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ABSTRACT 
 

Antimicrobial resistance is a global challenge that risks rendering currently available 

antimicrobial drugs ineffective.  Antimicrobials are routinely used in feedlot systems as 

prophylactic, metaphylactic and therapeutic drugs. Feedlot cattle are an important source of 

animal protein in South Africa accounting for 75% to 90% of total beef production. 

Unfortunately, feedlot cattle derived beef is also potentially a public health hazard from the 

drugs used during farming. This study investigates the level of antimicrobial resistance in South 

African feedlots from samples (n=16 599) collected from infected weaner cattle in various 

feedlots in South Africa from 2002 to 2016 from the clinical records of a single veterinary 

practice. The susceptibility data was evaluated by means of descriptive statistics. The chi-square 

(χ2) test was undertaken to test for significant changes in antimicrobial resistance for the 

different variables and p-values < 0.05 were considered significant. Logistic regression was used 

to quantify the effect of different covariates on resistance giving odds ratios as effect measures. 

The results showed that resistance increased by 4.7% between 2002 and 2016. Gauteng 

had the highest cumulative resistance (27.1%), resistance was highest towards aminoglycosides 

(45.6%) and E. coli showed the highest (55.3%) resistance towards antimicrobials. The study 

raises concern as resistance was not only increasing but higher than data from other countries. To 

combat the increase in antimicrobial resistance will require a coordinated national programme 

that has a defined veterinary antimicrobial use policy, appropriate resistance monitoring 

programmes supported by relevant stakeholders; and the implementation of legislation limiting 

antimicrobial use. 
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1    INTRODUCTION 

 

1.1 Introduction 

 

A feedlot is a type of herd management system. It is an intensive animal farming system 

mainly used to fatten and finish beef cattle prior to slaughter but can also be used for pigs and 

other ruminants like goats and sheep (Campagnolo et al., 2002). Feedlots contain hundreds of 

animals in an assemblage of pens as intensive livestock operations (Gilchrist et al., 2007). The 

idea behind the feedlot system is to produce meat of high quality that can be marketed profitably. 

In feedlots, cattle are fed a high energy and high protein diet that encourages muscle growth and 

intramuscular fibre fat deposition, known as marbling, to allow for faster weight gains than is 

possible on pastures (Hersom et al., 2004; Zinn, 2004). In addition to faster growth, marbling 

improves meat tenderness and flavouring making feedlot produced meat more desirable to 

consumers (Glitsch, 2000). Feedlots are thus of economic value as they bolster trade in meat and 

meat products, provide employment opportunities and more importantly ensure food security 

(Brandebourg et al., 2013). Due to the ever increasing global population and demand for food, 

feedlots are becoming more and more common in developing and developed countries 

(McAlpine et al., 2009).  

Medicinal and clinical practices are an integral part of feedlot systems. Due to the feedlot 

setup of movement, restricted and overcrowded animals, feedlot conditions are stressing to 

animals and the rate of bacterial proliferation and disease propagation is high. This prompts most 

feedlot operators to engage in the use of antimicrobials in an effort to prevent, treat or control 

infections (Ferber, 2003). While antimicrobials are beneficial in the treatment of disease, their 

use is not without concern due to scientifically incorrect use practices. As far back as the early 
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eighties, close to half of all antibiotics produced in the United States were directly added to the 

farm animal feed (Novick, 1981) as prophylactic treatment and/or growth promoters. It is this 

use of sub-therapeutic antimicrobial doses that has contributed to the incremental development of 

resistance together with other factors such as poor stewardship policies and unregulated use of 

antimicrobials among others. 

1.2 Aim 

 

Ascertain level of antimicrobial drug use and resistance over the past fifteen years in 

feedlot cattle. 

1.3 Objectives 

 

 To determine the extent of bacterial resistance to antimicrobial agents in feedlot animals 

in South Africa from retrospective data and to compare results to other countries 

 To explore the effect of antimicrobial resistance in feedlot cattle. 
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2     LITERATURE REVIEW 

 

2.1 Feedlot cattle and their importance 

 

2.1.1 Introduction 

 

According to the Food and Agriculture organisation (FAO)(Ilea, 2009) approximately 56 

billion land animals are raised yearly for human consumption with this number expected to 

double by 2050 (Webb, 2013). Global meat production excluding fish and other aquatic animals 

will increase from 229 million tons at the turn of the millennium to 465 million tons in 2050 

(Ilea, 2009). Current beef production is unevenly distributed worldwide with approximately 39% 

being in Europe, 44% in North and South America, 9 % in Africa and 6% in Asia and the 

Oceania (Herrero et al., 2013). Cattle production systems are broadly classified into extensive 

and intensive cattle production systems with the former being a low input system and the latter a 

high input system (Dikeman, 1984). Under intensive herd management, the feedlot system is the 

most intensive cattle production system (Nguyen et al., 2010), and is the animal farming system 

mainly used to fatten and finish beef cattle prior to slaughter but can also be used for pigs and 

other ruminants like goats and sheep (Campagnolo et al., 2002).  

Australia has approximately 400 accredited feedlots that contribute about a third of total 

beef production, while the world’s largest beef producer, the USA, has over 729,000 beef cattle 

operations (Harrington & Lu, 2002), and China had 31,685 feedlots in 2013 (Han et al., 2016). 

Feedlots in Egypt contribute approximately 70% to the annual production of over 330 000 metric 

tons of beef annually (Shapouri et al., 1985) and South Africa has over 650,000 cattle in the 

feedlot system accounting for 75 - 90% of South Africa’s total beef production (Meissner et al., 
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2013; Anderson & McLachlan, 2012). The largest feedlot south of the equator is located in South 

Africa, boasting a one-time-capacity of 130,000 cattle (Meissner et al., 2013).   

Cattle stay an average of 150-180 days in the feedlot in Canada and USA (Andrews, 

2018) and gain an average of 1.2kg per day whilst the weight gain in grazing steers averages 0.5 

– 0.8kg per day depending on the quality and availability of pastures (Du et al., 2010). In the 

South African province of KwaZulu-Natal, cattle remain at the feedlots for 90-120 days 

(Meissner et al., 2013). As a result most commercial farmers find it more cost effective to 

transfer their weaners to feedlots for final fattening (Thomson et al., 2015). 

2.2 Feedlot diseases 

 

Despite the benefits of fast growth from high density feeding, the crowding of a 

thousands of animals into a confined environment leads to an increase in the prevalence of 

diseases. A review by Smith (2004) found that respiratory infections were the most common 

clinical and necropsy findings in feedlot cattle with peak disease incidence occurring within 

three to four weeks post-arrival in the feedlots. Metabolic and digestive disorders such as bloat, 

ruminal acidosis and liver abscesses are fewer and their prevalence tends to increase later in the 

feeding period (Smith, 1998). Elanco Animal Health, a major veterinary pharmaceutical 

company, reported that the liver abscess condemnation rate in USA in 1995 averaged 12.9% for 

steers and 11.5% for heifers (Casewell et al., 2003). In the same year, Beef Quality Audit results 

(Smith, 1998) showed that the liver condemnation rate was 22%, not exclusively due to liver 

abscesses but also due to telangiectasis and sawdust livers with 

multiple foci of nonsuppurative necrosis.  
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Numerous organisms have been identified as causative infectious agents. For the most 

part the cause of disease tends to be viral caused by bovine viral diarrhoea virus exclusively or in 

combination with bovine respiratory syncytial virus and/or parainfluenza-3 virus (Gagea et al., 

2006). These viral infections then predispose the animal to the development of bacterial 

infections. In a study by Haines et al (2001)  lung and joint tissue from 49 feedlot cattle showed 

the presence of Mycoplasma bovis (45% of joints and 71% of lungs tested), Histophilus somni 

(14% lungs only), Pasteurella (Mannheimia) hemolytica (23% lungs only), and bovine viral 

diarrhoea virus (BVDV) (40% lungs only). 

2.2.1 Management of diseases in feedlots 

 

Medicinal and clinical practices are an integral part of feedlot systems. Routine 

vaccinations are undertaken, and while dependent on disease prevalence in the particular regions, 

they are usually aimed at clostridia organisms (blackleg, enterotoxaemia, malignant oedema) and 

respiratory diseases (shipping fever, bovine respiratory disease, bovine viral disease, bovine 

respiratory syncytial virus) (Smith, 2004). Routine deworming is also undertaken to optimize the 

feed conversion ratio and attain a good average daily weight gain of between 0.9-1.2 kg per day 

(Henrickson et al., 1965). However it is the management of Bovine Respiratory Disease (BRD) 

that requires the greatest attention due to the high mortality and morbidity associated with the 

disease (Taylor et al., 2010).  

