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Diagnosis and Treatment of Skin 
and Soft Tissue Infections in the 

Pediatric Emergency Department
Skin and soft tissue infections encompass a large variety of benign and life-threat-

ening conditions. Some are amenable to treatment on an outpatient basis while others 
require admission for intravenous antibiotics or emergent surgical debridement. An 
understanding of the anatomic relationships between skin and surrounding soft tis-
sues is imperative in determining the correct treatments. Similarly, a careful patient 
history and physical exam is required to tailor treatment to specific patient populations 
and presumptive pathogens. Other conditions within the differential diagnosis of 
skin and soft tissue infections include: osteomyelitis, septic arthritis, pyomyositis, deep 
venous thrombosis, or allergic reaction. The authors provide a comprehensive review of 
common and life-threatening conditions associated with skin and soft tissue infections 
in pediatrics. 

— Ann M. Dietrich, MD, Editor

Epidemiology 
Emergency department (ED) visits for skin and soft tissue infections in 

children have increased dramatically in the last decade.1,2,3,4,5 Accordingly, from 
1997 to 2009, hospital admission for pediatric patients with skin and soft tissue 
infections increased from 1.9 to 3.4 million annually.2 During that same time, 
pediatric patients requiring incision and drainage have doubled.2 This growing 
volume of patients is thought to be largely due to the emergence of community-
acquired methicillin-resistant Staphylococcus aureus (CA-MRSA). 

Similar to other pediatric infectious processes, specific causes of skin and 
soft tissue infections vary somewhat with age and exposure. Across all ages 
from neonate to adolescent, Streptococcus and Staphylococcus species remain the 
most common causes of infection. Organism and disease prevalence vary by 
season, with certain infections (e.g., impetigo and cellulitis) being more com-
mon in the summer months.6 Immunosuppressed children, neonates, and those 
with chronic diseases (e.g., diabetes) are at increased risk for development of 
all infections, with skin infections being no exception.7 Similarly, patients with 
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EXECUTIVE SUMMARY
 z Staphylococcus aureus and Streptococcus pyogenes infections 

are more often caused by local invasion, while Haemophilus 
influenzae and Streptococcus pneumoniae can be spread by 
hematogenous routes.

 z Historically, methicillin-resistant Staphylococcus aureus (MRSA) 
infections were thought to be limited to patients in direct con-
tact with the healthcare system; however, new data suggest 
a growing number of community-acquired MRSA (CA-MRSA) 
infections. 

 z Whirlpool baths, water slides, or community pools have also 
been responsible for outbreaks of Pseudomonas aeruginosa 
infection in healthy children.

 z Necrosis, without history of other exposures such as bites, 
is often pathognomonic of S. pyogenes infections that may 
require debridement.

 z With the surge of CA-MRSA, purulent skin and soft tissue 
infections continue to increase in prevalence in pediatric 
patients. One 2008 study showed that 88% of pediatric 
abscesses cultured S. aureus, with 85% of those being MRSA.

recent surgical interventions or place-
ment of orthopedic devices are also at 
risk for skin infections, mostly from skin 
flora. 

Pathophysiology and 
Common Pathogens

The pathophysiology of infection var-
ies by age and bacteria involved. Most 
skin and soft tissue infections are the 
result of local invasion, but, as in neo-
nates, may also be caused by hematog-
enous spread.6,7,8 For example, S. aureus 
and Streptococcus pyogenes infections 
are more often caused by local inva-
sion, while Haemophilus influenzae and 
Streptococcus pneumoniae can be spread 
by hematogenous routes.7 In local 
invasion, bacteria normally present on 
healthy skin and enter through defects 
in the epidermal layer to cause infection. 
Clinical presentation depends on the 
layer of skin involved (see Figure 1). 

S. aureus and MRSA
S. aureus colonizes the skin of 30-50% 

of healthy pediatric patients. Infection 
is transmitted via direct contact and 
contaminated surfaces.9 S. aureus con-
tains many surface proteins that allow 
it to easily bind tissue and instrument 
surfaces (e.g., sutures, catheters, and 
prosthetic valves.)7,9 It produces numer-
ous extracellular toxins and enzymes 
that contribute greatly to its virulence. 
A few of the important toxins include 
alpha- and beta-hemolysins, leukocidin, 
coagulases, bacteriocins, the epidermo-
lytic toxins, staphylokinase, toxic shock 
syndrome type 1, and the enterotoxins. 
The epidermolytic toxins can separate 
adjacent cell layers within the epidermis 
and cause manifestations of staphylo-
coccal scalded skin syndrome. A variety 

of enzymes, including hyaluronidase, 
nuclease, lipase, protease, catalase, lac-
tate dehydrogenase, and lysozyme, are 
thought to contribute to the spread of 
local infection.7

S. aureus is split into methicillin-
sensitive (MSSA) and MRSA strains, 
with MRSA thought to be more viru-
lent. Historically, MRSA infections 
were thought to be limited to patients 
in direct contact with the healthcare 
system; however, new data suggest a 
growing number of CA-MRSA.10 There 
is a high rate of MRSA colonization of 
household contacts of pediatric patients 
with CA-MRSA, suggesting a possible 
household reservoir of infection.11 

Recurrent MRSA infections are also 
becoming more common and thought 
to be related to patient colonization 

and household reservoirs. A study in 
2014 by Al-Zubeidi et al suggested that 
90% of recurrent infections were from 
the same strain of bacteria.12 These are 
promising data, allowing for focused 
decolonization efforts in eradicat-
ing recurrent disease. However, other 
studies have challenged this concept, 
suggesting that one-third of patients 
are colonized by different strains than 
the one causing infection.13 Ultimately, 
decolonization is an important concept 
for the emergency practitioner to under-
stand in addressing treatment options 
and outpatient follow-up for children 
with recurrent MRSA skin and soft tis-
sue infections. 

