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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



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 R-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.



ZUSAMMENFASSUNG

Neben der Verwendung fir die Bekdampfung von Infektionen beim Menschen werden
Antibiotika auch weltweit zur Behandlung von Infektionen, zur Prophylaxe und zur
Wachstumsférderung von Lebensmittel-produzierenden Tieren eingesetzt. Die breite
Verwendung von Antibiotika flihrt zur Entstehung und Verbreitung von
Antibiotikaresistenzen, welche ein zunehmendes Risiko fir die Gesundheit von Mensch und
Tier darstellen. Unter den Fleisch-produzierenden Tieren nimmt Geflligel eine zunehmend
dominierende Rolle ein. In diesem Zusammenhang sind die dabei eingesetzten
Antibiotikamengen sowie die Pravalenz der Antibiotikaresistenzen allerdings nur flir wenige
Lander bekannt und ein globaler Uberblick fehlt bislang.

Im ersten Abschnitt dieser Arbeit wurden die jeweils fir die Gefligelmast zugelassenen
antibiotischen Substanzen identifiziert und dem Niveau der Antibiotikaresistenzen in aus
Broilern isolierten E. coli gegenibergestellt. Dabei wurden die Daten der groRten
Gefllugelfleisch-produzierenden Langer/Regionen verglichen (entsprechen >50% der globalen
Geflugelfleischproduktion): USA, China, Brasilien und die EU-Mitgliedslander (Polen,
Vereinigtes Konigreich, 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 WHQO") fiir den Einsatz in groBen Gefliigel 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 Landern fir die Verwendung bei Gefllgel registriert d.h. zur Verwendung
zugelassen. Die Resistenzraten in E. coli Isolaten gegeniber Vertretern dieser
Antibiotikaklassen sind in allen untersuchten Landern hoch. Die Resistenzraten gegeniber
Fluorchinolonen und Chinolonen in den USA (Fluorchinolone sind hier nicht zur Verwendung
zugelassen) liegen unter 5%, wahrend die Durchschnittsrate resistenter E. coli Isolate in
Brasilien, China und der EU Uber 40% liegt (der Einsatz von Fluorchinolonen ist in diesen
Landern legal). Diese Ergebnisse zeigen, dass die wirtschaftliche Produktion von
Gefllgelfleisch ohne den Einsatz von Fluorchinolonen maoglich ist und das Verbot des Einsatzes

von Fluorchinolonen zu niedrigen Resistenzraten in E. coli geflihrt hat.



Im Allgemeinen wird angenommen, dass das Auftreten und die Verbreitung von
Antibiotikaresistenzen unter anderem auf den Einsatz von Antibiotika in der Tierproduktion
zurickzufihren sind. Dabei ist jedoch der Umfang und die Dynamik, in der
Antibiotikaresistenzen mit dem Einsatz nicht-antibiotischer antimikrobieller Substanzen zur
Hemmung und Abtétung unerwiinschter 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 Sauren basierenden Futtermittelzusatzes (FA) auf die Pravalenz
antibiotikaresistenter E. coli bei Broilern untersucht. Der Einsatz von Enrofloxacin fihrte zu
einer Erhohung 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
Praparation auf die Pravalenz von antibiotikaresistenten E. coli im Blinddarm von
Masthihnern untersucht. Zuvor hatten die Tiere eine orale Gabe mit einem
gefligelpathogenen E. coli Stamm mit Resistenzen gegen Ampicillin, Cephalexin und
Nalidixinsaure bekommen. Die Verabreichung von Ampicillin fir funf Tage flihrte zu einem
signifikanten Anstieg von E. coli mit Resistenzen gegen folgende R-Lactam-Antibiotika:
Ampicillin, Amoxicillin-Clavulansaure, Cefoxitin und Ceftriaxon. Die beiden eingesetzten
Futterzusatzstoffe (FA, synbiotisches Praparat) erhdhten die Pravalenz resistenter E. coli im
Darm von Broilern nicht. Darliber hinaus wurden in den Gruppen mit den
Futtermittelzusatzstoffen  niedrigere  Ceftriaxon-MHK  Werte im  Vergleich  zur

Antibiotikagruppe festgestellt.



Zusammenfassend wurde eine hohe Pravalenz von resistenten E. coli in allen Gruppen der
beiden Fltterungsstudien beobachtet. Der Einsatz von Antibiotika bei den Broilern fiihrte
jeweils zu einem Anstieg an antibiotika-resistenten E. coli. Dieser Effekt wurde fiir die beiden
gepruften Alternativen (FA und Synbiotikapraparat) nicht beobachtet. Im Gegenteil, es konnte
eine reduzierte Anzahl an resistenten E. coli in den mit FA oder dem Synbiotikapraparat

behandelten Gruppen im Vergleich zu den Kontrollgruppen festgestellt werden.



LIST OF PUBLICATIONS

Publications related to this thesis

Roth, N., A. Kaesbohrer, S. Mayrhofer, U. Zitz, C. Hofacre, and K. Domig. 2018. The
application of antibiotics in broiler production and the resulting antibiotic resistance
in Escherichia coli: A global overview. Poultry Science,

https://doi.org/10.3382/ps/pey539

Roth, N., S. Mayrhofer, M. Gierus, C. Weingut, C. Schwarz, B. Doupovec, R. Berrios, and
K. Domig. 2017. Effect of an organic acids based feed additive and enrofloxacin on the
prevalence of antibiotic-resistant E. coli in cecum of broilers. Poultry Science 96:4053-

4060.

