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A  F R E E D O M M A G A Z I N E S P U B L I C A T I O N

Introduction 
Cellulitis is defined as an acute, suppurative infection of the epider-
mis, dermis, and subcutaneous tissues. It is characterized by indura-
tion, erythema, warmth, and tenderness. It may be accompanied by
systemic signs such as fever, chills, malaise, and, at times, extreme
toxicity. Cellulitis can sometimes lead to disseminated infection via
the circulatory and lymphatic systems, especially in patients with
any degree of immune suppression.1

Cellulitis can pose considerable diagnostic and therapeutic chal-
lenges. The causative organisms are often difficult to isolate by cul-
turing, and host factors that contribute to its development and
recurrence may not be easily identified. Because parenteral therapy
is utilized in many cases of moderate to severe cellulitis, patients are
frequently hospitalized, which makes treatment costly from both a
personal and financial perspective.2

Cellulitis can be classified into four levels of severity (Table I).3

Mild cases can usually be treated with oral antibiotics. Patients who
have more extensive infections with associated toxicity usually
require intravenous antibiotics, either on an outpatient basis or with
a short hospital stay. Outpatient parenteral antimicrobial therapy
(OPAT) has the potential to greatly reduce costs and improve patient
satisfaction, with outcomes that are equivalent or superior to those
of inpatient treatment.4-6

In July 2002, a panel of experts in infectious disease, epidemiolo-
gy, microbiology, and emergency medicine gathered to discuss the
classification and optimal treatment of cellulitis. The panel summa-
rized their recommendations as an algorithm, based on five key deci-
sion points in cellulitis management: (1) whether to admit or treat as
an outpatient; (2) which antibiotics to use; (3) when to switch from
parenteral to oral therapy; (4) when to discharge, if hospitalized;
and (5) when to discontinue treatment.
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Key Decision Points in Evaluating and Treating Cellulitis

Decision Point #1: Assessment,
Classification, and Admission
Decision 
The first decision point in managing
cellulitis is whether or not to hospital-
ize the patient. This depends on the
severity of the illness at presentation
and the likelihood of disease progres-
sion. These factors are assessed on the
basis of the history, presence of comor-
bidities, physical examination findings,
and results of laboratory studies and
other tests.7 These elements can be
used to categorize the patient accord-
ing to a classification system with four
levels of severity (Table I), which serves
as a useful guide to admission and
treatment decisions.3

History 
The most important elements of

the history are the events or expo-
sures that preceded the illness, and
any concomitant conditions that put
the patient at special risk. Table II
summarizes some important ques-
tions to ask a patient at the initial
presentation. Clinicians should be
especially alert for “red flags” that
predict rapid progression or poor
treatment response, such as advanced
age, liver disease, asplenia, alcohol
abuse, or the use of an antibiotic in
the past two weeks. The risk of a
poor outcome for chronic wounds,
such as lower extremity ulcers, is like-
ly to be heightened in patients with
reduced arterial perfusion or neuropa-
thy. Chronic venous insufficiency, dia-
betes, obesity, malnutrition, advanced
age, and compromised immune func-
tion may also delay wound healing.8

The majority of skin and soft-
tissue infections are caused by
Staphylococcus aureus and ß-hemolytic
streptococci (Table III), although they
may be difficult to isolate on culture.9

Clinicians should, however, inquire
about factors that may predispose
unusual organisms (Table IV), because

these may influence the decision to cul-
ture and the choice of antibiotic.
Necrotizing soft-tissue infections and
wounds due to human or animal bites
are more likely to carry a mix of aero-
bic and anaerobic microorganisms.8

(See case study in sidebar on page 5.)

Physical Examination 
The physical examination can help

determine the severity of the infection.
Fluctuance and crepitus suggest an
abscess that may need to be drained.
Crepitus should raise concerns about
a gas-forming infection that may
require surgical intervention. Signs of
serious cellulitis include bullae or hem-
orrhagic lesions, pain out of propor-
tion to the objective findings, and 
systemic toxicity. In an extremity
infection (especially the foot), severe

ischemia may mask erythema. 
Extreme pain or tenderness may

be a sign of necrotizing infection.10

Anesthesia around a wound may also

TABLE II: Key Questions to Ask When Obtaining a Medical History 
From a Patient With Cellulitis

• What kinds of symptoms are you experiencing (eg, pain, redness,
swelling, chills, feverishness), and how long have you had them? 
Was the onset of your symptoms abrupt?

• Is your skin infection related to any injury? If so, what were the circum-
stances? Is it possible that there may be a foreign object in the wound?
Any exposure to fresh or salt water? Human or animal bite?

• How old are you? 
• How is your overall health?
• Did you have a recent hospital or chronic care facility stay prior to or 

during the time that your symptoms began?
• Have you already received any treatment for this problem, especially an

antibiotic?
• Are you allergic to any antibiotics?
• Have you ever been diagnosed with diabetes, vascular disease, disorders of

the liver or spleen, or any condition that may impair your immune function?
• Are you currently taking steroids or any other immunosuppressive 

medications?
• How much alcohol do you usually drink in a week? Do you use illicit drugs?

For Outpatient Evaluation:

• What type of health insurance coverage do you have?
• What is your home situation like? Can someone help you?
• Are you able to return in a few days to be checked?

