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B

acterial skin and soft tissue infections (SSTIs)
are a common problem encountered in clinical practice, with approximately 14.2 million ambulatory care visits made for SSTIs in
2005.1,2 Bacterial SSTIs range from superficial epidermal infections to life-threatening necrotizing fasciitis.
Although most SSTIs can be managed on an outpatient basis, physicians must remain alert for signs and
symptoms indicative of a more serious infection requiring rapid evaluation and hospital admission. This
article reviews the etiology, associated risk factors, and
the general approach to diagnosis and treatment of
SSTIs in immunocompetent outpatients, with a focus
on SSTIs commonly seen in clinical practice.
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 include gramnegative 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 As Staphylococcus aureus and streptococci
species represent the most commonly identified causes
of SSTIs,3 they are discussed in greater detail.

Staphylococcus aureus
Staphylococcus aureus is the most commonly identified
infectious agent causing SSTIs in the United States. Most
cases of staphylococcal SSTI are caused by communityassociated methicillin-resistant Staphylococcus aureus
(CA-MRSA), with fewer cases attributed to healthcareassociated MRSA (HA-MRSA) and methicillin-sensitive
Staphylococcus aureus (MSSA).4,5 In fact, up to threequarters of SSTIs caused by Staphylococcus aureus can be
attributed to CA-MRSA strains.6 In 1 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 Of 218
MRSA isolates sent to the Centers for Disease Control
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TAKE HOME POINTS
• Staphylococcus aureus and Streptococcus pyogenes are
the most commonly identified causes of skin and
soft tissue infections (SSTIs).
• Many SSTIs are caused by methicillin-resistant
Staphylococcus aureus (MRSA), and multidrug resistance is common with both community-associated
(CA)-MRSA and healthcare associated (HA)-MRSA
infections. However, HA-MRSA is susceptible to
fewer antibiotic agents than CA-MRSA.
• Risk factors for developing SSTIs include breakdown of the epidermis (eg, ulceration trauma, preexisting skin conditions), poor personal hygiene,
crowding, comorbidities, close contact with a person with an SSTI, venous stasis, lymphedema, and
surgical procedures.
• Most SSTIs can be managed on an outpatient basis,
although patients with evidence of rapidly progressive infection, high fevers, or other signs of systemic
inflammatory response should be monitored in the
hospital setting.
• Superficial SSTIs typically do not require systemic
antibiotic treatment and can be managed with
topical antibiotic agents, heat packs, or incision
and drainage.
• 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.

