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ABSTRACT: Present health care system and public places are experiencing immense pressure of pathogenic attack. 

Many strains prevalent in these premises are found to be multidrug resistant and reported to be prominent with 

coagulase negative staphylococci and methicillin resistant Staphylococcus aureus (MRSA). The transmission of these 

MRSA easily brought about by skin to skin or by aerosol and hence can easily spread via frequently touched public 

places. India being a highly populated country where its major share of population utilises public transports or public 

places and government hospitals in general. The chances of easy transmission via these routes are found to be very 

common and hence surveillance of public and hospital environment is demanded with local authorities so that 

possible spread could be controlled. To make the study more comprehensive use of whole genome sequencing is 

recommended to scan the present status of antimicrobial resistance and transmission mechanism at molecular level. 

We proposed to use whole genome sequencing as a tool to monitor MRSA pathogenicity at community level for better 

control action in coming time once we check the present drug resistance pattern prevent in strains of MRSA.  
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INTRODUCTION : 

The evolution of medical science has done 

immeasurable good for humanity, but it has also 

led to some adverse effects one of which is 

growing into a major, global threat – 

Antimicrobial resistance (AMR). Over use or 

rather, abuse of antibiotics over the years has 

led to this situation where the number of 

resistant pathogens is increasing exponentially 

while there is a major void in antibiotic discovery 

(Speck 2013; Ventola 2015; Zaman et al. 2017). 

The World Health Organization has predicted 

nearly 10 million deaths worldwide due to 

resistant infections by 2050 (WHO 2014).  

AMR is causing serious threats to public health 

globally. AMR is exhibited through several 

mechanisms that include multidrug efflux 

systems, antibiotic degrading/blocking enzyme 

production, outer membrane porins and target 

mutations. Rampant use of antibiotics has 

caused a widespread problem of development of 

antibiotic resistance in bacteria due to 

horizontal gene transfer as well as de novo 

mutations (Depardieu et al. 2007; Händel et al. 

2014; Martínez and Rojo 2011).  

Antibiotics form a major part of modern 

medicine. Since close to a century, they have 

helped enable demanding procedures like 

surgeries, organ transplants, management of 

immune compromised and cancer patients with 

decreased mortality rate (M. Hutchings, Truman, 

and Wilkinson 2019; M. I. Hutchings, Truman, 

and Wilkinson 2019). Since the 1990s, no new 

classes of antibiotics have been discovered and 

theoretically, it also is impossible to develop an 

antibiotic to which bacteria cannot evolve 

resistance (Livermore 2004). The World Health 

Organization (WHO) has predicted that by 2050, 
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roughly 700,000 deaths will be caused around 

the world by drug-resistant infections which will 

also drastically affect the economy (Dadgostar 

2019).  

Antimicrobial resistance in human pathogens 

Growing resistance in ESKAPE (Enterococcus 

faecium, Staphylococcus aureus, Klebsiella 

pneumoniae, Acinetobacter 

baumannii, Pseudomonas aeruginosa, 

and Enterobacter species) pathogens is a 

looming threat to humankind. The ESKAPE 

pathogens are a group of six highly virulent, 

nosocomial pathogens with highest risk of 

mortality (Mulani et al. 2019; De Oliveira et al. 

2020; Rice 2008; Sood and Perl 2016). They 

display multidrug resistance by commonly three 

major mechanisms – antibiotic cleavage by 

enzyme production, antibiotic target site 

modification, reduced accumulation in the cell 

by increased efflux or reduced permeability 

(Munita and Arias 2016). Most of these 

organisms also biofilms which are extremely 

resistant structures formed by bacteria to 

protect themselves from antibiotics (Characklis 

1990; Donlan 2002). Antibiotic resistance in 

addition to biofilm formation capacity has made 

these ESKAPE pathogens highly resilient. The 

colonization of biofilm on medical devices, 

catheters, ventilators and other medical 

instruments is key to causing the spread of 

many deadly infections in hospitals (Zheng et al. 

2018). Keeping this grave situation in mind, the 

World Health Organization in 2017 had released 

a list of priority pathogens for which novel 

antibacterials needed to be developed (Tacconelli 

et al. 2018; Tillotson 2018).  

