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ABSTRACT

Objectives: The aim was to characterize the clinical features, outcomes, and strain diversity of laboratory-
confirmed Streptococcus pyogenes (group A Streptococcus, GAS) infections among inpatients hospitalized
ata tertiary level hospital in Brussels, Belgium, according to the patients’ housing status (homeless vs. not
homeless).
Methods: Between August 2016 and January 2018, all patients hospitalized with a laboratory-confirmed
GAS infection were prospectively enrolled and risk factors were recorded. GAS strains were characterized
using emm-typing and emm-clustering in both inpatients and outpatients. Analyses were performed
according to homelessness status.
Results: During the study period, 48% (28/58) of adults hospitalized with a GAS infection at the tertiary
hospital were homeless. The estimated incidence rate was 100 times higher for homeless persons. Skin
abscesses were more frequent in the homeless group (21.4% vs. 3.3%) and mortality was high (10.7%). Limited
emm-type diversity was found in this group, with four emm-types (64, 77,83, and 101) accounting for 76.1%
of the infections, and the majority of these emm-types belonged to the D4 emm-cluster. Pooled analyses of
inpatient and outpatient strains indicated lower diversity in the homeless group.
Conclusions: The homeless are disproportionately affected by GAS and have a higher rate of abscesses and
high mortality. The lower emm-type diversity and preferential infection with fouremm-types likely reflects
endemic circulation of GAS in this population. Preventive strategies are warranted in this fragile
population.
© 2019 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious Diseases.
Thisisanopenaccess article under the CCBY-NC-ND license (http://creativecommons.org/licenses/by-nc-
nd/4.0/).
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Introduction

In recent years, outbreaks of Streptococcus pyogenes (group A
Streptococcus, GAS) infections have been reported in homeless
populations across Europe and North America (Cady et al., 2011;
Bundle et al., 2017; Mosites et al., 2018). These outbreaks were
mostly caused by single emm-types and included a high proportion
of invasive infections.

A high proportion of homelessness was observed among adults
hospitalized with a GAS infection between August 2016 and

1201-9712/© 2019 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious Diseases. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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January 2018 in a public tertiary-level hospital located in
downtown Brussels. This study was performed to characterize
this population and to determine the emm-types and emm-clusters
associated with the GAS strains.

Methods
Study setting

The Brussels-Capital Region has an estimated 1.1 million
inhabitants. According to a recent census, around 1200 homeless
persons are found in the Region, the majority living on the streets or
in public spaces (metro and train stations) of the city of Brussels
(Mondelaers, 2017). The Centre Hospitalier Universitaire (CHU)
Saint-Pierre is a public hospital and a referral hospital for
undocumented or resource-limited patients living in the city of
Brussels. The estimated catchment population of the hospital is
122 808 (data provided by the federal Public Service Health, Food
Chain Safety and Environment). The hospital is located 1 km from the
two main train stations of the region. Every patient admitted to this
hospital through the emergency room undergoes a social inquiry
interview in which housing and insurance status are collected.

GAS infections in hospitalized patients

From August 2016 to January 2018, all cases of hospitalized
adults with an S. pyogenes infection confirmed by positive culture
identified by matrix-assisted laser desorption/ionization time-of-
flight mass spectrometry (MALDI-TOF MS) were identified
prospectively using a laboratory-based alert. Strains isolated from
pharyngeal swabs were excluded. Written informed consent was
obtained, after which the following data were collected: age,
ethnicity, nationality, housing status (homeless or not homeless),
alcoholism, use of opioid substitution therapy (methadone or
buprenorphine), use of intravenous drugs (IVDU), presence of
comorbidities (diabetes, vascular insufficiency, obesity, cancer),
steroid use, recent travel history, pregnancy, and HIV, hepatitis B
virus (HBV), and hepatitis C virus (HCV) serological testing results.
Invasive infections were defined as the isolation of GAS from a
sterile site. Strains were frozen for further analysis.

GAS strains in non-hospitalized patients

During the same time period, strains of culture-confirmed S.
pyogenes (with the exception of strains isolated from pharyngeal
swabs) were also collected from non-hospitalized patients. The
files of the non-hospitalized patients were retrospectively
reviewed for housing status and clinical manifestations.

emm-type and emm-cluster analyses

GAS identification was confirmed using MALDI-TOF MS, -
hemolysis on blood agar, colony morphology, and positive latex
agglutination test (Streptococcal Grouping Kit, Oxoid).

emm-type genotyping was performed as described previously (
Centers for Disease Control and Prevention, 2019). emm-type
interpretation was performed according to the US Centers for
Disease Control and Prevention (CDC) classification (Centers for
Disease Control and Prevention, 2019) and emm-cluster analyses
according to the classification published recently by Sanderson-
Smith et al. (Sanderson-Smith et al., 2014).

