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A B S T R A C T   

The dissemination of multidrug-resistant (MDR) bacterial isolates in low- and middle-income countries, 
including several African countries, is a major concern. The poor sanitary conditions of rural and urban families 
observed in certain regions may favor the transmission of bacterial infections between animals and humans, 
including those promoted by strains resistant to practically all available antibiotics. In Angola, in particular, the 
presence of these strains in human hospitals has already been described. Nevertheless, the information on 
antimicrobial resistance (AMR) prevalence in Angola is still scarce, especially regarding veterinary isolates. 

This review aimed to synthesize data on antimicrobial resistance in African countries, with a special focus on 
Angola, from a One Health perspective. The main goals were to identify research gaps that may require further 
analysis, and to draw attention to the importance of the conscious use of antimicrobials and the establishment of 
preventive strategies, aiming to guarantee the safeguarding of public health. To understand these issues, the 
available literature on AMR in Africa was reviewed. We searched PubMed for articles pertinent to AMR in 
relevant pathogens in Angola and other African countries. In this review, we focused on AMR rates and sur
veillance capacity. 

The principal findings were that, in Africa, especially in sub-Saharan countries, AMR incidence is high due to 
the lack of legislation on antibiotics, to the close interaction of humans with animals and the environment, and to 
poverty. The information about current resistance patterns of common pathogenic bacteria is sparse, and the 
number of quality studies is limited in Angola and in some other Sub-Saharan African countries. Also, studies on 
the “One Health Approach” focusing on the environment, animals, and humans, are scarce in Africa. The sur
veillance capacity is minimal, and only a low number of AMR surveillance programs and national health pro
grams are implemented. Most international and cooperative surveillance programs, when implemented, are not 
properly followed, concluded, nor reported. In Angola, the national health plan does not include AMR control, 
and there is a consistent omission of data submitted to international surveillance programs. By identifying One 
Health strengths of each country, AMR can be controlled with a multisectoral approach and governmental 
commitment.   

1. Overview of antimicrobial resistance problem in Africa 

Antimicrobial resistance (AMR) (in the herein article, the term 
antimicrobial is used with a narrower meaning: bacterial resistance) is a 
global problem, being at present one of the greatest threats faced by 

humanity [1]. According to the World Health Organization (WHO), 
AMR is responsible for higher mortalities and morbidity in low- and 
middle-income (LMI) countries, due to the increased burden of bacterial 
infections, poor diagnostic resources, and less access to quality antibi
otics [2]. 
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There are several social and economic drivers responsible for high 
levels of antibiotic resistance in developing countries, including some 
African countries. The social factors related to the increase in AMR are 
settled in community education and way of life. The community pre
sents limited knowledge on antibiotics and antibiotic resistance trans
mission; antibiotics are frequently used as growth promoters in 
livestock, poultry, and aquatic animals, and often added directly to dairy 
products to extend shelf-life; habitats are shared between households, 
livestock, and poultry, and there are poor hygiene habits; surface waters 
are shared by humans and animals; and there is also a problem of 
overcrowding in urban areas. The existence of counterfeit antibiotics 
and the over-the-counter sales of these drugs is a problem shared by the 
population, health entities, and the government. The population buys 
and sells these products; health professionals do not warn about the 
dangers of using counterfeit antibiotics and selling antibiotics without a 
prescription; and the government does not impose laws or restrictions on 
these practices. The government must provide the means for health 
professionals to have the necessary training on this topic so that they can 
pass information to the population [3–5]. 

There are several drivers in the government’s role related to AMR 
increase. The lack of regulations and permissive antibiotic trade; lack of 
food safety measures, regulations, and control; unmonitored food supply 
chain; poverty and related economic and political drivers; poor sanita
tion structures; and particularly the lack of commitment to the popu
lation and to the need to halt AMR, probably due to the fact that the 
government itself is not aware of the AMR hurdle and its implications 
[3–5]. 

The problem of AMR in LMI countries is less acknowledged, partly 
due to limited diagnostic capacities, and to the lack of real-time data 
recording and surveillance and inadequate legislation in sub-Saharan 
Africa [6]. In fact, a survey conducted across 14 sub-Saharan African 
nations revealed that just 1.3% of the 50,000 medical laboratories 
perform bacteriology testing [7]. In the African continent, which, ac
cording to the World Bank 2021/22 (https://datahelpdesk.worldbank. 
org/knowledgebase/articles/906519-world-bank-country-and-lending 
-groups), comprises 23 LMI countries out of a total of 134, 43% of the 
countries do not have available data on AMR prevalence, but the most 
recent findings confirmed AMR resistance to conventionally used anti
biotics [8]. Sub-Saharan Africa and South Asia remained the two main 
regions with elevated AMR-related death rates in 2019 [9]. Neverthe
less, there are some reports available on clinical isolates resistant to 
antimicrobials commonly used in sub-Saharan Africa [10]. In Angola, a 
country with around 34 million inhabitants and an emerging economy, 
the occurrence of community- and healthcare-associated multidrug- 
resistant (MDR) bacteria has been described [1]. As such, it is of major 
importance to develop more studies aiming to assess the prevalence, 
emergence, and dissemination of both Gram-positive and Gram-negative 
resistant bacteria in several settings in Angola and in other African 
countries. These objectives are in accordance with the One Health 
initiative which encourages interdisciplinary collaboration between the 
human, animal, and environmental sectors, aiming to promote health
care, longevity, and quality of life [11,12]. 

The global development and dissemination of resistant strains in 
clinical settings is well documented, as well as their spread into the 
environment, being influenced by water quality, air quality, urbaniza
tion, and sanitation practices [2,3]. Yet, the use of antibiotics is 
described as the key factor for the selection of resistant bacteria [13]. 
Still, it is estimated that the use of antibiotics will increase by 67% in 
2030 [14]. This fact is worrisome, since antimicrobial ineffectiveness 
makes clinical management and infection prevention an extremely 
difficult challenge, prompting the dissemination of bacterial infections 
associated with increased economic and social costs and increased 
morbidity and mortality rates [2,15]. The rise of treatment failures due 
to the inefficacy of first choice antibiotics towards MDR infections, often 
incites clinicians to resort to other options, often more expensive and/or 
presenting a higher toxic potential, such as using antibiotics usually 

avoided due to their side effects [16]. 

1.1. Antimicrobial abusive use in livestock 

In animal production, antibiotics are mainly applied for the treat
ment and prevention of diseases; yet, although not being allowed in 
European countries and some others, in LMI countries they can be used 
for non-therapeutic purposes, increasing the chance of AMR bacteria 
development [17,18]. 

In Africa, 15% of countries are authorized to use antimicrobials as 
animal growth promoters, as antimicrobials use remains unregulated in 
these countries [17]. The repeated use of low doses of antimicrobials in 
animal production for promoting growth, improving feeding profi
ciency, and for prophylaxis, results in substantial selection pressure to
wards the emergence of AMR [19]. In fact, the repeated exposure of 
bacteria to sub-lethal amounts of these compounds favors the selection 
and maintenance of resistance determinants, significantly contributing 
to antimicrobial resistance dissemination among animals and their by- 
products [19]. AMR is a consequence of the extensive use of antibac
terial agents in veterinary settings, as 73% of all antimicrobials sold 
worldwide are administered in animal production [20], but also in 
agricultural settings and human medicine. So, humans can acquire AMR 
strains through person-to-person transmission, usually by direct contact 
[21], animal-to-person transmission, and environmental exposure [22] 
(Fig. 1). 