One of the leading priority pathogens causing 

high mortality globally is the methicillin-

resistant Staphylococcus aureus (MRSA).  

Antimicrobial resistance in Staphylococcus 

aureus 

Staphylococcus aureus is a Gram positive, 

facultative anaerobe commonly causing several 

skin infections, urinary tract infections, food 

poisoning amongst other infections (Foster and 

Foster 1963; Moroni et al. 1996). High level of 

resistance has been acquired by S. aureus over 

the course of evolution. MRSA strains were 

broadly differentiated into two groups – hospital-

associated MRSA (HA-MRSA) strains and 

community-associated MRSA (CA-MRSA) 

strains. Genotypically, the HA-MRSA are 

characterized by presence of SCCmec types I, II 

and III while CA-MRSA are characterized by 

presence of SCCmec types IV and V.  Both these 

strains have been responsible for high mortality 

in infected patients, more so in the case of CA-

MRSA.  

MRSA prevalence in India 

There is an increasing prevalence of community 

acquired MRSA in India. It is now endemic in 

India and strains have been isolated from all 

different parts of the country. The prevalence is 

seen to be ~13-47% in India (Joshi et al. 2013; 

Patil et al. 2021). Most of the strains possess 

SCCmec IV and SCCmec V genes that are typical 

of CA-MRSA. The emergence of MRSA strains is 

associated with high morbidity and mortality, 

prolonged hospital stay and high treatment cost.  

Poor maintenance of hygiene in hospitals in 

resource-poor settings, especially crowded ICUs 

poses a bigger threat of spread of MRSA in 

developing countries like India.  

Typing methods in MRSA identification 

The characteristics, transmission routes and 

host specificity keep evolving and there is a 

paramount need of constant vigilance and 

monitoring of the MRSA strains. Understanding 

the molecular changes in the MRSA is critical for 

planning appropriate precautionary measures, 

diagnostics and appropriate prophylaxis. To 

understand the molecular basis of MRSA, it is 

important that the major methicillin resistance 

genes – namely Staphylocococcal Cassette 

Chromosome mec (SCCmec) genes, its types and 
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methicillin-resistant gene (mecA) and its 

homologues are studied and properly typed.  

Currently, advanced methods including whole-

genome approaches are developed for MRSA 

typing (Figure 1). The typing technique is key in 

ensuring precise phylogenetic analysis and 

MRSA lineage. The typing technique should 

possess the characteristics of high performance 

/ efficacy, convenience, discriminatory power, 

reproducibility and comparability by global 

standards (J. Price et al. 2013; J. R. Price et al. 

2013).  

Some of the popular molecular typing methods 

are as follows:  

1. Multilocus enzyme electrophoresis (MLEE)  

2. Multilocus sequence typing (MLST)  

3. PCR-based typing – includes amplified 

fragment length polymorphism (AFLP), random 

amplification of polymorphic DNA (RAPD) and 

arbitrarily / repetitive element based PCRS, 

namely, AP-PCR and Rep-PCR..  

4. Pulse-Field Gel Electrophoresis – this 

technique involves restriction digestion of the 

bacterial DNA and separation of the fragments 

by periodically pulsing with electrical field in 

alternate orientations. This allows for a sharper 

resolution of the bands that help distinguish 

between the strains. Of all the different 

restriction endonucleases, SmaI-based typing is 

considered to be the gold standard for MRSA 

typing. 

5. Microarrays – microarray analysis is a high 

throughput method involving the probing of 

bacterial DNA with a collection of DNA probes 

that are complementary to particular species/ 

strain.  

Whole genome Sequencing (WGS) of MRSA 

WGS is an extremely powerful tool providing the 

best identification of the genetic diversity in 

MRSA (J. Price et al. 2013). WGS is the method 

of analysing genomes based on sequencing them 

in depth repeatedly over a million times using 

fast, high-throughput and automated technology 

(Kuroda et al. 2001; McAdam et al. 2012; Miró et 

al. 2013; Peleg et al. 2012). Although they are 

useful in a number of applications, they are 

routinely used to analyze genetic variations and 

mutations. The interesting thing about WGS 

data is that even a single dataset provides a 

plethora of information apart from just the 

genotyping and therefore a number of 

correlations can be drawn and further enriched 

data can be generated.  

