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This report describes the activities performed by the National Reference Centre (NRC) for invasive B-hemolytic
Streptococci non group B up until 2022, including species identification via MALDI-TOF MS, antibiotic susceptibility
testing for penicillin, tetracycline, erythromycin and clindamycin by disk diffusion, detection of virulence genes
and/or macrolide/tetracycline resistance genes by PCR or Whole Genome Sequencing (WGS) and emm typing
using Sanger sequencing or WGS.

1. STRAIN IDENTIFICATION AND DEMOGRAPHICS

The strains received by the NRC for Invasive B-hemolytic Streptococci non group B are mostly sent to be typed for
epidemiological reasons. At the NRC, identification is performed on all isolates and emm typing on all invasive S.
pyogenes and S. dysgalactiae strains.

The total number of strains received per year is shown in Figure 1 with a differentiation between S. pyogenes, S.
dysgalactiae and other streptococcal species (S.equi, S.canis, S. uberis).

Streptococcal strains received per year
900

800

700

H Other
B S. dysgalactiae
B S. pyogenes
20
0

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
Year

Number (n)
w N (€3] D
o o o o
o o o o o

o

Figure 1: Strains received per year with differentiation between S. pyogenes, S. dysgalactiae and other species
(S.equi, S.canis, S. uberis)

Since the start of the NRC, the number of strains increased every year with a remarkable drop of invasive S.
pyogenes strains in 2020 and 2021 due to the COVID-19 pandemic, which is in line with observations of decreased
incidence of other invasive bacterial infections due to containment measures [1]. A steep incline is observed in
2022. This could be explained by an increased ability of laboratories to send samples again after the COVID-19
pandemic but an increased incidence in iGAS (invasive group A Streptococcal) infections is more likely and in line
with reported increased incidence in Europe [2] and the USA [3]. From 2016 onwards the number of invasive S.
dysgalactiae sent to the NRC increased as the NRC activity was expanded from solely group A streptococci to all
B-hemolytic streptococci non group B. The highest absolute number of S. dysgalactiae strains was observed in
2022 but during COVID-19 pandemic years 2020 and 2021 its proportion was the highest (45% and 54%
respectively), suggesting that its incidence was less affected by the containment measures.



To follow up on seasonal changes, the number of monthly received S. pyogenes strains during 2019-2022 is shown
in Figure 2. The large increase of invasive S. pyogenes strains in 2022 is stemming from the increase in the summer
and autumn months (July — December) with a very steep increase from November onwards. Previous years did
not show such pronounced seasonal variation. This increase is mainly caused by emm1, further elaborated on in
Chapter 2: Strain typing.
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Figure 2: S. pyogenes strains received per month in 2019 - 2022

Figure 3 shows the streptococcal strains (S. pyogenes, S. dysgalactiae and others) received in 2022 by age group.
The highest incidence of invasive GAS strains was observed in children up to 5 years of age (n = 142, 17.5%) and
in adults aged 50+. The incidence generally increases with age with the 80+ elderly representing almost a fifth of
all strains (n = 145, 18%). The distribution of S. pyogenes and S. dysgalactiae in the 80+ age group is equal,
however in the age group 1-5, only S. pyogenes was found.
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Figure 3: Number of streptococcal strains (S. pyogenes, S. dysgalactiae and S. canis, S. equi & S.
uberis) received in 2022 per age group



The age distribution is comparable to the previous years, with the exception of the age group 1 — 5 years. In 2022
there are 117 children between the ages of 1 to 5 with an invasive GAS infection (which is 21% of all S. pyogenes
infections in 2022), compared to 16 in 2021 (which is 10% of S. pyogenes infections in 2021). Noteworthy, the
proportion of S. dysgalactiae invasive isolates relative to S. pyogenes isolates is higher from age +70.

Figure 4 shows the geographical distribution of strains received in 2022 based on the patient’s postal code. The
strains originate from all over Belgium with the highest prevalence in urban areas, which correlates with the

population density in these regions.

