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A genomic appraisal of invasive Salmonella Typhimurium and associated antibiotic 

resistance in sub-Saharan Africa 

 
Supplementary Figures 

 

 

a  

b  

c  

Supplementary Figure 1: Salmonella Typhimurium isolates included in this study per 

African region (a| East, b| Central and c| West) and year. 
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Isolates for which no year is known (NA, n = 15 African isolates) are not plotted. 

 

 

Supplementary Figure 2: Minimum inhibitory concentrations (MIC) for ciprofloxacin in 

nested substructures of invasive Salmonella Typhimurium clade ST313-L2 subclade 7 

subclade showing quinolone resistance-determining region (QRDR) SNP underlying a 

GyrA S83Y substitution 

a| Maximum likelihood phylogenetic tree of ST313-L2 S. Typhimurium isolates. Triangles 

indicate collapsed branches. The black strip indicates presence of the SNP coding for the GyrA 

S83Y substitution. Six substructures are annotated with different shades of pink. Mean MIC 

for substructure A = 0.132, B = 0.138, C = 0.147, D = 0.148, E = 0.161; F = 0.188 b| MIC 

ciprofloxacin values for n=42 independent isolates from ST313-L2 subclade 7, and grouped 

per substructure as coloured in pink in panel a. Boxplot centre lines represent median values, 

box limits present upper and lower quartiles; whiskers the 1.5 interquartile range and blue 

points the individual observations. The change of MIC over the nested substructures is found 

to be significant (p-value = 0.0235), and estimated to increase at 0.008695 mg/L of MIC per 
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nested substructure. This was tested using a two-sided generalized linear model (glm function) 

using R software, with a Gaussian distribution. 

 

 
 

Supplementary Figure 3: The distribution of invasive Salmonella Typhimurium in Africa 

Maximum likelihood phylogenetic tree of the 1420 S. Typhimurium isolates sequences from 

this study (summarized in Supplementary Data 1). Sequencing reads were mapped to S. 

Typhimurium ST313 reference strain D23580. The tree is based on 71521 chromosomal SNPs. 

Branches are coloured by the country of isolation. Invasive S. Typhimurium clades as identified 

in this study are coloured in yellow (1=ST19-L1, 2=ST19-L2, 3=ST19-L3, 4=ST19-L4, 

5=ST313-L1, 6=ST313-L2). Metadata is visualized on the concentric rings in compliance to 

the legend, from the inside to outside; 1. Country of origin, 2. Year of isolation as a gradient 

with darkest purple indicating the oldest isolates, 3. Source of isolation, 4. MLST, 5. Clade, 6-

9. Presence of multidrug resistance markers (MDR; blaTEM, cat, dfrA). Branch lengths 

represent the number of SNPs as indicated in the scale bar. 
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Supplementary Figure 4: Classification of Salmonella Typhimurium in clades using 

HierBaps clusters. 

Maximum likelihood phylogenetic tree of the 1420 S. Typhimurium isolates sequences from 

this study. Metadata is visualized on the concentric rings in compliance to the legend, from the 

inside to outside; 1. Country of origin, 2. The second level of HierBaps clusters resulting from 

analysis of the full dataset (n =1420). These clusters were used to define the invasive S. 

Typhimurium clusters and are plotted on the outer circle. Six clades were identified, based on 

respectively Hierbaps cluster 1, 26 (ST19-L1, 115 SNPs, n = 56), 8, 9, 10 (ST19-L2, 214 SNPs, 

n = 63), 15, 16 (ST19-L3, 67 SNPs, n = 42), 5, 6 , 7 (ST19-L4, 101 SNPs, n = 51), 3, 4 (ST313-

L1, 192 SNPs, n = 87), 11, 12, 13, 14 (ST313-L2, 72 SNPs, n = 1005). The inner circle and 

branches are coloured by the country of origin. Branch lengths represent the number of SNPs 

as indicated in the scale bar.  
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 5 

 
 

Supplementary Figure 5: Classification of Salmonella Typhimurium ST313-L2 in 

subclades using HierBaps clusters. 