TABLE I: Eron Classification System for
Patients With Skin and Soft-Tissue
Infections3

Class Patient Criteria

I Afebrile, otherwise healthy
II Febrile, toxic, more severely ill

Stable comorbidities
III Septic-appearing or

Limb-threatening infection or
Unstable comorbidities

IV Necrotizing fasciitis (or other 
serious deep-tissue infection)

Sepsis syndrome
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be an indicator of tissue necrosis due
to a severe infectious process. The size
and location of the lesion help to
determine whether or not to hospital-
ize the patient; lesions on the thigh,
digits, head, or genitals are more likely
to be serious. Cellulitis involving large
areas around a wound (eg, more than
several centimeters) may suggest sever-
ity and warrant admission, especially
in diabetic patients. Finally, 
lymphangitis, or a raised indurated
border (as in erysipelas), is likely to
reflect a more superficial group A
streptococcus infection, and hospital-
ization may be unnecessary.

Laboratory Studies 
and Other Tests 

A complete blood count may assist
in assessing the severity of illness.
Marked leukocytosis (or leukopenia),
an extreme left shift in the white cell
differential, or thrombocytopenia may
suggest sepsis syndrome. Elevated levels
of blood urea nitrogen and creatinine

may suggest hypoperfusion
and perhaps incipient renal
failure. In addition, elevated
creatine kinase levels may
indicate myonecrosis caused
by necrotizing fasciitis.11-13

Serologic tests (streptozyme,
anti-DNAase B, anti-
hyaluronidase) for strepto-
coccal infection are generally
not helpful, except as paired
acute and convalescent titers. Certain
cases may warrant additional tests,
such as x-rays (to look for foreign bod-
ies or gas in the tissues), ultrasound, or
computed tomography (to look for
drainable collections), and Doppler
vascular examination (to rule out deep
venous thrombosis). Magnetic reso-
nance imaging is useful in investigating
suspected fasciitis or osteomyelitis.
Radionuclide scans are generally not
helpful in the acute situation, as they
are too nonspecific.

Whether, when, and how to sample
a lesion for microbiologic analysis is

somewhat controversial. Obtaining
specimens from the wound for Gram-
stained smear and culture may be use-
ful, especially if there is any reason to
believe that the pathogen is not methi-
cillin-sensitive Staphylococcus aureus
(MSSA) or ß-hemolytic streptococcus.8

Local antimicrobial resistance patterns
should also be taken into account
when deciding whether to obtain speci-
mens for culture and sensitivity. 

Depending on the wound, culture
samples may be obtained by tissue
biopsy or curettage of ulcerated areas.
If there is no wound, needle aspiration

TABLE III: Most Common Pathogens Recovered From Skin and
Soft-Tissue Infections in Hospitalized Patients in North America*20

Organism                                             Number of Isolates (%)

Staphylococcus aureus 666 (42.6)
Pseudomonas aeruginosa 176 (11.3)
Enterococcus spp 127 (8.1)
Escherichia coli 112 (7.2)
ß-hemolytic streptococci† 97 (6.3)
Enterobacter spp 85 (5.2)
Proteus-Providencia-Morganella 63 (4.0)
Misc. nonenteric gram-negative bacilli 60 (3.8)
Coagulase-negative staphylococci 59 (3.8)
Klebsiella spp 57 (3.6)
Serratia marcescens 40 (3.7)
Citrobacter spp 19 (1.2)
Other enteric gram-negative bacilli 4 (0.3)

* Data was compiled by the SENTRY Antimicrobial Surveillance Program
and represents bacterial isolates recovered from hospitalized patients with
skin and soft-tissue infections in 30 and 8 medical centers in the United
States and Canada, respectively.
† Includes groups A, B, and G streptococci, viridans streptococci,
Streptococcus pneumoniae, and other serogroups.

TABLE IV: Bacterial Etiologic Risk Factors 
for Cellulitis

Risk Factor Pathogens

Diabetes Staphylococcus aureus
Group B streptococcus
Anaerobes 
Gram-negative bacilli

Bite wounds
Human Oral flora (Eikenella corrodens)
Cat Pasteurella multocida
Dog Capnocytophagia canimorsus,

P. multocida
Rat Streptobacillus moniliforms
Iguana Serratia marcesans

Animal contact Campylobacter spp
Cirrhosis Campylobacter fetus

Klebsiella pneumoniae
Escherichia coli
C. canimorsus
Other gram-negatives
Vibrio vulnificus

Neutropenia Pseudomonas aeruginosa
Hot tub exposure P. aeruginosa
Loofah sponges P. aeruginosa
Fresh water 

exposure Aeromonas hydrophila
Sea water V. vulnificus, Mycobacterium 

exposure marinum
IV drug abuse Anaerobes, MRSA, 

P. aeruginosa

MRSA = methicillin-resistant S. aureus; IV = intravenous.

