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ABSTRACT 

 

In addition to being used for the treatment of human infections, antibiotics are also widely 

used for the treatment of infection, disease prevention and the growth promotion of food-

producing animals worldwide. The use of antibiotics has resulted in the emergence of 

antibiotic resistance, which is a cause of global concern for human and animal health. Among 

meat-producing animals, poultry is an increasing source of meat. The amount of antibiotics 

used as well as the prevalence of resistance is partly known for few countries; however, a 

global overview is missing. 

The first section of this thesis identifies the antibiotic agents legalized and the levels of 

antibiotic resistance reported in Escherichia coli isolated from broilers originating from large 

poultry-producing regions, including the US, China, Brazil and countries of the EU (Poland, 

United Kingdom, Germany, France and Spain), which produce more than half of the global 

poultry meat supply. 

The data search provided interesting results and showed that fluoroquinolones, 3rd 

generation cephalosporins and macrolides (“highest priority, critically important” antibiotics 

for human medicine according to the WHO) are approved for use in large poultry-producing 

regions, with the exception of fluoroquinolones in the US and cephalosporins in the EU. 

Tetracyclines, aminoglycosides, sulfonamides and penicillins are registered for use in poultry 

in all evaluated countries. The resistance rates in E. coli to representatives of these antibiotic 

classes are high in all countries. The resistance rates to fluoroquinolones and quinolones in 

the US, where fluoroquinolones are not registered for use, are below 5%, while the average 

of resistant E. coli is above 40% in Brazil, China, and the EU, where use of fluoroquinolones is 

legal. These findings demonstrate that the production of poultry meat without 

fluoroquinolones is possible and that the ban of fluoroquinolones has led to low resistance 

rates in E. coli. 

In general, it is assumed that the occurrence of antibiotic resistance stems from the use of 

antibiotics in animal production. However, the extent to which antibiotic resistance is 

associated with the use of chemical and biological agents used for the expressed purpose to 

control, deter, inhibit or kill harmful microorganisms is poorly understood according to the 
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FAO (2018). The aim of the second part of this thesis was to evaluate the effect of enrofloxacin 

as well as an acid-based feed additive (FA) on the prevalence of antibiotic-resistant E. coli in 

broilers. Treatment with enrofloxacin increased the number of E. coli resistant to 

ciprofloxacin, streptomycin, sulfamethoxazole and tetracycline; it also decreased the number 

of E. coli resistant to cefotaxime and extended-spectrum beta-lactamase-(ESBL)-producing E. 

coli in the ceca of broilers. Supplementation with the FA contributed to a significant decrease 

in the number of E. coli resistant to ampicillin and tetracycline compared to the those in 

control and enrofloxacin-treated groups, as well as to a decrease in sulfamethoxazole- and 

ciprofloxacin-resistant E. coli compared to that in the enrofloxacin-treated group. 

In the third part of the thesis, we investigated the impact of ampicillin, a FA as well as a 

synbiotic preparation on the prevalence of antibiotic-resistant E. coli in the ceca of broilers 

receiving oral challenge with avian pathogenic E. coli multiresistant to ampicillin, cephalexin 

and nalidixic acid. The administration of ampicillin for five days led to a significant increase in 

the number of E. coli resistant to ampicillin, amoxicillin-clavulanic acid, cefoxitin and 

ceftriaxone, which all belong to the ß-lactam antibiotic family. Tested feed additives did not 

increase the prevalence of resistant determinants in the gut of broilers. Moreover, the effect 

of the tested feed additives on the prevalence of resistant E. coli was demonstrated by lower 

ceftriaxone MIC values than to those in the antibiotic group. Additionally, the synbiotic fed 

group showed lower ceftriaxone MIC values when compared to the antibiotic group. 