Streptococci
Streptococci are gram-positive cocci 

Figure 1. Layer of Skin Involvement by Infection Type

Source: Amieva-Wang NE, Shandro J, Sohoni A. A Practical Guide to Pediatric Emergency Medicine, 
Caring for Children in the Emergency Department. Cambridge University Press; 2011. (Copyright Chris 
Gralapp)
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that are differentiated based on their 
hemolytic properties (alpha or beta). 
Beta-hemolytic species are further 
divided into Lancefield groups based 
on the composition of their cell walls. 
Group A streptococcus (otherwise 
known as S. pyogenes) are a common 
cause of infection in pediatric patients, 
especially impetigo and erysipelas. 
Necrotizing skin infections can also 
occur with S. pyogenes. Alternatively, S. 
pneumonia are lancet-shaped, gram-
positive, and catalase-negative diplococ-
cic. These are encapsulated organisms 
posing threat to asplenic or sickle cell 
patients. Many children also carry S. 
pneumonia in their nasopharynx. 

H. influenza
H. influenzae is a pleomorphic gram-

negative coccobacillus that may be cap-
sulated or encapsulated. Young infants 
and toddlers serve as reservoirs for these 
organisms, as they colonize the upper 
respiratory tract. H. influenza type b 
(Hib) more commonly causes cellulitis 
than the nontypable strains. This organ-
ism must be considered in children 
with facial cellulitis. In the vaccination 
era, the frequency of invasive infections 
has declined, but they are still a poten-
tial cause of skin infections, especially 
in the incompletely immunized or 
immunocompromised.5,7,9 

Pseudomonas aeruginosa 
P. aeruginosa is a catalase-positive, 

gram-negative rod found in the soil, 
water, and on vegetation. It is an oppor-
tunistic pathogen but does colonize a 
small number of healthy persons on 
mucosal surfaces, moist body sites, 
and in the gastrointestinal tract. P. 
aeruginosa colonizes the respiratory 
tract of hospitalized patients, patients 
with endotracheal tubes, patients with 
chronic respiratory conditions (e.g., cys-
tic fibrosis), or those on broad-spectrum 
antibiotics. Skin infections most com-
monly occur on damaged skin, such as 
in burn victims, soiled wounds, or punc-
ture injuries. The bacterium produces 
virulent exotoxins with proteolytic or 
lipolytic activity to allow for localized 
spread. Whirlpool baths, water slides, 
or community pools have also been 
responsible for outbreaks of infection in 
healthy children.7

History
The practitioner must consider 

the patient’s age and immunization 
record when diagnosing and treating 
skin infections. Types of wounds (e.g., 
puncture, animal bite) may also give a 
clue as to which organisms are likely 
to be causing a particular infection. 
Understanding geographic locations or 
travel history will provide insight into 
particular pathogen prevalence and 
exposures. A patient’s lifestyle, includ-
ing intravenous drug use in adolescents, 
must be elicited. Patients with diabetes, 
renal failure, HIV, organ transplanta-
tion, cirrhosis, and those on chronic 
immunosuppressive medications are 
at risk for recurrent infections, severe 
infections, and infections from opportu-
nistic organisms. Finally, previous treat-
ments used and response can dictate 
decisions regarding future therapeutic 
modalities.1,8

Physical Exam
As with any dermatologic condition, 

a systematic approach to the physical 
exam is required to make the diagnosis, 
provide appropriate treatment, and aid 
physicians on follow-up in assessing 
infection changes. Abnormal vital signs, 
such as fever, tachycardia, hypotension, 
or systemic symptoms, may prompt 
further investigation and attention 
to resuscitation. Borders of erythema 
should be marked to assess for rapid 
spread while in the ED. With increas-
ing access to electronic medical records, 
physicians should consider importing 
pictures of the wounds into the patient 
chart. 

The physician must note the location 
of the infection and the surrounding 
skin. Well-demarcated edges should be 
differentiated from non-distinct ones. 
Streaking erythema or lymph node 
involvement may signify a more severe 
infection that could require intravenous 
antibiotics. The physician must also 
pay close attention to bone or joint 
involvement. In cases of facial cellulitis, 
evidence of orbital cellulitis, deep tis-
sue infection, and mastoiditis must be 
considered.

Crepitus may be felt in skin and soft 
tissue infections caused by gas-forming 
agents and should prompt the physi-
cian to consider necrotizing infections. 