Roth, N., C. Hofacre, U. Zitz, G.F. Mathis, K. Moder, B. Doupovec, R. Berghouse, and K.
Domig. 2019. Prevalence of antibiotic resistant E. coli in broilers challenged with a
multiresistant E. coli strain and receiving ampicillin, an organic acids based feed
additive or a synbiotic preparation. Poultry Science,

https://doi.org/10.3382/ps/pez004

Peer reviewed conference proceedings (oral presentations)

1. Roth N. Effect of the Feed Additives on the Prevalence of Resistant Bacteria. [World

Nutrition Forum 2018, Cape Town, South Africa, 3-5 Okt. 2018]

Roth N., Mayrhofer S., Gierus M., Weingut C., Schwarz C., Doupovec B., Berrios R.,
Domig K. Effect of an organic acids based feed additive and enrofloxacin on the
prevalence of antibiotic-resistant E. coli in cecum of broilers. [The American
Association of Avian Pathologist (AAAP) Annual Meeting 2018, Denver, USA, 13-17 Jul.
2018]

10


https://doi.org/10.3382/ps/pey539
https://doi.org/10.3382/ps/pez004

10.

Roth N., S. Mayrhofer, M. Gierus, C. Weingut, C. Schwarz, B. Doupovec, R. Berrios, and
K. Domig. Effect of an organic acids based feed additive and enrofloxacin on the
prevalence of antibiotic-resistant E. coli in broilers. [V-International Conference on

Antimicrobial Reserch —ICAR 2018, Torremolinos, SPAIN, 24-25 May 2018]

Roth N., Mayrhofer S., Gierus M., Weingut C., Schwarz C., Doupovec B., Berrios R.,
Domig K. Role of feed additives in the strategy to reduce the prevalence of
antimicrobial resistance in broilers. [4th International Conference on Antimicrobials,

Multiple Drug Resistance & Antibiotics Resistance, Las Vegas, USA, Apr. 20-24, 2018]

Roth N., A. Kaesbohrer, S. Mayrhofer, U. Zitz, C. Hofacre, and K. Domig. Prevalence of
antibiotic resistant bacteria in animals — A global perspective. [4th International
Conference on Antimicrobials, Multiple Drug Resistance & Antibiotics Resistance, Las

Vegas, USA, Apr. 20-24, 2018]

Roth N. Strategies to overcome antibiotic resistance in turkey production. [Turkey

science and production conference, Chester, UNITED KINGDOM, 21-23 March, 2018]

Roth N. Strategies to overcome antibiotic resistance in broiler production. [Nordic

Poultry Conference, Malmo, SWEDEN, 7-8 Nov, 2017]

Roth N., Mayrhofer S., Doupovec B., Berrios R., Domig K. J. The effect of an acid based
feed additive on the intestinal level of ESBL-producing E. coli in feces of swine.
[European Symposium of Porcine Health Management. Prague, CZECH REPUBLIC, 3-5
May, 2017]

Roth N., Mayrhofer S., Doupovec B., Berrios R., Domig K. J. The effect of an acid based

feed additive on the intestinal level of ESBL-producing E. coli in feces of swine.

Roth N., Mayrhofer S., Domig K.J. Monitoring of antibiotic resistant bacteria in food

animals. [Livestock production in the post antibiotic era - Global Challenges University

11



Alliance (GCUA) workshop - Swedish University of Agricultural Sciences (SLU), Uppsala,
SWEDEN, Nov. 30 - Dec 3, 2015]

11. Domig K.J., Mayrhofer S., Roth N., Kneifel W. Monitoring the livestock resistome.
[Livestock production in the post antibiotic era - Global Challenges University Alliance
(GCUA) workshop - Swedish University of Agricultural Sciences (SLU), Uppsala, SWEDEN,
Nov 30 - Dec 3, 2015]

Peer reviewed conference proceedings (poster presentations)

1. Roth N., Xiao Y., Qu L., Kovacs A., Tacconi A., Wie-dong Sun. (2017): Effect of natural
antimicrobial substances on Gram-negative bacteria and their efficacy in broilers. [21st

European Symposium on Poultry Nutrition, Salou, SPAIN, 8-11 May 2017]

2. Roth N., Mayrhofer S., Doupovec B., Berrios R., Domig K. The Effect of an Acid-Based
Feed Additive on the Intestinal Level of ESBL-Producing E. coli in Swine. [16th BOKU
Symposium, University of Natural Resources and Life Sciences, Vienna, AUSTRIA, 27 Apr.

2017]

3. Roth N., Mayrhofer S., Doupovec B., Berrios R., Waxenecker F., Sucher P., Domig K.
Detection of antibiotic resistant E. coli in weaned piglets. [24th International Pig

Veterinary Society Congress, Dublin, IRELAND, 7 - 10 Jun, 2016]

4. Roth N., Kovacs A., Pruckner S. (2016) The effect of permeabilizing substances on the
outer membrane of gram-negative bacteria and their efficacy in weaning pigs. [4th
International Conference on Antimicrobial Research, Torremolinos, SPAIN, 29 Jun-1Jul

2016]

5. Roth N., Breitsma R., Kovacs A., Berrios R., Doupovec B., Goelss F., Wegl G., Klose V.
(2014) Influence of the acidifier compound on counts of fecal resistant E.coli and
growth performance of weaning pigs. [13th BOKU Symposium, University of Natural

Resources and Life Sciences, Vienna, AUSTRIA, 29 Apr. 2014]

12



6. Roth N., Urbaityte R., Pasteiner S.(2013) The effect of antimicrobial substances on the
outer membrane of gram-negative bacteria and their efficacy in weaning pigs. [Poster]

5. European Symposium of Porcine Health, Edinburgh, UK

13



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.
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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.
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*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.

Iceland (N = 94)
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Norway (N = 181)
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Latvia (N = 100)
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Germany (N = 177)
United Kingdom (N = 190)
Malta (N = 31)

Hungary (N = 170)
Belgium (N = 151)

Slovakia (N = 85)

Estonia (N = 73)
Bulgaria (N = 111)

Italy (N = 171)

Croatia (N = 85)
Slovenia (N = 85)

Cyprus (N = 85)

Romania (N = 840)

Spain (N = 171)

Lithuania (N = 100)

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; resl-res9: resistance to 1 up to 11 antimicrobial classes of the harmonised set for E.