It may be concluded, that a high prevalence of resistant E. coli in all experimental groups was 

observed in both studies. The treatment of broilers with antibiotics led to an increase in 

resistant E. coli, but this effect was not observed for FA and synbiotics. Moreover, the number 

of E. coli resistant to some antibiotics was lower in the group of broilers supplemented with 

FA or a synbiotic than that in the other control groups. 
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ZUSAMMENFASSUNG 

 

Neben der Verwendung für die Bekämpfung von Infektionen beim Menschen werden 

Antibiotika auch weltweit zur Behandlung von Infektionen, zur Prophylaxe und zur 

Wachstumsförderung von Lebensmittel-produzierenden Tieren eingesetzt. Die breite 

Verwendung von Antibiotika führt zur Entstehung und Verbreitung von 

Antibiotikaresistenzen, welche ein zunehmendes Risiko für die Gesundheit von Mensch und 

Tier darstellen. Unter den Fleisch-produzierenden Tieren nimmt Geflügel eine zunehmend 

dominierende Rolle ein. In diesem Zusammenhang sind die dabei eingesetzten 

Antibiotikamengen sowie die Prävalenz der Antibiotikaresistenzen allerdings nur für wenige 

Länder bekannt und ein globaler Überblick fehlt bislang. 

Im ersten Abschnitt dieser Arbeit wurden die jeweils für die Geflügelmast zugelassenen 

antibiotischen Substanzen identifiziert und dem Niveau der Antibiotikaresistenzen in aus 

Broilern isolierten E. coli gegenübergestellt. Dabei wurden die Daten der größten 

Geflügelfleisch-produzierenden Länger/Regionen verglichen (entsprechen >50% der globalen 

Geflügelfleischproduktion): USA, China, Brasilien und die EU-Mitgliedsländer (Polen, 

Vereinigtes Königreich, Deutschland, Frankreich und Spanien). 

Die Datenrecherche lieferte wichtige Erkenntnisse und zeigte, dass die Fluorchinolone, 

Cephalosporine und Makrolide der 3. Generation ("Critically important antimicrobials for 

human medicine according to WHO“) für den Einsatz in großen Geflügel produzierenden 

Regionen zugelassen sind. Ausnahmen dabei sind die Fluorchinolone in den USA und die 

Cephalosporine in der EU. Tetracycline, Aminoglykoside, Sulfonamide und Penicilline sind in 

allen untersuchten Ländern für die Verwendung bei Geflügel registriert d.h. zur Verwendung 

zugelassen. Die Resistenzraten in E. coli Isolaten gegenüber Vertretern dieser 

Antibiotikaklassen sind in allen untersuchten Ländern hoch. Die Resistenzraten gegenüber 

Fluorchinolonen und Chinolonen in den USA (Fluorchinolone sind hier nicht zur Verwendung 

zugelassen) liegen unter 5%, während die Durchschnittsrate resistenter E. coli Isolate in 

Brasilien, China und der EU über 40% liegt (der Einsatz von Fluorchinolonen ist in diesen 

Ländern legal). Diese Ergebnisse zeigen, dass die wirtschaftliche Produktion von 

Geflügelfleisch ohne den Einsatz von Fluorchinolonen möglich ist und das Verbot des Einsatzes 

von Fluorchinolonen zu niedrigen Resistenzraten in E. coli geführt hat. 
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Im Allgemeinen wird angenommen, dass das Auftreten und die Verbreitung von 

Antibiotikaresistenzen unter anderem auf den Einsatz von Antibiotika in der Tierproduktion 

zurückzuführen sind. Dabei ist jedoch der Umfang und die Dynamik, in der 

Antibiotikaresistenzen mit dem Einsatz nicht-antibiotischer antimikrobieller Substanzen zur 

Hemmung und Abtötung unerwünschter Mikroorganismen in Zusammenhang stehen, nach 

FAO (2018) noch wenig verstanden. 

 

Im zweiten Teil dieser Arbeit wurde die Wirkung von Enrofloxacin und die eines auf 

organischen Säuren basierenden Futtermittelzusatzes (FA) auf die Prävalenz 

antibiotikaresistenter E. coli bei Broilern untersucht. Der Einsatz von Enrofloxacin führte zu 

einer Erhöhung der Anzahl an gegen Ciprofloxacin, Streptomycin, Sulfamethoxazol und 

Tetracyclin resistenten E. coli Isolate. Parallel wurde die Rate an E. coli Isolaten mit Resistenz 

gegen Cefotaxim sowie Extended-Spectrum-Beta-Lactamase-(ESBL)-produzierende E. coli in 

der Ceca von Broilern verringert. Die Supplementierung des Futters mit FA trug zu einer 

signifikanten Abnahme von Ampicillin- und Tetracyclin-resistenten E. coli im Vergleich zur 

Kontroll- und Enrofloxacin-behandelten Gruppe, sowie zu einer Abnahme von 

Sulfamethoxazol- und Ciprofloxacin-resistenten E. coli im Vergleich zu der mit Enrofloxacin-

behandelten Gruppe bei. 

