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G. Bachir raho and B. Abouni
Laboratory of Molecular Microbiology, Health and proteomics, University of Sidi Bel abbes, Algeria
Escherichia coli and Staphylococcus aureus are a serious cause of a variety of community- and hospital-acquired
infections. E. coli is one of the most common nosocomial pathogens that cause urinary tract infections (UTIs) and
enterocolitis. S. aureus is also an etiological infection agent responsible for significant levels of morbidity and
mortality. According to Broad Institute. (2010), Escherichia coli accounts for 17.3% of clinical infections
requiring hospitalization and is the second most common source of infection behind Staphylococcus
aureus (18.8%). In recent years, the emergence of resistant Staphylococcus aureus and resistant Escherichia
coli strains to many antibiotics has been observed worldwide. These have become a major concern in global
public health invigorating the need for new antimicrobial compounds. This review described these two bacteria,
their taxonomies, morphology and biochemical characteristics, habitat and growth characteristics, the caused
infections, their treatment and resistances to antibiotics.
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1. Introduction
Infectious diseases are the leading cause of global morbidity and mortality [1]. In 1990, infections cause 16
million deaths, and in 2010, the number of deaths had fallen to 15 million [2]. The spread of infectious diseases
results as much from changes in human behavior--including lifestyles and land use patterns, increased trade and
travel, and inappropriate use of antibiotic drugs--as from mutations in pathogens [3]. Staphylococcus aureus and
Escherichia coli are a major cause of various humans and animals infections. The first causes skin and soft
tissues infections, surgical site infections, and bone and joint infections. Staphylococcus aureus is a common
cause of hospital-acquired bacteraemia and it is associated with hospital-acquired respiratory tract infections [4].
E. coli is the most common cause of urinary tract infections (UTIs) in humans [5], and is a leading cause of
enteric infections and systemic infections [6]. The systemic infections include bacteremia, nosocomial
pneumonia, cholecystitis, cholangitis, peritonitis, cellulitis, osteomyelitis, and infectious arthritis. E. coli is also
leading cause of neonatal meningitis [7]. A wide range of antimicrobial agents effectively inhibit the growth
of E. coli. The -lactams, fluoroquinolones, aminoglycosides and trimethoprim-sulfamethoxazole are often used
to treat community and hospital infections due to E. coli [8], but antimicrobial resistant isolates, especially those
that are fluoroquinolone resistant and those producing extended-spectrum -lactamases have increased
significantly during the 2000’s and in certain areas many nosocomial and community-acquired E. coli are now
resistant the several important antimicrobial classes [8].
Penicillinase-resistant penicillins (flucloxacillin, dicloxacillin) remain the antibiotics of choice for the
management of serious methicillin-susceptible S. aureus (MSSA) infections, but first generation cephalosporins
(cefazolin, cephalothin and cephalexin), clindamycin, lincomycin and erythromycin have important therapeutic
roles in less serious MSSA infections such as skin and soft tissue infections or in patients with penicillin
hypersensitivity. All serious MRSA infections should be treated with parenteral vancomycin or, if the patient is
vancomycin allergic, teicoplanin [9].
Antibiotic resistant staphylococci are major public health concern since the bacteria can be easily circulated in
the environment. Infections due to methicillin-resistant Staphylococcus aureus (MRSA) have increased worldwide during the past twenty years [10, 11]. Some reports of S. aureus isolates with intermediate or complete
resistance to vancomycin portend a chemotherapeutic era in which effective bactericidal antibiotics against this
organism may no longer be readily available [12, 13]. Multiple drug-resistant S. aureus have been frequently
recovered from foodstuffs [4], water and biofilm formation [14] nasal mucosa of humans [15], clinical cases [16]
and livestock [17].
This paper aims to review the taxonomies, morphology and biochemical characteristics, habitat and growth
characteristics, the caused infections, the treatment and resistances to antibiotics of these two bacteria.

