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abstract
Introduction. Invasive Streptococcus pyogenes 
infections (ISpIs) cause a high morbidity and 
mortality, even at present; however, at a regional 
level there are few publications on this subject 
in the field of pediatrics.
Objective.  To describe the prevalence, 
predisposing factors and clinical characteristics 
of children hospitalized for ISpI, and analyze risk 
factors associated with bacteremia and lethality.
Material and methods. Retrospective, 
descriptive study on ISpIs in children ≤18 years 
old hospitalized in the pediatric ward of 
20 healthcare facilities across Argentina between 
2010 and 2012. Assessed outcome measures: age, 
gender, early and late clinical sources of infection, 
prior chronic condition, predisposing factors, 
treatment and evolution.
Results. One hundred and forty-three patients 
were analyzed. The incidence of ISpI was 
4.97 cases/10 000 hospital discharges. Patients’ 
median age was 54  months old, and 11.2% 
had a prior chronic condition. Also, 67.1% 
had predisposing factors. The most common 
clinical manifestations were in the skin and soft 
tissue in 77 patients, sepsis in 30, bone and joint 

involvement in 19, necrotizing fasciitis in 13, 
and toxic shock syndrome in 11. Streptococcus 
pyogenes was isolated in the blood cultures 
of 56.6%. More than one clinical source of 
infection and no surgery were associated with 
bacteremia (odds ratio [OR]: 4.8, p= 0.003 and 
OR: 3.1, p=  0.0012, respectively). The average 
length of stay in the hospital was 13.4  days. 
Fatality rate was 7.6% in association with toxic 
shock syndrome (OR: 10, p= 0.005), necrotizing 
fasciitis (OR: 104, p < 0.0001) and admission to the 
Pediatric Intensive Care Unit (OR: 26, p < 0.001).
Conclusions. Most ISpIs were observed in 
patients without a prior chronic condition. The 
most common manifestation was, frequently 
with bacteremia, in the skin and soft tissue. 
A statistically significant association was 
observed between bacteremia and ≥2 early 
sources of infection and no surgery. Fatality 
rate, in association with streptococcal toxic shock 
syndrome and necrotizing fasciitis, was similar to 
that observed in other publications. 
Key words: Streptococcus pyogenes, necrotizing 
fasciitis, toxic shock syndrome.
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a.	 Hospital de Niños Pedro de Elizalde, Autonomous City of Buenos Aires. 
b.	 Hospital Pediátrico Dr. Notti, Villa Nueva de Guaymallén, Mendoza.
c.	 Hospital del Niño Jesús, San Miguel de Tucumán, Tucumán.
d.	 Hospital de Niños Pedro de Elizalde, Autonomous City of Buenos Aires, Argentina.
e.	 Hospital de Niños Dr. Orlando Alassia, Santa Fe, Santa Fe.
f.	 Hospital de Niños de la Santísima Trinidad, Córdoba.
g.	 Hospital de Niños Víctor J. Vilela, Rosario.
h.	 Hospital A. Posadas, El Palomar, Buenos Aires.
i.	 Hospital Materno Infantil de San Isidro, San Isidro.
j.	 Hospital Infantil Municipal, Córdoba.
k.	 Hospital Regional Ushuaia, Ushuaia, and Hospital Regional de Río Grande, Río Grande.
l.	 Hospital Pediátrico del Niño Jesús, Córdoba.
ll.	 Sanatorio Mater Dei, Autonomous City of Buenos Aires.
m.	Hospital Pediátrico Dr. Avelino Castelán, Resistencia.
n.	 Hospital Misericordia Nuevo Siglo, Güemes Capital neighborhood, Córdoba.
ñ.	 Hospital Interzonal Penna, Bahía Blanca, Buenos Aires.
o.	 Sanatorio de Niños, Rosario, Santa Fe, and Hospital Italiano, Rosario, Santa Fe.
p.	 CEMIC, Autonomous City of Buenos Aires
q.	 Fundación Hospitalaria, Autonomous City of Buenos Aires
r.	 CEMIC and Sanatorio Mater Dei, Autonomous City of Buenos Aires.
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INTRODUCTION
Beta-hemolytic Streptococcus or Streptococcus 

pyogenes has been recognized as an important 
bacterial agent since the beginnings of modern 
microbiology and is one of the top ten leading 
causes of mortality due to infections.1