Gallo and Berg (1995) noted that the use of in-feed antimicrobials both treats and 

prevents BRD. In high-risk animal groups such as calves and weaners, prophylactic use of 

antimicrobials in the feed reduces BRD linked morbidity whilst improving feed conversion 

efficiency and the daily average weight gain (Harland et al., 1991; Van Donkersgoed, 1992). 
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Since then, much research has demonstrated the herd health and economic benefits associated 

with infeed antimicrobial use in feedlots (Gibb, 2006; Hughes and Heritage, 2004).  

2.3 Growth Promoting in Feedlots  

 

Despite the fast growth seen under feedlot conditions, the high price of animal feed, 

especially the protein component and cracked maize, has the inherent danger that the cost of 

production exceeds the price of the meat. To overcome this, operators make use of 

pharmaceutical products that enhance growth commonly known as growth promoters. 

Tetracyclines, erythromycin, virginiamycin, quinoxalines, flavophospholipol, avoparcin, 

avilamycin, salinomycin, monensin and arsenical compounds are some of the growth promoters 

used in animal production (Hughes and Heritage, 2004). Antimicrobial growth promoters 

(AGPs) improve the feed conversion ratio (Foka et al., 2018) and overall animal productivity 

(Van Duijkeren et al., 2014). First used in the mid-1950s, AGPs are small, sub therapeutic 

antibiotic doses (a fraction of a therapeutic dose), delivered in-feed to enhance the feed 

conversion ratio in livestock (Marshall and Levy, 2011). 

In South Africa, most available in feed antimicrobials for use in food animals are 

legislated by Act 36 of 1947; the Stock Remedies Act (Eager et al., 2008). Antimicrobials from 

the pleuromutilin and macrolide classes are the most frequently used followed by tetracyclines, 

sulphonamides and penicillins (Eager et al., 2008). 

 2.3.1 Concern with use of AGPs in feedlots 

 

Despite the valuable contribution of the feedlot industry to food security, the use of 

antimicrobials in such a larger number of animals for therapeutic, prophylactic or growth 

promoting effects has raised concerns.  Concerns associated with the risk of development of 
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drug-resistant pathogenic bacterial strains (Gilchrist et al., 2007) and other food safety concerns. 

Global antimicrobial use in food animals is heterogeneously distributed, depending on country 

and national/bloc legislation, degree of animal production systems industrialization and market 

preferences for animal products (Ronquillo and Hernandez, 2017; Von Boeckel et al., 2015). An 

association exists between most intensive farming practices and extent of AGP utilisation. China 

is the largest global user of antimicrobials for food animal production at 23% followed by Brazil 

and the United States of America both at 13% while India and Germany hold the fourth place 

jointly at 3% (Ronquillo and Hernandez, 2017). Countries with dense food animal populations 

and more intensive farming practices are commonly associated with significantly high AGP 

utilisation (Ronquillo and Hernandez, 2017). Cully (2014) found that close to 80% of antibiotics 

used by volume in the USA are used in food production animals mainly as growth promoters 

whereas in Spain, a heavy European user of antimicrobials, utilization is two thirds of that used 

in the United States (Cully, 2014). 

 Van Boeckel et al (2015) approximated food animal production global use of 

antimicrobials at 63 thousand tons with a 67% increase to 105 569 tons by the year 2030. 

Antimicrobials authorised for use as in feed- growth promoters in South Africa include tylosin, 

tilmicosin, josamycin, olaquindox, virginiamycin, chlortetracycline, oxytetracycline, 

kitasamycin, tiamulin, lasalocid, flavophospholipol, avilamycin, monensin, bacitracin, poly 2-

propenal 2-propenoic acid, streptogramins and phosphonic acids under Act 36 of 1947 and Act 

101 of 1965. Many if not all of these are banned as in-feed growth promoters in the European 

Union (EU) (Eager et al., 2008).  

The use of AGPs definitely has the prospect to surge the selection for and consequent 

development of antimicrobial-resistant commensal and pathogenic bacteria (Alexander et al., 
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2010; Salyers et al., 2004). As an example Escherichia coli (E. coli) is one organism in which 

resistance conferring genes are transferable from livestock to humans. E coli, the reservoir of 

resistance genes, has been shown to exchange genetic matter with other bacteria via conjugation 

and plasmid transfer (Blake et al., 2003; Alexander et al., 2010). The public health concern and 

pressure from politico-consumer groups (Alexander et al., 2010) thus prompted the EU to ban 

AGPs in 1999 on the eve of the millennium (Casewell et al., 2003). 

2.4 Antimicrobial resistance (AMR) 

 

Antimicrobial resistance (AMR) is when a microorganism develops resistance to a dose 

of antimicrobial agent to which it was previously susceptible (Acar and Rostel, 2001). As a 

result, the once effective recommended dose becomes ineffective and infections caused by these 

microbes persist and spread (Wenzel and Emond, 2000). Resistant infections drastically increase 

veterinary costs, morbidity and mortality rates (Laxminarayan, 2010). 

2.4.1 Emergence of Antimicrobial Resistance 

 

AMR develops naturally as a selection pressure and survival adaptation strategy by 

microbes (Laxminarayan, 2010). Systematic mutation of the bacterial genome and resistant gene 

acquisition confers antimicrobial resistance (Wenzel and Edmond, 2000). However, 

antimicrobial abuse is hastening the rate of AMR development (Acar and Rostel, 2001). The 

world over, antibiotics are overused and misused in the treatment of humans and animals. They 

are often prescribed without professional oversight, in many cases for the management of viral 

infections such as influenza and as AGPs in animal and fish husbandry (Oluwasile et al., 2014). 

The transfer of antibiotic resistance genes and subsequent selection of antibiotic resistant 

bacteria (Ronquillo and Hernandez, 2017) is a two staged process as described by Roe and Pillai 
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(2003) and Mathew et al. (2007). The first stage is the introduction of the resistance gene into the 

bacteria while the second stage is when the antimicrobial resistance gene is expressed allowing 

the cells containing the resistance gene to survive and propagate even in the presence of the 

antimicrobial agent whilst cells lacking the resistance gene are vulnerable and die (Mathew et al., 

2007). The introduction of the genetic change can occur by mutations or antibiotic-resistance 

gene transfer from a resistant bacterium to a susceptible bacterium rendering the once susceptible 

bacterium resistant like the former. Resistance gene transfer may occur in one of three ways: 

transduction (via bacteriophages), conjugation (via plasmid transfer) or transformation (free 

DNA taken in) (Martinez and Baquero, 2000). Studies suggest that complex genetic and 

environmental factors such as specific diet, age and ecological selection pressures (Fairchild et 

al., 2005; Berge et al., 2005) possibly play a role in perpetuating resistance (Marshall and Levy, 

2011). As a result of the above, in-feed antimicrobial use has been associated with AMR (Bager 

et al., 1997) and in the early eighties in Europe, avoparcin use as an AGP in poultry and pigs was 

linked with the emergence of a Enterococcus faecium strain that was vancomycin resistant 

(Marshall and Levy, 2011).  

2.4.2 Public health and veterinary implications of Antimicrobial Resistance 

 

Veterinarians, and farm and abattoir personnel are at risk of infection by resistant 

bacterial strains because of their close exposure with colonised or infected animals (Mølbak et 

al., 1999). This type of bacterial transmission may initially seem insignificant as a population-

level health threat (Marshall and Levy, 2011) but it is an entryway of resistance genes into the 

local area and surrounding geo-communities, where more propagation of resistance genes occurs 

(Voss et al., 2005). Initially drug resistant microbes were more common in medical facilities and 
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hospitals because of the extensive use of antimicrobials, but are now also prevalent in the 

community (Okeke et al., 2005) 

Occupationally exposed individuals have a markedly greater risk of colonisation by 

multidrug-resistant bacterial strains (Hashmi et al., 2017). A study by Price et al. (2007) found 

the risk for carrying gentamicin-resistant strains of E. coli was thirty two times more in poultry 

farmworkers compared to the general populace (Hashmi et al., 2017). Earlier studies by Van Den 

Bogaard et al. (2002), Aubry-Damon et al. (2004) and Katsunuma et al. (2007) consistently 

reported a higher prevalence of resistant gastro-intestinal tract bacteria among farm workers 

compared to the general public (Marshall and Levy, 2011). 

Of public health concern in the veterinary field is resistance development in zoonotic 

microbes (Ronquillo and Hernandez, 2017). The World Health Organisation (WHO and FAO, 

2015) highlights that antimicrobial abuse or misuse in human medicine is a major cause of AMR. 

AMR emanating from the use of AGPs in food animals can worsen this global health hazard 

(Ronquillo and Hernandez, 2017; WHO and FAO, 2015). Resistant bacteria are selected for, 

through antimicrobial usage (Ronquillo and Hernandez, 2017), thereby establishing a correlation 

between usage extent and prevalence of resistance (Jensen et al., 2002). 