Maximum likelihood phylogenetic tree of ST313-L2 isolates. The second level of HierBaps 

clusters resulting from the analysis of the ST313-L2 isolates (n = 1006) were used to define 

the ST313-L2 subclusters and are plotted on the outer circle. Seven subclades were identified, 

based on respectively Hierbaps cluster 12 (subclade 1, 50 SNPs, n = 4), 11 (subclade 2, 15 

SNPs, n = 24), 1, 2 (subclade 3, 14 SNPs, n = 61), 15 (subclade 4, 10 SNPs, n = 57), 13 

(subclade 5, 5 SNPs, n = 39), 15 (subclade 6, 4 SNPs, n = 63), 4, 5, 6, 7, 8 (subclade 7, 8 SNPs, 

n = 150). The inner circle and branches are coloured by the country of origin. Branch lengths 

represent the number of SNPs as indicated in the scale bar.  

 

 

 

 

gha200808

M
C

M
A

4
0
3

2
0

3
0

1303

19300_3

55858

8
5
7

1
7
3
_
0
8

1
2
2
2
2
_
3

8945

K
E
N

_S
10

40
3

gh
a5

62
33

P
0

4
2
8

8
1
3

8
_
1

2

G
H

A
_
K
1
7
82

5

3
2
1
_
0
8

5685_11

3382_3

gha59341

M
B

 6
5
6

g
h
a1

1
3
9
88

U
60

BH094

3
9
7
4
_
3

1
7
0
5
6
_
3

4230_3

11
9
8
8
_
3

KEN_S9869

478

3
7
4
_
0
8

gha11
3145

4
0
1
_
0
8

Q363F3

0
2
_
0
3
_
0
1
4

M
B 1

09
0

8106_3

8
0

5
8
_
1

2

2
4
3
4

_
1
3

A54560

97
gha300963

N0084

K
E

N
_
K

8
5
5
0

1
3

0
4

K
E

N
_
S

9
3
9
6

8946

0
8
_

0
0
9

BID156

M
B

 2
1
7
6

P
0
4
0
7

B
H

5
3
9

U
4
2

21010_3

3723_4

8189_3

A59240

A44764

11
28

55

Q340F4

302

b
k
f0

0
7
0
7

P
0
5
6
9

7
7
7
7
_
1
2

M
R

 3
30

9

3845_4

DT2B

K
E
N

_S
97

59

9
4
7
8
_
1
4

7239_11

0
6
/0

1
0

0
2

-0
3
/0

0
8

9

5232_4

9
0
8
5
_
3

PO
11

40

114359-W

D54411

N
0

5
0
2

_
H

1
6

P
0
3
2
0

MURB061

18034_3

6
0
0
9
_
3

A54137

A19741

1
1
5
6
0
9
-3

8948

0
7

_
0

2
7

5835_4

8590_3

1
6
9
9
4
_
3

11999_3

16577_3

A58303

1016095

MW13646

5
5
2
9
_

3

417
4_4

1021241

M
M

M
 2

81
2

D14916

B
H

8
3
1

1
0
9
5
2
_
3

05_111

8351_3_R

5
7
0
8
_
3

gh
a5

40
42

3326_3

1021027

7613_12

19241_3

300
45

4

KE
N
_K

85
95

KEN_S10319

1
5
6
3

Q285A

1
6
6
3

1
5
0
_
0
8

9
9
63

_3

05/162

1031325

G
H

A
_
K
1
8
0
92

.2

G
H

A
_

K
1

8
0
0

0

8
0

2
3
_
1

2

11857_3

A58739

1
6
8
C

H
E

_
F

3337_4

gha62172

1012692

B
F
43

64

A40130

1011034

KEN_S9984

8
1
1
4

_
1
2

9541_3

1
2
0
8
_
0
9

A16802

16532_3

gh
a1

13
73

4

9
6
7
3
_
3

MCC 1996

2
011

20908_3

M
CC 1

235

21792_3

1
005

5_
3

K
E

N
_
S

9
6
6
1

1
6
50

8
_
3

KEN
_K

749
0

6
9
7

2
_
1
1

1003482

P
0
5
0
7

1
5
1
5

11
27

59

gha116233

A45648

B
S

_
2
2
1
0
2

B
H

11
1

KEN_S10726

M
C

M
A
3