 

Im dritten Teil der Arbeit wurde der Einfluss von Ampicillin, FA und einer synbiotischen 

Präparation auf die Prävalenz von antibiotikaresistenten E. coli im Blinddarm von 

Masthühnern untersucht. Zuvor hatten die Tiere eine orale Gabe mit einem 

geflügelpathogenen E. coli Stamm mit Resistenzen gegen Ampicillin, Cephalexin und 

Nalidixinsäure bekommen. Die Verabreichung von Ampicillin für fünf Tage führte zu einem 

signifikanten Anstieg von E. coli mit Resistenzen gegen folgende ß-Lactam-Antibiotika: 

Ampicillin, Amoxicillin-Clavulansäure, Cefoxitin und Ceftriaxon. Die beiden eingesetzten 

Futterzusatzstoffe (FA, synbiotisches Präparat) erhöhten die Prävalenz resistenter E. coli im 

Darm von Broilern nicht. Darüber hinaus wurden in den Gruppen mit den 

Futtermittelzusatzstoffen niedrigere Ceftriaxon-MHK Werte im Vergleich zur 

Antibiotikagruppe festgestellt.  
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Zusammenfassend wurde eine hohe Prävalenz von resistenten E. coli in allen Gruppen der 

beiden Fütterungsstudien beobachtet. Der Einsatz von Antibiotika bei den Broilern führte 

jeweils zu einem Anstieg an antibiotika-resistenten E. coli. Dieser Effekt wurde für die beiden 

geprüften Alternativen (FA und Synbiotikapräparat) nicht beobachtet. Im Gegenteil, es konnte 

eine reduzierte Anzahl an resistenten E. coli in den mit FA oder dem Synbiotikapräparat 

behandelten Gruppen im Vergleich zu den Kontrollgruppen festgestellt werden.   
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I. INTRODUCTION 

 

Problem of antibiotic resistance and antibiotic use in animal production 

 

The antibiotic is an antibacterial class of antimicrobials, and of greatest interest for public 

health (Pagel and Gautier, 2012). Antibiotic is a substance produced by one microorganism 

that selectively inhibits the growth of another; synthetic antibiotics, usually chemically related 

to natural antibiotics, have since been produced that accomplish comparable tasks 

(MedicineNet, 2018). Antibiotics are essential for the treatment and prophylaxis of human 

infections as well as for the treatment of animal and plant infections (Marshall and Levy, 2011; 

Milillo and Ricke, 2010). Although antibiotics were introduced into the clinical practice only in 

the middle of the last century, they have been present in the nature since the existence of 

microorganisms. The process of antibiotic resistance is a natural evolutionary phenomenon 

for microorganisms that are constantly adapting to survive (WHO, 2018). Due to the high 

amount of antibiotics in the ecosystem since their use for treatment and prevention of 

diseases, antibiotic resistance is an increasingly serious threat to global public health. All use 

of antibiotics including appropriate, inappropriate, over- and under-use drives the 

development and spread of antibiotic resistance (Interagency Coordination Group on 

Antimicrobial Resistance, 2018). Antibiotic resistance is a complex and multifactorial problem. 

There are many potential pathways by which resistant bacteria may transfer between 

populations of humans, animals, fish, water sources and plants, as shown in Figure 1. 

Therefore, reduction of antibiotic use each sector of use is reasinable in order to achieve 

reduction of the prevalence of antibiotic resistance. 
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Figure 1: Epidemiology of Antimicrobial Resistance in the environment. 

 

Adopted and modified from Linton (1977) by Rebecca Irwin, Health Canada (Prescott, 2000) 

and IFT. 

 

In order to reduce antibiotic use, it is important to measure it. There is a national monitoring 

of antimicrobial use in some countries (European countries, USA, Japan). Figures from the 

European Surveillance of Veterinary Antimicrobial Consumption (ESVAC) Report show that a 

total of 7 787 tonnes of active ingredients of veterinary medicinal products were sold for use 

in livestock in the 30 reporting countries (European Medicines Agency, 2018). The use of 

antibiotics to produce the same ammont of meat  is very different depending on the country 

as shown in Figure 2. 
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Figure 2. Sales of antibiotics for food producing animals in 30 European countries in 2016. 

