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[bookmark: _Toc44593057]ABSTRACT
Antimicrobial agents used in poultry production are a great contributor to the emergence of resistant microorganisms.
This cross- sectional study focused on characterization of the phenotypes of antimicrobial resistant E. coli and Salmonella in market ready- village chickens in Lusaka province of Zambia. Random sampling was used to sample 179 market ready village chickens from 55 households and 5 commercial establishments. At each point, cloacal swabs were collected from randomly selected chickens.  E. coli positive isolates found were 66 and non for Salmonella. E. coli isolates gave 37% of the sampled chickens and were all tested for resistance to 10 classes of antibiotics. Each of the isolates was found to be resistant to at least one antibiotic and the results were as follows: Ampicillin 66.7%, Ceftazidime 12.1%, Cefotaxime 37.9%, Gentamicin 50%, Nalidixic acid 37.9%, Ciprofloxacin 60.6%, Trimethoprim/Sulfamethoxazole 62.1%, Colistin 42.4 %, Chloramphenicol 27.3% and Tetracycline 81.8 %.
Data revealed that village chickens in Lusaka province are reservoirs of resistant E. coli and it can, therefore be concluded that the use of antimicrobial agents should be reduced in poultry production in order to reduce antibiotic resistance. This calls for an effective surveillance system to ensure that there is continuous monitoring of AMR in Zambia.
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[bookmark: _Toc44593064]INTRODUCTION
[bookmark: _Toc44593065]1.1. Background
Poultry production and processing are one of the most widely spread industrial activities; and chickens are the most farmed species, with over 90 billion tons of chicken meat produced annually (OECDFAO, 2016). This has led to high consumption of chicken meat which entails that diligence should be employed to ensure the safety of the industry against menacing factors.
The poultry production industry is one of the most important sectors in that it supplies an affordable dietary product for the consumers and profit for the producer (Rodic and Peric, 2011). Additionally, it generates up and down stream investment opportunities and it contributes to the development of the local economy.
In Zambia, the poultry industry is becoming a significant contributor to the quality of life and economic development. According to the “Investment Guide for Poultry in Zambia”, the poultry industry is an established sector with majority 
of  farmers commercializing in broilers and layers (AgriProFocus, 2015a). However, due to its eminence in economic expansion and belief instigated by consumers that village poultry is ‘healthier and tastier,’ village chicken production like everything else in the market economy has significantly evolved over the last few years (Lindell, 2015). To respond to the increased demand for village poultry, the village chickens are now being subjected to commercial feed and antimicrobial agents to meet the market demand (Davis, 2017).
Increased consumer demand has led to exploitation of the village poultry production resulting in some cases adoption of intensive production systems. This adoption of intensive production systems has in many cases led to increased prevalence of diseases related to pathogenic microorganisms that affect poultry (Manyi-Loh et al., 2018). Increased disease prevalence is a risk factor for occurrence of antimicrobial resistance (AMR)(Davis, 2017).
“Antimicrobial resistance (AMR) is an organism’s ability to evade inhibition by an antimicrobial agent” (Paulson and Zaoutis, 2015). Antimicrobial agents’ usage has been seen to be on the increase in poultry production as they are mostly added to feed or drinking water for purposes beside therapeutic drives.(Gyles, 2008). Use of antimicrobials has been suggested to be a contributor in the transformation of production-scale in the poultry industry where small-scale farmers are upgrading to large-scale producers operating at high efficiency (Saxena et al., 2014).
Poultry meat, chicken meat to be specific has been reported to be associated with a wide range of microorganisms both pathogenic and non-pathogenic in nature. Therefore, ensuring the microbial safety of poultry meat products is an important aspect of food safety (Tuchili, 1999).
Salmonella is still one of the most important zoonotic pathogenic bacteria and is the causative agent of salmonellosis. It is estimated that Salmonella causes more than 1.2 million illnesses each year in the United States, with more than 23,000 hospitalizations and 450 deaths (CDC, 2019).
Salmonella infections most often cause gastroenteritis which can range from mild to severe; invasive infections can be severe and potentially life threatening (Surveillance et al., 2011). Most persons infected with Salmonella develop diarrhea, fever, and abdominal cramps 12 to 72 hours after infection (CDC, 2013). The symptoms generally last 4 to 7 days, with acute symptoms usually lasting 1 to 2 days or longer, depending on host factors, the dose ingested, and strain characteristics (CDC, 2019). Most persons recover without treatment although in others the diarrhea may be so severe that the patient needs to be hospitalized.
In Zambia, records of studies on salmonellosis related to poultry dates back to  as early as1931when one of the first avian salmonellosis was recorded in village poultry (Gasper & Hrabeta, 1977). Studies on salmonellosis have continued over the years. Hang’ombe et al (1999) reported  positive Salmonella isolates in pooled tabled eggs and market- ready chicken carcasses. The emergence of multiple antibiotic resistant Salmonella strains in Zambia was proven during the 2010- 2012 outbreak investigation with 83% of the isolates being multi- resistant. Recent studies have also shown that high consumption of poultry meat have an elevated risk of mass outbreaks of salmonellosis due to the increasing AMR of Salmonella spp. in poultry (Shamaila et al, 2018)
Reports show that there are about 20 species of Salmonella from poultry in Zambia and these include, S. bonn, S. dublin. S. enteritidis, S. gallinerum, S. pullorum, S. heldelberg, S. infantis, S. kaufmanii,S. kisarawi, S. oranienburg, S. rubislaw, S. typhimurium, S. weltverden, S. Worthington, S. agona, S. schwarzengrund, S. Alamo, S. mbadaka, S. Haifa and S. Virginia (Ulaya et al., 2012).
Escherichia coli (E. coli) usually exist as commensal bacteria of humans and animals. Pathogenic variants cause intestinal and extra-intestinal infections, including gastroenteritis, urinary tract infection, meningitis, peritonitis, and septicemia (Animals et al., 2012). E. coli strains from animal and water sources that contaminate food can harbor resistance genes that may be transferred to human-adapted bacteria or pathogens during passage through the intestine (Hammerum and Heuer, 2009). If resistant E. coli appears in a human being and causes disease or transfers its resistance genes to pathogenic bacteria, treatment failure linked to prolonged duration of illness and increased severity will occur.
[bookmark: _Toc44593066]1.2. Problem Statement
Increased emergence in antimicrobial resistance to antibiotics is a growing problem worldwide (Anjum et al., 2017). AMR is one of the most serious threats to public health globally and threatens the ability to treat infectious diseases and therefore associated with increased morbidity, mortality, and health care costs (Paulson and Zaoutis, 2015).
Overuse of antibiotics and the failure to put control measures to prevent the spread of resistant bacteria has resulted in an alarming increase in the number of infections caused by resistant bacteria. Development of resistance to “first- line” antibiotics results in the increase in the use of therapies with new, broader spectrum and more expensive antibiotics. This however leads to the development of resistance to the new classes of drugs and resistance to more than one drug (Multi-drug resistance)(McDermott et al., 2008).
AMR bacteria are known to be one of the major causes of death worldwide. WHO April, 2019 report states that currently, the number of people dying from antimicrobial resistant diseases are about 700,000 per year (WHO, 2019) and its estimated that by 2050, the number is likely to increase to 10 million, with the majority being from Africa and Asia if no solid global response to the problem of AMR is put up (Kraker et al., 2016; WHO,2019).
AMR bacteria is of great concern because it has several ways of getting to the general population, from the farm through the food chain or animal handlers and through application of manure on crop lands (Coli, 2018). Furthermore, it has been shown that these “farm raised superbugs” can exchange genetic materials and give their resistance to other bacteria, even of other genera and species that have never been exposed to antibiotics (Coli, 2018).
In Zambia, like many other countries there is emerging evidence of antimicrobial resistance in several pathogens (“Zambia national health strategic plan 2017 – 2021,” 2017). Between 2010-2012, Zambia experienced a Salmonella outbreak, which affected 2, 040 persons with 10 deaths. Most of the isolates from the affected cases showed multi- drug resistance (Reneet al., 2015).
In developed countries, antibiotics are sold as prescription-only medicines (POM), while, in most developing countries, Zambia inclusive, veterinary antimicrobials are readily sold in shops and markets without prescriptions with no formal centralized documentation of use (Mainda et al., 2015).This has resulted in indiscreet use of the drugs thus contributing to AMR. 
Village chickens are usually sold directly to consumers with no monitoring system for pathogenic microorganisms and unwanted chemicals such as antimicrobials as seen in the broilers where the withdrawal period ( broiler chickens are given finisher feed without any chemicals or antibiotics) of about 14 days is applied to ensure that the consumers are safe. This can cause serious health implications to the consumers of village chickens.
[bookmark: _Toc44593067]1.3. Study Justification
There has been exponential growth in the demand of village chickens due to the belief that broiler chickens are subjected to many antimicrobials during production, village chickens have also fallen prey to antimicrobial use, specifically the growth promoters in order to speed the growth and productivity so as to meet market demand (Davis, 2017). This approach has led to some farmers treating their village chickens and feeding regimes like that of broilers, hence endangering consumers.
AMR is known to lead to a great spread of infectious diseases, difficult in treating common infections, uncertainty in success of high- end procedures, prolonged hospital stays and more expensive treatment. This can result in a huge burden on health and economics not only of individuals but nations as well. It can also affect food safety, nutrition security, livelihood, and sustainable development goals. It is estimated that by 2050, AMR can lead to 10 million deaths per year and lost outputs worth $100 trillion globally ( Khurana et al, 2017).
Much work has been done in broilers on AMR, but scanty work has been done in village chickens in Zambia, hence the urgency and importance of the study.
[bookmark: _Toc44593068]1.4. Significance of the Study
This study is important as it will help generate information on the specific strains of E. coli and Salmonella strains that are associated with AMR in village chickens.  Further the study will also generate data that will save as baseline data for future studies and allow policy makers together with relevant authorities create and refine approaches to controlling antimicrobial resistance emergence and spread of food borne pathogens.