Expert Panel Recommendations on Managing 
Cellulitis From Hospital to Home
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of fluid from the leading edge of infec-
tion may be helpful.8 Collection of an
adequate aspirate is facilitated by
using a large-bore needle (18 guage)
and drawing air into the barrel of the
syringe before aspiration to later help
expel any tissue fluid.14 Blood cultures
should be obtained from septic-
appearing patients, although the yield
of a pathogen may be <10%.15-17

Anaerobes are often difficult to cul-
ture and isolate; however, Gram-
stained specimens may suggest their
presence when analyzed in conjunc-
tion with culture results. Anaerobes
can be virulent and may
require targeted antibiotic
therapy. They should be sus-
pected if the wound is foul-
smelling or necrotic, even if
they have not been recovered
on culture.8

Classification 
The severity of local and

systemic signs and symptoms
of infection, and the presence
and stability of any comor-
bidities, may be used to classi-
fy cellulitis cases (Table I).
Class I patients have no signs
of systemic toxicity and are
afebrile, have no comorbidi-
ties that may complicate treat-
ment, and can be managed
with topical or oral antibi-
otics on an outpatient basis. Class II
patients are systemically ill; if they
have any comorbidities, they are sta-
ble. They may also be afebrile, but
with comorbidities such as peripheral
vascular disease (PVD), diabetes melli-
tus, chronic venous insufficiency, or
morbid obesity, that may complicate
or delay the resolution of their celluli-
tis. Most class II patients can be man-
aged by OPAT, although some could
benefit from a trial of oral antibiotics
while others may require short-term
hospitalization or observation in an
infusion center. Class III patients may

be septic-appearing, with systemic
signs of infection such as mental status
changes, tachycardia, tachypnea, and
hypotension, or they may not have a
toxic appearance but have unstable
comorbidities that may interfere with
their response to therapy. Class III
patients initially require inpatient treat-
ment with parenteral antibiotic thera-
py, but many can later be discharged
on OPAT or oral therapy. Class II and
III patients may benefit from a short
period of observation in the emergency
department or in an infusion center
before the decision is made to either

admit or discharge them on OPAT.
Class IV patients have serious life- or
limb-threatening infections, such as
necrotizing fasciitis, with or without
toxic shock syndrome, and are always
admitted, oftentimes to the intensive
care unit.3 Once class IV patients are
stabilized, they may also be candidates
for OPAT or oral therapy. These path-
ways are summarized in Figure 1.

Finally, the decision to admit should
factor in the patient’s ability to under-
stand their disease and comply with
instructions, as well as the amount of
support they can expect at home from

friends or family, and their ability to
make it back for outpatient visits.

Indications for Referral 
In certain cases, patients should

not only be hospitalized, but also
urgently referred for subspecialty
consultation. Limb-threatening dia-
betic foot infections fall into this
category and are best treated by a
multidisciplinary team, including
infectious disease, podiatry, and/or
surgical specialists.8,18,19

Necrotizing fasciitis, synergistic
gangrene (Figure 2), and bone

involvement (in some instances) are
also indications for prompt consul-
tation by a surgeon (either general,
orthopedic, or vascular). Infectious
disease consultation may assist in
the choice of antibiotics and gener-
al management. 

Decision Point #2: Initial Antibiotic
Selection 
Once the severity of a patient’s infec-
tion has been classified and a decision
has been made about admission, the
next step is to choose initial antimicro-

Key Decision Points in Evaluating and Treating Cellulitis

Figure 1. Algorithm for managing cellulitis: Site of care and route of therapy. OPAT = outpatient parenteral antimicrobial therapy.
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bial therapy. Considerations in select-
ing appropriate therapy should include
the spectrum of antimicrobial activity,
the route of delivery, antibiotic resist-
ance issues, side-effect profile, drug
interaction potential, patient allergies,
pharmacodynamics, and cost.

Route and Timing of Administration 
The choice between oral and par-

enteral therapies is governed by many
of the same factors that determine the
class of the infection: the patient’s
clinical presentation, the results of
laboratory analyses, and the presence
of comorbidities. In general, outpa-
tient oral therapy is most extensively
utilized in the treatment of class I
patients (Table V), who are less likely
to be infected with unusual or drug-
resistant organisms. Most patients in
class II, and all patients in classes III
and IV, are typically started on par-
enteral antibiotic therapy, either in the
hospital’s emergency department or
on observation status in the hospital.
Medicare defines observation status
as a stay within a hospital for obser-
vation purposes for up to 24 hours,
or up to 48 hours by a physician’s
order. If patients are observed to be
clinically stable or improving, they
may be treated as outpatients, either

at home or in an infusion center.
Initial parenteral administration may
also be useful in patients who have
diarrhea, nausea, or emesis, or any
other reason for decreased gastroin-
testinal absorption.

The first dose of an antibiotic is
often the most important one, and
should be administered without delay
as soon as specimens for Gram stain
and culture are sent.21 Studies on
patients with community-acquired
pneumonia have shown that rapid
antibiotic administration improves the
outcome and shortens the hospital
stay. Significant clinical benefits can
result from saving just a few hours in
delivery time.21,22 Parenteral therapy
with an antibiotic that has an appro-
priate spectrum of activity against the
commonly encountered organisms,
and a long half-life that provides 24-
hour coverage, is ideal for the initial
dose in patients for whom early or
immediate discharge is anticipated.23

Drug Spectrum and Activity 
The spectrum of the antibiotic that

is chosen for initial therapy must be
broad enough to cover the suspected
infecting organisms, but not overly
broad so as to promote resistance. In
communities where the rate of antibi-

otic resistance is high, coverage may
need to include strains with reduced
antibiotic susceptibility such as methi-
cillin-resistant S. aureus (MRSA). 
The drug’s activity is based on the
relationship between its serum 

Case Study of a Patient With Cellulitis

A 34-year-old male in previously good
health sustained a bite to his index and
middle fingers while playing with a dog.

