
Supplementary information 
 
 
Supplementary Table 1: Demographics of individuals with GAS isolates included in this study 
 

 
Demographic GAS isolate from 

throat  
GAS isolate from skin Total 

n=357 % n=108 % N=465* % 
Age 
5-9 years 219 61.3 67 62.0 286 61.5 
10-15 years 138 38.7 41 38.0 179 38.5 
Ethnicity 
Māori 118 34.7 32 29.6 150 33.5 
Pacific Peoples 108 31.8 48 44.4 156 34.8 
NZ European/Other 114 33.5 28 25.9 142 31.7 
Sex 
Male 214 59.9 63 58.3 277 59.6 
Female 143 40.1 45 41.7 188 40.4 
NZiDep - socio-economic deprivation 
0 (least deprived) 5 1.4 2 1.9 7 1.5 
1 13 3.7 6 5.7 19 4.2 
2 19 5.4 8 7.5 27 5.9 
3 23 6.6 8 7.5 31 6.8 
4 18 5.1 10 9.4 28 6.1 
5 38 10.9 11 10.4 49 10.7 
6 57 16.3 22 20.8 79 17.3 
7 66 18.9 13 12.3 79 17.3 
8 (most deprived) 111 31.7 26 24.5 137 30.0 

* Missing data, n=4 
 
  



Supplementary Figure 1: Distribution of the 25 most common emm-types in the total dataset (n = 

469) and by prioritised ethnic groupings. The emm-types are plotted in descending order of frequency 

(shown as number of isolates) and coloured by whether they are included in the 30-valent StreptAnova 

vaccine. Secondary y-axis shows the cumulative total proportion of isolates (red line) and the 

cumulative proportion of vaccine emm-type from the total isolates (red dashed line). 
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Supplementary Table 2: Contingency table for emm-type isolate count data and Chi-squared 

goodness-of-fit tests results  

 No. isolates Total isolates p-value 
Māori Other Pacific Peoples 

emm1 21 29 11 61 0.003* 
emm100 0 0 4 4 0.022* 
emm101 4 1 9 14 0.041* 
emm103 4 4 11 19 0.099 
emm104 2 0 1 3 0.380 
emm108 2 1 0 3 0.366 
emm11 4 2 4 10 0.721 
emm110 0 0 2 2 0.149 
emm114 10 8 7 25 0.738 
emm116 0 0 2 2 0.149 
emm118 0 2 1 3 0.342 
emm12 12 13 10 35 0.720 
emm124 1 1 2 4 0.807 
emm15 1 0 1 2 0.626 
emm183 0 0 1 1 0.387 
emm19 7 2 3 12 0.186 
emm2 0 2 0 2 0.118 
emm217 0 0 3 3 0.058 
emm22 1 6 4 11 0.154 
emm225 2 1 2 5 0.849 
emm28 2 12 1 15 <0.001* 
emm3 10 2 7 19 0.091 
emm39 0 0 4 4 0.022* 
emm4 8 14 6 28 0.107 
emm41 3 0 0 3 0.052 
emm42 0 0 1 1 0.387 
emm44 2 1 4 7 0.411 
emm49 4 0 1 5 0.078 
emm53 7 1 11 19 0.026* 
emm55 0 1 3 4 0.191 
emm56 1 1 0 2 0.590 
emm58 1 1 1 3 0.998 
emm59 2 0 2 4 0.391 
emm6 6 6 7 19 0.973 
emm65 2 3 4 9 0.736 
emm71 0 1 2 3 0.384 
emm74 1 0 3 4 0.195 
emm75 5 4 4 13 0.929 
emm76 1 0 2 3 0.395 
emm77 0 3 0 3 0.041* 
emm81 6 3 4 13 0.613 
emm82 2 0 2 4 0.391 
emm87 1 1 0 2 0.590 
emm89 15 17 7 40 0.073 
emm91 4 3 1 8 0.399 
emm92 1 1 3 5 0.486 
emm93 0 0 3 3 0.058 
emm95 1 0 1 2 0.626 
emm98 1 2 1 4 0.740 
Total Isolates 157 149 163 469  

*Indicates a statistically significant values from the Chi-squared goodness-of-fit test. Statistically significant 
associations based on a low sample number (n<5) are indicated by italics. 
 