Tilburg

Widdelburg Bergen op Z

Huuue‘me . .

/. Heln.\ond

3 "
Eindhoven izt g

.
Venlo

.
Terneuzen

: " i .'.' r .
&. . 7 L h-é i Vierse
‘ 3 4 Z c o Roon'ncnd
08 ¢ ° : "

Wus-.e.n:)rrg 14

kirk Duks.mﬁe
“ ‘e. .
Py ngc@ °

I Baille
.
r-la-Lys
o]
Béthune
.
Qrchies
.
Lens
ol K
olse T
A, -
Arras Macbeuge
.- .
Cambrai 2 Rochefort
. ~sur-
Bapodme Avesnes-sur-Helpe'
o~ - Fourmied °
Albert Bohain-en
L Vermandois
Péronne _m.um
L
Saint-Quentin Vervins .
< .
Moreull . . Charleville-
Ham Marle Méziéres .
Montdidier Catignan
angnar
.
Nayen Laon
5 .
t-Just Rethel Sle'nu,-

haussée

-
- 1

Figure 4: Geographical distribution of strains received in 2022 based on patient’s postal code. Blue shows one
received strain, yellow two to five received strains and red more than five received strains



The sample types from which the strains originate are shown in Figure 5. Strains have been isolated from both
sterile and non-sterile samples. The main source of invasive B-hemolytic isolates is blood (> 75%), followed by
tissue (> 9%). The category “fluid” consists of pleural, synovial, cerebrospinal and ascites fluid. ‘Other’ consist
mainly of urine and vaginal samples. Despite the fact that the NRC tends to investigate only invasive strains, strains
originating from throats swabs are also received in low numbers, often associated by a non-invasive clinical
presentation.
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Figure 5: Sample type from which invasive S-hemolytic Streptococci non group B were isolated per year (2018 -
2022)



The most common clinical presentation of infection with invasive B-hemolytic Streptococci non group B is
septicemia, followed by numerous other infection sites or syndromes (Tables 1a and 1b). Some examples of 'other'
are abscesses, mastitis and adenitis. Sometimes multiple clinical presentations are provided for a single strain,
most common is a combination of septicemia with any other clinical presentation. In such case, the most
severe/invasive syndrome was counted for.

Table 1a: Clinical presentation of patients with invasive S. pyogenes infection (2018 — 2022)
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Table 1b: Clinical presentation of patients with invasive S. dysgalactiae infection (2018 — 2022)
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Although there are similarities in clinical presentation between S. pyogenes and S. dysgalactiae infections, fasciitis,
puerperal sepsis and septic toxic shock syndrome are more often linked to iGAS infection. Pneumonia is also more
common for S. pyogenes infections. Furthermore a strong increase in pneumonia cases is observed in 2022 which
is in line with observations in other countries [4].



2. STRAIN TYPING

Emm typing is performed on all S. pyogenes and S. dysgalactiae strains. Emm-types are classified in emm-clusters
containing closely related M proteins [5]. Figure 6 shows the yearly distribution of the most prevalent S. pyogenes
emm types from 2012 until 2022. There is a huge diversity of emm types, in total more than 40 different emm types
were detected. Emm1 (cluster A-C3) and emm3 (cluster A-C5) are the most prevalent emm types in the early years
with a combined proportion of 28% (2012) up to 42% (2013) but their prevalence decreased from 2018 onwards to
9% in 2021. High prevalence of emm1 and emm3 was also detected in Spain between 2007 -2019 [6].

The seven most prevalent emm types identified between 2000 - 2017 in Europe and North America are emm1
(cluster A-C3), emm28 (cluster E4), emm89 (cluster E4), emm3 (cluster A-C5), emm12 (cluster A-C4), emm4
(cluster E1), and emm6 (Single protein emm-cluster clade Y) [7]. These emm types are also frequently isolated in
Belgium. In 2022, the proportion of emm1 exceeded 30% for the first time and emm12 has become more common
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Figure 6: Prevalence of most common emm types from 2012 — 2022. Absolute numbers of isolates are presented
in the bar of the graph

The emm types emm11 (cluster E6), emm22 (cluster E4), emm75 (cluster E6) and emm87 (cluster E3), that are
not mentioned in the publication of Europe and North America, are also regularly detected in Belgium. Particularly
in 2020 and 2021, beyond the scope of the publication, the prevalence of emm11, emm22, and emm87 increased
in relative numbers. However, in 2022 the amount of emm11, emm22 and emm87 has decreased again.

