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The burden of bacterial antimicrobial resistance in the WHO 
African region in 2019: a cross-country systematic analysis
Antimicrobial Resistance Collaborators*

Summary
Background A critical and persistent challenge to global health and modern health care is the threat of antimicrobial 
resistance (AMR). Previous studies have reported a disproportionate burden of AMR in low-income and middle-
income countries, but there remains an urgent need for more in-depth analyses across Africa. This study presents 
one of the most comprehensive sets of regional and country-level estimates of bacterial AMR burden in the WHO 
African region to date.

Methods We estimated deaths and disability-adjusted life-years (DALYs) attributable to and associated with AMR for 
23 bacterial pathogens and 88 pathogen–drug combinations for countries in the WHO African region in 2019. Our 
methodological approach consisted of five broad components: the number of deaths in which infection had a role, the 
proportion of infectious deaths attributable to a given infectious syndrome, the proportion of infectious syndrome 
deaths attributable to a given pathogen, the percentage of a given pathogen resistant to an antimicrobial drug of interest, 
and the excess risk of mortality (or duration of an infection) associated with this resistance. These components were 
then used to estimate the disease burden by using two counterfactual scenarios: deaths attributable to AMR (considering 
an alternative scenario where infections with resistant pathogens are replaced with susceptible ones) and deaths 
associated with AMR (considering an alternative scenario where drug-resistant infections would not occur at all). We 
obtained data from research hospitals, surveillance networks, and infection databases maintained by private laboratories 
and medical technology companies. We generated 95% uncertainty intervals (UIs) for final estimates as the 25th and 
975th ordered values across 1000 posterior draws, and models were cross-validated for out-of-sample predictive validity.

Findings In the WHO African region in 2019, there were an estimated 1·05 million deaths (95% UI 829 000–1 316 000) 
associated with bacterial AMR and 250 000 deaths (192 000–325 000) attributable to bacterial AMR. The largest fatal 
AMR burden was attributed to lower respiratory and thorax infections (119 000 deaths [92 000–151 000], or 48% of all 
estimated bacterial pathogen AMR deaths), bloodstream infections (56 000 deaths [37 000–82 000], or 22%), intra-
abdominal infections (26 000 deaths [17 000–39 000], or 10%), and tuberculosis (18 000 deaths [3850–39 000], or 7%). 
Seven leading pathogens were collectively responsible for 821 000 deaths (636 000–1 051 000) associated with resistance 
in this region, with four pathogens exceeding 100 000 deaths each: Streptococcus pneumoniae, Klebsiella pneumoniae, 
Escherichia coli, and Staphylococcus aureus. Third-generation cephalosporin-resistant K pneumoniae and meticillin-
resistant S aureus were shown to be the leading pathogen–drug combinations in 25 and 16 countries, respectively 
(53% and 34% of the whole region, comprising 47 countries) for deaths attributable to AMR.

Interpretation This study reveals a high level of AMR burden for several bacterial pathogens and pathogen–drug 
combinations in the WHO African region. The high mortality rates associated with these pathogens demonstrate an 
urgent need to address the burden of AMR in Africa. These estimates also show that quality and access to health care 
and safe water and sanitation are correlated with AMR mortality, with a higher fatal burden found in lower resource 
settings. Our cross-country analyses within this region can help local governments to leverage domestic and global 
funding to create stewardship policies that target the leading pathogen–drug combinations.

Funding Bill & Melinda Gates Foundation, Wellcome Trust, and Department of Health and Social Care using UK aid 
funding managed by the Fleming Fund.

Copyright © 2023 The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC BY 4.0 license.

Introduction
The rapid acceleration of antimicrobial resistance 
(AMR) is a major concern for the future of global health 
and modern health care. The first comprehensive global 
assessment of AMR burden estimated 4·95 million 
deaths associated with bacterial AMR and 1·27 million 
deaths attributable to bacterial AMR in 2019.1 The study 
found that while the threat of AMR is substantial across 

the globe, its burden is disproportionately high in low-
income and middle-income countries (LMICs).1 Many 
LMICs, including those in sub-Saharan Africa, lack 
access to crucial, more effective antibiotics, which might 
contribute to increased AMR burden.2

Many LMICs, such as those in sub-Saharan Africa, face 
unique obstacles when implementing AMR surveillance 
programmes.3,4 These surveillance obstacles range from 
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lack of national action plans (NAPs), limited infra
structure and institutional capacity, reduced investment 
and human resources, underutilisation of available data, 
and inadequate dissemination of necessary information 
to regulatory bodies.5 Consequently, AMR burden in 
LMICs such as those in sub-Saharan Africa has largely 
remained undefined. AMR surveillance relies on data 
from local hospitals, small cohort studies in neonatal and 
adult wards, laboratory samples collected from patients 
with suspected infections, and documentation of 
hospital-acquired infections.4,6,7 There are major gaps in 
AMR data in Africa, including measurement of AMR 
burden in community and hospital settings, animals, 
and the environment; microbial acquisition of AMR; 
transmission patterns; genotypic evolution of AMR 
mechanisms; clonal spread; and asymptomatic carriage.4 
Furthermore, inadequate AMR preparedness, evidenced 
by few implemented NAPs, suggests that AMR has been 
a low priority for most sub-Saharan Africa countries,4 
and more concerted efforts are urgently needed.

This study presents, to our knowledge, the first regional 
and country-level AMR estimates for the WHO African 
region in 2019, covering an extensive set of bacterial 
pathogens and bacterium–drug combinations with the 
use of consistent methods for two counterfactual 
scenarios. This information will help raise the profile of 
AMR in this region by highlighting countries with the 
highest estimated burden where effective NAPs need to 
be implemented. This manuscript was produced as part 
of the Global Burden of Diseases, Injuries, and Risk 
Factors Study (GBD) Collaborator Network and in 
accordance with the GBD Protocol.8

Methods
Overview and input data 
This paper is part of a collection of studies that aim to 
describe the regional burden of bacterial AMR. The 
findings presented here extend the results of our original 
study while using the same methodology. Therefore, 
parts of this Methods text are taken directly from our 

