Table 1. Genomic comparison between colonising and invasive paired isolates in three participants 
	Paired isolates
	Sequence Type (ST)
	K-Locus (KL)
	O-antigen type
	Reconstructed draft plasmid sequences present
	AMR genes present
	Virulence genes present
	SNP distance 
	Days between cultures

	KpIDB0027 (Control)
	ST1271
	KL28
	O1αβ,2β
	ColRNAI_rep_cluster_1987; IncFIA
	CTX-M-15
	None
	 9259
	134

	 
	 
	
	 
	
	 
	 
	
	

	KpIDB0225 (Case)
	ST5776
	KL39
	O3γ
	ColRNAI_rep_cluster_1987
	None
	None
	
	

	KpIDB0295 (Control)
	ST985
	KL39
	O1αβ,2β
	None
	CTX-M-15; OXA-181
	ybt 16; ICEKp12
	 8915
	44

	
	 
	
	 
	
	 
	 
	
	

	KpIDB0359 (Case)
	ST9094
	KL25
	O5
	IncFIA; IncFIB; IncFIB/IncFII/IncR; IncX3
	CTX-M-15; OXA-181
	ybt 14; ICEKp5
	
	

	KpIDB0297 (Control)
	ST2497
	KL64
	O1αβ,2α
	None
	CTX-M-15; NDM-1;OXA-232
	ybt 16; ICEKp12
	 1
	25

	 
	 
	
	 
	
	 
	 
	
	

	KpIDN0046 (Case)
	ST2497
	KL64
	O1αβ,2α
	ColRNAI_rep_cluster_1987; IncFIB/IncHI1B
	CTX-M-15; NDM-1
	ybt 16; ICEKp12 (truncated)
	
	





Table 2. Clinical characteristics of participants with invasive and colonising K. pneumoniae isolates that underwent genomic analysis
	
	Total participants
No. (%)
(N= 686)
	Cases (Invasive)
No. (%)
(N= 502)
	Controls (Colonising)
No. (%)
(N= 184)
	p-valuea


	Male sex
	318 (46.4)


	277 (55.2)
	41 (22.3)
	<0.001

	Age, median (IQR), years
	47 (35- 60)


	47 (35- 60)
	46 (35- 58)
	NA

	Hospital
CHBAH
CMJAH
HJH

	
400 (58.3)
249 (36.3)
37 (5.4)
	
282 (56.2)
191 (38.0)
29 (5.8)
	
118 (64.1)
58 (31.5)
8 (4.3)
	0.169

	In-hospital outcome 
Demised 
Discharged
Unknown

	
256 (37.3)
376 (54.8)
54 (7.9)
	
250 (49.8)
198 (39.4)
54 (10.8)
	
6 (3.3)
178 (96.7)
0
	<0.001


Abbreviations: IQR, interquartile range; NA, not applicable; CHBAH, Chris Hani Baragwanath Academic Hospital; CMJAH, Charlotte Maxeke Johannesburg Academic Hospital; HJH, Helen Joseph Hospital; ND, not done.

a P-value resulting from chi-squared test comparison of variables in case (invasive) versus control (colonising) group.

Table 3. Multiple regression modelling of association between Klebsiella pneumoniae genomic factors and invasiveness

	Factor
	ST group- unadjusted
	Model 1: 
ST group adjusted for patient characteristics
	Model 2: 
Model 1 +   virulence factors
	Model 3: 
Model 2 +  K-loci 
	Model 4: 
Model 3 +  O-antigen types 
	Model 5: 
Model 4 +  AMR factors
	Model 6: 
Model 5 + Plasmids

	STs (other STs= reference)
ST2497
ST39
ST9094
ST17
ST5785
ST985
ST307
ST23
ST37
ST22
ST147
ST4083
ST66
 
