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a b s t r a c t 

Objectives: Antimicrobial resistance (AMR) is a global concern among infectious diseases. Bloodstream 

infections can potentially become life-threatening if they become untreatable with conventional antimi- 

crobials. This review aims to provide an understanding of the AMR prevalence and trends of common 

bacteremic pathogens, namely Escherichia coli and Staphylococcus aureus in the World Health Organiza- 

tion (WHO) Africa region. 

Methods: PubMed and Google Scholar were searched using relevant keywords for published human stud- 

ies (excluding case reports and reviews) reporting bacteremic AMR data on the pathogens of interest be- 

tween 2008 and 2019. Two reviewers independently screened the articles against a pre-defined eligibility 

criterion. Data extraction and analysis were achieved with different platforms: Covidence, Excel, R ver- 

sion 3.6.3, and QGIS v3.4.5. The pooled prevalence, 95% confidence intervals, and I 2 index (a measure of 

heterogeneity) were calculated for the various pathogen-antibiotic combinations. 

Results: Five hundred sixty-two papers were retrieved, with 27 papers included in the final analysis. 

Only 23.4% (11/47) of member states of the WHO African region had reports on AMR in bacteremia. The 

Clinical and Laboratory Standards Institute (CLSI) (78.5%) was the most common standard used in the 

region. For E. coli , the pooled resistance was: cefotaxime (42%), imipenem (4%), meropenem (0%), and 

colistin (0%). For S. aureus , the calculated pooled resistance was cloxacillin (34%), oxacillin (12%), and 

vancomycin (0%). There was a high degree of variation across studies ( I 2 > 90%). 

Conclusion: The pooled resistance rates indicate a concerning degree of methicillin-resistant and Ex- 

tended Spectrum-ß-lactamase–producing pathogens. The paucity of AMR data also presents challenges for 

a comprehensive understanding of the situation in the region. Continent-wide and standardized surveil- 

lance efforts therefore need strengthening. 

© 2022 The Author(s). Published by Elsevier Ltd on behalf of International Society for Antimicrobial 

Chemotherapy. 

This is an open access article under the CC BY license ( http://creativecommons.org/licenses/by/4.0/ ) 
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. Introduction 

Antimicrobial resistance (AMR) is recognized as a global health 

roblem [1–4] . AMR is a multifaceted problem that affects the en- 

ire spectrum of microbes (e.g. bacteria, viruses, fungi, and para- 
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ites) [ 5 , 6 ] across the human, animal, and environmental health 

ectors [7–9] . 

The global proportion of Disability-Adjusted Life Year (DALY) 

as comprised of 63.8% non-communicable diseases; 26.4% com- 

unicable, maternal, neonatal, and nutritional diseases; and 9.8% 

njuries. However, the burden of communicable disease is consid- 

rably high in sub-Saharan Africa (i.e. accounting for 62.35% of the 

otal DALY) [10] . Amongst communicable diseases, bloodstream or 

nvasive infections are associated with high fatality rates and have 
iety for Antimicrobial Chemotherapy. This is an open access article under the CC 
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 significant effect on healthcare operations [ 11 , 12 ]. The continued 

ise of multidrug-resistant (MDR) bacteria [13] may pose a threat 

o the management of bacteremic and septic cases. 

The main etiological agents of bloodstream infections are 

taphylococcus aureus, Escherichia coli, Klebsiella Spp., Streptococcus 

neumoniae , and Salmonella Spp. [14–18] . Because of the emer- 

ence of resistance, the management of infections involving these 

athogens with empiric and broad spectrum antibiotics may inad- 

ertently harm patients [11] . This harm may be even greater when 

athogens are resistant to last-resort antibiotics [19–23] . 