Presentation

Day 1: Felt fine.
Day 2: Complained of flu-like illness.
Day 3: Went to work, but came home with
the same flu-like symptoms and went to bed.
Day 4: Awoke with a diffuse rash, numb-
ness in his feet, and protracted nausea,
vomiting, and diarrhea all day.
Day 5: Developed abdominal pain, which
prompted him to see his physician.

Physical Examination

Patient was stable.
Hemorrhagic bullae on index finger.

Laboratory Workup

Leukocytosis with shift.
Disseminated intravascular coagulation.
Elevated creatine kinase.
Abnormal liver function.

Diagnosis

Bacteremic cellulitis.
Pathogen: Capnocytophagia canimorsus.

Treatment

The patient was treated initially with 
cephazolin for 3 days, followed by 10 days
of therapy with cephalexin. 

Figure 2. Necrotizing fasciitis (left panel) and synergistic gangrene (right panel). 
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concentration over time and the
pathogen’s minimum inhibitory con-
centration (MIC). Because most cases
of cellulitis are caused by ß-hemolytic
streptococci and/or S. aureus, appro-
priate choices for empiric therapy
include cephalosporins and semisyn-
thetic penicillins, and clindamycin or
macrolides in penicillin-allergic
patients.8,9 Specific drug recommen-
dations for cellulitis classes II and III
are shown in Table VI.

For class II patients, ceftriaxone is
commonly prescribed because of its
appropriate antimicrobial spectrum
and pharmacokinetics, which allow for
once-daily infusion.24-26 Adverse
effects have been relatively infrequent.
Ertapenem is a new carbapenem that
is also administered once a day. Its
spectrum is more appropriate for com-
plicated polymicrobial skin infections,
such as diabetic foot infections or pres-
sure ulcers, because it covers not only
most aerobic gram-positive and gram-
negative pathogens, but also anaer-
obes. It is not effective against
Pseudomonas and has decreased activ-
ity against staphylococci, compared
with other carbapenems.27 Nafcillin
and cefazolin each have a more limited
spectrum, but excellent activity against
S. aureus (non-MRSA strains) and

streptococci. Because nafcillin is
administered four times daily, it is best
utilized in hospitalized patients.
Phlebitis associated with nafcillin
administration, however, can be trou-
blesome. While cefazolin is normally
administered three times daily, some
studies have shown that it can be given
once-daily when combined with

probenecid to prolong its serum half-
life.25,28,29 However, probenecid may
cause uric acid stones in hyperuricemic
patients, and is also associated with
other drug interactions and allergies,
such as potential cross-reaction in
sulfa-allergic patients. It should there-
fore be used with caution. 

Cefazolin and semisynthetic peni-

TABLE VI: Recommended Antibiotics for Intravenous Treatment
of Cellulitis: Classes II and III

Class Recommended Agents

Class II (OPAT) Ceftriaxone, cefazolin ± probenecid,* ertapenem,†

vancomycin,‡ linezolid‡

Class II Ceftriaxone, cefazolin ± probenecid,* ertapenem†

(observation status)
Class III (inpatient) Cefazolin, nafcillin, oxacillin, penicillin G, 

ceftriaxone,§ vancomycin,‡ clindamycin,|| linezolid‡

* Probenecid may cause uric acid stones, cross-react in sulfa-allergic patients, cause
gastrointestinal disturbances, and interact with hypoglycemic agents, methotrexate,
aspirin, or nonsteroidal anti-inflammatory drugs.
† Reserve for complicated polymicrobial infections such as diabetic foot infections.
‡ Use for hospital- or nursing-home–acquired methicillin-resistant S. aureus (MRSA).
§ Use of ceftriaxone applies to class III patients on observation status who are sub-
sequently admitted (for a short period of time) with the expectation that outpatient
parenteral antimicrobial therapy (OPAT) will be utilized upon discharge.
|| Use for penicillin allergy and for certain community-acquired MRSA strains.

TABLE V: Drug Therapy for Outpatient Oral Treatment of Uncomplicated Cellulitis

Drug Loading Dose Daily Dose Recommendation Comments

Dicloxacillin 1 g 500 mg qid First-line Taste or GI disturbance may be an issue
Cephalexin 1 g 500 mg qid First-line Concurrent treatment with acid-suppressive 

therapy may cause failures
Amoxacillin- 1 x 875 mg + 875 mg bid or Second-line More expensive; diarrhea often a problem; 
clavulanic acid 1 x 500 mg 500 mg tid anaerobic coverage

amoxicillin
Clindamycin 900-1200 mg 300-600 mg tid Second-line Use in the event of severe penicillin allergies; 

good anaerobic coverage and some community-
acquired MRSA

Linezolid 600 mg 600 mg bid Second-line When MRSA in the community is >20% and 
S. aureus is suspected, or for hospital or 
nursing-home–acquired MRSA

GI = gastrointestinal; MRSA = methicillin-resistant S. aureus.

