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Summary

AIMS OF THE STUDY: Invasive streptococcal infections
affect more than half a million patients worldwide every
year and have a high lethality. Little is known about the
epidemiology and microbiological characteristics of strep-
tococcal infections in Switzerland. This case series study
aims to describe the demographics, known risk factors for
streptococcal skin and soft tissue infections, clinical pre-
sentations, treatment and outcomes of patients admitted
to the University Hospital Zurich between 2000 and 2014
with invasive streptococcal infections caused by Strepto-
coccus pyogenes (group A Streptococcus), Streptococcus
dysgalactiae ssp. equisimilis or the Streptococcus angi-
nosus group, as well as the microbiological characteristics
of the clinical isolates.

METHODS: Data collected retrospectively from patients
hospitalised between 2000 and 2014 with invasive strep-
tococcal infections were analysed. M protein gene (emm)
typing of the bacterial clinical isolates was carried out ac-
cording to the Centers for Disease Control and Prevention
guidelines.

RESULTS: A total of 86 patients with invasive beta-
haemolytic streptococcal infections were included in this
study, of which 49% presented with necrotising fasciitis.
The median age was 44 years and half were female. The
most common risk factor was acute skin lesions. C-re-
active protein levels were significantly higher in patients
with necrotising fasciitis, as were acute renal failure and
distributive shock. Beta-lactam antibiotics were given to
most patients, and intravenous immunoglobulins were giv-
en to 18% of patients within the first 24 hours. All patients

suffering from necrotising fasciitis underwent surgery. The
overall case fatality rate was 8.1% at 30 days post ad-
mission. All Group A Streptococcus strains were suscepti-
ble to penicillin and clindamycin, and we found resistance
to tetracycline in 11.9% of strains. The most common
emm-type isolated was emm1 (44.4%).

CONCLUSIONS: Invasive beta-haemolytic streptococcal
infections, the most severe presentation of which is necro-
tising fasciitis, remain a serious clinical issue and require
rapid diagnosis and treatment. This is the first representa-
tive analysis monitoring clinical and microbiological char-
acteristics of patients with a severe invasive beta-
haemolytic streptococcal infection and treated in Zurich,
Switzerland. In addition to the detailed reporting of various
clinical and microbiological characteristics, we show that
C-reactive protein levels, acute renal failure and distrib-
utive shock were higher in the patients with necrotising
fasciitis. We also found a low case fatality rate compared
to other reports. The detailed clinical data and microbio-
logical characteristics depicted in this study will lead to a
better understanding of regional differences in severe in-
vasive streptococcal infections.

Keywords: Group A Streptococcus, invasive streptococ-
cal infections, necrotising fasciitis, streptococcal toxic
shock syndrome

Introduction

The gram-positive beta-haemolytic bacterium Streptococ-
cus pyogenes (group A Streptococcus, GAS) causes a wide
spectrum of diseases, ranging from superficial diseases to
severe invasive infections such as bacteraemia, necrotising
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fasciitis and streptococcal toxic shock syndrome (STSS)
[1–5]. The estimated yearly global burden of invasive GAS
infections is 663,000 new cases and 63,000 deaths [6, 7].
Although isolated less frequently than GAS, other beta-
haemolytic streptococci, such as Streptococcus dysgalacti-
ae ssp. equisimilis (groups C and G) and the Streptococcus
anginosus group, may also cause severe invasive infec-
tions [8–13].

The clinical presentation of invasive streptococcal infec-
tions varies strongly depending on both the host and the
microorganism [14], with necrotising fasciitis and STSS
being the most severe presentations. Necrotising fasciitis is
one of the most feared bacterial infections due to its rapid
clinical course and high case fatality rate of almost 30% at
7 days. This rises to 50–60% if accompanied by STSS [7,
15–19]. Risk factors for invasive streptococcal infections
are conditions affecting skin integrity such as skin lesions,
penetrating trauma, skin breach, pregnancy, childbirth, gy-
naecological procedures, malignancy, obesity, alcohol use
disorders, diabetes and immunosuppression [7, 9, 20–23].

The management of invasive beta-haemolytic streptococ-
cal infections includes antibiotic treatment and, for necro-
tising fasciitis, immediate surgery [24]. Penicillin is the an-
tibiotic of choice. Guidelines advise combining penicillin
with clindamycin for GAS-associated necrotising fasciitis
[24–32]. By reducing toxin production, clindamycin is ex-
pected to reduce tissue and host damage. In addition, poly-
specific human intravenous immunoglobulins (IVIG) in-
hibit the activity of toxin and virulence factors in both
STSS and necrotising fasciitis [33, 34]. Although a retro-
spective analysis failed to show a clinical benefit of IVIG
[35], its use in treatment of necrotising fasciitis and STSS
is recommended by several guidelines [34, 36, 37].

GAS expresses several virulence factors, including M pro-
tein, which is involved in the adhesion to host epithelial
cells and escape from phagocytosis [38]. Classification of
GAS strains is carried out by sequencing the emm gene’s
variable region. Different emm serotypes are associated
with strains with different degrees of virulence [39].
Necrotising infections caused by the highly virulent emm1
and emm3 GAS types are normally associated with STSS
in about 50% of cases [40, 41]. T-antigen, a backbone sub-
unit of the pilus protein, which is attached to the surface of
S. pyogenes, can also be used for strain characterisation. In
addition, GAS and S. dysgalactiae ssp. equisimilis produce
various superantigens [42] that trigger a strong immune re-
sponse, one of the causes of STSS [43–46].

Due to the severity of GAS infections, many countries
have continuous surveillance monitoring programmes in
place. This is not the case for Switzerland, where, except
for sporadic case reports and one report of an outbreak,
overarching epidemiological and microbiological data on
GAS infections are lacking [47–49].