Antibiotic susceptibility testing

Antibiotic susceptibility testing was performed by disk diffu-
sion method (Kirby-Bauer) using the European Committee on

Antimicrobial Susceptibility Testing (EUCAST) breakpoints (The
European Committee on Antimicrobial Susceptibility Testing,
2018).

Statistical analysis

Proportions were compared using the Chi-square test and
continuous data were compared by non-parametric Mann-
Whitney test. All analyses were performed with R using the
Gmisc package (Gordon, Max, 2017; R Core Team, 2017). The
Simpson diversity index was calculated using the Vegan package
for R (Oksanen et al., 2018) and confidence intervals (95% CI) were
calculated as described previously (Grundmann et al., 2001).
Incidence rates were estimated as the number of confirmed GAS
infections divided by the hospital catchment population, stratified
by homelessness status. The homelessness status of the catchment
population was not known. Therefore, the most conservative
assumption was used, i.e., that all 1200 homeless persons in
Brussels were included in the hospital’s catchment population.

Results

During the study period, 61 patients with a positive GAS culture
from a clinical specimen were hospitalized at CHU Saint-Pierre.
Three patients were asymptomatic and were not included in the
analyses. The characteristics of the 58 patients with an infection
are described in Table 1. The proportion of homeless persons was
high (28/58, 48.3%). Considering the catchment area of the hospital
and the estimated number of homeless people in the city of
Brussels (Mondelaers, 2017), the incidence of GAS infection during
the study period was estimated at 2333/100 000 in the homeless
group and 25/100 000 in the non-homeless group.

Socio-demographic characteristics and risk factors for GAS
infection are shown in Table 1. The majority of patients were male

Table 1
Risk factors for GAS infection among hospitalized patients according to housing
status.

Homeless Non-homeless Total p-Value

n=28,n (%) n=30,n (%) n=58, n (%)
Age, mean + SD 4394113 435+13.2 437+122 091
Sex, male 25(89.3%)  25(83.3%) 50 (86.2%) 0.71
Alcoholism 19 (67.9%) 9 (30.0%) 28 (48.3%)  0.008
IVDU 3(10.7%) 1 (3.3%) 4 (6.9%) 0.34
Methadone OST 10 (35.7%) 3 (10.0%) 13 (22.4%) 0.027
HIV infection 1.0

Negative 25(89.3%) 25 (83.3%) 50 (86.2%)

Positive 1(3.6%) 2 (6.7%) 3(5.2%)

Missing 2 (71%) 3 (10.0%) 5 (8.6%)

HCV infection 1.0

Negative 21(75.0%) 21 (70.0%) 42 (72.4%)

Positive 5 (17.9%) 6 (20.0%) 11 (19.0%)

Missing 2 (7.1%) 3 (10.0%) 5 (8.6%)

HBV infection 1.0

Negative 25(89.3%)  25(83.3%) 50 (86.2%)

Positive 1 (3.6%) 2 (6.7%) 3 (5.2%)

Missing 2 (7.1%) 3 (10.0%) 5 (8.6%)
Post-traumatic 16 (57.1%) 10 (33.3%) 26 (44.8%) 0.1
Chronic wound 10 (35.7%) 8 (26.7%) 18 (31.0%) 0.57
Recent travel 0 (0.0%) 3 (10.0%) 3 (5.2%) 0.24
Pregnancy 0 (0.0%) 3 (10.0%) 3 (5.2%) 0.24
Diabetes 0 (0.0%) 5(16.7%) 5 (8.6%) 0.053
Solid cancer 0 (0.0%) 1(3.3%) 1 (1.7%) 1.0
Corticosteroid use 1(3.6%) 1(3.3%) 2 (3.4%) 1.0
Recent chemotherapy 0 (0.0%) 1(3.3%) 1(1.7%) 1.0
Arterial insufficiency 0 (0.0%) 1(3.3%) 1 (1.7%) 1.0
Venous insufficiency 0 (0.0%) 4 (13.3%) 4 (6.9%) 0.11
Obesity 0 (0.0%) 4 (13.3%) 4 (6.9%) 0.11

GAS, group A Streptococcus; SD, standard deviation; IVDU, intravenous drug user;
OST, opioid substitute therapy; HCV, hepatitis C virus; HBV, hepatitis B virus.
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and the mean age was 43.7 +12.2 years. Homeless patients were
more frequently users of opioid substitute therapy (35.7% vs. 10%,
p=0.027) and suffered more frequently from alcohol abuse (67.9%
vs. 30%, p < 0.01) than non-homeless patients. A high proportion of
post-traumatic infection and chronic wounds were found in both
groups. Diabetes was exclusively found in the non-homeless group.
Polish nationals were over-represented in the homeless group
(28.6% vs. 6.7% in the non-homeless group).