 

*Amphenicols, cephalosporins, other quinolones and other antibacterials (classified as such 

in the ATCvet system). Source: European Medicines Agency, 2018 

 

Sales of antibiotics for animal species is needed in oreder to understand and reduce the 

antibiotic use. These data are available for few European countris, the US and Japan. There is 

no data available on global use of antibiotics. Poultry is one of the world´s fastest growing 

sources of meat production. It is known that antibiotic in poultry are used for the treatment 

of disease, disease prevention and growth promotion (Poole and Sheffield, 2013). The work 

of this thesis is the identification of antibiotic substances and there amounts, which are used 

in the large poultry producing countries: the US, China, Brazil and countries of the EU - Poland, 

United Kingdom, Germany, France and Spain. National listings of all medical products that are 

approved for use in poultry were screened for active antibiotic substances that may be used 

in feed, water or administered parenterally.  
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Antibiotic resistance in poultry 

 

Harmonized integrated surveilance of antibiotic resistance in food producing animals and food 

is implemented in only a limited number of countries (WHO, 2014). Similarly to antibiotic use 

monitoring in Europe, it is recognizable that antibiotic resistance is different depending on the 

country. Figure 3 presents the distribution of multiresistant E. coli in different European 

countries. Exact comparison of antibiotic use in poultry and resistance in E. coli from broilers 

in Europe is not possible, as data on antibiotic use in poultry are nor available. However, we 

observe that contries with low prevalence of antibiotic resistance in poultry like Iceland, 

Finnland, Norway, Sweden, Denmark are also using low ammounts of antibiotics in livestock 

production, which can be observed comparing Figure 2 and Figure 3.    

 

Figure 3: Frequency distribution of E. coli isolates completely susceptible and resistant to 1 – 

11 antibiotic classes in European countries in 2016. 

 

N: total number of isolates tested for susceptibility against the whole harmonised set of 

antimicrobials for E. coli; sus: susceptible to all antimicrobial classes of the harmonised set for 

E. coli; res1–res9: resistance to 1 up to 11 antimicrobial classes of the harmonised set for E. 
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coli. Source: EFSA (European Food Safety Authority) and ECDC (European Centre for Disease 

Prevention and Control), 2018.  

 

The evaluation of resistance rates in E. coli from poultry originating from large poultry 

producing countries combined with data about antibiotic use in poultry should provide global 

comparison of data. We hypothesize that the application of antibiotics leads to high and 

consistent resistance levels in E. coli isolates, whereas ban of some classes of antibiotics 

results in low resistance levels. This review is the first comprehensive evaluation of data 

recording the authorized antibiotics for poultry production combined with AR data in E. coli 

isolates in large poultry producing regions. 

 

Influence of biocidal feed additives on antibiotic resistance 

 

The European Food Safety Authority (EFSA) and the European Medicines Agency (EMA) were 

reviewing the measures to reduce the use of antimicrobials in animal husbandry in the EU as 

well as reviewing the recent scientific developments in the area of possible alternatives to the 

use of antimicrobials in animal husbandry in the EU. The outcome is presented in the 

comprehensive scientific optinion and shows that implemented animal husbandry and disease 

prevention measures improve animal health and welfare, and therefore reduce the need to 

use antibiotics (Murphy, et al., 2017). This measures include external biosecurity, 

compartmentalisation, production groupings, housing design, building, maintenance, 

nutrition, stress reduction, vaccination and genetic selection. Same report provides a list of 

the alternatives to antibiotics, althouth gaps in knowledge that limit the use of alternatives to 

antimicrobials in animal husbandry were identified. To the identified alternatives belong 

organic acids, probiotics, competitive exclusion, synbiotics, passive immunisation, 

bacteriophages, immunomodulators, Zinc oxide, clay minerals and teat sealants. Some of the 

named alternatives to antibiotics have biocidal activity. For  some biocides, results  from  

laboratory  experiments  show  that  exposure  to  particular active ingredients or biocidal 

products can result in increased tolerance of certain microorganisms to the  active  ingredient  

and  also  other  antibiotics (Food and Agriculture Organization of the United Nations, 2018). 
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 In general, the  extent to which AR is associated with the use of biocides and disinfectants –

chemicals and biological agents used for the expressed purpose to control, deter, inhibit or 

kill harmful microorganisms –is poorly understood. The aim of the second and third parts of 

the thesis was the evaluation of the effect an acid-based feed additive (FA) as well as synbiotic 

on the prevalence of antibiotic-resistant E. coli in broilers in comparison to antibiotics 

enrofloxacin and ampicillin.  