The notion of animal origin of bacteria that infect humans is supported by gene-based 

methods of analysis as correlative relationships have been established (Voss et al., 2005). 

Homologous relationships between resistance genes for E. coli and Salmonella, for several 

Enterococcus and for methicillin-resistant Staphylococcus aureus (MRSA) species have been 

identified (Katsunuma et al., 2007). Zhang et al (2009) found apramycin resistant strains of E. 

coli in Chinese farm workers yet apramycin is used solely in veterinary and not in human 
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medicine. This suggests a relationship between use of in-feed AGPs in animals and the human 

problem of multidrug-resistant microbial infections. 

Veterinary antimicrobials and their residues also reach the environment through animal 

excreta and wastewater, posing a detrimental threat to aquatic flora and fauna (Huyghebaert et 

al., 2011). Residues of veterinary antimicrobials also remain in animal products consumed by 

humans, predisposing humans to antimicrobial associated allergic reactions, multi-drug resistant 

bacterial infections and various other health issues (Tasho and Cho, 2016). As an example, 

lincomycin in dairy feed has been reported to have toxicological effects ranging from anorexia to 

diarrhoea and ketosis in humans (McEvoy, 2002). 

2.4.3 Prevention of Antimicrobial Resistance 

 

Antimicrobials should only be used for their approved and intended uses, while medically 

essential antibiotics should be banned for use as AGPs (Hughes and Heritage, 2004). 

Practitioners and subscribers should adhere to internationally and nationally established 

antimicrobial stewardship guidelines (Anthony et al., 2001). Such recommendations aim to 

reduce and possibly prevent the selection of antimicrobial resistant bacterial strains (Uchil et al., 

2014).  Professional veterinary associations should draft species-distinct clinical regulations on 

rational antimicrobial use, specific to product choice and treatment guideline (Anthony et al., 

2001). Eager and Naidoo (2017) also suggest good hygiene practices and establishment of pre-

registration conditions for all antimicrobials to limit the use of antimicrobials.  

The South African Veterinary Strategy 2016-2026 (DAFF, 2016) highlights the need for an 

integrated approach by all relevant stakeholders and suggests considerations such as prohibition 

of compounded medicines, restriction of antimicrobials to therapeutic utilisation only, utilisation 
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of mandatory drug registers and re-evaluation of direct drug sales to farmers (Eager and Naidoo, 

2017). 

Antimicrobial use training and sensitisation to AMR in collaboration with relevant regulatory 

and professional organisations, the pharmaceutical industry, medical and veterinary schools and 

research institutes with a prime focus on infection management and prevention protocols to 

minimise antimicrobial prescription and usage should be embarked on (Anthony et al., 2001). 

Veterinarians and animal scientists should educate farmers on eco-conservative farming practices 

and alternative strategies to prevent or control disease such as vaccination (Uchil et al., 2014) 

and the all-in-all-out infection prevention strategy commonly used in pig production (Hughes 

and Heritage, 2004).  

2.5 Antimicrobial Resistance surveillance and monitoring programs 

 

2.5.1 Purpose and effectiveness 

 

The fundamental goals of surveillance and monitoring programs are to improve detection 

and identification of emerging antimicrobial resistance. By understanding the susceptibility of 

organisms, the best drug can be chosen thus extending the effective life of antimicrobials and 

aiding new drug development (Mathew et al., 2007). Secondly such programs can also help 

investigate associations between antimicrobial use and AMR prevalence especially among 

bacteria of zoonotic and public health importance in a bid to provide information in good time to 

veterinarians (Mathew et al., 2007), physicians and dispensers regarding resistance profiles of 

pathogens (Aarestrup et al., 2010). 

Successful programs have been developed and implemented in Denmark and USA 

among other countries and have proven to be highly beneficial. USA focused studies, using the 
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National Antimicrobial Resistance Monitoring System (NARMS) data, have highlighted that 

Campylobacter jejuni isolates from poultry have become more ciprofloxacin resistant. 

Resistance was reported at 15% in 2005 compared to 9% of isolates in 1998 (NARMS, 2005; 

Mathew et al., 2007), attributed to the use of veterinary enrofloxacin, prompting the FDA to ban 

veterinary enrofloxacin. The World Health Organisation (WHO) used the Danish Integrated 

Antimicrobial Resistance Monitoring and Research Programme (DANMAP) data to show that 

avilamycin resistant E. faecium poultry and pig isolates have declined significantly after the ban 

on AGPs in 2000 (Mathew et al., 2007), indicating that interventions are successful. The impact 

and success of such programs is unquestionable. Improved surveillance and monitoring, legal 

regulation, transparency among prescribers and users and public education are crucial for the 

success of frameworks for curtailing the propagation of AMR (Edwards et al., 2018). 

Drug resistance monitoring programs require scientific methods that detect molecular 

changes or isolate (parasite) sensitivity indicating alterations in either drug target or intra-parasite 

active drug levels (Croft, 2001). Changes in susceptibility of microbial agents to recommended 

drug dosages can be arbitrarily monitored by taking baseline susceptibility tests of the microbes 

to the drug prior to use of the drug and then carrying out subsequent susceptibility tests at 

specified intervals, followed by comparisons with the baseline values (Albonico et al., 2004). 

More importantly, invitro testing may provide an early warning of impending resistance before it 

becomes clinically apparent by randomly sampling organisms in animals (Bennett et al., 2008). 

Besides routine resistance surveillance with the genetic determinants of resistance being 

well understood, next generation sequencing (NGS) can be used to determine the DNA sequence 

of the entire bacterial genome (Motro and Moran-Gilad, 2017). Based on the bacterial genome, 
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information on resistance and virulence is obtained and can be used during outbreak 

investigations to develop outbreak-specific screening tests (Jackson et al., 2016) 

In addition to monitoring resistance within organisms, methodical bioanalysis of stock 

feed and animal products using methods such as liquid chromatography with ultraviolet detection 

and mass spectrophotometry to detect molecular additives is a vital step in scanning for use 

(Ronquillo and Hernandez, 2017). To ensure sustainability of livestock production systems, 

WHO and FAO (2015) advocate for legislated monitoring of AMR, public awareness and 

education on the dangers of antimicrobial residues in food animal products and the controlled use 

of antibiotics with the aim to reduce the use of antibiotics and AGPs in livestock. 

2.5.2 The African scenario 

 

The high prevalence of transmittable diseases in African countries fosters substantial use 

of antimicrobials and subsequent development of resistance with wide ranging health and socio-

economic implications (Essack et al., 2016). In 2016, two out of 54 African countries (3.7%) had 

AMR master plans, 13% (7 countries) had comprehensive disease prevention and control 

strategies, 44 countries had essential medicines lists and 79.6% (43 countries) had national 

policies and treatment protocols advocating for principled use of antimicrobials. None had 

representative surveillance systems and none did subsidised new medicines research and 

development (Essack et al., 2016). 

   2.6 AMR in South Africa and other developing countries 

 

A South African study by Jonker and Picard (2010) showed that Campylobacter 

jejuni isolates mainly of poultry origin were more resistant to fluoroquinolones, macrolides 

and tetracyclines whereas Campylobacter coli strains were more resistant to the macrolides 
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and lincosamides. In the Eastern Cape, Adefisoye and Okoh (2016) working on E. coli 

resistance, reported that meropenem and imipenem were effective on all isolates, one isolate 

exhibited resistance to gentamycin and the highest frequency of resistance was shown against 

tetracycline (60.1%), then ampicillin (55.6%) and cephalexin (51.1%). 

While AMR surveillance is a key aspect of global action against AMR, the WHO 

Africa region has a paucity of data on AMR prevalence (WHO, 2014) due to limited 

laboratory resources, expertise and surveillance networks. AMR rates are likely to be 

heterogeneous within individual African countries, especially between urban and rural 

contexts, hence contextually diverse studies within individual countries are key in order to 

ascertain accurate estimates of AMR (Bernabe et al., 2017). An independent report revealed 

major shortfalls in antimicrobial susceptibility testing (AST) in most African countries (Frean 

et al., 2012), potentially compromising empirical treatments of day-to-day bacterial infections 

(Bernabe et al., 2017). 