2. Escherichia coli
Escherichia coli, originally called "Bacterium coli commune," was first isolated from the feces of a child in 1885
by the Austrian pediatrician Theodor Escherich [18]. This bacterium had been named Bacterium coli commune
by the discoverer; in 1911 the name was changed to Escherichia coli in honor of its discoverer [19]. In the
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1940s, Kauffmann proposed a scheme to differentiate E.coli on the basis of lipopolysaccharide O, flagellar H,
and polysaccharide K antigens [20].
2.1 Taxonomy
E.coli belongs to the family Enterobacteriaceae. It is one of the six species of the genus Escherichia (others
include E. hermanii, E. fergusonii, E. vulneris, E. blattae, E. albertii) [19].
2.2 Morphology and Biochemical characteristics
Escherichia coli is a Gram negative, non-spore-forming, straight rod (1.1–1.5 m - 2.0–6.0 m) arranged in
pairs or singly; is motile by means of peritrichous flagella or may be non-motile; and may have capsules or
microcapsules [21].
Escherichia coli is a facultatively anaerobic, chemo-organotrophic microorganism. It is oxidase negative,
catalase positive, fermentative (glucose, lactose, D-mannitol, D-sorbitol, arabinose, maltose), reduces nitrate, and
is  -galactosidase positive. Approximately 95 % of E. coli strains are indole and methyl red positive, but are
Voges-Proskauer and citrate negative [22].
2.3 Habitat and Growth Characteristics
Although most strains of E. coli have been described as harmless commensal organism, they can be a versatile
pathogens in immunecompromised patients [23]. The organism is an inhabitant of the human digestive tract and
can also be found in other warm blooded animals. E. coli has been used as an indicator of fecal contamination in
food and water due to its common occurrence in feces and its survival in water [23, 24].
The limits of temperature for growth of E. coli are 7–46°C, and the optimum growth temperature is
approximately 37°C [25]. E. coli generally grows within the pH range of 4.4–9.0, at an aw of at least 0.95, and at
NaCl levels of less than 8.5 % [25]. E. coli can be recovered easily from clinical specimens on general or
selective media at 37°C under aerobic conditions. E. coli in stool are most often recovered on Mac Conkey or
eosin methylene-blue agar, which selectively grow members of the Enterobacteriaceae and permit
differentiation of enteric organisms on the basis of morphology [26].
2.4 Serological characterisation of E. coli
Serotyping and serogrouping of E. coli is useful for subdividing the species into serovars. Serological typing in
E. coli involves serological identification of three surface antigens: O (somatic lipopolysaccharide), K (capsular)
and H (flagellar).
Although the numbers of the different E. coli O, K, and H antigens reported in the literature vary, Ørskov and
Ørskov (1992) state that there are 173 O antigens (Scheutz et al (2004) report 174), 80 K antigens and 56 H
antigens. Mol & Oudega (1996) have suggested that the fimbrial (F) surface antigens should be a fourth
component of serological testing.
Determining the serogroup (O antigen) and serotype (O and H, and often K antigens) is an important means of
defining the various pathogenic strains of E. coli, since certain serotypes are associated with the various
categories of diarrheagenic E. coli. For example, E. coli serotype O157:H7 is an enterohemorrhagic E. coli, and
E. coli serogroup O124 is an enteroinvasive strain. E. coli serotyping is important technique for making the
proper diagnosis and for performing foodborne outbreak and epidemiological investigations. However, novel E.
coli serotypes frequently emerge as intestinal pathogens and, when recognized, are included in a specific
category of diarrheagenic E. coli. Thus serotyping alone cannot be relied on for categorizing a strain of E. coli,
and the identification of specific virulence characteristics/genes must also be performed [30].
2.5 Pathogenic Escherichia coli
Escherichia coli are normal inhabitants of the human gastrointestinal tract and are among the bacterial species
most frequently isolated from stool cultures. When E. coli strains acquire certain genetic material, they can
become pathogenic [31]. Virulent strains of E. coli can cause gastroenteritis, urinary tract infections, and
neonatal meningitis. In rare cases, virulent strains are also responsible for haemolytic-uremic syndrome (HUS),
peritonitis, mastitis, septicemia and Gram-negative pneumonia [32].
2.5.1 Gastrointestinal infection
The commonest site of human infections due to E. coli is the gastro-intestinal tract, on account of the ease of
access of pathogens ingested with food and drink. The incidence of such infections depends on a variety of
factors, including personal and food hygiene, and environmental temperature [33]. E. coli strains that cause
diarrheal illness are categorized into specific groups based on virulence properties, mechanism of pathogenicity,
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clinical syndromes and distinct O: H serotypes [34]. Five classes or virotypes of E. coli are recognized as
causative agents of these diarrheal diseases amongst which include enterotoxigenic E.coli (ETEC),
enteroinvasive E.coli (EIEC),
enteropathogenic E.coli (EPEC),
enteroaggregative E.coli (EAggEC)
and
enterohemorrhagic E.coli (EHEC) (Table 1) [35]. Each class falls within a serological subgroup and manifests
distinct features in pathogenesis.
Table 1 E. coli classes (virotypes) that are related to diarrheal diseases [41].
Name
Enterotoxigenic
E. coli (ETEC)