Antibiotics present in water used for irrigation can be absorbed by 
crop tissues (particularly roots); however, their uptake by crops is usu
ally low [23]. Overall, antibiotic uptake is restricted, highly selective, 
and plant- and antibiotic-specific [23]. There is a significant amount of 
research on antibiotics uptake by plants, but less on the dissemination of 
antimicrobial resistant genes and antimicrobial resistant bacteria into 
crop tissues [23,24]. Nonetheless, there is evidence that both antimi
crobial resistant genes and antimicrobial resistant bacteria can accu
mulate on plant surfaces following manure treatments, and for that 
reason, it has been proposed that crops and soils should be fallowed 
prior to harvest [24]. In fact, specific crops and crop rotation can have an 
impact on the types of resistance genes discovered in soils [25]. 

Unprocessed crop manure may include AMR bacteria that can 
contaminate food and water, potentially increasing foodborne and 
waterborne exposures [25]. Therefore, contaminated soil and surface 
waters pose a health risk to communities that use soils for domestic 
agriculture and surface water for personal consumption, livestock, and 
crop irrigation, contributing to AMR transmission cycle [25]. 

The responsible use of antimicrobials in veterinary medicine is 
essential to guarantee animals’ overall well-being, prevent the spread of 
infectious diseases on farms [18], and avoid zoonotic infections [19]. To 
intensify animal production, antibiotics can be administered to farm 
animals not only for the treatment of infectious diseases, but also for 
metaphylaxis, in which the identification of disease symptoms in one 
animal prompts antibiotic administration to all animals in close contact 
to control the spread of the disease [26]; and for prophylaxis, in which 
sub-therapeutic doses are administered to animals before the detection 
of clinical signs of disease, to prevent the occurrence of infections 
[16,26]. As it is likely that the development of AMR is also influenced by 
the use of antibiotics in healthy animals [19], the use of these com
pounds to treat sick animals only after the disease has been diagnosed is 
an imperative measure to promote animal welfare [27]. Therefore, the 
incidence of AMR is higher in developing countries, where humans 
interact closely with animals and the environment, and the burden of 
antimicrobial-resistant bacteria in farm animals and their potential 
transmission through the food chain is underestimated in poor resource 
environments [28]. 

1.2. Counterfeit medicines and over-the-counter sales of antibiotics 

One of the reasons for the high frequency of AMR and MDR strains in 
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Africa is related to the community setting, where antibiotic abuse may 
be linked to physician’s prescribing behavior, diagnostic uncertainty, 
patient behavior (not completing antibiotic therapy or self-prescribing), 
and the level of public awareness on antibiotic use [29]. 

In developing African countries, the provision of several unautho
rized health services to communities, such as medical consultations, 
diagnostic services, and the prescription and distribution of medicines, 
can lead to the misuse and abuse of antimicrobials. This can, in turn, 
contribute to the increase in the selection pressure leading to antibiotic 
resistance [30]. 

Also, counterfeit medicines and over-the-counter sales of antibiotics 
can be additional problems. Counterfeit medicines are a huge problem 
that can compromise the fight against AMR. Counterfeit antibiotics are a 
substandard type of medicine, that may contain incorrect ingredients or 
sub-therapeutic doses of the correct ones, leading to antibiotic resis
tance, treatment failure, and subsequent increased morbidity and mor
tality [31,32]. Counterfeit antibiotics presence in the global 
pharmaceutical market is a serious health threat that spares no borders 
or countries, being of special relevance in developing countries and, to a 
lesser extent, in developed ones [32]. 

Likewise, the sale of antibiotics without a prescription is also 
worrisome, despite being legally prohibited in most developed countries 
[33]. In developing countries, there is an urgent need to apply sales 
restrictions and to promote the training and qualification of pharma
cists. These measures could potentially lead to a decrease in the selection 
pressure prompted by antibiotic abuse and consequently in antibiotic 
resistance [34]. 

Although data related to the extent and patterns of antibiotic use in 
food-producing animals in LMI countries is limited, it is known that, in 
these countries, antibiotics are being used by farmers without veteri
narians’ supervision due to over-the-counter availability [35], a practice 
that plays a key role in antibiotic resistance dissemination. 

The widespread availability of substandard medicines is a major 
contributor to AMR, and the continued use of such products promotes 
the growth of resistant bacteria, which cannot be removed even with 
last-resort antibiotics [36]. Recently, antimalarial medications 

comprising quinine, sulphadoxine/pyrimethamine, chloroquine, and 
mefloquine were obtained from informal pharmacies in Congo, Burundi, 
and Angola. It was shown that one product had a low active pharma
ceutical ingredient quality, one had an active pharmaceutical ingredient 
substitution, and 13 samples originated “out of specification” results 
[37]. In Tongo, 8% of the samples tested, including antibiotics and 
medicine for non-communicable diseases, did not comply with phar
macopeial specifications, and none was falsified [38]. In South Africa, a 
study reported that 55.4% of the samples tested, including amoxicillin, 
single or in combination with clavulanic acid, and paracetamol alone or 
in combination with other drugs, were able to fulfill all pharmacopeial 
requirements, but most of them failed some quality testing [39]. 

However, it is important to refer that, according to WHO (https 
://www.afro.who.int/countries/angola/news/angola-invests-stren 
gthening-pharmacovigilance), “To guarantee access to quality medi
cines and improve drug assistance to the population, in 2023 Angola has 
carried out a series of initiatives that include the creation and approval 
of policies that guide pharmacovigilance, strengthening the supervision 
of sale and consumption of medicines, as well as the implementation of a 
system for single and reliable purchases of medicines, with the support 
of strategic partners, including the WHO”. 

1.3. Surveillance systems 

Antimicrobials have the dual advantage of being relatively inex
pensive and having highly consistent effects on animal and human 
bacterial diseases [40]. So, they are essential for the treatment of in
fections and for the maintenance of overall health [41]. Mapping anti
microbial supply chains is one of the measures that can help overcome 
the problem of antimicrobial resistance, avoiding counterfeit antibi
otics, and over-the-counter sales of antibiotics [42]. Surveillance sys
tems are the basis for a better understanding of the epidemiology of 
antibiotic resistance and the key for combating this problem that 
threatens public health. Surveillance data can serve to improve public 
health at the local level, evidence-based health policies, and responses to 
health emergencies [17,43]. 

Fig. 1. Antimicrobial resistance flow between Humans, Animals, Crops, and the Environment.  
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Surveillance must encompass beyond the magnitude of antibiotic 
consumption, also focusing on the types, rates, and extent of antibiotic- 
resistant bacteria and the mechanistic basis of antibiotic resistance [5]. 
As such, global actions must be established to increase and strengthen 
international cooperation and support capacity building, especially in 
LMI countries [35]. Europe and the United States have the best sur
veillance reporting, while sub-Saharan Africa and South and Southeast 
Asia have the least developed surveillance coverage [43]. In LMI 
countries, the challenges to establish such surveillance networks are 
enormous, due to poor laboratory infrastructures, absence of risk 
communication, lack of trained and qualified personnel, and a higher 
incidence of counterfeit antibiotics [44]. 

According to the Global Health Security (GHS) index scores for 
Angola [45] (https://www.ghsindex.org/wp-content/uploads 
/2021/12/Angola.pdf), a national AMR plan for the surveillance, 
detection, and reporting of priority AMR pathogens is not available in 
this country. On the website of Angola’s National Institute for Health 
Research, there are no mentions of the capability to test for any of the 
priority AMR pathogens. The government does not conduct environ
mental detection or surveillance activities (e.g., soil or waterways) for 
antimicrobial residues or AMR organisms. There is national legislation 
and regulations requiring prescriptions for antibiotic use for humans 
(with evidence of gaps in enforcement), but not for animals. There are 
no surveillance systems for zoonotic diseases or pathogens available, 
and there are neither biosecurity nor biosafety systems implemented. 
Regarding dual-use research and the culture of responsible science, 
there is an absence of research on especially dangerous pathogens, 
toxins, pathogens with pandemic potential, and/or other dual-use 
research. 