The types of infections observed and clinical outcomes
according to housing status are listed in Table 2. Skin infections
were predominant in both groups (89.3% in the homeless group
and 76.7% in the non-homeless group). There was no difference in
the proportion of invasive infection (10.7% in the homeless group
vs. 23.3% in the non-homeless group), but homeless persons
suffered more frequently from skin abscesses (21.4% vs. 3.3%,
p=0.048). The rates of intensive care unit admission and surgery
with general anesthesia did not differ between the groups, but
mortality was high in the homeless group (10% in the homeless
group vs. 3.3% in the non-homeless group). The three deaths
observed in the homeless group were Polish nationals with
invasive infections (two cases of cellulitis with concomitant
bacteremia and one case of necrotizing fasciitis).

Of the GAS strains, 91.4% were susceptible to clindamycin, 84.5%
to levofloxacin, and 86.2% to erythromycin. No statistically
significant difference in susceptibility was found between the
strains from homeless and non-homeless persons.

Twenty-four strains from hospitalized homeless patients and
19 strains from hospitalized non-homeless patients were available
for emm-typing. The distribution of emm-type according to
housing status is presented in Table 3. Four emm-types (64, 77,
83, and 101) represented 76.1% (16/21) of the emm-types in the
hospitalized homeless group, while these emm-types accounted
for 38.8%(7/18) in the non-homeless group (p = 0.02). The results of
emm-cluster analyses are shown in Figure 1A and indicate that, in
the hospitalized homeless group, the majority of the emm-types
belonged to the D4 emm-cluster (71.4% vs. 27.8% in the non-
homeless group, p=0.01).

Furthermore, 76 non-hospitalized outpatients with a positive S.
pyogenes culture were identified during the study period (16
homeless and 60 non-homeless). Strains from 15 homeless persons
and 51 non-homeless persons were available for emm-typing and
emm-cluster analysis. Skin infections represented the majority of
infections in both outpatient groups (15/15 in the homeless group
and 38/51 in the non-homeless group). The distributions of the

Table 3
Distribution of emm-types among inpatients and outpatients with GAS infection by
housing status.

emm- emm- Inpatients, n (%) Outpatients, n (%)
type cluster

Homeless Non- Homeless Non-homeless

n=24 homeless n=15 n=51

n=19

1 A-C3 0(0) 1(5.3) 0(0) 1(2)
3.93 A-C5 0(0) 2(3.9)
4 E1l 0(0) 2(3.9)
6.58 Clade Y 1(4.2) 0(0)
8 E4 0(0) 1(2)
11 E6 0(0) 1(5.3) 0(0) 4(7.7)
12.37 A-C4 1(5.3)
18 Clade Y 0(0) 1(5.3) 0(0) 1(2)
22 E4 0 (0) 1(5.3) 0(0) 0 (0)
27.6 E2 1(4.2) 0(0) 2(133) 2(3.9)
28 E4 0(0) 1(5.3) 0(0) 1(2)
44 E3 0(0) 1(2)
58.17 E3 0(0) 1(2)
60.1 E1l 0(0) 1(2)
64 D4 7(29.2) 3(15.8) 1(6.7) 4 (7.8)
66 E2 1(4.2) 0(0)
75 E6 0(0) 3(5.9)
77 E4 2(8.3) 2 (10.5) 6 (40) 3(5.9)
81 E6 0 (0) 1(5.3) 0(0) 1(2)
83 D4 4(16.7) 0(0) 0(0) 2(3.9)
87 E3 0(0) 1(5.3) 0(0) 4 (7.8)
89 E4 0(0) 1(5.3) 0(0) 3(5.9)
90.2 E2 1(4.2) 0(0)
941 E6 0(0) 1(5.3)
95 Outlier 0 (0) 1(2)
101 D4 3(12.5) 2(10.5) 3(20) 1(2)
103 E3 0(0) 1(2)
108 D4 1(4.2) 0 (0) 1(6.7) 0(0)
109.1 E4 0(0) 1(2)
118.2 E3 1(6.7) 1(2)
165 E1l 0(0) 1(2)
209 E3 0(0) 1(5.3)
223 D4 0(0) 1(2)
STG652 0(0) 1(2)
NT 3(125) 1(5.3) 1(6.7) 6 (11.8)

GAS, group A Streptococcus; NT, non-typeable.

emm-types and emm-clusters for the outpatients are shown in
Table 3. The emm-cluster distribution in the outpatient homeless
and non-homeless populations are depicted in Figure 1B. The
results from emm-typing of the outpatients were pooled with the
results from inpatients for the analysis of diversity. The Simpson