In this study, we aimed to characterise the clinical char-
acteristics of patients diagnosed with invasive beta-
haemolytic streptococcal infections and admitted to the
University Hospital Zurich (UHZ), Switzerland between
2000 and 2014. We analysed epidemiological data and in-
cidence rates, as well as the treatment regimens and clini-
cal outcomes of the patients. We also reviewed the micro-
biological characteristics and antibiotic susceptibilities of
the streptococcal bacterial isolates.

Material and methods

Study design
This retrospective analysis included patients presenting
with invasive S. pyogenes, S. dysgalactiae ssp. equisimilis
and S. anginosus infections who were treated at USZ be-
tween May 2000 and May 2014. Inclusion criteria were in-
vasive infections originally verified by infectious disease
specialists as being confirmed by isolation of the above-
mentioned streptococci in sterile (blood, joint) or non-ster-
ile sites (soft tissue, superficial swab, serous cavities). All
samples were processed at the Institute of Medical Mi-
crobiology (IMM), Zurich. Exclusion criteria were incom-
plete clinical and microbiological data and non-invasive
infections. Polymicrobial infections were defined as infec-
tions by beta-haemolytic streptococci and at least one ad-
ditional bacterial or fungal species. The plausibility of the
identified necrotising fasciitis incidence was assessed by
an additional systematic review of medical records in the
electronic patient information system (“KISIM Corp” Ver-
sion 5.1.0.3, CISTEC AG, Zürich).

Clinical isolates identification
Microbiological identification of the clinical isolates was
performed at the IMM using latex agglutination tests (Pas-
torex Strep, Sanofi, Pasteur, France) until 2010. From 2010
onwards, conventional culture-based and molecular biolo-
gy techniques, including matrix-assisted laser desorption/
ionisation time-of-flight mass spectrometry (MALDI-TOF
MS) with occasional verification by latex agglutination,
were used [50, 51].

Emm-typing
Emm-typing was performed either at the German National
Reference Centre for Streptococci (GNRCS), University
Hospital RWTH Aachen, Aachen, Germany, or in the
Zinkernagel laboratory at the USZ, and was carried out ac-
cording to the recommendations of the Centers for Disease
Control and Prevention [52].

T-typing
T-typing and superantigen gene detection were performed
on a subset of strains by the GNRCS, as described previ-
ously [53, 54].

Antimicrobial susceptibility testing
Antimicrobial susceptibility testing was performed either
at the IMM, the Zinkernagel laboratory USZ or the GN-
RCS. The IMM and the Zinkernagel laboratory USZ per-
formed susceptibility testing using the Kirby–Bauer disk
diffusion method [55]. The interpretation of the zone diam-
eters was conducted according to the corresponding year-
ly guidelines of the European Committee on Antimicrobial
Susceptibility Testing (EUCAST). Susceptibility testing at
the GNRCS was performed using the micro-broth dilution
method and susceptibility categorisation according to the
Clinical and Laboratory Standards Institute and EUCAST
breakpoints for trimethoprim/sulfamethoxazole [56].

Clinical data
All demographic, clinical and laboratory data were collect-
ed retrospectively from a clinical patient data management
system. Diagnoses were categorised into soft tissue infec-
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tions, STSS, bacteraemia, respiratory tract infections, uro-
genital/perineal infections and other infections. A soft tis-
sue infection was defined as an infection spreading to skin,
subcutaneous fat and skeletal muscle. Patients with soft tis-
sue infections were divided into necrotising fasciitis and no
necrotising fasciitis subgroups. We analysed the incidence
per 100,000 population, epidemiology, known risk fac-
tors and complications (distributive shock, disseminated
intravascular coagulation, acute renal failure, liver abnor-
mality and acute respiratory distress syndrome [ARDS])
of invasive beta-haemolytic streptococcal infections (see
table 1 below). Immunocompromised patients included in-
dividuals suffering from immunosuppressive diseases such
as human immunodeficiency virus (HIV), undergoing im-
munosuppressive therapy, suffering from active cancerous
disease, and not specified. Antibiotic treatment given with-
in the first two weeks of hospitalisation was analysed. An-
tibiotics were categorised as β-lactam antibiotics, protein
synthesis inhibitors (PSIs) or others. IVIG treatment was
categorised as immediate (within 24 hours of admission) or
delayed (>24 hours from admission). To assess whether the
observed incidence was underestimated due to the study
design, we additionally searched for patients with inva-
sive streptococcal infections in the electronic patient med-
ical records system. The medical data management system
department retrieved cases admitted to the internal med-
icine, plastic surgery, dermatology, emergency and infec-
tious diseases departments between May 2000 and May
2014 if the terms “fasciitis”, “STSS” or “Fournier gan-
grene” were found in the records. We manually reviewed
these patients’ records to identify cases fulfilling the crite-
ria for a beta-haemolytic necrotising fasciitis infection and
used the number of cases identified to calculate the yearly
incidence.

Data analysis and statistics
We analysed the dataset with the SPSS 22 software pack-
age (SPSS Inc., Chicago, IL, USA). For comparison of
non-normally distributed variables we used the
Mann–Whitney U test. Binomial data (dichotomous out-
comes, categorical variables) were analysed with the chi-
square test, or Fisher’s exact test if the numerator was <5.
Results were considered statistically significant at p-values
<0.05. Cut-off values for laboratory parameters provided
by the diagnostics laboratory of the USZ were used: C-re-
active protein (CRP) <5 mg/l, leucocytes 3.0‒9.6 g/l, neu-
trophils 1.40‒8.00 g/l.

Ethics
The study was approved by the Cantonal Ethics Committee
(Kantonale Ethikkommission Zurich, Switzerland,
BASEC-Nr. 2016-00145).