17



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. coliis 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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Il.  AIMS AND OBIJECTIVES

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: 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

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

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
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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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ABSTRACT The increase in antibiotic resistance is a
global concern for human and animal health. Resistant
microorganisms can spread between food-producing an-
imals and humans. The objective of this review was
to identify the type and amount of antibiotics used in
poultry production and the level of antibiotic resistance
in Escherichia coli isolated from broilers. Isolate in-
formation was obtained from national monitoring pro-
grams and research studies conducted in large poultry-
producing regions: US, China, Brazil. and countries of
EU-—Poland, United Kingdom, Germany, France, and
Spain.

The survey results clearly display the absence of a
harmonized approach in the monitoring of antibiotics
per animal species and the evaluation of resistances ns-
ing the same methodology. There is no public long-term
quantitative data available targeting the amount of an-
tibiotics used in poultry, with the exception of France.
Data on antibiotic-resistant E. coli are available for
most regions but detection of resistance and number
of isolates in each study differs among regions; there-
fore. statistical evalnation was not possible. Data from

France indicate that the decreased use of tetracyclines
leads to a reduction in the detected resistance rates.
The fluoroguinolones, third-generation cephalosporins.,
macrolides, and polymyxins (“highest priority critically
important”™ antibiotics for human medicine according to
WHO) are approved for use in large poultry-producing
regions, with the exception of fluoroquinolones in the
US and cephalosporins in the EU. Tetracyclines, amino-
glycosides, sulfonamides, and penicillins are registered
for use in poultry in all evaluated countries. The ap-
proval of cephalosporins in China could not be eval-
nated. The average resistance rates in E. coli to rep-
resentatives of these antibiotic classes are higher than
40% in all countries, with the exception of ampicillin
in the US. The resistance rates to fluoroquinolones
and quinolones in the US, where fluoroguninolones are
not registered for use. are below 5%, while the aver-
age of resistant E. coli is above 40% in Brazil, China.
and EU, where use of fluoroquinolones is legalized.
However, banning of fluoroquinolones and quinolones
has not totally eliminated the occurrence of resistant
populations.

Key words: antimicrobial, avian, F. coli, resistance, poultry

INTRODUCTION

The application of antimicrobials results in the emer-
gence and spread of antimicrobial resistance, which is
a cause of worldwide concern (Gareia-Migura et al.,
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2014). An antimicrobial agent is defined as a “natu-
rally occurring, semi-synthetic or synthetic substance
that exhibits antimicrobial activity (kills or inhibits the
growth of microorganisms) at concentrations attainable
in vivo. Anthelmintics and substances classed as disin-
fectants or antiseptics are excluded from this defini-
tion” (World Organisation for Animal Health, 2016).
Although antimicrobial agents are active against bac-
teria, protozoa, viruses, and fungi, it is the antibacterial
class that is of greatest interest for public health (Page
and Gautier, 2012). Thus. the present review will exclu-
sively focus on the antibacterial class of antimicrobial
agents. The term antibiotic will be applied through-
out this paper, as this term is widely used. This paper
provides information on the antibiotic usage (AU) and
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antibiotic resistance (AR) in broilers. The term poultry
is used in the paper if the sources cited do not clearly
distinguish between the poultry and broilers. However,
87% of poultry production is broiler production (FAO,
2010).

Accelerated evolutionary trends toward AR are a
major threat to human and animal health (Harbarth
et al.. 2015; World Health Organization, 2015; Euro-
pean Food Safety Authority and European Centre for
Disease Prevention and Control, 2016). In addition to
being essential for the treatment and prophylaxis of hu-
man infections, antibiotics are also widely applied in
food-producing animals. which can serve as a reservoir
of antibiotic-resistant bacteria and AR determinants
that may be transferred to humans (Marshall and Levy,
2011). Subsequently, the effectiveness of antibiotics
in humans decreases, resulting in treatment failures
(Aarestrup et al., 2008; Mellata, 2013; European Food
Safety Authority and European Centre for Disease Pre-
vention and Control, 2016).

In recent decades, broilers have increased in rele-
vance as a meat source. Data about AU and AR in
Escherichia coli in broilers are shown for the largest
broiler meat producers worldwide: the United States,
Brazil, China. and countries of European Union-
Poland, United Kingdom, Germany, France, and Spain.
These regions count for approximately 60% of the to-
tal worldwide broiler production, as shown in Figure 1
(Association of Poultry Processors and Poultry Trade
in the EU Countries, 2015; United States Department
of Agriculture, 2016).

Broiler meat produced by these countries is exported
globally. For example, broiler meat from Brazil reaches
142 countries (Ministry of Agriculture Livestock and
Farming in Brazil, 2016a). The amount of exported
broiler meat per country in 1.000 metric ton is as fol-
lows: Brazil, 4,090; US, 3.057; EU. 1.180; China 375
(United States Department of Agriculture, 2016). This
review lists the governmental authorization and mon-
itoring of antibiotics in use in poultry and the avail-
able data of AR in E. coli of broiler origin. Escherichia
coli is regarded as indicator organism of AR for a wide
range of bacteria (EFSA, 2008: Kaesbohrer et al., 2012).
Data from the monitoring programs and available scien-
tific literature about AR in E. coli from the US, Brazil,
China, and the large poultry producers in the EU from
2000 to 2017 were considered. All sources were ob-
tained through online database searches including the
Web of Science, PubMed, Scopus. and Google using
translations from Chinese, Portuguese, Polish, German,
French. and Spanish.

The objective of this study was to identify the le-
galized antibiotics, the amounts thereof administered,
and the level of AR monitored in E. coli isolated from
broilers originating from the large poultry-producing
regions such as US, China, Brazil. Poland, United King-
dom. Germany, France, and Spain. We hypothesize that
the application of antibiotics leads to high and consis-
tent resistance levels in E. coli isolates, whereas ban of
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(A) Broiler Meat Production worldwide (1000 MT)

US, 18365

China, 13100

Others, 33546

(B) Broiler Meat Production in European Union
(1000MT)

2

Germany, 1255

Spain, 1053
France, 1112

Figure 1. Broiler meat production in 1,000 metric tons (MT)
by country worldwide (A) and in the Enropean Union (Association
of Poultry Processors and Poultry Trade in the EU Countries 2015;
United States Department of Agriculture, 2016).

some classes of antibiotics results in low resistance lev-
els. 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.