Research in context

Evidence before this study
Antimicrobial resistance (AMR) is widely considered to be a 
serious threat to human health. In 2016, the Review on 
Antimicrobial Resistance published a study reporting that 
10 million deaths could occur annually from AMR by 2050. 
In 2022, the Global Burden of Diseases, Injuries, and Risk 
Factors Study (GBD) published the results of their global 
burden of AMR study, which found that nearly 5 million deaths 
had occurred in 2019 where a resistant bacterial infection was 
present. This work corroborated the findings of the 2016 
report, identifying AMR as a leading cause of death globally 
and highlighting a need for more granular, country-level 
estimates of AMR mortality. The GBD’s first regional analysis of 
the burden of AMR in the WHO European region found that 
more than 500 000 deaths were linked to resistant bacteria 
throughout Europe in 2019. There are currently very few 
studies in the WHO African region estimating the attributable 
and associated burden of bacterial AMR, based on an in-depth 
search of the articles available in PubMed, MEDLINE, Web of 
Science, and Scopus covering exposure to resistant bacterial 
agents. Therefore, country-level estimates generated from 
comprehensive data and a rigorous analytic framework are 
urgently needed to provide a timely pan-African overview of 
bacterial AMR burden. Our literature reviews were conducted 
between Nov 1, 2019, and Sept 30, 2020. Additional details, 
including the search terms used, are available in the appendix 
(pp 5–8).

Added value of this study
This study is the most comprehensive analysis of the burden 
of bacterial AMR in the WHO African region to date, providing 
estimates for 47 countries, 23 bacterial pathogens, and 
88 pathogen–drug combinations in 2019. The burden of AMR 

in sub-Saharan Africa has largely remained undefined, and this 
study presents an extensive set of estimates for bacterial AMR 
burden from priority pathogen–drug combinations in this 
region. We use the major methodological innovations from 
the global burden of bacterial AMR study to describe the 
magnitude of the problem within the WHO African region by 
estimating two different counterfactual scenarios: deaths 
attributable to AMR (considering an alternative scenario 
where infections with resistant pathogens are replaced with 
susceptible ones) and deaths associated with AMR 
(considering an alternative scenario where drug-resistant 
infections would not occur at all). Our approach builds on 
estimates of disease incidence, prevalence, and mortality 
generated by GBD 2019, which allows for the comparability of 
AMR with other leading causes of death. The current study 
focuses only on bacterial AMR burden. In future studies, we 
plan to expand to include priority non-bacterial pathogen-
related AMR burden. 

Implications of all the available evidence
The results of this study show that bacterial AMR is an urgent 
health threat in the WHO African region, with notable and 
important differences between countries. Rigorous estimates 
of AMR morbidity and mortality are essential to inform policy 
and public health investments that are tailored to the needs of 
each country within this region. This study provides insight 
into the pathogens and pathogen–drug combinations that are 
responsible for the highest estimated burden throughout 
Africa, which can be vital in guiding mitigation efforts to 
address AMR. Such efforts should include expanding 
antimicrobial stewardship and infection prevention and 
control programmes as well as furthering antibiotic and 
vaccine development research.

See Online for appendix
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previously published study.9 This study is a major 
extension of GBD, which the University of Washington 
Institutional Review Board has approved under 
IRB ID 9060.

This study extends the results of the global burden of 
AMR study1 by providing more granular and country-
specific estimates within the WHO African region. More 
specifically, based on this estimation of all-age and 
age-specific deaths and disability-adjusted life-years 
(DALYs) for 204 countries and territories, we present 
aggregated estimates for the WHO African region in 2019 
and its countries. Disease burden associated with and 
attributable to AMR was estimated for 12 major infectious 
syndromes and one residual category, 23 bacterial 
pathogens, and 88 pathogen–drug combinations 
(included data sources indicated in appendix pp 4–5, 
8–16, 19, 24; infectious syndromes listed in appendix p 11; 
and pathogen–drug combinations provided in appendix 
pp 19–20).

The global input data for the estimation process 
consisted of 343 million individual records or isolates 
covering 11 361 study-location-years obtained from 
surveillance systems, hospital systems, systematic 
literature reviews, and other sources (appendix p 88). All 
data inputs for the models used in this study were 
empirical data, except for a custom vaccine probe data 
meta-analysis which we used to estimate the fraction of 
pneumonia caused by Streptococcus pneumoniae. We used 
clinical breakpoints and methods from the Clinical and 
Laboratory Standards Institute (CLSI) as guidance for 
classification of isolates into categories of susceptible or 
resistant.10

Our overall approach can be divided into five broad 
components: the number of deaths involving infection, 
the proportion of infectious deaths attributable to a 
given infectious syndrome, the proportion of infectious 
syndrome deaths attributable to a given pathogen, the 
percentage of a given pathogen resistant to an anti
microbial drug of interest, and the excess risk of death or 
duration of an infection associated with this resistance.

In addition, we used the Socio-demographic Index 
(SDI);11 access to safe water, sanitation, and hygiene 

(WaSH); antibiotic consumption; and AMR NAP status 
(based on an internal review of national documentation) 
in the correlation analysis against the AMR burden 
estimates (appendix p 29).

Estimation steps 
In our approach, ten broad estimation steps took place 
within the five broad modelling components (appendix 
pp 9–29). In estimation steps one and two, we defined the 
number of deaths where infection plays a role by using 
the GBD 2019 cause of death estimates12 to determine the 
number of deaths by age, sex, and location for which 
either the underlying cause of death was of infectious 
origin, or for which the pathway to death was via sepsis. 
We then attributed these deaths to their respective 
infectious syndromes. In estimation steps three and four, 
we estimated the pathogen distribution for each infectious 
syndrome for deaths and incident cases for each age, sex, 
and location. In estimation steps five, six, and seven, we 
estimated the prevalence of phenotypic resistance by 
country for each of the 88 pathogen–drug combinations. 
In estimations steps eight and nine, we estimated the 
relative risk of death for each pathogen–drug combination 
for a resistant infection compared with that of a drug-
sensitive infection. The availability of input data for the 
above estimation steps is documented in the appendix 
(p 88). Data points for sub-Saharan Africa included in 
each primary modelling step are shown in table 1.

Finally, in estimation step ten, we computed two 
plausible counterfactual scenarios to answer the question 
of what would happen if we eliminated all resistant 
infections, estimating the drug-resistant burden as deaths 
and DALYs directly attributable to bacterial AMR based on 
the counterfactual of drug-sensitive infection, and deaths 
and DALYs associated with bacterial AMR based on the 
counterfactual of no infection (appendix pp 26–29).

