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Abstract

Staphylococcus aureus is an emerging crisis in medical field due to its development of antibiotic resistance. It is capable of causing
numerous hazardous infections and continued medication has led to the development of antibiotic resistance. Moreover, S. aureus
is capable of biofilm formation which is a major cause of multidrug resistance. It causes a wide range of infections starting from
mild infections to life threatening diseases. S. aureus is considered as a major threat to living population. It has been reported
that day by day the strain is becoming resistant to the conventional treatments, so new or alternative medication or treatment is
an emergency. In this review the clinical significance, antibiotic resistance and the biofilm formation of S. aureus has been

discussed.
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1. Introduction

1.1 Methicillin resistant Staphylococcus aureus and its clinical significance
Staphylococcus aureus appears in cocci shape and is gram-positive, which appears in grape-like clusters. Methicillin
Resistant S. aureus is any strain of S. aureus that has developed through the process of natural selection, resistant to a wide
range of B-lactam antibiotics [1]. S. aureus was demonstrated to be a major human pathogen capable of causing a wide range
of infections, from relatively mild skin infections such as folliculitis and furunculosis to life-threatening conditions, including
sepsis, deep abscesses, pneumonia, osteomyelitis, and infective endocarditis [2]. In 2013, the Centers for Disease Control and
Prevention (CDC) reported that more than 11,000 people died from a methicillin-resistant S. aureus (MRSA)-related
infection in the United States [3]. It is found mostly under the anterior nostrils, respiratory tract, open wounds, intravenous
catheters and urinary tract are also potential sites of infection [4]. Some healthy individuals may carry MRSA without any
symptoms for periods ranging from few weeks to many years. Comprised immune system patients are at higher risks of

secondary infection which is symptomatic [5].
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MRSA is classified into two major classes healthcare-associated (HA-MRSA) as well as community-associated (CA-MRSA).
Both are capable of causing a wide range of diseases, including endocarditis, pneumonia, osteomyelitis, toxic-shock
syndrome, carbuncles and food poisoning [2]. In early 1940s, mortality among 122 consecutive patients were 82% and in
those aged above 50 years were 98%. In modern era, it is estimated that 25%-30% of healthy individuals carry S. aureus on
the skin or mucous membranes [6,7]. S. aureus has always been a stumbling block for antimicrobial chemotherapy, and have
overcome all the therapeutic agents that have been developed in past 50 years. The most appropriate example is methicillin
resistant S. aureus, the first clinical isolate which was reported in early 60s, just one year after the launch of methicillin.
Since then, MRSA has gradually disseminated, and in the 1970s began causing serious hospital infection worldwide [8-11]. It
is found that in India, the population of MRSA is greater in hospital population than in the community, which is the major
cause of hospital-acquired wound infections due to accidental injury or surgery and therefore these strains generally show

multiple drug resistance, which limits treatment possibilities [12].

1.2 Antibiotic resistance of bacteria
The overuse, misuse and lack of new antibiotics have led to the development of drug resistant bacteria which is a public
menace [8]. These bacterial infections with multiple drug resistance may increase the mortality and morbidity in Intensive
Care Unit patients [9]. The multidrug resistance of bacteria occurs mainly due to two mechanisms: a) accumulation of
multiple genes on resistance (R) plasmids, with each coding for resistance to a single drug, within a single cell; b) by the
action of multidrug efflux pumps, each of which can pump out more than one drug type [10]. Examples of few drug resistant
microbes include: i) E. coli resistant to cephalosporins and fluoroquinolones, ii) Klebsiella pneumoniae resistant to
cephalosporins and carbapenems, iii) S. aureus resistant to methicillin, iv) Streptococcus pneumoniae resistant to penicillin,
v) Non-typhoidal Salmonella resist to fluoroquinolones, vi) Shigella species resistant to fluoroquinolones, vii) Neisseria
gonorrhoeae resistant to cephalosporins, viii) Mycobacterium tuberculosis resistant to rifampicin, isoniazid and

fluoroquinolones [7,11].

1.3 Antibiotic resistance of S. aureus

S. aureus acquires resistance by mutation, conjugation, transduction or transformation. The resistance due to transformation
and transduction are rare in case of staphylococci. The chromosomal mutation generally causes an altered antimicrobial target
of action; it also affects the bacterial membrane permeability to antimicrobials or inactivates it enzymatically. The alteration
of B-lactam target site may also cause resistance and this is the major mechanism involved in methicillin resistance in S.
aureus [7,6]. Barakat et al. [13] reported that mupirocin an antibiotic which was playing a crucial role in eradication of
MRSA by inhibiting the protein synthesis of the strain and which was used in the treatment of skin infections started showing
low and high level resistance due to the continuous increased usage of the drug. It has been reported that the organism
acquires resistance as soon as the entrance of new antibiotics, for example S. aureus resistance to penicillin was reported
within 4 years of entrance of penicillin G into the market. The mutation caused in DNA gyrase (gyr) and topoisomerase 1V
(grl) gene, results in the resistance of quinolone antibiotics, while the mutation in RNA polymerase gene (rpoB) indicates the
resistance to rifampicin [5].The development of resistance may be due to horizontal gene transfer or else mutations in the

genes of chromosomes [14].