[bookmark: _Toc44593069]1.5. Research Question/ s
1. What are the phenotypic resistance characteristics of E. coli and Salmonella species that are found in Village Chickens in Zambia?
2. Are these E. coli and Salmonella isolates resistant to commonly used antibiotics in human and animal disease management?
[bookmark: _Toc44593070]1.6 Objectives
[bookmark: _Toc44593071]1.6.1 General objective
To characterize the phenotypes of antimicrobial resistant E. coli and Salmonella isolated from market-ready village chickens in Lusaka Province of Zambia.
[bookmark: _Toc44593072]1.6.2 Specific objectives
1. To isolate E. coli and Salmonella species from market-ready village chickens.
2.  To determine antimicrobial resistant profiles of E. coli and Salmonella from market-ready village chickens. 
[bookmark: _Toc44593073]1.7 Organization of the mini dissertation
This mini dissertation is organized in six chapters. The first chapter provides the background to the study and highlights the problem statement, study justification, research questions, objectives and the significance of the study. Chapter two looks at literature review, the third chapter materials and methods, chapter four results, chapter five the discussion and chapter 6 the conclusion and recommendations.
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[bookmark: _Toc44593075]LITERATURE REVIEW
[bookmark: _Toc44593076]2.1. Local poultry production in Zambia
 Zambia has about 1.2 million poultry farmers, with 1.1 million small and medium and 0.1million commercial farmers. Small and medium poultry farmers produce the bulk of the poultry meat and eggs in Zambia (AgriProFocus, 2015b). Poultry is kept in simple, open houses. Manual feeding is employed, and simple water bowls are used while heating is undertaken through wood or charcoal. Some of these small-scale farmers, they produce maize and soy for stock feed (AgriProFocus, 2015).
Poultry is currently the main meat consumed in Zambia, totaling an estimated 50 per cent of the total meat consumption in the country. For this reason, the poultry industry is one of the most cardinal sectors in the growth of the country’s economy contrary to the common belief that most people have about it (Busaka Jeremiah, 2019).
The industry generates five (5) percent of the national Gross Domestic Product (GDP) and an estimated 47 per cent of the livestock GDP. It supplies a significant income-generating activity from the sale of eggs, broiler meat and culled hens. Poultry provides business opportunities to enterprises supplying poultry feeds, vaccines, and drugs as well as those processing and selling poultry products. The industry has created over and above 80,000 jobs, through direct and indirect employment, 50,000 being in permanent jobs and 30,000 as seasonal employees (AgriProFocus, 2015a)
[bookmark: _Toc44593077]2.2. Nutritional value of chicken
Chicken is widely consumed all over the world because it is one of the richest sources in not only protein, but also many other important nutrients such as fats, vitamins, and minerals. Chicken is extraordinarily rich in Vitamin B6 and B3 which are needed in carbohydrate, fat and protein metabolism, production of red blood cells and improved immune system (Bora, 2017).
Compared to other meats such as beef, chicken meat is a healthier choice because it holds no trans-fat (Nisir et al., 2017) which is a great contributor to coronary heart disease in humans (Gregor, 2014). Chicken fat only has about one-third of less healthy saturated fats and the rest being the desirable monosaturated fats (Gregor, 2014).
[bookmark: _Toc44593078]Chickens under the scavenging management system are a reliable source of meat rich in essential polyunsaturated fatty acids (PUFAs), especially the ω- fatty acids due to their varied diet (Farrell , 2013).
2.3. Salmonella
Salmonella are pathogenic bacteria that cause a disease called salmonellosis (Sivashankari , 2015). Salmonella serovars are one of the most dangerous and common food pathogens that cause food-borne illnesses in humans worldwide  due to their ability to contaminate food at various stages, either before, during or after processing and cause outbreaks (Mathole et al., 2016). From as early as mid-1980’s to date, these outbreaks are still a crucial public health concern in both developed and developing countries (Sivashankari Ramamoorthi, 2015).
There are many types of Salmonella spp, but they can be divided into two broad categories; those that cause typhoid (Typhoidal Salmonella) and those that do not (Non –Typhoidal Salmonella). The typhoidal Salmonella (TS) such as S.typhi and S. paratyphi only colonize humans and are usually acquired by the consumption of water contaminated with human fecal material (Davies, 2008).
Non- typhoidal Salmonella (NTS) is a much broader group as compared to typhoidal Salmonella. These are found in the guts of other mammal and are therefore acquired through the consumption of food and water from a wide variety of animals and poultry.
It has been noted that NTS are among the common bacteria isolated from foodborne infections in humans. Globally there are 94 million cases including 155 deaths each year (Collignon, 2019).
As animals are the most important reservoirs of NTS for humans, they are also important source of AMR Salmonella contamination in meats and poultry through fecal shedding. They may also be responsible for fruit and vegetable contamination through fecal contamination of the environment (Hanning et al., 2009).
Resistance of Salmonella to any medically important antimicrobial is of great concern particularly to those critically important to human health, such as cephalosporins and flouroquinons (Dutil et al., 2010).
There is limited available information of prevalence on Salmonella spp. and its resistance to antibiotics in village chickens in Zambia as well as other parts of the world because very few studies have been conducted in this area.
Salmonellosis is one of the most important food-borne bacterial zoonotic diseases worldwide. It also causes great economic loss in poultry especially in young chickens in terms of heavy morbidity and mortality. Poultry eggs are often involved in the transmission of Salmonella. Among the serovars of Salmonella typhimurium and enteritidis have been of great concern from egg-borne human salmonellosis (Singh et al., 2010).
[bookmark: _Toc44593079]2.4. Escherichia coli
E. coli is a normal commensal bacterium in the intestinal tract of humans and animals and has a wide range of hosts. Pathogenic variants cause intestinal and extra-intestinal infections, including gastroenteritis, urinary tract infection, meningitis, peritonitis, and septicemia (Animals et al., 2012).
It is commonly present in the environment and considered an indicator of fecal contamination in food and water. It can acquire, maintain, and transmit resistance genes from other organisms in the environment (Shecho Mude, Noad Thomas, 2017).
Pathogenic strains of this organism are distinguished from normal flora by their possession of virulence factors such as exotoxins. Pathogenic E. coli can be classified into pathotypes by their virulence factors, together with the type of disease. The six pathotypes capable of producing gastrointestinal disease in humans are enteropathogenic E. coli (EPEC), enterotoxigenic E. coli (ETEC), enteroaggregative E. coli (EAEC), Enteroinvasive E. coli (EIEC), diffusely adherent E. coli and enterohemorrhagic E. coli (EHEC), (Cfsph, 2016).
Antibiotic resistance in E. coli is of concern because it is the most common Gram-negative pathogen in humans. It is the most frequent cause of urinary tract infections, a common cause of community and hospital acquired bacteremia, as well as diarrhea (Rasheed et al., 2014).
Resistant E. coli strains can transfer antibiotic resistant determinants not only to other strains of E. coli, but also to other bacteria within the gastrointestinal tract and to acquire resistance from other organisms (Rasheed et. al., 2014) .
In a recent study conducted on antimicrobial resistance of Escherichia coli and Salmonella isolated from Raw Retail Broiler Chickens in Zambia showed high resistance of  E.coli to most of the tested antibiotics, indicating that the problem of resistance is growing by the day as other studies conducted before this indicated lower resistance (Muonga, 2019).
[bookmark: _Toc44593080]2.5. Use of Antibiotics in Poultry Farming
Most antimicrobial classes are used in both humans and animals, with only a few classes exclusively reserved for humans (e.g., Carbapenemases). There are also few classes limited to veterinary use (e.g., flauorophospholipols, ionophores); mainly because these can be toxic  to humans (Mcewen and Fedorka-cray, 2002).
The use of antimicrobials in humans and animals is quite different. In people, antimicrobials are primarily used for treatment of clinical infections in the individual patients, with some limited prophylactic use in individual patients (e.g., post-surgery) or occasionally in groups (e.g., prevention of meningococcal disease. In companion animals (e.g., dogs, cats, horses), antimicrobial use is similar to those of humans, and mostly administered on an individual basis to treat the infection, and occasionally for prophylaxis such as post-surgery (Collignon, 2019).
Antibiotics are used in poultry farming as therapeutic agents, prophylactic agents, and growth promoters (Gyles, 2008). Most farmers are misusing the growth promoters to increase growth-rate and productivity. The use of growth promoters is characterized by administration of very low-dose of antibiotics on a regular basis, mostly over a lifetime of the food-producing animal and given through feed (Saxena et al., 2014). This is distinguished from therapeutic and prophylactic antibiotic use, which is delivered at higher doses and generally administered through water. Antibiotic growth promoters are known to suppress the gut bacteria leaving more nutrients for chicken to be absorbed for greater weight gain. Research has also shown that ‘benefits’ from the use of growth promoters are more noticeable in sick animals or those ‘housed in cramped, unhygienic conditions’ (Saxena et al., 2014).
The use of antimicrobial as growth promoters is however a highly controversial issue because instead of treating the sick animals, they are administered to healthy animals usually for prolonged periods of time and often at sub-therapeutic doses to improve production. These conditions favor selection and spread of resistant bacteria within animals and humans through or environmental pathways (Collignon, 2019).
[bookmark: _Toc44593081]2.6. Emergence and Causes of Resistance
The emergence of resistance can develop intrinsically as a natural process or can be acquired in several ways. However, it can be accelerated and spread by antimicrobial misuse and overuse.
The resistance is acquired either through vertical gene transfer (VGT) where spontaneous mutations occur within the bacterial cell or transfer of genetic material (such as resistance genes) from other bacteria through horizontal gene transfer (HGT) (Burmeister, 2015). Resistance acquired through VGT can only be transferred to the daughter cells while that acquired through HGT can be passed to bacteria of the same species or other kinds of bacteria. This entails that not only resistance to one type of antimicrobial can be transferred but even for multiple antimicrobials ( Khurana et al., 2017).

