29.26% iin iOut-Patient  ivisitors. i27.17% iin  

iHCWs, i27.4% iin iIn-Patient  ivisitors iby ithe iCefoxitin idisc idiffusion imethod. 

iBacteriological ietiology iof iHCWs, iPatient  ivisitors iand iClinical ispecimens iof 

iStaphylococcus iand itheir  iantimicrobial isusceptibility ipattern iare iseen ito  ivary iwith 

idifferent  ipopulations, itypes iof ihospitals iin idifferent  iregion iand icountry. iThe iresults iof ithis 

istudy icannot  ibe iexactly icompared iwith iother istudies ias idifferent  ipopulation; ihospital 

iprotocols iand icriteria  iused  ifor idiagnosis iare ivarying ifrom iinstitution ito  iinstitution.  

i19.55% iMRCoNS iwere iobserved  iin iclinical ispecimens, i7.5% iin iPatient  ivisitors iand  

iMRCoNS iwere inot  idetected iamong  iHCWs. i iThis iindicates ithat  iCoNS iamong iclinical 

ispecimens iand iPatient  ivisitors iare iincreasing iand iHCWs imay inot  iact  ias ivector ito  itransfer  
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iMRCoNS ito  iother icommunity ior ihospitalized ipatient  iHowever, iHCWs imay iget  

iMRCoNS iin ifuture. iHence, ifrequent  iscreening  iis iessential ito  imonitor ithe iMRCoNS iin  

iHCWs ito  iprevent  ithe ispread  iof iresistant  ifactors ito  iothers. iHospital ihealth icare iworkers iare 

imore iprone ito  iacquire  ithese ipathogens ithan ithe iother ipeople iand iproper iinfection icontrol 

ipractices ishould ibe ifollowed ito  icontrol ithem. i 

We iobserved i11.43% iVancomycin iresistant  iS.aureus iamong  iIn-patient  ivisitors 

ifollowed iby i9.75 i% iin iOut-Patient  ivisitors, i7.71% iin iclinical ispecimens iand  i5.43 i% ito  

iHCWs. iIn iour ihospital iantibiotic istewardship ipolicy ihave imaintain istrictly iand iusage iof 

iVancomycin iin iour ihospital iis ilimited  ihence, ithe iVancomycin iresistance  irate iis ivery ilow  

ithan iPatient  ivisitors. iVancomycin iis iused ifor ithe itreatment  iof iMRSA iinfection ibut  

ioveruse iof iVancomycin iin ihospital ihas iled ito  iemergence iof iVancomycin iresistance  

iStaphylococcus. iIn ithe ipresent  istudy, iVancomycin iresistance iamong iCoNS iof iClinical 

iisolates iand iIn iand iOut  iPatient  ivisitors iwas i2.66%, i7.69% iand  i7.31%. iWe idid  inot  idetect 

iVancomycin iresistance  iamong  iCoNS iof iHCWs. iLinezolid iis ia ilast  iresort  iantibiotics 

iagainst  ithe iStaphylococcal iinfection, iwe iobserved iLinezolid iresistance ionly iin iclinical 

ispecimens iof iS.aureus i(2.57%) iand iCONS i(1.11%). iThis iindicates ithat  iLinezolid  

iantibiotic iusage iis ilimited iin iour iregion. iClinical ispecimens idetected ivery iless iLinezolid  

iresistance ithan iother iantibiotics. i 

All iMRSA iisolates iwere iscreened  ifor ipvl  igene. iIt  iis ia ileukocidin itoxin iwhich 

idamages ithe imembrane iof ihost  iimmune icells. iIt  iis imost  icommonly iseen iin iSkin iand isoft  

itissue iinfections iand icommunity iassociated iMRSA iinfection. iIn ithe ipresent  istudy,  

i39.51% iS.aureus iisolates iof iclinical ispecimen, iHCWs iand iPatient  ivisitors idetected imecA 

igene. iAll iMRSA ipositive iisolates iwere iscreened ifor ipvl igene. iOf ithese, i35.07% iof iclinical 

iisolates iof imecA ipositive  iS.aureus idetected ipvl igene iand  imost  iof ithe iisolates iwere ifrom 

iWound/pus iswabs. iThis iclearly istates ithat  ipvl igene iis iassociated iwith iskin iand isoft  itissue  

iinfection. i i3.31% iof iOut-Patient  ivisitors, i2.84% iof iIn-Patient  ivisitors iand i5.21% iof iHCWs 