AMR burden calculation approach
In a scenario in which drug-resistant infections are 
replaced with drug-susceptible ones, we considered 
the excess risk of resistance, known as the attributable 
to AMR counterfactual scenario. Deaths attributable to 

(1) Sepsis 
and 
infectious 
syndrome 
models

Fraction of 
countries 
represented 
in (1)

(2) Case 
fatality 
rate

Fraction of 
countries 
represented 
in (2)

(3) Pathogen 
distribution

Fraction of 
countries 
represented 
in (3)

(4) Fraction 
of resistance

Fraction of 
countries 
represented 
in (4)

(5) Relative 
risk

Fraction of 
countries 
represented 
in (5)

Central sub-Saharan Africa NA 0/6 NA 0/6 29 853 5/6 40 291 6/6 NA 0/6

Eastern sub-Saharan Africa 482 2/15 223 4/15 191 291 12/15 519 737 14/15 3436 2/15

Southern sub-Saharan Africa 4 696 889 1/6 44 1/6 1 130 418 6/6 1 003 898 6/6 22 178 1/6

Western sub-Saharan Africa 100 1/19 17 770 9/19 302 143 15/19 367 790 18/19 14 880 2/19

Data points are sourced from a variety of sources including, but not limited to, multiple cause of death data, hospital discharges, literature studies, and microbiology data with and without outcome. Several data 
sources inform multiple modelling steps. Therefore, data points should not be summed across a row as that will lead to duplication. For more information on the data types used and the modelling steps that 
they inform, see section 2 of the appendix (pp 4–8). GBD=Global Burden of Diseases, Injuries, and Risk Factors Study. NA=not applicable (zero data sources).

Table 1: Data points (cases or deaths) included in each primary modelling step by GBD region, and the fraction of countries represented in each GBD region
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AMR were calculated by multiplying the number of 
deaths for each underlying cause by the fraction of 
these deaths in which infection was implicated, 
followed by multiplying the fraction of infectious 
deaths attributable to each infectious syndrome. This 
was then multiplied by the fraction of infectious 
syndrome deaths attributable to each pathogen and by a 
mutually exclusive risk-weighted estimate of burden 
attributable to resistance that takes into account 
patterns of co-resistance among different antibiotics for 
each location-year and pathogen–drug combination 
(risk-weighted estimate described in appendix pp 22–23, 
27–28).

Under the no-infection counterfactual scenario, 
infections that are resistant would not occur; this is the 
associated with AMR scenario. Calculations here closely 
follow the process described for the attributable to AMR 
counterfactual, except the risk-weighted estimate was 
replaced with the prevalence of resistance for each 
location-year and pathogen–drug combination. We 
used a similar approach to calculate DALYs for both 
counterfactual scenarios (appendix pp 26–29).

Modelling tools and framework
Details on our modelling approach can be found in the 
global burden of AMR study1 and in the appendix 
(pp 9–29). Briefly, for estimation steps three and four we 
used the Bayesian meta-regression tool MR-BRT to 
estimate case-fatality rates as a function of the Healthcare 
Access and Quality Index and various bias covariates. We 
used multinomial estimation with partial and composite 
observations to incorporate heterogeneous data in the 
estimation of pathogen distributions for each infectious 
syndrome. In estimation steps five to seven, we used a 
two-stage spatiotemporal modelling framework to 
estimate the prevalence of resistance in each pathogen–
drug combination.

Given the relationship between antibiotic consumption 
levels and AMR rates,13 we modelled antibiotic 
consumption at the national level to use as a covariate in 
the stacked ensemble model of prevalence of resistance, 
with the addition of an ensemble spatiotemporal 
Gaussian process regression model to combine antibiotic 
usage estimates with pharmaceutical sales data for 
LMICs.14 In cross-country comparisons, the indicator 
metric “defined daily doses (DDD) per 1000 inhabitants 
per day” was used to report antibiotic consumption in the 
community and within the hospital setting (in accordance 
with the WHO Anatomical Therapeutic Chemical 
classification) by providing a rough estimate of the 
proportion of the population treated with antimicrobials 
on a daily basis. We used MR-BRT and a two-stage nested 
mixed effects meta-regression model in the estimation 
of both relative risk of death and excess risk of hospital 
stay for each pathogen–drug combination (appendix 
pp 13–26). The software used for these analyses is 
described in the appendix (p 22).

Uncertainty analysis
Consistent with previously described GBD methods,12 
we propagated uncertainty from each step of the 
analysis into the final estimates of deaths and infections 
attributable to and associated with drug resistance by 
taking the 25th and 975th of 1000 draws from the 
posterior distribution of each quantity of interest. The 
models were cross-validated for out-of-sample predictive 
validity.

This study complies with the Guidelines for Accurate 
and Transparent Health Estimates Reporting 
(GATHER).15 The full GATHER checklist is provided in 
the appendix (pp 101–103).

Role of the funding source 
The funders of the study had no role in study design, 
data collection, data analysis, data interpretation, or 
writing of the report.

Results
We estimated 3·83 million (95% uncertainty interval [UI] 
3·17–4·67) deaths in 2019 involving infection in the 
WHO African region. 1·86 million (1·53–2·27) of those 
deaths were caused by both susceptible and resistant 
bacteria. Of these, 1·05 million deaths (829 000–1 316 000) 
were associated with AMR and 250 000 deaths 
(192 000–325 000) were attributable to AMR (table 2). The 
WHO African region has the largest fatal and non-fatal 
burden of AMR compared with any other WHO region 
(appendix p 89). Infection-related mortality rates are 
highest in the WHO African region (348·3 [288·2–425·1] 
per 100 000), while the fraction of deaths associated with 
resistance (27% [25–29]) and attributable to resistance 
(7% [6–8]) are the lowest. Despite the relatively low 
prevalence of resistance in the region, the sheer number 
of infections yields high AMR mortality.