USE OF ANTIBIOTICS

Antibiotics in poultry are generally administered to
the entire flock and are used for the treatment of dis-
ease (therapy), disease prevention (methaphylaxis), and
growth promotion (Poole and Sheffield, 2013). Antibi-
otic growth promoters were banned in the EU in 2006.
in the US in 2017 and are currently allowed in Brazil
and China (European Commission. 2005, AccessScience
Editors, 2017). Antibiotic usage for disease prevention
is permitted in all large poultry-producing countries.
Antibiotics are applied for the treatment of intesti-
nal infections such as colibacillosis, necrotic enteritis,
and other discases generally caused by Salmonella, E.
coli, or Clostridium spp. These infections are a ma-
jor concern among poultry leading to enormous eco-
nomic losses (United States Department of Agriculture,
2015). The type and extent of AU differ from coun-
try to country based on the country’s economy, and its
level of development, animal husbandry. and the animal
species (Archawakulathep et al., 2014). The method of
administration and the volume of antibiotic used vary
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ALEA (Animal level of exposure to antibiotics)

199920002001 2002 2003 2004 2005 2006 2007 2008 2009 20102011 201220132014 20152016

Year

~—@=Polymyxins =y=Tetracyclines =—@=Penicilling =—@=Sulfonamides —x—Trimethoprim

Figure 2. Sales of antibiotics for nse in poultry by class between 1999 and 2013 in ALEA (France), modified from French Agency for
Food Environmental and Occupational Health & Safety and French Agency for Veterinary Medicinal Products (2017). ALEA = [Live weight
treated| /| Total number of animals] x [Weight of adult animals or at slaughter].

depending on the stage of production and the risk of
disease (Rosengren et al., 2010). In general, there are
different methods of monitoring AU: following the sales
of antibiotics is one method. although long-term data
for individual animal species are unavailable (with the
exception of France); the detection of prescribed an-
tibiotics per animal species: and the detection of AU in
animals on farm level.

The French Agency for Veterinary Medicinal Prod-
ucts has monitored the sale of active antibiotic sub-
stances applied in poultry production since 1999. In
2016. 106 metric ton of active antibiotic substances were
sold for use in poultry. This number represents 20% of
all veterinary antibiotics and an average annual con-
sumption of 47 mg of active ingredients per kilogram
of chicken produced (French Agency for Food Environ-
mental and Occupational Health & Safety and French
Agency for Veterinary Medicinal Products, 2017).
Figure 2 shows the changes in the sales of mainly
applied antibiotic classes, expressed using the Animal
Level of Exposure to Antimicrobials indicator for poul-
try between 1999 and 2016. In 2016, poultry herds
were basically treated with polymyxins, penicillins, and
tetracyclines, then with sulfonamides and trimethoprim
(French Agency for Food Environmental and Occupa-
tional Health & Safety and French Agency for Veteri-
nary Medicinal Products, 2017).

No quantitative monitoring data of AU in broilers
are currently available in most large poultry-producing
countries. Only in the US, data on AU of medically
important antibiotics per animal species are available
for 2016, which do not provide the complete picture on
AU in broilers as it does not include non-medically im-
portant antibioties (US Food and Drug Administration,
2017). However, the list of antibiotics that are approved

28

by regulatory agencies may provide an indication of the
use of antibiotics in poultry production in every coun-
try considered in this report. National listings of all
medical products that are approved for use for poul-
try in the US, Brazil, China, Poland, United Kingdom,
Germany, France, and Spain were analyzed for active
antibiotic substances that may be nsed in feed, water,
or administered parenterally.

The WHO categorizes fluoroquinolones, third-
and fourth-generation cephalosporins, macrolides, gly-
copeptides, and polymyxins as “highest priority crit-
ically important” antibiotics for human medicine due
to the limited availability of alternatives for the treat-
ment of bacterial infections. These antibiotics are the
preferred option for the treatment of serious human
infections (World Health Organization. 2011). The
data in Table 1 show that fluoroquinolones, third-
generation cephalosporins, macrolides, and polymyx-
ins are approved for use in poultry in the largest
poultry-producing countries, with the exception of flu-
oroquinolones in the US and cephalosporins in the EU.
The FDA banned the use of enrofloxacin in poultry in
the US in 2005 (US Food and Drng Administration.
2005).

ANTIBIOTIC RESISTANCE IN E. COLI FROM
BROILERS

The use of antibiotics in poultry production increases
the selection pressure for antibiotic-resistant bacteria
(Diarra and Malouin, 2014). Escherichia coli are com-
mensal bacteria that are ubiquitous in animals and hu-
mans. Because of their widespread availability, moni-
toring of commensal bacteria allows the comparison of
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Table 1. Antibiotic substances approved for use in poultry by national regulative anthorities in the US, Brazil, China, Poland, United

Kingdom, Germany. France, and Spain based on national reports.’

Autimicrobial class

Componnd

us

BR

ON?

PL

GB

DE

FR

ES

Aminoglycosides

Arsenical

B-lactams  penicilling

B-lactams—1 g cephalosporins
B-lactams—3 g cephalosporins
Diaminopyrimidines

Fenicols

Fluoroquinolones

Glycophospholipid
lonophores

Lincosamides
Macrolides

Orthosomycins
Phosphonic acids
Plenromutilins
Polypeptides

Polymyxmins
Quinolone

Streptogramins
Sulfonamides

Tetracyelines

Apramycin
Gentamicin
Hygromycin
Kanamycin
Neomycin
Spectinomyein
Streptomyein
Arsanilic acid
Nitarsone
Roxarsone
Amoxicillin
Ampicillin
Benzlypenieillin
Phenoxymethyl-penicillin
Cefalexin
Ceftiofur
Ormethoprim
Trimethoprim
Florfenicol
Thiamphenicol
Ciprofloxacin
Difloxacin
Enrofloxacin
Flumequine
Norfloxacin
Bambermyein
Hainanmycin
Lasalocid
Maduramicin
Monensin
Narasin
Salinomyein
Semduramicin
Lincomycin
Erythromyein
Tylosin
Tilmicosin
Spiramycin
Tylvalosin
Kitasamycin
Avilamycin
Fosfomycin
Tiamulin
Enramycin
Bacitracin
Colistin
Halguinol
Oxolinic acid
Virginiamyein
Phalysysulfathiazole
Sulfachlorpyrazine
Sulfachlorpyridazine
Sulfadiazine
Sulfagnanidine
Sulfadimethoxine
Sulfadimidine
Sulfamerazine
Sulfamethazine
Sulfamethoxazole
Sulfamethoxypyridazine
Sulfanilamide
Sulfaquinoxaline
Sulfisoxazole
Sulfomyxin
Chlortetracycline
Doxyceyeline
Oxytetracyeline
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Table 1. continued