Results

Demographic characteristics and site of isolation
Of the 113 cases of invasive beta-haemolytic streptococcal
infection reported to the infectious disease specialists be-
tween May 2000 and May 2014 (fig. 1 and table S1 in ap-
pendix 1), 27 were excluded due to lack of data. In total, 86
patients were included in the analysis (fig.1), resulting in a
yearly incidence of invasive infections of 0.47 per 100,000
population and a yearly incidence of necrotising fasciitis of

0.24 per 100,000 population for the canton of Zurich [57].
All included patients were over 18 years of age. Median
age at presentation was 44 years and 13 patients were older
than 65 years. Population characteristics, clinical presenta-
tion, outcome and risk factors are shown in table 1 (for the
overall study population) and in table 2 (for the necrotising
fasciitis and no necrotising fasciitis subgroups). The addi-
tional systematic search of the electronic medical records
found a yearly necrotising fasciitis incidence of 0.33 cases
per 100,000 population (fig. S1).

Overall clinical presentation and laboratory parame-
ters
The majority of patients suffered from soft tissue infec-
tions (76.7%) (table 1). Of these, 48.8% had necrotising
fasciitis and 27.9% had non-necrotic soft tissue infections.
In patients with non-necrotic soft tissue infections, the site
of infection was located on the extremities (41.6%), the
oropharynx (45.8%), the urogenital/perineal region (8.3%)
or the face (4.1%). Thirty-six percent of the patients pre-
sented with STSS and 30.2% had bacteraemia. Invasive in-
fections manifested as respiratory tract infections in 7.0%
of patients. Urogenital/perineal infections not categorised
as soft tissue infections occurred in 10.5% of patients. Five
patients showed a clinical presentation categorised as oth-
er, with two of these having meningitis. The median CRP
at admission was 183.0 mg/ (interquartile range (IQR)
84.5–284.0). The median leucocyte count was 14.3 g/l
(IQR 9.77–19.34) and the median neutrophil count was
12.4 g/l (IQR 8.5–16.84).

Risk factors
Forty-nine percent of the patients had one or more risk
factors for a streptococcal infection (42 patients, table 1).
Acute skin lesions (e.g., cut, wounds, surgery) were the
most frequent risk factor (27.9%). Seven percent of pa-
tients had chronic skin lesions (e.g., underlying skin dis-
eases such as psoriasis) and 22.1% were immunosup-
pressed, of which eight had diabetes mellitus, three were
on immunosuppressive drugs (adalimumab, azathioprine
and immunosuppression due to kidney-transplantation),
three had immunosuppressive diseases (rheumatoid arthri-
tis, systemic lupus erythematosis), two had HIV and two
suffered from cancerous diseases. 8.2% of patients were
hospitalised for other reasons, such as surgery, prior to di-
agnosis of invasive streptococcal infection.

Complications and outcome
At least one acute complication occurred in 55% of the pa-
tients. Distributive shock was the most common complica-
tion, occurring in 45.3% of patients, followed by acute re-
nal failure (34.9%) (table 1). The case fatality rate was 6%
at 7 days and 8.1% at 30 days post admission.

Treatment
Rates of antibiotic treatment, surgical therapy and ICU
therapy are depicted for the overall study population in
table 1 and for the necrotising fasciitis and no necrotising
fasciitis subgroups in table 2. All patients underwent an-
tibiotic therapy. Eighty-two patients (96.4%) were treated
with at least one β-lactam antibiotic, with amoxicillin/
clavulanic acid the most commonly used (50.6%) followed
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by the third-generation cephalosporin ceftriaxone (48.2%)
and by piperacillin/tazobactam (22.4%). Fifty-nine pa-
tients received a PSI (69.4%), most commonly clin-
damycin (63.5%). Antimicrobials from two or more class-
es were given to 63 patients (73.2%). The most common
combination was a β-lactam plus clindamycin (61.2%).
IVIG was received within 24 hours of admission in 16 pa-
tients (18.6%) and after more than 24 hours (9.3%) in 8 pa-
tients. Surgery was performed in 70 cases (81.4%) and 50
patients (58.1%) were admitted to the ICU.

Comparison of clinical presentation, laboratory para-
meters, risk factors, complications, outcome and treat-
ment in patients with and without necrotising fasciitis.

Clinical presentation and laboratory parameters
Forty-two out of the 86 patients had necrotising fasciitis
(48.8%). In most necrotising fasciitis cases the site of in-

fection was the extremities (61.9%), followed by the
oropharynx/mediastinum (23.8%) and the urogenital/per-
ineal region (16.7%) (table 2). STSS occurred in 40.5% of
the necrotising fasciitis cases and bacteraemia occurred in
26.2%. There was no significant difference in median age
(44 vs 42 years; p = 0.282) or gender distribution (45% vs
43.2% male; p = 0.146) between patients with and without
necrotising fasciitis (table 2).

CRP levels were significantly higher in patients with
necrotising fasciitis (median 244, IQR 163–322 mg/l) than
in patients without necrotising fasciitis (median 134.5, IQR
69–212.5 mg/l; p = 0.001). Median leucocyte counts
(necrotising fasciitis group: 15.2 g/L, IQR 10.4–22.7; no
necrotising fasciitis group: 13.5 g/l, IQR 9.6–17.8; p =
0.248) and median neutrophil counts (necrotising fasciitis
group: 13.8 g/L, IQR 9.6–19.6; no necrotising fasciitis
group: 11.4 g/l, IQR 8.1–15.5; p = 0.085) did not differ sig-
nificantly (table 2, fig.2).

Figure 1: Consort diagram showing type of admission and outcome at 7 and 30 days post admission of 86 patients with invasive beta-
haemolytic streptococcal infections.
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Risk factors
We found more acute skin lesions in patients with than in
patients without necrotising fasciitis (33.3% vs 22.7%; p
= 1.000), as well as more trauma in the necrotising fasci-
itis group (14.3% vs 6.8%; p = 0.303), but neither differ-
ence was significant. We did not observe significant differ-
ences in the presence of immunosuppression, chronic skin
lesions or previous hospitalisation (table 2).