idetected ipvl igene iin iour istudy. i i 

All imecA ipositive iS.aureus iisolates iwere ityped iinto  iSCCmec itypes i(I ito  iV) iby 

iMultiplex iPCR. i iSCCmec iIV iwas ifound ihigher iin inumber ifollowed iby iSCCmec iV,  

iSCCmec iIII, iSCCmec iI iand iSCCmec iII. iAll ipvl igene ipositive iisolates icarried iSCCmec iIV 

iand iV iand iconfirmed  ithat  iall ipvl iisolates iare icommunity iassociated. i19.55% iof iCoNS iof 

iclinical ispecimens idetected imecA igene ifollowed  iby i3.33% iof iIn-Patient  ivisitors iand  
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i3.26% iof iOut-Patient  ivisitors. iAll ithese iisolates iwere iscreened ifor ipvl igene. iAmong ithese,  

i15.90% iof iClinical ispecimens idetected ipvl igene ifollowed iby iin iand iOut-Patient  ivisitors.  

iAll ithese iisolates iwere iscreened ifor iSCCmec itypes. iAmong ithese, iSCCmec iIV iwas ifound  

imaximum iin inumber ifollowed iby iSCCmec  iV, iSCCmec  iIII, iSCCmec  iII iand  iSCCmec iI. i13  

iisolates iof iMR iCoNS iwere inot  ityped. iIt  imay ibe idue ito  iother iSCCmec itypes iwhich iare 

icommon iin iother iIndian istudies. i 

In iGenotypic  idetection iof iVancomycin iresistant  ideterminants, i7.71% ivan iA igene 

iwas idetected iin iS.aureus iof iclinical ispecimens ifollowed iby iIn-Patient  ivisitors i(7.84%), 

iOut-Patient  iVisitors i(7.31%) iand iHCWs i(6.52%). i iAmong iCoNS i4.87% ivanA iwas igene 

idetected iin iOut-Patient  ivisitors ifollowed  iby iClinical ispecimens i(3.11%) iand  iIn-Patient  

ivisitors i(2.56%). iThis imight  ibe idue ito  ithe iCoNS iacting ias ia ireservoir iof idrug iresistance ior  

iit  ican itransfer ifrom iEnterococcus ispp ito  itransfer iresistance ito  iS.aureus. iLinezolid  

iresistance iwas iobserved ionly iin iclinical ispecimens iof iS.aureus iand  iCoNS. iWe idetected 

icfr igene i0.57% iof iS.aureus iand  iit  iwas inot  idetected iin iCoNS. iAll icfr ipositive iisolates iwere 

iresistant  ito  iChloramphenicol. iMutations iin iribosomal iproteins igenes, irplC iwere idetected 

iin iboth iS.aureus iand iCoNS. irplD iwas idetected ionly iin iCoNS, imutation iin idomain iV iregion 

iof i23S ir iRNA iwas idetected ionly iin iS.aureus. iLinezolid iresistance iin iour istudy iis ilower iin  

inumber ithan iother iIndian istudies. iWe idetected ihigher ilevel iMupirocin iResistance igene 

i(mupA) ithan ithe ilow ilevel iMupirocin iresistance iand iconsiderable iamount  iof iFusidic iacid  

iresistance iwas ialso  idetected. iA imaximum inumber iof iresistant  iwere iobserved iin  

iTetracycline ifollowed iby iErythromycin iand iothers i[Table i6. i11  iin iChapter i6]. i 

Co-existence iof imore ithan itwo iresistant  ideterminants iamong ithe imultidrug  

iresistant  iStaphylococcus iis icommon. i iIn iCurrent  istudy, i0.81% iMRSA iisolate iof iclinical 

iisolates idetected ierm iB i+ imsrA icarried iSCCmec iI, i4.06% iisolate idetected itet iM i+ itet iK iand  

i1.62% ierm iB+ itet iK+ iaac(6’)-Ie-aph i(2”)-Ia iand icarried iSCCmec iIII ifollowed iby 

iSCCmec iII i+ iIII. iOne iisolate iof iMRSA ifrom iHCWs idetected ierm iC i+tet iK i i+mupA+ ifus iB, 

icarried  iSCCmec iI. ione iisolate iof iMRSA ifrom iin-patient  ivisitors idetected idfrA i+aph i(3’)-