and Prevention for analysis, 216 (99%) were consistent
with CA-MRSA, with 212 identified as type USA 300 and
2 identified as type USA 400.6 Resistance to β-lactam
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antibiotic drugs in CA-MRSA strains has been attributed
to the mec IV gene, which encodes the penicillin-binding
protein 2a, an enzyme with decreased affinity for
β-lactam antimicrobial drugs. Nosocomial MRSA strains
generally contain either the mec II or mec III genes, which
also confer resistance to methicillin.7
USA 300 and USA 400 are clones of CA-MRSA
that are infiltrating the hospital environment, making the distinction between HA-MRSA and CA-MRSA
less clear.8–10 USA 300 has been associated with more
invasive tissue disease, including abscess formation.6,11
Knowing the type of MRSA is important for selecting
an appropriate empirical antimicrobial therapy, as HAMRSA and CA-MRSA exhibit different antimicrobial
susceptibility patterns.6,12–14 Differentiating between
HA-MRSA and CA-MRSA based on clinical presentation is difficult as both present with erythema, edema,
and fluctuance of the affected area.12 However, CAMRSA strains tend to affect younger patients, men who
have sex with men, athletic teams, prisoners, intravenous drug users, and people living in lower socioeconomic areas, whereas HA-MRSA is more often associated with patients in hospitals and nursing facilities.12,15
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).12 This cytotoxin causes destruction of leukocytes and tissue necrosis by inducing production of
the potent chemotactic factors interleukin-8 and leukotriene B4.19,20 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.16 The genes lukF and lukS encode PVL.17,18
Staphylococcus aureus also secretes enterotoxins, which
are superantigens that bypass 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.21
Streptococci
Streptococcus pyogenes (also called group A streptococcus) is the streptococcal species that most commonly
causes SSTIs. However, non–group A β-hemolytic streptococci (eg, group C and G streptococci) have been
implicated as causes of cellulitis, especially in patients
with venous insufficiency.22 Multiple virulence factors
play a role in Streptococcus pyogenes disease pathogenesis.23 The M protein, the main antiphagocytic virulence
factor, inhibits activation of the alternate complement
pathway, thus permitting streptococci to avoid phago-
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cytosis and causing destruction of polymorphonuclear
leukocytes. The streptococcal pyogenic exotoxins (ie,
SpeA, B, and C) act as superantigens that bind to
major histocompatibility complex class 2 molecules
and T-cell receptors. This binding promotes activation
of T cells, which in turn secrete cytokines that may
cause the characteristic hypotension and multiorgan
failure associated with streptococcal toxic shock syndrome.24 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).23
RISK FACTORS
Risk factors for the development of SSTIs include
compromise of the epidermis as well as poor personal
hygiene, crowding, comorbidities, and close contact
with a person with an SSTI.3,24 Breakdown of the epidermis serves as the entry point for infectious organisms and may be caused by ulceration, trauma, peripheral vascular disease, or preexisting skin conditions
that allow bacteria to gain access to deeper tissues. Skin
conditions that can predispose to SSTIs include eczema
and psoriasis (which cause small fissures on the skin)
and superficial fungal infections typified by tinea pedis
and onychomycosis (which can cause changes in the
affected skin that may lead to superimposed infection
with bacteria). Venous stasis and lymphedema also can
predispose patients to SSTIs. Patients with lymphedema
have defective mechanisms for filtering bacteria and
therefore tend to have higher microbial counts.25 Surgical procedures such as vein harvesting and mastectomy
with lymph node removal are also risk factors.26,27 Specific risk factors will be discussed in relation to the associated infection in the following section.
CLINICAL PRESENTATION
Impetigo
Impetigo is a localized skin infection most commonly
seen in preschool-aged children and in patients from
economically disadvantaged areas. It is more prevalent
in tropical regions24 and occurs more frequently in the
summertime in the northern hemisphere.28 The spread
of infection is due to person-to-person transmission as
well as via fomites (eg, towels, gym equipment). Clinical
infection becomes apparent approximately 10 days after
colonization with the implicated bacteria.3
There are 2 forms of impetigo: bullous and nonbullous.
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Nonbullous impetigo is the most common form and is
caused by Streptococcus pyogenes alone or as part of a mixed
infection with Staphylococcus aureus. The characteristic
lesions of impetigo are thin-walled vesicles that rupture,
leaving residual yellow crusts on the face and extremities.
Lymphadenopathy is a common feature.3 Streptococcal
impetigo is usually caused by Streptococcus pyogenes strains
different from those that cause tonsillitis.24 However, these
skin strains may eventually colonize the nasal-pharyngeal
cavity, leading to upper respiratory infections.3 Bullous
impetigo is always associated with Staphylococcus aureus.
This presentation is often localized to the trunk, and the
bullae tend to be larger and less prone to rupture.3
Folliculitis
Folliculitis has many etiologies, which include infectious, eosinophilic, and drug-related causes. The most
common bacterial causes of folliculitis include Staphylococcus aureus, Streptococcus pyogenes, Pseudomonas species,
and Proteus species. Infection typically follows follicle
damage. The presentation of folliculitis depends on its
severity, which ranges from superficial inflammation of
an individual hair follicle to a deeper infection of the
follicle (known as a furuncle) to clusters of coalescing
abscesses found deeper in the subcutaneous tissues
(carbuncles).29 Folliculitis is generally diagnosed clinically. Signs and symptoms of the various types of folliculitis include pruritus, papules, and pustule formation
surrounding the hair follicle. Systemic signs such as
fever and malaise are sometimes present and may be
indicative of bacteremia.29
Hidradenitis Suppurativa
Hidradenitis suppurativa is caused by an obstruction
in the draining ducts of the apocrine glands of the axillae
and genitalia, resulting in a tender nodular dilatation of
the glands. The pooled secretions often become secondarily infected with gram-positive and gram-negative bacteria (eg, staphylococci, various streptococci including
Staphylococcus anginosus, Bacteroides species, Escherichia coli,
Pseudomonas species).30 Risks for developing hidradenitis
suppurativa include hormonal factors and obesity. For a
significant number of patients, this condition represents
a chronic and difficult-to-treat problem that commonly
requires multiple surgical drainages. The repeated bouts
of infection may cause scarring and sinus tract formation
of the affected area, which complicates the long-term
management of the disease and causes significant frustration to the patient.31
Erysipelas
Streptococcus pyogenes is the most common cause of
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erysipelas. This infection is characterized by acute onset
of skin erythema associated with fever and lymphangitis.
The classic skin lesion is raised with well-demarcated,
erythematous borders and is caused by prominent lymphatic compromise of the affected area. Erysipelas most
often develops on the lower extremities, contrary to past
trends when facial involvement was the most common
presentation.32,33 Streptococcus pyogenes colonization of the
skin or recent oropharyngeal infection, dermatophyte
infection between the toes or of the toenails (ie, tinea
pedis), chronic venous stasis, and preexisting leg ulcers
are all predisposing factors for developing erysipelas.
Because of the superficial nature of the disease, lymphatic spread and subsequent bacteremia are rarely
found, making blood culture collection unnecessary in
suspected cases.33
Cellulitis
Cellulitis is a spreading infection of the epidermis
and subcutaneous tissues (Figure 1). Staphylococcal
and streptococcal species are the most frequent isolates recovered3,34 and are also the most common organisms implicated in recurrent cellulitis.25,35 Common
physical findings in cellulitis include erythema, edema,
warmth, and tenderness of the affected area. Patients
may also experience fever, tender lymphadenopathy,
and abscess formation, especially if Staphylococcus aureus
is implicated as the causative agent. Unlike erysipelas,
the involved area is poorly demarcated.36
In a study of US veterans, smoking, homelessness,
obesity, venous stasis, and untreated tinea pedis were
associated with an increased risk of developing recurrent infection.37 McNamara et al27 found that concomitant dermatitis, a history of cancer, and a first episode
of cellulitis located over the tibial region were important risk factors for developing subsequent infections.
Lymphedema has also been identified as a major risk
factor for recurrent cellulitis.25,37,38 This abnormality
is usually seen after surgical procedures that damage
the local lymphatic drainage (Figure 2). These patients
may have abnormal lymphatic elimination of bacteria
and higher than normal bacterial counts on the surface of the skin.25
Staphylococcal Scalded Skin Syndrome
Staphylococcal scalded skin syndrome (SSSS; Figure 3) is generally preceded by Staphylococcus aureus
infection, and it occurs more commonly in newborns,
infants, and immunocompromised adults.39 SSSS is
caused by 2 epidermolytic toxins (ETA and ETB) produced by certain strains of Staphylococcus aureus.40 The
toxins act exclusively on the stratum granulosum and
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Figure 3. Bullae of staphylococcal scalded skin syndrome. (Photo
courtesy of Suzanne J. Templer, DO, University of Illinois at Chicago, Chicago, IL.)