In this review, we focus on bacteremic organisms Staphylococcus 

ureus and Escherichia coli. These organisms have various resistance 

echanisms that render them resistant to multiple antimicrobials. 

his results in therapeutic challenges, as alternative antimicrobials 

ave become limited. Examples are methicillin-resistant S. aureus 

 24 , 25 ] and E. coli exhibiting extended-spectrum-ß–lactam or car- 

apenem resistance [26–28] . 

AMR rates vary across geographical settings, syndromes, and 

athogens [ 11 , 29 , 30 ]. Thus, surveillance efforts need to take the

spects previously mentioned into consideration to achieve a com- 

rehensive understanding of the AMR situation and provide thera- 

eutic management of resistant pathogens. 

This systematic literature review focuses on analysis of antimi- 

robial resistance levels of S. aureus and E. coli isolated from blood 

ultures within the World Health Organization (WHO) African re- 

ion during a 12-year period. 

. Methodology 

.1. Literature search strategy 

Google Scholar and PubMed were searched for publications re- 

orting resistance between the years 2008 and 2019. Studies car- 

ied out before 2007 but published from 2008 onwards were ex- 

luded. The search was carried out between March 28, 2019 to 

ugust 8, 2019, and the results were recorded in an Excel Search 

iary. The following search strings were used: ‘Antimicrobial or 

ntibiotic’, ‘Susceptibility’, ‘testing’, ‘non-susceptibility’, ‘ Escherichia 

oli ( E. coli )’, ‘ Staphylococcus aureus ( S. aureus )’, ‘bacteremia ∗’, ‘bac-

eremic infections’, ‘blood culture’, ‘bloodstream infection’, ‘sepsis’, 

surveillance’, ‘epidemiology’, ‘epidemiological’, ‘Africa’, and specific 

ames of all countries within the WHO African region. 

.2. Article screening and eligibility criteria 

All publications were imported into the Covidence online plat- 

orm (Covidence Systematic Review Software, Veritas Health Inno- 

ation, Melbourne, Australia; available at www.covidence.org ). The 

rticles were blindly and independently screened, assessed, and 

alidated against a pre-defined eligibility criterion (Appendix 1) by 

wo reviewers. 

.3. Data extraction 

Fig. 1 below provides a summary of the number (n) of publi- 

ations at the various stages of identification, screening, eligibility, 

nd final inclusion. The variables extracted from the papers that 

ere eligible for inclusion were the year, country, age or age group 

i.e neonates, geriatrics, etc.), sex, laboratory standard/guideline, 

he total number of isolates (N), proportion of resistant isolates, 

nd percentage resistant (%R) or percentage susceptible (%S). In- 

ormation was extracted for pathogen-antimicrobial combination 

roups as recommended by the Global Antimicrobial Surveillance 

ystem (GLASS) (Appendix 2). 
36 
.4. Data analysis 

Descriptive summaries on the number of publications by coun- 

ry and year, as well as the laboratory testing standards/guideline, 

ere reported. QGIS version 3.4.5-Madeira was used to visually 

epresent the number of publications by country on a map of 

frica. The pooled prevalence of resistance and 95% confidence in- 

ervals (CIs) were calculated for the pathogen-antibiotic combina- 

ions using a random-effects model in R 3.6.3 (2020-02-29). Resis- 

ance rates reported for less than 30 isolates for a given pathogen- 

ntibiotic combination were excluded from the analysis. 

. Results 

.1. Descriptive characteristics 

There are 54 countries in continental Africa, with 47 being part 

f the World Health Organization (WHO) Africa region. PubMed 

nd Google Scholar searches yielded 562 publications (see Fig. 1 ), 

ith 27 included in the final analysis. The eligible publications 

ere from 23% (11/47) member states of the WHO African region 

 Fig. 2 ). During the period from 2008 to 2019, the published papers 

ere mainly from Ghana (5), Nigeria (4), and Tanzania (4). In ad- 

ition, 63% (17/27) of the papers were published in the years 2015 

8) and 2016 (9) (Appendix 3, Appendix 4). 