A wide range of clinical manifestations are 
the result of Streptococcus pyogenes, including 
pharyngitis, impetigo, scarlet fever and severe 
invasive infections.2 Invasive Streptococcus 
pyogenes infections (ISpIs) are defined as those 
whose pathogen is isolated in normally sterile 
sites (blood, cerebrospinal fluid, joint fluid, etc.), 
that cause bacteremia, osteomyelitis, cellulitis, 
meningitis, necrotizing fasciitis and streptococcal 
toxic shock syndrome (STSS), and have a high 
morbidity and mortality.3

Over the past three decades, the occurrence 
of ISpIs has increased worldwide.3-8 ISpI’s 
epidemiological features are complex. A greater 
aggressiveness has been associated with the 
emergence of more virulent strains related to M1 and 
M3 serotypes, capable of altering phagocyte function, 
and with the production of pyrogenic exotoxins, 
especially SpeA, which may act as superantigens.6,9,10 
In adults, overall fatality rate caused by invasive 
infections has been observed to range from 10% to 
80%, in spite of an adequate management.3,11 STSS 
accounts for more than 50% of fatality rate, while 
necrotizing fasciitis, for 10-20%. Studies conducted in 
the pediatric population have evidenced that severe 
invasive infections are less common and less lethal, 
accounting for 5-10% of deaths.12

In our setting, there are very few publications 
available in which the clinical characteristics and 
the course of this type of pediatric infections are 
analyzed.13,14

The objective of this study is to describe the 
prevalence and clinical characteristics of ISpI in 
hospitalized children, identify its clinical signs 
and symptoms and risk factors, and analyze 
outcome measures associated with blood culture 
results and fatality rate.

MATERIAL AND METHODS 
Design

Cross-sectional, descriptive, observational 
study conducted between January 1st, 2010 and 
December 31st, 2012. All patients with ISpI and 
hospitalized in 20 healthcare facilities located 
across Argentina were included. Participating 
facilities were those that accepted the invitation 
made by the National Committee on Infectious 
Diseases of the Argentine Society of Pediatrics.

Eligibility criteria
Patients were initially screened by reviewing 

the records of the Department of Microbiology of 
participating facilities: isolation of Streptococcus 
pyogenes in blood samples or puncture fluid tests 
(cerebrospinal, pleural, abscess or osteoarticular 
fluids). Medical records of identified patients 
were then reviewed to assess outcome measures: 
age, site of infection, early and late clinical sources 
of infection (>72 h), prior chronic condition, 
predisposing factors, lab test alterations and 
evolution.

Inclusion criteria
•	 Patients younger than 18 years old hospitalized 

in the Pediatric Ward (patients hospitalized 
in the Department of Neonatology were 
excluded).

•	 Hospitalized in any of the participating 
facilities, and with documented invasive 
Streptococcus pyogenes infection.

•	 Living in Argentina.

Definitions
Invasive Streptococcus pyogenes infection 

w a s  c o n s i d e r e d  b a s e d  o n  t h e  c r i t e r i a 
established by the Working Group on Severe 
Streptococcal Infections, and defined as the 
isolation of Streptococcus pyogenes in the blood 
culture of a normally sterile site (cerebrospinal, 
synovial, peritoneal or pleural fluid) or a tissue 
biopsy.3

Infections were considered nosocomial if 
acquired more than 72 hours after the patient 
hospitalization.

Sample size
Assuming an invasive infection incidence 

of  4/10 000 hospital izations,  with a 2 in 
10 000 precision, it was proposed a sample 
including at least 38 401 medical records 
(denominator) to assess cases with a 95% 
confidence level.

Assessment record
A separate record was specially designed 

to collect data. Assessed outcome measures 
included prior chronic condition, predisposing 
factors, clinical manifestation, microbiological 
characterist ics ,  treatment and evolution 
(Annex).

Microbiological samples were processed and 
microorganisms were identified and typified using 
standard microbiological procedures.15
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Necrotizing fasci i t is  was defined as a 
rapidly destructive and progressive infection of 
subcutaneous tissue involving the muscle fascia.16

STSS was considered based on publications.17

Treatment
The following options were considered, either 

in combination or monotherapy.
•	 Initial empiric antibiotic treatment with 

subsequent antibiotic cycling. Treatment was 
considered adequate if the empiric antibiotic 
had coverage against Streptococcus pyogenes, 
and if it was associated with clindamycin 
during antibiotic cycling.