Figure 1. Cellulitis of the foot. (Photo courtesy of Bradford
Legge, DPM, the Jesse Brown VA Center, Chicago, IL.)

Figure 4. Necrotizing fasciitis of the neck area. (Photo courtesy
of Garrett Lam, MD, University of Illinois at Chicago, Chicago, IL.)

Figure 2. Lymphedema and cellulitis of the arm post mastectomy. (Photo courtesy of James Willig, MD, University of Alabama,
Birmingham, AL.)
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do not involve the mucosa. In the localized form of
SSSS, the toxin is found in the periphery of the wound;
this is typically seen in people with previous immunity
to staphylococcal infections. In the generalized form of
SSSS, the toxin spreads through the bloodstream. The
initial symptom is a diffuse rash that progresses to bullae formation, followed by exfoliation of the affected
skin. Fever, lethargy, and a positive Nikolsky’s sign (ie,
separation of the epidermal layer upon gentle stroking) are common presenting signs. This syndrome
shares many features with toxic epidermal necrolysis;
www.turner-white.com
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however, it can be differentiated by the lack of mucosal
involvement in SSSS.41
Necrotizing Infections
Necrotizing fasciitis may be caused by a single organism (eg, Streptococcus pyogenes, Staphylococcus aureus) but
is more commonly polymicrobial (mixed aerobic and
anaerobic species). Vibrio species, which are associated
with seawater exposure, can cause very severe infections, particularly in patients with chronic liver disease
or diabetes.3,42 Other predisposing factors for necrotizing complications include varicella infection, injection
drug use, penetrating injuries, burns, childbirth, recent
surgery, and muscle strain.43,44 The most commonly affected sites are the extremities.43 Extremes of age and
intravenous drug use portend a poorer prognosis.44
Necrotizing infections typically progress more rapidly
(within 24–48 hr) than more superficial cellulitic processes and have more devastating consequences, namely
the destruction of fat, fascia, and underlying muscle.
A recent study noted exceptions to this rapid course,
finding that symptoms could be present for an average
of 6 days prior to admission.11 Initial signs and symptoms are diffuse swelling of the affected area without
well-demarcated borders and pain out of proportion to
physical findings, followed by bullae and blisters due to
tissue ischemia from locally thrombosed blood vessels.
The skin turns violaceous or ecchymotic and becomes
gangrenous if left untreated (Figure 4).3 The patient may
develop anesthesia, as the superficial nerves in the affected area infarct. Necrosis and ischemia block antibiotic
delivery to the affected area.45 Necrotizing fasciitis also
should be suspected in the patient who appears toxic,
fails to respond to antibiotics, and presents with skin necrosis.3 A “finger test” can be performed in cases where
necrotizing fasciitis is suspected. An incision is made on
the skin down to the deep fascia and a finger is used to
dissect through the tissue planes. If minimal resistance is
encountered or if a murky, foul-smelling fluid emanates,
the test is considered positive.45,46
DIAGNOSIS
Most SSTIs are diagnosed clinically. The cardinal
signs of an SSTI include erythema, edema, tenderness
to palpation, and increased warmth. Signs such as fluctuance, crepitus, induration, blisters, or bullae may help
the clinician determine the depth of infection or the
presence of an abscess. Symptoms such as fever, chills,
and hypotension may be present in deeper infections.47
A careful travel and environmental exposure history
should be elucidated, as certain pathogens are associated with specific geographic locales. Examples include
www.turner-white.com