[bookmark: _Toc35889522]Figure 1: Illustration of the mechanism of transfer of resistant genes( Khurana et al, 2017)
Because of the changes mentioned above, the bacteria undergo structural and chemical alterations that make the antimicrobials ineffective. These changes may include reduced membrane permeability to the drug, alteration of the drug-binding site at the cell wall, enzymatic activity on degradation of the drug and the drug pathway ( Khurana et al., 2017).
While some bacteria are naturally resistant due to presence of resistant genes, mutations and lack of bacteria components to bind to antibiotics. The development and acceleration of AMR is mostly attributed to the use of antimicrobial agents (Tello et al., 2012). Usage of antimicrobial agents exerts greater selection pressure on bacteria, causing susceptible populations to die and resistant ones to survive and their resistance levels increased (Mcdermott et al., 2008). Traits for such bacteria are then vertically passed on to daughter cells, subsequently, creating a resistant population which can then spread and be further sources of resistant genes for other strains.

[bookmark: _Toc44593082]2.7. Impact of antibiotics	
Treating food animals with antibiotics may lead to the increase in pathogen loads in the food chain by selecting for resistant non-target pathogens with increased fitness, increasing the likelihood that animals will be infected with resistant pathogens and increasing the duration of infection. This prolongs the shedding or alleviate levels of antimicrobial resistant pathogens in feces; increasing the spread of the resistant microbes to both the other animals, animal keepers and consumers (Mcewen and Fedorka-cray, 2002).
Apart from affecting the animals and increasing the spread, the overuse of antibiotics affects the consumers by increase in the infections caused by the microbes themselves or may lead to occurrence of harmful residues in edible poultry products which consequently are detrimental to the health of the consumers (Oluwawemimo et al., 2016). Most of the antibiotics which are employed routinely for prevention and growth promotion purposes in livestock farming are not fully metabolized but released in the environment as a waste product (Manyi-Loh et al., 2018).
This has a negative ecological impact as these waste products still have the potential to influence the bacteria population and promote antibiotic resistance (Cogliani et al., 2011).

