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Abstract

The skin is a medium for controlled bacterial growth. It supports the growth of commensal bacteria, which
protect the host from pathogenic bacteria. Environmental and local factors, host immunity, and organism
adherence and virulence are intricately related to skin infection. Resident gram positive bacteria include
Staphylococcus, Micrococcus, and Corynebacterium sp. Staphylococcus aureus and Streptococcus pyogenes are
notoriously pathogenic in the skin. In order for bacteria to be pathogenic, they must be able to adhere to,
grow on, and invade the host. The organisms possess numerous virulence genes that allow for growth in these
privileged niches. Epidermal infections caused by S. aureus and S. pyogenes include impetigo and ecthyma.
Dermal infections consist of erysipelas, cellulitis, and necrotizing fasciitis. The follicular infections include
folliculitis, furunculosis, and carbunculosis. Moreover, S. aureus and S. pyogenes produce toxins that may elicit
a superantigen response, causing massive release of cytokines. Gram-negative organisms such as Pseudomonas
aeruginosa, Pasteurella multocida, Bartonella sp., Klebsiella rhinoscleromatis, and Vibrio vulnicus are not
typical resident skin micro-flora but may cause cutaneous infection. Recognition of the potential for resistant
pathogens causing skin and soft tissue infections (SSTIs) can assist in guiding appropriate selection of antibiotic
therapy. The aim of this article is to reviews the etiology, pathogenesis, clinical manifestation, associated risk

factors, and the treatment of SSTIs
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INTRODUCTION

Skinand softtissue infections (SSTIs) involve microbial
invasion ofthe skinand underlying softtissues[1].They
have variable presentations, etiologies and severities.
The challenge of SSTIs is to efficiently differentiate
those cases that require immediate attention and
intervention, whether medical or surgical, from
those that are less severe [2]. Approximately 7% to
10% of hospitalized patients are affected by SSTIs,
and they are very common in the emergency care
setting. The skin has an extremely diverse ecology of
organisms that may produce infection [3]. The clinical
manifestations of SSTIs are the culmination of a two-
step process involving invasion and the interaction of
bacteria with host defences. The cardinal signs of SSTIs
involve the features of inflammatory response, with

other manifestations such as fever, rapid progression
of lesions and bullae [1]. The diagnosis of SSTIs is
difficult because they may commonly masquerade as
other clinical syndromes. To improve the management
of SSTIs, the development of a severity stratification
approach to determine site of care and appropriate
empirical treatment is advantageous. The selection
of antimicrobial therapy is predicated on knowledge
of the potential pathogens, the instrument of entry,
disease severity and clinical complications [1].

ETIOLOGY OF SKIN AND SOFT TISSUE
INFECTIONS

Most bacterial SSTIs are caused by gram-positive
organisms, including Staphylococcus aureus, group
A and B streptococci, Streptococcus viridans, and
Enterococcus faecalis. Less common causes of infection
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include gram negative organisms such as Haemophilus
influenzae, Pasteurella multocida, Capnocytophaga
species, Vibrio species, Mycobacterium species,
Pseudomonas species, Aeromonas species, Proteus
species, Clostridium species, and other anaerobes
[3]. Staphylococcus aureus is the most commonly
identified infectious agent causing SSTIs. Most cases
of staphylococcal SSTI are caused by community
associated methicillin-resistant Staphylococcus aureus
(CA-MRSA), with fewer cases attributed to healthcare
associated MRSA (HA-MRSA) and methicillin-
sensitive Staphylococcus aureus (MSSA) [4,5]. In fact,
up to three quarters of SSTIs caused by Staphylococcus
aureus can be attributed to CA-MRSA strains [6]. In a
study, 302 of 422 patients (76%) presenting to the
emergency department with SSTIs were infected
with Staphylococcus aureus. MRSA was isolated in
249 (59%) of these patients, MSSA in 71 (17%),
and other bacteria in 64 (15%) [6]. Staphylococcus
aureus is capable of secreting several toxins, which
vary depending on the strain. One toxin commonly
implicated as the cause of increased virulence in CA-
MRSA is the Panton-Valentine leukocidin (PVL) [7].
This cytotoxin causes destruction of leukocytes and
tissue necrosis by inducing production of the potent
chemotactic factors interleukin-8 and leukotriene B4
[8,9]. The role PVL plays in the pathogenesis of CA-
MRSA infections remains uncertain, as some studies
do not show a clear linkage with increased virulence
[10]. The genes [ukF and [ukS encode PVL [11,12].
Staphylococcus aureus also secretes enterotoxins,
which are superantigens thatbypass the usual immune
system pathways and nonspecifically activate T cells,
resulting in a massive release of cytokines. One study
showed that up to half of isolates recovered from
Staphylococcus aureus SSTIs produced enterotoxins [13].