Pseudomonas aeruginosa acquired from hot tubs,48 Vibrio
vulnificus3,42 and Mycobacterium marinum49 from water
exposures, and Pasteurella multocida and Capnocytophaga
canimorsus from animal bites.3 A careful history should
also determine whether the patient has been recently
hospitalized, as this may place the patient at risk for
multidrug-resistant organisms (ie, HA-MRSA).12 When
examining a patient with a skin infection, it is important to consider necrotizing soft tissue complications.
Rapid spread, induration and crepitus of the affected
tissues, fever, hypotension, and pain out of proportion
to physical findings suggest necrotizing fasciitis, which
should prompt surgical evaluation.3 Laboratory findings
that may be seen in patients with necrotizing infections
include leukocytosis greater than 15,000 cells/µL, hemoglobin below 11 g/dL, elevated C-reactive protein,
new-onset renal failure, and hyponatremia.46
Obtaining antibody serology for suspected streptococcal infections is generally not helpful in diagnosing
superficial SSTIs, as this is a localized process and systemic antibodies are not produced.24 Cultures of secretions draining from abscesses and other skin lesions
(eg, furuncles, carbuncles) may assist in determining
the causative organism. Although culture of a bullae or
purulent drainage may yield the offending organisms,
empiric therapy is usually initiated before the culture
results become available. Additionally, ordering cultures may not be cost effective. According to 1 study
that included 757 patients with cellulitis, blood cultures
were cost-effective only when necrosis was suspected.50
Imaging studies should be ordered when deeper infections are suspected. Plain films may be helpful in confirming the presence of air in the tissues, and ultrasound
may be used to exclude subcutaneous abscess formation
and deeper infections.51 Computed tomography scans
and magnetic resonance imaging (MRI) may show air
in the tissues or enhancement with intravenous contrast,
but these signs are not specific to necrotizing SSTIs.52,53
Early surgical evaluation is required when possible signs
of necrotizing infections appear on imaging. This step
allows the appropriate parties to become involved early
in a patient’s care. MRI can help determine the depth
of infection by showing increased thickness and/or
enhancement of the fascia; nonetheless, other medical
conditions such as polymyositis also cause enhancement
of the fascia and may be confused with infectious fasciitis. MRI has been noted, in some instances, to overestimate the depth of the infection.52,53
TREATMENT
In general, most SSTIs can be managed on an outpatient basis, although patients with evidence of rapidly
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progressive infection, high fevers, or other signs of systemic inflammatory response should be monitored in
the hospital setting. Superficial infections typically do
not require systemic treatment and usually respond to
topical agents. Impetigo is topically managed with mupirocin3,24 and fusidic acid.54 Mild folliculitis may be treated
with heat packs. In the case of furuncles and carbuncles,
incision and drainage of abscesses is required. These
procedures followed by application of heat packs are
often all that is needed to resolve the infection, especially
those caused by CA-MRSA. In some cases, the infection
improves even when the initial oral antibiotic choice
is faulty, further demonstrating that some superficial
infections may resolve on their own. The reasons for
this are unclear but may involve the anti-inflammatory
effect of the medications.55 Oral antibiotic drugs, however, may be given to patients with folliculitis following incision and drainage of an abscess when fever or extensive
cellulitis is present.3 Superimposed infection with fungal
organisms such as dermatophytes or Pityrosporum species also can occur in folliculitis, requiring combination
antimicrobial therapy. Culture and sensitivity testing of
pustular lesions should be performed to help guide oral
antibiotic therapy.3
Hidradenitis suppurativa is treated with a combination of surgery coupled with culture-guided antimicrobial therapy of the drained purulence.30 As Streptococcus
pyogenes usually causes erysipelas, treatment typically involves β-lactam antibiotic drugs (eg, penicillin G, amoxicillin, macrolides) as well as bed rest with leg elevation.33
In rare cases where the infectious etiology is Staphylococcus aureus, a penicillinase-resistant synthetic penicillin or
first-generation cephalosporin should be used instead.3
Concomitant infections such as tinea pedis also should
be treated.33 In some cases, recurrences of erysipelas
may be lessened by daily antibiotic prophylaxis.56 Treatment of cellulitis is similar to that of erysipelas but
should include agents that cover both MRSA as well as
Streptococcus pyogenes.3 Antibiotics and supportive treatment are the standard of care for SSSS.39
Necrotizing fasciitis therapy should initially consist
of broad-spectrum coverage of gram-positive, gramnegative, and anaerobic organisms. A common regimen
might include a broad-spectrum β-lactam and clindamycin. Therapy can be tailored once wound and blood
culture results become available.3,44 Immediate surgical
débridement is necessary to salvage as much viable
tissue as possible, and repeated débridement may be
needed.45 Adjunctive therapies to surgical débridement
and to antibiotic administration include intravenous immunoglobulin and hyperbaric oxygen. Intravenous immunoglobulin has been utilized in Staphylococcus aureus
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multisystem disease, but there have been no studies of
its use in SSTIs alone. The clinical benefit of this form of
therapy is unproven.57,58 The use of hyperbaric oxygen
is hampered by the paucity of data and the limited availability of this technology.44
Systemic Antibiotic Therapy
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.12,59 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.6,12–14,60 Since substantial
geographic variation in antibiotic sensitivities occurs
throughout the country, practitioners should familiarize themselves with the local susceptibility patterns of
commonly encountered organisms.61–63 The following
provides an overview of the antimicrobial agents used
to treat SSTIs.
β-Lactam antibiotic drugs. Prior to the emergence
of CA-MRSA, β-lactam drugs were first-line therapy for
community-acquired SSTIs.64 Empiric therapy with a
β-lactam drug may no longer be sufficient for treatment
now that USA 300 and other 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 β-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.65 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 β-lactam drugs
that are effective against MSSA and streptococci.66
Clindamycin. Clindamycin is an important adjunct
to therapy for SSTIs because of its ability to suppress
www.turner-white.com
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bacterial toxin production, including streptococcal
pyrogenic exotoxin 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).64
Linezolid. Much like clindamycin, linezolid suppresses bacterial toxin production and has a long postantibiotic effect.67 It is 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 β-lactam antibiotic drugs.68,69 This antimicrobial agent is bacteriostatic
to Staphylococcus aureus and enterococcus strains, with
some bactericidal activity against streptococci.69 Linezolid may be used as an alternative agent for the treatment
of SSTI in patients with a confirmed penicillin allergy.3
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.6,13 With the increased use of this
class of antibiotics, resistance to fluoroquinolones also
has been increasing.70 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 allergies against β-lactam agents;3 it is effective
against both CA-MRSA and HA-MRSA strains.12 Retrospective studies and case reports indicate that sulfa and
tetracycline drugs may be efficacious in treating SSTIs
due to MRSA.71 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.6,12–14,60 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
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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.72 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.73
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 1 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.74 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.75,76
Prevention of Recurrent SSTIs
Prophylactic antibiotic therapy is an option for
patients with recurrent SSTIs, although whether this
addition has a significant impact on future infections
or contributes to microbial resistance in patients with
erysipelas and cellulitis remains unclear.77,78 Long-term
therapy is reserved for patients without a clear and
treatable predisposing condition.78 Treating concomitant fungal infections, reducing edema by compressive
stockings, leg elevation, or diuretic therapy and keeping the skin moist to avoid fissures are all options to
help prevent recurrent SSTIs.27 Nasal colonization with
Staphylococcus aureus has been identified as a risk factor
for repeated SSTIs. A placebo-controlled trial designed
to determine if eliminating MRSA carriage from the
anterior nares would prevent recurrent skin infections
showed no overall reduction in the number of cases.79
Other studies for patients with recurrent erysipelas and
furuncles have shown similar results, calling into question the practice of MRSA decolonization.80,81 More
evidence on this subject needs to be gathered before
firm recommendations can be made.
SUMMARY
Ranging from superficial cellulitis to life-threatening
necrotizing fasciitis, SSTIs are common in clinical practice. Treating underlying skin conditions such as onychomycosis and psoriasis may help reduce the frequency
of SSTIs. Empiric therapy with β-lactam drugs may no
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longer be adequate for treatment now that MRSA strains
are being identified more frequently as the causative
agents for SSTIs. 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.
HP