84

M
C

C
 6

00

1
1

3
3
3
6

-2

3
5
1
4
_
3

gh
a1

03
42

6

6
2
3

8
79

5_
1
3

KEN
_K91

57

11
9
4
9
_
3

1
4
0
_
0
8

A44767

22412_3

6452_11

BFX11Q

7
1
3
5
_
3

254DRC

8820_13

1470

A58413

G
H

A
_
K

1
7
9
3

0

9
5
8
1
_
1
5

N
0
4

4
2

M
M

M
 4

0
5
7

7348_12

5390_4

P
0
5
2
9

P
0
4

6
0

7109_11

b
k
f0

0
9
1

2

gh
a5

4
24

3

K
E
N

_S
95

03

19011_3

3318_3

6175_11

111
8
5
_
3

1026938

GHA_K17601

21055_3

N
0
5
4
5

11
4226-2

0
8
_
0

0
3

3
4
8
4
_
3

K
E

N
_
S

9
6
4
0

g
ha

30
0
47

0

6
0
3
9
_
1
1

9139_14

B
F

4
6
1
5

MURB007

P
0
4
9
0

g
h
a
1
0
8
1
5
3

g
h

a
1
1
2
1
0
8

1
3
7
6
7
_
3

3
0
3
1
_
3

D16287

20927_3

gha500903

M
R

 2
15

1393

PO
13

23

gha11
4348

M
M

M
 9

3
0

gh
a1

13
55

2

4
9

3
0
_
4

5548_4

A58242

7
5
0
7
_
1
2

1
0
7
5

1019025

11
9
7
9
_
3

D15759

U45

gha116180

KEN
_S10

48
2

8
42

9_
3

gha11
5902

3
1
3

gha68741

D46153

KEN_S9625

1
7
5
_

0
8

gha116152

1
7
8
9
5
_
3

G1756

4225_3

11591_3

M
R

 3
76

0

12147_3

gha55515

1546

A32751

B
F

3
9
6
6

7412_12

10
1
00

_
3

Q255F4

D36225

7
8
3
9

_
1

2

P
0
4
9
4

N
0
5
1

9

g
h
a
11

6
0
0
1

B
F

4
3
1
3

21194_3

P
0
2

9
6

1012776

11
6
5
8
_
3

9
3
8
0
_
1

4

M
R

 1
4
9
3

K
E
N

_S
10

92
6

gha11
3396

2410_13

D
8
3

1
8
2
2
8
_
3

1577

g
h
a
1
0
9
2
4
8

K
EN

_K
88

81

D36632

05_138

K
E
N
_S

11
32

3.
1

8866_3

g
h
a
1
1

5
7
9
6

gha116185

0
8
/0

1
0

1017836

Q285F5

4
5
2
7
_
3

1
8

1
8

1
_
3

11
45

67

201
2

D36448

6
9
5
7
_
1
1

D
7

1

G
1
3

1
2

P
O

1
6
7
6

J
1
7

N
0
4
8

7

06/006

1
0
1
4
2
_

3

M
M

M
 4

65

TZA442

J
2
0

8
6
0
5
_
1
3

Q134F9

7106_11

g
h
a
1
11

9
7
9

3
1
9
7
_
3

1012722

1015522

gh
a4

00
97

0

P
O

13
83

gha65358

1010843

1671_09

9936_3

D37601

10018

M
R

 3
76

0

N
0
4

3
0
_

H
0
9

M
M

M
 1

1
3

621

0
6
_
0

0
4

N0231

C13184

7236_11

300
853

-2

3
4
5
1

_
4

12299_3

M
R
 4

15
7

7
0
6

K172

P
0
7

4
0

06/008

9553_15

1022549

1
7
3
9
9
_
3

1
2
1
5
5
_
3

gh
a5

00
61

6

7
7
9
2

_
3

8
5
9
8
_
1
3

BH834

1
2
2
2
8
_
3

D26275

bk
f0

17
13

N
0
6
2

9

2735

gha61075

D23580

0
5
/1

5
9

K
E

N
_
S

9
6
3
1

K
E

N
_
K

7
2
9
9
.2

M
C

C
16

29

KE
N
_S

98
17

BID1ES

113481

K
E

N
_
K

7
2
9
9
.1

D37283

1012_09

D41311

G
H

A
_
K

1
7
7
4
2

K
E
N

_
S
10

61
6

g
n
b
0
0
6
2
8

1
1
2
5
7

4

P
0
4
6
8

3
0
9
_
0
8

K
E

N
_
S

11
0
0
3

J2
7

6244_11

8616_3

18453_3

K
E

N
_
S

1
0
1
0
7

373DRC

1014638

3
4
9
8
_
3

98
49

_3

9713_3

1151

6
3
5

U67

A51717

0
7