[bookmark: _Toc44593083]2.8. Tools for diagnosis of AMR in bacterial pathogens
Antimicrobial susceptibility testing (AST) methods are in vitro procedures used to detect antimicrobial resistance in individual bacterial isolates. Because these laboratory detection methods can determine resistance or susceptibility of an isolate against an array of possible therapeutic candidates, AST results can be a useful guideline in selecting the best antibiotic treatment option for each patient.
Examples of AST methods are: broth (and agar) dilution methods, disk-diffusion test, E-test, automated detection using various commercially available detection kits, mechanism-specific methods such as those which detect specific enzymes that bring about resistance, and by applying genotypic methods which detect antibiotic resistance genes (e.g., PCR and DNA hybridization) (Wanger, 2015). 
Of the above-mentioned methods, the ones commonly used are dilution methods that generate Minimum Inhibitory Concentration (MIC) results and disk diffusion methods that generate zone diameter results (Wanger, 2015). The Clinical and Laboratory Standards Institute (CLSI) reference methods are broth macrodilution, broth microdilution, agar dilution, and disk diffusion (Patel et al, 2011). Dilution methods are automated and the broth microdilution method is now considered the international reference susceptibility testing method (Patel et al., 2011), because all measures are standardized unlike the disk diffusion method where it is very difficult to standardize the test as one has to ensure that all aspects regarding the test such as thickness of agar and moisture content  are taken care of. Even so the disk diffusion method remains the most widely used method because of its simplicity, low cost, ease to interpret results and the ability to test enormous numbers of microorganisms and antimicrobial agents (Balouiri et al., 2016).
However, some studies like the one conducted by Stalin (2019) on disc diffusion have brought to light the fact that the disk diffusion method is unreliable for use as the only screening method for evaluating susceptibility to polymyxins such as Colistin. This is because the polymyxins have poor agar diffusion characteristics which limit the predictive accuracy and therefore the need to have such results confirmed with other tests such as the E-test or broth dilution method (Satlin, 2019).
[bookmark: _Toc44593084]2.9. Antimicrobial Resistant E. coli and Salmonella in village Chickens
A study by Okoli (2003), on AMR profiles of E.coli isolated for free-range chickens in urban and rural environments of Imp State, Nigeria showed that the overall percentage anti-microbial resistance of the E. coli isolates was very high against cotrimoxazole, ampicillin, nalidixic acid, chloramphenicol and nitrofurantoin (ranging from 72–92%). The other antibiotics, especially gentamicin and ciprofloxacin were highly sensitive to the organisms (Okoli., 2006).
In another study on Free-Range chickens in Grenada, West Indies (2015), showed that 35.1% of E. coli isolates, showed resistance to at least one out of the 12 antibiotics tested, whereas 31% showed resistance to two or more antibiotics. The most common resistance observed was against tetracycline (29.7%), followed by ampicillin (6.9%) gentamicin (5.9%), and trimethoprim-sulfamethoxazole (3%) while the least common observed was against amoxillin-clavulanic acid (0.5%), cephalothin (1%), and ciprofloxacin (1%) (Victor et al., 2015)
Resistance in Salmonella was also observed in a study which was done by Bhuvaneswari et al (2015). The aim was to investigate the prevalence of multidrug resistant Salmonella enteritidis from poultry chicken in comparison with the backyard country chicken along with their seasonal variation in Tiruchirappalli, Tamilnadu, India. The prevalence of Salmonella in broilers and backyard chickens was found to be 32.5% and 21.4% respectively. Both isolates were resistant to at least 16 antibiotics that were used (Bhuvaneswari et al, 2015) .
The above studies show the significance of AMR E. coli and Salmonella in village chickens. Thus, it is pertinent to investigate the emerging resistance patterns in order to determine control strategies as these organisms have the potential of causing serious impacts on human health leading to morbidity and/or death.














