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Supplementary criteria
Articles that reported prevalence of ESBL-resistance Klebsiella pneumoniae, in sub-Saharan African countries, between 2013 and 2023, published in English, not a review or systematic review and/or meta-analysis.
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Qualities of studies


Supplementary Figure 1. Number of articles based on the quality of studies from sub-Saharan Africa. Research using only phenotypic techniques, such as broth microdilution, disc diffusion, and automated antimicrobial susceptibility testing techniques like VITEK, were categorized as low quality; research using only genotypic/molecular characterisation techniques was categorized as medium quality; and research using both phenotypic and molecular techniques was categorized as high quality.
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Supplementary Table 1. Characteristics of studies reporting ESBL-producing K. pneumoniae in sub-Saharan Africa
	First author
	Year
	Study type
	Country
	Sub-region
	Sample source
	Sample size
	Total K. pneumoniae isolates
	ESBL positive strains
	Method used
	ESBL gene
	Quality

	Acolatse et al.1
	2022
	Cross-sectional
	Ghana
	West Africa
	Environment
	231
	17
	17
	Phenotypic and genotypic assay
	SHV, CTX-M, TEM
	high

	Adelowo et al.2
	2018
	Cross-sectional
	Nigeria
	West Africa
	Environment
	143
	-
	2
	Phenotypic and genotypic assay
	SHV, CTX-M-15, TEM
	high

	Afolayan et al.3
	2021
	-
	Nigeria
	West Africa
	Clinical
	141
	-
	72
	Molecular
	CTX_M-15
	medium

	Agyekum et al.4
	2016
	Cross-sectional
	Ghana
	West Africa
	Clinical
	101
	43
	33
	NMIC-203 card on the Phoenix system
	CTX-M-15, CTX-M
	low

	Ahmed et al.5
	2015
	Longitudinal
	Tanzania
	East Africa
	Clinical
	402
	20
	22
	Disk diffusion
	-
	low

	Ajani et al.6
	2022
	Cross-sectional
	Nigeria
	West Africa
	Clinical
	165
	26
	13
	DDST, Etest and PCR
	SHV, TEM
	high

	Ajimuda et al.7
	2022
	Cross-sectional
	Nigeria
	West Africa
	Clinical
	180
	172
	73
	Phenotypic and genotypic assay
	SHV, TEM, and CTX-M
	high

	Akenten et 
al.8
	2023
	Cross-sectional
	Ghana
	West Africa
	Clinical
	435
	-
	19
	Phenotypic and genotypic assay
	SHV, CTX-M, TEM
	high

	Alabi et al.9
	2013
	Retrospective study
	Gabon
	Central Africa
	Clinical
	1271
	48
	42
	Disc diffusion, double-disc diffusion
	-
	low

	Amare et al.10
	2022
	Cross-sectional
	Ethiopia
	East Africa
	Clinical
	290
	68
	17
	Disk diffusion
	-
	low

	Bager et al.11
	2022
	-
	Uganda
	East Africa
	Animal
	86
	6
	6
	Molecular
	CTX-M-15, SHV-11
	Medium

	Bayleyegn et al.12
	2021
	Cross-sectional
	Ethiopia
	East Africa
	Clinical
	161
	30
	6
	Phenotypic
	-
	low

	Bediako-Bowan et al.13
	2020
	-
	Ghana
	West Africa
	Clinical
	4577
	35
	7
	Disk diffusion
	-
	low

	Beshah et al.14
	2023
	Cross-sectional
	Ethiopia
	East Africa
	Clinical
	1486
	75
	72
	Disk diffusion and E-test
	-
	low

	Beyene et al.15
	2019
	Cross-sectional
	Ethiopia
	East Africa
	Clinical
	947
	72
	55
	Disk diffusion
	
	low

	Bitew et al.16
	2020
	Longitudinal
	Ethiopia
	East Africa
	Clinical
	440
	56
	23
	Vitek 2 compact system
	-
	low

	Buys et al.17
	2016
	Cross-sectional
	South Africa
	South Africa
	Clinical
	410
	-
	339
	-
	-
	low

	Chah et al.18
	2018
	Longitudinal
	Nigeria
	West Africa
	Animal
	510
	7
	7
	Disk diffusion
	SHV, CTX-M, TEM
	low