IIIa i+ itet iM i+ ierm iA i+ irpl iC., icarried  iSCCmec iIV. i 

In ithe iPresent  istudy, i2.27% iof iMR-CoNS iclinical iisolates idetected idfrA i+aph 

i(3’)-IIIa i+ ivan iA i,carried iSCCmec iII i+V, i1.13% iMRCoNS iclinical iisolates idetected ifus iB 

i+ imup iA i+ ierm iC i+dfr iA iand icarried iSCCmec iIII. i iOut-Patient  ivisitors iand iIn-Patient  

ivisitors iof iMRCoNS idetected icombination iof imsrA i+ itet iK i+ ivan iA igenes iand icarried  
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iSCCmec iII. iOut-Patient  ivisitors iof iCoNS icarried  imsrA i+ itet iL i+ ivan iA, iSCCmec  iIII iand  

imsrA+ itet iL i+ ifus iB, icarried iSCCmec iV. i iIn icurrent  istudy, i3  iisolates ifrom iIn-Patient  

ivisitors iof iMRCoNS idetected i imup iA i+ ifus iB iand icarried iSCCmec iIII i+ iV, i itet iK i+ itet iL i+ 

ivan iA i, iSCCmec iIV iand imsr iA i+ ierm iC i= ierm iB i+ itet iK i, iSCCmec iII. i 

Emergence iof iantibiotic iresistance iis ian iemerging iand igrowing iproblem ifor ipublic  

ihealth. iAcquired iresistance inot  ionly ifound iin iclinical ipathogens, iit  imay iget  iresistance ivia 

iHorizontal igene itransfer imethod ifrom ienvironmental ibacteria, iCommensal ibacteria ietc. 

iHorizontal igene itransfer ifrom icommensal ior ienvironmental ibacteria ito  ipathogenic 

ibacteria iis isignificantly iimportant. iThe iemergence iof imultidrug iresistance iis isignificantly 

iincreasing iand icause iserious iproblem iin ipublic ihealth isystem. iThe iReview ion 

iAntimicrobial iResistance, ireported iby ithe iGovernment  iof iUnited iKingdom istated ithat  

iAMR icould ikill i10 imillion ipeople iper iyear iby i2050 i

[2]. iIf ispread  iof iAMR iis inot  ichecked, iit  

icould igenerate imany iresistant  ibacteria iand iget  imore ilethal iin ithe ifuture ithan ithey iare itoday.  

iMajor ichallenge iin iAMR itackling iis ito  iunderstand ithe iburden iof itrue iresistant  ibacteria  

ipathogens, iparticularly iin ilocations iwhere isurveillance  iis iminimal iand idata iare ivery 

ilimited. iThere iis imore iliterature iestimating ithe ieffects iof iAMR ilike iincidence, ideaths,  

ihospital ilength iof istay, iand ihealthcare icosts ibut, ito  iour iknowledge, ino  icomprehensive  

iestimates icovering iall ilocations iand ia ibroad irange iof ipathogens iand ipathogen–drug  

icombinations ihave iever ibeen ipublished i

[2]. iOur istudy iestimates ithat  ithe iprevalence iof 

iantibiotic iresistance ideterminants iin itertiary icare ihospital, iwould ihelp ito  iunderstand ithe 

iprevalence irate iand ito  icontrol ithe ioveruse iage iof iantibiotics iin ihospital iand  istop ithe iover  

ithe icounter iof iantibiotics iin icommunity. i iTo  icontrol ithe iAntibiotic iresistance ithe 

ifollowing imethods ishould ibe istandardized iin ihospital ipractices, iStandardized ithe 

iantibiotic  iprotocols iin iSkin iand  iSoft  itissue iinfection itreatment, iminimize  ithe iusage iof 

iantibiotics iin iunwanted iUro-pathogens iprescribing ipractices iof iphysicians, iantibiotic  

ipatterns iin iemergency itreatment, i iNational iwide iAntibiotic iPolicy, iActive iInfection 

icontrol icommittee ietc. i 
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7.3 iFuture iwork:- i 

 

o In ifuture, iwe i iplan ito  ido  imulticentric  istudy i(Different  iparts iof ithe iCountry) iand ito  

iassess ithe iSCCmec itypes 

o To  istudy ithe iVirulence iproperty iof iCONS, iPlasmid icharacterization iand iwhole 

igenome isequencing ianalysis i iof iMultidrug iresistant  i iStaphylococcus i 

o Identification iof iCRISPR iCas i9 isystem iamong iStaphylococcaceae  ifamily i 

o To  idevelop ia imodel iof iCRISPR iCas i9 isystem ito  iCombat  iantibiotic  iresistant  

iamong iStaphylococcus iaureus. 
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