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Epidemiology and Outcome of Necrotizing Fasciitis in Children:
An Active Surveillance Study of the Canadian Paediatric Surveillance Program

IHUOMA ENELI, MD, MS, AND H. DELE DAVIES, MD, MS

bjective To describe the epidemiology, management, and outcome of pediatric necrotizing fasciitis (NF) in Canada before
ull implementation of varicella immunization programs.

tudy design This was a prospective cohort study of all children under age 16 years identified by the Canadian Paediatric
urveillance Program (CPSP).

esults Between November 1, 2001 and October 31, 2003, 36 NF cases were identified (mean age, 5.9 � 5 years). Group
streptococcus (GAS)-related and non–GAS-related NF accounted for 2.12 and 0.81 cases per million children, respectively.

he annual incidence was substantially higher in children under age 5 years (5.9 vs 1.8 per million; P � .0002). Males over
ge 1 year had the highest disease burden, with 12 cases per million, versus 3.2 cases per million for females under age 1 year
P < .0001). Most (15/26; 58%) GAS-related cases were associated with varicella. Complications occurred in 29 children
78%), and 2 children (5.4%) died.

onclusion In the prevaccine era, NF occurred most commonly in Canadian children under age 5 years, with a peak
ncidence in males under age 1 year. There is substantial associated morbidity and about 5% mortality. The data provide
aseline incidence of disease and a surveillance mechanism for NF after the implementation of publicly funded varicella

mmunization programs in Canada. (J Pediatr 2007;151:79-84)

ecrotizing fasciitis (NF) is a serious infection involving the subcutaneous tissue, fascia, and fat, with substantial
morbidity and mortality.1 NF may be classified into 2 types based on the causative organism. The first type includes
those cases due to mixed infection from anerobes, most commonly Bacteroides and Peptostreptococcus species, facultative

naerobes such as non-group A [beta]-hemolytic streptococci, and Escherichia coli, Enterobacter species, Klebsiella, and Proteus
pecies.2 The other type of NF is caused by invasive group A streptococcus (GAS).3 NF occurs at a higher frequency in patients
ith chronic disease, after varicella infection, possibly in association with use of nonste-

oidal anti-inflammatory drugs (NSAIDs), and in patients with a history of recent surgery
r trauma.1,3-9

The last 2 decades have brought an increase in the number of invasive GAS
nfections, including NF.5,10,11 Some studies have focused on an altered virulence of the
acteria to explain the resurgence, identifying an association between M1 and M3 strains
nd invasive disease.7-10

Although there are many case reports and case series of NF,2,4,12-17 there are no
opulation-based studies of incidence involving primarily children. Population-based
pidemiologic data for NF in children are needed to guide and monitor prevention programs,
linical recognition, and management. Using a national population-based, active surveillance
ystem, we describe the epidemiology, management, and outcome of NF in Canada and
ompare epidemiologic features of GAS-related and non–GAS–related NF.

METHODS
Between November 1, 2001 and October 31, 2003, we identified all reported cases

f NF in children age 0 to 16 years from the Canadian Paediatric Surveillance Program
CPSP), an active surveillance collaborative program between the Canadian Paediatric
ociety and Public Health Agency of Canada. The CPSP system has been used to

PSP Canadian Pediatric Surveillance Program
AS Group A streptococcus

NF Necrotizing fasciitis
NSAID Nonsteroidal anti-inflammatory drug
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uccessfully monitor and ascertain rare conditions (see http://
ww.phac-aspc.gc.ca/publicat/ccdr-rmtc/04pdf/30s2_e.pdf). Ap-
roximately 2300 of the estimated 2500 pediatricians and
ediatric subspecialists in Canada participate in this monthly
urveillance system on a voluntary basis. Because of the se-
erity of NF in Canada, management always occurs at a
ertiary health care center, with care coordinated by a pedia-
rician. On identification of a case, an initial “check-off” form
s used, followed by a detailed reporting form. The detailed
eporting form serves to confirm the accuracy of diagnosis of
F before it is considered a case. The information on the

orm includes demographic data, presenting signs and symp-
oms, risk factors, primary site of infection, management,
utcome, and microbiological test results. The average
onthly response rate is 82%, with a �95% completion rate

or detailed case reporting.
The present study was approved by the University of

algary’s Conjoint Medical Ethics Committee.