Of the 3·83 million infection-related deaths, 
1·93 million (95% UI 1·57–2·37) involved one of three 
syndromes as an underlying or an intermediate cause 
of death: lower respiratory and thorax infection, blood
stream infection, or tuberculosis infection (table 2). 
Lower respiratory and thorax infections were 
responsible for the greatest fatal burden (677 000 deaths 
[552 000–831 000], or 36% of all estimated bacterial 
deaths), followed by tuberculosis (369 000 deaths 
[319 000–429 000], or 20%), and bloodstream infections 
(338 000 deaths [228 000–489 000], or 18%). Collectively, 
these three infectious syndromes accounted for 
approximately 75% of the fatal burden from bacterial 
infections in the WHO African region.

Among the top-ranking infectious syndromes, the 
proportion of associated and attributable AMR deaths was 
estimated as follows: among 677 000 deaths involving lower 
respiratory and thorax infections, a total of 521 000 deaths 
(95% UI 423 000–642 000, or 77%) were associated with and 
119 000 deaths (92 000–151 000, or 18%) were attributable to 
any resistant pathogen–drug combination. Likewise, for 
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Figure 1: Age-standardised mortality associated with and attributable to AMR in Africa in 2019
(A) Age-standardised mortality associated with AMR. (B) Age-standardised mortality attributable to AMR. (C) Age-standardised mortality associated with and 
attributable to AMR in relation to the status of NAPs for the countries in the WHO African region. Data from Angola on AMR NAPs were last reported in the 2018−19 
survey responses. Algeria last reported on the 2021−22 survey responses. AMR=antimicrobial resistance. NAP=national action plan. 
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the 369 000 deaths involving tuberculosis, 11% (42 000 
deaths [27 000–64 000]) were associated with and 5% (18 000 
deaths [3850–39 000]) were attributable to any resistant 
pathogen–drug combination. Among 338 000 deaths 

involving bloodstream infections, 236 000 deaths 
(159 000–342 000) were associated with and 56 000 deaths 
(37 000–82 000) were attributable to any resistant pathogen–
drug combination. Among 129 000 deaths involving 

Associated with AMR Attributable to AMR

Deaths DALYs Deaths DALYs

Counts Rate per 
100 000

Counts Rate per 100 000 Counts Rate per 
100 000

Counts Rate per 
100 000

All 1 046 000 
(829 000–1 316 000)

95·2 
(75·4–119·7)

64 344 000 
(50 451 000–81 427 000)

5851·8 
(4588·4–7405·4)

250 000 
(192 000–325 000)

22·7 
(17·5–29·5)

15 031 000 
(11 392 000–19 454 000)

1367·0 
(1036·1–1769·2)

Acinetobacter 
baumannii

48 000 
(31 000–71 000)

4·4 
(2·8–6·5)

2 093 000 
(1 396 000–3 005 000)

190·4 
(127·0–273·3)

14 000 
(9000–22 000)

1·3 
(0·8–2·0)

620 000 
(393 000–940 000)

56·4 
(35·7–85·5)

Citrobacter spp 6000 
(4000–9000)

0·6 
(0·4–0·9)

381 000 
(229 000–588 000)

34·6 
(20·8–53·5)

2000 
(1000–3000)

0·2 
(0·1–0·3)

113 000 
(61 000–187 000)

10·3 
(5·6–17·0)

Enterobacter spp 35 000 
(25 000–48 000)

3·2 
(2·3–4·4)

2 042 000 
(1 471 000–2 812 000)

185·7 
(133·8–255·8)

8000 
(6000–12 000)

0·8 
(0·5–1·1)

484 000 
(327 000–681 000)

44·0 
(29·7–61·9)

Enterococcus faecalis 18 000 
(11 000–25 000)

1·6 
(1·0–2·3)

937 000 
(625 000–1 332 000)

85·2 
(56·9–121·1)

5000 
(2000–8000)

0·4 
(0·2–0·7)

247 000 
(126 000–398 000)

22·4 
(11·5–36·2)

Enterococcus faecium 20 000 
(12 000–31 000)

1·8 
(1·1–2·8)

840 000 
(528 000–1 297 000)

76·4 
(48·0–118·0)

5000 
(2000–9000)

0·4 
(0·2–0·8)

211 000 
(106 000–377 000)

19·2 
(9·6–34·3)

Other enterococci 9000 
(6000–13 000)

0·8 
(0·5–1·2)

491 000 
(313 000–752 000)

44·6 
(28·5–68·4)

2000 
(444–4000)

0·2 
(0·0–0·3)

101 000 
(23 000–196 000)

9·2 
(2·1–17·8)

Escherichia coli 147 000 
(112 000–189 000)

13·4 
(10·2–17·2)

8 761 000 
(6 609 000–11 523 000)

796·8 
(601·0–1047·9)

37 000 
(27 000–50 000)

3·4 
(2·4–4·6)

2 212 000 
(1 560 000–3 036 000)

201·1 
(141·9–276·1)

Group A 
Streptococcus

4000 
(3000–7000)

0·4 
(0·2–0·7)

238 000 
(155 000–360 000)

21·6 
(14·1–32·8)

412 
(0–1000)

0·0 
(0·0–0·1) 

23 000 
(0–75 000)

2·0 
(0·0–6·8)

Group B 
Streptococcus

55 000 
(41 000–72 000)

5·0 
(3·8–6·6)

4 063 000 
(2 996 000–5 458 000)

369·5 
(272·4–496·4)

9000 
(2000–17 000)

0·8 
(0·2–1·6)

682 000 
(184 000–1 296 000)

62·0 
(16·7–117·9)

Haemophilus 
influenzae

13 000 
(10 000–17 000)

1·2 
(0·9–1·5)

984 000 
(738 000–1 285 000)

89·5 
(67·1–116·9)

3000 
(1000–5000)

0·3 
(0·1–0·4)

217 000 
(90 000–358 000)

19·7 
(8·2–32·6)

Klebsiella pneumoniae 184 000 
(142 000–236 000)

16·7 
(12·9–21·5)

11 600 000 
(8 919 000–14 972 000)

1054·9 
(811·2–1361·7)

50 000 
(33 000–71 000)

4·6 
(3·0–6·5)

3 173 000 
(2 112 000–4 540 000)

288·6 
(192·1–412·9)

Morganella spp 185 
(100–295)

0·0 
(0·0–0·0)

5000 
(3000–8000)

0·5 
(0·3–0·7)

43 
(19–76)

0·0 
(0·0–0·0)

1000 
(566–2000)

0·1 
(0·1–0·2)

Mycobacterium 
tuberculosis

42 000 
(27 000–64 000)

