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Abstract
Assess the incidence, risk factors, clinical and microbiological features, and outcome of both probable invasive and invasive 
group A Streptococcus (GAS) infections in children and adults in the BrusselsCapital Region between 2005 and 2020. A 
retrospective, multicentric study was performed in three university hospitals in Brussels. Patients were identified through the 
centralized laboratory information system. Epidemiological and clinical data were collected from patients’ hospital records. 
A total of 467 cases were identified. Incidence has increased from 2.1 to 10.9/100,000 inhabitants between 2009 and 2019 
in non-homeless adults while it was above 100/100,000 on homeless in years with available denominators. Most of GAS 
were isolated from blood (43.6%), and the most common clinical presentation was skin and soft tissue infections (42.8%). 
A third of all the patients needed surgery, a quarter was admitted to the intensive care unit, and 10% of the adult patients 
died. Wounds and chickenpox disease were the main risk factors for children. Tobacco, alcohol abuse, wounds or chronic 
skin lesion, being homeless, and diabetes were identified as major predisposing factors for adults. The most common emm 
clusters were D4, E4, and AC3; 64% of the isolates were theoretically covered by the 30-valent M-protein vaccine. The bur-
den of invasive and probable invasive GAS infections is on the rise in the studied adult population. We identified potential 
interventions that could contribute to decrease this burden: appropriate care of wounds, specifically among homeless and 
patients with risk factors such as diabetes and systematic chickenpox vaccination for children.
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Introduction

Streptococcus pyogenes, or group A Streptococcus (GAS), 
is a Gram-positive bacterium accountable for a wide range 
of diseases in children and adults. These include common, 
benign infections like pharyngitis or superficial skin 
infections, but also invasive infections like bacteremia, 
meningitis, pneumonia, and necrotizing fasciitis (NF). 
Invasive GAS (iGAS) diseases can be complicated by 
streptococcal toxic shock syndrome (STSS), which has 
a case fatality rate (CFR) of 38% [1]. Although rare in 
Europe, chronic rheumatic heart disease (RHD), which is a 
complication of GAS disease, remains a major public health 
issue in developing countries with an estimated prevalence 
of 33 million people affected worldwide in 2015 and at least 
233,000 deaths each year [2, 3].

Recent epidemiological studies have shown that iGAS 
disease represents a high global burden with a sustained, 
high incidence and is associated with high morbidity and 
mortality with 163,000 deaths per year worldwide [2]. The 
most vulnerable populations to iGAS infections are young 
children less than 1 year of age and adults over 65 years 
of age [1]. Other risk factors (RFs) for iGAS disease 
are poverty, homelessness [4, 5], overcrowded housing 
conditions [6], diabetes, immunosuppression, intravenous 
(IV) drug use, chickenpox disease, and recent surgery [7].

The M protein located at the GAS surface is both a 
virulence factor and a vaccine antigen. The N-terminal end 
of its encoding gene (emm) is to date used as a reference 
locus for epidemiological typing. More than 220 differ-
ent variants (emm types) of this protein have already been 
identified, and an increasing number of subtypes are still 
being identified. This variability can be a potential bar-
rier for M protein–based vaccine development. The most 
advanced vaccines are currently the 30-valent serotype-
specific vaccine [8] and the conserved M protein vaccine 
(minimal epitope J8 vaccine) [9]. In 2014, a new func-
tional classification based on 48 emm clusters [10] con-
taining closely related M proteins was proposed to facili-
tate the design of studies concerning M protein function, 
GAS vaccine development, virulence, and surveillance.

Unlike other Streptococci, GAS has until today remained 
universally susceptible to penicillin and vancomycin. The 
most frequent antibiotic resistances are to tetracycline fol-
lowed by clarithromycin and clindamycin. There are varia-
tions between countries. Resistance rate to tetracycline has 
decreased in Germany [11] between 2003 and 2007. How-
ever, it has increased in Spain between 1996 and 2006 [12]. 
Clindamycin resistance is reported in 6–7% of the tested iso-
lates across different settings over the past 15 years [13, 14].

Although it is important to gain data about the local RF, the 
outcome of the disease, and the emm type distribution to guide 

the implementation of a future vaccine, limited recent research 
has been done on the epidemiology of iGAS infections in the 
Brussels-Capital Region. This study aims to fill that gap. The 
main goals of this study are to estimate the burden of probable 
iGAS (piGAS) and iGAS infections among children and adults, 
to characterize the clinical presentation, to identify predisposing 
factors and outcomes of these infections, to describe the 
molecular characteristics and antibiotic susceptibility of GAS 
isolates responsible to these infections, and to assess the 
percentage piGAS and iGAS infections in the Brussels-Capital 
Region theoretically covered by the 30-valent vaccine candidate.