Since 2001, whole genomes of a number of 

MRSA strains have been analyzed in detail and a 

lot of important information surrounding their 

resistance has been obtained. The whole genome 

data has revealed that the MRSA strains are 

significantly similar to their sensitive 

counterparts except for the SCCmec region. It 

has also been observed that the resistant strains 

are highly variable genetically importantly in 

their regulatory genes and surface receptors 

(Dendani Chadi et al. 2022). Also, the 

occurrence of mobile genetic elements (MGEs) 

show substantial variations even between the 

isolates of the same lineage. The minor 

variations revealed within the strains are also 

observed mostly only in their single nucleotide 

polymorphisms (SNPs) or MGEs (Lakhundi and 

Zhang 2018). 

WGS in prediction of antibiotic resistance 

WGS is useful in understanding the 

mechanisms of antibiotic resistance as well as 

predict novel pathways. It also helps in 

understanding the source of the genes and their 

evolution and acquisition in S. aureus. The WGS 

confirmed that methicillin resistance in S. 

aureus is also acquired through interspecies 

transfer of the mecA gene from Staphylococcus 

epidermidis (Bloemendaal, Brouwer, and Fluit 

2010). It has also been observed that 

accumulation of point mutations in S. aureus 

over time has reduced its susceptibility to 

glycopeptides. Vancomycin resistance was 

acquired from horizontal transfer from 
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Enterococci (Kos et al. 2012; Levine 2006). 

Repeated exposure to daptomycin in the clinical 

setup led to evolution of the phospholipid 

biosynthesis pathways leading to reduced 

susceptibility to the antibiotic (Peleg et al. 2012).  

A study displayed the successful use of WGS 

method in rapid identification of antibiotic 

susceptibility in MRSA strains during an 

outbreak in a neonatal ward. Another study 

used (Köser et al. 2012) the method effectively in 

studying the resistance / sensitivity profiles of a 

panel of 18 genes with antistaphylococcal agents 

(Nonhoff, Rottiers, and Struelens 2005). The 

comparison of WGS with common phenotypic 

methods like Vitek yielded a higher specificity 

and sensitivity (>95%) with WGS further 

promoting its application as frontline screening 

method.  

Robust bioinformatic tools help with instant 

identification of resistance genes in sequenced 

isolates. An entire database of the ‘resistome’ 

can be created using WGS for such isolates and 

evaluated.  

Virulence prediction using WGS data 

WGS data has been crucial in revealing varying 

degrees of virulence in MRSA. Several genetic 

determinants of virulence have been analyzed 

using genome-wide association studies. About 

70 novel candidate genes determining virulence 

factors have been discovered earlier in S. aureus 

genomes (Kuroda et al. 2001). Additionally 

another 19 virulence factors were identified and 

persistently are still being discovered (Baba et 

al. 2002). In addition to just determination of 

the virulence gene, WGS data helps in 

understanding the type of the virulence factor 

i.e. whether it is a toxin gene or antibiotic 

resistance gene and in how many copies they 

are present in the genome (Köser et al. 2012; 

McAdam et al. 2012).  

Surveillance and MRSA population studies 

using WGS 

With WGS now made extremely efficient, handy 

and quick with even benchtop or palm-sized 

devices available, they offer a great opportunity 

for use in surveillance of MRSA locally as well as 

globally. WGS can give great accuracy in 

providing early warning for emerging pathogenic 

strains of MRSA (Harris et al. 2010; McAdam et 

al. 2012).  

Importance of WGS in infection control in 

hospitals 

Routine monitoring of various hospital samples 

including patients, healthcare workers, hospital 

environment, medical devices and staff by 

sequencing can give invaluable information 

regarding transmission of MRSA in hospitals.  