Angola presents poor laboratory system strength and quality and 
laboratory supply chains (e.g., there is no national laboratory that serves 
as an accredited reference facility, like the International Organization 
for Standardization [ISO] 15,189:2003). There is also a poor or absence 
of access to surveillance data. However, the government has made a 
commitment via public statements, legislation, and/or a cooperative 
agreement to share surveillance data with other countries in the region 
during a public health emergency. Also, there is an absence of case- 
based investigations [45]. 

Regarding the epidemiology workforce, the country has an applied 
epidemiology training program available, and the government supports 
citizens internships in other countries to participate in applied epide
miology training programs. However, there is no specific animal health 
field epidemiology training program available, and there is no public 
evidence that the country has at least 1 trained field epidemiologist per 
200,000 people. Finally, Angola has implemented a risk communication 
plan, but the emergency preparedness and response planning present 
many debilities [45]. In 2015, the WHO implemented The Global 
Antimicrobial Resistance and Use Surveillance System (GLASS), aiming 
to improve AMR surveillance and controlling measures, by gathering 
and analyzing data from epidemiological, clinical, and population- 
studies [5]. At the present, GLASS englobes 127 countries, including 
several African countries, such as Angola, that joined the program in 
2020 [46]. Since then, it seems that Angola has not submitted any data 
to GLASS [47]. 

In 2018, the African Centers for Disease Control and Prevention 
(Africa CDC) developed a framework for monitoring antimicrobial 
resistance in this continent [5]. International organizations, such as 
WHO, Food and Agriculture Organization (FAO), and World Organiza
tion for Animal Health (WOAH), have invested heavily in defending 
public health of risks associated with the use of antibiotics [48]. South 
Africa, for example, has developed a national antimicrobial resistance 
strategy network, to establish strategies to reduce the burden of anti
microbial resistance [49]. Still, it is difficult to estimate the exact 
prevalence of antimicrobial resistance in the African continent due to 
the low number of antimicrobial resistance surveillance programs [50]. 

Reports from the WHO’s joint external evaluation program were 

performed aiming at evaluating countries’ capacities for preventing, 
identifying, and responding to public health risks, such as AMR [6]. 
According to a study that analyzed these cooperative and voluntary 
reports in sub-Saharan countries, East Africa had the highest percentage 
of countries with AMR national action plans and human and animal 
AMR surveillance programs, whereas Southern Africa reported the 
highest training programs and antimicrobial management. However, 
most sub-Saharan African countries did not have implemented national 
action plans and showed low mean AMR preparedness (Fig. 2), sug
gesting that AMR has not been a priority [6]. 

The study showed that Angola, Cape Verde, Equatorial Guinea, and 
Somalia did not complete the joint external evaluation report, and most 
countries demonstrated no capacity. Nigeria, Ethiopia, Kenya, Uganda, 
Mozambique, Malawi, Zimbabwe, South Africa, Mauritius, and the 
Seychelles had a joint external evaluation score of limited capacity or 
developed capacity, and Zambia was the only country with a demon
strated capacity or sustainable capacity to prevent, identify, and respond 
to public health risks (Fig. 2) [6]. 

In short, in most African countries, with some exceptions, surveil
lance systems such as the WHO’s joint external evaluation program, and 
some national health plans, have a high probability of not being 
implemented, of not being properly followed up, or of not being re
ported or completed. Such surveillance systems would be most impor
tant for the detection of emerging antibiotic-resistant bacteria and 
antibiotic resistance genes, and would contribute to the early detection 
of outbreaks, allowing for the early and timely establishment of 
corrective actions [28]. 

2. Antimicrobial resistance in Angola 

Angola is a LMI country and the sixth largest economy in sub- 
Saharan Africa. It is a country vulnerable to outbreaks, like yellow 
fever, malaria, cholera and Zika, that overload the health services 
compromising the life and health of the population. Also, communicable 
diseases including tuberculosis, meningococcal disease, and Methicillin- 
Resistant Staphylococcus aureus (MRSA), account for more than 50% of 
deaths [51]. 

Fig. 2. Mean AMR joint external evaluation scores in sub-Saharan African 
countries. NC indicates a country that has not completed the joint external 
evaluation report; 1 indicates a joint external evaluation score of no capacity; 2 
indicates a limited capacity or developed capacity; 3 indicates a demonstrated 
capacity or sustainable capacity [6]. 
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Angola is among the 30 countries with the highest incidence of 
tuberculosis, MDR tuberculosis, and tuberculosis associated with HIV 
worldwide [52]. A study on Mycobacterium tuberculosis clinical isolates 
from Luanda revealed that 24.7% of the 89 clinical isolates were resis
tant to one or more antimicrobial drugs and 4.5% were MDR. This study 
highlighted the high rate and emergence dynamics of MDR tuberculosis 
in Luanda [53]. Likewise, another study found a high prevalence rate of 
MDR tuberculosis among retreatment cases (71.1%) and new cases 
(8.0%) in a rural setting [54]. 

Angola, together with Congo and Liberia, has never completed a 
drug-resistance survey so far. Despite this, there was recently a first 
attempt to promote an electronic medical record system in two health 
facilities of Luanda in the context of the tuberculosis national program in 
Angola [55]. 

Most of the available studies on AMR in Angola focus on human 
isolates or antimicrobials applied to human medicine. A project aiming 
to monitor the occurrence of MDR bacteria used in the treatment of 
human infections allowed to detect MDR Escherichia coli in urine sam
ples from humans in the Huambo province, and also ampicillin-resistant 
Enterococcus faecium in samples obtained from humans, animals, and the 
environment in the Benguela province, [56,57]. Conceição et al. [58] 
isolated MRSA strains from children treated at the emergency room and 
outpatients from a pediatric hospital in Luanda and described an overall 
MRSA prevalence of 12.7%. Also, fluoroquinolone-resistant Alcaligenes 
faecalis was isolated from human patients with chronic suppurative 
otitis media with ear discharge [59]. This bacterium is commonly found 
in birds, and most probably the use of bird feces by humans as a tradi
tional remedy to prevent ear secretions may explain this unexpected 
outcome. In reported for the first time the antimicrobial resistance 
patterns and population structure of ten Salmonella enterica serotype 
Typhi from human patients with typhoid fever in Luanda [60]. The 
authors found resistant strains, emphasizing the need for continuous 
monitoring of this pathogen which incidence in Angola is high. 

To the best of our knowledge, only one study in Angola comprised 
samples from humans, animals, and the environment [57]. The study 
included several samples from healthy humans, from animals, water 
from animal drinkers, and a cistern supplying the drinkers of a wild 
park, from farm production animals and their environment, from rivers 
serving inhabitants of Lobito and Catumbela cities, from treated and 
untreated human drinking waters, from residual waters from two points 
of a Benguela wastewater treatment station, and from urban/hospital 
sewer lines in Benguela, Damba-Maria, and Catumbela cities. Results 
showed that the occurrence of MDR ampicillin resistant Ent. faecium 
outside of a hospital context suggests β-lactam selective pressure, as 
reported in other sub-Saharan countries [10]. This is worrying, as this 
class of antimicrobials, which includes compounds such as penicillins 
and cephalosporins, is critical for the treatment of several serious in
fections, and antibiotics such as glycopeptides are not readily available 
in Angola or other sub-Saharan countries [57]. Monitoring AMR outside 
clinical contexts is essential to support the establishment of empirical 
therapy guidelines in this country, especially considering the favorable 
conditions for bacterial transmission and infection, and the uncontrolled 
use of antimicrobials [10,57]. 