Complications and outcome
Patients with necrotising fasciitis had significantly more
distributive shock (57.1% vs 36.4%; p = 0.041) and acute
renal failure (52.4% vs 20.5%; p = 0.001) than those with-
out necrotising fasciitis (table 2). The rates of ARDS, dis-
seminated intravascular coagulation and liver abnormali-
ties were comparable between the two groups (table 2).
Necrotising fasciitis patients had a higher case fatality rate
at 30 days post admission compared to patients without
necrotising fasciitis (11.9% vs 4.5%), but no statistical sig-
nificance could be detected (table 2).

Treatment
Patients with and without necrotising fasciitis received β-
lactam antibiotics (100% vs 91%; p = 0.241) (table 2). A
significantly higher number of patients in the necrotising
fasciitis group received a PSI (97.6% vs 43.2%; p <0.001).
Clindamycin was the most frequently used PSI (97.6% vs
29.5%; p <0.001), and was mostly given in combination
(β-lactam and clindamycin: 97.6% vs 25%; p <0.001). Ad-
ditional antibiotics (categorised as “others”) were given in
28% of cases with necrotising fasciitis and in 41% of no
necrotising fasciitis cases. Early IVIG treatment was given
significantly more often to patients with necrotising fasci-
itis than to those without (33.3% vs 4.5%; p <0.001). There
was no difference in the proportions of patients adminis-
tered IVIG more than 24 hours post admission. All patients
with necrotising fasciitis and 28 patients without necrotis-
ing fasciitis (63.6%) underwent surgery (p <0.001).

Microbiological characterisation of clinical iso-
lates

Ninety-one percent of the clinical isolates were S. pyo-
genes, 5.8% were S. dysgalactiae ssp. equisimilis and 2.3%
were S. anginosus (table 3). Ten percent of patients had a
polymicrobial infection, with Staphylococcus aureus being
the most common second pathogen isolated (7.0%).

Emm-types and superantigens.
The most commonly isolated emm-type was emm1 (44.4%
of all typed isolates), followed by emm89 (9.3%) (table 3).
T-typing was available for 33 isolates: T-type 1 was the
most common (60.6%), followed by T-type 3 (12.1%) and
T-types 12 and 28 (9.1%) (table 3). Superantigens were as-
sessed for 42 isolates. SpeG was detected in 92.9%, smeZ
in 88.1%, speA in 59.5% and SpeJ in 57.1% of cases (table
3). There was no significant difference in superantigens be-
tween the necrotising fasciitis and no necrotising fasciitis
groups (table 3).

Resistance
All tested strains were susceptible to penicillin and clin-
damycin (table 4). Tetracycline was the only antibiotic
against which resistance was found: 11.9% of the 45 tested
isolates were resistant, of which 2.4% showed an interme-
diate resistance phenotype.

Discussion

This is the first analysis of clinical and microbiological
characteristics of patients with severe invasive beta-
haemolytic streptococcal infections treated in Zurich,
Switzerland. Eighty-six patients recruited between May
2000 and May 2014 were enrolled in this study, which pro-
vides information on invasive beta-haemolytic streptococ-
cal infections in Switzerland and allows comparisons with

Figure 2: Laboratory values at admission. The box plots represent the C-reactive protein (CRP) levels, leucocyte counts and neutrophil values
at admission in patients with (light grey) and without (dark grey) necrotising fasciitis. * Significant difference between patients with and without
necrotising fasciitis; p = 0.001 (Mann–Whitney U test).
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Table 1: Population characteristics, clinical presentation, laboratory
parameters, risk factors, complications and treatment (including antibi-
otic treatment, IVIG treatment, ICU admission and surgery performed
due to infection) of 86 patients with invasive beta-haemolytic strepto-
coccal infections.

Patients with invasive
streptococcal infections

(% of total)
(n = 86)

Demographics

Age (years), median (IQR) 44 (36‒55.0)

Gender, male 41 (48.2)

Site of isolation

Soft tissue 46 (53.5)

Superficial swab 19 (22.1)

Blood culture 15 (17.4)

Serous cavities 3 (3.5)

Unknown site 2 (2.3)

Joints 1 (1.1)

Clinical presentation Sterile
samples

n (%)

Non-
sterile

samples
n (%)

Soft tissue infections 66
(76.7)

Necrotising fasciitis 42
(48.8)

3 (7.1) 39 (92.9)

– With STSS 17

– With bacteraemia 11

Non-necrotic soft tissue infections* 24
(27.9)

1 (4.2) 23 (95.8)

– With STSS 3

– With bacteraemia 2

Respiratory tract infections 6 (7.0) 3 (50) 3 (50)

Urogenital/perineal infections† 9 (10.5) 5 (55.6) 4 (44.4)

Other clinical presentation‡ 5 (5.8) 4 (80) 1 (20)

STSS (total) 31 (36.0)

Bacteraemia (total) 26 (30.2)

Laboratory parameters at admis-
sion

CRP (mg/l), median (IQR) 183.0 (84.5–284.0)

Leucocytes (g/l), median (IQR) 14.3 (9.77–19.34)

Neutrophils (g/l), median (IQR) 12.4 (8.5–16.84)

Risk factors

Acute skin lesions 24 (27.9)

Trauma 10

Surgery within 7 days 7

Ongoing intravenous drug use 3

Other§ 4

Immunosuppression¶ 20 (23.3)

Chronic skin lesions 6 (7.1)

Hospitalisation before occurrence of
infection

7 (8.2)

Complications

Distributive shock 39 (45.3)