Table 2
Infection type and outcome according to homeless status among hospitalized patients with a GAS infection.
Homeless Non-homeless Total p-Value
n=28, n (%) n=30, n (%) n=>58, n (%)
Type of infection
Cellulitis 13 (46.4%) 14 (46.7%) 27 (46.6%) 1.0
Invasive infection 3 (10.7%) 7 (23.3%) 10 (17.2%) 0.3
Skin abscess 6 (21.4%) 1(3.3%) 7 (12.1%) 0.048
Skin ulcer 1(3.6%) 3 (10%) 4 (6.9%) 0.6
Postoperative infection 0 (0%) 2 (6.7%) 2 (3.4%) 0.49
Impetigo 2 (71%) 0 (0%) 2 (3.4%) 0.23
Mastoiditis 1(3.6%) 0 (0%) 1(1.7%) 0.48
Chorioamnionitis 0 (0%) 1(3.3%) 1(1.7%) 1.0
Osteitis 1 (3.6%) 0 (0%) 1(1.7%) 0.48
Otitis 1(3.6%) 0 (0%) 1(1.7%) 0.48
Tonsillar abscess 0 (0%) 1(3.3%) 1 (1.7%) 1.0
Vaginal infection 0 (0%) 1(3.3%) 1(1.7%) 1.0
Outcome

ICU admission 4 (14.3%) 4 (13.3%) 8 (13.8%) 1.0
Surgery with general anesthesia 6 (21.4%) 5 (16.7%) 11 (19%) 0.74
Death 3 (10.7%) 1(3.3%) 4(6.9%) 0.34

GAS, group A Streptococcus; ICU, intensive care unit.
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Figure 1. Distribution of emm-clusters by housing status among (A) inpatients, (B) outpatients, and (C) both inpatients and outpatients.

diversity index was significantly lower in the homeless group: 0.84
(95% C10.79-0.89) vs. 0.95 (95% C1 0.93-0.96) in the non-homeless
group. There was a significant difference in the distribution of
emm-clusters between the homeless and non-homeless groups
when considering both inpatient and outpatient strains (p < 0.001,
Chi-square test) Figure 1C.

Discussion

This study reports a high proportion of homeless persons
among adults hospitalized with a GAS infection at a tertiary-care
hospital located in the city of Brussels, the municipality where the
majority of homeless persons were identified in the Brussels-
Capital Region during a recent census (Mondelaers, 2017).

Based on the catchment area of the hospital and the estimated
population of homeless people in Brussels City, the incidence rate
during the study period was 100 times higher in the homeless
population. Previous GAS outbreaks in homeless populations
described in Europe and North America have predominantly
reported high proportions of invasive infections caused by single
emm-type strains (Cady et al., 2011; Bundle et al., 2017; Mosites
et al, 2018). In the present study setting, a majority of skin
infections was observed, with a high proportion of abscesses. There
were only three cases of invasive infection reported in the
homeless group, but all three patients died. A limited emm-type
distribution was found in the homeless population and four emm-
types were over-represented (64, 77, 83, and 101). The majority of
emm-types found in the hospitalized homeless population
belonged to the D4 emm-cluster. This cluster has previously been
associated with skin infections (Sanderson-Smith et al., 2014). D4
emm-cluster GAS strains have the ability to bind plasminogen.
Interestingly, plasminogen has been shown to accumulate in
wounds during the healing process, in which it plays a critical role
(Shenetal., 2012). An important proportion of homeless inpatients
suffered from chronic and post-traumatic wounds.

Prevention messages were transmitted to the task force
responsible for homeless care in Brussels. These preventive
messages included the need to attend care in the case of wounds
and the promotion of hygiene, and special attention was paid to the
Polish subgroup. Mass administration of antibiotics was used in a
recent prolonged outbreak of invasive GAS disease in the homeless
population of Anchorage, Alaska (Mosites et al., 2018). In this
setting, the homeless people were localized in a limited number of
service facilities. This strategy was not considered in Brussels, due
to the low rate of invasive infection and the high proportion of
homeless patients living on the streets.

Caution must be taken when generalizing these results
because of the limited size of the study and the limited number
of strains that were characterized by emm-typing. Moreover, the
estimation of the incidence rates relied on assumptions concern-
ing the catchment populations for both groups, possibly introduc-
ing bias. However, the limited number of emm-types in both

inpatients and outpatients suggests endemic circulation of
selected GAS strains in this population. As well as the preventive
strategy based on access to care and enhanced hygiene as stated
above, immunization, when available, would likely represent an
efficient tool to decrease the burden of this infection in this fragile
population.
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