Based on the premise that there is a relationship between the storage 
of antimicrobials and their misuse, a study in Angola concluded that 
interventions in the community that reinforce the appropriate use of 
antibiotics must be carried out with a focus on women, since they are the 
ones who store, and manage antibiotics [61]. In Angola, the close con
tact of farm animals with humans and the interaction between ecolog
ical systems are risk factors for AMR transmission [62]. Companion 
animals may also represent potential sources of antimicrobial resistance 
dissemination to humans, due to the extensive use of antimicrobial 
agents in veterinary medicine. In this country, the number of companion 
animals, especially dogs, is rising; however, to the authors’ best 
knowledge, no studies have been carried out on the antimicrobial 
resistance profiles of commensal or pathogenic bacteria from pets in this 

country. However, a study regarding stray dogs living in rural areas 
found a high prevalence of CTX-M-15-producing (group of extended- 
spectrum β-lactamase (ESBL)) and fluoroquinolone-resistant E. coli 
colonizing the animals’ gastrointestinal tract. These results indicate that 
stray dogs are important reservoirs and transmitters of AMR, even if 
never being treated with antibiotics [1]. Recently, a study reported for 
the first time Bartonella henselae infections in stray cats and hemotropic 
mycoplasmas in cats and dogs in Angola, potentially posing a threat to 
other animals and humans as transmitters of pathogens [63]. Therefore, 
studies on pets and animals living near communities would be of major 
importance since they would allow gathering data aiming to improve 
guidelines for antimicrobial treatment of companion animals, to reduce 
the selective pressure caused by the incorrect empirical prescription of 
antibiotics [56], and to enforce measures that restrict the transmission of 
AMR pathogens from companion, stray, and wild animals to humans. 

Despite reports on AMR cases in Angola are still scarce, there is a will 
to change this and ameliorate health conditions in this country. Ac
cording to the global health observatory, to improve the health status of 
its population, Angola has established several major health sector 
partnerships, including with Cuban cooperation, the World Bank, the 
European Union, the Global Fund, and United Nations agencies. In 
addition, partnerships with non-governmental organizations, civil and 
regional associations were also celebrated. The support of the European 
Union, World Bank, and Global Fund has been decisive for the estab
lishment of the 2013–2017 national development plan and of the 
2012–2025 national health development plan, which are the main tools 
for implementing public policies in the country [51]. 

In November 2019, the WHO conducted a joint external evaluation 
of the core capabilities of international health regulations for Angola 
and stated that the country was developing a national action plan for 
AMR, but only the Ministry of Health was involved, excluding other 
public and private groups [64]. The “WHO Country Cooperation Strat
egy 2015-2019: Angola” report makes minimal mention of AMR [65], 
and the more recent 2019–2020 WHO’s country self-assessment survey 
on AMR contains no information on Angola [66]. Unfortunately, Angola 
does not have a national action plan on AMR, according to WHO [67], 
and there are no mentions of AMR in the national health development 
plan 2012–2025 [68]. Therefore, it is urgent to develop and implement 
AMR surveillance in Angola to control the spreading of the AMR 
transmission cycle and decrease the mortality associated to diseases 
caused by bacterial species resistant to conventional antimicrobials. 

3. Antimicrobial resistance data in African countries 

Despite of only a small repertoire of low-quality antimicrobials being 
available in African countries, which are often sold over-the-counter 
without a prescription or proper diagnostic guidance [69], recent 
studies show that antimicrobial consumption in sub-Saharan Africa is 
high and that morbidity and mortality rates related to bacterial resis
tance are the highest in the world [70]. Nevertheless, available infor
mation about current resistance patterns of common pathogenic 
bacteria in sub-Saharan Africa, where surveillance capacity is minimal 
and the relative burden of infectious disease is high, is still scarce [71]. 

In Africa, resistance to commonly available antibiotics has already 
been observed in M. tuberculosis, S. aureus, Salmonella spp., E. coli, and 
Pseudomonas aeruginosa [10,72]. In another study performed in sub- 
Saharan Africa, 90% of Gram-negative bacteria were found to be resis
tant to chloramphenicol, an antibiotic commonly used in these coun
tries, with resistance to third-generation cephalosporins, such as 
ceftriaxone, being less common [10]. 

A systematic review of AMR in patients with bacteremia in Africa 
between 2008 and 2019 focused on publications from PubMed and 
Google Scholar, including a total of 27 papers [73]. After analyzing data 
presented in these studies, the authors claimed that only 23% (11/47) of 
the WHO African region’s member states had reports on AMR in 
bacteremia. The pooled resistance rates indicate a concerning degree of 
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MRSA and ESBL-producing E. coli. For E. coli, the pooled resistance 
profiles included resistance towards cefotaxime (42%) and imipenem 
(4%), and for S. aureus towards cloxacillin (34%), and oxacillin (12%). 
Consistent with this study, in South Africa bacteremia cases that 
occurred from 2007 to 2011 at a Tertiary Children’s Hospital were 
associated with MRSA [74]. Moreover, K. pneumoniae ESBL producers 
were detected in hospitalized patients [75], and carbapenemase pro
ducing Enterobacteriaceae were found in blood cultures [76]. 

The prevalence of Hospital-acquired ESBL-producing Enterobac
teriaceae is increasing worldwide. A study on the prevalence of these 
bacteria in community and hospital settings in East, Central, and 
Southern African countries was carried out, reviewing articles from 
inception to 2019 [77]. Authors observed a significant incidence of 
ESBL-producing Enterobacteriaceae, the majority of which related with 
the CTX-M enzyme, with considerable variance among countries. E. coli 
and Klebsiella pneumoniae were the dominant clinical isolates. The 
highest ESBL-producing Enterobacteriaceae prevalence was found in 
Congo (92%), the lowest in Zimbabwe (14%), and the prevalence was 
higher in hospital settings than in community settings. 

Another systematic review analyzed the clonal diversity of MRSA in 
Africa described from 2014 to 2020, based on results from six electronic 
databases [78]. Only 30% of African countries provided sufficient gen
otyping data. There was an increase in the distribution of ST1, ST22, and 
ST152, but a decrease of ST239/241 MRSA clones. Interestingly, ST88- 
IV [2B] was widely spread over the continent, especially in three 
Portuguese-speaking countries: Angola, Cape Verde, and São Tomé and 
Príncipe [78]. A study in Tanzania on the prevalence of MRSA showed 
that these strains have been increasing in Tanzania, with studies 
describing an increase of MRSA associated clinical infections from 0.4% 
in 1999 to 23.3% in 2010 [79]. 

The Sub-Saharan African region has a high tuberculosis incidence. 
An article examined studies in Sub-Saharan Africa from 2010 to 2020 
that reported mixed tuberculosis infection and heteroresistance [80]. 
Several databases were examined, but only 18 papers matched the in
clusion criteria. The frequency of mixed strain infection was between 3% 
and 21%, while drug resistance ranged from 0.06% to 19%, highlighting 
the importance of monitoring these conditions for proper tuberculosis 
treatment. 

In Ethiopia, a systematic review was carried out to determine anti
microbial resistance between 2009 and 2019, based on studies available 
at the PubMed/Medline database [81]. Among Gram-positive bacteria, 
the vancomycin resistance ranged from 8% (Enterococcus species) to 
20% (S. aureus), with E. coli, K. pneumoniae, and P. aeruginosa being the 
most common Gram-negative pathogens resistant to conventionally 
used antimicrobials. 