ase Definition
NF was defined as cases with positive culture from

ither blood or connective or fascial tissue plus histopathology
esults demonstrating necrosis of superficial fascia, polymor-
honuclear infiltrate, and edema of the reticular dermis, sub-
utaneous fat, and superficial fascia, or in the absence of
istology, gross fascial edema and necrosis detected at surgery
r frank cutaneous necrosis seen on physical examination.1

icrobiology
A case was defined as GAS-related when group A

treptococcus was isolated or as non–GAS-related when the
solates included other organisms, such as anaerobes, one or

ore facultative anaerobes such as streptococci (non–GAS),
nd/or Enterobacteriaceae.

ther Definitions
A risk factor was considered present if the case had any

f the following conditions: contact with persons with con-
rmed GAS pharyngitis or invasive GAS disease, streptococ-
al pharyngitis, recent surgery, history of trauma, chronic
llness, varicella within the past month, in out-of-home child-
are attendance, hospitalization before onset of illness, or use
f a NSAID within a week of hospitalization.5 When onset of
F occurred more than 48 hours after a hospital admission,

he case was classified as nosocomial. A history of underlying
hronic illness was ascertained. A case was classified as having
complication if any of the following developed: adult respi-

atory distress syndrome, amputation, need for multiple sur-
ical procedures, need for skin graft, or death.5 Coagulopathy
as defined as a platelet level at or below normal for age or the
resence of disseminated intravascular coagulation. The cri-
eria for hepatic and renal impairment were a 2-fold or greater
levation in serum alanine aminotransferase, aspartate ami-

otransferase, or total bilirubin and creatinine level. r

0 Eneli and Davies
tatistical Methods
The incidence of NF was determined using age-ad-

usted census figures for the Canadian population during the
urveillance period as obtained from Statistics Canada (http://
ww.12.statcan.ca/english/census01/home/index.cfm). To

ompare incidence among groups, a normal approximation
or the comparison of Poisson counts was used.18 Statistical
ignificances for bivariate categorical data (eg, differences be-
ween patient demographics, risk factors, and presenting signs
nd symptoms) were assessed using the �2 test or Fisher’s exact
est. Group means were compared using the Student t test or

ilcoxon’s rank-sum test. Differences between groups were
onsidered statistically significant at P � .05.

RESULTS
Between November 1, 2001 and October 31, 2003, 36

ases of NF were identified in children under age 16 years; 10
f these cases met the case definition for non–GAS-related
F, and 26 cases did so for GAS-related NF. Cases were

eported from 7 of the 13 Canadian provinces and territories
British Columbia, Alberta, Saskatchewan, Manitoba, On-
ario, Quebec, and the Northwest Territories), which account
or 92% of the population of Canada. The remaining prov-
nces did not report any cases. The mean age of cases was
.9 � 5 years, with males constituting 49% of cases. The total
nnual incidence was 2.93 cases per million population under
ge 16 years (0.81 per million for non–GAS-related vs 2.12
er million for GAS-related; P � .01). The incidence was
reatest during the first 5 years of life, with an overall annual
ncidence of 5.9 per million in this age group versus 1.8 per

illion in children age 5 years and older (P � .0002) (Figure 1).
ales under age 1 year had the highest overall rates of disease

12 cases per million, vs 3.2 per million for females under age
year; P � .0001) (Figure II; available at www.jpeds.com).

