
[image: cover]


[image: ]

[image: ]





	Research Article
	Open Access









Evolution and Epidemiology of Antimicrobial Resistance: Staphylococcus aureus 


Sunil Pandey1* and Ann H Fritz



Department of Biological sciences, Eastern Illinois University, Charleston USA  






 Received:     October 06, 2017;         Published:     October 17, 2017




*Corresponding author:  Sunil Pandey, Department of Biological sciences, Eastern Illinois University, Charleston, USA, Email:    pandeysunil347@gmail.com







Abstract

Staphylococcus aureus is a potentially pathogenic bacterium that causes a wide range of diseases. These are causing different infections and resistance mechanism due to of its wide virulence factors. The increase in the resistance of this virulent pathogen to antibiotic, day by day increases as a nosocomial infection is a major health concern. The main resistance phenotype associated with the S. aureus in hospital is methicillin resistance followed by vancomycin resistance. Resistance to methicillin and other b-lactam antibiotics is produced by the mecA gene, which is located on a portable genetic element, the Staphylococcal Cassette Chromosome mec (SCCmec). Center for disease control and prevention (CDC) approximates 80,461 hostile Methicillin resistance staphylococcal (MRSA) infections and 11,285 associated deaths occurred in 2011. Methicillin resistance in hospital acquired infections in S. aureus isolates has been increasing intensely in United States and occurring resistance to other antibacterial compounds. However, the role of evolutionary change in the pathogen throughout the development from bearing to disease is not completely understood. So, for this high throughout genome sequencing project need to be done to identify the genotypic character. To reduce these resistances more effective infection control, developing the new and improved antibiotic, developing vaccines, monitoring the trends in resistance, promoting interventions, conducting research are crucial. This review labels the latest molecular evolution of MRSA, different methods used to investigate the epidemiology, different risk factor associated with it and the structure of gene.
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Introduction


S. aureus is a shared type of bacteria that is found on the skin. Also, found on the catheters, ventilators or patients who Int for surgical procedures, can pass in the body and cause infections. MRSA is related with enlarged mortality and lengthy hospital stays producing important economic expenses. Antimicrobial resistance is worldwide problem. In humans and animal's pathogens is growing day by day and creating a problem and have incomplete the real lifespan of newly developed antimicrobial up to only 1020 years. World health organization have stated antibiotic resistant microorganisms as "nightmare bacteria" that "pose a catastrophic threat" to the world population [1]. CDC estimates 80,461 invasive Methicillin resistant staphylococcus aureus (MRSA) infections and 11,285 related deaths occurred in 2011. Since 2002, 17 cases of vancomycin resistant staphylococcus aureus (VRSA) have been identified [1].


S. aureus strains have established resistance to methicillin and vancomycin through the obtaining of the mecA and vanA genes [2]. Penicillin and its different products, including methicillin, vancomycin have been used for the actions of infections caused by S. aureus [3]. However, certain strains of S. aureus developed resistance known as methicillin resistant Staphylococcus aureus (MRSA). As rapidly new antibiotics are introduced in market S. aureus are showing mechanisms to neutralize them [2,3] and this the diversity of the S. aureus is largely determined by the incidence of mobile genetic elements, which consist of prophages or phage- related genomic islands. Different strain evolution and horizontal gene transfer are closely linked to phages [3]. The purpose of this review is to study evolution of antimicrobial resistance in Staphylococcus aureus. Different treatment methods and protocol and mechanism of resistance. Multiple mutations lead to the evolution of antimicrobial resistance not just only with single base pair mutations and evolution is also affected by chance not only with the selection [3-5].

Materials and Methods

We had searched the article in "Evolution of antimicrobial resistance in S. aureus" by using the NCBI, PubMed, ScienceDirect, HINARI, google scholar and another standard database and wereanalyzed focusing the MRSA and VRSA. As we have seen that many people confronted with the maximum serious problems in relation to appearance of antimicrobial resistance in S. aureus. We also believe this short review will help to investigate further laboratory experiments and based on the reference available and by combining new data that will be used for further research and review.