Streptococcus pyogenes (also called group A
streptococcus) is the streptococcal species that
most commonly causes SSTIs. However,
group A B-hemolytic streptococci (eg, group C and
G streptococci) have been implicated as causes
of cellulitis, especially in patients with venous
insufficiency [14]. Multiple virulence factors play a
role in Streptococcus pyogenes disease pathogenesis
[15]. The M protein, the main antiphagocytic virulence
factor, inhibits activation of the alternate complement
pathway, thus permitting streptococci to avoid
phagocytosis and causing destruction of polymorpho
nuclear leukocytes. The streptococcal pyogenic

non-

exotoxins (ie, SpeA, B, and C) act as super antigens
that bind to major histocompatibility complex class 2
moleculesand T-cell receptors. This binding promotes
activation of T cells, which in turn secrete cytokines
that maycause the characteristic hypotension and
multi-organfailure associated with streptococcal toxic
shock syndrome [16]. Other factors that enhance
streptococcal pathogenesis include surface structures,
such as the hyaluronic acid capsule and fibronectin
proteins (which aid in adherence, colonization, and
invasion under various environmental conditions),
and the enzymes hyaluronidase, streptokinase, and
4 separate types of DNases (which contribute to the
microorganism'’s ability to disseminate through tissue
planes) [15].

Ri1SK FACTORS ASSOCIATED WITH SSTIS

The presence of specific risk factors may potentiate
SSTIs, and may dictate their etiology, the course of
disease and theresponse to specific treatments. The
presence of risk factors for developing an SSTI has not
been shown to correlate with disease severity [17].
Thus, the use of risk factors for diagnostic purposes
requires further investigation. Risk factors may be
organized into two categories. First, there are patient-
related factors, which may predispose to disease
or have prognostic implications. Risk factors in this
category include critical illness, elderly age, immune-
compromised state, liver and kidney disease, and
vascular (especially lymphatic or venous) insufficiency
[17,18,19]. Because the lower leg has been shown to
be the most frequent location for SSTIs, studies have
described specific patient-related risk factors for such
infections. A study by Bjornsdottir et al. [20] was able
to quantify the likelihood of an SSTI of the lower limbs
based onthe presence of Staphylococcusaureusand/or
beta hemolytic streptococcus in toe webs, leg erosions
or ulcers, and/or prior saphenectomy. These factors
independently correlated with the development of
SSTI of the lower leg. In the same population, if toe
web bacteria were absent, the presence of tinea pedis
had moderate predictive power for an SSTI.

Moreover, multiple patient-related risk factors may
correlatetoapoorerprognosis, morerapid progression
of disease, slower healing and, also, more resistant
pathogens. Certain risk factors (chronic renal or liver
failure, asplenia,immune-compromised state, vascular
insufficiency or neuropathy) should beconsidered in
the determination of disease severity.
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The second category is etiological risk factors. The
mechanism of injury (trauma or others) or specific
exposures increases the likelihood of SSTIs caused by
specific microbes Eron et al. [19].

PATHOGENESIS

Human skin serves as the first line of defence against
microbial infection as a physical barrier; by secreting
low pH, sebaceous fluid and fatty acids to inhibit
growth of pathogens; and by possessingits own normal
flora, thus deterring colonization by other pathogenic
organisms [21]. Unfortunately, having penetrated
the integumentary barrier, infecting organisms may
cause tissue damage and may incite an inflammatory
response. Bacteria, initially in low numbers, colonize
different layers of the skin architecture (ie, epidermis,
dermis, subcutaneous and adipose tissues, and
muscle fascia). As bacteria increase in number where
the integumentary barrier is disrupted, invasion
by these colonizing bacteria ensues and an SSTI
develops. Involvement of pores in the epidermis may
lead to folliculitis, furuncles or carbuncles. Infection
of the superficial layers of skin is labeled erysipelas,