In West Africa, Bernabe (2017) revealed soaring rates of ampicillin resistance by E. coli 

and Klebsiella species. Isolates from human urinary tract infections (UTIs) showed low 

resistance to fluoroquinolones while ciprofloxacin was only moderately active against E. coli, 

Klebsiella species and P. aeruginosa UTIs (Bernabe et al., 2017). Resistance against penicillin 

was low among S. pneumoniae at 12.3% and no notable resistance against cefotaxime and 

ceftriaxone was reported (WHO, 2013).  Chloramphenicol is an effective option upon failure of 

safer first line antibiotics due to low resistance rates of N. meningitidis, S. pneumoniae and H. 

influenza (Bernabe et al., 2017). Streptococcus pneumoniae is highly susceptible to third 

generation cephalosporins hence they are the drugs of choice in S. pneumoniae caused bacterial 

meningitis in the region (Bernabe et al., 2017). 
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Figure 2.1: Antibiotic resistance of clinical Escherichia coli (E. coli) isolates in South Africa from 2011 -2016. (CDDEP, 2017) 
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Data from the South African National Health Laboratory Services was used to draft a 

resistance survey map by the Center for Disease Dynamics, Economics & Policy (CDDEP) for 

five antibiotic classes. Figure 2.1 shows that there was significant resistance against common 

drug classes such as aminoglycosides, third generation cephalosporins, amoxicillin-clavulanate 

and piperacillin-tazobactam among the E. coli isolates tested from 2011 to 2016. Resistance was 

low to none against carbapenems (imipenem, meropenem, ertapenem) for which resistance was 

0% over the same period. E. coli resistance against aminoglycosides increased from 15% to 17%, 

whilst resistance against amoxicillin-clavulanate and third generation cephalosporins increased 

from 28% to 34% and 16% to 23% respectively.  These facts substantiate the notion that 

antimicrobial use fosters antimicrobial resistance, the more commonly used an antimicrobial 

drug the higher the chances of microbes developing resistance and actually being resistant to the 

antimicrobial drug (Marshall and Levy, 2011). 

A proposal in the South African national approach to antibiotic stewardship discourages 

empirical prescription (Goff et al., 2017). The antimicrobial use surveillance system, coupled 

with an AMR surveillance and monitoring plan of action aid in curbing the rate of AMR 

development and early detection of problems associated with resistance (Eager et al., 2008). 

From the veterinary perspective, the South African National Veterinary Surveillance and 

Monitoring Programme for Resistance to Antimicrobial Drugs (SANVAD), created in 2003, is 

the domestic program that seeks to manage AMR (Eager & Naidoo, 2017) in accordance to 

international standards and the Office International des Épizooties (OIE) guidelines. The national 

South African surveillance and reporting systems on antibiotic use are strong and effective and 

serve to advise antibiotic selection for the national essential drugs project (Goff et al., 2017). 
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Antimicrobial use and AMR are worldwide issues due to the global presence of bacterial 

infections (Mather et al., 2012). The South Africa livestock industry has a high burden of 

infectious diseases, largely of bacterial origin (Van den Hornet et al., 2018). AMR is proliferated 

by several factors, mainly inappropriate antibiotic use and management. Despite South Africa 

having the most functional surveillance for veterinary AMR in Africa, high levels of AMR exist. 

Regulatory framework and legislation, veterinary services presence, farmer expectations and 

demands collectively influence antimicrobial use (Gelband and Duse, 2011).  

The economic impact of AMR on production is largely unknown and is yet to be 

evaluated. As antibiotics become less effective and AMR spreads, the growing South African 

population and consequently protein demand, will be compelled to pay more for animal products 

due to increasing rearing and veterinary costs. Depending on current antimicrobial stewardship 

policy and implementation this can happen in the near or distant future. AMR emergence and 

growth can be halted and upon great lengths reversed thereby enhancing livestock and public 

health (Gelband and Duse, 2011).  

Building on the knowledge base already available and going forward, it is important that 

affordable, effective and not only South African but African scenario relevant interventions are 

drafted and adopted to solve African and developing countries problems as has been initiated in 

Kenya and India. Finally, South Africa’s progress in AMR research and developing strategies to 

minimise AMR is not limited to a national level. The problems and relevant solutions that are 

discovered will definitely be of relevant interest and application in other African countries (Duse, 

2011). It is thus important for academia and industry to work together in finding lasting and 

sustainable solutions against a common but very important threat to human and animal health, 

AMR. 
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3   METHODOLOGY 

 

3.1 Animals 

 

The study analysed past antimicrobial susceptibility records from bovine samples from 

feedlots in all South African provinces except the Eastern Cape and Western Cape provinces. 

The data was obtained from the client records of one feedlot consultant in the country and is 

representative of 90% of the over 70 feedlots in the country. The percentage contribution of these 

feedlots to total beef production in South Africa is 70-90%. 

3.2 Sample handling 

 

Samples were collected from sick animals and were submitted to veterinary diagnostic 

laboratories in South Africa; namely Idexx (Johannesburg), Deltamune (Pretoria), Golden 

Veterinary laboratory (Johannesburg), University of Pretoria (Pretoria) and Vet Diagnostix 

(Johannesburg).  Animal samples submitted for bacterial culture and susceptibility testing 

included faecal, joint swab, lung, various organ and trans-tracheal aspirate samples. The samples 

were cultured using standard diagnostic bacteriology procedures. The total number of 

antibiogram conducted was 16 559. 

The study covered the period of years 2002, 2007 to 2012 and 2014 to 2016. Bacterial 

culture and antimicrobial susceptibility testing (AST) were performed using standardised 

methods according to the general guidelines for South African laboratories. Results of each 

antibiogram were captured into Microsoft Excel indicating the sampling date, laboratory name 

and laboratory number where the AST was performed, the veterinarian who collected the sample 

and from which species the sample was collected, the feedlot and province from which the 
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sample originated from, the sample type, age of animal, antimicrobials for which bacterial 

susceptibility was tested and the result of the test whether the bacterium was sensitive or resistant 

to the antimicrobial. 

3.3. Statistical analysis 

 

Data editing and cleaning was performed using Microsoft Excel. The data was imported 

into SPSS software, IBM SPSS Statistics version 21, and evaluated by descriptive statistics. 

Statistical analysis was performed using the SPSS software. The chi-square (χ2) test was 

undertaken to test for significant changes in antimicrobial resistance for the different variables. 

For these analyses, p-values < 0.05 were considered significant.  

Multivariable statistics for binary outcome of resistance namely logistic regression was 

used to quantify the effect size of different covariates on resistance giving odds ratios as effect 

measures. Odds ratios were used as a measure of effect and the null value for odds ratios used 

was 1, meaning odds ratios below 1 where protective against resistance while those above 1 

show the size of risk associated with the variable. For significance, p values less than 0.05 were 

considered significant and odds ratio confidence intervals which did not include the null value 

(1) were considered significant. 
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4    RESULTS 

 

4.1 Bacterial species resistance to antimicrobials in feedlots 

 

Following the evaluation of microbial susceptibility to antimicrobials from records of 

South African feedlots over a fifteen year period, Figure 4.1, the antimicrobial resistance for the 

period under study increased steadily from 18.5% in 2002 to 26.9% in 2008. Hereafter the 

resistance fluctuated randomly between a low of 18% and a high of 27.4%. When comparing the 

degree of resistance in 2002 to the 2016, resistance had increased by 5%, indicating a minor 

trend for increased total resistance over the 15 year monitoring period.  

  

Figure 4.1: Line graph of year by year change in percentage resistance from 2002 to 2016.  

 

Using logistic regression and adjusted for the effect of province, antimicrobial class and 

bacterium, the likelihood for resistance in 2009 [p = 0.003; 1.08 - 1.46] and 2010 [p = 0.013; 

1.09 – 2.09] was 26% and 51% respectively more than in 2008 where most samples were tested. 

Compared to 2008, resistance in 2012 [p = 0.000; 0.58 – 0.79] and 2015 [p = 0.002; 0.66 – 0.91] 

was 32% and 22% less likely. Resistance in 2002, 2007, 2011, 2014 and 2016 was not 

significantly different from 2008. 
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4.2 Resistance by province 

 

With resistance over the entire period pooled, of the seven provinces (Figure 4.2) from 

where samples originated, Gauteng has the highest cumulative resistance at 27.1% followed by 

the Free State and KwaZulu Natal at 24.2% and 23.8% respectively. The North West province 

had a cumulative resistance of 22.4% followed by Northern Cape and Mpumalanga at 20.9% and 

20.1%. Limpopo has the lowest recorded resistance of 15.8%. 

 

 
Key: GP: Gauteng, FS: Free State, NC: Northern Cape, NW: North West, L: Limpopo, MP: Mpumalanga, KZN: 

KwaZulu-Natal.  

 

Figure 4.2: Bar graph representing cumulative resistance (%) for each province for the period 

under study 2002 to 2016. 

 

Using logistic regression and adjusting for the effect of year, antimicrobial drug class and 

microbial species, resistance in Free State, Northern Cape and KwaZulu Natal was not 

significantly different from North West province where the highest number of samples were 

collected. Limpopo and Mpumalanga provinces were 33% and 18% respectively less resistant 

while Gauteng was 21.0% [p = 0.01; 1.05 – 1.39] more resistant compared to the North West 

province. 
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4.3 Resistance per antimicrobial drug class 

 

The resistance per evaluated antimicrobial class is presented in Table 4.1. Resistance for 

macrolides, sulphonamides, cephalosposrins, tetracyclines and fluoroquinolones increased over 

the period of study whilst for aminoglycosides, penicillins, lincosamides, polymixins, phenicols 

decreased.  