Materials and methods

Case definition

Invasive disease was defined by the isolation of GAS from 
a normally sterile site (blood, bone, pleural fluid, synovial 
fluid, peritoneal fluid, or cerebrospinal fluid (CSF)).

Probable invasive disease was defined as an unwell 
patient with GAS isolated from a non-sterile site (deep skin 
or retropharyngeal aspiration) who required one or more of 
the following: hospitalization for intravenous antibiotics, 
surgery, or admission to the intensive care unit (ICU).

Clinical syndromes of piGAS and iGAS disease were 
categorized as isolated bacteremia, pneumonia/empyema, 
skin and soft tissue infection (SSTI) with or without bacte-
remia, NF, STSS, septic arthritis, osteitis, bursitis, abdomi-
nal/peritoneal infection, meningitis, pharyngeal abscess with 
and without bacteremia, and endometritis (pregnancy or not 
pregnancy related).

Clinical syndromes are presented in Supplementary 
Information 1. In case of concurrent diagnosis in the same 
patient, the most severe diagnosis was retained.

IGAS infections were considered healthcare related if 
they occurred at least 48 h after the time of admission or 
if the patient underwent surgery within the 7 days preced-
ing the onset of iGAS. IGAS or piGAS infections were 
considered associated to chickenpox if it occurred within a 
maximum time span of 7 days from the onset of the varicella 
infection. The pediatric population was limited to children 
between 0 and 16 years. An adult was defined as a patient 
at least 17 years old.

The 2010 case definition [15] based on two major criteria 
(hypotension and the involvement of at least two organs/
systems) was applied for the diagnosis of STSS.

Study design

This is a retrospective study covering data from January 1, 
2005 to December 31, 2020 in three university hospitals in 
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the Brussels-Capital Region: CUB Erasme (858 beds), CHU 
Brugmann (853 beds), and CHU Saint-Pierre (582 beds). 
Among the 3 hospitals, only CHU Saint-Pierre and Erasme 
Hospital have pediatric beds. In 2019, the catchment popula-
tion of the 3 hospitals was estimated at 411,231 inhabitants 
representing 34% of the total population of the Brussels-Cap-
ital Region. The laboratory information system (LIS) of their 
consolidated laboratory (Laboratoire Hospitalier Universitaire 
de Bruxelles-Universitair Laboratorium Brussel (LHUB-
ULB)) was used to identify all the patients that presented at 
least one GAS isolate in a clinical sample of the following 
sites: blood, CSF, bone biopsy, pleural or peritoneal fluid, 
and deep skin or retropharyngeal aspiration during the study 
period. Data for each patient was then obtained by reviewing 
their medical files. An additional group of 21 patients was 
included from a previous study performed between 2016 and 
2018 at CHU Saint-Pierre [4].

Patients with non-invasive infections or those who declared 
that they did not wish their data to be used were excluded. In 
case of two iGAS infections with two different hospitaliza-
tions, we included only the first infection in the study. Polymi-
crobial infections have also been included.

Collection of clinical data

Study data was collected through the REDCap [16] application 
and included for each patient clinical diagnosis; socio-demo-
graphic data like age, sex, body mass index (BMI), ethnicity, 
and housing status (homeless or institutionalized); possible 
addictions; comorbidities; healthcare-related infection or not; 
ICU admission; treatment (e.g., surgery including amputation, 
immunoglobulins, or clindamycin); length of hospital stay; 
mortality; emm type; and antibiotic resistance of the GAS. 
The Charlson Comorbidity Index (CCI) [17] was calculated 
for each patient, allowing us to obtain their expected survival 
rate at 10 years. Death was considered related to GAS infection 
if the patient passed away during the hospitalization period for 
piGAS or iGAS infection.

The infection was considered related to pregnancy if it 
occurred during the pregnancy or within 30 days postpar-
tum. For the patients that presented arterial hypotension, we 
reviewed their diagnosis to determine if they would meet the 
criteria for STSS.

Microbiological methods

GAS culture, identification, and antibiotic susceptibility 
testing

At LHUB-ULB, GAS was isolated from clinical samples 
of the following: blood, CSF, bone biopsy, pleural or peri-
toneal fluid, and deep skin or retropharyngeal aspiration 
by culture into sheep blood Columbia agars. Before 2010, 

GAS was identified through microscopic and macroscopic 
examinations (Gram staining, beta-hemolysis) and using the 
Latex Agglutination System (Prolex; Pro-Lab Diagnostics, 
Richmond Hill, Ontario, Canada). Since 2010, the identifica-
tion is performed by MALDI-TOF MS (Bruker Daltonics, 
Bremen, Germany).