3·8 
(2·5–5·8)

1 847 000 
(1 193 000–2 800 000)

168·0 
(108·5–254·6)

18 000 
(3850–39 000)

1·6 
(0·3–3·6)

748 000 
(163 000–1 604 000)

68·0 
(14·8–145·8)

Neisseria gonorrhoeae NA NA 11 000 
(6180–17 000)

1·0 
(0·6–1·6)

NA NA 1060 
(282–2150)

0·1 
(0·0–0·2)

Non-typhoidal 
Salmonellae

1000 
(687–2000)

0·1 
(0·1–0·2)

100 000 
(51 000–177 000)

9·1 
(4·7–16·1)

272 
(39–647)

0·0 
(0·0–0·1)

20 000 
(3000–48 000)

1·8 
(0·3–4·4)

Proteus spp 11 000 
(7000–16 000)

1·0 
(0·6–1·5)

410 000 
(265 000–612 000)

37·3 
(24·1–55·7)

1000 
(788–2000)

0·1 
(0·1–0·2)

56 000 
(31 000–92 000)

5·1 
(2·8–8·4)

Pseudomonas 
aeruginosa

56 000 
(42 000–72 000)

5·1 
(3·9–6·6)

3 313 000 
(2 534 000–4 304 000)

301·3 
(230·5–391·4)

14 000 
(9000–21 000)

1·3 
(0·8–1·9)

824 000 
(541 000–1 227 000)

74·9 
(49·2–111·6)

Salmonella enteritica 
serotype Paratyphi

89 
(28–216)

0·0 
(0·0–0·0)

7000 
(2000–17 000)

0·6 
(0·2–1·5)

17 
(2–49)

0·0 
(0·0–0·0)

1000 
(224–4000)

0·1 
(0·0–0·4)

Salmonella enteritica 
serotype Typhi

42 000 
(29 000–60 000)

3·9 
(2·6–5·5)

3 294 000 
(2 227 000–4 752 000)

299·6 
(202·6–432·2)

7000 
(1000–13 000)

0·6 
(0·1–1·2)

534 000 
(105 000–1 035 000)

48·5 
(9·6–94·1)

Serratia spp 14 000 
(9000–21 000)

1·3 
(0·8–2·0)

907 000 
(592 000–1 354 000)

82·5 
(53·8–123·1)

3000 
(2000–6000)

0·3 
(0·2–0·5)

223 000 
(124 000–363 000)

20·3 
(11·3–33·0)

Shigella spp 10 000 
(4000–19 000)

0·9 
(0·4–1·8)

799 000 
(332 000–1 489 000)

72·6 
(30·2–135·4)

2000 
(278–5000)

0·2 
(0·0–0·5)

165 000 
(21 000–396 000)

15·0 
(1·9–36·0)

Staphylococcus aureus 136 000 
(109 000–172 000)

12·3 
(9·9–15·7)

7 582 000 
(5 888 000–9 678 000)

689·5 
(535·4–880·2)

30 000 
(19 000–43 000)

2·7 
(1·7–3·9)

1 663 000 
(1 061 000–2 436 000)

151·2 
(96·5–221·6)

Streptococcus 
pneumoniae

195 000 
(159 000–239 000)

17·7 
(14·5–21·7)

13 640 000 
(10 804 000–17 051 000)

1240·5 
(982·6–1550·7)

39 000 
(25 000–54 000)

3·5 
(2·3–4·9)

2 713 000 
(1 710 000–3 846 000)

246·7 
(155·5–349·8)

Data are estimates (95% uncertainty interval). AMR=antimicrobial resistance. DALY=disability-adjusted life-year. NA=not applicable.

Table 3: Summary of deaths and DALYs by pathogen for the WHO African region 2019
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intra-abdominal infections, 106 000 deaths (69 000–150 000) 
were associated with and 26 000 deaths (17 000–39 000) 
were attributable to any resistant pathogen–drug 
combination. Table 2 shows the complete breakdown per 
infectious syndrome. This is further decomposed by 
country in the appendix (pp 84–87), which shows 
considerable heterogeneity in the fraction of deaths due to 
infection across the region, ranging from 14% in Algeria to 
64% in Chad. Additionally, we estimated that 48% of 
infection-related deaths were associated with resistance in 
Algeria (highest in the region), while Chad was estimated 

at 25%, and the lowest fractions of infection-related deaths 
associated with resistance were in Lesotho (17%) and 
South Africa (17%).

Figure 1 shows the overall age-standardised mortality 
rates per 100 000 population associated with and 
attributable to AMR by country in the WHO African 
region in 2019. The highest rates were estimated 
in Central African Republic, which had an estimated 
251·3 deaths (95% UI 181·2–339·8) associated with and 
60·2 deaths (40·2–88·8) attributable to AMR per 100 000 
(figure 1A, B). Two other countries also exceeded 

Figure 2: Deaths (count) associated with bacterial antimicrobial resistance by pathogen−drug combinations, 2019
3GC=third-generation cephalosporins. 4GC=fourth-generation cephalosporins. Anti-pseudomonal=anti-pseudomonal penicillin or β-lactamase inhibitors. BL-BLI=β-lactam or β-lactamase inhibitors. 
Group A Streptococcus=Streptococcus pyogenes. Group B Streptococcus=Streptococcus agalactiae. MDR=multidrug resistance. Mono INH=isoniazid mono-resistance. Mono RIF=rifampicin mono-resistance. 
NA=not applicable. Penicillin=natural pencillins susceptible to penicillinases (benzylpenicillin, phenoxymethylpenicillin, procaine benzylpenicillin, and benzathine benzylpenicillin). Resistance to 1+=resistance 
to one or more drugs. S Paratyphi=Salmonella enterica serotype Paratyphi. S Typhi=Salmonella enterica serotype Typhi. TMP-SMX=trimethoprim-sulfamethoxazole. XDR=extensive drug resistance. 
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200 associated deaths per 100 000 in 2019: Lesotho 
(212·5 [152·8–292·4]) and Eritrea (203·8 [145·5–281·8]). 
Both Lesotho and Eritrea have an NAP that is approved 
and currently being implemented. Guinea-Bissau is 
another country with a relatively high estimated rate of 
associated (180·2 [135·5–235·2]) and attributable (41·5 
[29·9–56·5]) mortality that also currently has an NAP. A 
full breakdown of all pathogen and antibiotic AMR-
associated and attributable death counts and age-
standardised rates by country in 2019 are in the appendix 
(pp 52–71).