Table 4.1:  Resistance (%) per antimicrobial drug class from 2002 to 2016, and the cumulative 

resistance over the same period.   

Antimicrobial Class                                                        Year Total 

2002 2007 2008 2009 2010 2011 2012 2014 2015 2016 

Macrolides  0.0 42.9 45.4 42.1 67.9 25.0 23.4 33.7 36.5 33.3 37.0 

    Sulphonamides 0.0 14.9 9.0 5.1 7.1 25.0 4.2 11.6 7.1 28.0 9.1 

Aminoglycosides 40.0 58.7 59.7 43.6 78.6 50.0 43.3 21.7 20.2 - 45.6 

Penicillins 18.2 14.8 10.3 4.2 2.4 7.7 3.1 6.2 5.7 4.6 6.9 

Tetracyclines 20.0 37.0 28.4 15.4 14.3 0.0 29.8 18.8 13.1 32.4 22.8 

Fluoroquinolones 30.0 39.5 42.3 33.2 39.3 29.2 27.9 40.2 40.7 57.0 37.8 

Lincosamides - 15.6 6.7 11.5 3.6 0.0 3.0 4.4 5.5 0.0 6.7 

Cephalosporins 0.0 17.0 23.7 29.6 28.9 20.0 12.7 26.2 14.8 12.6 20.1 

Polymixins 10.0 6.7 3.6 2.3 0.0 0.0 0.0 0.0 - - 2.6 

Phenicol - - - 25.0 0.0 0.0 42.5 2.4 6.1 0.0 15.4 

Total 22.5 
 

Results all showed significant differences over time (with p = 0.001). Using logistic 

regression and adjusting for the effect of year, province and antimicrobial species, resistance 

against sulphonamides, penicillins, tetracyclines and fluoroquinolones was 86% [0.11 – 0.18], 

89% [0.09 – 0.13], 59% [0.35 - 0.49] and 99.5% [0.04 – 0.07] respectively less likely compared 

to aminoglycosides, the most used antimicrobial drug class. Resistance against lincosamides was 

14 times [11.02 – 17.47] more likely compared to aminoglycosides. Resistance against 

cephalosporins, polymixins, phenicols and chloramphenicols was 99.7% [0.03 – 0.05], 99.2% 

[0.05 – 0.12], 99.3% [0.05 – 0.10] and 84% [0.11 – 0.22] less likely compared to 



24 
 

aminoglycosides.  Resistance against macrolides was not significantly different from 

aminoglycosides. 

The resistance of the individual drugs was as follows: 

4.3.1 Macrolides 

 

For the macrolide class, resistance increased marginally from 42.9% in 2007 to 45.4% in 

2008 and peaked at a high of 67.9% in the year 2010. The resistance then decreased to 25.0% in 

2011 and 23.4% in 2012 then rose to 36.5% in 2015 and lastly 33.3% in 2016 during the last year 

of the study. The total cumulative microbial resistance against macrolides antimicrobials for the 

period under study was 37.0%.  

4.3.2 Sulphonamides 

 

For the sulphonamide class resistance was 0.0% for the first year of study, increased to 

14.9% in 2007 then decreased during the next three years to a low of 7.1% in 2010. In 2011 the 

resistance against sulphonamide antimicrobials increased to 25.0% then decreased to 7.1% over 

the next three years of the study to end on a high of 28% for 2016. The total cumulative 

microbial resistance against sulphonamide class antimicrobials for the period under study was 

9.1%. 

4.3.3 Aminoglycosides 

 

For the aminoglycoside class, resistance for the first year of study, 2002, was 40.0% and 

rose to 59.7% in 2008 and to a high of 78.6%. The resistance then decreased to 50.0% in 2011, 

21.7% in 2014 and to 20.2% in 2015. The total cumulative microbial resistance against the 

aminoglycoside class antimicrobials, for the period under study, was 45.6%. 
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4.3.4 Penicillins 

 

For the penicillin class, resistance decreased during the period of study from an initial 

high of 18.2% to 10.3% in 2008 and 2.4% in 2010. Resistance then increased to 6.2% in 2014 

and decreased to 5.7% in 2015 and 4.6% in 2016 the last year of the study. Cumulative resistance 

against the penicillin antimicrobials was 6.9% for the whole period under study. 

4.3.5 Tetracyclines 

 

For the tetracyclines resistance increased during the first 3 years of the study from 20.0% 

in 2002 to 37.0% in 2007 and 28.4% in 2008. It then decreased the following 3 years reaching a 

low of 0.0% in the year 2011 then increased to 29.8% in 2012 and decreased to 18.8% in 2014 

and 13.1% in 2015. In 2016, resistance against tetracyclines was 32.4% and the total cumulative 

resistance against tetracyclines for the period under study was 22.8%.  

4.3.6 Fluoroquinolones 

 

For the fluoroquinolones resistance increased from 30.0% in 2002 to 39.5% in 2007, 

42.3% in 2008. Resistance decreased to 39.3% in 2010, 29.2% in 2011 and 27.9% in 2012. 

Resistance then increased to 40.2% in 2014 and 57.0% in 2016, the highest for all drugs recorded 

for the study, while the total cumulative resistance for the period under study was 37.8%. 

4.3.7 Lincosamides 

 

For the lincosamides resistance decreased from 15.6% in 2007 to 11.5% in 2009 and 

0.0% in 2011. It then increased to 3.0% in 2012, 4.4% in 2014 and 5.5% in 2015 then decreased 

to a low of 0.0% for the last year of study, 2016. The cumulative microbial resistance against the 

lincosamides was 6.7% for the period under study. 
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4.3.8 Cephalosporins 

 

For the cephalosporins resistance was 0.0% in the first year of study 2002, rose to 17.0% 

in 2007 then to 23.7% in 2008 and 29.6% in 2009. In the following year, 2010 resistance 

decreased to 28.9% then to 20.0% in 2011 and 12.7% in 2012. Resistance rose to 26.2% in 2014 

and decreased to 14.8% and 12.6% in 2015 and 2016 respectively recording a total cumulative 

resistance against cephalosporins of 20.1% for the whole period under study. 

4.3.9 Polymixins 

 

For the polymixin group, resistance started on a high of 10.0% during the first year of the 

study and decreased to 6.7% in 2007, 3.6% in 2008, and 2.3% in 2009 and maintained 0.0% 

from 2010 to 2014 with no entries for 2015 and 2016.  The total cumulative microbial resistance 

against polymixin class antimicrobials for the period under study was 2.6%. 

4.3.10 Phenicols 

 

For the phenicol class, resistance started at a high of 25.0% for the year 2009, then 

decreased to 0.0% in 2010 and 2011. In 2012, microbial resistance against phenicol 

antimicrobials rose to 42.5% then decreased to 2.4% in 2014, 6.1% in 2015 and 0.0% in 2016. 

The total cumulative resistance against phenicols for the period under study was 15.4%. 

4.4 Bacterial species resistance 

 

As for the antimicrobial drugs, the different bacteria identified during the study, showed varying 

degrees of resistance over the years of study. These results are summarised in Table 4.2 as 

follows: 
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Table 4.2: Resistance (%) data per bacterial species from 2002 to 2016, and the cumulative 

resistance over the same period   

Bacterium                                                       Year Total 

2002 2007 2008 2009 2010 2011 2012 2014 2015 2016 

Trueperella pyogenes 0.0 13.7 5.0 18.4 21.7 0.0 3.5 18.8 - - 11.2 

Escherichia coli - 52.3 47.9 81.3 - - 43.5 68.8 52.1 - 55.3 

Histophilus somni 15.0 6.50 7.3 7.7 - - 8.7 17.5 10.3 20.4 11.3 

Klebsiella pneumoniae - 100.00 - 68.8 - - 34.8 - 34.4 - 47.4 

Mannheimia species 15.4 24.9 21.9 28.5 28.8 - 16.9 22.0 16.0 20.1 20.8 

Pasteurella species 24.2 23.5 30.9 22.4 24.6 24.3 20.4 20.1 17.2 33.6 23.4 

Pseudomonas 

aeruginosa 

- 84.0 60.9 15.3 - - 52.2 6.3 77.5 40.0 53.8 

Streptococcus species - 38.1 37.5 37.5 - - 47.8 - 53.1 0.0 39.0 

Total 18.5 25.0 26.9 23.7 27.4 18.3 18.0 22.4 18.9 23.2 22.5 

 

Using logistic regression and adjusting for effect of year, province and antimicrobial drug 

class, resistance of Trueperella pyogenes, and Histophilus somni was 62% [0.29 – 0.50] and 65% 

[0.29 – 0.41] less likely compared to the most isolated bacterial species, Mannheimia species.  