Antimicrobial class Compound Us BR CN? PL GB DE FR ES
Tetracycline X X X X x X
Thiostrepton 308 Nosiheptide X

Following national reports were used: US—US Food and Drug Administration 2016; Brazil—Ministry of Agriculture Livestock and Farming in

Brazil 2008, 2014, 2016b; China

Ministry of Agriculture of People’s Republic of China, 2001, 2013; Poland- The office for registration of medicinal
products medical devices and biocidal products in Poland 2016; the United Kingdom

Veterinary Medicine Directorate UK 2016; Germany  German

Federal Ministry of Health 2016; France—French Ageney for Food Environmental and Ocenpational Health & Safety 2016: Spain—Spanish Agency

of Medicines and Sanitary Products 2016.

2CN—the list of licensed antibiotics in China does not include parenterally administered antibiotics,

US USA, BR Brazil, CN
withdrawn by producers.

the selective pressure effects in all relevant populations
and is considered useful as an early alert system. for
tracking emerging resistance in livestock and possible
spread to animal-derived food (EFSA, 2008). Due to
this prevalence, they are widely accepted as indicator
bacteria for AR in Gram-negative bacteria populations
and serve as a model for studying the emergence of AR
(Kaesbohrer et al., 2012). Additionally, E. coli as well
as other bacteria of the commensal flora can form a
reservoir of AR genes that may be transferred between
bacterial species. including organisms capable of caus-
ing disease in both humans and animals. The effects
of antibiotics used and the trends in the prevalence of
AR in food-producing animals can be more accurately
investigated in this indicator bacterium, than in food-
borne pathogens (European Food Safety Authority,
2008). Reflecting the awareness of the AR problem
and the need for research on the triggers that cause
AR development and spreading. some countries estab-
lished strategies for surveillance and monitoring pro-
grams that concern AR and its determinants. Usually,
national monitoring studies publish data yearly and use
the same criteria for the determination of antibiotic re-
sistances (Enropean Food Safety Authority and Euro-
pean Centre for Disease Prevention and Control, 2018;
US Food and Drug Administration, 2018). However,
there is no harmonized evaluation of AR in different
monitoring programs, which makes the comparison be-
tween regions impossible,

Antibiotic use in broilers
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China, PL Poland, GB  United Kingdom. DE  Germany, FR
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An overview of the prevalence of AR in E. coliis given
for the US. Brazil. China, Poland. the United Kingdom.
Germany. France, and Spain by using the results of their
national monitoring programs as well as the scientific
literature. Each scientific study evaluates AR using dif-
ferent methodology (and mumber of isolates); therefore.
the statistical comparison is not possible. However, de-
scriptive presentation of available data is possible. The
source of AR data from each country is provided below
in the description of each country. Additionally resis-
tance rates and their evaluation from national monitor-
ing systems of Poland, the United Kingdom, Germany,
France, and Spain are presented in the section Supple-
mentary material, due to the large volume of data. All
cited resistance rates from 2000 to 2017 are presented
with the support of GraphPad PRISM (2016). The out-
come of the evaluation is the plot diagram (Figures 4
and 5), which is presented in the section overarching
view.

Because of the harmonized sampling and detection
of AR at the national levels, the AR results are shown
in the form of figures, allowing the comparison of AR
in E. coli over time. The data regarding AR in E. coli
that is reported in scientific publications are presented
in tabular format and includes the number of E. coli
isolates that were tested and the average percentages
of detected AR (Tables 2 and 3). If more than one set
of data were indicated, data on the minimal and max-
imal AR rates in E. coli are additionally presented in

Antibiotic resistance in
E. coli, %

2006
2007
2008

g

e Tetracycline

2010
2011
2012
2013
2014
2015
2016

e AmiOXICHlIN

Figure 3. Tetracycline and penicillins use in poultry and resistance in E. coli isolates from broilers in France, ALEA (Animal level of exposure

to antibiotics) = Animal level of exposure to antibiotics.
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Figure 4. Resistance rates in E. colt to antibiotics from healthy animals (green dots), chicken retail meat (blue dots), and diseased chickens
(red dots) detected within scientific studies or national monitoring programs. Each dot represents 1 study or data set in 1 yr. On the top of the
figure, status of approval for the specific antibiotic tested for resistance (first line). the antimicrobial class (second line).

the tables. Throughout the paper, the percentage of
AR is defined as the percentage of resistant E. coli as
proportion of the number of tested E. coli isolates.

The literature analyzed in this review uses different
breakpoints to determine AR; additionally, resistance
levels of E. coli were determined in the different time
points. Therefore, any interpretation of these results
should consider this issue/fact. Nevertheless, surveil-
lance systems. together with scientific literature, pro-
vide valuable contribution for the overview of the occur-
rence of AR in the indicator organism E. coli combining
this data with possible AU in large poultry-producing
regions. The evaluation of data is included in the de-
scription of each country and it shows the need for
global harmonized approach in the detection of AU and
AR.