[bookmark: _Toc44593085]CHAPTER THREE
[bookmark: _Toc44593086]MATERIALS AND METHODS
[bookmark: _Toc44593087]3.1. Study areas
The study was a cross-sectional study involving four districts (Chilanga, Chongwe, Kafue, and Lusaka) in Lusaka Province. Lusaka province was purposively selected because of its large population and increase in demand for village chickens due to the growing belief that it is much healthier compared to broilers.
.	[image: Image result for districts of lusaka province map]
[bookmark: _Toc35889523]Figure 2: Map of Lusaka Province showing the districts	
[bookmark: _Toc44593088]3.2. Study design and population	
A cross- sectional study was established that involved purposive and snowballing type of sampling due to the distribution of the village chicken farmers in the province. The village chicken farmers are not found in one place but are dotted throughout the province which makes it difficult for one to find the house holds or commercial establishments that keep village chickens. Village chicken in Lusaka province is mostly kept by the semi- intensive system; in this system they are kept in an enclosure outdoors where they can scavenge within the area and receive some feed.
[bookmark: _Toc44593089]3.3. Sample size estimation
The sample size calculation for estimation of a single proportion was used and the sample size generated using Epi tools: www.epitools.ausvet.com. An estimated proportion of 11 %, from preliminary research on AMR E. coli in village chickens conducted at the Public Health Laboratory at the University of Zambia School of Veterinary Medicine was used with a desired precision of estimate: (-/+) 0.05 and a confidence level: 0.95. The total population of village chickens in Lusaka province (from Households and Establishments) as of January 2018 was 1,265,258 according to the Central Statistics Office animal census (Fisheries and Livestock, 2017). The sample size calculated based upon this method was: 152. 
However, a precision-based approach may be of limited value if the results indicate other levels than anticipated (Table 1).
Table 1. Sample sizes to obtain a necessary precision at various levels of Apparent prevalences (AP) (www.epitools.ausvet.com) at a 95 % Confidence Interval.
	
	AP = 0.01
	AP = 0.02
	AP = 0.05
	AP = 0.1
	AP = 0.2
	AP = 0.5

	Precision = 0.01
	381
	753
	1825
	3458
	6147
	9604

	Precision = 0.02
	96
	189
	457
	865
	1537
	2401

	Precision = 0.05
	16
	31
	73
	139
	246
	385

	Precision = 0.1
	4
	8
	19
	35
	62
	97

	Precision = 0.2
	1
	2
	5
	9
	16
	25



According to the 2017/2018 fisheries and livestock census in Zambia, Lusaka province recorded 1,262,258 village chickens from both  commercial establishments (registered entities) and households (backyards) (Fisheries and Livestock, 2017). From the total number of village chickens in Lusaka province, 7,731 came from the establishments (Est.) and 1,254,527 from households (HH). The proportion of establishment to households (Est: HH) gave the ratio 1: 162; indicating that for every 1 chicken reared under establishment, there were 162 chickens reared under households.
With the calculated sample size of 152, a sample collection ratio of 1:3 (Est: HH) was adopted to ensure that the sample was well distributed as the distribution of the village chicken farmers is random and there is no proper documentation on their locations. Following the proposed ratio, 38 chickens were to be sampled from the establishments and 114 from the households. Meaning that 9 chickens were to be collected from the establishments and 29 from the household per district. 3 swabs were collected per Est./HH giving 3 Est. and 10 HH to be sampled per district. This was followed in the sampling although more samples were collected in most cases to ensure that it produced more accurate results and provided a shallow margin of error.