	Chinowaita et al.19
	2020
	-
	Zimbabwe
	South Africa
	Clinical
	142
	7
	4
	Disk diffusion
	-
	low

	[bookmark: _Hlk172057008]Choonara et al.20
	2022
	Cross-sectional
	Malawi
	East Africa
	Clinical
	694
	29
	20
	Phenotypic
	-
	low

	Chukwu et al.21
	2022
	-
	Nigeria
	West Africa
	Clinical
	499
	15
	13
	Phenotypic and genotypic assay
	TEM and SHV
	high

	Damiano et al.22
	2021
	Cross-sectional
	Tanzania
	East Africa
	Clinical
	35
	20
	17
	Disc combination
	-
	low

	Darboe et al.23
	2023
	Cross-sectional
	Gambia
	West Africa
	Clinical
	14,776
	96
	34
	Phenotypic
	-
	low

	Dayie et al.24
	2022
	Cross-sectional
	Ghana
	West Africa
	Clinical
	100
	19
	4
	Kirby-Bauer disc diffusion technique
	-
	low

	Dela et al.25
	2022
	Cross-sectional
	Ghana
	West Africa
	Clinical
	122
	14
	5
	Phenotypic and genotypic assay
	TEM, CTX-M, SHV
	high

	Desta et al.26
	2016
	Cross-sectional
	Ethiopia
	East Africa
	Clinical
	267
	58
	44
	Vitek 2 compact system
	-
	low

	Dikoumba et al.27
	2021
	Longitudinal
	Gabon
	Central Africa
	Clinical
	974
	-
	38
	agar disk diffusion and double-disk synergy test
	SHV, CTX-M, TEM
	low

	Dirar et al.28
	2020
	-
	Sudan
	East Africa
	Clinical
	171
	-
	58
	Phenotypic and genotypic assay
	SHV, CTX-M, TEM
	high

	Djim-Adjim-ngana et al.29
	2020
	-
	Cameroon
	West Africa
	Clinical
	57
	5
	4
	Disk diffusion
	-
	low

	Dougnon et al.30
	2021
	Longitudinal
	Benin
	West Africa
	Environment
	130
	4
	3
	disk diffusion and double disc diffusion
	SHV
	low

	Eibach et al.31
	2016
	Cross-sectional
	Ghana
	West Africa
	Clinical
	7172
	41
	34
	Phenotypic and genotypic assay
	CTX-M
	high

	Eibach et al.32
	2018
	Cross-sectional
	Ghana
	West Africa
	Animal
	200
	-
	35
	VITEK 2 system, combined disc test and molecular
	CTX-M-15, CTX-M-1, CTX-M-2, CTX-M-14, SHV-12.
	high

	Endaylalu et al.33
	2020
	Cross-sectional
	Ethiopia
	East Africa
	Clinical
	236
	16
	2
	Disk diffusion
	-
	low

	Engda et al.34
	2018
	Cross-sectional
	Ethiopia
	East Africa
	Environment
	384
	-
	24
	Disk diffusion
	-
	low

	Erb et al.35
	2018
	-
	Tanzania
	East Africa
	Environment
	636
	7
	1
	Phenotypic and genotypic assay
	CTX-M-1 group
	high

	Fadare and Okoh36
	2021
	Cross-sectional
	South Africa
	South Africa
	Environment
	6
	9
	5
	disk diffusion, conventional singleplex, duplex and multiplex PCR
	TEM, OXA-1, OXA-48, CTX-M-1, CTX-M-2, SHV
	high

	Fadare et al.37
	2020
	Cross-sectional
	South Africa
	South Africa
	Environment
	48
	8
	8
	Kirby-Bauer disk diffusion, Singleplex, duplex, and multiplex PCR protocols
	SHV, CTX-M2, OXA-48, CTX-M1, TEM, OXA-1
	high

	Fenta et al.38
	2020
	Cross-sectional
	Ethiopia
	East Africa
	Clinical
	50
	7
	1
	Kirby-Bauer disc diffusion; double-disk diffusion method
	-
	low