United States of America

Established in 1996. the National Antibiotic Resis-
tance Monitoring System (NARMS) is a national pub-
lic health surveillance system in the US. The United
States Department of Agriculture (USDA) reports each
year AR in E. coliisolates from retail raw chicken meat,
caecal E. coli isolates from slaughtered animals, and
isolates from processing plants collected as part of the
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Hazard Analysis Critical Control Point(HACCP). All
data are available and easy to compare on NARMS in-
teractive database (US Food and Drug Administration,
2018). NARMS uses similar methods and defined proto-
cols, which supports the analysis. The monitoring of AR
in the US shows similar resistance rates in E. coli from
retail meat, slaughterhouse. and intestinal samples. The
testing of AR from different sources to the same antibi-
otics makes this comparison possible. Antibiotic resis-
tance rates in E. coli remain on the same level from 2000
to 2015, only resistance to streptomycin decreases from
78 to 46%. Independent from the source of the isolates,
resistance rates of approximately 45% were detected
for streptomycin, tetracycline, and sulfamethoxazole-
sulfisoxazole. Antibiotic resistance percentages of E.
coli from broilers in the US obtained by scientific pub-
lications show similar resistance rates for streptomycin
and tetracycline as detected in the monitoring pro-
grams (Johnson et al., 2007; Smith et al., 2007; Zhang
et al., 2011; Millman et al.. 2013: Rothrock et al., 2016).
However, this comparison cannot be statistically eval-
uated due to the different methodologies of AR de-
termination in scientific studies and national monitor-
ing. Streptomycin and tetracycline are approved for use
in poultry. In contrast, sulfamethoxazole and sulfisoxa-
zole are not licensed. but there are other sulfonamides
that are approved and therefore may influence the
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Figure 5. Resistance rates in E. colt to antibiotics from healthy animals (green dots), chicken retail meat (blue dots), and diseased chickens
(red dots) detected within scientific studies or national monitoring programs. Each dot represents 1 study or data set in 1 yr. On the top of the
figure, statiis of approval for the specific antibiotic tested for resistance (first line), the antimicrobial class (second line).

resistance rates. Resistance rates to gentamicin (ap-
proved for use) and ampicillin (not approved, but peni-
cillins approved) are approximately 40 and 20%, respec-
tively. Consequently, detected higher resistance rates in
E. coli may be driven by the use of antibiotics, but
quantitative data on AU would be needed in order to
confirm this hypothesis.

Brazil

Brazil does not have any central microbiology refer-
ence laboratory. Therefore, no regular AR-monitoring
data are available (Rossi. 2011). An overview of the sci-
entific publications that presents the percentages of AR
in E. coli isolates from broilers in Brazil since 2001 is
shown in Table 2.

In general, the low number of studies as well as use
of different nmumbers of isolates in each study does not
allow any proper conclusions about resistance rates,
which shows the necessity of national monitoring. Ac-
cording to Table 2, the highest detected resistance rates
of E. coli from broilers were identified in the study of
Barros et al. (2012) for lincomycin, erythromyecin, and
oxolinic acid, with 100, 97, and 88% of resistant iso-
lates, respectively. Lincomycin is registered for use in
Brazil, while erythromycin and oxolinic acid are not al-
lowed. but other representatives of macrolides (tylosin
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and tilmicosin) and quinolones (halquinol) are regis-
tered for use. Resistance rates to penicillins and ampi-
cillins are around 75 and 65%. respectively. Representa-
tives of both antibiotic classes may be used for poultry
in Brazil. More studies found variations in the AR rates
of E. coli from broilers to the antibiotic combination
of sulfamethoxazole and trimethoprim. Hence, 1 study
reports that 100% of the 174 isolates that were tested
were resistant (Bezerra et al., 2016). while 3 other stud-
ies detected resistance rates of 66 and 68% in 66 and 91
isolates, respectively (Cardoso et al.. 2002; Stella et al.,
2013). Moreover, 2 additional studies present resistance
rates of 27 and 28% in 70 and 120 tested isolates, respec-
tively (Pessanha and Filho, 2001; Korb et al., 2015).
The variation of resistance rated may be explained by
different locations of studies as well as different times
of detections.

China

There is no national monitoring of AR in E. coli
isolates from poultry in China. Table 3 presents an
overview of the percentages of AR in E. coli isolates
from healthy and diseased broilers in China from avail-
able scientific literature from 2004 to 2017.

The results presented in Table 4 indicate that the
AR rates in E. coli to sulfonamides and tetracyclines
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Table 2. Percentages of E. coli isolates from broilers in Brazil exhibiting resistance to
antibiotics published in scientific literature based on Cardoso et al. (2002), Barros et al.
(2012), Bezerra et al. (2016), Pessanha and Filho (2001), Stella et al. (2013). and Korb

et al. (2015).

% res % res % res No. of No. of
Class Compound average min max studies isolates
Aminoglycosides Gentamyein 27 26 28 2 244
Streptomycin 79 1 91
Cephalosporines Cefalexin 31 0 61 1 35
Cefepime 10 1 120
Cefotaxime 23 1 120
Ceftazidime 3 1 120
Ceftiofur 43 1 174
Ceftriaxone 24 1 120
Cephalothin 65 51 78 2 161
Fosfomycins Fosfomycin 29 10 45 3 360
Lincosamides Lincomycin 100 100 100 1 35
Macrolides Azithromyein 49 1 174
Erytromycin 97 1 91
Nitrofurans Nitrofurantoins 13 1 120
Penicillines Amoxicillin 65 50 84 2 101
Ampicillin 69 12 87 1 155
Phenicols Chloramphenicol 52 51 52 2 244
Thiamphenicol 51 25 v 1 35
Polymyxins Polymyxin B 1 1 174
Quinolone Ciprofloxacin 53 14 91 2 204
Enrofloxacin 40 13 76 2 155
Nalidixic acid 40 34 45 2 199
Norfloxacin 59 38 76 2 101
Oxolinic acid 38 1 66
Tetracyclines Chlortetracycline 4 63 84 1 35
Oxitetracycline 81 62 100 1 35
Tetracycline 67 48 95 4 455
Combination of Trimethoprim- 60 27 100 6 556

compounds Sulfamethoxazole

% res—average value of percentages of antibiotic resistant E. coli found in referenced studies.