As previously mentioned, animals are important vectors for antimi
crobial resistance transmission, posing a serious threat to food security 
and safety [49]. High levels of multidrug-resistant bacteria isolated from 
production animals and their by-products have been documented in 
several African countries. A study performed in Egypt [82] showed that 
milk and dairy products may carry a potential risk for the dissemination 
of multi-resistant and toxigenic S. aureus, which may be associated with 
neglected hygienic practices during the production and storage stages. 

A report from Ghana described that animal isolates may present 
higher resistance levels when compared to human isolates. These find
ings can be associated with the fact that farmers can easily access anti
biotics through veterinarians and veterinary chemical stores [83]. It has 
also been observed that only 63% of farmers complete the recommended 
dosage of antibiotics and therapeutic scheme prescribed for animals 
[18]. Also in Ghana, resistant bacteria, including critical pathogens such 
as E. coli (62.2%), Klebsiella spp. (60.4%), and Pseudomonas spp. 
(52.1%), were isolated from human, animal, food, and environmental 
samples, with high rates of resistance towards ampicillin, cefadroxil, 
cefotiam, cloxacillin, cotrimoxazole, erythromycin, penicillin, and 
trimethoprim [84]. 

In Nigeria, a study on E. coli from poultry farms revealed that 88% of 

the isolates were resistant to ciprofloxacin [85]. In addition, there was 
an excessive bacterial load of E. coli isolated from abattoirs and aqua
culture effluents in this country, related to a high multiple AMR index 
[86]. 

In a review on Campylobacter prevalence in Sub-Saharan Africa, 
including resistant strains, the authors concluded that Campylobacter 
jejuni and C. coli were the predominant species isolated from animals in 
Nigeria, South Africa, and Tanzania, with cattle and chickens being 
identified as the most important hosts and possible transmission sources 
for humans; furthermore, the authors pointed out that most Campylo
bacter isolates were resistant to erythromycin (44%), ampicillin (39%), 
tetracycline (33%), nalidixic acid (31%), and ciprofloxacin (30%) [87]. 
In another systematic review, covering 791 studies [88], the authors also 
concluded that Campylobacter spp., mainly C. jejuni and C. coli, were 
highly prevalent in West Africa (Nigeria, Ghana, Burkina Faso, Côte 
d’Ivoire, Benin, Niger and The Gambia), being more frequently isolated 
from food-producing animals (34%) than from hospitalized patients 
(10%); in contrast, this study revealed that the rate of MDR human 
isolates was much higher (91%) than the percentage of MDR isolates 
obtained from food-producing animals (59%). Interestingly, although 
ciprofloxacin is not approved for use in veterinary medicine [85], the 
rate of resistance to this antibiotic was higher in animal isolates than in 
those from humans [88]. 

Enterococcus spp. and Salmonella spp. MDR strains have been isolated 
from meat samples in Tunisia, with Ent. faecalis being the most prevalent 
species (41%) and showing a high resistance profile towards erythro
mycin and tetracycline [89]. 

In a study performed on broiler chickens in Algeria, the authors 
found that 51% and 27% of the avian Salmonella were resistant to cip
rofloxacin and cefotaxime, respectively [90]. 

In South Africa, more than 70% of the antibiotics used for livestock 
production are available without a prescription [91] leading to AMR 
dissemination. In fact, E. coli containing the mobilized colistin resistance 
gene mcr-1 has been detected in this country, not only in cattle but also 
in hospitalized and ambulatory patients. Colistin is a last-resort anti
biotic for the treatment of infections promoted by carbapenem-resistant 
bacteria [92]. Also in South Africa, Salmonella serovars from humans 
and meat samples presented a MDR profile to commonly used antibiotics 
such as gentamicin and ciprofloxacin [93]. In this country, Enterococcus 
spp. isolates resistant to ampicillin, penicillin G, and vancomycin, some 
of which were positive for the genes vanA and vanB, were obtained from 
groundwater samples in rural communities [94], while Shiga toxin- 
producing E. coli O157 with a MDR profile was detected in dairy cat
tle feces [95]. Healthy domestic ruminants, particularly cattle, and 
sheep, are considered natural reservoirs of Shiga toxin-producing E. coli, 
a pathotype responsible for clinical disease in humans, characterized by 
diarrhea, hemorrhagic colitis, or hemolytic uremic syndrome [95]. 

A study in Kenya found that E. coli isolates (n = 123) from fecal 
samples of camels exhibited high levels of resistance towards penicillin 
and second, third, and fourth generations cephalosporins [96]. The 
presence in camels of MDR E. coli with ESBL- and non-ESBL-encoding 
genes is worrying, especially considering that animal husbandry prac
tice is one of the primary drivers of AMR in arid and semi-arid areas of 
Africa, and may jeopardize the pastoral community health. 

Some studies on wildlife were also carried out, as these animals can 
be a source and reservoir of zoonotic pathogens. A study conducted by 
Wiethoff et al. assessed the prevalence of antimicrobial resistant species 
in wild Gabonese pangolins sold in Gabon (n = 89) from 2021 to 2022 
[97]. Most resistant isolates were identified as Pseudomonas (n = 170), 
followed by Stenotrophomonas (n = 113), and Achromobacter (n = 37). 
Also, pangolins were found to be colonized with human-related ESBL- 
producing K. pneumoniae and E. coli. These isolates clustered with 
human isolates from Nigeria and Gabon, pointing to a transmission 
between pangolins and humans or a common source of infection. 

In South Africa, antibiotic-resistant bacteria have been detected in 
the feces and raw meat of wild animals. Resistance to ampicillin and 
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streptomycin was most prevalent in E. coli obtained from both types of 
samples, and S. aureus isolated from game meat showed high resistance 
to penicillin [98]. 

Another work focused on MDR enterohaemorrhagic E. coli 
serogroups present in the feces of hunted wildlife in Nigeria, including 
cane rats (Thryonomys swinderianus), royal antelope (Neotragus pyg
maeus), African giant rats (Cricetomys gambianus) and waterbucks (Kobus 
ellipsiprymnus) [99]. Authors found that 83% of the samples were posi
tive for E. coli, and that all isolates obtained were MDR. Also, 6% of the 
isolates corresponded to enterohaemorrhagic E. coli and possessed 
virulence-associated genes. This study showed the importance of wild
life surveillance to control the AMR transmission cycle and the spread of 
zoonotic diseases. 

Moreover, wastewater treatment plants and soil are also sources of 
AMR bacteria. A study carried out in the Eastern Cape Province, South 
Africa, revealed that wastewater treatment plants can be a source of 
resistant E. coli [100]. 

A systematic study based on 17 publications from 2000 to 2021 
crossing 27 African nations was performed, comprising a total of 3438 
isolates from drinking water (n = 6), rivers (n = 5), wastewater (n = 4), 
and wastewater/river (n = 1). Authors concluded that there was an 
estimated high prevalence of E. coli (72%), and most isolates were 
resistant to penicillin (93%), followed by erythromycin (92%), and 
ampicillin (69%) [101]. 

A study on the genomic surveillance of AMR E. coli isolated from 
fecal sludge and sewage in Uganda was conducted by Gomi et al. [102]. 
The genomic analysis of E. coli isolates (n = 181) demonstrated the 
predominance of certain clones in both fecal sludge and sewage, as well 
as the worldwide high-risk clones ST1193 and ST131. AMR de
terminants such as blaCTX-M-15 resistance gene and gyrA and parC mu
tations played key roles in AMR gene transmission. 