www.yumedtext.com | August-2018

The resistance of S. aureus to B-lactams is due to the addition of non-native gene which encodes penicillin-binding protein
PBP2a. The enzyme [ lactamase also known as penicillinase inactivates the drug by the hydrolization of the B lactam ring. It
has been found that more than 90% of S. aureus showed resistance to penicillin. The term methicillin resistant B lactams
indicates resistance to all B lactam antibiotics except the new generation cephalosporin 8 lactams. It has been reported that
vancomycin is the considered as the last treatment along with new formulations like linezolid and daptomycin for severe
infections of MRSA [15]. Daptomycin which is a lipopeptide antibiotic, usually used in the treatment of various infections
caused by gram-positive bacteria. Recently, it has been reported that the patients undergoing DAP therapy are developing
resistance, it is due to the point mutations in several genes [16]. The infections caused by MRSA are usually treated with
Trimethoprim-sulfamethoxazole and clindamycin; recently it was reported to develop resistance. The resistance increased
from 9.3% in 2005 to 16.7% in 2014 which was reported by a study conducted in Military Health system in US. Moreover,
the MRSA started showing resistance to mupirocin and chlorhexidine. The plasmid mediated mupA gene encoding RNA
synthetase is a primary factor for the development of mupirocin resistance. The gene responsible for chlorhexidine resistance
gacA/B encodes efflux pumps and are also plasmid mediated [17]. It is reported that the multidrug resistance infections has

raised from 2.5% to 8.6% over last twenty years [18].

2. Bacterial Biofilms
Biofilm is a group of microbial cells that is permanently associated with a surface and surrounded by matrix, chiefly
composed of polysaccharide material. Biofilms are difficult to eradicate [19]. It is nothing but communities of
microorganisms within extracellular polymeric matrix which comprises of lipids, proteins, polysaccharides and nucleic acids,
they attach to a biotic or abiotic surface in the solid-liquid interface. Moreover the organisms in the biofilm are provided with
essential nutrients supply and water for their growth [20]. The biofilm formation is the major cause of many chronic
infections. Moreover they are multidrug-resistant and cause failure of the treatment. The eradication of biofilm is not possible
using conventional antibiotics [21]. According to Elizabeth [22] biofilm formation is a resistant mechanism utilized by
bacteria against immune system or antibiotics. They also reported that compared to the biofilm formed by mono-species
organisms the biofilm formed by multi-species organisms is structurally and chemically more complex. Moreover, the
adhesion forces vary between mono-species and multi-species biofilms. The biofilm formation depends on certain factors like
a) availability of key nutrients, b) motility of bacteria, ¢) chemotaxis towards surface, d) surface adhesion and e) presence of

surfactants. Biofilms are the site of quorum sensing [23].

2.1 Biofilm formation of S. aureus

Biofilm formation is the vital reason for antibiotic resistance and is one of the major virulence factors of MRSA. The
formation of biofilm leads to recurrent infections especially in burn patients. Biofilms are capable of attaching to living as
well as inanimate objects; this attachment to the surfaces is considered as the first stage of infection. The attachment of
organisms to each other is caused by polysaccharide intracellular adhesion (PIA) leading to biofilm formation.
Polysaccharide intracellular adhesion (PIA) is a synthesized by-product of icaABCD operon [23]. Therefore, the capability of
S. aureus in formation of biofilm on surface of medical devices is a key factor contributing to nosocomial infections. In
catheterized patients the formation of biofilm is carried out in two steps: i) the bacterium attaches to the inert surfaces and
starts growing, ii) Multilayer formation due to multiplication and proliferation of bacteria [24]. It is found that the structure of

biofilm ranges from monolayer to multilayer with macroscopic dimensions. Therefore, the chemical composition is very
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much dynamic in biofilm, and it promotes the exchange of nutrients. Moreover, they have the capability of sharing the
genetic material between the communities. The polymer production is the major key weapon used by biofilm to promote
themselves to a region of nutrient and oxygen [25].

In diary industry, the contamination of dairy products is mainly due to the bacterial biofilms. It has been found that poor
GMP (Good Manufacturing Practices) in dairy processing leads to the spread of S. aureus and further leads to biofilm
formation [26]. The biofilms are highly tolerant against antibiotic treatment and they differ physiologically in planktonic
state. The biofilm formation differs in methicillin-sensitive S. aureus as well as methicillin-resistant S. aureus by the
encoding gene producing polysaccharide intercellular adhesion protein. In MSSA, icaADBC gene is responsible for the
production of PIA, whereas in MRSA the biofilm formation is independent of ica. Moreover, the biofilm formed by MRSA

has serious clinical impacts [27].

3. Conclusion

S. aureus, one of the most deadly nosocomial pathogen that is found all around the globe. The emergence of S. aureus and its
biofilm production with resistance to many groups of antibiotics is a growing concern worldwide. The irrational use of
antibiotics against this fatal pathogen has led to increased resistance due to which an alternate effective therapy is an
important requirement. Therefore, regular monitoring is required to find out a novel alternative. There is a great challenge for
the clinician to find out ways to combat ever increasing multidrug resistance.
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