Y% res min
Y res max

are around 80%, and 40% to phenicols. Representatives
of all 3 antibiotic classes are approved for the use in
poultry. The resistances vary in the ranges of 50 to
100% for quinolones, 30 to 80% for penicillins. 20 to 70%
for aminoglycosides, and 4 to 45% for cephalosporins.
Quinolones and penicillins are registered for the use in
poultry, while cephalpsporins are not. However, it has
to be taken into account that listed licensed antibiotics
in China do not include parenterally administered an-
tibiotics.

Antibiotic susceptibility testing of 326 E. coli isolates
from food animals collected in China over the last 4
decades showed that AR in E. coli in the country has
increased since the 1970s (Song et al., 2010). Further-
more. an evaluation of 540 E. coli isolates from broilers
showed that resistance to amikacin, ampicillin, aztre-
onam, ceftazidime, cefotaxime, cefalothin, chloram-
phenicol. ciprofloxacin, fosfomycin, levofloxacin, nor-
floxacin, nalidixic acid, piperacillin, and trimethoprim-
sulfamethoxazole increased significantly from 1993 to
2013 (Chen et al., 2014). Liu et al. (2016) observed
a major increase of the relevance of colistin resis-
tance in E. eoli in China due to the detection of
the plasmid-mediated colistin resistance mechanism
MCR-1.
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minimal value of percentages of antibiotic resistant £. coli found in referenced studies.
maximal value of percentages of antibiotic resistant E. coli found in referenced studies.

European Union

The European Food Safety Authority (EFSA) and
the Europecan Centre for Disease Prevention and
Control (ECDC) jointly analyzed data submitted by
EU Member States regarding AR in E. coli from broil-
ers. The organizations presented the results in the
annual “European Union smmmary report on antimi-
crobial resistance in zoonotic and indicator bacteria
from humans, animals and food”. Last report evalu-
ates AR in bacteria isolated in 2016 (EFSA/ECDC,
2018). Antibiotics were selected based on their rele-
vance to public health and/or their epidemiological rele-
vance. Epidemiological cut-off values were used for the
AR interpretation (European Food Safety Authority,
2008). France, Germany, Poland, and Spain have par-
ticipated in the monitoring since 2008. An overview
of the prevalence of resistance for the largest poultry-
producing countries in the EU for 2015 is shown in
Table 4.

In addition to this EU monitoring, Poland, the UK,
Germany, and France have national AR-monitoring sys-
tems. Some data from national monitoring are used
for EU monitoring. Thus. they correspond to each
other. There is a variation in resistance rates in
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Table 3. Percentages of E. coli isolates from broilers exhibiting resistance to antibiotics in
China, based on Dai et al. (2008), Chen et al. (2014), Ho et al. (2011), Gai et al. (2015), Lei
et al. (2010). Jiang et al. (2011), Lu et al. (2010), Wu et al. (2015). Yang et al. (2004), Yu

et al, (2012), and Zhang et al. (2012a,b, 2014, 2016).

Ve res Y res No. of No. of
Class Compound % res min max studies isolates
Aminoglycosides Amikacin 18 3 46 10 2,784
Apramycein 68 1 45
Gentamyein 50 9 82 11 2,302
Kanamycin 29 24 97 5 951
Neomycin 26 T 50 3 705
Spectinomycin 26 15 42 3 403
Streptomyein 71 47 a7 6 1.480
Tobramycin 14 1 389
Carbapeners Meropenem 0 1 540
Cephalosporines Cefalexin 8 5 11 2 b
Cefazoline 33 9 92 4 1,157
Cefotaxime 37 21 52 2 627
Ceftazidime 18 1 540
Ceftiofur 45 0 90 2 116
Ceftriaxone 4 2 8 3 647
Cefalothin 32 27 41 4 1,206
Fluoroguninolones Difloxacin 91 1 !
Ciprofloxacin 62 32 100 8 2272
Enrofloxacin 71 a8 100 7 1479
Gatifloxacin 67 1 71
Levofloxacin 41 21 63 4 1187
Norfloxacin 53 21 100 5 1,322
Ofloxacin 37 24 50 2 476
Orbifloxacin 76 1 71
Sarafloxacin 100 1 71
Sulfadimidine 100 1 45
Fosfomycins Fosfomyein 16 1 510
Monobactams Aztreonam 10 1 510
Nitrofurans Nitrofurantoins 3 1 510
Penicillines Amoxicillin 54 1 389
Ampicillin 81 60 100 10 2,581
Piperacillin 30 1 510
Phenicols Chloramphenicol i 24 69 6 1,851
Florfenicol 41 15 s 4 (82
Quinolone Nalidixic acid 91 81 94 5 1465
Palymyxins Colistin 9 3 13 2 251
Polymyxin B 1 1 380
Sulfonamides Sulfamethoxazole 76 58 92 3 204
Sulfisoxazole 83 1 87
Doxyeyeline 79 18 93 6 1,594
Tetracyclines Tetracycline 87 85 100 9 2,164
Amoxicillin/clavalanate a0 0 100 5 1156
Combination of Cefoperazone- 51 1 373
antimicrobials Sulbactam
Trimethoprim- 78 66 93 ] 2,314
Sulfamethoxazole

Y% res average value of percentages of antibiotic resistant E. coli found in referenced studies.
Y res min - minimal value of percentages of antibiotic resistant £, coli found in referenced studies,
Ve res max—maximal value of percentages of antibiotic resistant E. coli found in referenced studies,

E. coli among the mentioned EU countries. Nev-
ertheless, comparing the obtained averages of resis-
tance, that of ampicillin (70%) was the highest one.
Approximately 60% resistance rates were detected
for ciprofloxacin, sulfamethoxazole, tetracycline, and
nalidixic acid(European Food Safety Authority and
European Centre for Disease Prevention and Control,
2018).