CONCLUSION : 

WGS is an excellent tool in all respects for MRSA 

isotyping, surveillance and infection control. A 

single sequencing data can give an 

immeasurable amount of information about the 

various MRSA strains from their origin or source 

to predicting their future evolution. However, 

there still are a number of obstacles to overcome 

before WGS can become mainstream in  MRSA 

typing. The biggest hurdle is requirement of 

significant bioinformatic expertise for analysis of 

WGS data.. With further development of 

softwares supporting WGS, the method will soon 

see easier acceptability and wider applications. 

Progressive characterization of the genetic 

diversity over time will yield more reference 

genomes leading to better success with the WGS 

data for MRSA typing. 

REFERENCES:  

Baba, T., F. Takeuchi, M. Kuroda, H. Yuzawa, K. 

Aoki-The Lancet, and Undefined 2002. 

2002. “Genome and Virulence 

Determinants of High Virulence 

Community-Acquired MRSA.” Elsevier. 

Bloemendaal, Alexander L. A., Ellen C. Brouwer, 

and Ad C. Fluit. 2010. “Methicillin 

Resistance Transfer from Staphylocccus 

Epidermidis to Methicillin-Susceptible 



I J R B A T, Issue (X) Vol (III) Sept 2022: 26-34  e-ISSN 2347 – 517X 

A Double-Blind Peer Reviewed & Refereed Journal                                                                                                Original Article 

 

 

 

 

P
ag

e3
0

 

Staphylococcus Aureus in a Patient 

during Antibiotic Therapy.” PLoS ONE 

5(7). doi: 

10.1371/JOURNAL.PONE.0011841. 

Chambers, Henry F., and Frank R. DeLeo. 2009. 

“Waves of Resistance: Staphylococcus 

Aureus in the Antibiotic Era.” Nature 

Reviews. Microbiology 7(9):629. doi: 

10.1038/NRMICRO2200. 

Characklis, William G. 1990. “Physiological 

Ecology in Biofilm Systems.” 

Ci.Nii.Ac.Jp. 

Dadgostar, Porooshat. 2019. “Antimicrobial 

Resistance: Implications and Costs.” 

Infection and Drug Resistance 12:3903. 

doi: 10.2147/IDR.S234610. 

Dendani Chadi, Zoubida, Loubna Dib, Fayçal 

Zeroual, and Ahmed Benakhla. 2022. 

“Usefulness of Molecular Typing 

Methods for Epidemiological and 

Evolutionary Studies of Staphylococcus 

Aureus Isolated from Bovine 

Intramammary Infections.” Saudi 

Journal of Biological Sciences 

29(8):103338. doi: 

10.1016/J.SJBS.2022.103338. 

Depardieu, Florence, Isabelle Podglajen, Roland 

Leclercq, Ekkehard Collatz, and Patrice 

Courvalin. 2007. “Modes and 

Modulations of Antibiotic Resistance 

Gene Expression.” Clinical Microbiology 

Reviews 20(1):79–114. doi: 

10.1128/CMR.00015-06. 

Donlan, Rodney M. 2002. “Biofilms: Microbial 

Life on Surfaces.” Emerging Infectious 

Diseases 8(9):881. doi: 

10.3201/EID0809.020063. 

Foster, Jean A., and A. Foster. 1963. “Induction 

of Neoplasms in Planarians with 

Carcinogens.” 300–303. 

Händel, Nadine, Jasper M. Schuurmans, 

Yanfang Feng, Stanley Brul, and Benno 

H. Ter Kuile. 2014. “Interaction between 

Mutations and Regulation of Gene 

Expression during Development of De 

Novo Antibiotic Resistance.” 

Antimicrobial Agents and Chemotherapy 

58(8):4371. doi: 10.1128/AAC.02892-

14. 

Harris, Simon R., Edward J. Feil, Matthew T. G. 

Holden, Michael A. Quail, Emma K. 

Nickerson, Narisara Chantratita, 

Susana Gardete, Ana Tavares, Nick Day, 

Jodi A. Lindsay, Jonathan D. 

Edgeworth, Hermínia De Lencastre, 

Julian Parkhill, Sharon J. Peacock, and 

Stephen D. Bentley. 2010. “Evolution of 

MRSA during Hospital Transmission 

and Intercontinental Spread.” Science 

327(5964):469–74. doi: 

10.1126/SCIENCE.1182395. 