Hosts
Description
Humans, pigs, sheep, goats, • Non-invasive strains.
cattle, dogs, and horses
• Cause diarrhea in children, as well
as traveler's diarrhea.
• Produces a heat-stable (ST)
enterotoxin
• 200 million cases of diarrhea and
380,000 deaths each year.

Enteropathogenic
E. coli (EPEC)

Humans, rabbits, dogs, cats
and horses

•
•

Enteroinvasive
E. coli (EIEC)

found only
in humans

Enterohemorrhagic
E. coli (EHEC)

Humans,
cattle, and
goats

Enteroaggregative
E. coli (EAEC)

found only
in humans

Has an array of virulence factors
similar to Shigella toxin
Moderately invasive and elicit
an inflammatory immune
response.

•

Causes a syndrome that is
identical to Shigellosis, with
profuse diarrhea and high
fever.
• The most famous member of
this virotype is strain O157:H7,
which causes bloody diarrhea and
no fever.
• Can cause hemolytic-uremic
syndrome and sudden kidney
failure.
• Moderately invasive and
possesses a phage-encoded Shiga
toxin that can elicit an intense
inflammatory response.
• EAEC bind to the intestinal
mucosa to cause watery diarrhea
without fever. EAEC are noninvasive.
• They produce a hemolysin
and an ST enterotoxin similar to
that of ETEC.