16.
17.

18.

Test your knowledge and
comprehension of this article with the
Clinical Review Quiz on page 48.

19.

20.

Corresponding author: Suzanne J. Templer, DO, 1250 South Cedar
Crest Boulevard, Suite 200, Allentown, PA 18103; suzanne_
j.templer@lvh.com.

REFERENCES
1. McCaig LF, McDonald LC, Mandal S, Jernigan DB. Staphylococcus aureus–
associated skin and soft tissue infections in ambulatory care. Emerg Infect Dis
2006;12:1715–23.
2. Hersh AL, Chambers HF, Maselli JH, Gonzales R. National trends in ambulatory visits and antibiotic prescribing for skin and soft-tissue infections. Arch
Intern Med 2008;168:1585–91.
3. Stevens DL, Bisno AL, Chambers HF, et al; Infectious Diseases Society of
America. Practice guidelines for the diagnosis and management of skin and
soft-tissue infections [published errata appear in Clin Infect Dis 2005;41:1830
and 2006;42:1219]. Clin Infect Dis 2005;41:1373–406.
4. Skiest DJ, Brown K, Cooper TW, et al. Prospective comparison of methicillinsusceptible and methicillin-resistant community-associated Staphylococcus aureus infections in hospitalized patients. J Infect 2007;54:427–34.
5. Popovich KJ, Weinstein RA, Hota B. Are community-associated methicillinresistant Staphylococcus aureus (MRSA) strains replacing traditional nosocomial
MRSA strains? Clin Infect Dis 2008;46:787–94.
6. Moran GJ, Krishnadasan A, Gorwitz RJ, et al; EMERGEncy ID Net Study
Group. Methicillin-resistant Staphylococcus aureus infections among patients in
the emergency department. N Engl J Med 2006;355:666–74.
7. Jemili-Ben Jomaa M, Boutiba-Ben Boubaker I, Ben Redjeb S. Identification
of staphylococcal cassette chromosome mec encoding methicillin resistance
in Staphylococcus aureus isolates at Charles Nicolle Hospital of Tunis. Pathologie Biologie (Paris) 2006;54:453–5.
8. Seybold U, Kourbatova EV, Johnson JG, et al. Emergence of communityassociated methicillin-resistant Staphylococcus aureus USA300 genotype as a
major cause of health care-associated blood stream infections. Clin Infect Dis
2006;42:647–56.
9. Calfee DP, Durbin LJ, Germanson TP, et al. Spread of methicillin-resistant
Staphylococcus aureus (MRSA) among household contacts of individuals with
nosocomially acquired MRSA. Infect Control Hosp Epidemiol 2003;24:
422–6.
10. Maree CL, Daum RS, Boyle-Vavra S, et al. Community-associated methicillinresistant Staphylococcus aureus isolates causing healthcare-associated infections.
Emerg Infect Dis 2007;13:236–42.
11. Miller LG, Perdreau-Remington F, Rieg G, et al. Necrotizing fasciitis caused
by community-associated, methicillin-resistant Staphylococcus aureus in Los
Angeles. N Engl J Med 2005;352:1445–53.
12. Naimi TS, LeDell KH, Como-Sabetti K, et al. Comparison of community and
health care-associated methicillin-resistant Staphylococcus aureus infection.
JAMA 2003;290:2976–84.
13. Fridkin SK, Hageman JC, Morrison M, et al; Active Bacterial Core Surveillance Program of the Emerging Infections Program Network. Methicillinresistant Staphylococcus aureus disease in three communities [published erratum appears in N Engl J Med 2005;352:2362]. N Engl J Med 2005;352:
1436–45.
14. King MD, Humphrey BJ, Wang YF, et al. Emergence of community-acquired
methicillin-resistant Staphylococcus aureus USA 300 clone as the predominant
cause of skin and soft-tissue infections. Ann Intern Med 2006;144:309–17.
15. Moran GJ, Amii RN, Abrahamian FM, Talan DA. Methicillin-resistant