The majority of publications (n = 22, 81.5%) reported AMR data 

n both organisms, whilst 2 (7.4%) and 3 (11.1%) reported exclu- 

ively on E. coli and S. aureus , respectively ( Fig. 3 ). Furthermore,

he CLSI (78%) was the most common guideline used in antimi- 

robial susceptibility testing (Appendix 5). The five reports of the 

uropean Committee on Antimicrobial Susceptibility Testing (EU- 

AST) as the laboratory standard were from five different coun- 

ries (i.e. there was one report from each of the five countries; 

uinea-Bissau and Mali exclusively reported EUCAST as the labo- 

atory standard used, whereas Uganda, Ghana, and Tanzania have 

lso reported CLSI in separate studies) (Appendix 4). 

.2. Antimicrobial resistance rates 

.2.1. Overall and Country-Specific Antimicrobial Resistance Rates: S. 

ureus 

The majority of the bacteremic isolates (N = 2651) were tested 

gainst the following antimicrobial agents: cefuroxime (n = 521), 

xacillin (n = 427), and cloxacillin (n = 339). 

The forest plot in Fig. 4 shows that the antibiotic, ampicillin, 

ad the highest pooled resistance rate of 85% (95% CI 0.41–0.98). In 

enya, this rate stood at 45% (73 of 162 isolates) in the year 2010. 

hana recorded 90% (234/260) and 100% (34/34) resistance in 2016 

nd 2017, respectively. A moderate pooled resistance rate of 46% 

95% CI: 0.07–0.92) against co-trimoxazole was found. Ceftriax- 

ne resistance was 20% in Nigeria in 2010. Cefuroxime (n = 521) 

ooled resistance was 24% (95% CI: 0.07–0.58), which is com- 

rised of the composite data from Kenya (2010), Nigeria (2011), 

nd Ghana (2016). Oxacillin resistance was 21% and 23% in Kenya 

nd Ghana in the years 2010 and 2016, respectively. The pooled 

esistance rate for oxacillin was 18% (95% CI: 0.09–0.31). 

In Ghana, no S. aureus were found to be resistant to vancomycin 

0/144) in 2016. Overall, we note a high variation between antimi- 

robial groups and years (i.e. I 2 of between 74%–98%) ( Fig. 4 ). 

.2.2. Overall and Country-Specific Antimicrobial Resistance Rates: E. 

oli 

For E.coli (N = 3447) , the highest testing was among the follow- 

ng antibiotics: ciprofloxacin (n = 618), co-trimoxazole (n = 422), 

nd ceftriaxone (n = 416). A pooled high resistance was found for 

http://www.covidence.org
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Fig. 1. PRISMA flow diagram for retrospective systematic review on antimicrobial resistance prevalence. 
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o-trimoxazole and ampicillin: 75% (95% CI: 0.57–0.87) and 87% 

95% CI: 0.46–0.98) ( Fig. 5 ), respectively. 

Moderate resistance was found among the cephalosporins 

roup. The median resistance for the second-generation 

ephalosporin, cefuroxime, was 58 (95% CI: 0.47–0.69), with 

igh resistance of 70% (73/104) found in Ghana in 2016. The me- 

ian resistance and 95% CI for the third generation cephalosporins 

ere 32% (95% CI: 0.09–0.69) and 42% (95% CI: 0.28–0.58) for 

eftriaxone and cefotaxime, respectively. Ceftazidime median 

esistance was 19% (95% CI: 0.05–0.52) ( Fig. 5 ). 

Fluoroquinolone (i.e. ciprofloxacin) resistance was also found 

o be high, with a median of 44% (95% CI: 0.23–0.67). In gen- 

ral, resistance to colistin and the carbapenems, ertapenem and 

eropenem, was zero except for imipenem. Imipenem median re- 

istance was 4% (95% CI: 0.00–0.64). Imipenem resistance was 0% 
37 
n South Africa (0/90) and 19% in Uganda (9/47) in 2017 and 2018, 

espectively ( Fig. 5 ). 