Organic acid based feed additives are frequently used in poultry production due to their 

bactericidal activity, both in feed and in the gastrointestinal tract (Ricke, 2003). The effect of 

non-antibiotic antimicrobial compounds like organic acids and cinnamaldehyde on resistant 

E. coli is not clear. There is an indication that exposure to non-antibiotic antimicrobial agents 

can induce or select for bacterial adaptations that results in decreased susceptibility to one or 

more antibiotics (Wales and Davies, 2015). In contrary, the reduction of extended-spectrum 

cephalosporin producing E. coli has been associated with the use of acidified drinking water 

in a risk factor study performed in Belgian broiler farms (Persoons, et al., 2010).  

Synbiotics are defined as a mixture of probiotics and prebiotics that beneficially affects the 

host by improving the survival and implantation of live microbial dietary supplements in the 

gastrointestinal tract, by selectively stimulating the growth and/or by activating the 

metabolism of one or a limited number of health-promoting bacteria, and thus improving host 

welfare (Gibson and Roberfroid, 1995). The application of the synbiotic preparation may 

reduce E. coli and total coliform populations in the intestines of broiler chickens (Dibaji, et al., 

2014). The influence of synbiotic preparation on E. coli and AR E. coli counts was evaluated 

with investigation of this thesis.  

E. coli were used in the studies as indicator bacteria to determine development of resistance 

in broilers. E. coli may frequently be exposed to selective pressure caused by antibiotic 

treatments and may contribute considerably to the spread of antibiotic resistance (Simoneit, 

et al., 2015). Moreover, avian pathogenic E. coli (APEC) cause various diseases collectively 

termed as colibacillosis in chickens, which are responsible for significant economic losses in 

the chicken industry (Hammerum and Heuer, 2009; Mohamed, et al., 2014). Therefore, oral 

challenge with multiresistant E. coli was conducted to see the effect of multiresistant E. coli 

on the susceptibility profile of commensal E. coli, and compare it with antibiotic ampicillin.  
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II. AIMS AND OBJECTIVES 

 

The main aim of this research was to provide an overview about antibiotic use and resistance 

in poultry on a global perspective and to evaluate the effect of feed additives on the 

prevalence of resistant E. coli in broilers. Figure 4 illustrates the three key steps of research 

process throughout this thesis. Subsequently, the individual steps are described in more 

details. 

Figure 4: Key steps of the research process identifing aims and objectives of the thesis.  

 

 

 

 

 

 

 

 

 

 

 

 

1. Conduct literature review 

The objective of this study was to identify the legalized antibiotics, the amounts thereof 

administered and the level of AR monitored in E. coli isolated from broilers originating from 

the large poultry producing regions US, China, Brazil, Poland, United Kingdom, Germany, 

France and Spain. We hypothesize that the application of antibiotics leads to high and 

3. Evaluate the effect of acid based feed additives 

and synbiotic preparation on antibiotic resistant in 

E. coli in broilers orally challenged with pathogenic 

multiresistant E. coli in comparison to antibiotic 

 

1. Conduct literature review: Global antibiotic 

use and resistance in poultry, provide 

comparison between regions and conclusions 

 

2. Evaluate the effect of acid based feed additives 

on the prevalence of antibiotic resistant E. coli in 

broilers in comparison to antibiotic 

 



24 
 

consistent resistance levels in E. coli isolates, whereas ban of some classes of antibiotics 

results in low resistance levels. 

2. Evaluate the effect of acid based feed additives on the prevalence of antibiotic resistant 

E. coli in broilers and compare it to the effect of enrofloxacin  

Trial was planned to be conducted in the EU (Austria). Outcome of the literature review should 

provide a base for used for the choice of antibiotic as a positive control group in the trial. 