21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44.

Staphylococcus aureus in community-acquired skin infections. Emerg Infect Dis
2005;11:928–30.
Voyich JM, Otto M, Mathema B, et al. Is Panton-Valentine leukocidin the
major virulence determinant in community-associated methicillin-resistant
Staphylococcus aureus disease? J Infect Dis 2006;194:1761–70.
Diep BA, Sensabaugh GF, Somboona NS, et al. Widespread skin and softtissue infections due to two methicillin-resistant Staphylococcus aureus strains
harboring the genes for Panton-Valentine leukocidin. J Clin Microbiol 2004;
42:2080–4.
Said-Salim B, Mathema B, Braughton K, et al. Differential distribution and
expression of Panton-Valentine leukocidin among community-acquired
methicillin-resistant Staphylococcus aureus strains. J Clin Microbiol 2005;43:
3373–9.
Genestier AL, Michallet MC, Prévost G, et al. Staphylococcus aureus Panton-Valentine leukocidin directly targets mitochondria and induces Baxindependent apoptosis of human neutrophils. J Clin Invest 2005;115:
3117–27.
König B, Prévost G, Piémont Y, König W. Effects of Staphylococcus aureus leukocidins on inflammatory mediator release from human granulocytes. J Infect
Dis 1995;171:607–13.
Naidu S, Rao PN, Rajyalakshmi K, Naidu AS. Incidence of enterotoxin producing Staphylococcus aureus among pyogenic skin infections. J Hyg Epidemiol
Microbiol Immunol 1989;33:277–82.
Baddour LM, Bisno AL. Non-group A beta-hemolytic streptococcal cellulitis.
Association with venous and lymphatic compromise. Am J Med 1985;79:
155–9.
Bisno AL, Brito MO, Collins CM. Molecular basis of group A streptococcal
virulence. Lancet Infect Dis 2003;3:191–200.
Bisno AL, Stevens DL. Streptococcal infections of skin and soft tissues. N Engl
J Med 1996;334:240–5.
Woo PC, Lum PN, Wong SS, et al. Cellulitis complicating lymphoedema. Eur
J Clin Microbiol Infect Dis 2000;19:294–7.
Baddour LM, Bisno AL. Recurrent cellulitis after saphenous venectomy for
coronary bypass surgery. Ann Intern Med 1982;97:493–6.
McNamara DR, Tleyjeh IM, Berbari EF, et al. A predictive model of recurrent
lower extremity cellulitis in a population-based cohort. Arch Intern Med 2007;
167:709–15.
Ferrieri P, Dajani AS, Wannamaker LW, Chapman SS. Natural history of
impetigo. I. Site sequence of acquisition and familial patterns of spread of
cutaneous streptococci. J Clin Invest 1972;51:2851–62.
Luelmo-Aguilar J, Santandreu MS. Folliculitis: recognition and management.
Am J Clin Dermatol 2004;5:301–10.
Jemec GB, Faber M, Gutschick E, Wendelboe P. Microbiology of hidradenitis
suppurativa. Dermatology 1996;193:203–6.
Wiseman M. Hidradenitis suppurativa: a review Dermatol Ther 2004;17:50–4.
Chartier C, Grosshans E. Erysipelas: an update. Int J Dermatol 1996;35:
779–81.
Bonnetblanc JM, Bedane C. Erysipelas: recognition and management. Am J
Clin Dermatol 2003;4:157–63.
Sigurdsson AF, Gudmundsson S. The etiology of bacterial cellulitis as determined by fine-needle aspiration. Scand J Infect Dis 1989;21:537–42.
Baddour LM. Recent considerations in recurrent cellulitis. Curr Infect Dis
Rep 2001;3:461–5.
Lazzarini L, Conti E, Tositti G, De Lalla F. Erysipelas and cellulitis: clinical and
microbiological spectrum in an Italian tertiary care hospital. J Infect 2005;51:
383–9.
Lewis SD, Peter GS, Gomez-Marin O, Bisno AL. Risk factors for recurrent
lower extremity cellulitis in a US Veterans Medical Center population. Am J
Med Sci 2006;332:304–7.
Dupuy A, Benchikhi H, Roujeau JC, et al. Risk factor for erysipelas of the leg
(cellulitis): case-control study. BMJ 1999;318:1591–4.
Patel GK, Finlay AY. Staphylococcal scalded skin syndrome: diagnosis and
management. Am J Clin Dermatol 2003;4:165–75.
Lina G, Gillet Y, Vandenesch F, et al. Toxin involvement in staphylococcal
scalded skin syndrome. Clin Infect Dis 1997;25:1369–73.
Murray RJ. Recognition and management of Staphylococcus aureus toxinmediated disease. Intern Med J 2005;35 Suppl 2:S106–19.
Arnold M, Woo ML, French GL. Vibrio vulnificus septicaemia presenting as
spontaneous necrotising cellulitis in a woman with hepatic cirrhosis. Scand J
Infect Dis 1989;21:727–31.
Singh G, Sinha SK, Adhikary S, et al. Necrotising infections of soft tissues—a
clinical profile. Eur J Surg 2002;168:366–71.
Childers BJ, Potyondy LD, Nachreiner R, et al. Necrotizing fasciitis: a
fourteen-year retrospective study of 163 consecutive patients. Am Surg