Systematic antibiotic susceptibility testing (AST) was 
conducted using the Kirby-Bauer disk diffusion method 
on Mueller–Hinton agar to the following antimicrobial 
agents: penicillin, erythromycin, vancomycin, clindamycin, 
tetracycline, and fluoroquinolones. A D-zone test was per-
formed systematically to determine inducible clindamycin 
resistance. Classification as “susceptible,” “intermediate,” 
or “resistant” to the tested antibiotic was done according 
to the Clinical and Laboratory Standards Institute (CLSI) 
guidelines [18] before 2010 and according to the updated 
guidelines of the European Committee on Antimicrobial 
Susceptibility Testing (EUCAST) [19] breakpoints from 
2010 onwards. Since 2013, most iGAS isolates were trans-
ferred to the Belgian National Reference Centre (NRC) in 
Antwerp for the following analyses: emm type and minimal 
inhibitory concentration (MIC) test.

Since 2015, isolates from iGAS disease were systemati-
cally stored at − 80 °C. If these frozen isolates had not yet 
been emm typed, they were sent to the NRC for emm typing 
in February 2021.

Statistical analysis

Simple descriptive statistics were used to summarize patients’ 
characteristics: median and interquartile ranges (IQRs) for 
quantitative data, frequencies, and percentages for qualitative 
data. Analyses comparing groups of patients were performed 
with the Mann–Whitney U test, when the data was quantita-
tive, and Fischer’s exact test, when the data was qualitative. 
For comparison of more than two groups, the Kruskal–Wallis 
test has been used. Incidence rate was calculated using the 
catchment population per hospital based on the market share 
of hospital admissions per year, as reported by the Federal 
Public Service Public Health, and the number of inhabitants 
per municipality for the respective year available from 2009 
onwards. As previous study has shown high incidence of GAS 
infection in the homeless population of Brussels [4] and con-
sidering that homeless are not included in the official popula-
tion registry, incidence calculations were performed differently 
for non-homeless and homeless adults. Data of the number of 
the homeless of the Brussels-Capital Region were extracted 
from the Bruss'Help’s reports (https:// www. bruss help. org/ 
index. php/ fr/ missi ons/ analy se/ les- chiff res). Children were not 
included as the majority of children’s cases were from one hos-
pital. The evolution of the incidence density between the years 
2009 and 2019 was estimated by linear regression. All analy-
ses and graphs were produced using SAS statistical software 
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(version 9.4; SAS Institute, Cary, NC, USA). All reported p 
values are two-sided.

Results

A total of 467 patients (adults [n = 407] and children [n = 60]) 
with invasive (n = 270) and probable invasive (n = 197) GAS 
infections were retained for the study period in the three fol-
lowing hospitals: CHU Saint-Pierre (n = 260 (51.2%)), CHU 
Brugmann (n = 129 (31.8%)), and CUB Erasme (n = 78 
(17.0%)), for a total of 518 GAS-positive samples.

As illustrated in Fig. 1, 226 (43.6%) isolates were cultured 
from blood, 166 (32.0%) from deep skin aspirations (145 
identified through the laboratory information system and 
21 collected during a previous study), 56 (10.8%) from ret-
ropharyngeal aspirations, 29 (5.6%) from bone biopsies, 12 
(2.3%) from intra-abdominal fluid or ascites, 10 (1.9%) from 
joint fluid, 7 (1.5%) from bursal fluid, 7 (1.5%) from CSF, 
and 5 (1.0%) from pleural fluid. For 30 patients, GAS was 
isolated from two sites. Distribution of the cases according to 
the years of diagnosis, housing condition, age, and iGAS and 
piGAS status is described in Supplementary Table 1.

Description of the study population

The median age was 3 years (IQR 2–6 years) among children 
and 45 years (IQR 34–62 years) among adults. The male/
female ratio was different among adults (1.9) and children 
(0.9) (p < 0.009). There was also a significant difference 
between the ethnicity of children and that of adults: the 
majority of the children belonged to North African or Sub-
Saharan ethnicities, while the majority of the adults were 
Caucasians (Table 1) (p < 0.0001). Homeless patients and 
IVD users represented 89/407 (21.9%) and 36/407 (8.8%) 
of the adult cases, respectively.