Four pathogens were each responsible for more than 
100 000 deaths associated with AMR in the WHO African 
region in 2019: Streptococcus pneumoniae (195 000 deaths 
[95% UI 159 000–239 000]), Klebsiella pneumoniae 
(184 000 deaths [142 000–236 000]), Escherichia coli 
(147 000 deaths [112 000–189 000]), and Staphylococcus 
aureus (136 000 deaths [109 000–172 000]; table 3). These 
four pathogens were each estimated to be directly 
attributable to more than 25 000 deaths in 2019: 
K pneumoniae (50 000 deaths [33 000–71 000]), followed by 
S pneumoniae (39 000 deaths [25 000–54 000]), E coli 
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Figure 3: Deaths (count) attributable to bacterial antimicrobial resistance by pathogen−drug combinations, 2019
3GC=third-generation cephalosporins. 4GC=fourth-generation cephalosporins. Anti-pseudomonal=anti-pseudomonal penicillin or β-lactamase inhibitors. BL-BLI=β-lactam or β-lactamase inhibitors. 
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(37 000 deaths [27 000–50 000]), and S aureus 
(30 000 deaths [19 000–43 000]). Two other pathogens 
were responsible for more than 40 000 deaths associated 
with AMR in 2019: Acinetobacter baumannii (48 000 deaths 
[31 000–71 000]) and Mycobacterium tuberculosis 
(42 000 deaths [27 000–64 000]). In total, these six 
pathogens were responsible for 752 000 deaths associated 
with (or 72% of all associated deaths) and 188 000 deaths 
attributable to (or 75% of all attributable deaths) AMR in 
the region in 2019.

Nine pathogen–drug combinations were each 
associated with more than 100 000 AMR deaths in the 
WHO African region in 2019. S pneumoniae resistant to 
trimethoprim–sulfamethoxazole (TMP-SMX) was the 
combination with the largest number of associated AMR 
deaths (180 000 [95% UI 147 000–220 000]), followed by 
K pneumoniae resistant to β-lactam or β-lactamase 
inhibitors (170 000 [131 000–218 000]; figure 2). The 
leading three combinations responsible for the largest 
attributable AMR deaths were K pneumoniae resistant 
to third-generation cephalosporins (19 000 [95% UI 
7320–34 000]), S pneumoniae resistant to TMP-SMX 
(16 500 [2230–33 000]), and meticillin-resistant S aureus 
(MRSA; 15 300 [6550–26 000]; figure 3).

Two pathogen–antibiotic combinations, namely 
K pneumoniae resistant to third-generation cephalo
sporins and MRSA, predominated as the leading 
pathogen–drug combinations in 25 (53%) and 11 (23%) 
countries, respectively, of the 47 countries in the WHO 
African region, for AMR-attributable deaths (appendix 
pp 52–62). TMP-SMX-resistant K pneumoniae was shown 
to be the leading combination in 16 (34%) of the 
47 countries for AMR-associated death rates, followed by 
TMP-SMX-resistant S pneumoniae in 12 countries (26%), 
and β-lactam or β-lactamase inhibitor resistant 
K pneumoniae in ten (21%) of 47 countries in the region 
(appendix pp 63–71). Within TMP-SMX resistance, 
S pneumoniae was the highest ranked pathogen in terms 
of attributable mortality in 42 (89%) of 47 countries in 
the region. There is a significant correlation between the 
number of deaths directly attributed to TMP-SMX-
resistant S pneumoniae in 2019 and the number of deaths 
due to HIV/AIDS in 2019 (r=0·77 [95% CI 0·62 to 0·87]; 
appendix pp 72–80). 

A detailed breakdown of age-standardised mortality 
rates by age in each country of the region for males and 
females is available in the appendix (p 100). For most 
countries, the number of deaths related to AMR—either 
attributable or associated—was greater among neonates 
(those aged 28 days and younger) than in older age 
groups. This was especially true in central and western 
Africa, particularly in Benin, Burkina Faso, Mali, Côte 
d’Ivoire, Sierra Leone, Chad, and Central African 
Republic. There were a few exceptions to this pattern, 
with lower neonatal mortality rates relative to some of 
the older age groups in Seychelles, Mauritius, Cabo 
Verde, and Algeria.

Neonatal AMR mortality and SDI showed a significant 
inverse relationship where increases in SDI correlated 
with sharp decreases in neonatal AMR-associated and 
attributable mortality (r=–0·85 [95% CI –0·85 to –0·58] 
and –0·73 [–0·84 to –0·56]; appendix pp 96–97). Countries 
in the WHO African region with more advanced stages of 
NAP development and implementation did not appear to 
be significantly associated with reduced age-standardised 
mortality rates attributable to and associated with AMR 
when compared with countries without an NAP or one 
currently under development (figure 1C). A comparison 
of associated and attributable AMR mortality rates does 
not suggest the highest burden in countries without an 
NAP, and there was no consistent decreasing trend with 
increasing stages of NAP development.

Antibiotic consumption, SDI, and water and sanitation 
indices were all negatively correlated with AMR-
attributable mortality burden (correlation coefficient 
r=–0·60 [95% CI –0·75 to –0·37], –0·61 [–0·76 to –0·39], 
and –0·77 [–0·87 to –0·62], respectively; appendix 
pp 98–99). Therefore, countries using more antibiotics 
per capita, with a higher development score or better 
access to safe water and hygiene, have a lower AMR 
mortality burden. However, there is a strong positive 
correlation between DDD per 1000 and SDI as well as 
between DDD per 1000 and access to water and sanitation 
(r=0·72 [95% CI 0·54 to 0·83]) and 0·67 [95% CI 
0·47 to 0·80], respectively)—ie, as SDI and access to 
improved water and sanitation increases, we observe an 
increase in antibiotic consumption per capita. However, 
these demographic features are intercorrelated so their 
effects cannot be interpreted as independent.