(continued on page 26)

16 Hospital Physician March/April 2009

www.turner-white.com

Te m p l e r & B r i t o : B a c t e r i a l S S T I s : p p . 9 – 1 6 , 2 6
(from page 16)
		 2002;68:109–16.
45. Anaya DA, Dellinger EP. Necrotizing soft-tissue infection: diagnosis and management. Clin Infect Dis 2007;44:705–10.
46. Wong CH, Wang YS. The diagnosis of necrotizing fasciitis. Curr Opin Infect
Dis 2005;18:101–6.
47. Mandell GL, Bennett JE, Dolin R. Principles and practice of infectious diseases. 6th ed. Philadelphia: Elsevier Churchill Livingstone; 2005:1172–93.
48. Berger RS, Seifert MR. Whirlpool folliculitis: a review of its cause, treatment,
and prevention. Cutis 1990;45:97–8.
49. Aubry A, Chosidow O, Caumes E, et al. Sixty-three cases of Mycobacterium
marinum infection: clinical features, treatment, and antibiotic susceptibility of
causative isolates. Arch Intern Med 2002;162:1746–52.
50. Perl B, Gottehrer NP, Raveh D, et al. Cost-effectiveness of blood cultures for
adult patients with cellulitis. Clin Infect Dis 1999;29:1483–8.
51. Cardinal E, Bureau NJ, Aubin B, Chhem RK. Role of ultrasound in musculoskeletal infections. Radiol Clin North Am 2001;39:191–201.
52. Arslan A, Pierre-Jerome C, Borthne A. Necrotizing fasciitis: unreliable MRI
findings in the preoperative diagnosis. Eur J Radiol 2000;36:139–43.
53. Loh NN, Ch’en IY, Chueng LP, Li KC. Deep fascial hyperintensity in softtissue abnormalities as revealed by T2-weighted MR imaging. AJR Am J
Roentgenol 1997;168:1301–4.
54. Akiyama H, Yamasaki O, Tada J, Arata J. Adherence characteristics and susceptibility to antimicrobial agents of Staphylococcus aureus strains isolated from
skin infections and atopic dermatitis. J Dermatol Sci 2000;23:155–60.
55. Morikawa K, Watabe H, Araake M, Morikawa S. Modulatory effect of antibiotics on cytokine production by human monocytes in vitro. Antimicrob Agents
Chemother 1996;40:1366–70.
56. Sjöblom AC, Eriksson B, Jorup-Rönstrom C, et al. Antibiotic prophylaxis in
recurrent erysipelas. Infection 1993;21:390–3.
57. Gauduchon V, Cozon G, Vandenesch F, et al. Neutralization of Staphylococcus
aureus Panton Valentine leukocidin by intravenous immunoglobulin in vitro.
J Infect Dis 2004;189:346–53.
58. Hampson FG, Hancock SW, Primhak RA. Disseminated sepsis due to a PantonValentine leukocidin producing strain of community acquired methicillinresistant Staphylococcus aureus and use of intravenous immunoglobulin therapy [letter]. Arch Dis Child 2006;91:201.
59. Weigelt J, Itani K, Stevens D, et al. Linezolid versus vancomycin in treatment
of complicated skin and soft tissue infections. Antimicrob Agents Chemother
2005;49:2260–6.
60. Ruhe JJ, Menon A. Tetracyclines as an oral treatment option for patients with
community-onset methicillin-resistant Staphylococcus aureus skin and soft tissue
infections. Antimicrob Agents Chemother 2007;51:3298–303.
61. Wakefield DS, Pfaller M, Massanari RM, Hammons GT. Variation in methicillin-resistant Staphylococcus aureus occurrence by geographic location and
hospital characteristics. Infect Control 1987;8:151–7.
62. 1997 ASCP Susceptibility Testing Group. United States geographic bacteria
susceptibility patterns. Diagn Microbiol Infect Dis 1999;35:143–51.
63. Kuehnert MJ, Hill HA, Kupronis BA, et al. Methicillin-resistant–Staphylococcus
aureus hospitalizations, United States. Emerg Infect Dis 2005;11:868–72.
64. Lewis JS 2nd, Jorgensen JH. Inducible resistance in staphylococci: should
clinicians and microbiologists be concerned? Clin Infect Dis 2005;40:280–5.
65. Stevens DL, Ma Y, Salmi DB, et al. Impact of antibiotics on expression of