Bullae can be seen in minor infections 
such as impetigo, but large areas of bul-
lae should raise clinical suspicion for 
necrotizing infections. The presence 
of fluctuance signifies an abscess that 
must be incised and drained. Necrosis, 
without history of other exposures, such 
as bites, is often pathognomonic of S. 
pyogenes infections that may require 
debridement.8

Diagnostic Adjuncts 
Management of most skin infections 

primarily requires a careful history and 
physical exam. Further investigation 
is reserved for cases of ill-appearing 
children or when there is concern for 
complications such as necrotizing infec-
tions (which will be discussed later), 
septic arthritis, or osteomyelitis. Routine 
use of C-reactive protein (CRP), white 
blood cell count (WBC), and blood 
cultures is not recommended.14 Debate 
exists regarding the utilization of CRP 
as a better indicator of bacterial infec-
tion in pediatric patients, with some 
studies suggesting that CRP has a better 
predictive value than WBC.15 Imaging 
(i.e., plain radiographs, ultrasound, com-
puted tomography [CT], or magnetic 
resonance imaging [MRI]) are reserved 
for cases in which alternative causes of 
infection, such as necrotizing infections 
or osteomyelitis, are of concern. 

Disease Types: Impetigo
Impetigo is a skin infection caused 

primarily by S. aureus and S. pyogenes 
(see Figure 2). It is the most common 
bacterial skin infection in children 
between 2 and 5 years of age, but it can 
occur at any age.5 Infections occur most 
commonly in the summer months and 
spread by close physical contact.6 The 
typical presentation is “honey crusted” 
lesions on the face and arms. A majority 
(70%) are non-bullous infections, while 
some infections contain bullae. Bullous 
impetigo is caused by S. aureus, and 
large outbreaks of bullous impetigo have 
been traced to nurseries.6

The diagnosis of impetigo is clini-
cal. Gram stain and culture of bullae 
or purulent lesions may be considered 
in the setting of uncertain diagnosis or 
treatment failure, but swabs often do 
not differentiate infection from normal 
colonization.1 Complications are rare 
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and acute post-streptococcal glomeru-
lonephritis is the most feared complica-
tion of this otherwise benign condition. 
Acute rheumatic fever does not occur 
after streptococcal skin infections.7 

Treatment for impetigo is aimed at 
eliminating the most common bacterial 
etiologies of infection (see Table 1). Oral 
or topical antibiotics can be used.1,5,6,7,9 
However, oral therapy is recommended 
in patients with numerous lesions and 
for anatomic areas where topical anti-
biotics are difficult to apply, such as 
inside the nares.1 The value of systemic 
antibiotics in preventing acute post-
streptococcal glomerulonephritis has 
not been validated; however, systemic 
antimicrobials have been recommended 
during outbreaks to eliminate nephro-
genic strains.1 

Cellulitis and Erysipelas
Cellulitis and erysipelas are distinct 

infections that are differentiated by the 
depth of penetration within the skin. 
Erysipelas is an infection of the epider-
mis and superficial dermis that is often 

well demarcated and thought to be pri-
marily caused by Streptococcus.5 Cellulitis 
involves the deeper dermis and sub-
cutaneous fat. S. aureus and S. pyogenes 
account for most cases, with an increas-
ing prevalence of S. aureus, particularly 
MRSA. Infections are generally caused 
by local invasion after defect or injury to 
skin. Cellulitis, however, can be caused 
by hematogenous spread in neonates 
and the immunosuppressed. When cel-
lulitis occurs in patients younger than 
3 months, the physician must consider 
group B streptococcal bacteremia.7 H. 
influenza must be considered in children 
with facial cellulitis and with chronic 
disease, namely sickle cell anemia. S. 
pneumonia skin infections are seen in 
asplenic patients and those with con-
nective tissue disorders.7 

A careful history and physical exam 
is all that is required to diagnose cel-
lulitis and erysipelas. These lesions 
most commonly affect lower extremi-
ties where injuries to the skin are more 
common. The child will develop local 
inflammation at the site of infection as 

represented by warmth, edema, tender-
ness, erythema, and sometimes limited 
mobility.1 It may be difficult to distin-
guish early cellulitis from an insect bite. 
In contrast to cellulitis, the inflamma-
tory reaction to insect bites typically is 
very well circumscribed, smaller, and 
associated with pruritus. However, 
defects in the epidermal layer from a 
bite or sting predispose patients to cel-
lulitis, making it important to give strict 
return precautions to children with 
insect bites.

Treatment should be tailored to 
local pathogen prevalence (see Table 1). 
Patient exposure to different bacterium 
must be elicited and may require special 
treatment. In mild disease, monotherapy 
against MSSA and S. pyogenes is often 
sufficient.1 In cases of severe cellulitis 
or when associated with suppuration, 
MRSA coverage should be added. The 
recommended duration of outpatient 
antimicrobial treatment is 5 days but 
must be extended if improvement is 
not observed.1 Identification of clinical 
improvement is made easier by mark-
ing the erythematous areas and noting 
progression or recession of the lesion. 
Hospitalization should be considered 
in patients with systemic inflamma-
tory response syndrome, as evidenced 
by tachycardia, fever or hypothermia, 
tachypnea, or leukocytosis. Children 
also should be considered for hos-
pitalization if they are ill-appearing, 
hemodynamically unstable, immuno-
suppressed, if there is concern for nec-
rotizing or deep infections, or if they are 
failing outpatient management as evi-
denced by lack of recession of erythema, 
increasing pain, or systemic symptoms. 