A study in South Africa evaluated the human exposure to Campylo
bacter and associated AMR genes through ingestion in two South African 
rivers [103]. South Africa relies on its freshwater systems, including 
rivers, for recreation, irrigation, and domestic purposes. The study found 
that rivers may be a source of Campylobacter and AMR genes, which can 
be transmitted to humans via oral route during recreation activities, and 
potentially to other interfaces such as animals and plants. 

Another study in South Africa characterized Citrobacter spp. 
(C. braakii, C. murliniae, and C. portucalensis) from surface water [104]. 
Data indicated that these species were multidrug resistant bacteria with 
intrinsic ESBL genes. Furthermore, all four genomes of ESBL-producing 
Citrobacter species had the blaCMY resistance gene, posing a transmission 
risk to the environment and possibly to other interfaces. 

In Burkina Faso, sewage water used for urban agriculture was also 
identified as one of the main sources of resistant pathogens spread 
among animals and humans [105]. 

Different studies on the presence of pathogens in water and street 
food sold were carried out in Maputo, Mozambique. One study 
concluded that water had high fecal contamination, including high MDR 
(40%) Enterobacteriaceae, representing a threat to health [106]. 
Another study also found a high prevalence of Klebsiella spp. and Aero
monas spp. resistant to ß-lactam antibiotics in water [107]. When 
comparing the pathogenic potential of E. coli in water and ready-to-eat 
street food, a study also conducted in Maputo revealed that 31% of 
the isolates were MDR, with E. coli isolates from water presenting higher 
resistant rates in comparison with food isolates. The authors also found 
that 73% of the MDR isolates contained virulence genes [108]. These 
studies highlight the extreme importance of strengthening waterborne 
disease control measures towards food and water sold in the streets of 
Mozambique. 

The presence of AMR bacteria in crops is a known reality in Africa. 
E. coli was found in all 25 composite lettuce samples analyzed in a study 
from 2022 performed in five major produce farms in Ghana [109]. 
Authors found that 82% of all bacterial isolates were MDR, and 48% 
were ESBL-producing, of which 8% carried the blaTEM resistance gene. 

Therefore, there is an urgent need to support farmers in implementing 
safety measures towards AMR control, as irrigation sources are 
frequently contaminated with human and animal waste. 

In Nigeria, samples from agricultural farms that use untreated water 
for irrigation, including soil, manure, and irrigation water samples, and 
vegetables from open markets were analyzed regarding the presence of 
resistant bacteria [110]. ESBL E. coli strains from agricultural farms were 
isolated from soil (68%), manure (84%), irrigation water (28%), and 
vegetables (24%), and in 37% of the vegetables from open markets. 
Moreover, 86% of the isolates were MDR. Also, in South Africa, fresh 
vegetables bought from street vendors, trolley vendors, farmers’ market 
stalls, and supermarket chain stores had a high prevalence of ESBL/ 
AmpC-producing Enterobacteriaceae (E. coli, Enterobacter cloacae, 
Enterobacter asburiae, and K. pneumoniae, among the dominant species), 
and 96% of the 77 isolates selected for characterization were MDR 
[111]. 

4. One health 

To date, data on AMR from a One Health perspective in Africa is 
limited [112]. Some relevant papers on One Health in Africa will be now 
discussed; most are systematic reviews focusing on studies in Africa, and 
two of them were carried out in two African countries, Cameroon, and 
Zambia. 

In a recent systematic review on AMR from a One Health perspective 
performed in Cameroon, a total of 66 of 97 publications found on 
PubMed, Google Scholar, and African Journals Online databases were in 
compliance with the PRISMA guidelines and met the qualifying re
quirements [113]. These studies identified AMR bacteria in samples 
from humans (68%), animals (14%), and the environment (8%). Over
all, bacteria from 19 different species were resistant to all antibiotic 
classes. MDR rates in bacteria from human origin were significant, 
including in E. coli (47%), K. pneumoniae (51%), and Staphylococcus spp. 
(45%). Salmonella spp. was reported in 6 of the animal studies with an 
MDR rate of 46%, whereas Staphylococcus spp. was reported in 8 of the 
environment studies with an MDR rate of 67%. This review demon
strates high resistance to antibiotics routinely administered to humans, 
animals, and the environment in Cameroon. 

In a study from Zambia, 716 publications available in PubMed, 
Cochrane Libraries, the Medical Journal of Zambia, and African Journals 
from conception to 2021, were assessed and analyzed using the PRISMA 
criteria [114]. Only 25 papers met the eligibility requirements for a 
systematic review, indicating that AMR is understudied in this country, 
with AMR data being unavailable for six of Zambia’s ten provinces. 
Authors referred that those 21 isolates from humans, animals, and the 
environment, evaluated against 13 antibiotic classes, were MDR. Across 
humans, animals, and the environment, the most prevalent organisms 
tested were S. aureus, with a wide range of resistance patterns. E. coli 
exhibited high resistance to cephalosporins (24–100%) and fluo
roquinolones (20–100%). Authors concluded that increased standardi
zation of antimicrobial susceptibility testing in Zambia would allow 
tracking of AMR over time. 

The purpose of a review by Escher et al. was to uncover molecular 
studies on AMR in One Health settings in Africa, and to assess the 
prevalence of AMR genes in humans, animals, and the environment 
[112]. Due to the small number of studies that included environmental 
samples, this meta-analysis solely contained data from humans and 
animals. The inclusion criteria were met by 18 studies from a total of 
10,464 papers on AMR in Africa available in the PubMed, Web of Sci
ence, and Scopus databases, published from 2000 to 2020, performed in 
ten different countries: Algeria, Botswana, Egypt, Ethiopia, Ghana, 
Nigeria, South Africa, Tunisia, Uganda, and Zambia. The papers focused 
on E. coli, Salmonella spp., Campylobacter spp. and Staphylococcus spp. 
The findings of this review revealed no significant prevalence of AMR 
genes in animal samples, including samples from cattle, pigs, and 
poultry, in comparison with human samples. As a result, the authors 
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concluded that cattle production in Africa is not a significant driver for 
AMR emergence. However, the small sample sizes may have contributed 
to some contradictory outputs, and it was not possible to assess the AMR 
spreading routes. 

A review on the genomics and resistance epidemiology of gram- 
negative bacteria in Africa used data from research papers published 
between 2015 and 2019. The authors analyzed results from 30 species 
from samples obtained in 31 countries and 24 genera from samples from 
41 countries [115]. E. coli, K. pneumoniae, S. enterica, Acinetobacter 
baumannii, P. aeruginosa, Enterobacter spp., Neisseria meningitis/gonor
rhoeae, Vibrio cholerae, C. jejuni, and other potential pathogens were 
identified as prevalent AMR gene carriers in Africa. Most pathogens 
were of human origin, with comparatively few zoonotic transmissions. 
Importantly, the same clones were shown to spread between countries 
and between animals, humans, plants, and the environment, including 
E. coli ST103, K. pneumoniae ST101, S. enterica ST1/2, and V. cholerae 
ST69/515. The authors suggested Enterobacter spp. or K. pneumoniae as 
sentinel species for AMR surveillance. In conclusion, single and multiple 
clones of gram-negative clinical pathogens with MDR profiles are 
spreading in Africa, disseminating different resistomes from animals, 
foods, plants, and the environment to humans. 