/0

2
4

11882_3

gh
a6

54
52

204
1

0
7

/0
0
5

45
4

PO
77

2

g
n
b
0
0
4
2
8

0
5
_
1
5
7

K
E

N
_
K

7
3
6
1

K
E
N
_K

76
58

J
3

7593_12

10650_17

9
5
4
5
_
1
5

10915_3

11
2
1
4
_
3

P
O

6
0
9

1
8
9
0
1
_
3

C20217

7017_3

P
0
5
0
3

N
0

3
9
6

N0382

g
h
a
1
1
3
1
1
2

D51472

KE
N
_K

74
31

3
0
1
5

G
6
1
3

429_08

1
1
4
2
1
7

D40365

GHA_A22464

8874_3

K21
8

0
2
_
0
3

_
0

1
7

453_08

D25734

A39155

K
E
N
_K

780
2

05/123

1020795

13404_3

367

3054_4

B
H

2
6

2

I 4
5

9554_3

1
6
8
C

H
E

0
5
/1

5
8

A
2
1

N
0

2
3

8

g
h
a
5

8
7

7
4

K
E
N

_K
86

73

N
0
4

8
7

22125_3

D36435

M
2
9
0
7
7
7
2

19791_3

1014870

20195_3

K
E

N
_
S
11

0
5
0

MCMA363

GHA_K18152

U
13

P
O

1
2
7
6

BID1B1

2
1
9
8
9
_
3

1027055

6104_11

KEN_S9719

9
5
5
6
_
1
5

4004_4

KEN
_S10

386

7230_11

BH823

1019289

322_08

3405_4

9
5
8
9
_

1
54

9
2
7
_

4

P0330

MMM 3240

11495_3

B
S

_
0
6
3
0
3

A39129

1598

B
F

4
6

3
7

415DRC

BID14P

1
6
9
6
7
_
3

319_08

g
h
a
11

4
2
7
1

0
2
_
0
3
_
0
0
3

N0237

7772_3

BID11P

K
E
N

_
S
1
04

94

16468_3

40
06

98

gha115287

9556_3

KEN_S10402

g
h
a

1
1
3
3
7
8

1
8
1
9
8
_
3

8498_3

500455

K
E
N

_
S
1
0
57

2

1016882

MR 3765

3695_4

KEN_S10942

1030118

Q367A

N
0
5
0

2
_
H

1
6

1
7
4
1
8
_
3

9
26

6_
3

3670_3

3
1
9
8
_
3

A58764

1
11

4

M
C

M
A

3
5
6

C5158

66
3
4_

3

18832_3

A57433

12274_3

21404_3

0
7
_
0

1
3

1009180

3491_4

1
7
5
6
8
_
3

U85

GHA_K17023

Q367F2

g
h
a

1
0
9

5
0

1

KEN_K8565

1021038

A58563

8944_3

11465_3

A
4

0

K
E

N
_
S

1
0
11

9

K
E
N
_S

95
34

K
E

N
_
S

1
0
9
7
2

9499_14

6
0
3
8
_
11

22030_3

U
68

M
C

M
A

4
1
1

0
2
_

0
3

_
0
2

6 1
9
8

U

19145_3

MW14169

11
5
2
2
_
3

K
E

N
_
S

1
05

5
0

0
7
_

0
0

2

816_09

P
0
3
6

3

111
9
8
_
3

8
6
3
0
_
1
3

M
C
C
 2

12
8

M
M

M
 1

7
8
7

C16123

M
M

M
 4

210

0
2
-0

3
/0

0
4

BH38
4

g
h
a
6
0
1
4
67

6
8
3
0
_
1
1

gha113271

4158_4

1008185

M
M

M
 3

9
5
4

A50500

Q18F3_S

9
2
2
7
_
1
4

1
2
3
0
6
_
3

g
h
a
6
8
1
8
2

MW14962

B
H

6
9
3

gh
a1

13
92

0

4320_4

K
E

N
_
S

9
4
5
9

18474_3

146U

1013755

2
2
3
9
2
_
3

2987_4

P0508

g
h
a
6
3
2
4
5

1
0
6
5
6
_
3

KEN_S
11

27
1

9
11

4
_
3

0
7
/0

0
1

A32773

K
E

N
_
K

8
7
7
4

20986_3

K
E

N
_
S

9
7
8
9

8
0
4
1

_
1
2

0
8

/0
0
2

M
R
 2

98
4

300067

4701_4
gha61378

b
k
f0

0
3
9

2

06_013

G
H

A
_
A
1
62

70

A50315

P
0
3

8
0

19
6
9
2
_
3

D36159

7783_12

Q134A

15760_3

G
H

A
_K

1
77

3
3

A
2

0

M
M

M
 4

12
9

22400_3

1872