isk Factors
Twenty-nine children (81%) had at least 1 identified

igure 1. Incidence rates per million population by type of NF, 2001 to
003. Non-GAS Related, GAS Related, Overall
ates.
isk factor for NF. Seventeen cases (46%) cases occurred
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ithin 1 month of a varicella infection. Seven cases (19%) had
t least 1 underlying chronic condition, including Down syn-
rome; congenital neutropenia; Klippel-Trenaunay-Weber
yndrome, with lower leg hemangioma, bronchopulmonary
ysplasia, and recurrent bronchitis; cerebral palsy, with hy-
rocephalus and ventriculoperitoneal shunting; and schizo-
hrenia, with mild developmental delay. Compared with
AS-related cases, there was a trend of non–GAS-related
F cases being nosocomial (2/10 [20%] vs 0/24 [0%]; P �

08), being associated with recent surgery (3/10 [30%] vs
/26 [4.0%]; P � .05); and having a recent history of
rauma (3/10 [30%] vs 2/23 [8.0%]; P � .12). A docu-
ented history of varicella in the preceding month was
ore common in GAS-related cases (15/25 [60%] vs 2/10

20%]; P � .05), as was a trend for contact with a person
ith pharyngitis (9/25 [36%] vs 0/10 [0%]; P � .07).
AS-related cases were more likely to report the use of a
SAID within a week before the onset of disease (10/17

58.8%] vs 0/6 [0%]; P � .01).
Among the 5 patients under 1 year old, only 1 had a

istory of a chronic condition, although 4 (80%) had a pre-
isposing risk factor (Table I). The only infant death occurred
n a 3-week-old male who had an abdominal infection orig-
nating the umbilical stump.

linical Presentation
The median time from onset of illness to coming to

edical attention (excluding the 2 nosocomial cases) was
day. The most common presenting symptoms were local-

zed pain (34/35; 97.1%), chills (12/34; 35.3%), and vomiting
9/33; 27.2%). Sore throat and respiratory symptoms (eg,
ough, shortness of breath, sore throat) were more common in
AS-related NF (Table II).

Rash was the predominant finding on physical exami-
ation. Of the 26 cases that presented with a rash, generalized
ash was seen only in GAS-related cases (P � .05). Desqua-
ation during the hospital stay occurred in only 1 case

2.8%), a GAS-related NF case. Toxin-mediated physical
xamination findings (eg, generalized rash, conjunctivitis,
trawberry tongue) occurred more frequently in GAS-related
F (14/26 vs 0/10; P � .006).

The median temperature at presentation was 38.6oC
range, 36.1 to 40.3oC). Seven of the 36 patients (19%) were
ypotensive, requiring treatment with pressor agents. The
ajority (5/7; 71.4%) of the hypotensive patients were over 5

ears old. Hypotension was more frequent in non–GAS-
elated cases (4/10; 40%) than in GAS-related cases (3/26;
1.5%), but the difference was not statistically significant
P � .07). Sixteen cases (44%) involved the lower extremities
r groin area; 7 (19%) involved the upper extremities; 8 (22%)
nvolved the head, neck, and chest; and 3 (8%) involved the
bdomen. One infant had lesions in multiple sites. Non–
AS-related NF occurred more commonly on the lower

xtremities, groin, and abdomen (Figure 3); only 1 child had

lesion on the head and neck area.

pidemiology and Outcome of Necrotizing Fasciitis in Children: An Active Surveillan
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icrobiology
All of the patients had a positive blood, tissue, or

spirate culture. The highest yields were from tissue cul-
ures—50% for non–GAS-related cases and 85% for GAS-
elated cases (Table III; available at www.jpeds.com). How-
ver, there was a significantly greater likelihood of isolation of
he organism from skin or tissue culture in GAS-related cases
Table III). Isolated organisms in non–GAS-related cases
ncluded group B streptococcus, Staphylococcus epidermis,
. aureus, E. coli, Bacteriodes fragilis, K. pneumoniae, and Clos-
ridium septicum.