	
6.57 (3.06- 14.09)***
6.97 (2.71- 17.92)***
2.29 (1.16- 4.51)*
1.37 (0.72- 2.63)
1.22 (0.48- 3.10)
1.00 (0.41- 2.47)
5.14 (1.17- 22.62)*
3.43 (0.75- 15.63)
0.76 (0.26- 2.26)
0.36 (0.11- 1.12)
6.29 (0.80- 49.41) 
0.29 (0.08- 0.97)*
2.57 (0.54- 12.14)

	
6.81 (3.16- 14.67)***
8.31 (3.20- 21.58)***
2.27 (1.14- 4.51)*
1.39 (0.72- 2.69)
1.50 (0.58- 3.85)
1.14 (0.45- 2.87)
5.33 (1.20- 23.65)*
3.42 (0.74- 15.82)
0.67 (0.22- 2.04)
0.36 (0.11- 1.17)
6.64 (0.84- 52.67)
0.30 (0.09- 1.05)
2.74 (0.57- 13.18)
	
3.81 (1.64- 8.86)*
4.50 (1.62- 12.52)*
1.43 (0.67- 3.05)
0.92 (0.44- 1.91)
1.27 (0.48- 3.40)
0.68 (0.26- 1.80)
7.50 (1.67- 33.77)*
0.95 (0.10- 9.42)
0.94 (0.30- 2.97)
0.58 (0.18- 1.91)
3.88 (0.48- 31.45)
0.49 (0.14- 1.71)
0.69 (0.07- 7.00)
	
Inf (0- Inf)
3.11 (0.61- 15.69)
0.39 (0.09- 1.67)
0.29 (0.07- 1.12)
0.61 (0.13- 2.82)
0.32 (0.02- 4.36)
6.41 (0.62- 66.28)
Inf (0- Inf)
1.16 (0.37- 3.69)
0.24 (0.02- 3.28)
Inf (0- Inf)
0.60 (0.17- 2.14)
0.53 (0.04- 6.42)
	
Inf (0- Inf)
3.43 (0.63- 18.55)
0.52 (0.10- 2.58)
0.37 (0.08- 1.60)
0.72 (0.15- 3.47)
0.38 (0.02- 5.93)
5.18 (0.48- 55.87)
Inf (0- Inf)
1.25 (0.33- 4.71)
0.12 (0.01- 2.04)
Inf (0- Inf)
0.71 (0.18- 2.82)
0.51 (0.04- 6.56)
	
Inf (0- Inf)
1.51 (0.25- 9.32)
0.44 (0.08- 2.35)
0.36 (0.08- 1.69)
0.23 (0.04- 1.36)
0.11 (0.01- 1.86)
1.46 (0.12- 17.02)
Inf (0- Inf)
1.02 (0.26- 3.98)
0.03 (0.00- 0.63)*
Inf (0- Inf)
0.39 (0.08- 1.79)
5.88 (0.20- 175.61)
	
Inf (0- Inf)
1.57 (0.23- 10.66)
0.30 (0.05- 1.83)
0.40 (0.08- 1.89)
0.25 (0.03- 1.85)
0.18 (0.01- 3.55)
1.58 (0.12- 20.10)
Inf (0- Inf)
1.19 (0.30- 4.75)
0.03 (0.00- 0.56)*
Inf (0- Inf)
0.32 (0.06- 1.64)
4.78 (0.18- 129.57)

	Age categories, years (18-35= reference)
36-50
51-65
>65
	

-
-
-
	

1.09 (0.68- 1.75)
0.87 (0.53- 1.42)
2.02 (1.08- 3.77)*
	

1.06 (0.65- 1.73)
0.91 (0.55- 1.51)
2.18 (1.14- 4.14)*
	

1.04 (0.63- 1.72)
0.85 (0.51- 1.44)
2.38 (1.23- 4.62)*
	

1.00 (0.60- 1.66)
0.83 (0.49- 1.41)
2.36 (1.20- 4.62)*
	

1.10 (0.65- 1.85)
0.93 (0.54- 1.60)
2.63 (1.32- 5.25)*
	

1.11 (0.65- 1.91)
0.90 (0.52- 1.57)
2.65 (1.31- 5.38)*

	Study site (CHBAH= reference)
CMJAH
HJH
	
-
-
	
1.42 (0.95- 2.11)
1.77 (0.76- 4.15)
	