2.5.2 Urinary Tract Infections
Uropathogenic E. coli cause 90% of the urinary tract infections (UTI) in anatomically-normal, unobstructed
urinary tracts. The bacteria colonize from the feces or perineal region and ascend the urinary tract through the
bladder. With the aid of specific adhesins they are able to colonize the bladder [36]. Bladder infections are 14times more common in females than males by virtue of the shortened urethra. The typical patient with
uncomplicated cystitis is a sexually-active female who was first colonized in the intestine with an
uropathogenic E. coli strain. The organisms are propelled into the bladder from the periurethral region during
sexual intercourse [37].
Different virulence factors of E.coli which are thought to have a role in the pathogenesis of Urinary Tract
Infections, some of them are O Antigens, K Antigens, Serum resistance, Adhesins, Colicins, Invasins etc [36].
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2.5.3 Neonatal meningitis
In industrialized countries the incidence of neonatal bacterial meningitis is between 0.2 and 0.4 per 1000 live
births, with an estimated mortality rate of 15 to 30 % which rises to nearly 40 % in premature infants. E. coli is
currently the second cause of neonatal meningitis, behind group B streptococci [38]. Greater than 80% of the E.
coli strains involved express K1 capsule. It is generally thought that the newborn acquires the K1 strain from its
mother during passage through the birth canal. The strain then progressively invades the bloodstream and
subsequently crosses endothelial surfaces into the brain. The K1 capsule is a critical determinant in invasion
across the blood-brain barrier [39].
The K-1 antigen is considered the major determinant of virulence among strains of E. coli that cause neonatal
meningitis. K-1 is a homopolymer of sialic acid. It inhibits phagocytosis, and responses from the host's
immunological mechanisms. K-1 may not be the only determinant of virulence as siderophore production and
endotoxin are also likely to be involved [40].
2.6 Escherichia coli and Antibiotic Resistance
2.6.1 β-lactam antibiotics
β-lactams antibiotics are the oldest and most broadly used class of antibiotics. They exert a bactericidal effect by
inhibiting bacterial cell wall synthesis and are administered both orally and parenterally to treat a wide variety of
bacterial infections. These antibiotics fall into three major structural categories—penicillins, cephalosporins and
carbapenems. Resistance to these agents is mediated by β-lactamases which degrade them, and these enzymes
play an important role in antibiotic-refractory Urinary Tract Infections [42]. The rst β-lactamase enzyme was
identied in Bacillus (Escherichia) coli before the clinical use of penicillin. In a sentinel paper published nearly
70 years ago, E. P. Abraham & E. Chain described the B. coli “penicillinase” [43]. TEM-1(the most commonly
encountered β-lactamase in gram-negative bacteria) enzyme was rst recorded in Escherichia coli in 1965 and
has since spread to 20–60% of isolates of Enterobacteriaceae [44]. Up to 90% of ampicillin resistance in E. coli
is due to the production of TEM-1[45]. The recent emergence of Extended Spectrum β-Lactamase -producing E.
coli and K. pneumoniae has led to therapeutic failures and death when treating septicaemia with standard agents,
like cefotaxime [46, 47]. The cephalosporins are the largest and most diverse family of beta-lactam antibiotics
[48, 49].They are divided into first, second, third, fourth and fifth generation drugs. The first agent cephalothin
(cefalotin) was launched by Eli Lilly in 1964 [50]. An increase in the prevalence of -lactam resistance,
especially concerning the third-generation cephalosporins (3GCs), has been observed recently, according to the
annual report of the European Antimicrobial Resistance Surveillance System. Three kinds of -lactamase are
commonly responsible for 3GC resistance: extended-spectrum -lactamases (ESBLs), OXA-type penicillinases