. Discussion 

In this review, we report a lack of publications on the AMR sit- 

ation of severe infections, such as bacteremia/sepsis, within the 

HO African region. Reports from the years 2010 to 2019 could 

nly be found for 23% of the African countries. During the pe- 

iod under review, the majority (63%) of the papers were pub- 

ished between 2015 and 2016. This seems to have coincided with 

he launch of the WHO Action Plan on AMR in 2015 and the dec- 

aration of AMR as a global crisis by a United Nations General 

ssembly in 2016 [31–34] . The MRSA rates found were generally 

omparable to those of other countries and the European region 
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Fig. 2. Number of publications (2008–2019) by country reporting on the antimicrobial resistance prevalence of bacteremic Escherichia coli and Staphylococcus aureus in 

Africa. 

Fig. 3. An illustration of the distribution of organisms by identity in the published bacteremic antimicrobial resistance studies (i.e. the commonalities and differences by 

study). 

38
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Fig. 4. Forest plot of antimicrobial resistance rates among Staphylococcus aureus given by antibiotic grouping and country. 

39
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Fig. 5. Forest plot of antimicrobial resistance rates among Escherichia coli given by antibiotic grouping and country. 
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i.e. below 32%). Overall, E. coli showed moderate to high resis- 

ance against commonly-used therapeutic agents, such as third- 

eneration cephalosporins (resistance [R]: 19–58%), ciprofloxacin 

R: 45%), co-trimoxazole (R: 75%), and tetracycline (R: 91%). How- 

ver, carbapenem and colistin resistance were largely absent (i.e. 

esistance was 0.01%). 

We inferred MRSA resistance from oxacillin and cloxacillin de- 

pite the CLSI standard and EUCAST recommendation to use cefox- 

tin for this since 2008 and 2009, respectively. Whilst many African 

ountries used the CLSI standard, cefoxitin resistance data was not 

egularly reported in publications included in our review. 

Oxacillin resistance was reported from Kenya and Ghana, 

hereas cloxacillin resistance was reported from four countries 

Ghana, Tanzania, Nigeria, and South Africa). However, the major- 

ty of isolates were tested against the former (n = 427). There was 

ariation across settings for oxacillin and cloxacillin (i.e. I 2 = 74% 

nd 81%, respectively). Similar to our study, heterogeneity was also 

ound by [35] in a review on MRSA proportions within the Asia 

acific region. The overall MRSA rates that can be inferred from 

xacillin and cloxacillin were thus 18% (95% CI: 0.09–0.31) and 29% 

95% CI: 0.15–0.48), respectively. The overall bacteremic MRSA rate 

f 18% (as inferred from oxacillin) found in our review (2008–

019) was within the range of 16 to 55% reported in an earlier 

tudy (2002–2011) on the prevalence of MRSA in Africa [36] . A 

ystematic review conducted [ 37 ]during the years 20 0 0 to 2010 in

estern European healthcare settings found the MRSA prevalence 

o vary widely (between 1% and over 20%) . Wide ranges have 

lso been reported in the Asia Pacific region, where the propor- 

ion of MRSA infections was between 0 and 98.4% between 20 0 0 

nd 2016 [35] . Similarly, the European region reported MRSA re- 

istance of 19% in 2015 with a decline to 15.5% by 2019 [38] . Our

tudy primarily focused on blood culture isolates and many other 

tudies did not make this distinction (i.e. specimen characteristics); 

he findings were nonetheless both comparable, and, in certain in- 

tances, widely varied [35] . This variation may be explained by 

he country’s income status and patient or sample characteristics 

35] . The unharmonized definitions of measuring resistance as pro- 

ortions or prevalence also introduce incomparability of the data 

cross settings [39] . 