Escherichia coli and Klebsiella pneumoniae were 8 times [5.81 – 10.66] and 7 times [3.93 – 

12.4] more likely to be resistant compared to Mannheimia species. Pasteurella species and 

Pseudomonas aeruginosa were 41% and 8 times respectively more likely to be resistant than 

Mannheimia species whilst Streptococcus species were 4 times [2.64 – 4.93] more likely to be 

resistant than Mannheimia species. [Escherichia coli and Pseudomonas aeruginosa > Klebsiella 

pneumoniae> Streptococcus species >Pasteurella species > Mannheimia species > Trueperella 

pyogenes > Histophilus somni] 

4.4.1 Trueperella pyogenes 

 

Trueperella pyogenes resistance against antimicrobials increased from 0.0% in 2002 to 

13.7% in 2007, decreased to 5.0% in 2008 and increased to 18.4% in 2009, 21.7% in 2010. In 
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2011, T. pyogenes resistance was 0.0%, increased to 3.5% in 2012 and 18.8% in 2014. The total 

cumulative resistance of T. pyogenes for the period under study was 11.2%. 

4.4.2 Escherichia coli 

 

Escherichia coli resistance against antimicrobial drugs was 52.3% in 2007, decreased by 

4.4% the following year and increased to 81.3% the next year. The resistance then decreased to 

43.5% in 2012, increased to 68.8% in 2014 then decreased to 52.1% in 2015 and recorded a total 

cumulative average of 55.3% for the period under study. 

4.4.3 Histophilus somni 

 

Histophilus somni resistance against antimicrobials was 15.0% in 2002, decreased to 

6.5% in 2007, and increased to 7.3% in 2008, 7.7% in 2009, 8.7% in 2012 and 17.5% in 2014. In 

2015 the resistance decreased to 10.3% then increased and was 20.45 in the last year of study. 

The total cumulative resistance for the period under study was 11.3%. 

4.4.4. Klebsiella pneumoniae 

 

Klebsiella pneumoniae resistance against antimicrobials was 100.0% in 2007, decreased 

to 68.8% in 2009, 34.8% in 2012 and a low of 34.4% in 2015. The total cumulative resistance 

was 47.4% for the period under study. 

4.4.5 Mannheimia species 

 

Mannheimia species antimicrobial resistance was 15.4% in 2002, rose to 24.9% in 2007, 

28.5% in 2009 and 28.8% in 2010. It then decreased to 16.9% in 2012 and 16.0% in 2015 then 
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rose in the last year of study to 20.1%. The total cumulative resistance for the period under study 

was 20.8%.   

4.4.6 Pasteurella species 

 

Pasteurella species resistance against antimicrobials was 24.2% in 2002, rose through 

2007 to 30.9% in 2008 then decreased to 22.4% in 2009 and rose to 24.3% in 2011. It then 

decreased to 20.1% in 2014, 17.2% in 2015 and was 33.6% in the last year of the study with a 

total cumulative value of 23.4% for the whole period under study. 

4.4.7 Pseudomonas aeruginosa 

 

Pseudomonas aeruginosa resistance against antimicrobials was 84.0% in 2007 and 

decreased in the following two years to 60.9% in 2008 and 15.3% in 2009. It then rose to 52.2% 

in 2012, decreased to 6.3% in 2014 and rose gain to 77.5% in 2015. In the last year of the study 

it decreased to 40.0% and the total cumulative for the period under study was 53.8%. 

4.4.8 Streptococcus, Salmonella and Staphylococcus species 

 

Streptococcus species resistance against antimicrobials was 38.1% in 2007 and 37.5% in 

2008 and 2009. Resistance rose to 47.8% in 2012 and 53.1% in 2015 then decreased to 0.0% in 

2016 with a total cumulative of 39.0% for the period under study. Salmonella species resistance 

against antimicrobials was 41.7% in 2008, rose to 56.3% in 2009. In 2014 it decreased to 29.2% 

and the total cumulative resistance for the period under study was 45.8%. Staphylococcus species 

recorded a total cumulative resistance of 17.5% with the resistance in 2007 being 12.5% and in 

2014 being 25.0%. 
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5    DISCUSSION 

 

5.1 Selection pressure 

 

Antimicrobial resistance is of great public health concern as it may compromise therapy 

for people suffering from multi-resistant bacterial infections. The phenomenon of resistance is of 

grave concern the world over but more so in developing countries. In the veterinary industry 

contributors to resistance includes the large scale use of drugs in farming either therapeutically, 

metaphylactically or prophylactically. Van Boeckel et al (2015) projects that due to increasing 

consumer demand for animal products and by-products in rising middle-income economies and a 

shift to intensive large-scale farming operations with routine use of antimicrobials, overall 

antimicrobial usage will increase 66.6% by the year 2030, with a twofold increase in India, 

Brazil, China and South Africa thus potentially escalating the selection pressure for resistant 

bacteria strains (Van Boeckel et al., 2015). The paramount selection pressure for AMR is drug 

use and respective amount of drug used (Van De Sande-Bruinsma et al., 2008; Austin et al., 

1999). 

The phenomenon of selection pressures as a driver of resistance is not a new concept. 

Studies as early as Levy (1982) noted that introduction of new antimicrobials has always been 

followed by emergence of resistance against those new antimicrobials (Aarestrup, 2015). In 

Germany, nalidixic acid resistant bacterial strains increased following enrofloxacin licensing 

(Malorny et al., 2003). Taiwanese studies have shown the emergence of pig derived quinolone 

resistant Salmonella strains that subsequently spread to the human population (Su et al., 2004; 

Wang et al., 2006). With regard to usage, Germany, Denmark and Argentina have proven that 

reduced AGP usage significantly decreases resistance (Aarestrup, 2005). Nonetheless it is worth 
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noting that other studies documented cases where the prevalence of resistant bacteria remained 

significantly high without antimicrobial drug use or other notable selection pressures (Call et al., 

2008) thereby suggesting no correlation between prevalence of resistant bacteria and 

antimicrobial use. 

5.2 Initiatives for resistance monitoring and surveillance 

 

To mitigate antimicrobial resistance, many countries have adopted local mitigation 

guidelines. In some cases such as for the Scandinavian countries, antimicrobial use guidelines 

have been in place for over three decades. These guidelines recommend narrow spectrum 

antimicrobial use against the most likely causative bacteria (Aarestrup, 2005). These seemingly 

elementary guidelines have proven effective, with the implementing countries having 

significantly low antimicrobial consumption levels and consequently low AMR prevalence rates 

compared to the majority of other countries (WHO, 2018).  

In South Africa, State Veterinary Services in the Department of Agriculture, Land 

Reform and Rural Development (DALRRD) formerly the Department of Agriculture, Forestry 

and Fisheries (DAFF) have rolled out the South African Veterinary Strategy 2016 to 2026. This 

initiative seeks to help fulfill particular mandates as required of State Veterinary Services such as 

the right to adequate and healthy animal derived food, via State policies, strategies and Acts 

which regulate veterinary services; Animal Diseases Act of 1984 and the Meat Safety Act of 

2000. The Veterinary Strategy also highlights the need for a unified AMR monitoring 

programme between DALRRD and the Department of Health, since antimicrobial resistance in 

South Africa (SANVAD, 2007) is seen to be on the increase (Eager et al., 2012). 
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Antimicrobial resistance monitoring helps to assess the magnitude of resistance. Several 

factors have to be considered when drafting and implementing a monitoring programme such as 

sampling strategies, target bacterial species and their isolation, susceptibility testing techniques, 

data analyses and reporting. An ideal method is to sample randomly selected clinically healthy 

subjects, hinging on epidemiological data relevant to the target population (Aarestrup, 2005). 

However due to the expense, this method is not always easy to implement. As a result, many 

surveillance programmes rather rely on samples collected from clinical practice, which is not 

only cheaper but random.  A drawback of using random susceptibility testing results is bias 

because the requisition basis for susceptibility testing varies among veterinarians and medical 

doctors alike. In the veterinary field, samples are often collected post empirical treatment and 

often includes various isolates from the same herd (Aarestrup, 2005). Owing to the above, 

reporting of findings from such data has to be done cautiously.  

Early initiatives in South Africa to combat antimicrobial resistance began with the 

antimicrobial resistance congress held in Durban in October 2003 that sought to determine a 

medical and veterinary national policy on antimicrobial resistance. The local veterinary 

monitoring programme, SANVAD, conducted a pilot study in 2001 based on OIE guidelines.  