Discussion
To our knowledge, this study provides the most 
comprehensive estimates to date describing the burden 
of AMR in the WHO African region for an extensive list 
of priority bacterium–antibiotic combinations. The 
region continues to have a high burden of infection 
related mortality with an estimated 3·83 million 
(95% UI 3·17–4·67) deaths in 2019, and the highest age-
standardised mortality rate due to 33 priority 
bacterial pathogens was 230 deaths (185–285) per 
100 000 population.16 Of the 3·83 million deaths due to 
infection and 1·86 million deaths due to 33 priority 
bacterial pathogens in the region, we estimated 
1·05 million deaths (829 000–1 316 000) associated with 
bacterial AMR and 250 000 deaths (192 000–325 000) 
directly attributable to bacterial AMR. To contextualise 
in terms of other leading causes of infectious deaths in 
the region, which have far greater investment, the 
burden of deaths associated with bacterial AMR exceeds 
the estimated number of deaths in 2019 due to HIV/
AIDS (639 55412) and malaria (GBD 2019: 594 348,12 World 
Malaria Report: 386 00017).

We have demonstrated that four pathogens, 
S pneumoniae, K pneumoniae, E coli, and S aureus, were 
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each responsible for more than 100 000 deaths associated 
with AMR in this region. Two of these pathogens, 
S aureus and E coli, also represent a large burden globally 
and are considered part of the Sustainable Development 
Goal indicator for AMR (3.d.2). However, the estimated 
burden arising from resistant S pneumoniae and 
K pneumoniae (195 000 and 184 000 associated deaths, 
respectively) exceeded that of E coli and S aureus (147 000 
and 136 000 associated deaths, respectively). This differs 
from the ranking estimated in other regions, such as the 
high-income super-region and western Europe,9 where 
approximately half of the fatal AMR burden was linked to 
S aureus and E coli.1

Another difference from other regions was the high 
prevalence of deaths with TMP-SMX-resistant infections, 
especially in combination with S pneumoniae. TMP-SMX 
prophylaxis is recommended to prevent opportunistic 
infections (eg, Pneumocystis jirovecii pneumonia and 
toxoplasmosis) and can also prevent or treat other 
infections like malaria or those caused by pathogens 
including S pneumoniae and enteric bacteria.18 Previous 
studies suggest that an increase in the use of prophylactic 
TMP-SMX for people with HIV probably increased TMP-
SMX resistance19 and could partially explain our findings 
and the high resistance rates noted in other recent 
studies.20,21 TMP-SMX resistance in S pneumoniae could 
thus increase vulnerability to pneumococcal infections in 
people with HIV, leading to higher mortality.

TMP-SMX is widely used in Africa as an oral agent for 
community-acquired pneumonia and urinary tract 
infections; its high resistance burden in settings where 
parenteral antibiotic options and timely access to higher 
acuity care might be limited suggests that it could be the 
driver of the high AMR-associated and attributable 
mortality observed.22–24 Previously, use of amoxicillin or 
ampicillin and co-selection between these antibiotics 
and trimethoprim was suggested to explain more 
trimethoprim resistance variance and be an important 
driver of population-level trimethoprim resistance.25 
Even if either proposed driver of resistance is true, the 
lack of medicines registration and fragile supply chains 
pose challenges to sparing TMP-SMX or amoxicillin and 
ampicillin use as a means of mitigating resistance,26 
especially in LMIC settings such as Africa. There 
remains an urgent need to streamline and strengthen 
medicines registration processes, enhance supply chain 
management, promote, and support local production, 
and address affordability to reduce AMR burden.26

Surprisingly, high antibiotic consumption was 
associated with lower AMR burden in some countries but 
this relationship might represent the ameliorating effects 
of increased quality health-care access and infrastructure, 
which is associated with higher antibiotic use, rather than 
direct effects from antibiotic consumption. This finding 
suggests that we need to look beyond antibiotic use to 
identify AMR causes. High infection rates have long been 
acknowledged as drivers of immense mortality and 

morbidity throughout Africa,12,16 and given that prevalence 
of resistance is comparatively low in this region, our 
findings implicate these disproportionate rates, especially 
for specific pathogens, as primary drivers of AMR burden. 
To reduce AMR burden, renewed investment in vaccine 
development and distribution to prevent infections is 
vital, especially against S pneumoniae, K pneumoniae, 
E coli, and S aureus. Additionally, our findings identified a 
higher burden of AMR mortality among neonates 
(particularly in central and western Africa) and increasing 
neonatal AMR burden in countries with lower SDI. 
Expanded access to primary health care and effective 
antibiotics are equally necessary in vulnerable populations 
and settings to reduce mortality from infections 
contributing to AMR burden.

During the COVID-19 pandemic, the Institute of 
Pathogen Genomics of the Africa Centres for Disease 
Control and Prevention was successful in sequencing 
SARS-CoV-2 strains and partnering with organisations 
such as the WHO Regional Office for Africa and the 
South African National Bioinformatics Institute.27 Given 
the high burden of AMR in the WHO African region, we 
suggest that existing programmes such as the Institute 
of Pathogen Genomics can support efforts to mitigate 
AMR burden by expanding to include resistance testing 
of isolates as part of their routine procedures.28,29 
Examples include adding the four leading pathogens in 
AMR burden (S pneumoniae, K pneumoniae, E coli, and 
S aureus) as priorities for resistance testing and 
increasing support for specimen collection in regional 
collaboration centres. In this way, the dual benefit of 
increasing access to treatment and expanding available 
data to improve future studies on AMR in the WHO 
African region can be achieved.