Incidence of iGAS and piGAS infection

The incidence of piGAS and iGAS infection for non-
homeless adults in the three hospitals significantly 
increased per year from 2.1 cases/1,000,000/year to 10.9 
cases/100,000 people/year in 2019 (p = 0.01). Denominators 
for the homeless population in the Brussels-Capital Region 
were only available for a selected number of years. Overall, 
incidence among homeless was above 100 cases/100,000/
year (Table 2).

Fig. 1  Flow chart summarizing the patients included based on the identification of GAS isolate samples
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Predisposing factors and comorbidities

As Table 3 shows, the most predisposing risk factors for 
presenting piGAS or iGAS infection among adults were 
tobacco consumption (202/399 (50.6%)); skin lesions, 
wounds, or chronic skin disease (145/407 (35.6%)); alcohol 
abuse (120/401 (30.0%)); obesity (67/293 (22.9%)); home-
lessness (89/407 (21.9%)); and diabetes (74/407 (18.2%)). 
One-fifth (84/407) of the adults had a CCI of > 5, translating 
into a life expectancy at 10 years of 2%. Homeless people 
had significantly more wounds and chronic skin disease 
than non-homeless people (p < 0.05) and also higher rates 
of smoking, alcohol, and IV drug abuse (p < 0.05) (Supple-
mentary Table 2).

Pregnant women represented 20.7% of the adult female 
patients between 16 and 49 years. Of note, 26.2% (11/42) of 
the children aged 1 to 5 years were suffering from chicken-
pox disease in the 7 days before the GAS infection. Finally, 
25.3% of the patients did not have any identifiable risk factor.

Clinical manifestations

As Table 4 shows, the most common clinical presenta-
tion for adults (175/407 (43.0%)) and children (25/60 
(41.7%)) was SSTI. The second and third most frequent 
clinical presentations among adults were pharyngeal 
abscess without bacteremia (52/407 (12.8%)) and STSS 
(46/407 (11.3%)). Among the children, it was pharyngeal 
abscess without bacteremia (6/60 (10.0%)) and ear, nose, 
and throat infections and/or mastoiditis with bacteremia 
(5/60 (8.3%)), while no child presented septic shock nor 
NF, 4/407 (1%) of the adults developed septic shock, and 
6/407 (1.5%) were diagnosed with NF. Among pregnant 
women, the most predominant disease was postpartum 
endometritis (6/17 (35.3%)), followed by SSTI (5/17 
(29.4%)) and isolated bacteremia (5/17 (29.4%)). Almost 
half (8/17; 47.1%) of these pregnancy-associated infec-
tions was healthcare related while less than 10% (44/467; 
9.4%) of the whole study population was suffering from 
healthcare-related infection. There was a significant dif-
ference in the clinical manifestations between homeless 
and non-homeless patients: 69.7% (62/89) of the home-
less suffered from SSTI with (15/89) or without (47/89) 
bacteremia as compared to 35.5% of the non-homeless 
adults (Supplementary Table 2).

Outcome and mortality

Outcome of patients is presented in Table 5. Overall, 31.9% 
(149/467) of the patients required surgery with general 
anesthesia as a direct consequence of GAS infection (proce-
dures included washout, incision and drainage of abscesses, 
exploratory surgery, debridement, or amputation), and of Ta

bl
e 

1 
  D

em
og

ra
ph

ic
 c

ha
ra

ct
er

ist
ic

s o
f p

at
ie

nt
s w

ith
 iG

A
S 

an
d 

pi
G

A
S 

in
fe

ct
io

ns
 b

y 
ag

e 
gr

ou
p

D
at

a 
ar

e 
ex

pr
es

se
d 

in
 n

um
be

rs
 a

nd
 p

er
ce

nt
ag

es
. D

en
om

in
at

or
s a

re
 sm

al
le

r f
or

 se
x 

an
d 

et
hn

ic
 g

ro
up

 d
ue

 to
 m

is
si

ng
 d

at
a 

in
 th

e 
m

ed
ic

al
 re

co
rd

s
1  Fo

r t
he

 c
om

pa
ris

on
 o

f r
es

ul
ts

 a
m

on
g 

th
e 

di
ffe

re
nt

 a
ge

 g
ro

up
s. 

p <
 0.