Antibiotic, that shows high resistance level in E. coli from poultry in the EU, which use is 

causing concerns and needs to be replaced and is used to combat E. coli problems in poultry 

should be used in the trial. Accordingly, it was decided to use enrofloxacin. Due to the 

antimicrobial activity of organic acids, the level of antibiotic resistant bacteria in the 

gastrointestinal tract of broilers may increase or decrease. The present study therefore 

evaluates the effect of enrofloxacin and feed additives based on organic acids on the 

prevalence of resistant E. coli in the gastrointestinal tract of broilers.  

3. Evaluate the effect of acid based feed additives and synbiotic preparation on antibiotic 

resistant in E. coli in broilers orally challenged with pathogenic multiresistant E. coli and 

compare it to ampicillin  

It was planned to conduct this trial in the US. Concerns about the development of 

fluoroquinolone-resistant Campylobacter species in poultry led to a withdrawal of 

enrofloxacin in poultry in the United States in 2005. The resistance to enrofloxacin in the US 

is very low, therefore another antibiotic, that is used for the treatment of E. coli problems and 

causing resistance in the US should be used in the trial. It was decided to use ampicillin. The 

antimicrobial activity of an organic acids based feed additive, as well as the application of a 

synbiotic preparation may influence the level of AR bacteria in the gastrointestinal tract of 

broilers. The present study therefore evaluates the effect of these feed additives as well as 

ampicillin on the prevalence of resistant E. coli in the gastrointestinal tract of broilers under 

oral challenge with a multiresistant pathogenic E. coli strain. Method of an oral challenge with 

ampicillin needed to be developed prior the study start.  
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IV. CONCLUDING STATEMENTS AND FUTURE ASPECTS 

 

Although, antibiotics were used in the human medicine since the introduction of 

sulphonamides in 1930, the phenomenon of antibiotic resistance is ancient as antibiotic 

resistance genes have been known to evolve billions of years ago, long before clinical use of 

antibiotics (D’Costa, et al., 2011). The use of high concentration of lethal dose of antibiotics as 

a consequence of human activity led to a major change in innate functional role to give rise to 

the emergence of antibiotic-resistant pathogens. Because of the rapid dissemination of 

antibiotic resistance in pathogens, many of the antibiotics, which were effective earlier, 

became obsolete during the past few decades (Sengupta, et al., 2013). In addition, only one 

new antibiotic was introduced in the recent years and all other entrants were just the variation 

of the existing one (Raghunath, 2008). As the results, antibiotic resistance became a threat to 

human and animal health worldwide.  

Key measures are required to reduce the risks posed by antibiotic resistance. The literature 

review is the first comprehensive evaluation of data recording the authorized antibiotics for 

poultry production combined with AR data in E. coli isolates in large poultry producing regions 

that together produce more than 1/3 of poultry meat worldwide.  The survey results clearly 

display the absence of a harmonized approach in the monitoring of antibiotics per animal 

species and the evaluation of resistances using the same methodology. The outcome of the 

review confirms finding demonstrated with other studies as summarized by Food and 

Agriculture Organization of the United Nations (2018), that the use of antibiotics in poultry 

production increases the selection pressure for antibiotic-resistant bacteria. The resistance 

rates to fluoroquinolones and quinolones in the US, where fluoroquinolones are not 

registered for use, are below 5%, while the average of resistant E. coli is above 40% in Brazil, 

China, and EU, where use of fluoroquinolones is legalized, as can be observed in Figure 5. 

These finding demonstrate the possibility to produce broilers without fluoroquinolones, which 

results in low resistance rates.  
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Figure 5. Registration of fluoroquinolones and resistance rates of ciprofloxacin in E. coli 

originating from broilers from the US, China, Brazil, Poland, United Kingdom, Germany, France 

and Spain. 

  

E. coli isolates from healthy animals (green dots), chicken retail meat (blue dots) and diseased 

chickens (red dots) detected within scientific studies or national monitoring programmes. 

Each dot represents one study or data set in one year. On the top of the figure, status of 

approval for fluoroquinolones. 