Acute renal failure 30 (34.9)

DIC 12 (13.9)

Liver abnormality 12 (13.9)

ARDS 9 (10.5)

Antibiotic treatment

β-lactam antibiotics 82 (96.4)

– Penicillins 64 (75.3)

– Amoxicillin/clavulanic acid 43 (50.6)

– Piperacillin/tazobactam 19 (22.4)

– Cephalosporins 43 (50.6)

– Ceftriaxone 41 (48.2)

– Others 19 (22.3)

Patients with invasive
streptococcal infections

(% of total)
(n = 86)

Protein synthesis inhibitors 59 (69.4)

– Clindamycin 54 (63.5)

– Gentamicin 11 (12.9)

– Clarithromycin 7 (8.2)

Others 31 (36.5)

– Vancomycin 14 (16.5)

– Metronidazole 8 (9.4)

Combinations

– Clindamycin + β-lactam antibiotics 52 (61.2)

IVIG

Within the first 24 h 16 (18.6)

After 24 h 8 (9.3)

Surgery 70 (81.4)

ICU 50 (58.1)

ARDS = acute respiratory distress syndrome; CRP = C-reactive pro-
tein; DIC = disseminated intravascular coagulation; h = hours; HIV =
human immunodeficiency virus; ICU = intensive care unit; IQR = in-
terquartile range; IVIG = intravenous immunoglobulins; STSS = strep-
tococcal toxic shock syndrome Information on laboratory findings at ad-
mission was available as follows: CRP levels for 81 patients, leucocyte
levels for 86 patients, neutrophil levels for 78 patients. Information on
risk factors and complications was available for 85 patients. Information
about antibiotic treatment was available for 85 patients. Patients could
be characterised by multiple sites of infection, risk factors and compli-
cations. * Site of infection: 10 (41.6%) extremities, 11 (45.8%) orophar-
ynx, 2 (8.3%) urogenital/perineal area, 1 (4.1%) face. † One patient with
necrotic myoma, 1 with acute cystitis with GAS, 1 with abscess in the
small bowel, 1 with puerperal sepsis and endometritis after birth, 2 with
STSS with vaginal focus, 1 with postpartum STSS, 1 with bartholinitis
and 1 with pelvic inflammatory disease. ‡ Two patients with meningi-
tis, 1 patient with myocarditis, 1 patient with bacteraemia of unknown
focus, 1 patient with ruptured abdominal aortal aneurysm with STSS.
§ One patient with insect bite, 1 patient with pustule as entry point for
bacteria, 1 patient with wound after swimming, 1 patient with impetig-
inized erosions. ¶ Eight patients had diabetes mellitus, 3 immunosup-
pressive drug treatment, 3 2 chronic immunosuppressive disease, 2
HIV infection, 2 active cancerous disease, 1 alcohol use disorder, 1 not
specified.

other countries, including those enrolled in the Strep-EU-
RO programme. We found yearly incidences of 0.47 cases
per 100,000 population for invasive infections and of 0.24
cases per 100,000 population for necrotising fasciitis. The
necrotising fasciitis incidence seems to be not consider-
ably underestimated since the additional systematic search
found a comparable incidence of 0.33 cases per 100,000
population.

One of the key findings of this study is the low case
fatality rate in Zurich compared to other studies (Lamagni
et al. 19% overall and 32% for necrotising fasciitis pa-
tients, Kaul et al. 34% for necrotising fasciitis patients) [7,
58]. In a retrospective study in Germany, the case fatality
rate for patients with invasive GAS infections was 33% for
necrotising fasciitis and 46% for STSS [22]. In the United
States, a case fatality rate of 26.9% was described for pa-
tients with invasive GAS infections associated with necro-
tising fasciitis [19]. The frequent use of the antibiotic com-
bination of penicillin and clindamycin in almost 61.2% of
patients and surgical debridement in 81% of patients are
possible explanations for the lower case fatality rate in our
study. Furthermore, compared to other studies, our patients
were younger (median age 44 vs 61 and 57.5 years [21,
58]). The virulence of our strains might have been lower,
since the virulent M3 emm-type was found in only 12%
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Table 2: Comparison of population characteristics, clinical presenta-
tion, laboratory parameters, risk factors, complications and treatment
(including antibiotic treatment, IVIG treatment, ICU admission and
surgery performed due to infection) of patients with invasive beta-
haemolytic streptococcal infections categorised as necrotising fasciitis
and or as without necrotising fasciitis.

Necrotising
fasciitis
(n = 42)

No necro-
tising

fasciitis
(n = 44)

p-val-
ue

Demographics

Age (years), median (IQR) 44 (37–62) 42 (34–52) 0.282

Gender, male (%) 23 (45.2) 19 (43.2) 0.146

Site of infection (%)*

Extremities 26 (61.9)

Oropharynx and mediastinum 10 (23.8)

Bone and joint 5 (11.9)

Urogenital/perineal area 7 (16.7)

Other† 4 (9.5)

STSS 17 (40.5)

Bacteraemia 11 (26.2)

Laboratory parameters at ad-
mission

CRP, mg/l, median (IQR) 244
(163–322)

134.5
(69–212.5)

0.001‡

Leucocytes, g/l, median (IQR) 15.2
(10.4–22.7)

13.5
(9.6–17.8)

0.248‡

Neutrophils, g/l, median (IQR) 13.8
(9.6–19.6)

11.4
(8.1–15.5)