Purulent Skin and Soft 
Tissue Infections/Abscesses 
and the Rise of MRSA

With the surge of CA-MRSA, 
purulent skin and soft tissue infections 
continue to increase in prevalence in 
pediatric patients.16,17,18 One study in 
2008 showed that 88% of pediatric 
abscesses cultured S. aureus, with 85% of 
those being MRSA.16 

Diagnosis is made on clinical exam. 
Physicians may note erythematous 
and painful lesions with fluctuance or 
purulent drainage. In children younger 

Figure 2. Honey Crusted Lesions of Impetigo

Source: Amieva-Wang NE, Shandro J, Sohoni A. A Practical Guide to Pediatric Emergency Medicine, 
Caring for Children in the Emergency Department. Cambridge University Press; 2011. (Courtesy Dr. 
Hans Kersten).
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than 2 years of age, abscesses are more 
commonly found in diaper and buttock 
areas, making it important to entirely 
expose these patients.18 In scenarios 
where diagnosis is in question, imaging 
modalities such as ultrasound or CT 
may be employed. Several recent stud-
ies have assessed the utility of bedside 
ultrasound in aiding the physician in the 
diagnosis of abscesses.19,20,21 Although 
these studies are small and mostly single 
center, some have purported a sensitivity 
of near 97.5% in detecting abscess by 
ultrasound.19 When the abscess is sub-
clinical, the ultrasound can help change 
management by identifying fluid collec-
tions that would benefit from incision 
and drainage (see Figure 3).20 However, 
when the diagnosis is clinically evident 

on physical exam, the ultrasound is not 
required to make the diagnosis and ini-
tiate treatment.21

The treatment for abscesses is 
adequate incision and drainage, where 
purulent material is entirely removed 
and induration decreases. Specific tech-
niques for incision and drainage warrant 
brief mention. Each case is different 
and some children, depending on age 
and location of abscess, may require 
sedation in the ED or management in 
the operating room. Although incision 
and drainage with packing has been the 
standard approach to abscess manage-
ment for decades, new techniques have 
been described recently. For example, 
studies have questioned the utility 
of packing a simple abscess (< 5 cm) 

in healthy patients. One such study 
compared treatments in a prospective, 
randomized fashion, finding that not 
packing did not increase morbidity but 
did decrease the amount of pain and 
pain medication used by patients.22 
Another recent study described the loop 
technique that utilizes vascular ties to 
hold the abscess cavity open and allow 
for continuous drainage (see Figure 4). 
In 2015, a study compared the two 
techniques and found that failure was 
significantly higher in the traditional 
technique (10.5%) compared to the loop 
technique (1.4%) as defined by patients 
requiring admission, intravenous anti-
biotics, or repeat drainage.23 Although 
these studies were done on very specific 
healthy adult populations, they represent 

Table 1. Antibiotic Treatment Options for Skin and Soft Tissue Infections

Disease Antibiotic Dosage Comments

Impetigo Cephalexin
Clindamycin
Amoxicillin-clavulanate
Mupirocin

25-50 mg/kg/d in 3-4 doses PO
10-25 mg/kg/d in 3 doses PO
25 mg/kg/d in 2 doses PO (amox)
Apply to lesions BID Only for few lesions

Cellulitis 
(MSSA and Strep)

Nafcillin or oxacillin
Cefazolin
Clindamycin
Dicloxacillin
Cephalexin
Doxycycline
Trimethoprim-Sulfa

100-150 mg/kg/d in 4 doses IV
50 mg/kg/d in 3 doses IV
10-25 mg/kg/d in 3 doses PO
35-50 mg/kg/d in 4 doses PO
25-50 mg/kg/d in 4 doses PO
100 mg PO BID (> 8 y)
8-12 mg/kg BID PO (TMP)

Parenteral choice
For PCN allergies 
Bacteriostatic
Oral choice
PCN allergic
Bacteriostatic
Bacteriocidal

Purulent and Cellulitis
(MRSA)

Vancomycin
Linezolid
Clindamycin
Doxycycline
Trimethoprim-Sulfa

40 mg/kg/d in 4 doses IV
10 mg/kg every 12 h IV 
10-25 mg/kg/d in 3 doses PO
100 mg BID PO (> 8 y)
8-12 mg/kg BID PO (TMP)

Parenteral choice
Bacteriostatic, myelosuppression
If resistance < 10-15%
Bacteriostatic
Bacteriocidal

Erysipelas Cephalexin
Clindamycin

25-50 mg/kg/d in 3-4 doses PO
10-25 mg/kg/d in 3 doses PO

Penicillin Allergy Clindamycin
Erythromycin

10-25 mg/kg/d in 3 doses PO
50 mg/kg/d in 2 doses PO

Human Bite Penicillin V
Cephalexin
Amoxicillin-clavulanate

25-50 mg/kg/d in 3 doses PO
25-50 mg/kg/d in 3-4 doses PO
25 mg/kg/d in 2 doses PO (amox)

Eikenella corrodens

Cat and Dog Bite Amoxicillin-clavulanate 25 mg/kg/d in 2 doses PO (amox) Pasteurella multocida

Puncture and Burn Cefepime
Piperacillin-tazobactam

100 mg/kg//d in 2 doses IV
300 mg/kg/d in 3 doses IV (pip)

Pseudomonas aeruginosa

Saltwater Exposure Doxycycline 
Trimethoprim-Sulfa

100 mg PO BID (> 8 y)
8-12 mg/kg BID PO (TMP) (< 8 y)