66.
67.
68.
69.
70.

71.

72.
73.
74.
75.
76.
77.
78.
79.

80.
81.

virulence-associated exotoxin genes in methicillin-sensitive and methicillinresistant Staphylococcus aureus. J Infect Dis 2007;195:202–11.
Frazee BW, Lynn J, Charlebois ED, et al. High prevalence of methicillinresistant Staphylococcus aureus in emergency department skin and soft tissue
infections. Ann Emerg Med 2005;45:311–22.
Coyle EA, Cha R, Rybak MJ. Influences of linezolid, penicillin, and clindamycin, alone and in combination, on streptococcal pyrogenic exotoxin A
release. Antimicrob Agents Chemother 2003;47:1752–5.
Wise R, Andrews JM, Boswell FJ, Ashby JP. The in-vitro activity of linezolid
(U-100766) and tentative breakpoints. J Antimicrob Chemother 1998;42:
721–8.
Stevens DL, Smith LG, Bruss JB, et al. Randomized comparison of linezolid
(PNU-100766) versus oxacillin-dicloxacillin for treatment of complicated skin
and soft tissue infections. Antimicrob Agents Chemother 2000;44:3408–13.
Duesberg CB, Malhotra-Kumar S, Goossens H, et al. Interspecies recombination occurs frequently in quinolone resistance-determining regions of clinical isolates of Streptococcus pyogenes. Antimicrob Agents Chemother 2008;52:
4191–3.
Cenizal MJ, Skiest D, Luber S, et al. Prospective randomized trial of empiric
therapy with trimethoprim-sulfamethoxazole or doxycycline for outpatient
skin and soft tissue infections in an area of high prevalance of methicillinresistant Staphylococcus aureus. Antimicrob Agents Chemother 2007;51:
2628–30.
Steenbergen JN, Alder J, Thorne GM, Tally FP. Daptomycin: a lipopeptide
antibiotic for the treatment of serious gram-positive infections. J Antimicrob
Chemother 2005;55:283–8.
Pankey GA. Tigecycline. J Antimicrob Chemother 2005;56:470–80.
Hepburn MJ, Dooley DP, Skidmore PJ, et al. Comparison of short-course
(5 days) and standard (10 days) treatment for uncomplicated cellulitis. Arch
Intern Med 2004;164:1669–74.
Ruhe JJ, Smith N, Bradsher RW, Menon A. Community-onset methicillinresistant Staphylococcus aureus skin and soft-tissue infections: impact of antimicrobial therapy on outcome. Clin Infect Dis 2007;44:777–84.
Abrahamian FM, Talan DA, Moran GJ. Management of skin and soft tissue infections in the emergency department. Infect Dis Clin North Am
2008;22:89–116.
Kremer M, Zuckerman R, Avraham Z, Raz R. Long-term antimicrobial
therapy in the prevention of recurrent soft-tissue infections. J Infect 1991;
22:37–40.
Wang JH, Liu YC, Cheng DL, et al. Role of benzathine penicillin G in prophylaxis for recurrent streptococcal cellulitis of the lower legs. Clin Infect Dis
1997;25:685–9.
Harbarth S, Dharan S, Liassine N, et al. Randomized, placebo-controlled,
double-blind trial to evaluate the efficacy of mupirocin for eradicating carriage of methicillin-resistant Staphylococcus aureus. Antimicrob Agents Chemother 1999;43:1412–6.
Boyce JM. Preventing staphylococcal infection by eradicating nasal carriage
of Staphylococcus aureus: proceeding with caution [editorial]. Infect Control
Hosp Epidemiol 1996;17:775–9.
Loeb M, Main C, Walker-Dilks C, Eady A. Antimicrobial drugs for treating
methicillin-resistant Staphylococcus aureus colonization. Cochrane Database
Syst Rev 2003;(4):CD003340.

Copyright 2009 by Turner White Communications Inc., Wayne, PA. All rights reserved.

26 Hospital Physician March/April 2009

www.turner-white.com