1.47 (0.98- 2.23)
1.70 (0.70- 4.14)
	
1.50 (0.98- 2.30)
1.81 (0.73- 4.45)
	
1.51 (0.98- 2.33)
2.14 (0.83- 5.49)
	
1.60 (1.02- 2.50)*
2.11 (0.80- 5.60)
	
1.61 (1.02- 2.55)*
2.19 (0.82- 5.88)

	Virulence-encoding genes (No VF= reference group)
Yersiniabactin
Colibactin
Aerobactin
Salmochelin
rmpADC
	

-
-
-
-
-
	

-
-
-
-
-
	

2.97 (1.83- 4.84)***
0.08 (0.01- 1.06)
7.15 (0.12- 433.95)
0.27 (0.03- 2.75)
13.90 (0.30- 643.57)
	

2.53 (1.48- 4.31)*
0.11 (0.01- 1.47)
3.96 (0.08- 187.37)
0.37 (0.04- 3.66)
10.98 (0.31- 392.75)
	

2.49 (1.43- 4.35)*
0.12 (0.01- 1.67)
3.92 (0.07- 221.02)
0.41 (0.04- 4.30)
10.03 (0.25- 409.19)
	

1.95 (1.07- 3.55)*
0.13 (0.01- 1.73)
4.19 (0.04- 399.65)
0.55 (0.05- 6.16)
13.74 (0.18- 1021.52)
	

1.74 (0.92- 3.27)
0.23 (0.01- 3.61)
4.86 (0.08- 291.52)
0.55 (0.05- 6.11)
8.28 (0.19- 356.74)

	K-loci (other KL= reference group)
KL25
KL64
KL2
KL30
KL149
KL102
KL39
KL9
KL1
KL122 
	

-
-
-
-
-
-
-
-
-
-
	

-
-
-
-
-
-
-
-
-
-
	

-
-
-
-
-
-
-
-
-
-
	

5.24 (1.35- 20.35)*
Inf (0- Inf)
2.41 (0.53- 11.03)
2.87 (0.84- 9.80)
1.83 (0.33- 10.11)
1.49 (0.24- 9.29)
3.14 (0.27- 36.58)
2.93 (0.27- 31.50)
Inf (0- Inf)
2.37 (0.77- 7.24)
	

10.48 (1.61- 68.26)*
Inf (0- Inf)
1.85 (0.39- 8.82)
2.88 (0.79- 10.43)
1.80 (0.27- 11.96)
1.19 (0.17- 8.14)
3.10 (0.26- 36.88)
3.92 (0.32- 47.60)
Inf (0- Inf)
1.68 (0.48- 5.91)
	

4.75 (0.77- 29.23)
Inf (0- Inf)
1.08 (0.20- 5.87)
2.17 (0.57- 8.32)
1.20 (0.17- 8.42)
1.37 (0.20- 9.24)
3.09 (0.26- 37.24)
4.04 (0.33- 50.25)
Inf (0- Inf)
1.13 (0.31- 4.17)
	

6.13 (0.91- 41.45)
Inf (0- Inf)
0.84 (0.15- 4.79)
2.18 (0.55- 8.68)
1.75 (0.21- 14.21)
1.16 (0.16- 8.23)
3.03 (0.25- 37.13)
4.46 (0.36- 54.72)
Inf (0- Inf)
0.94 (0.23- 3.85)

	O-types (other OTs= reference group)
O1αβ,2α
O1αβ,2β
O5
O2β
O3γ
O2α
O4
O13
O3αβ 

	

-
-
-
-
-
-
-
-
-

	