	Founou et al.39
	2019
	Cross-sectional
	Cameroon
	West Africa
	Clinical
	53
	-
	10
	Phenotypic
	-
	low

	Founou et al.40
	2018
	Cross-sectional
	South Africa
	South Africa
	Clinical
	646
	-
	8
	Molecular
	CTX-M-gp9, CTX-M-gp1, SHV, CTX-M-gp8/25, OXA-1-Like, TEM
	medium

	Founou et al.41
	2019
	Longitudinal
	South Africa
	South Africa
	Clinical
	45
	-
	8
	Vitek® 2 System and Vitek® 2 Gram-negative Susceptibility card (AST-N255) and whole genome
	SHV, CTX-M, TEM
	high

	Godonou et al.42
	2022
	Cross-sectional
	Togo
	West Africa
	Clinical
	105
	-
	24
	Kirby-Bauer disk diffussion
	-
	low

	Henson et al.43
	2017
	Longitudinal
	Kenya
	East Africa
	Clinical
	221
	221
	198
	Double disk diffusion and whole genome sequencing
	SHV and OKP
	high

	Ibrahim et al.44
	2017
	Cross-sectional
	Nigeria
	West Africa
	Clinical
	248
	108
	68
	Double disc synergy test
	-
	low

	Irenge et al.45
	2023
	Cross-sectional
	DRC
	
	Clinical
	2051
	449
	89
	Phenotypic and genotypic assay
	CTX-M (15), SHV, TEM
	high

	Irenge et al.46
	2014
	Cross-sectional
	DRC
	Central Africa
	Clinical
	643
	146
	18
	Disk diffusion and Whole-genome sequencing
	CTXM-1
	high

	Isendahl et al.47
	2012
	Cross-sectional
	Guinea-Bissau
	West Africa
	Clinical
	408
	133
	91
	Disk diffusion and Molecular
	CTX-M-1, CTX-M-15
	high

	Jesumirhewe et al.48
	2020
	Cross-sectional
	Nigeria
	West Africa
	Clinical
	217
	-
	16
	Phenotypic and genotypic assay
	CTX-M(15, 11), SHV(28)
	high

	Kaduma et al.49
	2019
	Longitudinal
	Tanzania
	East Africa
	Clinical
	393
	25
	4
	Conventional disc diffusion
	-
	low

	Kagia et al.50
	2019
	Cross-sectional
	Kenya
	East Africa
	Clinical
	597
	-
	31
	Phenotypic
	-
	low

	Kajeguka et al.51
	2015
	-
	Tanzania
	East Africa
	Clinical
	330
	55
	22
	Disk diffusion
	-
	low

	Kasew et al.52
	2021
	Cross-sectional
	Ethiopia
	East Africa
	Clinical
	300
	7
	3
	Disk diffusion
	-
	low

	Kateregga et al.53
	2015
	Cross-sectional
	Uganda
	East Africa
	Clinical
	245
	33
	24
	Disk diffusion
	-
	low

	 Kenga et al.54
	2021
	Longitudinal
	Mozambique
	South Africa
	Clinical
	97
	3
	2
	Kirby-Bauer disk diffussion
	-
	low

	Kibwana et al.55
	2020
	Cross-sectional
	Tanzania
	East Africa
	Clinical
	196
	-
	37
	Disk diffusion
	-
	low

	Kibwana et al.56
	2023
	Cross-sectional
	Tanzania
	East Africa
	Clinical
	142
	35
	3
	disk diffusion,  E-test and molecular
	-
	high

	Kibwana et al.57
	2022
	Cross-sectional
	Tanzania
	East Africa
	Clinical
	200
	46
	46
	Disc diffusion and PCR
	CTX-M and CTX-M-15
	high

	Kiros et al.58
	2023
	Cross-sectional
	Ethiopia
	East Africa
	Clinical
	383
	51
	34
	Phenotypic
	-
	low

	Leski et al.59
	2016
	Cross-sectional
	Sierra Leone
	West Africa
	Environment
	189
	2
	1
	Phenotypic and genotypic assay
	CTX-M
	high

	Leski et al.59
	2016
	Cross-sectional
	Sierra Leone
	West Africa
	Clinical
	93
	15
	9
	Phenotypic and genotypic assay
	CTX-M
	high