•	 Surgery, drainage and/or debridement 
requirement.

•	 Use of intravenous gamma globulin at a 
recommended dose of 2 g/kg at the time of 
diagnosis of STSS or necrotizing fasciitis.1

•	 Requirement for admission to the Pediatric 
Intensive Care Unit (PICU). 

Course
Discharge was recorded according to one of 

the following criteria:
•	 Discharge without sequelae, discharge with 

sequelae, or deceased.

Statistical analysis
The incidence of ISpI was estimated based on 

each hospital’s data.
Antibiotic susceptibility was summarized as 

an absolute value and a relative value of the total 
studied samples.

The STATA 11 software was used for data 
analysis. Studied cases were described using, for 
continuous outcome measures, mean, standard 
deviation, median and minimum-maximum and, 
for categorical outcome measures, rate and odds 
ratio (OR) with the corresponding 95% confidence 
interval. Comparisons were made based on blood 
culture result (positive-negative) and death (yes-
no) using the χ² test or Fisher’s test. Results 
were considered statistically significant if their 
significance level was 0.05 or lower (p ≤ 0.05).

RESULTS
Data from 143 patients were analyzed. Ninety-

two patients were male (64.3%). Patients’ median 
age was 54 months old (range: 1-168 months old); 
23.8% were younger than 24 months old. Sixty-four 
percent of cases occurred in the spring or summer.

The overall incidence in the study period 
was 4.97 cases/10 000 hospital discharges 
(143/287 760), with a discharge rate of 3.69 

Table 1. Rate of invasive Streptococcus pyogenes infections

N	 Healthcare facility	C ases	 Year 2010	 Year 2011	 Year 2012	T otal number	R ate per 10 000 
						      of discharges	 hospital discharges

1	 Hospital Notti, Mendoza	 28	 15 939	 16 616	 16 470	 49 025	 5.7
2	 Hospital del Niño Jesús, Tucumán	 23	 9162	 9695	 10 327	 29 184	 7.8
3	 Hospital Pedro de Elizalde, Aut. City of Bs. As.	 22	 8386	 7912	 8805	 25 103	 8.7
4	 Hospital Alassia, Santa Fe	 18	 13 278	 13 087	 12 282 	 38 647	 4.6
5	 Hospital de Niños de la Santísima Trinidad	 10	 10 480	 10 912	 10 592	 31 984	 3.1
6	 Hospital Vilela, Rosario, Santa Fe	 8	 7555	 7816	 7779	 23 150	 3.4
7	 Hospital A. Posadas, Ramos Mejía, Bs. As.	 8	 3695	 3410	 3549	 10 654	 7.5
8	 Hospital Materno Infantil de San Isidro	 6	 1851	 1856	 1826	 5533	 10.8
9	 Hospital Municipal Córdoba	 4	 2332	 3057	 2448	 7837	 5.1
10	Hospital Regional de Ushuaia T. del Fuego	 3	 624	 712	 567	 1903	 15.7
11	 Hospital Pediátrico Niño Jesús, Córdoba	 3	 2312	 2410	 2046	 6768	 4.43
12	Sanatorio Mater Dei, Aut. City of  Bs. As.	 2	 2650	 2574	 2589	 7813	 2.5
13	CEMIC, Aut. City of Buenos Aires	 2	 1058	 1169	 1093	 3320	 6.0
14	Hospital A. Castelán, Resistencia, Chaco	 2	 3205	 4321	 2736	 10 262	 1.9
15	Sanatorio de Niños, Rosario, Santa Fe	 1	 4696	 4849	 4742	 14 287	 0.7
16	 Hospital Italiano (Pediatric Department), Rosario, S. Fe	 0	 659	 494	 489	 1642	 0
17	Hospital Misericordia, Córdoba	 1	 784	 866	 553	 2203	 4.5
18	Hospital Interzonal Penna, Bahía Blanca	 1	 1436 	 1408 	 1345 	 4189 	 2.3 
19	Hospital de Río Grande, T. del Fuego	 1	 684	 713	 675	 2072	 4.8
20	Fundación Hospitalaria, Aut. City of Bs. As.	 0	 3903	 3604	 4677	 12 184	 0

 	 Total	 143	 94 689	 97 481	 83 308	 287 760	 4.97
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(35 cases), 6.15 (60 cases) and 5.76 (48 cases) per 
10 000 hospital discharges between 2010 and 
2012, with variations among the different facilities 
(Table 1). Most patients (130) had acquired the 
infection outside the hospital setting, while 
13 (9%) had a nosocomial infection.