[bookmark: _Toc44593090]3.4 Sampling strategy
The study population included the free-range and intensive village chickens from Households (HH) and Established commercial entities in the four (4) selected districts in Lusaka Province.
Houses/establishment that kept village chickens was found with the help of the local veterinary aid and using the snowball methods. There was no official record of person and institutions that kept village chicken thus the adoption of snowballing sampling. From each Est./HH, 3chickens were captured, and cloacae swabs obtained. The reason only a few chickens were sampled from each Est./HH was because animals kept in the same environment are likely to be affected by the same factors. Cloacae swabs were collected from market- ready village chickens for laboratory analysis. Laboratory analysis included isolation, identification, and antimicrobial susceptibility testing (AST) in Salmonella and E. coli isolates.
[bookmark: _Toc44593091]3.4.1. Inclusion Criteria
Households and Establishments with market ready village chickens.
[bookmark: _Toc44593092]3.4.2. Exclusion Criteria
Households and Establishments with diseased village chickens or other type of poultry.
[bookmark: _Toc44593093]3.5. Sample collection (Cloacae swab)
All samples were taken using sterile pre- moistened cotton swabs with transport media. After getting consent from the farmer, the birds were gently swabbed in the cloacae (Figure 3). The swab was put back in the transport media and was labeled according to the area and date of sample collection. After collection, samples (swabs) were kept in an ice box with ice packs for transporting to the laboratory for analysis.
                                 [image: ]
[bookmark: _Toc35889524]Figure 3: Collection of chicken cloacae swabs from a household
[bookmark: _Toc17291122][bookmark: _Toc44593094]3.6. Laboratory analysis
All media were prepared according to the manufacturer’s instructions.
[bookmark: _Toc17291123][bookmark: _Toc44593095]3.6.1. Isolation and identification of Escherichia coli
Isolation and identification of E. coli was performed by standard bacteriological methods. The samples were incubated at 37°C for 24 hours on MacConkey agar (Oxoid, UK) which is selective and a differential medium for E. coli. Pink colonies which are typical of E. coli morphology were picked and sub-cultured on Eosin Methylene Blue (EMB) agar (HiMedia, India) to obtain pure colony (Figure 4). Colonies with metallic green sheen on EMB (characteristic of E. coli) were characterized microscopically using Gram’s staining method. The E. coli isolates were subjected to different biochemical tests, Indole, Sulphur, Citrate, Urea and LIA for further confirmation. 
[image: ][image: ]B
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Figure 4: Pink colonies of E. coli (A) on MacConkey agar plate and Metallic green sheen of E. coli on EMB agar plate (B)
[bookmark: _Toc17291124][bookmark: _Toc44593096]3.6.2. Isolation and identification of Salmonella
[bookmark: _Toc21841593][bookmark: _Toc21843351][bookmark: _Toc21905122]After pre-enrichment 0.1 ml portions was transferred to 10 ml Rappaport Vassiliadis (RV) broth and incubated at 42oC, for 24 hrs. After 24hrs, 0.1 ml of the culture was then spread-plated on Xylose Lysine Deoxycholate (HiMedia, India) and incubated at 37oC for 24 – 48 hrs. Presumptive Salmonella colonies were picked, purified, Gram stained and subjected to the following biochemical tests; triple sugar iron, lysine iron agar, urease, and indole production.	
[bookmark: _Toc17291125][bookmark: _Toc44593097]3.6.3. Antimicrobial Susceptibility Testing (AST)
The antimicrobial susceptibility testing E. coli and Salmonella isolates was conducted using disc diffusion method (Kirby-Bauer method) on Mueller-Hinton agar (HiMedia, India). All E. coli isolates were evaluated for antimicrobial susceptibility. A McFarland 0.5 (the turbidity of the test broth was adjusted with saline until the turbidity of the test suspension equated that of the standard) standardized suspension of the bacteria in tryptone soya broth was prepared. A bacterial suspension incubated for 6–8 hours was swabbed over the entire surface of Mueller-Hinton agar with a sterile cotton swab. The inoculated plates were then allowed to stand for 3–5 minutes to see any excess moisture from the medium before the antimicrobial discs were applied. A ring of discs having single concentrations of each antimicrobial agent was placed onto the inoculated surface using disc dispenser, which was gently pressed with the point of the forceps for ensuring complete contact with the agar surface, and then inverted. After 16–18 hours of incubation at 35°C ± 2°C, aerobically, clear zones produced by antimicrobial inhibition of bacterial growth were measured in mm using a measuring caliper. The resistance patterns were classified according to the diameter of the zone of inhibition as slightly resistant, moderately resistant, and very resistant as shown in table.
For the susceptibility testing, the antimicrobials that were used were selected from the currently available and commonly used chemotherapeutic agents for the treatment of E. coli infections in humans and animals. These were Ciprofloxacin, Tetracycline, Gentamicin, Cefotaxime, Nalidixic acid, Ampicillin Colistin Sulphate, Chloramphenicol and Ceftazidime (Oxoid, UK).
[bookmark: _Toc17291126][bookmark: _Toc44593098]3.6.4. Data processing and analysis
The zones of inhibition obtained for each bacterium was entered in WHONET version 5.6 for analysis. This was then presented as percentages of the total number of isolates of each pathogen as shown in table 4. The resistance pattern was described using descriptive analyses in tables and graphs. After exporting data from WHONET, further analyses were done using tabular analyses in Stata (SE 14 for Windows, Stata Corp. College Station TX).
[bookmark: _Toc44593099]3.6.5. Measures of quality control
Before and after work, laboratory processing benches were disinfected using 70% ethanol. To ensure that the isolates obtained after inoculation come from the samples and not contaminations, the un-inoculated media plates were incubated at 37oC overnight. The media plates with no growth were the ones used as no growth showed that the media plates had no contamination.
To ensure that the isolates obtained were the targeted bacteria, reference positive control E. coli and Salmonella strains were used.
[bookmark: _Toc44593100]3.7.0. Ethics Considerations
Ethical approval was obtained from the University of Zambia Biomedical Research Ethics Committee (UNZABREC) and permission was sought from the city councils in the selected districts of Lusaka province and the Ministry of Fisheries and Livestock. Verbal consent was also sought from the village chicken farmers before sampling was done.


[bookmark: _Toc44593101]CHAPTER FOUR
[bookmark: _Toc44593102]RESULTS
[bookmark: _Toc44593103]4.1. 0 Descriptive statistics
In the study, 179 village chickens were sampled from 55 households and 5 commercial establishments. Distribution of sample collection by district was as shown in Table 1. The average flock size for the household was about 10 birds.
Table 1: Distribution of samples collected from village chicken in Lusaka Province
	District
	HH/EST
	No birds sampled
	

	Chilanga
	14
	42
	

	Chongwe
	20
	60
	

	Kafue
	18
	52
	

	Lusaka
	8
	25
	

	TOTAL
	60
	179
	



[bookmark: _Toc44593104]4.1.1. Isolation of E. coli
Presumptive E. coli isolates on selective medium MacConkey agar and EMB agar (Figure 4) showed pink colonies and metallic sheen green, respectively.
[bookmark: _Toc44593105]4.2.0. Confirmation of E. coli
Confirmation of the E. coli isolates was based on gram staining and the biochemical tests. The isolates exhibited the classical pattern of biochemical reactions, such as indole positive, sulfide negative, citrate negative, urease negative, alkaline slant and alkaline butt on Lysine Iron agar and both motile and non- motile isolates were observed as shown in Table 2.



Table 2: Biochemical test results of E. coli isolates
	S/N (n)
	Isolate ID
	Biochemical test result
	Presumptive
Organism

	
	
	SIM
	Citrate
	Urea
	LIA
	

	
	
	Indole
	Sulphur
	Motility
	
	
	
	

	1 (n=9)
	KAF:001,003,011,015,016,030,035,037,045
	+
	-
	M
	-
	-
	K/K
	E. coli

	2 (n=11)
	KAF: 005, 008, 009, 019, 027,028, 029,033, 036, 040, 044
	+
	-
	NM
	-
	-
	K/K
	E. coli 

	3 (n=4)
	CHO:003,006,016,041
	+
	-
	M
	-
	-
	K/K
	E. coli

	4 (n=10)
	CHO:014,023, 024, 029,042,049,050,058, 059, 060
	+
	-
	NM
	-
	-
	K/K
	E. coli

	5 (n=1)
	CHO: 048
	-
	-
	NM
	-
	-
	K/K
	E. coli

	6 (n=4)
	CHI:017,027,036, 037
	+
	-
	M
	-
	-
	K/K
	E. coli

	7 (n=4)
	CHI:001,003,018,026
	+
	-
	NM
	-
	-
	K/K
	E. coli

	8 (n=6)
	CHI:005,020,025,031,032,035
	+
	+
	M
	-
	-
	K/K
	E. coli

	9 (n=3)
	CHI: 012,019,034
	+
	+
	M
	-
	+
	K/K
	E. coli

	10 (n=6)
	LSK:008,009,014, 016, 019,020
	+
	-
	M
	-
	-
	
	E. coli

	11 (n=3)
	LSK: 001,003,017
	+
	-
	NM
	-
	-
	K/K
	E. coli

	12 (n=3)
	LSK:012,015,018
	+
	+
	M
	-
	-
	K/K
	E. coli

	13 (n=1)
	LSK:008

	+
	+
	M
	-
	+
	K/K
	E. coli

	14 (n=1)
	LSK:005
	+
	+
	NM
	-
	-
	
	