KEN_K7822

5464_4

2999_4

7
1
2
3

_
1
1

K
E

N
_
S

1
0
4
2
3

1
8
7
2
9
_
3

gha63979

21681_3

8
6
1

8
4

8
2
_

1
2

0
2
-0

3
/0

1
6

4
0
9

2
_
4

D37905

GHA_K17982

P
O

11
2
4

6
7

3

0
5
/1

4
4

P0114

D36099

8306_3

U
7
2

P
0
5

1
0

1
0
2
9
3
_
3

11881_3

gh
a6

89
31

A56884

MMM 2767

1
0
5
3
0
_
1
7

P
5
1

MCMA405

gha61549

3
8
3
2
_
3

1
0
0
1
6

9
4
6
0
_
3

K
E

N
_
S

1
0
2
6
5

9
7
8
0
_
3

KEN_S11
039

P
0
3

7
8

22784_3

P
O

11
2
4

1334

12065_3

0
7

/0
2
1

gha116245

P
0
3

9
0

KEN_K9090.1

gh
a11

35
90

G
H

A
_
K

1
6
9
7
2

4
4
8
_
0
8

201
173129

6

21124_3

B
H

6
6
3

g
h
a
5
9
9
2
0

gh
a5

27
18

U
73

A54860

P
02

05

A39051

16940_3

8
1

2
8
_

1
2

A58313

8
5
8
1
_
3

g
h
a
11

2
0
0
6

0
5
/1

6
8

0
5
/1

4
8

19818_3

5
3
2
6
_
3

0
5

_
1

4
6

MR 3796

D40691

1833

gha113289

21347_3

K
E
N

_S
10

42
5

A54285

300059-2

16755_3

1792

1
0
6
3
_
0
9

16661_3

7
5
6
5
_
1
2

7
7
4

3
_
1
2

Q363A

1
0
3
2
8
_
3

7323_12

2
4
5
_

0
8

A39069

P0114

P
3

0

A44274

A38596

P
02

71

2643

1012757

gh
a52

308

16725_3

gha601234

P
6
2

D25023

4221_4

TZA952

G
H
A
_A

15
92

6

K
E

N
_
K

91
6
7

7125_11

GHA_K18259

KEN_K7242

8947

22133_3

0
5
/1

6
7

3
2
4
5
_
3

K
E

N
_
K

8
5
7
7

M
B

 1
7
0

3
D15330

7
9
2
4
_
1
2

13054_3

g
h
a
5
7
4
8
8

gh
a6

13
97

2
0
0
4

K
E
N
_S

10
67

0

11573_3

1
7072

_3

22409_3

06/007

10647_17

Q258F4

0
8
/0

0
1

Q340A

0
2

-0
3

/0
1
0

P
01

65

1029260

16829_3

5403_4

MCMA465

21438_3

11
4
8
0
_
3

2897_13

N
0
4

3
0

P
7
3

K
E

N
_
S

9
4
8
8

1483

1015794

g
h
a
6
0
4
3
5

400791

115932-2

GHA_A15787

P
O

6
0
9

1582

MURB047

4
9

1
6
_
4

G
2
6
0

05_122

N
03

30
B17081

11
2
9

6941_11

M
R
 3

89
9

5
3
1
2
_
3

1
0
1
5
5
_
3

M
B 1

102

gha116167

0
5
/1

1
6

20980_3

g
h
a
1
1
3
2

1
6

BIQ11F

6
5
4
9
_
3

b
k
f0

0
9
4
0

1470

19174_3

gha63275

gha200597

MMM 3634

553

gha113018

6
3

7
8

_
1
1

5424_11

1
0
3
0
8
_
3

05_127

8
3
9
1
_
1
2

Q175A

16141_3

6
6
6
U

8
9

3
9
_
1
4

12141_3

9121_3

5
3
1

276

1
9
0
4

1
07

99
_3

9
4
12

_
3

1011052
g
h
a
11

3
1
6
1

D36233

3597_4

0
6
_

0
0
2

101090

21367_3

7
1
1
2

_
1
1

PO
11

40

D36807

14DRC

KEN_S10441

A55954

88
92

23223_3

K
E
N

_S
11

08
7

g
h
a
4
0
0
9
2
2

A49322

K
E
N

_S
94

71

G
H

A
_
A

1
5
3

9
9

D15176

M
B
 2

30
4

M
R

 3
6
9
9

D47741

P
O

1
5
8
4

A24910

8692_3

gha11
2057

2
6
8

13933_3

9473_14

gh
a
11

38
21

M
C

C
 1

8
7
2

07/028

6
0
8
8
_
3

M
B
 2

25
6

BFY10N

05/101

K17