Vibrio vulnificus

Adapted from:  Pickering LK, Long SS. Red Book, 2012 Report of the Committee on Infectious Diseases. Am Acad Pediatrics; 2012;  
Cherry J, Demmler-Harrison GJ, Kaplan SL et al. Feigin and Cherry's Textbook of Pediatric Infectious Diseases. Saunders; 2013;  
Phoenix G, Das S, Joshi M. Diagnosis and management of cellulitis. BMJ. 2012;345:e4955;  
Stevens DL, Bisno AL, Chambers HF, et al. Practice guidelines for the diagnosis and management of skin and soft tissue infections: 2014 update by the 
Infectious Diseases Society of America. Clin Infect Dis 2014;59:e10-52.
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a potential paradigm shift for abscess 
management in pediatric patients where 
wound management is problematic and 
re-packing may require sedation.23

Several studies have shown that for 
simple abscesses < 5 cm, fluid cultures 
are not required.24,25,26,27 However, 
debate still exists among ED physicians 
as to the utility of culturing abscesses. 
The physician must decide whether the 
culture results will change the manage-
ment. In typical cases involving healthy 
patients, cure rates from incision and 
drainage are high, regardless of which 
bacteria are causing the infection, and 
thus it is not necessary to identify the 
specific cause.24

Similarly, antibiotics should not 
be routinely used in the treatment 
of simple abscesses. In one study, 69 
immunocompetent children with 
MRSA abscesses < 5 cm underwent 
incision and drainage and were empiri-
cally started on antibiotics. The authors 
found no significant difference in 
response to treatment between patients 
in which the MRSA isolated from the 
abscess was susceptible or resistant to 
the antibiotic.25 Therefore, the clini-
cal improvement was solely related to 

adequate drainage and not appropri-
ate antibiotic use. Studies like this one 
have led to an informal consensus that 
antibiotics are not needed for simple 
abscesses < 5 cm in healthy patients.24

However, fluid cultures and antibi-
otics should be used in ill-appearing 
patients, chronically ill or immunosup-
pressed patients, patients with large 
abscesses > 5 cm, and patients with sig-
nificant surrounding cellulitis.1,24 When 
antibiotics are used, they should cover 
CA-MRSA (see Table 1). 

The decision to admit these patients 
should be made based on the severity 
of illness, abnormality of vital signs, 
coexistent medical conditions, and 
the ability to tolerate oral medica-
tions. When parenteral antibiotics are 
needed, vancomycin or clindamycin are 
often utilized to cover MRSA species.5 
However, resistant strains to vancomy-
cin are emerging, and many institutional 
culture data are waning MRSA suscep-
tibility to clindamycin.1 

Necrotizing Soft Tissue 
Infections

Although rare in the general popu-
lation and especially rare in healthy 

children, necrotizing soft tissue infec-
tions are the most feared type of skin 
and soft tissue infection.28 If treatment 
is delayed, these infections carry a very 
high mortality rate. 

Necrotizing soft tissue infections are 
classified into two categories based on 
causative organisms.28 Type 1 infections 
are polymicrobial with anaerobes, gram-
negative rods, and gram-positive cocci. 
Type 2 necrotizing soft tissue infections 
are caused by S. pyogenes alone or in 
combination with S. aureus. Although 
less common than type 1 infections, 
these infections occur in healthy and 
young patients.28 In the past decade, 
several cases of MRSA necrotizing soft 
tissue infections have been reported in 
adults and children.29,30

There are several risk factors associ-
ated with the development of necrotiz-
ing soft tissue infections. Those include 
infection from varicella, recent surgery, 
trauma, chronic illness such as diabetes, 
and immunosuppression.31 However, 
as with many deadly diseases, a large 
portion of patients have no identifi-
able risk factors.28 A population study 
between 2001-2005 in Canada, prior 
to the varicella vaccine, revealed that a 

Figure 3. Hypoechoic Abscess Cavity on Ultrasound

Courtesy of Dr. Romolo Gaspari
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Figure 4. Loop Drainage Technique

Source: Ladde JG, Baker S, Rodgers CN, Papa L. The loop technique: A novel incision and drainage technique in the treatment of skin abscesses in a 
pediatric ED. Am J Emerg Med 2015;33:271-276. (Courtesy Dr. Jay Ladde.)
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majority of cases were complications of 
varicella infection.31 Other studies have 
recognized immunosuppression as the 
biggest risk factor for necrotizing soft 
tissue infections.32

Diagnosis of necrotizing soft tissue 
infections can be very challenging even 
to the seasoned physician. Presenting 
symptoms are often nonspecific, and 
patients initially may not appear 
critically ill. Some patients may even 
present to the ED prior to the devel-
opment of skin changes.35 Because of 
this, patients are often misdiagnosed 
on initial presentation.28,32 The classic 
symptom is pain out of proportion to 
exam.28 According to the Canadian 
population study, the most common 
presenting complaints were pain (97%) 
and rash (73%).28,32 Bullae formation, 
crepitus, and tissue necrosis occur later, 
but spread rapidly as the bacterium dis-
sect through fascial planes.28

Laboratory evaluation may be help-
ful, but is often nonspecific. In 2004, 
the Laboratory Risk Indicator for 

Necrotizing Fasciitis (LRINEC) was 
developed from a retrospective analysis 
of adult patients showing that patients 
with a score > 6 had a positive predic-
tive value of 92% for necrotizing soft 
tissue infections (see Table 2).8,34 Further 
studies have questioned the external 
validity of these results in adults, and 
few studies exist to apply this system 
to pediatric patients, with some show-
ing no correlation between the score 
and necrotizing soft tissue infections 
in children.35 However, a recent case 
report credited the LRINEC score in 
diagnosing a necrotizing soft tissue 
infection in a child with acute lympho-
blastic leukemia who did not have skin 
changes consistent with infection.33 
These conflicting results show that fur-
ther study is required prior to using this 
scoring system primarily in evaluating 
pediatric patients with possible necro-
tizing soft tissue infections. 