Methicillin Resistance Staphylococcus Aureus

MRSA is caused by the presence of mecA gene. The geen encodes for 78-kDa penicillin-binding protein (PBP) 2a or (PBP2') [6]. Afterwards mechanism in methicillin resistance was described in s. aureus by (Porrero et al., (2014), Garcia-Alvarez et al. (2011), Paterson et al. (2012). Harrison et al. (2013) suggested the public health hazard of mecC-positive MRSA isolates as it has been isolated in human case and their livestock. The reported cases of community acquired-MRSA infection in the US were caused by a USA400 strain, MW2 [7,8]. USA400 has been supplanted by USA300, which is certainly the most recurrent cause of community acquired-MRSA infections in the US [9]. The infections in the community and veterinary species are in increasing concern [10]. Proper knowledge on the epidemiology of MRSA will support actual anticipation and control strategies, counting the rational use of antibiotics (Figure 1). 
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Figure 1: Prevalence of MRSA in some countries.









Vancomycin Resistance Staphylococcus Aureus


According to CDC report a total of 13 cases of Vancomycin- resistant Staphylococcus aureus (VRSA) have been identified in the United States since 2002 and these are risen from MRSA. As compare to MRSA, VRSA occurrence is low. In the world, the total number of VRSA appealed to be rarer than other bacterial resistance [11]. All VRSA recognized in the United States seem to have autonomously developed [12] the vanA operon. VRSA arise from highly transmissible MRSA progenitor strains, and a vigorous public health response to all reported VRSA is suggested. VRSA strains gain resistance by conjugal transfer of the vanA operon from an Enterococcusfaecalis, raising the threat of a far more effectual means for distribution of the resistance gene between strains of staphylococci [13,14].

Molecular Typing




To prevent the spread of MRSA and VRSA it is requiring the knowledge of both the laboratory dissemination and epidemiology of MRSA strains. For this purpose, various molecular typing techniques have been developed. Pulse filed gel electrophoresis is still measured to be the reference standard for typing MRSA isolates [15], it is also the demonstrated as one of the best most typing methods for studying nosocomial infections. These are based on the based-on digestion of purified chromosomal DNA with restriction enzyme Smal, followed by agarose gel electrophoresis [16]. The patterns are analyzed through dice coefficient and unweighted pair group matching analysis (UPGMA) settings [17]. Multilocus sequence typing (MLST) excellent tool for investigating the clonal evolution [18]. MLST is created on sequence analysis of 0.5-kb fragments from seven S. aureus housekeeping genes, i.e., arcC, aroE, glpF, gmk, pta, tpi and yqiL [18]. Four approaches are presently accessible for the classification of SCCmec. Oliveira and de Lencastre [19] developed a multiplex PCR for SCCmec type's I- IV, in which mecA and six different loci on SCCmec are detected. [20] Established a single-locus sequence typing method for S. aureus using the sequences of the polymorphic region X of the S. aureus protein a (spa) gene. The main benefit ofspa typing over MLST is its easiness. Meanwhile it includes sequencing only a single locus.




Molecular Evolution




MRSA arose inside 2 years of the overview of methicillin in 1959. These strains, which concealed SCCmec type I, were isolated in the UK. During the 1960s, MRSA strains were isolated in other European countries, and then during the 1970s from other parts of the world [21] as a cause of nosocomial infection worldwide. A study of 147 MRSA isolates with geologically different origins showed that MRSA has emerged at least 20 times subsequent attainment of SCCmec, and that the gain of SCCmec by MSSA was four-fold more mutual than the spare of one SCCmec with another [21,22]. Interestingly, SCCmec type IV was found in twice as many MRSA clones as other SCCmec types [19,22,23]. Which suggest most clones arise by most clones arise by acquisition of SCCmec type IV by S. aureus [24,25].

Conclusion




In conclusion, the occurrence of MRSA segregation from hospitals, community has amplified in so many topographical places as compared with VRSA. The continuous care of MRSA and VRSA through monitoring will help in effective control. Understanding of the forces that direct the evolution of virulent and drug-resistant organisms also helps to identify the problems associated with it to fight on timely manner, overuse and misuse of antibiotics is clearly a contributing factor for resistance. Different New technologies principal to enhance and more rapid diagnostics, an improved understanding of pathogenesis of staphylococcal disease, and non-antimicrobial approaches to prevention and treatment of infection will also be needed to anticipate the coming of the post-antibiotic age.
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