whereas deeper involvement of the dermis and/
or subcutaneous tissues is labeled cellulitis. Finally,
involvement of yet deeper skin structures may lead to
fasciitis and even myositis. For individuals with thick
adipose tissues (eg, overweight or obese individuals),
involvement of fat tissue causes panniculitis [22]. The
clinical presentation of most SSTIs is the culmination
of a two-step process. First, invasion occurs, and then
a process follows that culminates in clinical effects
resulting from the interaction of the bacteria and
the host defences. There are several means by which
bacteria penetrate the skin barrier. The most common
route is through a break in the barrier. Lacerations,
bite wounds, scratches, instrumentation (eg, needles),
pre-existing skin conditions, wounds (eg, chicken
pox or ulcer), burns and surgery are the common
mechanisms of compromising the skin barrier. These
mechanisms permit the entry of normal skin flora and
indigenous flora from the instrument of penetration.
Other routes of penetration include contiguous spread
from an adjacent infection (eg, osteomyelitis), entry
of water into skin pores (eg, hottub folliculitis) and,
rarely, hematogenous seeding (ie, emboli) [18,19,23].

Table 1. Some SSTIs with causative organism(s) and clinical manifestations

Infection Site Causative organisms Clinical manifestation Reference
Lesions initially begin as small vesicles
Impetigo Epidermal | . aureus, S. pyogenes or pustules that rupture, forming an [24]
adherent, honey-colored crust
This is a deeper form of impetigo
Ecthyma Epidermal |S. pyogenes, Pseudomonas| in which ulcerations form beneath [24]
crusted plaques
Characterized by acute onset of skin
Erysipelas Dermal S. pyogenes erythema associated with fever and [25]
lymphangitis
Rythema, edema, warmth, and
tend f the affected . Fever,
Cellulitis Dermal S. pyogenes S. aureus, encerness o the atfectedarea. Fever, [26]
tender lymphadenopathy, and abscess
formation
. S. aureus, Diffuse swelling of the affected area
Necrotizing o .
s Dermal S. pyogenes, Vibrio and | without well-demarcated borders and [27]
fasciitis e . .
Clostridium species pain
S. aureus, S. pyogenes,
Folluculitis | Follicular Pseudorr'zonas and Prl-lritus, papule.s, and pus.tule . [28]
Melassezia, Proteus formation surrounding the hair follicle
species.
Associated with infection of a hair
follicl i
Carbunculosis | Follicular S. aureus 9 icle and extend into subcutan.eous [27]
tissue. They form tender and painful
lesion
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TREATMENT OF SKIN AND SOFT TISSUE
INFECTIONS

In addition to procedures such as incision and
drainage of abscesses, antibiotic therapy is often
required to eradicate SSTIs. Systemic antibiotic agents
that provide coverage for both Staphylococcus aureus
and Streptococcus pyogenes are most commonly
used as empiric therapy for both uncomplicated and
complicated deeper infections. Antibiotic resistance
is a concern, given that many SSTIs are caused by
MRSA and multidrug resistance is common with
both CA-MRSA and HA-MRSA infections. HA-MRSA
is generally susceptible to vancomycin, linezolid,
and trimethoprim-sulfamethoxazole [29,30]. In
contrast, CA-MRSA is usually sensitive to these
antibiotics (trimethoprim-sulfamethoxazole
susceptibility depending on the location) as well as
a broader range of oral antimicrobial agents such
as clindamycin, quinolones, and tetracycline drugs
[29,31]. Since substantial geographic variation in
antibiotic sensitivities occurs throughout the country,
practitioners should familiarize themselves with the
local susceptibility patterns of commonly encountered
organisms [32]. The following provides an overview
of the antimicrobial agents used to treat SSTIs.

B-LACTAM ANTIBIOTIC DRUGS

Prior to the emergence of CA-MRSA, B-lactam drugs
were first-line therapy for community-acquired SSTIs
[33]. Empiric therapy with a B-lactam drug may no
longer be sufficient for treatment now that MRSA
clones are being identified more frequently as the
causative agents for SSTIs. Although streptococci
remain sensitive to penicillin, staphylococci are now
almost universally resistant. MSSA, however, are
usually sensitive to -lactam drugs except penicillin.
Physicians should be aware when treating patients
who have an SSTI due to MRSA (eg, toxic shock
syndrome) that cell-wall active agents such as nafcillin
may cause cellular lysis with release of toxins into
the bloodstream, which can upregulate the host’s
immune response and thereby cause a paradoxical
worsening of symptoms [23]. Extended-spectrum
penicillins (eg, nafcillin, dicloxacillin) or first-
generation cephalosporins (eg, cephalexin, cefazolin),
with or without the addition of an antibiotic that stops
toxin production (eg, clindamycin), are examples of
B-lactam drugs that are effective against MSSA and
streptococci [34].