Key Decision Points in Evaluating and Treating Cellulitis
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cillins are appropriate choices for
class III patients. If MRSA is suspect-
ed, there are several special points
that need to be taken into considera-
tion. First, community-acquired
MRSA is typically susceptible to 
several classes of antibiotics 
(clindamycin, quinolones, tetracy-
clines, and trimethoprim-sulfa-
methoxazole) while hospital-acquired
MRSA strains are not. Therefore,
vancomycin should be reserved for
MRSA acquired in the hospital or in
long-term care facilities, as well as for
infections associated with dialysis,
intravenous drug use, etc. Linezolid,
which can be given orally or parenter-
ally, is also highly active against MRSA
and has been shown to be effective in
complicated skin infections.30 It has
been associated with hematologic toxi-
city, however, usually when given for
more than 2 weeks.

In patients who report severe aller-
gies (eg, hives or anaphylaxis) with ß-
lactam antibiotics, clindamycin is an
appropriate choice. For nonspecific
maculopapular eruptions due to peni-
cillin, cephalosporins can usually be
safely used if the patient is observed
following its administration in a med-
ical setting. Although fluoroquinolones
(especially agents more active against
gram-positive cocci) have been used to
treat patients with cellulitis, their rou-
tine use has been discouraged by the
Centers for Disease Control and
Prevention.31 They may be considered
in patients with penicillin allergies who
cannot tolerate clindamycin. 

In class IV patients with necrotiz-
ing fasciitis or sepsis syndrome,
urgent surgical consultation is
required to consider debridement and
occasionally amputation. Because
these infections can be caused by a
variety of pathogens, and there is little
margin for error, broad-spectrum
antibiotic therapy may be necessary.
Depending on the type of infection,
the patient may require coverage for

just group A streptococcus (necrotiz-
ing fasciitis) or for polymicrobial
flora, including S. aureus, group B
streptococcus, anaerobes, and gram-
negative bacilli (synergistic gangrene
in diabetics). Clindamycin is the drug
of choice in most cases caused by
group A streptococcus.32 When
necrotizing fasciitis is complicated by
toxic shock syndrome, many clini-
cians use intravenous gammaglobulin
as an antitoxin to neutralize strepto-
coccal pyrogenic exotoxin (the
causative agent of streptococcal toxic
shock syndrome).33,34 Intravenous
fluids and pressors are usually neces-
sary, and the use of activated protein
C (drotrecogin alfa [activated]) for
severe sepsis syndrome may be
useful.35 For some anaerobic infec-
tions, especially those caused by
Clostridium perfringens, hyperbaric
oxygen may be lifesaving.36,37

Adjunctive
Procedures and
Medications 

Patients with
wounds that have
necrotic tissue 
or undrained 
abscesses will
benefit from sur-
gical consultation.
Compression
dressings can be
very useful if cel-
lulitis is compli-
cated by coexisting chronic venous
insufficiency. In patients with PVD,
revascularization procedures may be
necessary. Therapy with corticos-
teroids for patients with cellulitis has
been shown to hasten resolution of
infection and perhaps reduce recur-
rences.38,39 The use of other adjunc-
tive therapies, such as hyperbaric 
oxygen and granulocyte colony 
stimulating factor, cannot be recom-
mended routinely until further 
supportive studies are available.

Current Resistance Patterns Among
Cellulitis Pathogens 

Community-acquired MRSA is
the greatest antibiotic problem in
treating cellulitis. Although still infre-
quent in most locations, community-
acquired MRSA has been reported to
be increasing in prevalence in some
areas of the world. The national rate
for community-acquired MRSA in
the United States is at least 20% and
growing. There is, however, consider-
able variation among countries,
regions, and institutions,40 and some
centers have reported rates as high as
50%. When selecting an antibiotic,
the clinician should be aware of the
local and hospital resistance trends,
and should carefully consider the
presence of risk factors associated
with community-acquired MRSA
(Table VII).41 MRSA in some cases
has been reported to be disseminated
from the hospital to the community.42

As stated above, most cases of
uncomplicated cellulitis are caused by
streptococci (groups A, B, C, G, and F)
and S. aureus. Macrolide resistance has
risen rapidly in groups A and B strep-
tococci in the last few years, but no
cases of penicillin or cephalosporin
resistance have been reported.43 On
the other hand, staphylococci have
developed several types of resistance to
ß-lactams, glycopeptides, and other
antibiotics.40 Vancomycin should not
be used empirically, except in the most

TABLE VII: Risk Factors Associated With MRSA in
Community-Acquired Skin and Soft-Tissue Infections41

• Recent antibiotic therapy (ie, increased selective pressure)
• Recent hospitalization
• Increased device use in the community (eg, hemodialy-

sis, IV catheters in the home) 
• High rates of MRSA in institution or community

MRSA = methicillin-resistant S. aureus; IV = intravenous.
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seriously ill patients or when hospital
resistance rates are high. Reports of
increasing resistance of MRSA strains
to clindamycin and minocycline have
further complicated treatment. Agents
that are active against MRSA may be
associated with toxicity (vancomycin)
or high costs (linezolid, quinupristin-
dalfopristin). Thus, there is renewed
interest in treating MRSA with older
antibiotics, such as minocycline,
trimethoprim-sulfamethoxazole, or
doxycycline.44,45 However, there are
no studies to document their efficacy.
Clindamycin is highly effective against
most strains, but it should not be used
alone against staphylococcal or strepto-
coccal strains that are reported to be
resistant to erythromycin, even if they
appear to be clindamycin-susceptible.46

Resistance to erythromycin among
staphylococci is nearly always due to
ribosomal target site alteration by a
methylase enzyme, encoded for by the
erm gene.47 This gene may be constitu-
tively expressed, or only expressed
when it is induced by a macrolide.
When expressed, the methylation of
the ribosome prevents attachment of
both erythromycin and clindamycin. In
strains where the methylase is
inducible, erythromycin-resistant
strains will be clindamycin-susceptible,
since clindamycin does not induce
expression of the erm gene. Treatment
of an infection caused by a staphylo-
coccal strain that has an inducible
enzyme with clindamycin may select
for a spontaneous mutant that consti-
tutively expresses the gene and there-
fore results in clindamycin resistance.
Most strains have inducible resistance
even though the preliminary test may
suggest susceptibility.