anagement and Outcome
Penicillin and clindamycin were the most commonly

dministered antibiotics. All 10 non–GAS-related patients

able II. Clinical presentation of non–GAS-related
nd GAS-related NF

Non–GAS-
related NF

GAS-
related NF

Characteristic n % n %

ymptoms
Abdominal pain 3/10 30 2/25 8.0
Chills 4/9 44 8/25 32
Confusion 1/10 10 1/25 4.0
Cough 0/9 0 4/25 16
Diarrhea 0/10 0 3/25 12
Diffuse myalgia 0/10 0 2/25 8.0
Headache 1/10 10 2/25 8.0
Local pain 10/10 100 24/25 96
Shortness of breath 1/9 11 0/24 0
Sore throat 0/9 0 6/25 24
Syncope 1/10 10 1/24 4.2
Vomiting 1/9 11 8/25 33

hysical examination and
laboratory findings

Rash 6/10 60 21/26 73.0
Generalized* 0/6 0 13/20 65.0
Local* 6/6 100 7/20 35

Desquamation 0/10 0 1/25 4.0
Mucous membrane hyperemia 1/10 10 6/24 25
Conjunct 0/4 0 4/12 33
Strawberry tongue 0/4 0 2/13 15
Pharyngeal exudates 0/4 0 4/14 28
Elevated liver enzymes 1/10 10 2/26 7.7
Renal impairment 2/10 20 2/26 7.7
Coagulopathy 5/10 50 5/26 19

omplications 7/10 70 21/26 81
Adult respiratory distress

syndrome
1/10 10 2/26 7.7

Amputation† 1/10 10 0/26 0
Fatal outcome 2/10 20 0/26 0
Skin graft 4/10 30 6/26 23.1
Multiple surgical procedures 7/10 70 21/26 81

P � .05.
Amputation of left ear in a 4.5-month-old male.
eceived penicillin or another beta-lactam antibiotic (with 2 c

2 Eneli and Davies
atients receiving a first-generation cephalosporin and 4 re-
eiving a third-generation cephalosporin); 8 also received
lindamycin. Other antibiotics used for non–GAS-related
ases included vancomycin, aminoglycosides, and metronida-
ole. All GAS-related patients received clindamycin in com-
ination with either penicillin (22/25 cases; 1 case undocu-
ented) or another beta-lactam antibiotic (3/26 cases).
ineteen patients (14/26 [54%] GAS-related and 5/10 [50%]

on–GAS-related) received unspecified blood products.
NF-related complications were observed in 28 cases

78.0%). The frequency of complications was similar in both
ypes of NF (Table II) except for fatal outcome, which oc-
urred only in non–GAS-related cases. All of the patients
nderwent a surgical procedure; 78% (28/36) had a second
urgery, and 50% (18/36) had a third surgery. Skin graft rates
ere similar in GAS-related and non–GAS-related cases.

The median length of hospital stay was 12 days (range,
to 81 days). The length of stay was longer for non–GAS-

elated cases (median, 33 days; range, 12 to 81 days) com-
ared with GAS-related cases (median, 12 days; range, 5 to
6 days; P � .004. The proportion of cases admitted to the
ntensive care unit was similar in both types of NF (60% vs
2%; P � 1.0). Non–GAS-related cases had a greater ten-
ency to receive pressor agents (4/10 vs 3/26; P � .17) and to
equire mechanical ventilation (5/10 vs 7/26; P � .24). Two
eaths (both non–GAS cases) occurred during the surveil-

ance period, for an overall case fatality rate of 5.4%. One
eath was the youngest patient, and the other was a 5-year-
ld boy with congenital neutropenia who presented with a
apidly spreading violaceous lesion on the right buttock. K.
neumoniae and C. septicum were isolated from a biopsy spec-
men of the lesion.