Another study did a comprehensive review and meta-analysis to 
determine the global prevalence of ESBL in co-existing E. coli and 
K. pneumoniae isolates from humans, animals, and the environment 
[116]. A total of 126 studies from Asia (n = 80), Africa (n = 37), Europe 
(n = 11), and North America (n = 8), published from 1990 to 2022, were 
analyzed. ESBL-producing E. coli (33%, 34%, 57%, and 27%) and 
K. pneumoniae (33%, 19%, 24%, and 7%) were common in humans, 
animals, the environment, and animals/environment, respectively. The 
three types of resistance genes that encode ESBL have been found in 
isolates from humans, animals, and the environment. Based on their 
findings, the authors concluded that ESBL-producing bacteria should be 
included in national surveillance systems. 

The fight against the AMR hurdle in Sub-Saharan Africa has used a 
variety of currently available approaches. According to Gahamanyi et al. 
[117], these important weapons against AMR include vaccine produc
tion, promotion of AMR education and awareness among health pro
fessionals and the community, and strengthening infection prevention 
and control by improving water, sanitation, and hygiene facilities. Using 
alternative treatment options, adopting the “One Health Approach”, 
initiating AMR surveillance, developing and implementing national 
action plans on AMR, applying antimicrobial stewardship programs, and 
promoting good governance and regulations are also possible measures 
against AMR. Advanced techniques, like metagenomics, whole-genome 
sequencing to track resistance tendencies, and artificial intelligence for 
AMR prediction, should be gradually implemented to rapidly detect 
outbreak etiologies. The authors emphasized the need for financial 
support for improving diagnostic capabilities in healthcare settings. 

From the studies discussed above, it is uncontroversial that African 
countries would benefit from thorough One Health molecular surveil
lance to map AMR and AMR transmission routes [115]. 

5. Conclusions 

The potential for antibiotic resistance to cause high mortality and 
morbidity rates in LMI countries may be even greater than in developed 
countries, because of the higher burden of bacterial infections, poor 
diagnostic capability, and less access to quality antibiotics. 

In Angola, the information available on antimicrobial resistance is 
scarce, mainly focusing on bacteria associated with human infections, 
indicating the existence of data gaps, especially in the veterinary and 
environmental settings. Public in general, veterinaries, and pharmacists 
need more knowledge about the correct and conscious use of antibiotics. 
Counterfeit antibiotics and over-the-counter antibiotic sales must be 
stopped through strict government regulations that reflect awareness of 
antibiotic misuse. International and cooperative surveillance programs 

should be implemented, properly followed, and reported. It is necessary 
to proceed with the national health development plan until 2025, not 
forgetting to include AMR monitoring, and to comply with the “One 
Health Approach”, and continuously monitor humans, animals, and the 
environment, for the presence of resistant strains. Both surveillance 
systems and national health plans will allow to obtain more information 
about this public health problem, and thus be able to define strategies 
for the control of antimicrobial resistance in Angola with the govern
ment commitment. 
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Bukosia, C. Carvalheiro, C. Castañeda-Orjuela, V. Chansamouth, S. Chaurasia, S. 
Chiurchiù, F. Chowdhury, R. Clotaire Donatien, A.J. Cook, B. Cooper, T.R. 
Cressey, E. Criollo-Mora, M. Cunningham, S. Darboe, N.P.J. Day, M. De Luca, K. 
Dokova, A. Dramowski, S.J. Dunachie, T. Duong Bich, T. Eckmanns, D. Eibach, A. 
Emami, N. Feasey, N. Fisher-Pearson, K. Forrest, C. Garcia, D. Garrett, P. 
Gastmeier, A.Z. Giref, R.C. Greer, V. Gupta, S. Haller, A. Haselbeck, S.I. Hay, M. 
Holm, S. Hopkins, Y. Hsia, K.C. Iregbu, J. Jacobs, D. Jarovsky, F. Javanmardi, A. 
W.J. Jenney, M. Khorana, S. Khusuwan, N. Kissoon, E. Kobeissi, T. Kostyanev, F. 
Krapp, R. Krumkamp, A. Kumar, H.H. Kyu, C. Lim, K. Lim, D. Limmathurotsakul, 
M.J. Loftus, M. Lunn, J. Ma, A. Manoharan, F. Marks, J. May, M. Mayxay, N. 
Mturi, T. Munera-Huertas, P. Musicha, L.A. Musila, M.M. Mussi-Pinhata, R.N. 
Naidu, T. Nakamura, R. Nanavati, S. Nangia, P. Newton, C. Ngoun, A. Novotney, 
D. Nwakanma, C.W. Obiero, T.J. Ochoa, A. Olivas-Martinez, P. Olliaro, E. Ooko, 
E. Ortiz-Brizuela, P. Ounchanum, G.D. Pak, J.L. Paredes, A.Y. Peleg, C. Perrone, 
T. Phe, K. Phommasone, N. Plakkal, A. Ponce-de-Leon, M. Raad, T. Ramdin, S. 
Rattanavong, A. Riddell, T. Roberts, J.V. Robotham, A. Roca, V.D. Rosenthal, K.E. 
Rudd, N. Russell, H.S. Sader, W. Saengchan, J. Schnall, J.A.G. Scott, S. Seekaew, 
M. Sharland, M. Shivamallappa, J. Sifuentes-Osornio, A.J. Simpson, N. 
Steenkeste, A.J. Stewardson, T. Stoeva, N. Tasak, A. Thaiprakong, G. Thwaites, C. 
Tigoi, C. Turner, P. Turner, H.R. Van Doorn, S. Velaphi, A. Vongpradith, M. 
Vongsouvath, H. Vu, T. Walsh, J.L. Walson, S. Waner, T. Wangrangsimakul, P. 
Wannapinij, T. Wozniak, T.E.M.W. Young Sharma, K.C. Yu, P. Zheng, B. 
Sartorius, A.D. Lopez, A. Stergachis, C. Moore, C. Dolecek, M. Naghavi, Global 
burden of bacterial antimicrobial resistance in 2019: A systematic analysis, 
Lancet 399 (2022) 629–655. doi:https://doi.org/10.1016/S0140-6736(21) 
02724-0. 

[10] S.J. Leopold, F. Van Leth, H. Tarekegn, C. Schultsz, Antimicrobial drug resistance 
among clinically relevant bacterial isolates in sub-Saharan Africa: a systematic 
review, J. Antimicrob. Chemother. 69 (2014) 2337–2353, https://doi.org/ 
10.1093/jac/dku176. 

[11] A. Zecconi, Current research on infectious diseases of domestic animals from a 
one health perspective, Pathogens 12 (2023) 724, https://doi.org/10.3390/ 
pathogens12050724. 

[12] N. Zhou, Z. Cheng, X. Zhang, C. Lv, C. Guo, H. Liu, K. Dong, Y. Zhang, C. Liu, Y.- 
F. Chang, S. Chen, X. Guo, X.-N. Zhou, M. Li, Y. Zhu, Global antimicrobial 
resistance: a system-wide comprehensive investigation using the global one 
health index, Infect. Dis. Poverty 11 (2022) 92, https://doi.org/10.1186/s40249- 
022-01016-5. 

[13] J. Bengtsson-Palme, E. Kristiansson, D.G.J. Larsson, Environmental factors 
influencing the development and spread of antibiotic resistance, FEMS Microbiol. 
Rev. 42 (2018), https://doi.org/10.1093/femsre/fux053. 

[14] J. Rushton, Anti-microbial use in animals: how to assess the trade-offs, Zoonoses 
Public Health 62 (2015) 10–21, https://doi.org/10.1111/zph.12193. 

[15] J. Osei Sekyere, E. Mensah, Molecular epidemiology and mechanisms of 
antibiotic resistance in Enterococcus spp., Staphylococcus spp., and Streptococcus 
spp. in Africa: a systematic review from a one health perspective, Ann. N. Y. Acad. 
Sci. 1465 (2020) 29–58, https://doi.org/10.1111/nyas.14254. 