05
 w

as
 c

on
si

de
re

d 
st

at
ist

ic
al

ly
 si

gn
ifi

ca
nt

To
ta

l c
hi

ld
re

n,
N

 =
 60

 <
 1 

ye
ar

,
N

 =
 2

1–
5 

ye
ar

s,
N

 =
 42

6–
16

 y
ea

rs
,

N
 =

 16
To

ta
l a

du
lts

,
N

 =
 40

7
17

–3
9 

ye
ar

s,
N

 =
 16

3
40

–5
9 

ye
ar

s, 
N

 =
 13

6
60

–7
9 

ye
ar

s,
N

 =
 79

 >
 80

 y
ea

rs
,

N
 =

 29
A

ll,
N

 =
 46

7
p 

 va
lu

e1

Se
x   M

al
e

29
 (4

8.
3)

1 
(5

0)
23

 (5
4.

8)
5 

(3
1.

3)
26

7 
(6

5.
6)

10
1 

(6
2.

0)
10

3 
(7

5.
7)

45
 (5

7.
0)

18
 (6

2.
1)

29
6 

(6
3.

4)
 <

 0.
01

  F
em

al
e

31
 (5

1.
7)

1 
(5

0)
19

 (4
5.

2)
11

 (6
8.

8)
14

0 
(3

4.
4)

62
 (3

8.
0)

33 (2
4.

3)
34

 (4
3.

0)
11

 (3
7.

9)
17

1 
(3

6.
6)

Et
hn

ic
ity

  E
ur

op
e

16
/5

9 
(2

7.
1)

1 
(5

0)
10

 (2
3.

8)
5/

15
 (3

3.
3)

26
8/

40
4 

(6
6.

3)
81

/1
62

 (5
0)

98
/1

35
 (7

2.
6)

65
 (8

2.
3)

24
 (8

2.
8)

28
4/

46
4 

(6
1.

2)
 <

 0.
01

  N
or

th
 A

fr
ic

a
25

/5
9 

(4
2.

4)
1 

(5
0)

16
 (3

8.
1)

8/
15

 (5
3.

3)
79

/4
04

 (1
9.

6)
47

/1
62

 (2
9.

0)
19

/1
35

 (1
4.

0)
9 

(1
1.

4)
4 

(1
3.

8)
10

4/
46

4 
(2

2.
4)

  S
ub

-S
ah

ar
an

 
A

fr
ic

a
13

/5
9 

(2
2.

0)
0

11
 (2

6.
2)

2/
15

 (1
3.

3)
42

/4
04

 (1
0.

4)
25

/1
62

 (1
5.

4)
13

/1
35

 (9
.6

)
3 

(3
.8

)
1 

(3
.5

)
55

/4
64

 (1
1.

8)

  O
th

er
5/

59
 (8

.5
)

0
5 

(1
2.

0)
0

16
/4

04
 (3

9.
0)

9/
16

2 
(5

.6
)

5/
13

5 
(3

.7
)

2 
(2

.5
)

0
21

/4
64

 (5
.2

)

559European Journal of Clinical Microbiology & Infectious Diseases (2023) 42:555–567



1 3

these, 22/149 (14.8%) required amputation of a phalanx or 
a limb. ICU admission was required for 26.8% of the cases. 
Mortality rate was 10.1% among adult patients while no 
child died during the study period. Of note, 31.7% (13/41) 
of the patients who died were under 50 years old and 24.4% 
(10/41) was over 80 years old. Of those who died, 3/41 had 
received IV immunoglobulin (IVIG) treatment and 13/41 
had received clindamycin. Clindamycin was significantly 
more frequently administered to patients with iGAS than 
those with piGAS disease. The outcome was significantly 
different between piGAS and iGAS disease in terms of ICU 
admission (p < 0.0001), number of amputations (p < 0.005), 
and deaths (p < 0.0001).

Antibiotic susceptibility testing results

No isolate resistant or intermediate to penicillin or vanco-
mycin was identified. Strains were most frequently resist-
ant to tetracycline (12%), followed by erythromycin (5.0%), 
clindamycin (4.4%), and levofloxacin/ciprofloxacin (2.9%) 
(Table 6).

Emm type distribution

From 2011 to 2020, emm typing was performed on a total 
of 122 collected isolates. Thirty-seven different emm types 
from 11 different emm clusters were identified. The six 
most common emm clusters were D4 (20.5% of isolates), 
E4 (14.4%), AC3 (13.9%), E2 (9.8%), E6 (9.0%), and E3 
(9.0%); they covered 76.7% of all isolates; 63.9% of the iso-
late emm types are included in the 30-valent vaccine. The 
most common emm types for piGAS and iGAS in the total 
study cohort were in decreasing order as follows: emm types 

64, 77, 83, 101, and 27 and types 1, 11, 64, and 4, respec-
tively (Table 7).