Similar to laboratory testing, imaging 
is not incredibly useful in the diagnosis 
of necrotizing soft tissue infections. 

Plain films may show gas in the soft 
tissue in approximately 57% of patients 
with non-S. pyogenes necrotizing soft 
tissue infections, and therefore the lack 
of this finding should not delay diag-
nosis if clinical suspicion is high. MRI 
and CT are more sensitive modalities 
in diagnosing necrotizing soft tissue 
infections, but should not delay surgi-
cal intervention in patients with a high 
clinical suspicion for necrotizing infec-
tion.28 Ultrasound can also be used to 
aid in the diagnosis of necrotizing soft 
tissue infections and requires much less 
time to perform. Ultrasound may reveal 
subcutaneous thickening, air, and fascial 
fluid.36 Ultimately, the diagnosis of nec-
rotizing soft tissue infections is made 
in the operating room by identifying a 
loss of normal resistance in dissecting 
through fascial planes and the presence 
of “dishwasher fluid.”28,37

Treatment for necrotizing soft tis-
sue infections is surgical. A delay to 
surgical intervention should not be 
tolerated in patients in whom clinical 
concern is high. In a study of 334 pedi-
atric patients in 2012, non-survivors 
had a longer period from admission to 
surgical debridement.38 While surgi-
cal debridement is the main priority, 
these patients must also receive broad-
spectrum antibiotics, such as vanco-
mycin, piperacillin/tazobactam, and 
clindamycin, as well as aggressive fluid 
resuscitation.28

Special Populations
Children who are immunosuppressed 

deserve special attention. These patients 
require more cautious observation 
and treatment since they are prone 
to opportunistic infections and more 
severe disease burden. Conservative 
treatments, such as intravenous antibi-
otics and admission, should be strongly 
considered for even the well-appearing 
patients, as bacteremia and rapid clini-
cal deterioration is common. Similarly, 
blood and wound cultures should 
be performed on a majority of these 
patients.1

Children with foreign bodies, such 
as external fixation devices or gastric 
tubes, require special surveillance for 
infection. Postoperative patients may 
also need specific treatments such as 
wound debridement or exploration. 

Table 2. Laboratory Risk Indicator for Necrotizing Fasciitis 
(LRINEC) Score

Points

C-reactive protein (mg/dL)
< 150
> 150

0
4

White blood cell count (109/L)
< 15
15-25
> 25

0
1
2

Hemoglobin level (g/dL)
> 13.5
11-13.5
< 11

0
1
2

Sodium level (mmol/L)
≥ 135
< 134

0
2

Creatinine level (mg/dL)
≤ 1.6
> 1.6

0
2

Glucose level (mg/dL)
≤ 180
> 180

0
1

Risk
Low 
Intermediate
High

Points
≤ 5
6-7
≥ 8

Probability
< 50%
50-75%
> 75%

Adapted from: Rajan S. Skin and soft-tissue infections: Classifying and treating a spectrum. Cleve Clin 
J Med 2012;79:57-66.
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These patients are best managed in 
consultation with the surgical services, 
as decisions to interrogate a wound 
or remove an implant is not the sole 
responsibility of the ED physician.1

Conclusion
ED visits for pediatric skin and 

soft tissue infections are on the rise. 
The physician must be able to recog-
nize and diagnose a wide spectrum of 
diseases, ranging from benign condi-
tions to those that are immediately 
life threatening. The diagnosis is often 
clinical, and treatments must be tai-
lored to the most likely organisms pres-
ent in a given population of patients. 
Ultimately, physicians must always 
consider the most dangerous skin and 
soft tissue infections first, while also 
looking for complications.
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CME Questions

1. In a well-appearing infant with one 
impetiginous lesion on the side of 
the face, which of the following is 
recommended?
a. Mupirocin ointment applied to 

affected areas twice a day
b. Cephalexin 25-50 mg/kg/d 

divided into 3-4 doses
c. Amoxicillin-clavulanate 25 mg/

kg/d divided into two doses of 
the amoxicillin component

d. All of the above are possible 
treatments

2. A 7-year-old female without signif-
icant medical history presents with 
an uncomplicated, non-purulent 
soft tissue infection to her arm. The 
patient appears very well with nor-
mal vital signs. Which bacterium 
should her initial antibiotics be 
directed against?
a. MSSA only
b. MRSA and MSSA 
c. MRSA, MSSA, and streptococ-

cal species
d. Dependent on local virulence 

patterns and incidence of 
MRSA in the population

3. A 15-year-old female with a his-
tory of poorly controlled insulin-
dependent diabetes and obesity 
presents with concerns of a bug 
bite. Her father reports she was 
“stung” 2 days ago and has since 
developed a severe rash to her right 
leg, fever, and vomiting. She is 
febrile to 39° C, tachycardic to 130 
bpm, her blood pressure is 70/30 
mmHG, her respiratory rate is 30, 
and oxygen saturation is 92% on 
RA. She appears lethargic. Her leg 
is erythematous from knee distally 
with several bullae. She appears to 
be in severe pain. What is the next 
step in management?
a. Obtain labs including CBC, 