0.085‡

Risk factors

No risk factors 20 (47.6) 23 (52.3) –

Immunosuppression 9 (21.4) 10 (22.7) 0.932§

Diabetes 4 (9.5) 4 (9.1) 1.000¶

Acute skin lesions 14 (33.3) 10 (22.7) 1.000§

Trauma 6 (14.3) 3 (6.8) 0.303¶

Surgery within 7 days 4 (9.5) 3 (6.8) 0.707¶

Ongoing intravenous drug use 2 (4.8) 1 (2.3) 0.607¶

Other 2 (4.8) 3 (6.8) –

Chronic skin lesions 2 (4.8) 4 (9.1) 0.677¶

Hospitalisation 4 (9.5) 3 (6.8) 0.707¶

Complications 9 (21.4) 10 (22.7) 0.932§

Distributive shock 24 (57.1) 16 (36.4) 0.041§

Acute renal failure 22 (52.4) 9 (20.5) 0.001§

DIC 7 (16.7) 5 (11.4) 0.450§

Liver abnormality 7 (16.7) 5 (11.4) 0.450§

ARDS 5 (11.9) 4 (9.14) 0.733¶

Antibiotics

β-lactam antibiotics 42 (100) 40 (91) 0.241¶

Protein synthesis inhibitors 41 (97.6) 19 (43.2) <0.001§

Clindamycin 41 (97.6) 13 (29.5) <0.001§

Clindamycin plus β-lactam 41 (97.6) 11 (25.0) <0.001§

Others‖ 12 (28.5) 18 (40.9) 0.200§

IVIG

Within 24 h 14 (33.3) 2 (4.5) 0.001§

After 24 h 5 (11.9) 3 (6.8) –

ICU admissions 33 (78.6) 17 (38.6) <0.001§

Surgery 42 (100) 28 (63.6) <0.001§

Outcome

Death at 30 days 5 (11.9) 2 (4.5) 0.255¶

ARDS = acute respiratory distress syndrome; CRP = C-reactive pro-
tein; DIC = disseminated intravascular coagulation; h = hours; ICU =
intensive care unit; IQR = interquartile range; IVIG = intravenous im-
munoglobulin therapy; PSI = protein synthesis inhibitor; STSS = strep-
tococcal toxic shock syndrome Information on laboratory parameters
was available as follows. Necrotising fasciitis group: CRP for 41 pa-
tients; leucocytes for 40 patients; neutrophils for 39 patients. No necro-
tising fasciitis group: CRP for 40 patients; leucocytes for 40 patients;

neutrophils for 39 patients. Information on IVIG and outcome was avail-
able for 41 patients in the necrotising fasciitis group. In the no necrotis-
ing fasciitis group, information on antibiotics was available for 43 out of
44 patients, and information on IVIG for 42 out of 44 patients. * Patients
may have had many sites of infection † Four patients had necrotising
fasciitis on the chest/flank ‡ p-value calculated using Mann-Whitney U-
test ¶ p-value calculated using Fisher’s exact test § p-value calculated
using the chi-square test ‖ Other antibiotics that were given additionally
to β-lactam antibiotics and/or PSI

of cases. As mentioned in the limitations, selection biases
may also explain the low mortality.

The demographic and clinical data of the patients were
similar to other studies. The median age of the patients in-
cluded in our study was 44 years, similar to results from
other national studies [31, 59]. Females and males were
equally affected by invasive streptococcal infections, as
previously observed in Cyprus, Greece and Italy in patients
with severe GAS infections [7]. The invasive streptococcal
infections had a seasonal pattern, with a higher number
of cases during winter and spring, as reported previously
(table 3) [7, 22]. Non-necrotic infections occurred in
27.9% of cases; similar rates were reported in France
(30%) [59].

We found a broad range of manifestations of invasive
streptococcal infections. The rates of soft tissue infections
(76.7%) and severe manifestations such as necrotising
fasciitis (48.8%) and STSS (36%) observed in our study
were higher than those observed in an active surveillance
study of 278 patients with invasive GAS infections carried
out in Denmark between 2003 and 2004, where only 26%
of patients had soft tissue infections and 6% had necro-
tising fasciitis [60]. Imöhl et al. reported similar numbers
in Germany (necrotising fasciitis in 20.8% and STSS in
16.6% of all patients) [61]. This discrepancy could be due
to a selection bias linked to the study design. The fact that
only streptococcal infections that met the criteria of having
been verified by infectious disease specialists and microbi-
ologists were included in the study led to the selection of
the most severe cases. In addition, all patients were admit-
ted at the USZ, a tertiary care hospital treating on average
more severely ill patients [31, 59].

In this study, we mostly observed highly elevated CRP lev-
els (on average 36 times higher than normal levels) and
neutrophil counts (on average 1.5 times higher than normal
levels). The observed CRP values were significantly high-
er for the patients with necrotising fasciitis as compared
with the results of Wong et al. in Singapore [62].

We moreover observed a high rate of complications, espe-
cially distributive shock (in 45.3% of cases) and acute re-
nal failure (in 34.9% of cases). This prevalence is compa-
rable to that of a Canadian prospective study of 77 patients
with necrotising fasciitis, which found acute renal failure
in 35% of cases [58]. Two other studies found lower rates
of distributive shock and renal failure, which can be par-
tially attributed to the more severe condition of patients ad-
mitted to reference hospitals such as our tertiary care hos-
pital [7, 61]. Here again, the selection of severe cases due
to our study design is probably the main reason behind this
discrepancy.