Among E. coli , Extended Spectrum-ß-lactamase (ESBL) produc- 

rs ranged from 19 to 42%, inferred from resistance to third- 

eneration cephalosporins. These were ceftazidime (19%, 95% CI: 

.05–0.52), ceftriaxone (32%, 95% CI: 0.09–0.69), and cefotaxime 

42%, 95% CI: 0.25–0.58). Between 2005 and 2013, the bacteremic 

SBL-producing Enterobacteriaceae in Africa varied from 0.7% to 

5.8% [40–42] . By 2019, in Europe, the population-weighted resis- 

ance of third-generation cephalosporins among invasive E. coli iso- 

ates was 15.1%. The lowest resistance rate stood at 6.2% in Nor- 

ay and the highest rates were above 30% in Italy and Bulgaria 

43] . In Eurasia (India, Thailand, Vietnam, China, and Russia), the 

roportion of E. coli ESBL phenotypes collected from 2015 to 2019 

as reported to have exceeded 50% [44] . In Japan (2008–2013), 

0 of 115 (26,1%) E. coli bacteremia cases were caused by ESBL- 

roducing E. coli [45] . Between 2012 and 2017, the distribution of 

SBL prevalence ranged from 11.9% to 15.7% in the United States 

 46 , 47 ]. In the Middle East (January 2012–January 2017), resistance 

o ceftazidime and ceftriaxone was 49.1% and 51.7%, respectively, 

mong pediatric patients in Turkey [48] . 

Although trend analysis was not possible with our study ma- 

erials, there has lately been growing evidence for increasing ESBL 

esistance rates [49–51] . For example, a study from Turkey found 

hat bloodstream ESBL E. coli producers increased from 23% to 

8% between 2014 and 2016 [52] . In Nepal, in two separate years 

i.e. 2015 and 2017) among various clinical specimens, the E. coli 

SBL prevalence was 38% (46/121) and 43% (130/302), respec- 

ively [ 53 , 54 ]. Also, ESBL E. coli bacteremic prevalence increased 
41
rom 5.2% (2005) to 13.5% (2009) in five yrs in a French hospital 

55] . 

Carbapenems are recommended as therapy for severe in- 

ections involving ESBL-producing Enterobacteriaceae [56] . Car- 

apenem and colistin resistance were generally low albeit a few 

ublications in our study reporting on them. This finding is con- 

istent with studies elsewhere, in which resistance to carbapen- 

ms and colistin was absent/low for both ESBL-producing and non- 

SBL–producing E. coli alike [ 50 , 57 , 58 ]. However, carbapenem re- 

istance was more likely to be encountered in hospital settings 

 59 ], as it was found in a tertiary hospital in Uganda (i.e imipenem

esistance of 19%) within our study materials [ 60 ]. 

The widespread use of ciprofloxacin and co-trimoxazole is re- 

ponsible for increasing resistance and its subsequent preclusion as 

n empiric therapeutic regimen [ 60,61 ]. In the present review, high 

esistance to co-trimoxazole and ciprofloxacin (i.e. pooled resis- 

ance: 75% and 44%) was found. Haindongo et al. (2022) reported 

igh resistance in Namibia to these two antimicrobial agents 

mong urinary E. coli from 2016 to 2017 . Ciprofloxacin resistance 

f 44% was comparable to that reported elsewhere [ 18,62,63 ]. Re- 

istance to ciprofloxacin was found to be higher in Africa than in 

sia (36.7% vs. 0%). Within the European Union, fluoroquinolone 

esistance (23.8%) was reported to be second-highest, after resis- 

ance to aminopenicillins (57.1%) [43] . 