1

1581

gha65850

BH519

8599_13

M
M

M
 3

67
4

gha112642

KE
N
_K

80
57

6
3
0

6
_
3

11
8
9
2
_
3

05/149

gh
a1

13
84

8

87
62

_3

g
h
a
1
1
6
2
0
8

2
1
0

1

1
0
5
8
7
_
3

7958_12

G
H

A
_
K

1
7
2
1
5

M
M

M
 4

83
5

9
5
9
1
_
1
5

A56892

P
O

1
2
7
6

79
05_3

19567_3

11711_3

2
1

0
1

22899_3

N
0

5
0
2

P
0
1
8
0

P
0
5
7
3

9138_3

1022458

8785_3

gha115599

16927_3

1
0
4
3
3
_
3

17
7
7
4_

3

P0508_H14

I3

18
22

1_3

gha
500

06
9

gha59442

K
E

N
_
S

9
5
8
4

M
M

M 3
042

6049_11

6948_11

0
5
/1

0
5

3047_3

G
HA_K17065

A50070

gh
a5

41
36

M
C

C
 2

43
4

3
1
9
5

P
7

8

gha60767

8155_3

12434_3

g
h
a
1
1
3
0

8
2

115589-2

22991_3

1015508

5810_4

KEN_S10980

G
H

A
_K

1
76

45

KEN
_S10

52
9

16418_3

M
R

 1
58

4

7704_12

02-03/015

gh
a6

56
81

P
0
4
8

3

I7

8977_3

85
86_13

GHA_A16105

5376_4

MW14507

K
E
N
_S

11
32

3.
2

1022325

9060_3

8942

K
8
0

4703_3

A43141

20833_3

1
7
6
_
0
8

9
4
8
8
_
1
4

15
552

_3

KEN_K7421

0
6
/0

0
1

1021736

P0456

9
7
4
5
_
3

10808_3

0
7

/0
1
1

1297

B
S

_
0
4
2
9
0

20324_3

9
9
5
6
_
3

gha300707

10102_3

1012683

P0467

D36457

D37712

37
9

0
8

/0
0
5

MW14052

0
2
_
0
3
_
0
2

3

A38589

11
4
2
8
_
3

1020371

U17

6936_11

M
M

M
 1

80
9

M
1
6
0
5
2
0
6

12146_3

0
7
/0

0
8

9
5
6
3
_
1

5

18989_3

1012697

gha113035

M
M

M
 3

10
3

U
3
5

0
7
/ 0

1
9

23060_3

8943

gha62721

M
C

M
A

3
5
7

M
2
8
1
5
3
1
0

gh
a6

18
09

5598_4

KEN_S10460

GHA_K18004

2903_4

8891

MCMA353

G
H
A
_K

17
43

1

8327_3

6
1
1
_
0
8

8
3
1
4
_
1
2

0
5
_
1
5
0

6
5
2
6
_
3

0
6

/0
1
5

1
0
3
9
3
_
3

KEN_S9408

M
CC 799

1
0
9

9
4

P
05

30

7352_12

1012133

7322_12

KEN_S10973

1
2
8
1
3
_
3

1150

M
B

 4
11

16825_3

7
0
9

Q303F5

KEN_S10864

P
0

3
1

7

KEN
_K

822
3

D19828

g
h

a
1
1

5
5
7

3

1
0
9

5
8
_
3

3152_4

4298_3

4177_3

07_022

TZA1570

MR 2805

D23769A

05/107

gh
a1

128
85

1016082

1020969

K
E

N
_S

11
01

7

11
2
7
9
_
3

07/015

B
F
48

26

P
0
2

2
0

I3
2

02-03/020

8944

Tree scale: 10

Country

Kenya

Madagascar

Malawi

Mozambique

Rwanda

Tanzania

Uganda

DRC

Gabon

Benin

BurkinaFaso

Ghana

Guinea

Guinea-Bissau

Mali

Nigeria

Senegal

TheGambia

Non-Africa

Clusters

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16



 6 

 
 

Supplementary Figure 6: Genetic markers for extended spectrum beta lactamase (ESBL) 

activity, fluoroquinolone resistance, azithromycin resistance and quinolone resistance 

determining regions (QRDR) SNPs in S. Typhimurium ST313-L2. 