No prior chronic condition was observed in 
88.8% of children (127/143). Among the 11.2% 
(16/143) of patients who had a prior chronic 
condition, recurrent wheezing and/or bronchial 
asthma was observed in 8, heart disease in 5, 
diabetes in 2, and epilepsy, dysautonomia, 
obesity, malnutrition, rheumatic disease and 
hematological disease each in 1 patient. Some 
patients had more than one condition.

Predisposing factors were present in 67.1% of 
patients (93/143): chickenpox in 31, prior trauma 
in 31, impetigo in 24, surgery in 10, eczema in 6, 
burn wound in 3. Other skin lesions not included 
in the above categories were more common 
(abrasions, lacerations, puncture wounds, etc.), 
which were observed in 38 patients. Some 
patients had more than one predisposing factor. 
No predisposing factor was detected in 32.9% 
(47/143) of patients.

Figure 1 shows the early and late clinical 
manifestations. Some patients had more than 
one clinical source of infection. Two or more 
early sources of infection were observed in 26.6% 
(38/143) of patients. Children with more than 
one early source of infection were more likely to 
have a positive blood culture, compared to those 

who had a single early source of infection (OR: 
4.8, p = 0.0003).

Leukocytosis above 15 000/mm3 was seen in 
73.2% of patients, while 21.6% had more than 
20 000/mm3. Erythrocyte sedimentation rate 
>30 mm in the first hour was detected in 68.0% 
(66/97) of studied patients. Abnormalities in liver 
function tests were observed in 25.5% (13/51). 
Lactate dehydrogenase was high in 86.7% (13/15) 
of studied patients, creatine phosphokinase was 
high in 77.8% (7/9), and creatinine, in 30.3% 
(17/56) of those who had this test requested.

Streptococcus pyogenes was isolated from blood 
cultures in 81 patients (56.6%); the pathogen was 
isolated from the skin and soft tissue in 45, from 
joint fluid in 10, from cerebrospinal fluid in 7, and 
from pleural fluid in 6. The agent was isolated 
from more than one site in some patients.

An adequate initial  empiric antibiotic 
treatment was administered to 142 patients 
(only 1 received azithromycin empirically). The 
antibiotic schedule was changed once culture 
results were available from 88 patients; in these 
cases, the most common schedule included beta-
lactam antibiotics and clindamycin.

S u r g i c a l  d r a i n a g e  w a s  p e r f o r m e d  i n 
63 patients (44.0%). Children who had no surgery 
were more likely to have a positive blood culture 
compared to those who had undergone surgery 
(OR: 3.1, p= 0.0012) (Table 2). Intravenous gamma 
globulin was administered to 9 patients (6.3%). 
Four patients had sequelae (2.8%).

Figure 1. Early or late clinical manifestations (N: 143 patients)

STSS: streptococcal toxic shock syndrome.
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The average hospital length of stay was 
13.4 days (range: 1-80 days). Admission to the 
ICU was required in 20.3% (29/143). As per the 
univariate analysis, children admitted to the 
PICU had a much higher chance of dying than 
those who were not admitted to the PICU (OR: 
26, p < 0.0001) (Table 3).

T h e  o v e r a l l  f a t a l i t y  r a t e  w a s  7 . 6 9 % 
(11 patients). Among children with STSS, death 
was more probable (4/11) compared to those 
who did not have STSS (OR: 10, p= 0.005). Among 
children with necrotizing fasciitis death was much 

more probable (5/11) compared to those who did 
not have it (OR: 104, p < 0.0001).

DISCUSSION
Over the past decades, several studies have 

indicated that ISpI cases have increased, both in 
adults and children.2-5,10,18 In our setting, our series 
accounts for the largest number of cases reported 
in children, whose median age was 54.0 months 
old, similar to the median age reported by Davies 
et al. of 48 months old,12 and to that reported by 
Zachariadou et al. of 5.4 years old, but younger 

Table 3. Outcome measures associated with lethality. Univariate analysis.