As resources permit, NAPs can be helpful in mobilising 
cohesive national responses to the AMR burden. In our 
assessment of AMR in the WHO European region,9 
development of NAPs was associated with decreases in 
AMR burden. NAPs are expensive, however, and often 
require a diverse host of invested parties to create, 
finance, and evaluate them.30,31 This might help explain 
why only 23 countries in the region had approved, 
financed, and implemented NAPs for AMR at the time of 
this analysis. An important challenge is ineffective 
implementation.32 Notwithstanding the limitations of 
the crude classification of NAP status used in these 
analyses, the ineffective implementation of NAPs 
in some countries is demonstrated by the variable 
progress regarding the development, implementation, or 
financing of NAPs that has been made in 2019 by 
countries in the region (figure 1C). The lack of a clear 
pattern between weaker NAP implementation and 
higher AMR burden in this analysis is unlike that seen 
in the European region9 and further complicates 
this comparison. We note that many countries with 
financed and implemented NAPs were in some instances 
also among the highest-burden countries in the region 
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(eg, Mozambique, Eritrea, and Zimbabwe). This 
heterogeneous pattern of AMR-attributable mortality by 
NAP status might also reflect excessive bureaucracy and 
related partisanship.33,34 We observe that with limited 
access to safe water and sanitation there is increasing 
mortality attributable to AMR and that AMR burden is 
driven primarily by the high infectious disease burden in 
the region. This highlights an urgent need to scale up 
action to combat infectious disease and AMR burden 
in the region by improving access to and use of crucial 
front-line antibiotics, enhancing government engage
ment, leveraging infection control measures, and 
expanding health-care access and WaSH infrastructure. 
Additionally, even with a well designed NAP, challenges 
might arise due to limited resources, weak health-care 
infrastructure, inadequate surveillance systems, and 
insufficient enforcement of regulations. Improving 
the development, approval, sustainable financing, and 
implementation of effective NAPs is essential for the 
region, especially as existing interventions can now be 
assessed in terms of their cost and the potential impact 
on reducing AMR burden. In countries with low access 
to quality health care and antibiotics, reducing infection 
is the greatest tool for reducing AMR. Conversely, in 
countries where access to health care and antibiotics are 
established, AMR can be reduced through improved 
antimicrobial stewardship and governance. To elicit a 
sustained response, it is necessary to have awareness and 
collaboration between key stakeholders such as policy 
makers, local communities, and non-governmental 
organisations.

To effectively tackle AMR, we must first be able to 
accurately quantify its burden. Comprehensive 
population-based surveillance-based AMR data are still 
needed in some countries in Africa, as demonstrated by 
the available input data used in this analysis. This paucity 
of data is largely due to insufficiently strong laboratory 
infrastructure and capacity, limited or missing micro
biological facilities, poor-performing health systems 
governance and information systems, and constrained 
resources.35,36 Available data in some countries are 
often fragmented, undersampled, or not necessarily 
representative of the general underlying population. 
Furthermore, without accessible and well equipped 
microbiological facilities capable of culturing specimens, 
we lose access to data from medically underserved 
populations. This means that burden estimates for 
data-sparse countries and pathogen–antimicrobial 
combinations can, in some instances, be inaccurate. In 
low-resource settings, the scarcity of medical resources 
and proper interpretative skills for conducting precise 
microbiological testing poses substantial challenges for 
estimating AMR burden.33 Microbiology laboratories in 
these settings encounter a multitude of obstacles in terms 
of infrastructure and technical capabilities. It is crucial to 
emphasise the importance of investing in high-quality 
clinical microbiology services to improve not only routine 

clinical care but also early detection of hospital outbreaks 
and potential pandemics.34 This absence of reliable 
information hampers health-care professionals’ ability to 
make informed decisions, further contributing to 
antimicrobial resistance. Addressing this gap is crucial 
for improving antimicrobial susceptibility data, leading to 
better treatment strategies and patient outcomes. 
Notwithstanding the general issue of data scarcity, 
especially data points that link AMR with mortality and 
DALYs, there was a notable data paucity on the pathogen 
distribution by infectious syndrome and the prevalence of 
resistance data for key pathogen–drug combinations, 
particularly in central sub-Saharan Africa. Such limited 
data in some countries was consequential for the 
prevalence of resistance and relative risk modelling 
components of our work, and thus we have made several 
methodological assumptions, as explained in a previous 
publication.1 We cannot exclude the possibility of 
overestimation or underestimation of prevalence of 
resistance (eg, data sparse pathogen–drug combinations 
could be influenced by outliers in neighbouring country-
years). However, the estimation process is robust as it is 
informed by all available data from all the countries 
across the globe. When data for a specific country are 
lacking, the estimates can steadily rely on regional 
patterns, covariates, and out-of-sample predictive validity 
assessment. Despite our efforts to mitigate and adjust 
for biases, we cannot discount the impact of selection 
bias in passive microbial surveillance data. Bias and 
misclassification can also arise when combining and 
standardising data from various providers and origins of 
infection. Additionally, antimicrobial usage might differ 
between private and public health-care sectors, resulting 
in an incomplete accounting of AMR patterns. Co-
infections and comorbidities can exacerbate the risk, 
severity, and outcomes of AMR infections, but further 
research is needed to clarify their roles and specific 
effects. Finally, despite our use of the most recent CLSI 
breakpoint guidelines whenever possible,10 there are no 
universal laboratory standards to distinguish resistance 
versus susceptibility, and deferring to source laboratory 
interpretation for classifying the isolates might have 
resulted in heterogeneous classification.

Despite these limitations, our analysis represents one 
of the most comprehensive analyses of bacterial AMR 
burden in the WHO African region to date, reflecting the 
widest and most extensive available range of data, as well 
as the use of models that have been implemented and 
refined specifically for incorporating disparate data 
sources for the GBD analysis. We are confident that both 
the most pervasive bacterial pathogens and the most 
effective antimicrobials against them can be more easily 
identified through this study. This information, when 
applied with our estimates of pathogen–drug burden, 
can be used to inform empirical treatment guidelines 
within specific countries and regions. We echo other 
studies that highlight critical AMR data gaps in certain 
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parts of the world, which will be of utmost importance to 
further refine these estimates.

Bacterial AMR is an urgent public health threat in the 
WHO African region that is compounded by high rates 
of infection, difficulty implementing NAPs, and stark 
health-care inequalities across countries throughout the 
region. Stakeholders will have to contend with these 
barriers to reduce AMR burden in the coming years. 
Future studies should include estimates of other 
important drug-resistant microorganisms, such as 
additional priority viruses and fungi, to paint a more 
comprehensive picture of AMR and address critical data 
gaps. This will be necessary to fully understand the 
impact of AMR in this region as well as address the 
contribution of COVID-19 in 2020 and beyond. Currently, 
our approach serves as a comprehensive foundation 
upon which pertinent health-care policies can hopefully 
be made. Our results can aid local governments in the 
drafting of locally tailored stewardship and infection 
prevention and control policies to mitigate leading 
pathogen–drug combinations using the resources 
available in their country. Addressing AMR in the WHO 
African region will necessitate targeted efforts and 
investments that consider the complex drivers behind 
the disproportionate AMR burden there.
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