KEY: (+) Positive, (-) Negative, (NM) Non-Motile, (M) Motile, (K/A) Alkaline slant/Acid butt, (K/K) Alkaline slant/Alkaline butt
Of the 179 village chicken cloacae swabs examined for presence of E. coli and Salmonella, 66 isolates were found to be positive for E. coli and non-showed a positive for Salmonella. This gave an overall percentage of 37 % for positive isolates of E. coli in Lusaka Province as shown in the table below (Table 3).

Table 3: Distribution of samples collected and proportion of positive E. coli isolates in village chicken in Lusaka
	District
	 HH/EST
	 No birds sampled
	 No of positive isolates per district   
	Percentage of positive isolates per district (%)

	Chilanga
	14
	42
	17
	40

	Chongwe
	20
	60
	15
	25

	Kafue
	18
	52
	20
	38

	Lusaka
	8
	25
	14
	56

	TOTAL
	60
	179
	66
	



[bookmark: _Toc44593106]4.3.0. Antibiotic resistance patterns
The 66 E. coli isolates entered in WHONET 5.6 gave the results tabulated in table 4 below.
The resistance pattern of E. coli was seen to be highest to Tetracycline (81.8%) followed by Ampicillin (66.7%) then Ciprofloxacin (60.6%). Susceptibility was highest to Ceftazidime (75.8%), followed by Chloramphenicol (62.1%) then Colistin (57.6).
Table 4: Antibiotic resistance profiles of E. coli isolates generated by WHONET version 5.6.
	Code
	Antibiotic name
	Breakpoints
	%R
	%I
	%S
	%R 95%C.I.

	AMP_ND10
	Ampicillin
	14 – 16
	66.7
	7.6
	25.8
	53.9-77.5

	CAZ_ND30
	Ceftazidime
	18 – 20
	12.1
	12.1
	75.8
	5.7-23.0

	CTX_ND30
	Cefotaxime
	23 – 25
	37.9
	18.2
	43.9
	26.5-50.7

	GEN_ND10
	Gentamicin
	13 – 15
	50
	24.2
	25.8
	37.6-62.4

	NAL_ND30
	Nalidixic acid
	14 – 18
	37.9
	24.2
	37.9
	26.5-50.7

	CIP_ND5
	Ciprofloxacin
	22 – 25
	60.6
	16.7
	22.7
	47.8-72.2

	SXT_ND1.2
	Trimethoprim/Sulfamethoxazole
	11 - 15‑
	62.1
	4.5
	33.3
	49.3-73.5

	COL_ND10
	Colistin
	S >= 11
	42.4
	0
	57.6
	30.5-55.2

	CHL_ND30
	Chloramphenicol
	13 – 17
	27.3
	10.6
	62.1
	17.4-39.9

	TCY_ND30
	Tetracycline
	12 - 14‑
	81.8
	0
	18.2
	70.0-89.8


A graphical presentation of the resistance patterns in Lusaka province is outlined in Figure 5 below.

[image: ]

Figure 5: Graphical presentation of antibiotic resistance patterns in Lusaka province
Abbreviations: AMP, ampicillin; CAZ, ceftazidime; CTX, cefotaxime; GEN, gentamicin; NAL, nalidixic; CIP, ciprofloxacin; SXT, trimethoprim/sulfamethoxazole; COL, colistin; CHL, chloramphenicol; TCY, tetracycline.










A graphical presentation of the resistance patterns in Lusaka province per district is outlined in Figure 6 below.
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Figure 6: Graphical presentation of antibiotic resistance patterns per district



[bookmark: _Toc44593107]CHAPTER FIVE
[bookmark: _Toc44593108]DISCUSSION
[bookmark: _Toc44593109]5.1. Prevalence of E. coli and Salmonella in village chickens
This cross- sectional study was aimed at characterizing the phenotypes of antimicrobial resistant E. coli and Salmonella in market-ready village chickens in Lusaka Province of Zambia.
Out of the 179 village chicken cloacae swabs that were examined for E. coli and Salmonella, 66 isolates were found to be positive for E. coli and non-showed a positive for Salmonella. The higher number of E. coli isolates is consistent with the fact that E. coli is a normal gut flora (Guillaume Dalmasso, 2015).
However, the absence of Salmonella isolates from village chickens' cloacae swabs is quite unusual as Salmonella is widely distributed in nature where its primary habitats are intestinal track of animals such as farm animals, reptiles, birds and occasionally insects. The absence of Salmonella might be attributed to the fact that it being an extremely sensitive organism it might have died during the process of isolation or was missed from the sampled chickens as a result of intermittent shedding (Mpundu et al., 2019). With 179 samples tested and 0 positive, the true level at 95% confidence would be below 3% (STATA calculation).
There is limited available information on the prevalence of Salmonella spp. in village chickens in Zambia and the world at large. The few studies that have been conducted in other countries show quite low prevalence. For example, studies conducted in Iran and Paraguay showed an estimation of the prevalence of Salmonella spp. in backyard chickens as 5.8% (Jafari et al., 2007) and 3.5% (Leotta et al., 2010) respectively. Another study conducted in South Austria gave the prevalence rate of 10.4% (Manning et al., 2015).
In this study, 66 E. coli isolated were recovered from 179 chickens sampled giving an isolation frequency of 36.9 %.This study recorded a lower prevalence of E. coli compared to similar previous studies in West Indies (Victor A et al., 2015) and in Nigeria (I.C., 2006) which recorded quite high frequencies. The plausible explanation to high prevalence observed on these studies could be that because animals carry E. coli in their intestines, the organism is shed in feces and therefore can easily spread via the soil, water, and food.