Mehta et al. found that ARDS was associated with invasive
GAS infections in 34% of patients [63], while we found
less ARDS in the necrotising fasciitis subgroup. One rea-
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Table 3: Strain identification, monthly occurrence and microbiological
characteristics (emm-types, T-types, superantigen) of clinical isolates
from 86 patients with invasive beta-haemolytic streptococcal infec-
tions.

n (%)

Strain identification

Streptococcus pyogenes 79 (91.9)

Streptococcus dysgalactiae ssp. equisimilis 5 (5.8)

Streptococcus anginosus 2 (2.3)

Polymicrobial infection

Staphylococcus aureus 6 (7.0)

Enterococcus 1 (1.2)

Pseudomonas aeruginosa 1 (1.2)

Escherichia coli 1 (1.2)

Bacteroides fragilis 1 (1.2)

Streptococcus ssp. 2 (2.3)

Fungi 3 (3.5)

Infections per month n (%)

January 10 (11.8)

February 13 (15.3)

March 9 (10.6)

April 10 (11.8)

May 6 (7.1)

June 8 (9.4)

July 4 (4.7)

August 6 (7.1)

September 5 (5.9)

October 2 (2.4)

November 4 (4.7)

December 8 (9.4)

Emm-type n (% of n tested)

1 24 (44.4)

3 4 (7.4)

12 4 (7.4)

28 3 (5.6)

89 5 (9.3)

Other 14 (25.9)

T-type n (% of n tested)

1 20 (60.6)

3 4 (12.1)

12 3 (9.1)

28 3 (9.1)

Others 3 (9.1)

Superantigens n (% of n tested)

SpeG 39 (92.9)

smeZ 37 (88.1)

SpeA 25 (59.5)

SpeJ 24 (57.1)

SpeC 11 (26.2)

SpeK 12 (28.6)

SsA 4 (9.5)

SpeH 4 (9.5)

SpeI 3 (7.1)

SpeM 1 (2.4)

SpeL 1 (2.4)

Superantigens Necrotising
fasciitis

n (% of n test-
ed)

No necrotis-
ing fasciitis

n (% of n
tested)

p-value

SpeG 26 (89.6) 13 (100) 0.540*

smeZ 24 (82.7) 13 (100) 0.302*

SpeA 18 (33.3) 7 (53.8) 0.616†

SpeJ 18 (33.3) 6 (46.1) 0.335†

Emm-type Necrotising
fasciitis

No necrotis-
ing fasciitis

p-value

n (%)

n (% of n test-
ed)

n (% of n
tested)

1 18 (54.5) 6 (28.6) 0.061†

3 2 (6.1) 2 (9.5) 0.638*

12 4 (12.1) 0 (0) 0.148*

28 1 (3.0) 2 (9.5) 0.553*

89 1 (3.0) 4 (19.0) 0.069*

Spe = Superantigen; ssp. = subspecies 77 patients suffered from
monobacterial infections and 9 from polymicrobial infections. Informa-
tion was available as follows: monthly occurrence for 85 out of 86 pa-
tients, emm-types for 54 out of 86 isolates, T-types for 33 out of 86 iso-
lates, superantigens for 42 out of 86 (necrotising fasciitis group: 29 out
of 42; no necrotising fasciitis group: 13 out of 44). * p-value calculated
using Fisher’s exact test † p-value calculated using the chi-square test

Table 4: Antibiotic susceptibility testing for clinical isolates from 86 pa-
tients with beta-haemolytic streptococcal infections.

Antibiotic sus-
ceptibility*

Isolates
tested

n tested/n
total

Sensitive
n (% of n
tested)

Intermediate
n (% of n
tested)

Resistant
n (% of n
tested)

β-lactam antibi-
otics

Penicillin 45/86 45 (100) 0 (0) 0 (0)

Amoxicillin 30/86 30 (100) 0 (0) 0 (0)

Ampicillin 16/86 16 (100) 0 (0) 0 (0)

Ceftriaxone 16/86 16 (100) 0 (0) 0 (0)

Cefotaxime 42/86 42 (100) 0 (0) 0 (0)

Piperacillin/
tazobactam

14/86 14 (100) 0 (0) 0 (0)

PSI

Erythromycin 25/86 25 (100) 0 (0) 0 (0)

Clarithromycin 18/86 18 (100) 0 (0) 0 (0)

Clindamycin 45/86 45 (100) 0 (0) 0 (0)

Gentamycin 15/86 15 (100) 0 (0) 0 (0)

Tetracycline 42/86 36 (85.7) 1 (2.4) 5 (11.9)

Telithromycin 14/86 14 (100) 0 (0) 0 (0)

Others

Levofloxacin 43/86 43 (100) 0 (0) 0 (0)

Rifampicin 14/86 14 (100) 0 (0) 0 (0)

Vancomycin 19/86 19 (100) 0 (0) 0 (0)

PSI = protein synthesis inhibitor. * According to EUCAST breakpoints
at time of identification (2000–2014).

son for this is that the definition of ARDS has been con-
stantly changing in recent years. Another reason may be
the lack of documentation and the fact that the ventilation
parameters, which would have revealed the number of un-
reported cases of ARDS, were not recorded [64]. Only half
of patients with invasive streptococcal infections in our
study showed risk factors, with acute skin lesions and im-
munosuppression (27.9% and 22.1%) the most common.
Kaul et al. found a lower percentage of immunosuppressed
patients in their necrotising fasciitis group (13%), but a
higher number of patients with skin lesions (47%) [58].

Patients with necrotising fasciitis were mostly treated with
β-lactam antibiotics and clindamycin, and all of them un-
derwent surgery, as advised by international guidelines.
IVIG was given to almost half of the necrotising fasciitis
patients. The retrospective nature of the study does not
allow us to assess the reasons for using (or not using)
IVIG or the effect of IVIG. Based on the available litera-
ture, adding IVIG to the treatment of patients with severe
GAS infections, including those with necrotising fasciitis
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or STSS, seems advisable, but there is not yet clear evi-
dence of its efficacy [34, 65–67].