A new subtype of emm1 was described in UK in 2019. This subtype is named the M1uk clone and is characterized
by 27 SNPs in the S. pyogenes genome [4]. This clone shows an increased speA production explaining its more
toxigenic behavior. This specific clone also emerged in Belgium. Figure 7 shows the sequenced emml types
divided into M1giobal and M1uk. The first Belgian M1uk variants were detected in 2020. The observed increase in
emml in 2022 is accompanied by a shift towards a higher proportion of M1uk variants (about 2/3 of the emm1
strains are M1uk variants).
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Figure 7: Subdivision of the sequenced emm1 strains from 2020 — 2022 in M1aioba and M1uk clones

In 2021, the majority of infections in the age group 1 — 5 years were caused by emm87 (50%), while in 2022 the
majority of infections was caused by emm1 (35%). The emm type distribution in the 80+ age group (Figure 8b)
shows also some differences between 2021 and 2022. In 2021, most infections were caused by emm89 (29%) and
other emm types (53%), while in 2022, most infections were caused by emm1 (21%) and emm12 (20%).
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Figure 8a: Percentage of emm types found in the age group 1 — 5 years



Emm type distribution in the age group 80+
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Figure 8b: Percentage of emm types found in the age group 80+ years

Figure 9 shows the prevalence of the 10 most common S. dysgalactiae types from 2016 until 2022. The biggest
increase in absolute numbers was seen in the STG62647 type and its subtypes, the second most common type is
STGA485. In relative numbers there does not seem to be much variation over the years. Other countries have also
observed an increase in S. dysgalactiae infections. In Western Norway, invasive infections by the S. dysgalactiae
STG62647 type have been increasing since 2013 [8]. These infections are often associated with streptococcal
toxic shock syndrome, necrotizing infections and endocarditis. However, in our data, the association of S.
dysgalactiae infection with these clinical syndromes is not observed.
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Figure 9: Prevalence of the 10 most common S. dysgalactiae STG types from 2016 — 2022



3. ANTIBIOTIC SUSCEPTIBILITY

From 2012 — 2018, the sensitivity to tetracycline, erythromycin and clindamycin was determined for all submitted
S. pyogenes strains. From 2019 onwards, a yearly selection of 50 strains (with wide geographical distribution) was
made for which susceptibility testing was performed. The percentage of resistant strains per antibiotic is shown in
Figure 10. The resistance of S. pyogenes to tetracyclines has increased up to 38% in 2021. In 2022 the tetracycline
resistance decreased drastically to 12%. It is uncertain if this drop in tetracycline resistance can be extrapolated to
all strains as only a tenth is phenotypically tested but it is in line with genetic data (see table 2: tetracycline
resistance genes detected in 14% of 2022 strains and 35% of 2021 strains). Resistance to erythromycin and
clindamycin remains rather stable over the years.
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Figure 10: Percentage of macrolide and tetracycline resistance of S. pyogenes per year, results acquired by
susceptibility testing

Upon specific request by the sending laboratories, multiplex PCR or WGS for the detection of tetracycline (Table
2) and macrolide resistance genes (Table 3) was performed. Since the number of tested strains per year varies
significantly, detection of certain trends over time is difficult. However, it is clear that tet(M) is the most prevalent
gene conferring tetracycline resistance while erm(A) used to be the most prevalent macrolide conferring resistance
gene, but in the last years, both erm(A) and erm(B) are found equally.