	[bookmark: _Hlk172058661]Letara et al.60
	2021
	Cross-sectional
	Tanzania
	East Africa
	Clinical
	609
	-
	14
	Disk diffusion
	-
	low

	[bookmark: _Hlk172057676]Magale et al.61
	2015
	Cross-sectional
	Kenya
	East Africa
	Clinical
	948
	33
	26
	-
	-
	low

	Mahamat et al.62
	2019
	-
	Chad
	Central Africa
	Clinical
	200
	89
	16
	Disk diffusion and Molecular
	CTX-M-15 and CTX-M-14
	high

	Mahamat et al.63
	2019
	-
	Chad
	Central Africa
	Clinical
	1713
	-
	20
	Disk diffusion and Molecular
	CTX-M-15, CTX-M-14, CTX-M-15/TEM-1, CTX-M-15/OXA-1, CTX-M-15/TEM-1/OXA-1
	high

	Manyahi et al.64
	2014
	 Decriptive cross-sectional
	Tanzania
	East Africa
	Clinical
	100
	-
	11
	Disk diffusion
	-
	low


	Manyahi et al.65
	2022
	Cross-sectional
	Tanzania
	East Africa
	Clinical
	198
	39
	39
	Phenotypic
	-
	low

	Mayanja et al.66
	2023
	Cross-sectional
	Uganda
	East Africa
	Clinical
	273
	50
	25
	Disk diffusion and Molecular
	CTXM-U/15, CTX-M, TEM, SHV
	high

	Mofolorunsho et al.67
	2021
	Cross-sectional
	Nigeria
	West Africa
	Clinical
	200
	28
	24
	double disc
	-
	low

	Moges et al.68
	2019
	-
	Ethiopia
	East Africa
	Clinical
	532
	97
	79
	Disk diffusion
	-
	low

	Moirongo et al.69
	2020
	-
	Burkina Faso, Gabon, Ghana, and Tanzania
	West Africa, central Africa, East Africa
	Clinical
	3012
	22
	14
	Disk diffusion and Multilocus sequence
typing
	CTX-M15
	high

	Montso et al.70
	2019
	Cross-sectional
	South Africa
	South Africa
	Animal
	151
	114
	82
	disk-diffusion method; PCR
	TEM, SHV, CTX-M, OXA
	high

	Moremi et al.71
	2017
	Cross-sectional
	Tanzania
	East Africa
	Clinical
	107
	-
	6
	Disk diffusion and Molecular
	SHV-1, SHV-11, CTX-M-15, CTX-M-9, TEM-1
	high

	Motayo et al.72
	2013
	-
	Nigeria
	West Africa
	Clinical
	97
	30
	5
	Disk diffusion
	-
	low

	Moyo et al.73
	2020
	Cross-sectional
	Tanzania
	East Africa
	Clinical
	2226
	62
	56
	Phenotypic
	-
	low

	Mshana et al.74
	2016
	Cross-sectional
	Tanzania
	East Africa
	Clinical
	334
	53
	2
	Disk diffusion and Molecular
	CTX-M-15
	high

	[bookmark: _Hlk172057765]Mshana et al.75
	2013
	Cross-sectional
	Tanzania
	East Africa
	Clinical
	1260
	103
	92
	Disc diffusion, double-disc synergy, PCR
	CTX-M-15, TEM-1, SHV-11, TEM-104, TEM-176
	high

	Mulinganya et al.76
	2021
	Cross-sectional
	DRC
	Central Africa
	Clinical
	150
	9
	8
	Disk diffusion
	-
	low

	Müller-Schulte et al.77
	2020
	Cross-sectional
	Côte d’Ivoire
	West Africa
	Clinical
	107
	107
	90
	Disc diffusion, double-disc diffusion
	-
	low

	Musicha et al.78
	2019
	Cross-sectional
	Malawi
	East Africa
	Clinical
	205
	205
	34
	Disk diffusion and molecular
	CTX-M-15, SHV-27, OXA-10, TEM-63, and SHV-7
	high

	Mutua et al.79
	2023
	Cross-sectional
	Kenya
	East Africa
	Clinical
	120
	-
	15
	Phenotypic and genotypic assay
	CTX-M, OXA, SHV, TEM
	high