Maximum likelihood phylogenetic tree of ST313-L2 isolates. The inner two circles indicate 

the country of isolation and the iTYM6 subclade. The sequential rings indicate presence of 

(from the inside to the outside): ESBL, fluoroquinolone resistance marker (qnr), azithromycin 

resistance marker (mphA), GyrA S83F, GyrA S83Y, GyrA D87G, GyrA D87N, GyrA D87Y, 

GyrB E466D. Branch lengths represent the number of SNPs as indicated in the scale bar.  
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Supplementary Figure 7: Selection of isolates used for the phylogeographical analysis 

Maximum likelihood phylogenetic tree of ST313-L2 isolates. The inner two circles indicate 

the country of isolation and the ST313-L2 subclade. The outer two rings indicate the isolates 

selected for the spatiogeographical analysis. The third circle is the selection made by CD-hit 

(n=220) and the outer circle is a selection including all additional geographical events (n = 31). 

In addition, strain S. Typhimurium D23580 was added to the set of isolates. 
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Supplementary Figure 8: Time-tree from BEAST showing the phylogeographical 

reconstruction of ST313-L2 

Raw tree underlying figure 3A including the isolate labels and the 95% HPD intervals. 
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Supplementary Figure 9: Quinolone resistance-determining regions in Salmonella 

Typhimurium 

Maximum likelihood phylogenetic tree of the 1420 S. Typhimurium isolates sequences from 

this study. The inner three circles indicate the country of isolation, the invasive S. Typhimurium 

clade and the iTYM6 subclade. The sequential rings indicate presence of subsitutions (from 

the inside to the outside): GyrA S83F, GyrA S83Y, GyrA D87G, GyrA D87N, GyrA D87Y, 

GyrB E466D 
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Supplemental Figure 10: IncI1 and IncHI2 plasmids driving XDR and PDR 

Maximum likelihood phylogenetic tree of the 1420 S. Typhimurium isolates sequences from 

this study. Metadata is visualized on the concentric rings, from the inside to outside; 1. Country 

of origin, 2. Invasive S. Typhimurium clades, 3. ST313-L2 subclades, 4-7. Presence of 

multidrug resistance markers (MDR; blaTEM, cat, dfrA, sul), 8-10. Presence of extensively 

and pan drug resistance markers (XDR and PDR; ESBL, qnr, mphA), 11. Presence of colistin 

resistance (mcr), 12-13. Presence of IncHI2 and IncHI1 plasmid replicons. Branch lengths 

represent the number of SNPs as indicated in the scale bar. The XDR plasmid pSTM-ST313-

II.1 (DRC, Van Puyvelde et al, 2019) and ESBL plasmids pKST313 (Kenya, Kariuki et al, 

2015) and pSTM-A54560 (Malawi, Feasey et al, 2014) have been annotated on the tree figure. 
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Supplementary Figure 11: Temporal evolution of Salmonella Typhimurium outbreaks in 

Kisantu, DRC, 2007-2017 

Number of invasive S. Typhimurium cases per quarter. Isolates belonging to extensively drug 

resistance (XDR) ST313-L2 subclade 3 clade and the ST313-L2 subclade 7 clade containing 

quinolone resistance-determining region (QRDR) SNPs are coloured. Two isolates of the 

ST313-L2 subclade 3 clade presented pan drug resistance (PDR) and are coloured 

differentially. 
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Supplementary Tables 

 

Supplementary Table 1: Genes presenting non-synonymous mutations in at least two 

invasive S. Typhimurium clades 

Single nucleotide polymorphisms between isolates in each invasive S. Typhimurium clade and 

context isolates were extracted and annotated as their effect in the S. Typhimurium SL1344 

genome sequence. Genes with non-synonymous mutations were identified and genes found in 

at least two different clades are listed. 
Clade Higher level 

function 

Gene name Function 

ST19-L2, 

ST19-L3, 

ST313-L1 

metabolism malZ Maltodextrin glucosidase. In E. coli, loss of 

malZ results in degradation of maltodextrins 

to maltotriose 1, 2. It has not been recognized 

previously as a pseudogene. 