Hutchings, Matt, Andrew Truman, and Barrie 

Wilkinson. 2019. “Antibiotics: Past, 

Present and Future.” Current Opinion in 

Microbiology 51:72–80. doi: 

10.1016/J.MIB.2019.10.008. 

Hutchings, Matthew I., Andrew W. Truman, and 

Barrie Wilkinson. 2019. “Editorial 

Overview: Antimicrobials: Tackling AMR 

in the 21st Century.” Current Opinion 

in Microbiology 51:iii–v. doi: 

10.1016/J.MIB.2019.11.004. 

Joshi, Sangeeta, Pallab Ray, Vikas Manchanda, 

Jyoti Bajaj, D. S. Chitnis, Vikas 

Gautam, Parijath Goswami, Varsha 

Gupta, B. N. Harish, Anju Kagal, Arti 

Kapil, Ratna Rao, Camilla Rodrigues, 

Raman Sardana, Kh Sulochana Devi, 

Anita Sharma, and Veeragaghavan 

Balaji. 2013. “Methicillin Resistant 

Staphylococcus Aureus (MRSA) in India: 

Prevalence & Susceptibility Pattern.” 

The Indian Journal of Medical Research 

137(2):363. 

Kos, Veronica N., Christopher A. Desjardins, 

Allison Griggs, Gustavo Cerqueira, 



I J R B A T, Issue (X) Vol (III) Sept 2022: 26-34  e-ISSN 2347 – 517X 

A Double-Blind Peer Reviewed & Refereed Journal                                                                                                Original Article 

 

 

 

 

P
ag

e3
1

 

Andries van Tonder, Matthew T. G. 

Holden, Paul Godfrey, Kelli L. Palmer, 

Kip Bodi, Emmanuel F. Mongodin, 

Jennifer Wortman, Michael Feldgarden, 

Trevor Lawley, Steven R. Gill, Brian J. 

Haas, Bruce Birren, and Michael S. 

Gilmorea. 2012. “Comparative Genomics 

of Vancomycin-Resistant 

Staphylococcus Aureus Strains and 

Their Positions within the Clade Most 

Commonly Associated with Methicillin-

Resistant S. Aureus Hospital-Acquired 

Infection in the United States.” MBio 

3(3). doi: 10.1128/MBIO.00112-12. 

Köser, Claudio U., Matthew T. G. Holden, 

Matthew J. Ellington, Edward J. P. 

Cartwright, Nicholas M. Brown, Amanda 

L. Ogilvy-Stuart, Li Yang Hsu, Claire 

Chewapreecha, Nicholas J. Croucher, 

Simon R. Harris, Mandy Sanders, Mark 

C. Enright, Gordon Dougan, Stephen D. 

Bentley, Julian Parkhill, Louise J. 

Fraser, Jason R. Betley, Ole B. Schulz-

Trieglaff, Geoffrey P. Smith, and Sharon 

J. Peacock. 2012. “Rapid Whole-Genome 

Sequencing for Investigation of a 

Neonatal MRSA Outbreak.” New 

England Journal of Medicine 

366(24):2267–75. doi: 

10.1056/NEJMOA1109910. 

Kuroda, Makoto, Toshiko Ohta, Ikuo Uchiyama, 

Tadashi Baba, Harumi Yuzawa, Ichizo 

Kobayashi, N. Kobayashi, Longzhu Cui, 

Akio Oguchi, Ken Ichi Aoki, Yoshimi 

Nagai, Jian Qi Lian, Teruyo Ito, 

Mutsumi Kanamori, Hiroyuki 

Matsumaru, Atsushi Maruyama, 

Hiroyuki Murakami, Akira Hosoyama, 

Yoko Mizutani-Ui, Noriko K. Takahashi, 

Toshihiko Sawano, Ryu Ichi Inoue, 

Chikara Kaito, Kazuhisa Sekimizu, 

Hideki Hirakawa, Satoru Kuhara, 

Susumu Goto, Junko Yabuzaki, Minoru 

Kanehisa, Atsushi Yamashita, Kenshiro 

Oshima, Keiko Furuya, Chie Yoshino, 

Tadayoshi Shiba, Masahira Hattori, 

Naotake Ogasawara, Hideo Hayashi, and 

Keiichi Hiramatsu. 2001. “Whole 

Genome Sequencing of Meticillin-

Resistant Staphylococcus Aureus.” 