The Diabetic Foot 
Foot ulcers in diabetic patients are

usually caused by sensory and motor
neuropathy and consequent excessive
pressure or trauma. These ulcers often
become infected, especially when

complicated by arterial insufficiency.
In some instances, cellulitis extends to
the skin surrounding the infected
ulcer. Most acute infections in patients
not recently treated with antibiotics
are caused by S. aureus and ß-
hemolytic streptococci. In these cases,
relatively narrow-spectrum therapy is
sufficient.48 However, in previously
treated patients, or those with chronic
or necrotic wounds, polymicrobial
infections are more likely and require
broad-spectrum antibiotics. Most of
these cases also require adjunctive
therapies such as pressure relief,
wound debridement, control of hyper-
glycemia, and vascular evaluation.8,49

Recurrent Infection 
Recurrent bouts of cellulitis are

most commonly seen in patients with
chronic lymphedema or dermatophyto-
sis, and in those who have undergone
venectomy for saphenous vein donation
(as in coronary artery bypass grafting),
pelvic surgery or irradiation, lym-
phadenectomy, mastectomy, or node
dissection.50 Microbiologically, it is
important to distinguish between per-
sistent infection (ie, not successfully
eradicated) and recurrence that may be
due to either the same organism
(relapse) or a new one (reinfection).
Reducing or eliminating the predispos-
ing conditions (eg, edema, dermatophy-
tosis) is crucial to preventing relapses.
Recurrent skin infection caused by 
S. aureus may be prevented by eradicat-
ing anterior nasal carriage with nasal
mupirocin ointment.51 Recurrent cel-
lulitis is often caused by ß-hemolytic
(groups A, B, C, or G) streptococci and
may require long-term antibiotic pro-
phylaxis.52 Special attention should be
paid to eradicating any coexistant tinea
pedis, which is often an entrance site for
bacterial pathogens.

Dosing Considerations 
Appropriate antibiotic dosing rests

on understanding pharmacokinetics

and pharmacodynamics, which reflect
the drug concentration in tissues and
body fluids and the MIC of the infect-
ing organism. Dosing is also influ-
enced by patient characteristics, such
as body weight and renal or hepatic
dysfunction. While the most impor-
tant factor in choosing an antibiotic is
the drug’s activity against the targeted
organism, it is also necessary that lev-
els achieved at the infected site are
high enough to exceed the MIC of the
infecting organism. Antibiotic concen-
trations that kill the infecting organ-
isms also prevent the selection of
resistant mutants.53-55

All drugs take 3-5 half-lives to
reach their steady state. Thus, oral
drugs with long half-lives may be
given in a loading dose (about twice
the usual dose) to more rapidly
achieve serum levels above the
pathogen’s MIC and assure optimal
tissue penetration. Although
azithromycin is the only oral antibiot-
ic with a Food and Drug
Administration (FDA)-approved load-
ing dose, other drugs may be given
this way. It is also prudent to use a
loading dose when treating a relatively
resistant organism. A loading dose
should be avoided if it is likely to
cause nausea or vomiting. In such a
case, or with agents that have low
bioavailability, an intravenous loading
dose may be appropriate for the first
dose, even if the patient is subsequent-
ly switched to oral therapy.

Safety and Tolerability 
Although most antibiotics are safe

and well-tolerated when given in
proper dosage, adverse effects do
occur and may occasionally be seri-
ous. Allergic reactions to penicillins
can usually be avoided in patients
with a questionable history by
antecedent penicillin skin testing with
penicilloyl polylysine.56,57 Cross-
reactivity between penicillins and
cephalosporins is low (<5%).



Evaluating and Treating Cellulitus • December 2002

9

Expert Panel Recommendations on Managing 
Cellulitis From Hospital to Home

However, cephalosporins should be
avoided in a patient whose previous
penicillin reaction was severe (eg, ana-
phylaxis or hives).58 As previously
noted, clindamycin, linezolid,
macrolides, vancomycin, and the fluo-
roquinolones can be used in patients
with serious penicillin allergies to
treat susceptible organisms.

Data on antibiotic side effects 
have been gathered by the OPAT
Outcomes Registry. This is a national
database, currently with 21 contribut-
ing centers in the United States, which
has compiled data since 1996, encom-
passing more than 14,000 courses of
outpatient antibiotic therapy. Rash,
diarrhea, nausea/vomiting, and fever
are among the most common antibi-
otic-related adverse events reported.
In this database, drug discontinuation
due to adverse effects is most com-
mon with piperacillin-tazobactam,
nafcillin, and gentamicin, and least
common with ceftriaxone (Figure 3).