CLINDAMYCIN

Clindamycin is an important adjunct to therapy for
SSTIs because of its ability to suppress bacterial toxin
production,includingstreptococcal pyrogenicexotoxin
A, PVL, and staphylococcal enterotoxin B. However,
MRSA may become resistant to clindamycin upon
exposure to this drug via an inducible erm gene found
in certain strains. The microbiology laboratory usually
performs a disk diffusion test, known as a D-test,
to determine if inducible resistance is present. The
test is completed by placing a clindamycin antibiotic
disk approximately 2 cm away from an erythromycin
antibiotic disk on growth medium containing colonies
of Staphylococcus aureus. If inducible resistance is
present, there will be an abrupt flattening of the
clindamycin zone of inhibition in the area between
the 2 disks reflecting the growth of bacteria within
the clindamycin diffusion zone. The area around the
clindamycin disk resembles the letter D (hence, the
name of the technique) [33].

LINEZOLID

Much like clindamycin, linezolid suppresses bacterial
toxin production and has a long post antibiotic effect
[35]. Itis approved for the treatment of uncomplicated
and complicated SSTI caused by Staphylococcus
aureus and streptococci based on data from clinical
trials comparing it to the -lactam antibiotic drugs
[36,37]. This antimicrobial agent is bacteriostatic
to Staphylococcus aureus and enterococcus strains,
with some bactericidal activity against streptococci
[17]. Linezolid may be used as an alternative agent
for the treatment of SSTI in patients with a confirmed
penicillin allergy [37].

FLUOROQUINOLONES

In general, Streptococcus pyogenes infection is
susceptible to fluoroquinolones. However, there is
geographic variability in susceptibilities, with up
to 80% of CA-MRSA isolates showing resistance at
some institutions [6]. With the increased use of this
class of antibiotics, resistance to fluoroquinolones
also has been increasing [38]. Care must be exercised
when prescribing fluoroquinolones (eg, ciprofloxacin,
levofloxacin) without the appropriate culture data.

OTHER AGENTS

Vancomycin is an intravenous agent that can be
administered to patients with SSTIs who have
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allergies against -lactam agents [23]; it is effective
against both CA-MRSA and HA-MRSA strains [29].
Retrospective studies and case reports indicate that
sulfa and tetracycline drugs may be efficacious in
treating SSTIs due to MRSA [39]. Sensitivities to sulfa
and tetracycline drugs vary from region to region,
and patients previously exposed to certain classes
of medications (eg, sulfa prophylaxis for prevention
of Pneumocystis jiroveci pneumonia) may show
increased rates of treatment failures [29,31]. However,
more head-to-head studies of the older antimicrobial
agents are needed to better delineate their roles in
treatment regimens. Newer antimicrobial agents, such
as daptomycin and tigecycline, are also approved for
the treatment of SSTIs. Daptomycin is a lipopeptide
that is only active against gram-positive organisms
such as staphylococci (including MRSA strains)
and streptococci [40]. Tigecycline is structurally
related to tetracycline. It is thought to have a broad-
spectrum activity with bacteriostatic in vitro activity
against many gram-positive and gram-negative
organisms, including MRSA and vancomycin-resistant
enterococci; it is not effective against Pseudomonas
aeruginosa [41].

TREATMENT DURATION

Short-course therapy for an uncomplicated SSTI is the
standard of care. Treatment duration depends largely
on patient response and extent of infection. In a study
that compared a 5-day course of fluoroquinolone
therapy with a 10-day course of levofloxacin for the
treatment of uncomplicated cellulitis, the outcomes
were similar in both groups, with 98% of patients
in each treatment arm achieving clinical resolution
[42]. In a separate study of 492 patients who had
various SSTIs due to CA-MRSA, antibiotic treatment
with a median duration of 10 days resulted in the best
outcomes, although patients received between 7 and
14 days of medication [43,44]. On average, treatment
for most lesions requires 10 to 14 days of antibiotic
therapy. It should be noted that following initiation of
antibiotic treatment, if there this no response in five
days, this should prompt a change in the antibiotic
regimen or other investigations to verify the diagnosis [45].

CONCLUSION

Bacterial skin infections have a variety of presentations
from localized, trivial infection to rapidly progressive
infection with systemic toxicity and considerable
mortality. It is important for physicians to have

a working knowledge of the local antimicrobial
susceptibilities to avoid treatment failures and to
prevent inappropriate antibiotic usage.
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