(or oxacillinases) and AmpC cephalosporinases (chromosomal or plasmid-mediated). Among ESBLs, the CTXM -lactamases have now become most prevalent [51].
2.6.2 Sulfonamides
Sulfonamides have been widely used to treat bacterial and protozoal infections ever since their clinical
introduction in 1935. To overcome the rapid emergence of resistance, sulfonamides have generally been
combined since the 1970s with diaminopyrimidines. The combination trimethoprim-sulfamethoxazole (Cotrimoxazole) was widely used, becoming in particular a mainstay of treatment for urinary tract infections [52,
53] . In 1995, the licensed indications for co-trimoxazole were restricted in favor of the use of trimethoprim
alone, primarily owing to concern about the rare side effects of sulfonamides. Despite the massive reduction in
the rate of sulfonamide use that accompanied the switch in prescribing from co-trimoxazole to trimethoprim,
resistance to sulfonamides has persisted at high rates among clinical isolates of Escherichia coli [52]. Resistance
to sulfonamides in Escherichia coli can result from mutations in the chromosomal DHPS gene (folP) or more
frequently from the acquisition of an alternative DHPS gene (sul), whose product has a lower affinity for
sulfonamides [53]. Three acquired genes imparting sulfonamide resistance have been described in E. coli; of
these, only two (sul1 and sul2) are prevalent in human isolates [52].
2.6.3 Trimethoprim
Trimethoprim (TMP) was rst used for the treatment of infections in humans in 1962 [54]. Six year later,
Trimethoprim resistance was described [55] and in 1971 1% of E. coli isolates from urinary specimens were
reported resistant [56]. Since then there has been a constant increase in TMP resistance worldwide and in some
regions only a minor part of the E. coli population is still susceptible to TMP [57].
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2.6.4 Quinolones
Fluoroquinolones are broad-spectrum antimicrobial agents that are highly effective for the treatment of a variety
of infections in humans and animals [58]. The first quinolone was nalidixic acid in 1962 followed by the
fluoroquinolones (FQX) with ofloxacin(1985), ciprofloxacin (1986) (second-generation), levofloxacin (1993)
and moxifloxacin (1999) which is described in some publications as a third generation [59, 60].
Fluoroquinolones are indicated for the management of acute uncomplicated UTIs as well as complicated UTIs
and pyelonephritis for adults, but uropathogen resistance to them is increasing. In Spain, fluoroquinolone
resistance had become such a problem that, by the mid-1990s, they were not first choice in the treatment of E.
coli urinary tract infections [61]. In Beijing during 1997-1999, approximately 60% of E.coli strains isolated from
hospital-acquired infections and approximately 50% of community-isolated E.coli strains were resistant to
ciprofloxacin [62]. Resistance to ciprofloxacin and levofloxacin in E. coli reached 21.6% and 20.4%,
respectively, of isolates tested in 2005. In the North American Urinary Tract Infection Collaboration Alliance
surveillance study, 5.5% and 5.1% of urinary E. coli isolates from outpatients in the United States and Canada
were resistant to ciprofloxacin and levofloxacin, respectively [63]. In Escherichia coli, mutational alterations in
the Fluoroquinolones target enzymes, namely, DNA topoisomerase II (DNA gyrase) and topoisomerase IV, are
recognized to be the major mechanisms through which resistance develops [64].
2.6.5 Pivmecillinam
Pivmecillinam is a β-lactam antimicrobial that has been used for the treatment of acute uncomplicated urinary
infection for more than 20 years [65]. Use of pivmecillinam may spare the use of other agents, such as cotrimoxazole and quinolone antimicrobial agents, where there are concerns about resistance emerging in
community E.coli and it may be desirable to preserve these other agents for treatment of infections other than
acute cystitis [66].