DISCUSSION
In this population-based active surveillance study, we

ound an annual incidence of NF in children of 2.93 cases per
illion population per year, with 0.81 per million for non–
AS-related cases and 2.12 per million for GAS-related

ases. Although there are no comparable baseline rates for
on–GAS-related NF, our GAS-related NF rate is somewhat
igher than the annual total population incidence rate of 1.3

igure 3. Location of lesions in the non–GAS-related and GAS-related
F cases. � Non-GAS Related, □ GAS Related.
ases per million in the population of Ontario between 1992
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nd 1996,7 but similar to the 2.5 cases per million reported in
study of invasive GAS in Alberta between 2000 and 2002.8

or both of these studies, the focus was not on NF (each had
ewer than 10 pediatric NF cases), but on invasive GAS
nfections. As reported previously for other invasive GAS
iseases, males and younger children had the highest inci-
ence.7,10 Although morbidity, defined as the presence of
omplications, was similar for both non–GAS-related and
AS-related cases, GAS-related NF was associated with a

ower case fatality rate (0% vs 20%; P � .07).
NF typically occurs in the presence of disruptions to

he skin, respiratory tract, or perineal region or genital
ract.2,4,13,19 Our study confirmed that in children, more than
0% of non–GAS-related NF occurs in individuals with an
nderlying medical condition, such as diabetes mellitus,
rauma, or recent surgery. In contrast, few children with
AS-related NF (11%) have an underlying medical condition

except for recent varicella). The prevalence of an underlying
ondition in GAS-related NF is similar to the estimate of
6% previously noted for pediatric invasive GAS infections in
eneral.7

Non–GAS-related NF occurs most frequently in in-
ants under age 1 year.2,4,13,14 All of the infants in our study
ad either an existing risk factor (eg, prematurity) or an
nderlying chronic condition that likely increased their sus-
eptibility to the infection. In the under-1-year group, non–
AS-related NF involving the abdomen occurs most com-
only in association with omphalitis.2,4,13,14

The majority of GAS-related cases (�60%) had a pre-
eding varicella infection, a finding consistent with other
tudies showing an association with invasive GAS dis-
ase.5,7,17,20-26 This information will be useful for monitoring
he impact of Canadian varicella vaccine programs on NF.
atel et al27 found that the incidence of varicella-associated

nvasive GAS hospitalizations in Chicago decreased from
7% in the prevaricella vaccine era (1993 to 1995) to as low as
% during a period of widespread vaccine use between 1999
nd 2001. Varicella infection is postulated to lead to a break-
own in the protective barrier in the skin, oral mucosa, or
espiratory tract, thereby increasing the susceptibility to in-
ection from GAS.7 Furthermore, a predominance of TH1-
ype response in association with a varicella infection may lead
o a relative decrease in humoral immune response and pre-
ispose to bacterial infections.7

Although varicella vaccine was licensed in Canada in
998, at the onset of our study in January 2003, only 3 of 10
rovinces (Alberta, Nova Scotia, and Prince Edward Island,)
nd 2 of the 3 territories (Northwest Territories and Nunavut)
ad fully implemented a publicly funded immunization pro-
ram.28 Since 2004, most Canadian provinces and territories
ave initiated programs for catch-up immunization of high-
isk patients and universal varicella vaccination at age 12
onths. Our study will enable further evaluation of the im-

act of these new vaccination programs.
In this study, at least 50% the patients with GAS-
ssociated NF had taken a NSAID within 1 week before a

pidemiology and Outcome of Necrotizing Fasciitis in Children: An Active S
resentation. NSAIDS impair granulocyte functions, includ-
ng chemotaxis, phagocytosis, and bactericidal activity.29

ome investigators have hypothesized that NSAIDS increase
he risk of GAS-related NF, especially in children with vari-
ella.17,22,29-31 Although 1 case-control study22 found an as-
ociation between ibuprofen use and GAS-related NF, 5
ubsequent cohort studies have not confirmed such an asso-
iation.1,7,21,32,33 However, only 1 of these studies32 was spe-
ifically designed to test the hypothesis that NSAIDs increase
he risk of severe invasive GAS disease and NF; the associa-
ion with NSAIDs in that study was thought to be due to
onfounding by indication. It is unclear whether NSAIDs
ontribute to GAS-related NF or lead to a spurious associa-
ion due to their use for pain and fever control in the early
hases of the illness. Nonetheless, clinicians managing pa-
ients at risk for or with suspected NF or invasive GAS
isease should prescribe NSAIDs cautiously, especially in
hildren with varicella.