-
-
-
-
-
-
-
-
-
	

-
-
-
-
-
-
-
-
-
	

-
-
-
-
-
-
-
-
-
	

1.57 (0.29- 8.31)
1.04 (0.19- 5.58)
0.46 (0.04- 4.82)
1.88 (0.30- 11.66)
0.78 (0.15- 4.15)
1.21 (0.20- 7.31)
1.59 (0.26- 9.62)
1.79 (0.24- 13.60)
0.72 (0.09- 6.04)
	

1.47 (0.26- 8.28)
0.90 (0.16- 4.99)
0.25 (0.02- 2.99)
1.48 (0.23- 9.48)
0.68 (0.12- 3.75)
0.94 (0.15- 5.94)
0.91 (0.14- 5.95)
1.07 (0.13- 8.76)
0.51 (0.06- 4.58)
	

1.61 (0.28- 9.26)
0.94 (0.16- 5.41)
0.34 (0.03- 4.18)
1.66 (0.25- 10.91)
0.67 (0.12- 3.77)
1.06 (0.16- 6.89)
0.81 (0.12- 5.45)
1.11 (0.13- 9.31)
0.58 (0.06- 5.50)

	Genomic AMR profile (No AMR= reference)
Aminoglycosides
Carbapenems
3GCs
Colistin
Fluoroquinolones
Penicillins
Sulfonamides

	

-
-
-
-
-
-
-

	

-
-
-
-
-
-
-

	

-
-
-
-
-
-
-

	

-
-
-
-
-
-
-

	

-
-
-
-
-
-
-

	

0.85 (0.30- 2.39)
2.76 (1.10- 6.89)*
1.21 (0.46- 3.18)
0.91 (0.10- 8.43)
1.31 (0.44- 3.89)
10.79 (0.57- 204.35)
1.53 (0.52- 4.47)

	

0.92 (0.32- 2.67)
3.88 (1.28- 11.82)*
1.25 (0.45- 3.49)
0.91 (0.09- 8.77)
1.49 (0.47- 4.69)
8.21 (0.51- 133.17)
1.36 (0.44- 4.16)


	Plasmids present (No plasmids= reference)
IncFIA
IncFIA/IncFIB
IncFIA/IncFIB/IncFII
IncFIA/IncFIC
IncFIA/IncFIC/IncFIB
IncFIA/IncR
IncFIB
IncFIB/IncFII
IncFIB/IncFII/IncR
IncFIB/IncHI1B
IncFII
IncHI1B
IncR
IncX3

	

-
-
-
-
-
-
-
-
-
-
-
-
-
-
	

-
-
-
-
-
-
-
-
-
-
-
-
-
-
	

-
-
-
-
-
-
-
-
-
-
-
-
-
-
	

-
-
-
-
-
-
-
-
-
-
-
-
-
-
	

-
-
-
-
-
-
-
-
-
-
-
-
-
-
	

-
-
-
-
-
-
-
-
-
-
-
-
-
-
	

0.62 (0.31- 1.25)
0.36 (0.05- 2.84)
0.68 (0.19- 2.44)
0.55 (0.19- 1.63)
Inf (0- Inf)
0.44 (0.15- 1.30)
1.01 (0.57- 1.79)
1.10 (0.58- 2.09)
2.47 (0.65- 9.46)
2.64 (0.80- 8.68)
1.00 (0.52- 1.93)
0.25 (0.01- 5.23)
0.71 (0.37- 1.35)
0.54 (0.19- 1.51)


Genomic data were available for 508 KPn-ID cases and 184 colonised controls. ORs (95% CIs) are presented; *P<0.05, ***P<0.001
Abbreviations: ST, sequence type; AMR, antimicrobial resistance; CHBAH, Chris Hani Baragwanath Academic Hospital; CMJAH, Charlotte Maxeke Johannesburg Academic Hospital; HJH, Helen Joseph Hospital; VF, virulence factor; KL, K-locus, Inf, infinity; OT, O-antigen type; 3GC, third generation cephalosporin
Table 4. Multiple regression modelling of association between Klebsiella pneumoniae genomic factors (after cluster adjustment) and invasiveness