Lancet 357(9264):1225–40. doi: 

10.1016/S0140-6736(00)04403-2. 

Lakhundi, Sahreena, and Kunyan Zhang. 2018. 

“Methicillin-Resistant Staphylococcus 

Aureus: Molecular Characterization, 

Evolution, and Epidemiology.” Clinical 

Microbiology Reviews 31(4). doi: 

10.1128/CMR.00020-18. 

Levine, Donald P. 2006. “Vancomycin: A 

History.” Clinical Infectious Diseases 

42(SUPPL. 1). doi: 10.1086/491709. 

Livermore, David M. 2004. “The Need for New 

Antibiotics.” Clinical Microbiology and 

Infection, Supplement 10(4):1–9. doi: 

10.1111/J.1465-0691.2004.1004.X. 

Martínez, José L., and Fernando Rojo. 2011. 

“Metabolic Regulation of Antibiotic 

Resistance.” FEMS Microbiology Reviews 

35(5):768–89. doi: 10.1111/J.1574-

6976.2011.00282.X. 

McAdam, Paul R., Kate E. Templeton, Giles F. 

Edwards, Matthew T. G. Holden, 

Edward J. Feil, David M. Aanensen, 

Hiba J. A. Bargawi, Brian G. Spratt, 

Stephen D. Bentley, Julian Parkhill, 

Mark C. Enright, Anne Holmes, E. 

Kirsty Girvan, Paul A. Godfrey, Michael 

Feldgarden, Angela M. Kearns, Andrew 

Rambaut, D. Ashley Robinson, and J. 

Ross Fitzgerald. 2012. “Molecular 

Tracing of the Emergence, Adaptation, 

and Transmission of Hospital-

Associated Methicillin-Resistant 

Staphylococcus Aureus.” Proceedings of 

the National Academy of Sciences of the 



I J R B A T, Issue (X) Vol (III) Sept 2022: 26-34  e-ISSN 2347 – 517X 

A Double-Blind Peer Reviewed & Refereed Journal                                                                                                Original Article 

 

 

 

 

P
ag

e3
2

 

United States of America 109(23):9107–

12. doi: 10.1073/PNAS.1202869109. 

Miró, Elisenda, Federico Grünbaum, Laura 

Gómez, Alba Rivera, Beatriz Mirelis, Pere 

Coll, and Ferran Navarro. 2013. 

“Characterization of Aminoglycoside-

Modifying Enzymes in 

Enterobacteriaceae Clinical Strains and 

Characterization of the Plasmids 

Implicated in Their Diffusion.” Microbial 

Drug Resistance 19(2):94–99. doi: 

10.1089/MDR.2012.0125. 

Monegro, Alberto F., Vijayadershan Muppidi, 

and Hariharan Regunath. 2022. 

“Hospital Acquired Infections.” 

Cambridge Handbook of Psychology, 

Health and Medicine, Second Edition 

736–38. doi: 

10.1017/CBO9780511543579.182. 

Moroni, Paolo, Giuliano Pisoni, Paola Cremonesi, 

and Bianca Castiglioni. 1996. 

“Staphylococcus.” Molecular Detection 

of Human Bacterial Pathogens 307–22. 

doi: 10.5005/jp/books/12697_25. 

Mulani, Mansura S., Ekta E. Kamble, Shital N. 

Kumkar, Madhumita S. Tawre, and 

Karishma R. Pardesi. 2019. “Emerging 

Strategies to Combat ESKAPE 

Pathogens in the Era of Antimicrobial 

Resistance: A Review.” Frontiers in 

Microbiology 10(APR). doi: 

10.3389/FMICB.2019.00539. 

Munita, Jose M., and Cesar A. Arias. 2016. 

“Mechanisms of Antibiotic Resistance.” 

Microbiology Spectrum 4(2):464–72. doi: 

10.1128/MICROBIOLSPEC.VMBF-

0016-2015. 