In the homeless population, emm types 64, 27, and 101 
were among the three most frequent emm types for piGAS 
and iGAS. There was a significant difference in the emm 
cluster distribution between isolates from homeless and 
those with residence. D4 and E2 represented 75% of the 
emm clusters among the homeless population, while E4 and 
AC3, the two most common clusters, represented 38% of the 
clusters among people with residences (Table 7).

The emm cluster distributions were also different among 
the subgroups of invasive and probable invasive isolates.

D4 was the most common emm cluster among piGAS 
infections with 52%, while AC3 represented 18% of the 
iGAS infections.

Discussion

This is a retrospective, multicentric study evaluating the 
incidence, clinical and microbiological features, and the out-
come of iGAS and piGAS infections in children and adults 
in Brussels.

Between 2009 and 2019, the incidence of the disease 
rose significantly among non-homeless adults. Increasing 
incidence with similar ranges has been observed in other 
studies using similar definition, for example in France (2007 
to 2022) [20], Iceland (1975 to 2012) [21], and Alaska (1975 
to 2012) [22]. Little data about the evolution of the incidence 
is available from other countries between 2012 and 2020, and 
the incidences at the end of this study period (2017–2020) 
are higher than any incidences observed in other countries. 
Comparison to other countries has to be made carefully 

Table 2   Incidence of GAS infection among non-homeless and homeless adults in three hospitals of the Brussels-Capital Region, 2009–2010

Year/incidence  
(/100,000 patient-years)

Non-homeless adults Homeless

piGAS iGAS Total iGAS piGAS Total

2009 1.8 0.3 2.1
2010 2.1 1.8 3.9 140.6 0 140.6
2011 4.6 3.4 8.0
2012 4.2 1.1 5.4
2013 3 1.7 4.7
2014 4.6 3.3 7.9 95.3 63.6 158.9
2015 3.9 2.1 6.1
2016 3.5 2 5.6 84.4 225.0 309.3
2017 3.6 3.8 7.4
2018 4.3 1.9 6.3 72.1 48.1 120.2
2019 5.6 5.3 10.9
2020 94.1 150.6 244.7
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because the study was not nationwide but restricted to the 
most deprived area of the Brussels-Capital Region. Different 
factors could contribute to the rising incidence of iGAS and 
piGAS infections in this area. Firstly, the rising prevalence of 
risk factors such as obesity [23] and diabetes [24] in Belgium 
could partly explain this increasing incidence. Secondly, as 
illustrated by doubling of the number of homeless people in 
the past 10 years [25], poverty is rising among the Brussels 
population [26]. Both CHU Saint-Pierre and Brugmann 
are located in the less affluent areas of the Brussels-Capital 
Region [27], and the vast majority of the samples identified 
(80%) originated from those two hospitals. Subjects living in 
proximity to these hospitals have increased risk of diabetes 
and poverty [26–28].

In this study, the most commonly identified predispos-
ing factors for iGAS and piGAS infections among adults 
were tobacco consumption, chronic skin diseases or wounds, 
alcohol abuse, obesity, and being homeless (Table 3). The 
presence of a wound is a classic RF which has been reported 
in numerous studies [1, 5, 7] and illustrates the need to prop-
erly educate patients with skin lesions or at risk of chronic 
wounds about hygiene and disinfection of wounds. Wounds 
and chronic skin disease were more frequently detected 
among homeless. Other factors such as smoking, alcohol, 
and IV drug abuse were also more frequently reported 
among homeless. The latter three risk factors combined 
with neglected skin care often seen in homeless people 

retard the process of skin healing and expose this vulner-
able population at higher risk of iGAS and piGAS infections 
compared to the non-homeless population. Almost one-fifth 
(18%) of the children had a chickenpox infection within the 
7 days preceding the GAS infection. There is evidence that 
iGAS infections in children with chickenpox have a more 
fatal outcome compared to children without chickenpox 
co-infections [29]. Chickenpox is also a known risk factor 
for NF [29, 30]. Varicella vaccination has been shown to 
be an effective prevention tool for iGAS disease in several 
developed countries [30–32]. Nevertheless, a quarter of the 
patients in our study did not have any identified risk factor. 
The fact that iGAS and piGAS infections also affect people 
without an underlying risk factor makes it difficult to pro-
pose a prevention strategy for those patients.

Overall, the most common clinical presentations of iGAS 
and piGAS infections were SSTI, pharyngeal abscess, and 
STSS (Table 4). It remains difficult to compare these results to 
international surveillances of invasive infections due to lack of 
coherent methodology across studies. Definitions and clinical 
interpretations from physicians vary between the regions and 
countries, which can result in different study results, even when 
the clinical reality is not so different. Even though most of the 
studies have shown that SSTI is the most common clinical 
presentation of iGAS infections, in most surveillance studies 
of iGAS infections, pharyngeal abscess is not included.