3. Staphylococcus aureus
3.1 Brief history
In 1880, both Sir Alexander Ogston & Louis Pasteur provided the first description of “micrococci” isolated from
furuncles and abscesses [67]. The name Staphylococcus (staphyle, bunch of grapes) was introduced by Ogston
(1883) for the group micrococci causing inammation and suppuration. He was the rst to differentiate two
kinds of pyogenic cocci: one arranged in groups or masses was called “Staphylococcus” and another arranged in
chains was named “Billroth’s Streptococcus.” [39]. In 1884, Rosenbach described the two pigmented colony
types of staphylococci and proposed the appropriate nomenclature: Staphylococcus aureus (yellow)
and Staphylococcus albus (white) [68].
3.2 Taxonomy
The name Staphylococcus aureus comes from the Greek words “staphyle,” meaning a bunch of grapes,
“coccus,” which means round-shaped, and “aureus,” for golden, because most colonies have a characteristic
orange-yellow coloring on the traditionally used agar plates [69, 70].
Historically,
based
on
morphologic
similarities,
the
genra Staphylococcus,
Micrococcus,
Planococcus and Stomatococcus were placed together in the family Micrococcaceae. More recently, however,
based on DNA/rRNA analysis and guanine–cytosine (GC) content, the genus Staphylococcus has been classified
together with the genera Bacillus, Brochothrix, Gemella, Listeria and Planococcus, in the family Bacillaceae of
the broad Bacillus Lactobacillus Streptococcus cluster of Gram-positive bacteria with a low GC-content [71, 72,
73].
According to current knowledge, including the newly described species published in 2009-2010, the
Staphylococcus genus groups together 45 species and 21 subspecies [74].
3.3 Morphology and Growth Characteristics
Staphylococcus aureus is Gram-positive coccus - shaped microorganism (with diameter of between 0.7 m to
1.2 m) that generally occurs in grape-like clusters, but can also be found in singles and pairs. Cells are nonmotile, lack flagella and do not form spores, though they are able to survive in dormant state for years under
unfavorable conditions. Staphylococcus aureus grows best under aerobic conditions but is able to employ a
fermentative metabolism, making it a facultative anaerobe [75, 76, 77, 78].
The organism is able to utilize several different carbohydrates during respiration. However, under anaerobic
conditions, S. aureus will typically ferment glucose resulting in the production of lactic acid [79], and ability to
ferment mannitol [80].
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Members of the species grow in the presence of salt, under high osmotic pressure, low moisture and at wide
pH and temperature ranges [75, 77]. A unique characteristic of S. aureus is its ability to grow in salt
concentrations as high as 15%. The optimum water activity for S. aureus is about 0.99 but it is also capable of
growing at water activities as low as 0.83 [81] if other intrinsic and extrinsic factors are optimal for growth of
this pathogen.
Staphylococcus aureus is capable of growing in temperatures ranging from 7 to 48.5°C with an optimum
growth temperature of 30 to 37°C [82]. In addition to being able to grow in wide range of temperatures, S.
aureus can also grow in a wide range of pH values ranging from 4.2 to 9.3 with an optimum pH of 7 to 7.5 [83].
As with all Gram-positive bacteria, the cell wall contains peptidoglycan; however, it is also contains ribitoltechoic acid molecules that are specific to S. aureus and act as antigens [76]. In addition to the presence of
ribitol-techoic acid in the cell wall of S. aureus, some strains may also exhibit the protein A, that can comprise
up to 7 % of the cell wall and may coat the outside of the cell [84]. Both ribitol-techoic acid and protein A work
to increase the virulence of the microorganism [76]. The cell wall of S. aureus is also very thick in comparison
with other gram-positive bacteria. This increased thickness provides the organism with a very high internal
pressure making it nearly impossible for many antimicrobial drugs to enter the cell [77]. S. aureus can easily
distinguished from pathogenic streptococci by its production of catalase. However, it is relatively similar to the
other less virulent staphylococci. Due to this similarity S. aureus must be distinguished via diagnostic tests. Most
strains of S. aureus will exhibit β- hemolysis when grown on blood agar which can be a distinguishing
characteristic. S. aureus is differentiated from other staphylococcal species on the basis of coagulase reaction
(coagulase positive) [80]. Coagulase binds to prothrombin in the blood causing fibrin to be polymerized,
resulting formation of a clot [76]. The coagulase produced by S.aureus is considered a determinant of the
pathogenicity of the organism [85].
3.4 Natural habitat
Staphylococci are widely distributed in various environments. Natural populations are associated with the skin,
skin glands, and mucous membranes of humans and many animals alike. They are sometimes found in the
intestinal, genitourinary, and upper respiratory tracts of these hosts. They have also been isolated from animal
products and other sources, such as soil, sand, seawater, fresh water, dust, and air [86]. Staphylococcus aureus
generally have a benign or symbiotic relationship with their host; however they may develop the lifestyle of a
pathogen if they gain entry into the host tissue through trauma of the cutaneous barrier, inoculation by needles or
direct implantation of medical devices. Infected tissues of host support large populations of staphylococci and in
some situations they persist for long periods. The presence of enterotoxigenic strains of S. aureus in various food
products is regarded as a public health hazard because of the ability of these strains to produce intoxication or
food poisoning. S. aureus is a major species of primates, although specific ecovars or biotypes can be found
occasionally living on different domestic animals or birds [87].
3.5 Virulence factors of S.aureus
S. aureus expresses many potential virulence factors:
•
•
•
•
•
•
•
•