Signs, symptoms and risk factors		  Death	 p
		  Negative	 Positive	
Age	 Younger than 24 months old	 100 (92.6%)	 8 (7.4%)	 p= 0.7247 
	 24 months or older	 31 (91.2%)	 3 (8.8%)	
Prior chronic condition	 No	 115 (91.3%)	 11 (8.7%)	 p= 0.6133 
	 Yes (any disease)	 16 (100%)	 0 (0%)	
Early source of infection	 1	 99 (94.3%)	 6 (5.7%)	 p= 0.1546 
	 2 or more sources of infection 	 32 (86.5%)	 5 (13.5%)	
Toxic shock syndrome	 No	 124 (94.7%)	 7 (5.3%)	 p= 0.0050 
	 Yes 	 7 (63.6%)	 4 (36.4%)	
Necrotizing fasciitis	 No	 124 (95.4%)	 6 (4.6%)	 p < 0.0001 
	 Yes 	 7 (58.3%)	 5 (41.7%)	
Leukocytes >20 000/mm3	 No	 98 (92.5%)	 8 (7.6%)	 p= 0.7116 
	 Yes 	 28 (90.3%)	 3 (9.7%)	
Surgery	 No	 74 (94.9%)	 4 (5.1%)	 p= 0.2811 
	 Yes 	 56 (88.9%)	 7 (11.1%)	
Pediatric Intensive Care Unit	 No	 111 (98.2%)	 2 (1.8%)	 p < 0.0001 
	 Yes 	 19 (67.9%)	 9 (32.1%)	

Table 2. Outcome measures related to blood culture results. Univariate analysis

	 Outcome measure 	 Blood culture	 p

		  Negative	 Positive	
Age	 Younger than 24 months old 	 51 (46.8%)	 58 (53.2%)	 p= 0.1381 
	 24 months or older	 11 (32.4%)	 23 (67.7%)	
Prior chronic condition	 No	 55 (43.3%)	 72 (56.7%)	 p= 0.9731 
	 Yes (any disease)	 7 (43.8%)	 9 (56.3%)	
Early source of infection	 1	 55 (52.4%)	 50 (47.6%)	 p= 0.0003 
	 2 or more sources of infection 	 7 (18.4%)	 31 (81.6%)	
Toxic shock syndrome	 No	 60 (45.5%)	 72 (54.6%)	 p= 0.1141 
	 Yes 	 2 (18.2%)	 9 (81.8%)	
Necrotizing fasciitis	 No	 58 (44.6%)	 72 (55.4%)	 p= 0.3925 
	 Yes	 4 (30.8%)	 9 (69.2%)	
Leukocytes > 20 000/mm

3
	 No	 42 (39.6%)	 64 (60.4%)	 p= 0.1760 

	 Yes 	 17 (53.1%)	 15 (46.9%)	
Surgery	 No	 25 (31.7%)	 54 (68.4%)	 p= 0.0012 
	 Yes 	 37 (58.7%)	 26 (41.3%)	
Intensive Care Unit	 No	 54 (47.8%)	 59 (52.2%)	 p= 0.0504 
	 Yes 	 8 (27.6%)	 21 (72.4%)	
Death	 No	 59 (45%)	 72 (55%)	 p= 0.3483 
	 Yes 	 3 (27.3%)	 8 (72.7%)	
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than the mean age referred by Burnett of 7.8 years 
old.20

Although in our study the hospitalization rate 
was greater in 2012 than at the study initiation, 
the limited period allows to show an actual 
increasing trend in invasive infections, as pointed 
out by other publications.5,7,8,21

A history of chronic conditions was detected 
in 11.2% of children, similar to what was reported 
by Stockmann in a review of 1514 ISpI cases in 
Utah, where 11% of children and 51% of adults 
had a history of comorbidities (p < 0.001).7 In our 
series, the most common chronic conditions were 
recurrent wheezing and/or asthma, followed by 
heart disease, which was the prevailing condition 
in Stockmann’s study.7 A review of the literature 
regarding adult patients evidences that a prior 
disease is more common in this population than 
among pediatric patients.6,16,22