[16] C.B.J. O’Neill, Tackling Drug-Resistant Infections Globally: Final Report and 
Recommendations. http://www.advancedinvestor.com/resources/Research 
-Materials/Disease/UK_AMR_Report_Final.pdf, 2016. 

[17] W.O. for A.H. OIE, Annual report on the use of antimicrobial agents in animals. 
Better understanding of the global situation. https://www.woah.org/fileadmin/ 
Home/fr/Our_scientific_expertise/docs/pdf/AMR/Survey_on_monitoring_antimi 
crobial_agents_Dec2016.pdf, 2016. 

[18] A.C. Boamah Ve, Antibiotic practices and factors influencing the use of antibiotics 
in selected poultry farms in Ghana, J. Antimicrob. Agents 2 (2016), https://doi. 
org/10.4172/2472-1212.1000120. 

[19] T.T.H. Van, Z. Yidana, P.M. Smooker, P.J. Coloe, Antibiotic use in food animals 
worldwide, with a focus on Africa: pluses and minuses, J. Glob. Antimicrob. 
Resist. 20 (2020) 170–177, https://doi.org/10.1016/j.jgar.2019.07.031. 

[20] T.P. Van Boeckel, J. Pires, R. Silvester, C. Zhao, J. Song, N.G. Criscuolo, 
M. Gilbert, S. Bonhoeffer, R. Laxminarayan, Global trends in antimicrobial 
resistance in animals in low- and middle-income countries, Science 365 (2019) 
eaaw1944, https://doi.org/10.1126/science.aaw1944. 

[21] O. Perovic, H. Koornhof, V. Black, I. Moodley, A. Duse, J. Galpin, Staphylococcus 
aureus Bacteraemia at Two Academic Hospitals in Johannesburg 96, 2006. 

[22] I. Phillips, Does the use of antibiotics in food animals pose a risk to human health? 
A critical review of published data, J. Antimicrob. Chemother. 53 (2003) 28–52, 
https://doi.org/10.1093/jac/dkg483. 

[23] A. Christou, A. Agüera, J.M. Bayona, E. Cytryn, V. Fotopoulos, D. Lambropoulou, 
C.M. Manaia, C. Michael, M. Revitt, P. Schröder, D. Fatta-Kassinos, The potential 
implications of reclaimed wastewater reuse for irrigation on the agricultural 
environment: the knowns and unknowns of the fate of antibiotics and antibiotic 
resistant bacteria and resistance genes – a review, Water Res. 123 (2017) 
448–467, https://doi.org/10.1016/j.watres.2017.07.004. 

[24] T.O. Rahube, R. Marti, A. Scott, Y.-C. Tien, R. Murray, L. Sabourin, Y. Zhang, 
P. Duenk, D.R. Lapen, E. Topp, Impact of fertilizing with raw or anaerobically 
digested sewage sludge on the abundance of antibiotic-resistant coliforms, 
antibiotic resistance genes, and pathogenic Bacteria in soil and on vegetables at 

harvest, Appl. Environ. Microbiol. 80 (2014) 6898–6907, https://doi.org/ 
10.1128/AEM.02389-14. 

[25] D.W. Graham, G. Bergeron, M.W. Bourassa, J. Dickson, F. Gomes, A. Howe, L. 
H. Kahn, P.S. Morley, H.M. Scott, S. Simjee, R.S. Singer, T.C. Smith, C. Storrs, T. 
E. Wittum, Complexities in understanding antimicrobial resistance across 
domesticated animal, human, and environmental systems, Ann. N. Y. Acad. Sci. 
1441 (2019) 17–30, https://doi.org/10.1111/nyas.14036. 

[26] J. Jerab, W. Jansen, J. Blackwell, J. Van Hout, A. Palzer, S. Lister, I. Chantziaras, 
J. Dewulf, N. De Briyne, Real-World Data on Antibiotic Group Treatment in 
European Livestock: Drivers, Conditions, and Alternatives, Antibiotics 11, 2022, 
p. 1046, https://doi.org/10.3390/antibiotics11081046. 

[27] World Health Organization, WHO Guidelines on Use of Medically Important 
Antimicrobials in Food-Producing Animals: Web Annex A: Evidence Base (No. 
WHO/NMH/FOS/FZD/17.2), 2017. 

[28] L.L. Founou, R.C. Founou, S.Y. Essack, Antibiotic resistance in the food chain: a 
developing country-perspective, Front. Microbiol. 7 (2016), https://doi.org/ 
10.3389/fmicb.2016.01881. 

[29] A. Teixeira Rodrigues, M. Ferreira, F. Roque, A. Falcão, E. Ramalheira, 
A. Figueiras, M.T. Herdeiro, Physicians’ attitudes and knowledge concerning 
antibiotic prescription and resistance: questionnaire development and reliability, 
BMC Infect. Dis. 16 (2015) 7, https://doi.org/10.1186/s12879-015-1332-y. 

[30] Z. Kwena, A. Sharma, N. Wamae, C. Muga, E. Bukusi, Provider characteristics 
among staff providing care to sexually transmitted infection self-medicating 
patients in retail pharmacies in Kibera slum, Nairobi, Kenya, Sex. Transm. Dis. 35 
(2008) 480–483, https://doi.org/10.1097/OLQ.0b013e3181644b84. 

[31] A. Delepierre, A. Gayot, A. Carpentier, Update on counterfeit antibiotics 
worldwide; public health risks, Méd. Mal. Infect. 42 (2012) 247–255, https://doi. 
org/10.1016/j.medmal.2012.04.007. 

[32] T. Kelesidis, M.E. Falagas, Substandard/counterfeit antimicrobial drugs, Clin. 
Microbiol. Rev. 28 (2015) 443–464, https://doi.org/10.1128/CMR.00072-14. 

[33] A. Auta, M.A. Hadi, E. Oga, E.O. Adewuyi, S.N. Abdu-Aguye, D. Adeloye, 
B. Strickland-Hodge, D.J. Morgan, Global access to antibiotics without 
prescription in community pharmacies: a systematic review and meta-analysis, 
J. Inf. Secur. 78 (2019) 8–18, https://doi.org/10.1016/j.jinf.2018.07.001. 

[34] Y. Santa-Ana-Tellez, A.K. Mantel-Teeuwisse, A. Dreser, H.G.M. Leufkens, V. 
J. Wirtz, Impact of over-the-counter restrictions on antibiotic consumption in 
Brazil and Mexico, PLoS One 8 (2013) e75550, https://doi.org/10.1371/journal. 
pone.0075550. 

[35] Z.I. Kimera, S.E. Mshana, M.M. Rweyemamu, L.E.G. Mboera, M.I.N. Matee, 
Antimicrobial use and resistance in food-producing animals and the environment: 
an African perspective, Antimicrob. Resist. Infect. Control 9 (2020) 37, https:// 
doi.org/10.1186/s13756-020-0697-x. 

[36] L. Hoellein, E. Kaale, Y.H. Mwalwisi, M.H. Schulze, C. Vetye-Maler, U. Holzgrabe, 
Emerging antimicrobial drug resistance in Africa and Latin America: search for 
reasons, Risk Manag. Healthc. Policy 15 (2022) 827–843, https://doi.org/ 
10.2147/RMHP.S205077. 

[37] M.C. Gaudiano, A. Di Maggio, E. Cocchieri, E. Antoniella, P. Bertocchi, 
S. Alimonti, L. Valvo, Medicines informal market in Congo, Burundi and Angola: 
counterfeit and sub-standard antimalarials, Malar. J. 6 (2007) 22, https://doi. 
org/10.1186/1475-2875-6-22. 
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