In our study, GAS constituted 91.9% of all pathogens iso-
lated from patients with invasive streptococcal infections.
Only 5.8% and 2.3% of the pathogens were categorised as
S. dysgalactiae ssp. equisimilis and S. anginosus, respec-
tively. This is in contrast to findings from Norway, where
almost 50% of invasive streptococcal infections were due
to streptococci categorised as Lancefield groups C/G [14].
In a recent publication, a retrospective search of the data-
base of blood cultures from between 2006 and 2015 in
Bern, Switzerland, showed 67 positive blood cultures with
C/G streptococci isolates [49]. The limited number of pa-
tients included in our study might explain the low number
of organisms other than GAS. Elliott et al. showed that in
154 out of 182 cases (84%) of necrotising soft tissue in-
fections, more than one organism was cultured [68]. In our
study, polymicrobial infections accounted for 10.45% of
cases and S. aureus was the most commonly co-isolated
bacterium (7% of cases).

In accordance with previous findings, emm-types 1, 3, 12,
28 and 89 were the most frequent serotypes found in this
study [21, 60, 69]. Certain emm-types, such as emm1, are
isolated more often in specific diseases such as STSS and
necrotising fasciitis [21]. emm-types 1, 3, 5 and 43 were
shown to correlate with a higher lethality [21, 69]. The
most common T-types we detected were types 1, 3 and 12,
which agrees with the results obtained by the Strep-EURO
research group in 2009 [21]. We did not find a significant
correlation between the occurrences of emm-types 1, 3, 12,
28 and 89 in the necrotising fasciitis vs the no necrotising
fasciitis groups.

Superantigens were tested in almost half of the clinical iso-
lates. SpeG was the most commonly detected superanti-
gen (92.9%), followed by smeZ, speA and speJ (88.1%,
59.5%, 57.1% respectively). These percentages are similar
to those reported by Luca-Harari et al. for streptococcal
pyrogenic exotoxin (speG, 99%) and streptococcal super-
antigen genes (speA, 40%) in invasive GAS infections iso-
lates [60]. A study from Poland and Germany found speG
in 83%, smeZ in 77% and speJ in 5% of patients with inva-
sive GAS wound, skin and soft tissue infections [70]. Since
no significant difference existed between patients with or
without necrotising fasciitis, we assume that superantigens
and smeZ are not the major factors affecting the severity of
invasive GAS infections. However, due to the low number
of isolates analysed, further testing is needed for confirma-
tion.

As reported elsewhere, we detected no resistance to peni-
cillin in the clinical isolates [29, 31]. However, in contrast
to reports from France and Italy, our isolates showed no
resistance to clindamycin [71, 72]. Clindamycin has been
shown to act on non-replicating bacteria, in contrast to
penicillin, which only acts on actively replicating bacteria
[73]. Clindamycin has been shown to improve clinical out-
come in an necrotising fasciitis mouse model [74]. We ob-
served resistance to tetracycline in five strains (11.9%),
similar to previous observations [75].

The present study has several limitations. First, patients in-
cluded in the analysis were subject to a selection bias. Only
patients reported by infectious disease specialists and mi-
crobiologists as having an invasive beta-haemolytic strep-

tococcal infection were included. Although this could have
led us to overlook patients, the incidence found by the ad-
ditional systematic search seems to show that we probably
identified the majority of cases. Second, treatment guide-
lines and awareness for microbiological sampling have
evolved considerably over the last few decades, which has
probably led to a heterogeneity of the collected patient and
microbiological data over time. Third, the clinical informa-
tion used for this study was retrieved from patients’ med-
ical records retrospectively. Thus, the quality of the in-
formation and the analysed patient outcomes rely on the
accuracy of these medical records, which depends on the
knowledge, personal experience and subjective interpreta-
tion of the treating physicians. Misinterpretations of the
clinical data at the time of diagnosis may explain why the
rate of complications is higher than in other prospective
studies [7, 31]. Fourth, the retrospective nature of the study
does not allow any understanding of the rationale for the
medical and/or surgical treatments provided. Also, only
univariate analysis was performed, with no corrections for
multiple testing.

Conclusion

In conclusion, we provide the first analysis of clinical and
microbiological characteristics of patients with severe in-
vasive beta-haemolytic streptococcal infections treated in
a tertiary hospital in Zurich, Switzerland. We characterise
in detail the sites of infection, the occurrence of necrotis-
ing fasciitis, the risk factors for invasive infections and the
occurrence of complications. We moreover show relevant
differences in the clinical data and current microbiologi-
cal characteristics of patients with and without necrotis-
ing fasciitis. This study provides an extensive clinical, epi-
demiological and microbiological analysis of cases with an
invasive streptococcal infection and enables comparisons
with other studies. We call for continuous local surveil-
lance of invasive streptococcal infections in the future, as
practiced in various countries including the members of the
Strep-EURO programme. This would help to further our
understanding of the dynamics of invasive streptococcal
infections and would provide a continuous epidemiologi-
cal description of the causal microorganisms.
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Characterisation of clinical manifestations of and treatment strategies for invasive beta-
haemolytic streptococcal infections in a Swiss tertiary hospital 
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Table S1: Patients with invasive beta-haemolytic 
streptococcal infections per year. 

Infections per year n (%) 

2000 1 (1.1) 

2001 3 (3.5) 

2002 2 (2.3) 

2003 1 (1.1) 

2004 3 (3.5) 

2005 2 (2.3) 

2006 4 (4.6) 

2007 6 (6.9) 

2008 5 (5.8) 

2009 2 (2.3) 

2010 5 (5.8) 

2011 4 (4.6) 

2012 11 (12.8) 

2013 29 (33.7) 

2014 8 (9.3) 
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Figure S1: Additional systematic search for the terms “fasciitis”, “STSS” or “Fournier gangrene” in 
patient records from the internal medicine, plastic surgery, dermatology, emergency and infectious 
diseases departments between May 2000 and May 2014. Data were available for January 2004 until 
May 2014. Two patients with NF and STSS were counted in both subcategories. 

NF = necrotising fasciitis; S. = Streptococcus; STSS = streptococcal toxic shock syndrome. 
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