In the present study, all patients were treated with
enicillin or a beta-lactam antibiotic, and 83% were treated
ith clindamycin. GAS remains universally sensitive to pen-

cillin. However, concerns about the clinical failure rates with
enicillin despite microbiologic sensitivity in other GAS in-
ections, findings of improved outcomes in animal models,
nd clinical studies have led to the frequent addition of
lindamycin to antibiotic regimens.19,34-37 We did not ascer-
ain whether intravenous immunoglobulin (IGIV) was used
n our study population. The use of IGIV as an adjunct to
reatment for NF merits a comment.34,36-39 Results of it use
ave been mixed. The only multicenter controlled trial of
GIV as an adjunctive therapy for streptococcal toxic shock
yndrome was terminated after about 20% of the planned
nrollment had occurred, due to slow enrollment.39 Yet in
nother study, 7 adult patients with NF in Ontario were
reated with high-dose IGIV in conjunction with antibiotics
nd needed only minimally invasive procedures or no sur-
ery.38 In 1 patient who underwent serial biopsies, investiga-
ors detected a quantitative decline in GAS, superantigen, and
ytokine levels 66 hours after a high dose of IGIV.38

A potential limitation of our study is the reliance on
eporting from physicians in the CPSP, which may lead to an
nderestimation of the real incidence. However, the provision
f active monthly surveillance reminders to all participating
hysicians reduces the likelihood of missed cases and helps
racks participation rates. The participation rate in this CPSP
tudy was �80%, and the 7 provinces from which cases were
eported represent 92% of the total population of Canada.
sing a 2-tiered data collection system improved the com-
leteness of data collection. In addition, the incidence rates
hat we found were similar to rates reported in studies using
ther methodologies.

Previous reports on NF in the pediatric population have
een case reports or series or have focused on NF as a
omponent of invasive GAS disease,1,5-7,12,27 with only lim-
ted characterization of the risk factors, clinical presentation,

nd outcomes of NF. One strength of surveillance tools such
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s the CPSP is that they promote better understanding of the
pidemiology of rare diseases such as NF. Our findings serve
s baseline population data for rates, clinical presentation,
nd outcomes as varicella immunization uptake expands in
anada.

e thank all of the pediatricians in canada who diligently report
ases to the canadian paediatric surveillance network.
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igure 2. NF incidence rate per million population by sex. � Male,
Female.
*

pidemiology and Outcome of Necrotizing Fasciitis in Children: An Active S
able III. Source of pathogens in NF classified
y type

Non–GAS-
related GAS-related

Site n % n %

terile site
Blood culture 1/10 10 5/26 19
Tissue biopsy* 4/8 50 21/25 84
Aspirate culture 2/8 25 11/24 46
onsterile site
Throat culture 0/8 0 8/23 35
Skin culture* 1/8 12 5/21 24
Wound culture 4/8 50 8/21 38
P � .05.

urveillance Study of the Canadian Paediatric Surveillance Program 84.e1


	Epidemiology and Outcome of Necrotizing Fasciitis in Children: An Active Surveillance Study of the Canadian Paediatric Surveillance Program
	METHODS
	Case Definition
	Microbiology
	Other Definitions
	Statistical Methods

	RESULTS
	Risk Factors
	Clinical Presentation
	Microbiology
	Management and Outcome

	DISCUSSION
	ACKNOWLEDGMENT
	REFERENCES