Nonhoff, Claire, S. Rottiers, and M. J. Struelens. 

2005. “Evaluation of the Vitek 2 System 

for Identification and Antimicrobial 

Susceptibility Testing of Staphylococcus 

Spp.” Clinical Microbiology and Infection 

11(2):150–53. doi: 10.1111/j.1469-

0691.2004.01047.x. 

De Oliveira, David M. P., Brian M. Forde, 

Timothy J. Kidd, Patrick N. A. Harris, 

Mark A. Schembri, Scott A. Beatson, 

David L. Paterson, and Mark J. Walker. 

2020. “Antimicrobial Resistance in 

ESKAPE Pathogens.” Clinical 

Microbiology Reviews 33(3). doi: 

10.1128/CMR.00181-19. 

Patil, Amrita, Rajashri Banerji, Poonam 

Kanojiya, Santosh Koratkar, and Sunil 

Saroj. 2021. “Bacteriophages for 

ESKAPE: Role in Pathogenicity and 

Measures of Control.” Expert Review of 

Anti-Infective Therapy 19(7):845–65. doi: 

10.1080/14787210.2021.1858800. 

Peleg, Anton Y., Spiros Miyakis, Doyle V. Ward, 

Ashlee M. Earl, Aileen Rubio, David R. 

Cameron, Satish Pillai, Robert C. 

Moellering, and George M. Eliopoulos. 

2012. “Whole Genome Characterization 

of the Mechanisms of Daptomycin 

Resistance in Clinical and Laboratory 

Derived Isolates of Staphylococcus 

Aureus.” PLoS ONE 7(1). doi: 

10.1371/JOURNAL.PONE.0028316. 

Price, J., N. Claire Gordon, D. Crook, M. 

Llewelyn, and J. Paul. 2013. “The 

Usefulness of Whole Genome 

Sequencing in the Management of 

Staphylococcus Aureus Infections.” 

Clinical Microbiology and Infection 

19(9):784–89. doi: 10.1111/1469-

0691.12109. 

Price, J. R., X. Didelot, D. W. Crook, M. J. 

Llewelyn, and J. Paul. 2013. “Whole 

Genome Sequencing in the Prevention 

and Control of Staphylococcus Aureus 

Infection.” Journal of Hospital Infection 

83(1):14–21. doi: 

10.1016/J.JHIN.2012.10.003. 



I J R B A T, Issue (X) Vol (III) Sept 2022: 26-34  e-ISSN 2347 – 517X 

A Double-Blind Peer Reviewed & Refereed Journal                                                                                                Original Article 

 

 

 

 

P
ag

e3
3

 

Rice, LB. 2008. “Federal Funding for the Study 

of Antimicrobial Resistance in 

Nosocomial Pathogens: No ESKAPE.” 

Academic.Oup.Com 197(8):1094–1102. 

doi: 10.1086/533452. 

Sharma, Divakar, Lama Misba, and Asad U. 

Khan. 2019. “Antibiotics versus Biofilm: 

An Emerging Battleground in Microbial 

Communities.” Antimicrobial Resistance 

& Infection Control 2019 8:1 8(1):1–10. 

doi: 10.1186/S13756-019-0533-3. 

Sood, Geeta, and Trish M. Perl. 2016. 

“Outbreaks in Health Care Settings.” 

Infectious Disease Clinics of North 

America 30(3):661–87. doi: 

10.1016/J.IDC.2016.04.003. 

Speck, Peter. 2013. “Antibiotics: Avert an 

Impending Crisis.” Nature 

496(7444):169. doi: 10.1038/496169A. 