The first SANVAD report was released in 2007 illustrating higher E. coli and 

Enterococcus species resistance rates than those reported for Europe (SANVAD, 2007).  After 

the adoption of the OIE established international standards for the monitoring of AMR in 2002, 

the total resistance increased by an overall 8.4% over six years to 26.9% attributed to lack of 

antimicrobial awareness, poor antimicrobial stewardship and increased antimicrobial use. It was 

also found that antimicrobial resistance awareness campaigns were on the rise and training of 

personnel on usage of standard surveillance methodologies was being carried out during this 
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period. The first notable decline is recorded between 2008 and 2009 and decreases in 2008 and 

2011 which could be attributed to the establishment of the SANVAD, the consequent SANVAD 

report published in 2007 and an increased awareness and monitoring of antimicrobial use.  

Since the 2007 SANVAD report in South Africa, no focused veterinary surveillance 

programme has been active in South Africa. As a result it remains unknown if resistance is on 

the increase in the country. As a surrogate for this study, we evaluate clinical samples from 

feedlots even though the method likely over estimates resistance. The reason for selection of 

feedlots is that the system is both organized and a known high user of antimicrobial drugs. 

5.3 Resistance by province 

 

The amount of beef produced per province in South Africa depends on feedlots and 

abattoirs infrastructure (DAFF, 2015). The Eastern Cape province accounts for the largest share 

of beef production, 24% in 2014, followed by KwaZulu-Natal at 20%, the Free State at 17%, 

North West  at 12% and Mpumalanga at 10% (DAFF, 2015). Gauteng has the highest cumulative 

resistance of 27.1% yet accounts for 2% of total beef production. This could be linked to higher 

stocking densities in Gauteng feedlots, bioaccumulation and an interaction with other features of 

a densely populated province. Further investigations are recommended to establish why 

KwaZulu-Natal came second on beef production but third highest cumulative resistance after the 

Free State which is third on beef production but has second highest cumulative resistance. North 

West was fourth on beef production and had the fourth highest cumulative resistance as well. At 

present the reason for the difference in the province is unknown. Possible reasons that need 

further investigation could be climatic as respiratory disease may be more severe and require use 

of more drugs if the area has dryer winters or is dustier. It may be possible that resistance is 
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linked to densities of human settlement, which may be indicatory of shared resistance 

determinants between veterinary and human pathogens.   

5.3.1 Fluctuations in resistance 

 

While the resistance fluctuated during the study period, this was not an unexpected 

finding. Beukers et al. (2018) reported fluctuations in resistance as being a result of microbial 

genotypes changing significantly over time with fluctuations in resistance reflecting a net change 

in microbial genotypes. Lahra et al. (2017), reported that persisting genotypes and fluctuations 

are the most important determinants of antimicrobial resistance. Lahra et al. (2016) found that 

Neisseria gonorrhoeae genotypes circulating in the population change within a 3 year time 

period while several other numerous though less common genotypes appeared or disappeared. 

The sum effect of microbial genotype alterations determines the levels of microbial resistance 

within a population.  

5.4 Resistance per antimicrobial drug class 

 

In the South African study by Eager et al. (2008), macrolides and pleuromutilins were 

reported as the antimicrobial class with the largest sales in terms of weight, with specific 

reference to tylosin and tiamulin respectively. In the 2018 Department of Health report on 

antimicrobial use, the most commonly used drugs were growth promoters, accounting for 62% of 

antimicrobials used for animal health (Department of Health, 2018). According to this report the 

AGPs most commonly used are flavophospholipol, olaquindox, zinc bacitracin, tylosin 

phosphate and the ionophores, monensin sodium and salinomycin (Department of Health, 2018). 

With the accepted principle that the level of use is a main driver of resistance, it is not surprising 

that the cumulative resistance against macrolides was 37% and the third highest to the 
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aminoglycosides at 45.6%.  The macrolides (tylosin, tilmicosin and tulathromycin) are indicated 

as treatment of Mannheimia haemolytica, Pasteurella multocida and Histophilus somni 

associated bovine respiratory diseases which are frequently isolated and are common in feedlots 

(MSD Vet Manual., 2018). It is more difficult to explain why the aminoglycosides had a 

cumulative resistance of 45.6%. Gentamicin, amikacin, tobramycin, streptomycin and kanamycin 

are used to treat local and systemic Gram-negative aerobic bacterial infections of the respiratory 

tract, abdomen and urinary tract, as well as bacteraemia and endocarditis (DeDonder, 2016; 

Rinchen, 2016). It is possible that their broad indication translated to high usage and hence high 

resistance against them by microbes. A positive outcome from this study, was that resistance 

against aminoglycosides was on the decline from of 58.7% in 2007 and 78.6% in 2010 to 21.7% 

in 2014 and 20.2% in 2015. This could/may be attributed to increased awareness and improved 

antimicrobial use stewardship. 

The fluoroquinolones recorded a cumulative resistance of 37.8%, second only to 

aminoglycosides with resistance increasing from 30% in 2002 to 39.3% in 2010 and 57% in 

2016. Studies have revealed an increasing prevalence of fluoroquinolone resistant 

Campylobacter strains sampled from livestock and humans subsequent to the initiation of 

fluoroquinolones as an alternative drug in food animals (Engberg et al., 2001). Danofloxacin and 

enrofloxacin are routinely indicated for the treatment and control of respiratory disease in cattle, 

which due to the nature of feedlot conditions, are fairly common (Food and Drug Administration, 

2018). The increase in resistance is a worrying trend of increasing concern as fluoroquinolones 

are among the drugs of choice in several countries for treatment of gut infections (Dalhoff, 

2012). It should also be noted that with the removal of colistin from use in animals, the 

quinolones are suggested as possible alternatives (Gharaibeh and Shatnawi, 2019). The finding 
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from this study tends to suggest that in South Africa, the quinolones need to be as well protected 

as colistin.  

Eager et al (2008) noted that tetracyclines are the second largest group of antimicrobials 

sold in South Africa and the Department of Health estimated animal consumption of 

tetracyclines at 27% (278 tons) of total antimicrobial sales (Department of Health, 2018), 

compared to the OIE reported 640 tons (63%) average for African countries (OIE, 2016; OIE, 

2017) demonstrating that South Africa’s agro-patterns differ from farming practices of most 

African countries. In Kenya, tetracyclines account for 55% of the antimicrobial consumption in 

food animals (Mitema and Kikuvi, 2004). In terms of resistance tetracyclines was fourth at 

22.8% with fluctuations over the study period recording a high of 37% in 2002 and a low of 0% 

in 2011 and 13.1% in 2015. Tetracyclines are effective against Mycoplasma and Chlamydophila 

species and are also active against Erhlichia, rickettsia and anaplasma (Li et al., 2017). A study 

by Dargatz et al. (2002) found that microbial resistance to tetracyclines and sulfamethoxazole is 

common in feedlots. A large number of sulphonamides (trimethoprim 

sulfadiazine/sulfamethoxazole) products are registered under Act 36 of 1947 making them 

readily available. Sulphonamides are wide spectrum antimicrobials active against Gram-positive 

bacteria, Chlamydophila species and protozoa (Prescott, 2013; Act 36 of 1947; Act 101 of 1965). 

However, sulphonamides recorded a relatively low cumulative average resistance of 9.1% over 

the study period with a low of 0% in 2002, 5.1% in 2009 and a high of 28% in 2016. 

Penicillins, although being the fourth largest group of antimicrobials sold (Eagar et al., 

2008), are primarily used for bovine mastitis treatment with 63% of the South African registered 

penicillins being intra-mammary preparations used in dairy operations for the treatment of Gram-

positive infections and anaerobes. It follows that their use in beef feedlot operations is lower 
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compared to dairy operations and hence the low resistance of 6.9% when compared to other drug 

classes (Prescott, 2013). Of note too, is that resistance against the penicillins decreased over the 

study period from 18.2% in 2002, 14.8% in 2007 to 5.7% in 2015 and 4.6% in 2016. This may 

be attributed to a general shift from broad to narrow spectrum antimicrobials. 

Polymixins have a low resistance of 2.6% owing to their low usage in beef feedlots. 

Sulfate salts of polymixin B and colistin are clinically limited to topical and oral use because of 

their systemic toxicity (Oh et al., 2017). Resistance to polymixin decreased from 10% in 2002 to 

2.3% in 2009 and was 0% from 2010 to 2014. Polymixin susceptible bacteria develop resistance 

slowly except when plasmid resistance is present as polymixins are bactericidal surface-active 

cationic detergents that interfere with cell membrane phospholipids, destabilizing their integrity 

and disrupting bacterial cell membrane structure (Oh et al., 2017). 