CMP, CRP, blood cultures, 
lactate, and obtain a CT of the 
lower extremities

b. Administer intravenous antibi-
otics and admit to the inpatient 
service for severe cellulitis and 
sepsis

c. Obtain intravenous or intraos-
seous access, initiate fluid resus-

citation and antibiotics, check 
labs, and immediately consult 
general surgery

d. All of the above 
4. A 6-year-old previously healthy boy 

presents with 2 days of a red, pain-
ful lesion to his left upper thigh. He 
is afebrile and nontoxic appearing. 
On exam, you note a 3 cm fluctu-
ant abscess without surrounding 
erythema that is mildly tender to 
palpation. What is the next best 
step in managing this patient?
a. Obtain a CBC, blood cultures, 

and wound culture to help direct 
antibiotic treatment

b. Perform a bedside incision and 
drainage of the lesion

c. Perform a bedside incision and 
drainage of the lesion and send 
patient home with oral  
antibiotics

d. Discharge patient with oral 
antibiotics and outpatient  
follow-up 

5. A 10-year-old male with history 
of acute lymphoblastic leukemia 
on chemotherapy presents with a 4 
cm rash to the right lower extrem-
ity, pain, and low-grade fevers. He 
appears nontoxic and has normal 
vital signs in the emergency depart-
ment. The lesion appears to be cel-
lulitis without abscess. What is the 
next best step in management?
a. Outpatient management with 

cephalexin
b. CBC, blood cultures, and initia-

tion of intravenous antibiotics
c. Blood cultures, punch biopsy  

of wound, and intravenous  
antibiotics

d. Surgical consultation for  
incision and drainage

6. In a toxic patient with rash in 
which you are concerned for a nec-
rotizing soft tissue infection, which 
antibiotics should be administered?
a. Vancomycin + piperacillin/ 

tazobactam + clindamycin
b. Vancomycin + piperacillin/ 

tazobactam
c. Vancomycin + clindamycin
d. Vancomycin + piperacillin/ 

tazobactam + azithromycin
e. Piperacillin/tazobactam + 

clindamycin
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7. A 16-year-old male presents to the 
emergency department with a rash 
to his right upper extremity. He 
reports that the redness started 2 
days prior after being bitten by his 
family cat. It has spread gradually. 
He is nontoxic with normal vital 
signs. On physical exam, you note a 
6 cm area of erythema concerning 
for cellulitis. Which antimicrobial 
is indicated for treatment of this 
lesion?
a. Trimethoprim/sulfamethoxazole
b. Cephalexin
c. Amoxicillin-clavulanate
d. Mupirocin

8. A 2-year-old male without signifi-
cant medical history presents with 
a 4 cm abscess to his right lower 
extremity. He appears very well 
with normal vital signs. The abscess 
appears uncomplicated. Prior to 
incision and drainage, the child’s 
mother reports that this is his fifth 
visit to different emergency depart-
ments for abscess drainage in the 
last 3 months. Other than routine 
incision and drainage of the abscess, 
which step should also be taken?
a. Gram stain and culture of puru-

lent material
b. Referral to infectious disease 

specialist for possible neutrophil 
disorder

c. Admission to the hospital for 
intravenous antibiotics

d. Discharge with antibiotics
e. Both a and b are correct

9. A 5-year-old female with history 
of ALL and liver failure secondary 
to chemotherapy presents with left 
arm pain and tenderness over her 
biceps muscle. There is no skin ery-
thema. She is nontoxic appearing 
but has a temperature of 38.4° C. 
Her remaining vital signs are within 
normal limits. You are concerned 
about pyomyositis. Which of the 
following is the diagnostic study of 
choice?
a. Plain X-ray
b. Bone scan
c. Magnetic resonance imaging
d. Creatine kinase 

10. A 15-year-old female presents to 
the emergency department 5 days 
after an uncomplicated laparoscopic 
appendectomy with concern for 
redness and swelling to her perium-
bilical incision site. The surgery was 
performed in your hospital. She has 
normal vital signs and appears well. 
On exam, you note that her incision 
site has approximately 5 cm of sur-
rounding erythema but the rest of 
her abdomen is very soft. What is 
the next step in management?
a. Computed tomography for 

localization of intra-abdominal 
abscess

b. Surgery consultation for suture 
removal and incision and  
drainage

c. Oral antibiotics and outpatient 
follow-up

d. Intravenous antibiotics and 
admission
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Exclusive to our subscribers RAPID ACCESS MANAGEMENT GUIDELINES

Diagnosis and Treatment of Skin and Soft Tissue  
Infections in the Pediatric Emergency Department

Antibiotic Treatment Options for Skin and Soft Tissue Infections

Disease Antibiotic Dosage Comments

Impetigo Cephalexin
Clindamycin
Amoxicillin-clavulanate
Mupirocin

25-50 mg/kg/d in 3-4 doses PO
10-25 mg/kg/d in 3 doses PO
25 mg/kg/d in 2 doses PO (amox)
Apply to lesions BID Only for few lesions

Cellulitis 
(MSSA and Strep)

Nafcillin or oxacillin
Cefazolin
Clindamycin
Dicloxacillin
Cephalexin
Doxycycline
Trimethoprim-Sulfa