Treating Cellulitis With OPAT
The OPAT Registry reveals that

cellulitis is the most common infection
treated with OPAT (about 19% of
diagnoses), followed by osteomyelitis
(about 13%), and postoperative
wound infections (about 11%).59

However, OPAT remains underuti-

lized, and many more patients could
benefit from it. The advantages
include excellent clinical and bacterio-
logic outcomes in appropriately select-
ed patients, reduced cost and length of
hospital stay, potential avoidance of
nosocomial infections, improved
patient and caregiver satisfaction, and
earlier return to daily activities.4,60

Class II patients may receive intra-
venous antibiotics via OPAT or oral
antibiotics. Other candidates include
class III patients in whom continued
intravenous antibiotics may be
thought to be useful following an
abbreviated hos-
pital or observa-
tion-status stay.
Patients without
life-threatening
infection or sepsis
syndrome are felt
to be candidates
for this type of
treatment. For
the strategy to be
successful, there
must be adequate
home support,
and an under-
standing of and
willingness to fol-
low instructions. The patient must
also be able to return to the hospital

or infusion center
when necessary,
or access home
health care or vis-
iting nurse servic-
es if he or she
cannot return to
the infusion cen-
ter. One problem
with OPAT is
that patients with
lower-extremity
infections may
not stay off their
feet in the home
setting. For this
reason, many of

these patients may stay in the hospital
longer than their overall condition
may warrant.

In hospitals or emergency depart-
ments that do not have OPAT sys-
tems in place, patients should be
instructed to return as often as needed
for injections/infusions. Alternatively,
arrangements may be made for their
own physicians to administer the
antibiotics in the office. This is most
easily accomplished with a once-daily
drug that is well tolerated and can be
administered either by intramuscular
or intravenous routes.61 Ceftriaxone

is the most common antibiotic used in
the outpatient setting (Figure 4), due
to its once-daily dosing schedule, 
relatively broad-spectrum activity,
excellent tolerability, and good safety
profile. Ertapenem, a recently intro-
duced carbapenem, may also fit this
profile, although it may be best to re-
serve it for complicated infections, such
as diabetic foot infections, where its
broader spectrum may be warranted.

Decision Point #3: Antibiotic
Switch 
Although there is limited research on
the timing of the switch from par-
enteral to oral antibiotic therapy (“the
oral switch”), clinical experience 
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suggests that most patients with
uncomplicated cellulitis, who initially
required parenteral therapy, may be
safely switched to oral agents after 
3-4 days. The timing of the switch is
guided by the patients’ response to
parenteral antibiotics, the culture and
sensitivity results, as well as their
readiness for oral therapy.

Signs and symptoms of infection
should be improving, with decreases
in erythema and induration. Skin
wrinkling at the infected site suggests
reduced swelling. Body temperature
and white blood cell count and differ-
ential should be at or near normal,
and comorbidities should be stabi-
lized. A randomized, double-blind
trial of hospitalized patients with
complicated skin and soft-tissue infec-
tions demonstrated that switching
from intravenous to oral linezolid 
(n = 400), or from intravenous
oxacillin to oral dicloxacillin (n =
419), resulted in satisfactory clinical
cure rates (70% vs 65%, respective-
ly). For both regimens, the mean
duration of parenteral therapy was
4.7 days, and the total duration of
therapy was 13.4 days.62

Another study evaluated the oral
switch in 40 hospitalized patients with
skin and soft-tissue infections. The
most commonly used intravenous
drugs were ampicillin-sulbactam, 
cefazolin, and ticarcillin-clavulanate,
and the most commonly used oral
drugs were cephadrine, ciprofloxacin,
or amoxicillin-clavulanate. The mean
duration of intravenous therapy was 3
days, and treatment was successful in
95% of cases.63 Patients treated with
OPAT using ceftriaxone or cefazolin
may be safely switched to oral
dicloxacillin or cephalexin after 3-4
days to complete their treatment.4

However, the efficacy of cephalexin
may be impaired in patients taking
concomitant acid-suppressive
therapy.64 Another commonly used
agent for intravenous to oral switch is

clindamycin. In those with MRSA
that is clindamycin-resistant, intra-
venous vancomycin, linezolid, or quin-
upristin-dalfopristin may be switched

to oral linezolid, or perhaps trimetho-
prim-sulfamethoxazole, with or with-
out rifampin. Together, these findings
support the efficacy and safety of oral
switch therapy for cellulitis after 3-4
days of parenteral therapy. Longer use
of intravenous therapy does not corre-
late with better outcomes.15

Decision Point #4: Discharge 
The criteria for discharging patients
with cellulitis from the hospital paral-
lel the conditions for switching from
parenteral to oral antibiotics.
Although an inhospital observation
period after discontinuation of intra-
venous antibiotics has often been uti-
lized in the past, it is now recognized
that patients can be safely discharged
as soon as they discontinue intra-
venous therapy.65 The infected area
should show reduction in both the
size and intensity of erythema, and
induration associated with cellulitis,61

and body temperature should be
trending downward. Indications that
the patient is not ready for discharge
are listed in Table VIII.