Table 2: Prevalence of tetracycline resistance genes: tet(K), tet(L), tet(M) and tet(O) in absolute and relative
numbers in S. pyogenes isolates

Strains Resistance
Year gene detected n tet(K) n (%) tet(L) n (%) tet(M) n (%) tet(O) n (%)

tested n %)
2012 38 18 (47) 0 (0) 0 (0) 13 (72) 6 (33)
2013 45 21 (47) 0 (0) 1(5) 15 (71) 6 (29)
2014 48 32 (67) 0 (0) 5 (16) 24 (75) 8 (25)
2015 48 22 (46) 0 (0) 0 (0) 16 (73) 6 (27)
2016 84 52 (62) 0 (0) 6 (12) 44 (85) 9 (17)
2017 98 70 (71) 1(1) 1(1) 61 (87) 10 (14)
2018 125 86 (69) 0 (0) 4 (5) 63 (73) 20 (23)
2019 14 5 (36) 1 (20) 0 (0) 4 (80) 0 (0)
2020 61 11 (18) 0 (0) 0 (0) 9 (82) 2 (18)
2021 72 25 (35) 0 (0) 1(4) 23 (92) 1(4)
2022 190 26 (14) 0 (0) 1(4) 25 (96) 1(4)
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Table 3: Prevalence of macrolide resistance genes: erm(A), erm(B) and mef in absolute and relative numbers
in S. pyogenes isolates

Strains Resistance
Year tested n gene d((oe/t()ected n erm(A) n (%) erm(B) n (%) mef n (%)
2012 37 15 (41) 6 (40) 6 (40) 3 (20)
2013 45 16 (36) 9 (56) 5 (31) 2 (13)
2014 48 15 (31) 10 (67) 4 (27) 1(7)
2015 48 15 (31) 8 (53) 5 (33) 3 (20)
2016 84 29 (35) 16 (55) 11 (38) 4 (14)
2017 98 32 (33) 15 (47) 12 (38) 5 (16)
2018 125 47 (38) 29 (62) 14 (30) 4(9)
2019 14 3(21) 2 (67) 1 (33) 0 (0)
2020 61 5(8) 3 (60) 2 (40) 0 (0)
2021 72 5(7) 1 (20) 3 (60) 1 (20)
2022 190 9 (5) 4 (44) 4 (44) 1(11)

The presence of certain resistance genes seems to correlate with specific emm types (Table 4). Certain emm types
(emm50, emm75 and emm82) lack resistance genes, in others (emm1, emm4, emm5, emm12, emm87, emm89)
resistance genes are rarely encountered and certain types (emm27, emm33, emm63, emm64, emm108, emm162)
always carry the tet(M) gene.

Table 4: The prevalence of resistance genes in different emm types of S. pyogenes isolates in 2014 - 2022

Emm type Aantal (n)

Emm1 88
Emm108 24
Emm11 15
Emm12 24
Emm162 48
Emm22 42
Emm25

Emm27

Emm28

Emm33

Emm4 10
Emm43

Emm5

Emm50 16
Emm63 5
Emm64 37
Emm75 9
Emm77 10
Emm82 39
Emm83 26
Emm87

Emm89

Emm90
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4. VIRULENCE GENES

The virulence genes speA, speC, and ssa (Table 5) have been part of the routine virulence gene detection via PCR
since 2012. The presence of speC has been stable (~45%) over the years, with a small increase during the COVID-
19 pandemic to 56%. This is in contrast to the presence of speA where a remarkable decrease was observed in
2020-2021, but in 2022 speA expression shows an increase that reaches the same level as 2019. This
phenomenon can be explained by the changes in prevalence of emm1 types over these years (see Figure 6), which
is associated with speA expression [9].