There have been some noticeable variations in resistance be- 

ween the type of specimen and the patient groups under 

tudy. For example, a 5 month study in 2013 in Nottingham, 

nited Kingdom [ 64 ] reported a higher ciprofloxacin resistance 

ate among bacteremic E. coli than among urinary E. coli (25.7% 

s. 8.8%; P < 0.001). This study included a diverse age range 

i.e. children and adults) with infections being community- and 

ospital- associated. On the other hand, differences in ciprofloxacin 

esistance in Europe between children and adult surveillance data 

13.4% and 23%, respectively) was found by [ 65,66 ]. Among urinary 

ract infection (UTI) E. coli, Fasugba et al. (2016) [ 67 ] found the

evel of ciprofloxacin resistance to be higher in the hospital setting 

han in the community setting (38% vs. 27%, P < 0.001). 

Co-trimoxazole is useful in the management of bacterial infec- 

ions, diarrhoea, HIV-related opportunistic infections, and malaria 

n sub-Saharan Africa [68] . In the United States (1998–2007), co- 

rimoxazole resistance increased from 9% to 28% [69] . In earlier 

ears, resistance rates among uropathogenic E. coli were around 

0% [70] . A review by Ashley et al. (2011) found co-trimoxazole 

esistance to be higher in Asia than in sub-Saharan Africa (55% vs. 

5%). A high E. coli co-trimoxazole resistance of 80% was reported 

rom blood cultures in Lahore, Pakistan [ 71 ]. Similarly, a multi- 

enter study of 20 yrs from a network of hospitals in the Hubei 

rovince of China found co-trimoxazole resistance among blood- 

tream infections to be 72.1% [ 72 ]. 

There were several limitations in our data extraction process. 

irstly, we note that publications on bacteremic antimicrobial re- 

istance are limited in many countries of the WHO African re- 

ion. Worryingly, Portuguese and French-speaking countries may 

ot have been represented because of language restrictions. Thus, 

he few reports published in Africa do not provide a compre- 

ensive understanding of the antimicrobial situation in the WHO 

frica region. Secondly, the lack of standardization in the format- 

ing of the reports also made comparability difficult (i.e . demo- 

raphic characteristics [age, sex, and setting of acquisition] of the 

tudy population were not always given). This is important, as re- 

istance rates vary within sub-groups and interventions need to be 

ailored accordingly. Furthermore, resistance data cannot be com- 

ared if the reported denominators differ; for example, MRSA rates 

mong patients or cases per 10 0 0 patient days instead of resis- 

ance for a given isolate. Thirdly, resistance was reported for larger 

acterial groups (e.g. Enterobacteriaceae or Gram-negative), which 
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[

[

[

[

[

[

[  

[

[

[

[

[

[

[  
ay obscure species-specific differences [ 73,74 ]. Fourthly, resis- 

ance data was not periodically (i.e annually) reported; thus, com- 

aring resistance levels within the same time frames or years be- 

ame difficult. When resistance data is compared in different time 

rames (i.e. years), this further weakens the reliability of the cal- 

ulated I 2 . Finally, in our review, MRSA resistance was inferred 

rom cloxacillin and oxacillin instead of cefoxitin. Thus, the MRSA 

ates may not reflect the true situation. The cefoxitin disk test has 

emonstrated reliability and superiority [ 75,76 ] over the histori- 

ally recommended cloxacillin and oxacillin [ 77 ]. Discrepancies be- 

ween oxacillin and cefoxitin have also been reported across var- 

ous testing platforms, such as disk diffusion, latex agglutination, 

nd automated commercial systems [ 78–81 ]. 

. Conclusion 

We report medium to high rates of bacteremic MRSA and ESBL- 

roducing E. coli in the WHO Africa region, though varied preva- 

ence across countries (i.e. heterogeneity) occurs. Publications cov- 

ring AMR rates for severe infections were limited. Furthermore, 

he formats of the reports were non-standardized, making inter- 

ountry comparisons difficult. It was impossible to understand the 

2-year AMR trend (increases and decreases), as the data between 

he years was discontinuous. Thus, advocacy for countries in the 

egion to deposit standardized AMR data in public repositories an- 

ually needs to be strengthened. 
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