Predisposing factors were observed in 67.1% 
of our patients. Chickenpox as a predisposing 
factor was well described by Laupland et al.23 
In our study, chickenpox was detected in 21.6% 
of patients, similar to what was reported by 
Zachariadou et al.,19 and higher than in other 
recent studies conducted in other countries of 
the same region where chickenpox immunization 
is part of the national immunization schedule.18 
According to the predisposing factors observed 
in our series, skin was the prevailing source of 
infection.24

Skin and soft tissue infection was the most 
common early source of disease, similar to other 
publications.7,14,22,24-26 The rate of necrotizing 
fasciitis and STSS is lower than what has been 
published regarding adults10,12 and similar to or 
lower than what was reported in other pediatric 
series.9,14,19,25-29

Bacteremia was present in 56.6% of our 
patients, which is higher than what was referred 
in our setting by Paganini et al. (39%),14 similar 
to the reports of Cancellara et al. (64%),26 and 
somewhat lower than the 72%28 and 74%19 
reported in the international literature.

In our review, leukocytosis above 20 000/mm3 
was not associated with a higher rate of bacteremia 
and fatality. Given the retrospective design of this 
study, there might be a bias in requested lab tests, 
which may have been ordered in those patients 
who had a more severe condition.

Purulent material was drained in 44.4% of 
patients as part of treatment, which is related 
to the prevailing skin and soft tissue sources of 
infection. Not having undergone a surgery was 

associated with a higher rate of bacteremia.
Al though Shah e t  a l . 30 d id  not  f ind a 

statistically significant difference in mortality 
among patients with STSS who received 
intravenous gamma globulin and placebo, there 
is consensus regarding the use of intravenous 
gamma globulin in the more severe forms of 
ISpI.31 Given the retrospective nature of our 
study, not all facilities had recorded the gamma 
globulin schedule used and, although we believe 
use was scarce, the rate of overall fatality rate was 
similar to that published by other authors.

All, except one patient, received an adequate 
initial antibiotic treatment, which was then adapted 
to the recommended schedule with beta-lactams 
and clindamycin once culture results were 
available.31-34

Only a small number of our patients (9%) 
acquired the infection in the hospital setting, 
which was in general associated with prior 
surgeries.

The fatality rate in our study was 7.69%, 
similar to that reported in other publications in 
the pediatric field.14,28,35 The fatality rate associated 
with STSS and necrotizing fasciitis was 36% (4/11) 
and 38% (5/13), respectively. This underscores 
the highly-specific fatality rate caused by these 
two conditions, similar to what has been observed 
by Johansson, who described a 67% STSS fatality 
rate, compared to 4.9% among those who did not 
have STSS.24

One of the limitations of this study is that 
the sample size was not enough to perform a 
multivariate analysis; in addition, and for the 
same reason, other significant associations may 
have gone undetected.

Another limitation is that, given the study’s 
retrospective nature, it was not possible to 
establish whether the fatality rate observed in our 
study was related to other Streptococcus pyogenes 
virulence factors (based on antibiotic susceptibility, 
serotypes or emm genotypes, as mentioned in other 
publications).4,6,11,13,35 Also, in this study the time 
elapsed between the onset of symptoms and the 
introduction of treatment with adequate antibiotics 
was not assessed.

ISpI is an ongoing health problem with a high 
rate of morbidity and mortality. It is important 
to suspect ISpI during an early diagnosis so as to 
start an adequate management.

CONCLUSIONS
Most ISpIs were observed in patients without 

a prior chronic condition. The most common 
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manifestation was, frequently with bacteremia, in 
the skin and soft tissue. A statistically significant 
association was observed between bacteremia 
and more than two early sources of infection 
and no surgery. Fatality rate, in association with 
STSS and necrotizing fasciitis, was similar to that 
observed in other publications. n
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ANNEX
DATA COLLECTION RECORD

MULTICENTER STUDY ON INVASIVE STREPTOCOCCUS PYOGENES INFECTIONS  
IN CHILDREN IN ARGENTINA

Healthcare facility:		  Initials:	

Date of birth:		  Age (months): 	

Address (city):		  Gender:

Admission date: 		  Discharge date:

Total hospital length of stay:	S ite of acquisition:
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