surface proteins that promote colonization of host tissues;
invasins that promote bacterial spread in tissues (leukocidin, kinases, hyaluronidase);
surface factors that inhibit phagocytic engulfment (capsule, Protein A);
biochemical properties that enhance their survival in phagocytes (carotenoids, catalase production);
immunological disguises (Protein A, coagulase);
membrane-damaging toxins that lyse eucaryotic cell membranes (hemolysins,
leukotoxin, leukocidin);
exotoxins that damage host tissues or otherwise provoke symptoms of disease (SEA-G, TSST, ET);
inherent and acquired resistance to antimicrobial agents [88, 89].

3.6 Pathogenesis of S. aureus
The pathogenicity of Staphylococcus aureus is due to the toxins, invasiveness and antibiotic resistance. S.aureus
is major cause of nosocomial and community acquired infections [68].
Beyond its ability to exist as a commensal, S. aureus is also a versatile pathogen capable of causing a wide
range of diseases from localized skin and soft tissue infections to life threatening septicemia [90]. It is also a
major food poisoning bacteria [91] (Table 2).
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Table 2 Clinical manifestations associated with Staphylococcus aureus infections [92].
Types of infections
Direct infection
(a) Skin infections
(b) Deep infections
Blood stream infections

Toxin-mediated diseases

folliculitis, carbuncle, impetigo, cellulitis, abcess,
…

arthritis, osteomyelitis
bacteriemia, sepsis
metastatic infections : endocarditis, meningitis,
osteomyelitis, arthritis, pericarditis, lung abscess,
…
food poisoning
scaled skin syndrome
toxic shock syndrome with multiple organ failure