 



 
 

 
 
 

 
 
 
 
Supplementary Table 3: Summary of datasets used for lineage-based phylogenetic analysis of the four 
most prevalent emm-types in the study population. 
 
 
 

 Isolates 
(this study) 

Context isolates 
(public) 

Context 
isolates (NZ) 

Number of 
Countries 

MLST 
(n) 

Subtypes 
(n) 

Reference 
strain  

emm1 59 226 6 13 4 14 MGAS5005 
emm89 39 97 8 11 13 8 MGAS23530 
emm12 35 162 8 13 15 24 HKU16 
emm4 28 82 0 10 21 4 MGAS10750 

 
 
 
 
 
 
 
 
 
 



 
Supplementary Figure 2: Maximum likelihood phylogeny of 59 Auckland emm1 genomes from this 
study with 226 global context isolates. The tree was inferred from 766 parsimony informative sites from 
a core genome alignment against the MGAS5005 reference genome. Annotation as follows; tip colour 
refers to country of origin for each genome “dark blue” = Aotearoa/New Zealand. Heatmaps include (a) 
Context “black” = this study, “grey” = context isolates, (b) rofA mutations in shades of green, (c) Baps 
grouping and Lineage in shades of blue, (d) baps2 groupings and (e) ermB gene presence “red” = 
positive, “grey” = negative.  