Many physicians delay discharge
until fever and other signs of inflam-
mation are completely resolved, but
this is usually unnecessary. Fever is
mediated by cytokines, which may
persist in spite of adequate antibiotic
therapy, even though the pathogen
load is greatly diminished.4 Similarly,
erythema may increase somewhat in
the first day of antibiotic treatment,
before it begins to recede. In a study
of 50 patients with cellulitis treated
with OPAT, almost 50% defervesced
within 24 hours of initiating antibiot-
ic therapy, and two-thirds did so
within 48 hours. However, the
remaining patients took 48-96 hours
to become afebrile (L. Eron, unpub-
lished observations). In a separate
analysis of 92 patients with cellulitis,
the area and intensity of erythema
took 3-4 days to decrease by 50%,
and the area initially increased in
11% of patients.61 In fact, early dis-
charge may even accelerate recovery
and patients’ return to their normal
activities of daily living. In a case-
controlled study by Eron and col-
leagues,4 38 patients with cellulitis,
who were discharged from the hospi-
tal prior to defervescence, were com-
pared with 39 control patients
matched for diagnosis, age, sex, and
comorbidities, who were discharged
according to criteria that required
defervescence. Mean length of stay
was 2.5 days shorter in the early 
discharge group, and none required
readmission. Furthermore, patient sat-
isfaction was significantly greater in the
early discharge group (P < .05). Early
discharge was accomplished with the
use of OPAT (with ceftriaxone, 19 of
38 patients), while conventionally
managed patients were discharged on
oral antibiotic therapy (most frequently
cephalexin, 25 of 39 patients).4

TABLE VIII: Indications to Delay
Hospital Discharge in Patients
Hospitalized With Cellulitis

• Limb-threatening infection
• Sepsis syndrome (including

hypotension) or toxic 
appearance

• Necrotizing fasciitis
• Uncontrolled pain 
• Uncontrolled nausea or 

vomiting
• Unstable comorbidities 
• Need for complex wound care,

multiple diagnostic or surgical
procedures

• Inadequate home support
structure
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Comorbidities should be stabilized
and a plan should be established for
follow-up care in the outpatient set-
ting. Early discharge can cause con-
siderable anxiety in patients, who
may still feel ill, as well as in their
families, who may have to learn
wound care and intravenous antibiot-
ic administration. The health care
team should be prepared to help
patients and their families cope with
these fears, as well as to manage the
challenges of home care.

Antibiotic therapy should be con-
tinued after discharge until all or at
least most signs and symptoms of
infection are resolved. Evaluations
once or twice weekly are recom-
mended. Concomitant use of corti-
costeroids or nonsteroidal anti-
inflammatory drugs (NSAIDs) may
shorten the intensity and duration of
inflammatory signs and facilitate ear-
lier discharge. Steroids, and to a less-
er extent NSAIDs, may of course be
associated with a variety of adverse
effects. NSAIDs and steroids may
mask signs of worsening infection,
such as fever and pain. A randomized
study of 112 patients with erysipelas
(an acute, superficial form of celluli-
tis) found that the addition of pred-
nisolone to penicillin therapy signifi-
cantly shortened the time to complete
resolution of fever and flushing, as
well as the duration of intravenous
therapy and the length of hospital
stay (a difference of 1 day vs placebo
for each measure).38 There was also
a trend toward fewer relapses of 
cellulitis in the prednisolone group
during a 1-year follow-up, but the
differences were not statistically 
significant.39

Decision Point #5: Antibiotic
Discontinuation 
Antibiotic therapy may be discontin-
ued upon the resolution or marked
improvement in the clinical signs and

symptoms of inflammation. Most
uncomplicated skin and soft-tissue
infections can be successfully treated
with 1-2 weeks of therapy, although
serious or complicated cases, such as
diabetic foot infections, often require
1 or 2 additional weeks of treatment.
Patients with associated osteomyelitis
may require up to 6 weeks of antibi-
otic therapy.49 Table IX lists factors
that suggest the need for more pro-

longed antibiotic therapy. Close fol-
low-up is necessary during therapy,
with a visit at the end of antibiotic
therapy. Follow-up of the patient may
be conducted by telephone one week
later, but an outpatient visit may be
necessary for less compliant patients.

About 20%-50% of patients with
a first episode of cellulitis will develop
subsequent episodes. Thus, measures
may be needed to prevent recurrence.
Underlying conditions that predispose
patients to cellulitis should be
addressed, and patients should be
advised of the importance of proper
skin and nail care.9 Tinea pedis is a
common predisposing factor in cel-
lulitis, presumably because breaks in
the skin permit the entry of bacterial

pathogens. Topical antifungal agents,
topical steroids, and skin lubricants
may be warranted in patients with
tinea pedis, eczema, and dry, cracked
skin, respectively.9,52,66 Any edema
related to venous or lymphatic 
insufficiency should also be addressed
through the use of compression 
dressings, such as Unna boots or
compression stockings. In rare cases
of recurrent or recalcitrant infections,
long-term antimicrobial prophylaxis
or intermittent patient-initiated thera-
py may be needed.9,52

Lastly, patients should be given a
brief information sheet on how to
prevent recurrences, and what signs
or symptoms should prompt a tele-
phone call or return visit to the physi-
cian or hospital. With a combination
of early, aggressive treatment, some-
times including OPAT, and with elimi-
nation of underlying causes, most
cases of cellulitis can be effectively
treated, and the potential for relapse
or recurrence can be minimized. 
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