5.5 Drug use and resistance 

 

Due to the sensitivity of medical records and information, it is a challenge to obtain 

accurate and valid information about the consumption volumes and use patterns of antimicrobial 

agents for medical and growth promoting purposes (Eager et al., 2012; SANVAD, 2007).   

DALRRD reports that between 2014 and 2015 the dominant antibiotic classes used in 

animal health are AGPs, tetracyclines and macrolides at 62%, 27% and 11% respectively. 

According to DALRRD, AGPs include ionophores, flavophospholipol, olaquindox, zinc 

bacitracin and tylosin. Tylosin and tetracycline by Act 36 of 1947 (The Fertilizers, Farm Feeds, 

Agricultural Remedies and Stock Remedies Act) are registered as AGPs whilst ionophores are 

registered as antiparasitics but interpreted as “growth promoters” hence are being reported as 

growth promoters. Attempts to ameliorate the reporting of this class are being sought. As 
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reported by the South African DALRRD, of the 4.35 tons of antimicrobials imported in 2014, 

77% was estimated for human use and 23% for animal use. In contrast, the animal sector in the 

USA accounts for 70% of antimicrobial consumption (O Neill, 2016). The South Africa figure 

estimate is akin to estimates of middle-income countries except India and China (O Neill, 2016).  

Locally, on the backdrop of increased use and hence demand, an estimated increment of 

58.1% in animal use imports and 38.3% in human use imports was recorded, giving a total 

estimated import bill of 6,3 tonnes between 2014 and 2015. The total cumulative resistance in 

feedlots followed this trend and increased the following year from 18.9% in 2015 to 23.2% in 

2016. Humans consumed 97.8% of penicillins hence the low usage in animals. There was also a 

huge decrease in penicillin and fluoroquinolones use, 49% and 26% respectively. In the same 

period resistance to penicillins decreased from 6.2% to 5.7% yet resistance to fluoroquinolones 

remained relatively unchanged at 40.2% in 2014 and 40.7% in 2015 despite a 26% decrease in 

use. Over the same period, sulphonamides imports increased by 398% with a corresponding 

increase in resistance from 11.6% in 2014 to 28% in 2016 whilst macrolides imports increased 

by 120% without a significant change in resistance, 33.7% in 2014 and 33.3% in 2016.  

The resistance to the quinolones remains a concern, as mentioned above, they are 

important for medical use. As seen for quinolones, resistance may not decrease with decreased 

use.  Resistance pattern studies suggest that antimicrobial resistance impacts a cost on microbial 

fitness in such a way that reducing antimicrobial use promotes the selection of sensitive 

microbial strains over antimicrobial resistant strains by reducing the selection pressure and the 

subsequent dilution effect (Levin, 2001; Lipsitch, 2001). Furthermore, antimicrobial use is not 

the sole driver of AMR as the specific classes of antimicrobials used are crucial and resistance 

mutations may differ between bacterial strains (Dagan et al., 2008).  
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5.6 Resistance per microbial species 

 

The calculated magnitude of AMR in South African feedlot cattle, 22.5% is relatively 

high compared to feedlot operations in developed countries where levels of less than 2.5% for 

Canadian feedlots (Brault et al., 2019), and low to absent levels for Australian feedlots 

(Abraham et al., 2014; Barlow et al., 2015) was reported. Due to paucity of data on AMR levels 

in feedlots especially in other African countries we could not compare the results from this study 

to other countries on the continent (Silbergeld et al., 2008). 

Catry et al. (2006) reported relatively low levels of antimicrobial resistance in Canadian 

feedlots of less than 10% for Pasteurella species whilst South African herds recorded 23.4% for 

Pasteurella species. In Canadian feedlots, respiratory pathogen isolates showed low resistance 

levels, save for resistance to sulfamethoxazole in P. multocida and M. haemolytica and to 

ampicillin in M. haemolytica (Feyen et al., 2005). Mannheimia species in South African feedlots 

recorded a cumulative average of 20.8% with a low of 15.4% in 2002, a high of 28.8% in 2010 

and 20.1% in 2016. Thus while resistance has increased steadily from 2002 to 2010, this has 

plateaued at 20.1% in 2016 suggestive that prudent principles in the use of antimicrobials may be 

taking effect. Nonetheless the level of resistance is almost double of that reported by Klima et al. 

(2011) for southern Alberta feedlots for M. haemolytica.  

 In the USA, most commensal Escherichia coli and Salmonella species sampled from 

dairy cattle faeces on farms in twenty one states had low to none resistance to a wide range of 

antimicrobials (Lowrance et al., 2007). In South African feedlots, E. coli is highly resistant to 

recommended antimicrobials with a cumulative average of 55.3%, a high of 81.3% in 2009 and a 

low of 43.5% in 2012. Escherichia coli faecal shedding in feedlots is not uncommon and is a 

public health hazard as the foodborne transmission hazard can lead to fatal disease in humans 
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(Beauvais et al., 2018). Further support that the resistance seen in feedlots is linked to drug use is 

evident when results are compared to the results of Mupfunya (2018) in Mnisi rural community, 

Mpumalanga province. In this study, Mupfunya (2018) found that E. coli isolates had low 

resistance towards colistin 16%, chlortetracycline 8% and were 100% susceptibility to 

gentamicin.  

Klebsiella pnuemoniae and Pseudomonas aeruginosa recorded cumulative resistances of 

47.4% and 53.8%. This is significantly higher than the total average of 22.5% but it is noted that 

for both bacteria the resistance decreased from 100% for K. pneumoniae in 2007 to 34.4% in 

2015 and 84% in 2007 for P. aeruginosa to 40% in 2016. In comparison to results from Iran, 

Azimi et al. (2019) found strong association between genotypes of P. aeruginosa and K. 

pneumoniae, and resistance levels between 62% and 100% to all tested antimicrobials except 

colistin and tetracyclines indicative of multi-drug resistance. Trueperella pyogenes and 

Histophilus somni recorded cumulative average resistances of 11.2% and 11.3% respectively, the 

lowest for the bacteria isolated. A Canadian study by Timsit et al. (2017) found record levels of 

oxytetracycline (67%) and penicillin (52%) resistance in H. somni isolates. A Brazilian study 

identified and described H. somni as a potential threat to Brazilian beef feedlots Headley et al. 

(2014). An American study by Jost et al. (2003), found T. pyogenes to be the leading cause of 

liver abcessation in feedlot cattle. 22,9% of the isolates tested demonstrated inducible or 

constitutive resistance to tylosin. 

This pioneer study has provided a gateway into further research on antimicrobial 

resistance in food animals and their products. The major limitation of our study was lack of valid 

scientific data, or its inaccessibility thereof, locally and from other African countries for a clearer 

regional or continental picture of AMR in feedlot cattle. 
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6    CONCLUSION AND RECOMMENDATIONS 

 

6.1 Conclusion  

 

Antimicrobial resistance in clinical isolates from feedlot cattle increased within the 

period of study. The cumulative average resistance for the period under study (2002 to 2016) was 

relatively higher in comparison with other first world countries with established antimicrobial 

use legislation and strict antimicrobial use policies and guidelines. The antimicrobial resistance 

in South African feedlot cattle may thus pose a problem to public health and further initiatives to 

curb and reduce resistance need to be implemented. The tetracyclines, quinolones, 

sulphonamides and penicillins were of most concern as in addition to being extensively used in 

animal health, these were the drugs to which the most relevant feedlot bacteria have a 

statistically significant level of resistance. The public health concern is that these specific 

antimicrobial classes have analogues that are immensely essential in human medicine (Mitema 

and Kikuvi, 2004).  

6.2 Recommendations 

 

Considering the findings of this study, it is clear that stewardship can have an impact on 

antimicrobial use. However, the study also showed that resistance mitigation strategies applied in 

South Africa are not as effective as for other countries. For this we would recommend: 

6.2.1 Policy strategy 

 

Drafting and implementing a veterinary antimicrobial use policy that takes into account 

resistance development and the value of using distinct antimicrobials for medical and veterinary 

practice.  
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6.2.2 Adherence to legislation 

 

Adherence to the SAVC Section 10 rules and regulations on compounding and use of 

veterinary medicines (Veterinary and Para-veterinary Professions Act, 1982). Update and 

implement a single veterinary medicine Act to allow for stricter control of antimicrobial drugs. 

6.2.3 Standardisation of antimicrobial sensitivity tests 

 

Expansion of SANAS accredited veterinary laboratory services to better support 

detection and surveillance of resistance using harmonized standard operating procedures. 

6.2.4 Monitoring of antimicrobial use 

 

Programmes by government in conjunction with relevant stakeholders to continuously 

monitor the development and prevalence of resistance, and gross consumption of antimicrobials 

especially in food animal operations in a more proactive manner. Sharing of information on 

resistance prevalence on all levels so as to advise policy and spot notable changes that 

necessitate pro-action. 
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