ERR485822
GCA_002055535

GCA_004028355
GCA_000421785
GCA_001982785
GCA_000993765
GCA_900459865

SRR1146867
SRR1148535

GCA_002014815
GCA_000006785

DMG1801484

DMG1801504

DMG1801718
GAS1266

DMG1900661

DMG1901010
GAS1133

DMG1801697
GAS1281
DMG1900012
GAS1249

DMG1801715

DMG1901312
GAS1244
GAS1310

DMG1904293
DMG1905339

GAS1298
ERR1515980
ERR1515982

ERR1359412
ERR2533303

DMG1901984
ERR1732667

ERR2533222
SRR6840212
ERR2533288

DMG1900751
GAS1245

ERR1359385

ERR1359407
ERR1732598

ERR1359547

ERR2396422

ERR1359400
ERR1359582

ERR1359666
ERR1359668
ERR1732654
ERR1733729
ERR1734619
ERR1734996

ERR2396432

ERR1359419
ERR1359723

ERR2533285

ERR1359833
ERR1732883

ERR1733806
ERR1734984

ERR2533373
ERR2533432

ERR1359627
ERR1733768

ERR1359755

ERR2396425
ERR2864948

ERR2864965

ERR1733336
ERR2396436

GCA_900106485

ERR1359632
ERR1359825

ERR1359854
ERR2533393

ERR1733563
ERR1733642
ERR2396447
ERR2396451

GCA_900995035
GCA_900995115

DMG1900664
ERR1359732
GCA_900984635
GCA_900985355

DMG1801512
DMG1901298

ERR172164
GCA_001051095

GCA_900993365

ERR172162
GCA_900993295
ERR986048
GAS1073
GAS1282

ERR172163
ERR172176

GCA_900619605

ERR986056
ERR986057

ERR986055

ERR172167
ERR986051

ERR986058
ERR986050

ERR986061
ERR986062

ERR986049
ERR986052

SRR1149075
ERR986059

SRR1147829
SRR1147863

ERR1515826
GCA_005472555
GCA_001547815
GCA_001547835

GCA_900991585
GCA_900108785

GCA_000349925
GCA_004118185

MGAS5005
SRR1147436
SRR1147609

ERR1516022
SRR1147688

SRR1147890
SRR1147989

SRR1148132
SRR1148149
SRR1148183

GCA_900619585
GCA_900983445

SRR1148239

SRR1147699
SRR1147712

SRR1148250
SRR1148289

ERR1734482
ERR2533151

SRR1146880
SRR1147517

SRR1147697
SRR1148494

ERR172166
GCA_900993285

GCA_900993305

GCA_000628445
GCA_000630485

GCA_000628405

GCA_000628705
SRR1147037

SRR1147345
SRR1148045
SRR1148079

GCA_000628725
SRR1148139

SRR1148080

GCA_000444035
GCA_000629985
GCA_000628785
SRR1148627

SRR6844676
SRR1147782
SRR1148996
SRR1148252

SRR1147393
SRR1149014

ERR2533023
ERR467321

ERR473505

GCA_000628385
GCA_000628585

GCA_900994765

DMG1801679
GAS1084
DMG1801680
DMG1900755

GAS1090

DMG1900747
GAS1234

DMG1901366
GAS1051

DMG1901382

SRR5853772
DMG1801686

ERR1734218
SRR5858371

ERR1734086
GCA_000628225
SRR6848741

DMG1801723
GAS1277

DMG1900666
GAS1268
SRR5858461

ERR1359663
ERR1734928

GCA_000628145
GCA_000628165

GCA_000628305
GCA_000629785

GCA_000631385

ERR2396414
GCA_005472355

SRR5853606
SRR6839923

GCA_000628845
SRR7707439

GCA_000628065
SRR5853795

GCA_000630565

GCA_000628265
SRR1147348

DMG1903774
GCA_000630405
GCA_000630265
GCA_900231885
ERR2533268
GCA_005472385
GCA_000628485
GCA_000630765

GCA_900985095
GCA_900992425

ERR172170
GCA_900993315

ERR2533196

GCA_000628285
GCA_005472605
GCA_005472365
GCA_005472615

GCA_002115435
GCA_004122835

SRR1150237

ERR1359337
ERR1359373

ERR1515929
ERR1732831

ERR1735413
ERR473477

ERR467396
GCA_000648835
SRR1147275

GCA_000628025
SRR7707347
GCA_000628425
SRR1147038

GCA_900106435

ERR1515724

GCA_002268555
GCA_002268595

SRR1147016
SRR1147011

GCA_900994095
ERR1515992

GCA_000628185
GCA_005472495
GCA_005472715
ERR2396438
GCA_005472725
GCA_005472375
GCA_005472465
ERR1359402
ERR473712
GCA_005472315
ERR1733217
ERR485877

DMG1901301
GAS1260
DMG1904281
GAS1167

DMG1905343

DMG1900014
DMG1903772

DMG1801519
DMG1903783

GAS1230
DMG1901011
DMG1801702
DMG1904283

DMG1801716
GAS1222

DMG1901321
GAS1306

6e−06

100
100

100

100

100
100

100

100

100

100

100

100
82

99

98

100

98

100
99

98

100

100
100

98

99

99

98

100

100

99

98

99
100

99

100

99

100

100

99 99

99
99

99

100
98

100

99
100 100

99

100
100

99

100

100 99

100 100

100

99
100

99

100

99

99 99

100

99
100

99

99
100

100

100

99

100

100

100

100
99

99
99

99

99

99
99

99

100

99 99

99
100

98

99

100

98 98

99
100

98

100

100

97

98 100

100
85

100
100

100

98

98

100

98

100

98

100

100

98
100

99

100

100

99

100

100

100

99

100

99

100

100
10099

98

99 100

100
100

98

100
100

100
99

100

98

100

100
99 99

100
100

Baps
Baps1.1

Baps1.2

Baps1.3

Baps1.4

Baps1.5

Baps1.6

Baps1.7

Baps2.1

Baps2.2

Baps2.3

Baps3

Baps4.1

Baps4.2

Study Status
Context isolates

This study

 ermB
ermB positive

ermB negative

 Lineage
M1UK

M1Global

MGAS5005−SF370

SF370

Country
Australia

Belgium

Brazil

China

Czech Republic

Fiji

India

Italy

Japan

Kenya

Lebanon

ND

New Zealand

Singapore

Switzerland

United Kingdom

USA

rofA mutations

E124K
I279T_M318I_F319V_D491N

K172R_M318I_F319V_D491N

M318I_F319V_D491N

MGAS5005

Y282C_N404S

Y282C_V398I

St
ud

y s
tat

us
Lin

ea
ge

Ba
ps

er
mB

ro
fA

 m
uta

tio
n



 