Table 5: Prevalence of virulence genes: speA, speC and ssa genes by tested strains

Year Number of tested SpeA SpeC Ssa
strains n n (%) n (%) n (%)
2012 102 29 (28) 46 (45) 39 (38)
2013 121 67 (55) 51 (42) 19 (16)
2014 189 64 (34) 94 (50) 38 (20)
2015 175 100 (57) 68 (39) 40 (23)
2016 178 99 (56) 65 (37) 42 (24)
2017 116 51 (44) 47 (41) 40 (35)
2018 90 40 (44) 35 (39) 23 (26)
2019 122 42 (34) 57 (47) 30 (25)
2020 96 18 (19) 52 (54) 30 (31)
2021 99 8 (8) 56 (57) 29 (29)
2022 190 69 (36) 89 (47) 34 (18)

Since 2022, whole genome sequencing (WGS) is performed to detect a larger spectrum of virulence genes (Figure
11) instead of the previously used multiplex PCR. Virulence genes that are detected are multiple streptococcal
pyrogenic exotoxins (spe), streptococcal superantigen (ssa), streptococcal mitogenic exotoxin Z (smeZ) and
streptococcal C5a peptidase (scpa). Almost all strains contain speG (93% and smeZ (97%) next to the constitutively
expressed SpeB and SpeF.

Percentages of virulence genes in S. pyogenes in 2022
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Figure 11: Percentages of virulence genes found in S. pyogenes strains in 2022
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Table 6 shows the frequency of virulence genes in the 5 most prevalent emm types: emm1, emm4, emm12, emm87
and emma89. Certain virulence genes can be linked to specific emm types. All emm1 strains have virulence genes
speA, speG, speJ and SmeZ. SpeG is a common virulence gene that can be found in almost every emm type,
except for emm4 strains [9]. SmeZ is another virulence factor that can be found in almost all strains of every emm
type. Other virulence factors are only detected in specific emm types: such as ssa in emm4 and emm87, speH and
spel in emm12 or speQ and speR in emma87.

Table 6: The prevalence of virulence genes in the 5 most prevalent emm types: emml, emm4, emm12, emm87
and emma39.

SpeR SmeZ

Emm 12 3%

5. SUMMARY

The results presented in this report are based on the data of the National Reference Centre (NRC) for invasive -
hemolytic Streptococci non group B during the period 2012 — 2022.

In 2022, the NRC received 571 S. pyogenes showing a steep incline compared to the COVID-19 pandemic years
2020-2021 and even pre-pandemic years. The increased incidence in invasive Group A Streptoccal (iGAS)
infections was observed in the summer and autumn months (July — December) with a very steep increase from
November 2022 onwards. Previous years did not show such pronounced seasonal variation. This increase is
mainly caused by emm1 S. pyogenes (30% of the isolates and 21% of the iGAS infections in 2022). A new emm1
subtype of S. pyogenes, the M1uk clone, emerged in Belgium in 2020. The increase in emm1 S. pyogenes in 2022
coincided with a shift towards a higher proportion of M1uk variants. Elevated Streptococcal pyrogenic exotoxin A
(SpeA) production explains the more toxigenic behavior of this clone. Indeed, the virulence gene speA was present
in all emm1 isolates. The highest incidence of invasive GAS strains was observed in children up to 5 years of age
(n = 142, 17.5%) and in adults aged 50+. The incidence generally increases with age with the 80+ elderly
representing almost a fifth of all strains (n = 145, 18%). Resistance to erythromycin and clindamycin remained
stable and £10% between 2012 and 2022, while tetracycline resistance varied between 10 and 38% over the years.
However, these variations need further investigation. tet(M) is the most prevalent tetracycline resistance gene,
erm(A) and erm(B) are the most prevalent genes conferring resistance to macrolides

In 2022, the NRC received 234 S. dysgalactiae strains. The most common S. dysgalactiae types between 2016
and 2022 were STG6247 and STG485. The main infection sites of invasive B-hemolytic isolates are blood (> 75%)
and tissue (> 9%) and the most common clinical presentation is septicemia. Although there are similarities in
clinical presentation between S. pyogenes and S. dysgalactiae infections, fasciitis, puerperal sepsis and septic
toxic shock syndrome are more linked to iGAS infection. A strong increase in pneumonia cases, mostly caused by
S. pyogenes (4% of infections in 2021 to 12% in 2022), was observed in 2022.
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