 

Data research also presents, that there are several classes of antibiotics that are approved for 

use in poultry, but no E. coli AR are available for studied regions. Such classes are: arsenicals, 

glycophospholipids, ionophores, lincosamides, orthosomycins, pleuromutilins, polypeptides 

and streptogramins. Although, most of the representatives of these antibiotic classes act 

against Gram-positive bacteria, the prevalence of resistance determinants in E. coli to some 

of these antibiotics was detected by (Bonnet, et al., 2009; Cervantes, et al., 1994; Heir, et al., 

2004; Hummel, 1979). Additionally, the research gap was identified, concerning the detection 

of resistance to colistin and tylosin. Colistin, as a representative of the polymyxins, and tylosin, 

as representative of the macrolides, are both allowed for poultry use in all countries for oral 

treatment or injection solution, but there is only a limited amount of resistance data available. 



61 
 

Due to the detection of plasmid-located colistin resistance genes in some countries, the 

assessment of resistance rates to this antibiotic would be essential in the future.  

The use of feed additives as alternatives to antibiotic for disease prevention may be possible. 

However, the gaps of knowledge were identified during the evaluation of alternatives to 

antibiotics by Murphy, et al. (2017). Therefore, further research for evaluation of efficacy of 

organic acid based feed additives as well as synbiotics in comparison to antibiotics was 

needed. Additionally, the effect of feed additives with biocidal activity needed to be clarified 

as stated by Food and Agriculture Organization of the United Nations (2018). Two trials in 

different countries (Austria and US) and using different conditions (non-challenge and 

challenge with resistant pathogenic E. coli were conducted in order to evaluate the efficacy of 

tested feed additives and antibiotics.   

A high prevalence of antibiotic resistant E. coli in both trials was observed throughout the 

study period. Which also corresponds with prevalence of resistant E. coli evaluated in the 

process of literature review conducted in this thesis. The source of antibiotic-resistant bacteria 

is the vertical transmission of resistance gene determinants along the poultry chain. (Zurfluh, 

et al., 2014) showed that gene determinants of ESBL-producing E. coli are transmitted 

vertically in the broiler production pyramid from the top (nucleus poultry flock level) to the 

bottom, with little evidence of any antimicrobial selection pressure.  

The presence of the multiresistant E. coli in the trial conducted in the US did not increase the 

prevalence of resistant E. coli. The use of antibiotics was recognized as a reason for significant 

increase of resistant E. coli. The administration of enrofloxacin as well as ampicillin for few 

days led to significant increase of E. coli resistant to different antibiotics. Use of ampicillin led 

to an increase of ampicillin, amoxicillin-clavulanic acid, cefoxitin and ceftriaxone that all 

belong to ß-lactam antibiotics. The use of enrofloxacin led to an increase not only 

fluoroquinolones, but also antibiotics streptomycin, sulfamethoxazole and tetracycline 

belonging to other antimicrobial classes. On another hand, use of enrofloxacin led to a 

decrease of cefotaxime resistant antibiotics as well as ESBL producing E. coli.  

Tested feed additives did not increase the prevalence of resistant determinants in the gut of 

broilers during the two experiments. Moreover, supplementation with feed additives based 

on organic acids contributed to a decrease in ampicillin- and tetracycline-resistant E. coli in 
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the cecum of broilers compared to the negative control group and group received 

enrofloxacin. Decrease of resistant E. coli in the groups supplemented tested feed additives 

was indicated also during the challenge trial in the US. The reason for such a decrease is not 

clear and needs further experiments.  

Additionally, it would be important to evaluate the prevalence of resistant bacteria as well as 

the effect of feed additives on resistant bacteria using the technology of gene sequencing, 

which is able to detect the whole resistome. The studies of antibiotic resistance have grown 

from focusing on single organisms in culture to studying antibiotic resistance in pathogenic, 

commensal and environmental bacteria at the level of microbial communities (Crofts, et al., 

2017). As the study of antibiotic resistance advances, it is important to incorporate this 

comprehensive approach to better inform global antibiotic resistance surveillance. It is 

increasingly becoming apparent that although not all resistance genes are likely to 

geographically and phylogenetically disseminate, the threat presented by those that are is 

serious and warrants an interdisciplinary research focus.  
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E. coli ………………………………………………………………………..…………………………..Escherichia coli 

EFSA ………………………………………………………………………………European Food Safety Authority 
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EU ……………………………………………………………………………………………………...European Union 
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