  
 

Supplementary Figure 3: Maximum likelihood phylogeny of 35 Auckland emm12 genomes from this 
study with 162 global context isolates. The tree was inferred from 1,239 parsimony informative sites 
from a core genome alignment against the HKU16 M12 reference genome. Phylogenetic tree is 
annotated as follows; tip colour refers to country of origin for each genome “dark blue” = Aotearoa/New 
Zealand.  Heatmaps include (a) Context “black” = this study, “grey” = context isolates, (b) MLST 
typing, (c) Baps1 grouping, (d) Baps2 groupings.  
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Supplementary Figure 4. Analysis of the emm4 genomes (A) Maximum likelihood phylogeny of 28 
Auckland emm4 genomes from this study with 82 global context isolates. The tree was inferred from 
26,868 parsimony informative sites from a core genome alignment against the MGAS10750 M4 
reference genome. Phylogenetic tree is annotated as follows; tip colour refers to country of origin for 
each genome “dark blue” = Aotearoa/New Zealand.  Inner ring refers to study context “black” = this 
study, “grey” = context isolates, and outer ring refers to Baps clusters. (B) Maximum likelihood 
phylogeny of 24 Auckland emm4 genomes in the dominant sequence cluster (Baps2) from this study 
with 67 global contexts. The tree was inferred from 1,227 parsimony informative sites from a core 
genome alignment against the MGAS10750 M4 reference genome. Phylogenetic tree is annotated as 
follows; tip colour refers to country of origin for each genome “dark blue” = Aotearoa/New Zealand.  
Heatmaps include (a) Study context “black” = this study, “grey” = context isolates, (b) MLST typing.  
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Supplementary Figure 5: Analysis of the emm89 genomes. (A) Maximum likelihood phylogeny of 
39 Auckland emm89 genomes from this study with 97 global context isolates. The tree was inferred 
from 21,052 parsimony informative sites from a core genome alignment against the MGAS23530 
reference genome. Phylogenetic tree is annotated as follows; tip colour refers to country of origin for 
each genome “dark blue” = Aotearoa/New Zealand.  Inner ring refers to study context “black” = this 
study, “grey” = context isoaltes, and outer ring refers to Baps clusters. (B) Maximum likelihood 
phylogeny of 33 Auckland emm4 genomes isolates of the dominant sequence cluster (Baps1) from this 
study with 78 global contexts. The tree was inferred from 2,106 parsimony informative sites from a 
core genome alignment against the MGAS23530 reference genome. Phylogenetic tree is annotated as 
follows; tip colour refers to country of origin for each genome “dark blue” = Aotearoa/New Zealand.  
Heatmaps include (a) Context “black” = this study, “grey” = context isolates, (b) MLST typing. 
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Supplementary Table 4: Summary of virulence gene prevalence within Auckland GAS isolates. 
 

Class Gene No isolates 
positive* (%) 

Unique variants 
(amino acid) 

Streptodornase/DNAse spd1/mf2 187 (40%) 5 

spd2/mf1 469 (100%) 13 
spd3/mf3 206 (44%) 8 
spd4/mf4 17 (4%) 1 
sda 94 (20%) 2 
sdn 69 (15%) 4 

Superantigens speG 349 (75%) 17 
smeZ 157 (34%) 3 
speC 157 (34%) 3 
speJ 157 (34%) 3 
speA 82 (17%) 6 
ssa 76 (16%) 1 
speL 75 (16%) 7 
speK 72 (15%) 6 
speH 71 (15%) 5 
speI 41 (9%) 1 
speR 21 (4%) 4 
speM 14 (3%) 4 
speQ 12 (3%) 3 

Capsule hasA 469 (100%) 25 
hasB 371 (80%) 41 
hasC 289 (62%) 36 

Regulators mga1 136 (29%) 12 
mga2 315 (67%) 40 
rofA 328 (70%) 42 
nra 107 (22%) 11 

Other sla 97 (20%) 2 
ska1 170 (36%) 14 
ska2 297 (63%) 48 

 
 
 
Supplementary Table 5: Summary of antimicrobial resistance gene prevalence within Auckland 
GAS isolates. 
 