Fifty-four patients in our study had initially been 
described as suffering from septic shock in their medical 
file. However, analyzing their files retrospectively has shown 
that 49 out of those 54 patients fulfilled the diagnosis criteria 
of STSS, making this the  3rd most common diagnosis for the 
patients included in this study. This could mean that there is 
a low application or knowledge of the CDC diagnosis cri-
teria among physicians. Most notably, a retrospective study 
in the USA [33] showed that cases of STSS in children were 
classified as a septic shock and thus the diagnosis of toxic 
shock was not documented even through the patient fulfilled 
the diagnosis criteria. The consequence is that the admin-
istration of clindamycin and IVIG as a treatment option 
for those cases is underconsidered, and this might have an 
impact on the outcome for those patients. The case definition 

Table 5  Outcome of children with iGAS and piGAS infection versus adults with iGAS and piGAS infection

Data are expressed in numbers and percentages
ICU intensive care unit, GA general anesthesia

Outcome Children, N = 60 Adults, N = 407 Total, N = 467

piGAS, N = 22 (%) iGAS, N = 38 (%) piGAS, N = 175 (%) iGAS, N = 232 (%)

ICU 1 (4.5) 10 (26.3) 13 (7.4) 101 (43.5) 125 (26.8)
Surgery with GA 12 (54.5) 9 (23.7) 52 (29.7) 83 (35.8) 149 (31.9)
Amputation 0 0 3 (1.7) 19 (8.2) 22 (4.7)
Death 0 0 1 (0.5) 40 (17.2) 41 (8.8)

Table 6  Antibiotic susceptibility test results for iGAS and probable 
invasive isolates between 2005 and 2020

S sensitive, I intermediate, R resistant

Antibiotic Susceptibility, n (%)

S I R

Penicillin, N = 465 465 (100) 0 0
Vancomycin, N = 464 464 (100) 0 0
Erythromycin, N = 463 426 (92.0) 14 (3.0) 23 (5.0)
Clindamycin, N = 450 423 (94.0) 7 (1.6) 20 (4.4)
Fluoroquinolone, N = 311 294 (94.5) 8 (2.6) 9 (2.9)
Tetracycline, N = 58 49 (84.5) 2 (3.4) 7 (12.0)
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of STSS was changed in 2010, and given the different treat-
ment approaches, it is important to correctly distinguish 
between septic shock and STSS.

The recommended treatment for STSS is IVIG associated 
with clindamycin. However, 6% of the isolates were not sus-
ceptible to clindamycin, similar to rates reported in France 

(6.0%) [13]. Furthermore, clindamycin was not administered 
in over two-third (68.3%) of fatal cases in our study, despite 
recommendations to use them in case of severe infections 
[34]. Similar observations have been made in the UK [35]. 
These numbers suggest the need for education of health pro-
fessionals and the inclusion of clindamycin as a standard 

Table 7  Emm type distribution 
of 122 GAS isolates from iGAS 
and piGAS in adult homeless, 
adult not homeless, and children 
cohort

n number of isolates, iGAS invasive group A Streptococcus, piGAS probable invasive group A Streptococcus
The emm type covered in the proposed 30-valent vaccine (types 1, 2, 3, 4, 5, 6, 11, 12, 14, 18, 19, 22, 24, 
28, 29, 44, 49, 58, 73, 75, 77, 78, 81, 82, 83, 87, 89, 92, 114, and 118)

Emm type Emm cluster Non-homeless adults Homeless adults Children 
iGAS 
(n)piGAS (n) iGAS (n) piGAS (n) iGAS (n)

1 A-C3 12 5
3 A-C5 4
4 E1 3 2
5 Single-protein emm-cluster clade Y 2 2
6 Single-protein emm-cluster clade Y 2 1
11 E6 8
12 A-C4 1 1 1 1
22 E4 1
25 E3 1
27 E2 2 2
28 E4 2
29 Single-protein emm-cluster clade Y 1
44 E3 1 1
49 E3 2 1
50 E2 1
60 E1 1
63 E6 1
64 D4 1 3 6 3
66 E2 1
73 E4 1
75 E6 1
77 E4 1 4 2
81 E6 1
83 D4 1 2
84 E4 1 1
87 E3 1 3
89 E4 1 2 2
90 E2 1 2
92 E2 1
94 E6 1
101 D4 1 2 2
104 E2 2
108 D4 2 1
162 2 1
169 E4 1 1
184 D5 1
209 E3 1
Total 8 69 17 15 13
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treatment for severe iGAS in local guidelines. While, inter 
alia, the USA, Canada, France, and Ireland have national 
recommendations to use clindamycin in severe iGAS infec-
tions, there is currently no national recommendation to do 
the same in Belgium.