ST19-L3, 

ST313-L1, 

ST313-L2 

host 

interactions/virulence 

ssrA Two-component sensor kinase encoded on 

SPI-2, involved in regulation of 

pathogenesis through sensing of Ca2+ and 

acidic environments 3, 4. 

ST19-L4, 

ST313-L1, 

ST313-L2 

membrane/surface-

associated 

stfC Outer membrane usher protein (hypothetical 

fimbrial outer membrane usher) implicated 

in persistence of Salmonella on lettuce. 

Observed as a pseudogene in endosymbiont 

Sodalis glossinidius 5, 6. 

ST19-L1, 

ST19-L2 

other ygcH Conserved hypothetical protein 7. 

 cell division mukB Subunit of the condensing complex in 

Salmonella and E. coli that is involved in 

compacting chromosomal DNA. No prior 

evidence of pseudogenization 8. 

ST19-L1, 

ST19-L3 

redox-associated ydiJ D-2-hydroxyglutarate dehydrogenase in 

Enterobacteriaceae 9. 

ST19-L1, 

ST19-L4 

phage SL1344_2600 Predicted bacteriophage integrase 10 

ST19-L2, 

ST19-L3 

membrane/surface-

associated 

dacD Penicillin-binding protein involved in 

removal of D-alanyl restudies from cell wall 

building blocks. Loss of dacD in Salmonella 

enterica results in greater susceptibility to 

cefotaxime and altered biofilm growth 11 

 membrane/surface-

associated 

fimA Type-1 fimbrial protein, major subunit, 

involved in cellular adhesion. Loss of fimA 
in S. Typhimurium results in inability to 

assemble fimbriae 12, 13. Pseudogene 

previously observed in Bordetella pertussis 
14 

 other ydiD Cyclohexanecarboxylate-CoA ligase 

involved in intestinal butyrate metabolism. 

Pseudogenization observed in S. Typhi, and 

ydiD loss in S. Typhimurium is implicated in 

lower epithelial invasion 15, 16. 

 redox-associated ccmH2 Cytochrome C-type biogenesis protein H210 

 transport SL1344_0377 MFS transporter; hypothetical efflux pump10 
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ST19-L2, 

ST19-L4 

motility fliF Transmembrane flagellar basal-body M-ring 

protein 17. Partial deletion of fliF is known to 

affect flagellar rotation directionality.  

ST19-L2, 

ST313-L1 

redox-associated Bcp bacterioferritin comigratory protein, 

implicated in hydrogen peroxidate 

scavenging 17, 18, 19 

ST19-L2, 

ST313-L2 

other SL1344_1551 Hypothetical exported protein 10  

 metabolism pdxK Pyridoxine kinase involved in vitamin B6 

metabolism 20 

ST19-L3, 

ST19-L4 

transcription sbcC Exonuclease for homologous recombination. 

Mutation of sbcC (or sbcB) activates the 

RecF recombination pathway for DNA 

repair 21, 22.   

 metabolism eutA Reactivase for ethanolamine utilization; loss 

of eutA limits ethanolamine metabolism to 

when adenosyl-B12 is available 23, 24 

ST19-L3, 

ST313-L1 

nucleoid-associated SL1344_2552 (Proposed) Glucans biosynthesis protein D 

involved in structure of periplasmic glucans  

 host 

interactions/virulence 

shdA Fibronectin-binding outer membrane 

protein. Previously found to be 

pseudogenenized in S. Typhi, S. Paratyphi, 

and other host-adapted serovars 25.  

 nucleoid-associated hrpA ATP-dependent RNA helicase 10 

 other SL1344_1983 hypothetical exported protein 10 

 redox-associated SL1344_1475 Hypothetical alkyl hydroperoxide reductase 

subunit F 10 

ST19-L3, 

ST313-L2 

other cutC Recognized as choline TMA-lyase in gut 

commensal bacteria involved in anaerobic 

choline utilization, though specific function 

in Salmonella has not been identified 26 

 host 

interactions/virulence 

steC Type III secretion system effector protein 

found to be a pseudogene in passerine-

adapted S. Typhimurium, associated with 

lower invasion but higher virulence in hosts  
27, 28. 

 phage SL1344_2582 Predicted DUF1367 family bacteriophage 

protein 10 
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