Staphylococcus aureus can survive in various environments and has a wide range of natural reservoir [93]. It
shows a high tolerance to variations in pH, which confers an advantage for colonizing body sites characterized
by a mildly acidic pH, like skin, mouth, vagina, urine and abscesses, where it may cause severe infections [94].
3.6.1 Skin and Soft Tissue Infections
Staphylococcus aureus has long been recognized as a leading cause of skin and soft-tissues infections including
abscesses, atopic dermatitis, carbuncles, cellulitis, furuncles, folliculitis, impetigo, pemphigus, psoriasis… In
particular, necrotizing soft-tissue infections may be rapidly fatal because of the toxin-induced circulatory
collapse [92].
3.6.2 Deep-seated infections
Once the bacteria have broken down the natural skin barrier, they can disseminate into more profound sites or
migrate directly into the blood. Thus any localized infection has the potential to become the seeding ground for a
more severe spread.
S. aureus is able to cause deep-seated related threatening systemic infections such as endocarditis,
osteomyelitis, pneumonia, bacteremia and septic shock in which intracellular foci are probably present [95].
3.6.3 Bacteraemia
Staphylococcus aureus is a major cause of bacteremia, and S. aureus bacteremia is associated with higher
morbidity and mortality, compared with bacteremia caused by other pathogens [96]. The exact incidence of
Staphylococcus aureus bacteremia (SAB) is difficult to ascertain, as prospective population-based surveillance
studies are infrequently performed. In Scandinavian countries, where data from the nationwide surveillance of
SAB are routinely collected, the annual incidence is approximately 26/100,000 population. A similar low
incidence of 19.7/100,000 population was reported in a Canadian study in 2008, while in countries with a greater
burden of methicillin-resistant S. aureus (MRSA), incidence rates are generally higher, between 35 and
39/100,000 population. In comparison, even higher rates, approximately 50/100,000 population, are inferred
from surveillance data from the United States [97].
3.6.4 Metastatic infections
S.aureus has a tendency to spread to particular sites, including the bones, joints, kidneys, and lungs. Suppurative
collections at these sites serve as potential foci for recurrent infections.
Patients with persistent fever despite appropriate therapy should be examined for the presence of suppurative
collections [98].
3.6.5 Toxin-mediated diseases
Among the predominant bacteria involved in food-borne diseases, Staphylococcus aureus is the leading cause of
gastroenteritis resulting from the consumption of enterotoxins-contaminated food. Symptom-onset is abrupt and
the disease may be severe enough to warrant hospitalization, but is usually self-limiting and does not require
specific therapy.
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In contrast, staphylococcal scalded skin syndrome (SSSS; Ritter syndrome) and toxic shock syndrome (TSS)
are more severe. Staphylococcal scalded skin syndrome is a rare but well-described disorder in neonates and
young children and results from the colonization or infection with a strain of S. aureus producing epidermolytic
toxins. It ranges in severity from trivial focal skin blistering to extensive, life-threatening exfoliation. Toxic
shock syndrome is one of the most feared staphylococcal manifestations and results from the colonization or
infection with a strain of S. aureus producing the protein TSST-1. The key features of this infection are
widespread erythroderma occurring in association with profound hypotension and multiple organ dysfunction
[92].
3.7 Antibiotic resistance in S. aureus
Staphylococcus aureus has been recognized as one of the most common and devastating human pathogens [99].
In the preantibiotic era, the mortality of patients infected with Staphylococcus aureus bacteremia exceeded 80%
[100]. The introduction of penicillin in the early 1940s dramatically improved the prognosis of patients with
staphylococcal infection. However, as early as 1942, penicillin-resistant staphylococci were recognized, first in
hospitals and subsequently in the community [101]. More than 80% of both community- and hospital-acquired
staphylococcal isolates were resistant to penicillin by the late 1960s [100]. Methicillin, a penicillinase-resistant
semisynthetic penicillin, was introduced in 1961. Less than 1 year later, methicillin-resistant S. aureus (MRSA)
was reported in a British hospital and in 1963, in Danish hospitals, which subsequently spread to the other parts
of the world [93, 102]. Methiciliin-resistant strains is an evolved version of S.aureus with the capability to
survive treatment with beta-lactam antibiotics, including penicillin, methicillin, and cephalosporins [103].
Quinolones were introduced in the 1980s and represented a significant therapeutic advancement in the treatment
of patient with infectious caused by S. aureus [101]. However, quinolone resistance among S. aureus emerged
quickly, more prominently among the MRSA, and became a serious clinical problem; the prevalence of
quinolone resistance in MRSA ranged from 52 to 62% by 1989, compared with 0–6% in 1987 [101, 104, 105,
106, 107]. From then on, the preferred antibiotic for treating MRSA infections is the glycopeptide vancomycin
[108]. However, the dramatic increased usage of this antibiotic lead to development of vancomycin resistant
S.aureus (VRSA) and vancomycin intermediate S. aureus (VISA) [101]. The first clinical isolate of vancomycinintermediate-resistant S. aureus (VISA) was identified in 1997, and these strains have now been reported
worldwide [109].
The emerging resistance to vancomycin among gram-positive cocci and the poor tissue penetration and weak
antibacterial activity of this glycopeptide, has led researchers to develop novel antistaphylococcal agents.
Linezolid, daptomycin, tigecycline, and quinupristin/dalfopristin have been introduced into clinical practice,
each with their own clinical pros and cons [110].
Not surprisingly, the spread of MRSA from the hospital to the community setting, coupled with the
emergence of VISA and VRSA, has become a major cause of concern among clinicians and microbiologists. The
treatment options available for these infections are now severely compromised and thus new classes of
antimicrobial agents effective against MRSA, VISA and VRSA are urgently required [109].

4. Conclusion
Multidrug-resistant bacteria are becoming more common and due to their multiplicity of mechanisms, they are
frequently resistant to many if not all of the current antibiotics. This daunting spectre has been the target of many
research efforts into conventional antibiotics and alternative approaches.
A vast number of potential antimicrobial alternatives including phages, BCWH, and AMP are under
investigation to overcome the growing issue of bacterial resistance to antibiotics.
The enormous demand has triggered worldwide efforts in developing novel antibacterial alternatives.
Bacteriophages (phages), bacterial cell wall hydrolases (BCWH), essential oils and antimicrobial peptides
(AMP) are among the most promising candidates.
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