The iGAS and piGAS disease presentations were serious 
in this study. A quarter of the children and 43% of the adults 
with iGAS were admitted to the ICU, and general anesthesia 
was required in 31.9% of the overall population. No child 
included in this study died, but 17% of the adults with iGAS 
did. This is similar to the case fatality rate observed in 11 
other European countries. Patients with probable invasive 
disease have a significantly better outcome than definitive 
invasive disease (Table 5). Nevertheless, it is important to 
include these patients in a surveillance study because they 
also have serious clinical presentations. One-third of all the 
adult patients and 54.5% of the children with piGAS disease 
needed surgery with general anesthesia. This result shows 
that piGAS has also an impact on the healthcare system and 
that excluding those patients would underestimate the disease 
burden of GAS infection in the Brussels-Capital Region.

Emm type 1 was the most common emm type among iGAS 
cases in the present study and has also been identified as 
most common emm type responsible for iGAS in different 
epidemiological studies in Europe and North America [11, 
20–22, 36], The second and third most frequent emm types 
28 and 89 associated with iGAS in other European countries 
were less represented in our study population. Emm type 
64 was found in higher frequency as compared to other 
European countries, likely reflecting the high proportion 
of strains identified among homeless [30]. Overall, as 
compared to the non-homeless population, there were a 
limited number of emm types circulating in the homeless 
population in Brussels. Clonal dissemination of emm types 
among homeless populations was previously reported in 
different studies in Europe and North America [4, 5, 37, 38].

There was also a difference in the clinical presentation 
according to the emm types. The majority of the emm types 
from piGAS infections were from D4 cluster (52%). Among 
the homeless population, 76% of the emm types from piGAS 
belong to the D4 cluster. D4 cluster has previously been 
associated to skin infections [10]. The emm types of D4 
cluster have the specificity to be able to bind plasminogen, 
which is present in wounds. This highlights the need for 
closer surveillance and education about hygiene and wound 
care among the homeless due to an increased risk of out-
breaks among this specific population [4, 39].

Finally, the most advanced 30-valent vaccine covers 79% 
of isolates from iGAS infections in the USA [40] and 78% in 
Europe [41]. In the present study, 63.9% of iGAS and piGAS 
infections would be covered by this vaccine. Cross-reactions 
have been demonstrated in vitro [42] and suggest a broader 

cross-reaction coverage of the 30-valent vaccine in humans. 
However, in vivo studies are needed to confirm this.

Limitations

There are a number of limitations to this study that need to 
be taken into account. First, after analyzing all the cases from 
a study performed between 2016 and 2018, we realized that 
some of those cases did meet our study inclusion criteria, 
but were not identified through our inclusion process. This 
suggests that some cases might have been missed out and that 
a prospective study design for further surveillance could lead 
to more complete data collection. Second, only two out of 
three hospitals participating in the study have pediatric beds. 
Third, the emm type distribution covered only the 2013–2020 
period, but 83.6% of blood isolates had an available emm 
type. Fourth, including non-invasive isolates fell outside of 
the scope of this study, even though pharyngeal infections 
with invasive infections contribute most significantly to the 
burden of GAS worldwide. Including the piGAS in this study 
allowed to give a better idea of the burden of the disease. 
In further research, it would be interesting to expand studies 
to pharyngeal and cutaneous isolates and have a better 
surveillance of this pathogen. The microbiological data would 
be of the utmost interest as the prevention of pharyngeal 
infection is one of the aims of the 30-valent vaccine.

Conclusion

The increasing high incidence of iGAS and probable iGAS 
in the Brussels-Capital Region is a potential public health 
threat. Identified RFs were tobacco consumption, alcohol 
abuse, homelessness, skin lesion, diabetes, and obesity. 
However, one-quarter of the patients had no identified RF 
for infection. Prevention tools such as early detection of 
infection and appropriate care of wounds, hygienic measures 
in the hospital to prevent nosocomial infections, systematic 
varicella vaccines among children, and implementation of 
the GAS vaccine may reduce iGAS disease in the Brussels-
Capital Region. Our study confirms that disease presentation 
can be very severe, and the outcome poor. To positively 
impact outcome, early detection of STSS by the physician 
is crucial as it impacts the treatment option.
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