	Factor
	Clusters- Unadjusted 
	Model 1: 
Clusters adjusted for  patient characteristics
	Model 2: 
Model 1 + virulence factors
	Model 3: 
Model 2 + AMR factors

	Clusters (other= reference)
Cluster 001- SL395 (ST2497), KL64, OL2α.1
Cluster 004- SL17 (ST9094), KL25, OL5
Cluster 018- SL39 (ST39), KL2, OL2α.1
Cluster 017- SL29 (ST985), KL39,  OL2α.2
Cluster 015- SL231 (ST5785), KL30,  OL2α.2
	
4.60 (2.17- 9.77)***
2.45 (1.21- 4.96)*
5.50 (1.67- 18.18)*
0.71 (0.28- 1.77)
1.23 (0.43- 3.50)
	
4.66 (2.18- 9.94)***
2.40 (1.18- 4.88)*
6.85 (2.05- 22.89)*
0.83 (0.33- 2.09)
1.48 (0.51- 4.27)
	
2.43 (1.08- 5.48)*
1.44 (0.67- 3.07)
3.57 (1.03- 12.34)*
0.46 (0.17- 1.22)
1.18 (0.39- 3.55)
	
1.31 (0.54- 3.14)
0.76 (0.33- 1.76)
2.16 (0.60- 7.73)
0.25 (0.09- 0.71)*
0.59 (0.19- 1.83)

	Age categories, years (18-35= reference)
36-50
51-65
>65
	
-
-
-
	
1.17 (0.74- 1.85)
0.95 (0.59- 1.51)
1.88 (1.03- 3.42)*
	
1.10 (0.68- 1.78)
0.99 (0.60- 1.62)
2.03 (1.08- 3.81)*
	
1.26 (0.77- 2.08)
1.11 (0.66- 1.85)
2.27 (1.19- 4.32)*

	Study site (CHBAH= reference)
CMJAH
HJH
	
-
-
	
1.41 (0.96- 2.06)
1.85 (0.81- 4.22)
	
1.52 (1.02- 2.27)*
1.83 (0.77- 4.38)
	
1.70 (1.12- 2.59)*
1.93 (0.78- 4.77)

	Virulence-encoding genes (No VF= reference group)
Yersiniabactin
Colibactin
Aerobactin
Salmochelin
rmpADC
	

-
-
-
-
-
	

-
-
-
-
-
	
3.67 (2.40- 5.61)***
0.06 (0.01- 0.63)*
9.53 (0.19- 470.35)
0.21 (0.02- 2.13)
11.97 (0.32- 445.59)
	
2.32 (1.43- 3.76)*
0.12 (0.01- 1.33)
5.80 (0.09- 375.66)
0.43 (0.04- 4.30)
16.41 (0.30- 888.93)

	Genomic AMR profile (No AMR= reference)
Aminoglycosides
Carbapenems
3GCs
Colistin
Fluoroquinolones
Penicillins
Sulfonamides

	
-
-
-
-
-
-
-

	
-
-
-
-
-
-
-

	
-
-
-
-
-
-
-

	
0.91 (0.35- 2.39)
2.34 (1.23- 4.46)*
1.09 (0.44- 2.72)
1.25 (0.14- 11.07)
1.29 (0.47- 3.52)
2.65 (0.58- 12.07)
1.43 (0.53- 3.80)







Genomic data were available for 508 KPn-ID cases and 184 colonised controls. ORs (95% CIs) are presented; *P<0.05, ***P<0.001
Abbreviations: AMR, antimicrobial resistance; CHBAH, Chris Hani Baragwanath Academic Hospital; CMJAH, Charlotte Maxeke Johannesburg Academic Hospital; HJH, Helen Joseph Hospital; VF, virulence factor; 3GC, third generation cephalosporin