	Naas et al.80
	2016
	Cross-sectional
	Madagascar
	East Africa
	Clinical
	808
	-
	15
	Phenotypic and genotypic assay
	TEM, CTX-M-15
	high

	Najjuka et al.81
	2016
	Cross-sectional
	Uganda
	East Africa
	Clinical
	1448
	10
	10
	Disk diffusion and E-test
	-
	low

	Nguekap et al.82
	2020
	prospective study
	Cameroon
	West Africa
	Clinical
	110
	-
	4
	Disk diffusion
	-
	low

	Nnaji et al.83
	2021
	Cross-sectional
	Nigeria
	West Africa
	Animal
	450
	8
	8
	Disc diffusion
	-
	low

	Obeng-Nkrumah et al.84
	2023
	Cross-sectional
	Ghana
	West Africa
	Clinical
	382
	9
	2
	Kirby-Bauer disc diffusion, Double disk diffusion tests and genotypic assay
	SHV-31
	high

	Ogunbosi et al.85
	2020
	Cross-sectional
	South Africa
	South Africa
	Clinical
	200
	104
	65
	Disk diffusion and Molecular
	SHV, TEM
	high

	Olalekan et al.86
	2020
	Cross-sectional
	Nigeria
	West Africa
	Clinical
	387
	62
	62
	Double-disk diffusion Test; whole-genome sequencing
	CTX-M-14
	high

	Olasehinde et al.87
	2021
	-
	Nigeria
	West Africa
	Clinical
	1000
	-
	76
	disk diffusion method and molecular techniques
	-
	high

	Ombelet et al.88
	2022
	Retrospective survailance
	Benin
	West Africa
	Clinical
	383
	58
	36
	Disk diffusion and E-tests, double disk testing
	-
	low

	Osei et al.89
	2022
	Cross-sectional
	Ghana
	West Africa
	Clinical
	410
	14
	3
	Disk diffusion
	-
	low

	Ouedraogo et al.90
	2016
	-
	Burkina Faso, Gabon, Ghana, and Tanzania
	West Africa
	Clinical
	1602
	70
	46
	Disk diffusion and Molecular
	CTX-M-15, CTX-M-27, and CTX-M-14 
	high

	Owusu et al.91
	2023
	Cross-sectional
	Ghana
	West Africa
	Clinical
	181
	30
	7
	Phenotypic and genotypic assay
	CTX-M, TEM, SHV
	high

	Pillay et al.92
	2021
	-
	South Africa
	South Africa
	Clinical
	681
	79
	52
	Disk diffusion
	-
	low

	Raji et al.93
	2013
	Cross-sectional
	Nigeria
	West Africa
	Clinical
	102
	32
	12
	E-test
	-
	low

	Rakotondrasoa et al.94
	2020
	-
	Madagascar
	East Africa
	Clinical
	4001
	251
	65
	Disk diffusion, Molecular
	CTX-M-15
	high

	Rakotonirina et al.95
	2013
	Cross-sectional
	Madagascar
	East Africa
	Clinical
	909
	95
	14
	Disc diffusion Method; PCR
	CTX-M-15, SHV-12, TEM-1, and OXA-1
	high

	Ramsamy et al.96
	2013
	Longitudinal
	Republic of South Africa
	South Africa
	Clinical
	227
	24
	6
	standard laboratory techniques.
	-
	low

	Sader et al.97
	2013
	Cross-sectional
	South Africa
	South Africa
	Clinical
	2351
	92
	33
	broth microdilution
	-
	low

	Sah et al.98
	2022
	Cross-sectional
	Ghana
	West Africa
	Clinical
	258
	71
	27
	Disc diffusion Method; PCR
	-
	high

	Sahle et al.99
	2022
	Cross-sectional
	Ethiopia
	East Africa
	Clinical
	384
	47
	24
	Phenotypic
	-
	low

	Sammarro et al.100
	2023
	Cross-sectional
	Malawi
	East Africa
	Clinical
	2493
	296
	296
	CHROMagar isolation method; PCR
	-
	high