Tacconelli, Evelina, Elena Carrara, Alessia 

Savoldi, Stephan Harbarth, Marc 

Mendelson, Dominique L. Monnet, 

Céline Pulcini, Gunnar Kahlmeter, Jan 

Kluytmans, Yehuda Carmeli, Marc 

Ouellette, Kevin Outterson, Jean Patel, 

Marco Cavaleri, Edward M. Cox, Chris 

R. Houchens, M. Lindsay Grayson, Paul 

Hansen, Nalini Singh, Ursula 

Theuretzbacher, Nicola Magrini, Aaron 

Oladipo Aboderin, Seif Salem Al-Abri, 

Nordiah Awang Jalil, Nur Benzonana, 

Sanjay Bhattacharya, Adrian John 

Brink, Francesco Robert Burkert, Otto 

Cars, Giuseppe Cornaglia, Oliver James 

Dyar, Alex W. Friedrich, Ana C. Gales, 

Sumanth Gandra, Christian Georg 

Giske, Debra A. Goff, Herman Goossens, 

Thomas Gottlieb, Manuel Guzman 

Blanco, Waleria Hryniewicz, Deepthi 

Kattula, Timothy Jinks, Souha S. Kanj, 

Lawrence Kerr, Marie Paule Kieny, Yang 

Soo Kim, Roman S. Kozlov, Jaime 

Labarca, Ramanan Laxminarayan, Karin 

Leder, Leonard Leibovici, Gabriel Levy-

Hara, Jasper Littman, Surbhi Malhotra-

Kumar, Vikas Manchanda, Lorenzo 

Moja, Babacar Ndoye, Angelo Pan, David 

L. Paterson, Mical Paul, Haibo Qiu, Pilar 

Ramon-Pardo, Jesús Rodríguez-Baño, 

Maurizio Sanguinetti, Sharmila 

Sengupta, Mike Sharland, Massinissa 

Si-Mehand, Lynn L. Silver, Wonkeung 

Song, Martin Steinbakk, Jens Thomsen, 

Guy E. Thwaites, Jos WM van der Meer, 

Nguyen Van Kinh, Silvio Vega, Maria 

Virginia Villegas, Agnes Wechsler-

Fördös, Heiman Frank Louis Wertheim, 

Evelyn Wesangula, Neil Woodford, Fidan 

O. Yilmaz, and Anna Zorzet. 2018. 

“Discovery, Research, and Development 

of New Antibiotics: The WHO Priority 

List of Antibiotic-Resistant Bacteria and 

Tuberculosis.” The Lancet. Infectious 

Diseases 18(3):318–27. doi: 

10.1016/S1473-3099(17)30753-3. 

Tillotson, Glenn. 2018. “A Crucial List of 

Pathogens.” The Lancet Infectious 

Diseases 18(3):234–36. doi: 

10.1016/S1473-3099(17)30754-5. 

Turner, Nicholas A., Batu K. Sharma-Kuinkel, 

Stacey A. Maskarinec, Emily M. 

Eichenberger, Pratik P. Shah, Manuela 

Carugati, Thomas L. Holland, and Vance 

G. Fowler. 2019. “Methicillin-Resistant 

Staphylococcus Aureus: An Overview of 

Basic and Clinical Research.” Nature 

Reviews Microbiology 2019 17:4 

17(4):203–18. doi: 10.1038/s41579-

018-0147-4. 

Ventola, C. Lee. 2015. “The Antibiotic Resistance 

Crisis: Part 1: Causes and Threats.” 

Pharmacy and Therapeutics 40(4):277. 

doi: Article. 

WHO. 2014. “Antimicrobial Resistance: Global 

Report on Surveillance.” World Health 

Organization. Retrieved December 21, 



I J R B A T, Issue (X) Vol (III) Sept 2022: 26-34  e-ISSN 2347 – 517X 

A Double-Blind Peer Reviewed & Refereed Journal                                                                                                Original Article 

 

 

 

 

P
ag

e3
4

 

2021 

(https://apps.who.int/iris/handle/1066

5/112642). 

Zaman, Sojib Bin, Muhammed Awlad Hussain, 

Rachel Nye, Varshil Mehta, Kazi Taib 

Mamun, and Naznin Hossain. 2017. “A 

Review on Antibiotic Resistance: Alarm 

Bells Are Ringing.” Cureus 9(6). doi: 

10.7759/CUREUS.1403. 

Zheng, Yue, Lei He, Titus K. Asiamah, and 

Michael Otto. 2018. “Colonization of 

Medical Devices by Staphylococci.” 

Environmental Microbiology 20(9):3141. 

doi: 10.1111/1462-2920.14129. 

 
 
Figure 1: Different methods used in MRSA isotyping. 

 

 

 