Class Gene No isolate positive (%) 
Aminoglycoside aph(3')-IIIa 1 (<1%) 

 
Macrolide erm(A) 

 
3 (1%) 

Macrolide  erm(B) 
 

7 (1%) 

Aminoglycoside mef(A) 
 

2 (<1%) 

Aminoglycoside msr(D) 
 

2 (<1%) 

Tetracycline tet(M) 
 

74 (16%) 

Tetracycline tet(O) 1 (<1%) 

 



Supplementary Table 6: Theoretical coverage provided by the 30-valent StreptAnova vaccine. Values are 

presented assuming cross-opsonisation or no cross-opsonisation in the prioritised ethnic groups, VE – Vaccine 

emm-type, NVE – Non-vaccine emm-type, CO – cross opsonisation.   
 Total  Māori Pacific Peoples Other 
 No. emm 

types (%) 
No. isolates 
(%) 

No. emm types 
(%) 

No. isolates 
(%) 

No. emm types 
(%) 

No. isolates 
(%) 

No. emm types 
(%) 

No. isolates 
(%) 

Total emm 
types and 
isolates 

49 (100) 469 (100) 36 (100) 157 (100) 43 (100) 163 (100) 32 (100) 149 (100) 

Assuming no cross-opsonisation 
VE in 
dataset 

21 (42.9) 329 (70.2) 18 (50.0) 117 (74.7) 18 (41.9) 84 (51.2) 19 (59.4) 128 (86.0) 

NVE in 
dataset 

28 (57.1) 140 (29.8) 18 (50.0) 40 (25.3) 25 (58.1) 79 (48.8) 13 (40.6) 21 (14.0) 

Assuming cross-opsonisation 
CO positive 
and VE in 
dataset 

29 (59.2) 372 (79.4) 22 (61.1) 128 (81.6) 26 (60.5) 111 (67.9) 22 (68.8) 133 (89.3) 

CO negative 
and NVE in 
dataset 

20 (40.8) 97 (20.6) 14 (38.9) 29 (18.4) 17 (39.5) 52 (32.1) 10 (31.3) 16 (10.7) 

 
 
 
 
 
Supplementary Table 7: Theoretical coverage provided by the TeeVax vaccine. Values are presented assuming 

cross-opsonisation or no cross-opsonisation and prioritised ethnic groups. VT – Vaccine tee-type, NVT – Non-

vaccine tee-type, CR – cross reactivity only observed in two additional tee-types in this dataset tee18.2 and tee28.1 
 

 Total  Māori Pacific Peoples Other 
 No. tee 

types (%) 
No. isolates 
(%) 

No. tee types 
(%) 

No. isolates 
(%) 

No. tee types 
(%) 

No. isolates 
(%) 

No. tee types 
(%) 

No. isolates 
(%) 

Total tee 
types and 
isolates 

35 (100) 469 (100) 27 (100) 157 (100) 31 (100) 163 (100) 25 (100) 149 (100) 

Assuming No Cross-reactivity 
VT in 
dataset 

18 (51.4) 353 (75.2) 18 (66.6)  114 (72.6) 17 (54.8) 119 (73.0) 14 (56.0) 120 (80.5) 

NVT in 
dataset 

17 (48.6) 116 (24.8) 16 (33.4)  43 (27.4) 14 (45.2) 44 (27.0) 11 (44.0) 29 (19.5) 

Assuming Cross-reactivity 
CR positive 
and VT in 
dataset 

20 (57.2) 381 (81.2) 18 (66.6) 126 (80.2) 19 (61.2) 128 (78.5) 15 (60.0) 127 (85.2) 

CR negative 
and NVT in 
dataset 

15 (42.8) 88 (18.8) 9 (33.4) 31 (19.8) 12 (38.8) 35 (21.4) 10 (40.0) 22 (14.8) 

 
 
 