The E. coli isolated in our study was confirmed by gram staining and conventional biochemical reactions. Several isolates showed typical characteristics and expected E. coli reactions to biochemical including Indole, Sulphur, Citrate, Urea, and LIA. 
Most of the E. coli strains isolated showed variety in motility (both motile and non-motile) with a small number showing differences in citrate and Urea reactions. These observations may be backed by the findings from the earlier studies which reported that contradictory reactions of biochemical properties by certain E. coli strains may occur (Roseliza et al., 2016).
Conventional biochemical tests have been used for a long time for identification of organisms, E. coli inclusive. Until now, these methods are used intensively in many laboratories for bio-typing and sub-typing purposes to get clear characteristics and phenotypic profiles of E. coli. However, most of the studies have revealed that E. coli is one of the organisms that shows diversity in its characteristics and this makes it difficult to biotype the strains by using conventional methods alone (Bettelheim, 1994).
Lactose being one of the first substances to be used in determining the biochemical properties of E. coli, it is deemed as one of the reliable methods in distinguishing E. coli from other enterobacteriaceae (Roseliza et al., 2016). In this study, all the E. coli isolates tested were able to ferment lactose which is expected for E. coli. Typical E. coli is known to produce citrate negative reactions, nonetheless strains which are “citrate positive” also occur in small numbers (Roseliza et al., 2016). Therefore, it is not surprising to see contradictory reactions in our study. The variations in the results for biochemical may also be explained by the fact that strains of E. coli may become altered following sub-culturing and storage.
[bookmark: _Toc44593110]5.2. Antimicrobial patterns of E. coli isolates		
In this study it was observed that the antimicrobial profiles of E. coli isolates from village chickens that rarely receive antibiotics recorded remarkably high resistance levels to most of the antibiotics tested. These results correspond to the findings of Okoli, (2006) who analyzed E. coli isolates from free range chickens in urban and rural environments of Imo State Nigeria. Antimicrobial resistance of the isolates against the tested antibiotics was remarkably high (72% to 92%). In 2015, another study on free range chickens in Grenada, West Indies by Victor et al also revealed a higher number of E.coli isolates, 35% (71 of 202) showed resistance to at least one of the 12 antibiotics tested while 31% (22 of 71) showed resistance to two or more antibiotics (Victor et al., 2015).
Antimicrobial resistant E. coli arising from food animals may increase the disease burden in humans. This is because even though E. coli is relatively non- pathogenic, it may act as a reservoir and donor of antimicrobial resistance elements that can colonize humans via the food chain or the environment. The resistance genes could be transferred to ordinary pathogens or other commensal bacteria that sometimes cause the disease in humans such as Salmonella and Klebsiella (Hammerum et al., 2009).
Tetracycline resistance was observed as the most common type of resistance in the E. coli isolates from the village chickens in Lusaka province (81.8%). This is no strange nor surprising finding because tetracycline is widely used in therapy and to promote feed efficiency in animal production and poultry production, since its approval in 1948 (Mcewen and Fedorka-cray, 2002). A similar result was recorded by Mainda who looked at the use of antibiotics on small, medium, commercial-sized dairy farms in the central region of Zambia and its relationship to antibiotic resistance in Escherichia coli (Mainda et al., 2015). In as much as this study was looking at cattle and not village chickens, it still gives us an insight into the drivers of antibiotic use and their association with antibiotic resistance especially if drugs are easily accessed like tetracycline in meat animal production.
Apart from the misuse or presence of antimicrobials in the environment, the other factor that could have led to high resistance of E. coli to tetracycline could be attributed to the mobile nature of tetracycline resistant genes within the enterobacteriaceae (Tao et al., 2010). It is possible that the E. coli in this study acquired resistance to tetracycline through transmissible plasmids which could come from humans and other animals as well as the environment due to the close contact and proximity of the habitats of the village chickens to humans and livestock houses.
Of the 4 districts studied, it was observed that Lusaka district had the highest resistance to most of the tested antibiotics, followed by Kafue, Chilanga and lastly Chongwe. The plausible explanation to the high antimicrobial resistance in the E. coli isolates from Lusaka district is that in urban areas there is indiscriminate use of antibiotics as they are easily accessible and mostly obtained without any prescription (Mainda et al., 2015). This indicates that there is lack of a strong inspectorate system around the sale of antibiotics in Zambia despite having laws and regulations in place.
On the other hand, this result might reflect high antibiotic usage in the urban environments. Village chickens in Lusaka province are kept in such a way that they are not completely confined but can scavenge for food from time to time thus exposing them to the environment shared by both the animals and humans which could have received antibiotics at some point. Due to this sharing, the chickens can pick the antibiotics as well as the resistant bacteria as they scavenge from the environment. 
The lowest resistance among the four districts was observed in Chongwe district. This might be so because in rural areas the farmers do not access drugs as easily as the urban farmers do and most farmers still use the traditional methods like adding herbs to the drinking water.
The other major contributor to the high results for resistance in the studied districts of Lusaka would be due to lack of surveillance systems in Zambia. Proper monitoring systems on antimicrobial prescription and consumption behavior can help provide insight on usage, consequences of misuse and the impact on public health. This information is of immense importance as its availability can help to have the true picture on AMR country wide and therefore put up measures to ensure that AMR does not become unmanageable.
In Zambia, there is scarcity of data on the levels and the patterns of antimicrobial usage in food animals and well as humans countrywide. There is evidence of individual researchers working on AMR in specific pathogens and infections, but their research findings are usually not well coordinated nor put in a proper data base to help the country determine its status on AMR. This was a huge restraint to this study as there was no proper information about the usage of antimicrobials.


[bookmark: _Toc44593111]CHAPTER SIX
[bookmark: _Toc44593112]CONCLUSION AND RECOMMENDATIONS
[bookmark: _Toc44593113]6.1. Conclusion 
The study brought to light the fact that the village chickens in Lusaka are reservoirs of antibiotic resistant E. coli. The resistant rate to antibiotics seen among the E. coli isolates is quite high and matched with most of the studies done in other tropical countries probably because they are exposed to similar conditions i.e., mostly not caged and can mingle with other animals.
[bookmark: _Toc44593114]6.2. Recommendations
Colistin being a large cationic molecule that diffuses poorly in diffusion - based assays therefore recommend that the obtained results be confirmed with other methods such as the E-test or broth dilution methods to ensure that the true picture is recorded. 
Government needs to put up proper surveillance systems to check antimicrobial use and AMR resistance patterns in food animals if AMR is to be tackled effectively.
As a country Zambia needs comprehensive national policies that will help combat the problem of AMR.
There is need for people and farmers to be sensitized on the prudent use and impact of the antimicrobials in food animals as well as the environment.
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