	[bookmark: _Hlk172057964]Sangare et al.101
	2016
	Cross-sectional
	Mali
	West Africa
	Clinical
	2105
	14
	10
	Kirby-Bauer method, synergy test
	-
	low

	[bookmark: _Hlk172058022]Sanke-Waigana et al.102
	2021
	Retrospective study
	Centra Africa Republic
	Central Africa
	Clinical
	7149
	-
	119
	Disk diffusion and Molecular
	CTX-M (CTX-M1, CTX-M2, CTX-M8 CTX-M9), TEM, and SHV 
	high

	Schaumburg et al.103
	2013
	Cross-sectional
	Gabon
	Central Africa
	Clinical
	200
	-
	53
	Phenotypic and genotypic assay
	CTX-M (1,8,15), TEM
	high

	Scherbaum et al.104
	2014
	Longitudinal
	Gabon
	Central Africa
	Clinical
	187
	6
	3
	Micro dilution 
	-
	low

	[bookmark: _Hlk172209766]Selamyhun et al.105
	2022
	Cross-sectional
	Ethiopia
	East Africa
	Clinical
	384
	31
	18
	Disk diffusion
	-
	low

	Seni et al.106
	2013
	Cross-sectional
	Uganda
	East Africa
	Clinical
	216
	39
	36
	Standard disc diffusion technique
	-
	low

	Sewunet et al.107
	2022
	Cross-sectional
	Ethiopia
	East Africa
	Clinical
	1087
	146
	112
	Double-disk diffusion Test; whole-genome sequencing
	-
	high

	Soré et al.108
	2021
	Cross-sectional
	Burkina Faso
	West Africa
	Clinical
	149
	-
	18
	Disk diffusion
	-
	low

	Soré et al..109
	2020
	-
	Burkina Faso
	West Africa
	Environment
	293
	-
	42
	Disk diffusion
	-
	low

	Teferi et al.110
	2023
	Cross-sectional
	Ethiopia
	East Africa
	Clinical
	386
	21
	6
	Kirby-Bauer disc diffusion
	-
	low

	Teklu et al.111
	2019
	Cross-sectional
	Ethiopia
	East Africa
	Clinical
	426
	108
	81
	Disk diffusion
	-
	low

	Tellevik et al.112
	2016
	-
	Tanzania
	East Africa
	Clinical
	603
	-
	139
	Disk diffusion and Molecular
	CTX-M-15-like
	high

	Tesfaye et al.113
	2019
	Cross-sectional
	Ethiopia
	East Africa
	Environment
	24
	8
	1
	Phenotypic
	-
	low

	Tola et al.114
	2021
	Cross-sectional
	Ethiopia
	East Africa
	Clinical
	269
	39
	8
	VITEK 2 ESBL test
	-
	low

	Tufa et al.115
	2022
	Prospective
	Ethiopia
	East Africa
	Clinical
	761
	6
	6
	Phenotypic and genotypic assay
	SHV, CTX-M, TEM
	high

	Tumuhamye et al.116
	2021
	Cross-sectional
	Uganda
	East Africa
	Clinical
	1472
	145
	16
	Phenotypic
	-
	low

	Yehouenou et al.117
	2020
	Cross-sectional
	Benin
	West Africa
	Clinical
	304
	30
	25
	Phenotypic
	-
	low

	Zemtsa et al.118
	2022
	Cross-sectional
	Cameroon
	West Africa
	Clinical
	120
	7
	4
	Phenotypic and genotypic assay
	CTX-M (1,2,9), TEM,
	high


Key:  - = not reported
















Country-specific prevalence
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[bookmark: _Hlk173512137][bookmark: _Hlk173530653]Supplementary Figure 2. Forest plot showing subgroup analysis of ESBL-producing K. pneumoniae based on countries in sub-Saharan Africa
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Supplementary Figure 3. Funnel plot of ESBL-producing K. pneumoniae studies in sub-Saharan Africa
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0.8%
0.8%
0.8%
2.5%

0.8%

0.8%

0.8%
0.8%
1.6%

0.8%
0.8%
1.6%

0.8%
0.8%
1.7%

0.8%

0.8%
0.7%
1.6%

0.8%

0.8%
0.8%
1.6%

0.09 [0.07; 0.11] 100.0%