100-150 mg/kg/d in 4 doses IV
50 mg/kg/d in 3 doses IV
10-25 mg/kg/d in 3 doses PO
35-50 mg/kg/d in 4 doses PO
25-50 mg/kg/d in 4 doses PO
100 mg PO BID (> 8 y)
8-12 mg/kg BID PO (TMP)

Parenteral choice
For PCN allergies 
Bacteriostatic
Oral choice
PCN allergic
Bacteriostatic
Bacteriocidal

Purulent and Cellulitis
(MRSA)

Vancomycin
Linezolid
Clindamycin
Doxycycline
Trimethoprim-Sulfa

40 mg/kg/d in 4 doses IV
10 mg/kg every 12 h IV 
10-25 mg/kg/d in 3 doses PO
100 mg BID PO (> 8 y)
8-12 mg/kg BID PO (TMP)

Parenteral choice
Bacteriostatic, myelosuppression
If resistance < 10-15%
Bacteriostatic
Bacteriocidal

Erysipelas Cephalexin
Clindamycin

25-50 mg/kg/d in 3-4 doses PO
10-25 mg/kg/d in 3 doses PO

Penicillin Allergy Clindamycin
Erythromycin

10-25 mg/kg/d in 3 doses PO
50 mg/kg/d in 2 doses PO

Human Bite Penicillin V
Cephalexin
Amoxicillin-clavulanate

25-50 mg/kg/d in 3 doses PO
25-50 mg/kg/d in 3-4 doses PO
25 mg/kg/d in 2 doses PO (amox)

Eikenella corrodens

Cat and Dog Bite Amoxicillin-clavulanate 25 mg/kg/d in 2 doses PO (amox) Pasteurella multocida

Puncture and Burn Cefepime
Piperacillin-tazobactam

100 mg/kg//d in 2 doses IV
300 mg/kg/d in 3 doses IV (pip)

Pseudomonas aeruginosa

Saltwater Exposure Doxycycline 
Trimethoprim-Sulfa

100 mg PO BID (> 8 y)
8-12 mg/kg BID PO (TMP) (< 8 y)

Vibrio vulni� cus

Adapted from:  Pickering LK, Long SS. Red Book, 2012 Report of the Committee on Infectious Diseases. Am Acad Pediatrics; 2012; 
Cherry J, Demmler-Harrison GJ, Kaplan SL et al. Feigin and Cherry's Textbook of Pediatric Infectious Diseases. Saunders; 2013; 
Phoenix G, Das S, Joshi M. Diagnosis and management of cellulitis. BMJ. 2012;345:e4955; 
Stevens DL, Bisno AL, Chambers HF, et al. Practice guidelines for the diagnosis and management of skin and soft tissue infections: 2014 update by the 
Infectious Diseases Society of America. Clin Infect Dis 2014;59:e10-52.

Laboratory Risk Indicator for Necrotizing Fasciitis 
(LRINEC) Score

Points

C-reactive protein (mg/dL)
< 150
> 150

0
4

White blood cell count (109/L)
< 15
15-25
> 25

0
1
2

Hemoglobin level (g/dL)
> 13.5
11-13.5
< 11

0
1
2

Sodium level (mmol/L)
≥ 135
< 134

0
2

Creatinine level (mg/dL)
≤ 1.6
> 1.6

0
2

Glucose level (mg/dL)
≤ 180
> 180

0
1

Risk
Low 
Intermediate
High

Points
≤ 5
6-7
≥ 8

Probability
< 50%
50-75%
> 75%

Adapted from: Rajan S. Skin and soft-tissue infections: Classifying and treating a spectrum. Cleve Clin 
J Med 2012;79:57-66.



Supplement to Pediatric Emergency Medicine Reports, July 2015: “Diagnosis and Treatment of Skin and Soft Tissue Infections 
in the Pediatric Emergency Department.” Authors: Benjamin Lindquist, MD, Stanford/Kaiser Residency Program; and N. 
Ewen Wang, MD, Associate Professor, Surgery (Emergency Medicine), Associate Director, Pediatric Emergency Medicine, 
Stanford School of Medicine, Stanford, CA

Pediatric Emergency Medicine Reports’ “Rapid Access Guidelines.” Copyright © 2015 AHC Media LLC, Atlanta, GA. Editorial 
Director: Lee Landenberger. Editor-in-Chief: Ann Dietrich, MD, FAAP, FACEP. Executive Editor: Leslie Coplin. Associate 
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to present scientific information and opinion to health care professionals. It does not provide advice regarding medical 
diagnosis or treatment for any individual case. Not intended for use by the layman.

Loop Drainage Technique

Source: Ladde JG, Baker S, Rodgers CN, Papa L. The loop technique: A novel incision and drainage technique in the treatment of skin abscesses in a 
pediatric ED. Am J Emerg Med 2015;33:271-276. (Courtesy Dr. Jay Ladde.)

Layer of Skin Involvement by Infection Type

Source: Amieva-Wang NE, Shandro J, Sohoni A. A Practical Guide to Pediatric Emergency Medicine, 
Caring for Children in the Emergency Department. Cambridge University Press; 2011. (Copyright Chris 
Gralapp)

Epidermis

Dermis

Subcutaneous 
Tissue

Impetigo
Erysipelas Folliculitis

Cellulitis
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