Poland Poland began to implement a national mon-
itoring program for AR in commensal £. coli isolates
from broilers in 2009 (Wasyl et al., 2012). Antibiotic
resistance levels to several antibiotics in E. coli isolates
from broilers at slaughterhouse level from 2009 to 2014
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are available (Wasyl et al., 2013; European Food Safety
Authority and European Centre for Disease Prevention
and Control, 2015, 2016). Data show high AR rates
(from 70 to 90%) to ciprofloxacin, nalidixic acid. and
ampicillin, and 50 to 70% to tetracycline, sulfamethoxa-
zole, and streptomycin. Wasyl et al. (2013) detected in-
creasing trends of ampicillin and cefotaxime resistance
in the observed E. coli isolates.

United Kingdom Antibiotic resistance data for E.
coli isolated from broilers in the United Kingdom
are available from 2 distinct AR-monitoring programs:
the EU-monitoring and the clinical monitoring pro-
grams (Veterinary Medicines Directorate. 2015). The

6102 Aenuer 2o uo 1senB Aq LpErbzs/6esAad/sd/Zeee 0L OPAYRASqE-3joe-a0uRADE/Sd/WOD dno dlwapeoe;/:sdiy Woly papeojumoq



10

ROTH ET AL.

Table 4. Percentage of antibiotic resistant E. coli isolated from broilers in selected European countries in

2016 (EFSA/ECDC, 2018).

Antibiotic class Compound PL GB DE FR ES Average
Number of icolates 173 190 177 188 171
Aminoglycosides Gentamicin 10 7 7 3 36 13
B-lactam cephalosporines Ceforaxime 3 0 1 4 9 3
Ceftazidime 3 0 1 2 8 3
B-lactam penicillines Ampicillin 91 67 56 56 63 67
Diaminopyrimidines Trimethoprim 62 13 38 47 a7 45
Fenicols Chloramphenicol 25 4 10 4 17 13
Fluoroguinolone Ciprofloxacin 90 22 60 36 91 60
Macrolides Azithromyein 5 0 2 0 11 4
Polimyxmins Colistin 3 0 4 3 1 2
Quinolone Nalidixic acid ) 21 45 31 88 53
Sulfonamides Sulfamet hoxazole 71 53 47 55 50 55
Tetracyclines Tetracycline K “ 28 62 61 o4
Tigecycline 2 0 0 0 0 0

PL—Poland, GB—United Kingdom, DE—Germany, FR—France, ES- Spain.

EU-monitoring program isolated E. coli from healthy
broilers across the United Kingdom. The clinical mon-
itoring program is a passive monitoring program. Its
aim is the evaluation of AR in bacteria that are iso-
lated from clinical samples of diseased animals to an-
tibiotics of veterinary relevance. Both monitoring pro-
grams show high AR rates of E. coli to ampicillin and
tetracycline. Bywater et al. (2004) and Randall et al.
(2011) confirm the higher AR rates to ampicillin and
tetracycline in E. coli in UK. An analysis of fluoro-
quinolone resistance in E. coli from feces samples of 68
broiler farms detected resistance to ciprofloxacin in 50%
of these farms (Taylor et al., 2008).

Germany The Federal Office of Consumer Protec-
tion and Food Safety reports on AR monitoring in
Germany. Similar to the monitoring programs of the
UK. 2 different surveillance systems exist in Germany.
The first one (Reports on food safety-zoonoses monitor-
ing) monitors healthy animals and the products thereof.
The second system is the GERM Vet Report that con-
tains data about the resistance of animal pathogens.
Germany monitors the AR in E. coli isolates from in-
testinal samples of broilers, chicken meat, and diseased
animals. Data from all systems show higher resistance
rates to ampicillin and sulfamethoxazole than to other
antibiotics (German Federal Office of Consumer Protec-
tion and Food Safety, 2012a. 2012b, 2014, 2015, 2016).
For E. coli that were isolated from intestinal samples
and retail meat. the resistance rates to ciprofloxacin,
nalidixic acid, streptomyecin, tetracycline, and trimetho-
prim are between 40 and 60%. Except for trimethoprim,
these antibiotics are not allowed for use in broilers in
Germany. However, other representatives of the corre-
sponding antibiotic classes may be nsed. The resistance
rates of E. coli from diseased chickens to ciprofloxacin
are approximately 7%. It seems that the resistance
to ciprofloxacin is lower in diseased animals than in
healthy animals, and resistance to cephalosporins is
higher in diseased animals than in healthy animals.
However, the resistance rates must be measured over
longer periods of time to confirm these differences.
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France France participates in the EU monitoring of
AR in animals and presents data since 2004. The French
Agency for Veterinary Medicinal Products (ANSES-
ANMYV) provides reports on the French surveillance
network for AR in pathogenic bacteria of animal origin
(RESAPATH). The RESAPATH presents the results
of the monitoring of AR in E. coli from diseased hens
and broilers that are treated by veterinarians as part
of their regular clinical services. Additionally, AR data
are available from the EU Summary reports (European
Food Safety Authority and European Centre for Dis-
ease Prevention and Control, 2011, 2012, 2013, 2014,
2015, 2016, 2018).

Tetracyclines and penicillins are approved for use
in poultry in France. Due to the availability of the
quantitative use of antibiotics in poultry. a compari-
son between antibiotic use and resistance is possible,
as can be seen in Figure 3. The use of penicillins in
France was stable over time and resistance level to
amoxicillin (40%) was the same in 2006 and 2016. al-
though there was an increase and decrease of resistance
rates between 2006 and 2016. The decrease in the use
of tetracycline between 2006 and 2016 was accompa-
nied by a decrease of tetracycline-resistance rates in E.
coli between 2006 and 2016. Thus, less use of tetra-
cyclines may result in less resistance to those antibi-
otics. This hypothesis needs to be confirmed in other
countries, and the availability of quantitative data of
antibiotic use allows this comparison. In contrast, the
use of polymyxins does not correspond with the resis-
tance rates of colistin. The use of polymyxins is high
in France, as it can be seen in Figure 2, but the resis-
tance level to colistin is around 3%. Low colistin resis-
tance levels in E. coli can be observed in large poultry-
producing European countries. However, it needs to be
taken into account that in vitro antimicrobial suscep-
tibility testing for polymyxins is challenging and may
be associated with high major errors (Bakthavatcha-
lam et. al. 2018). Therefore, no conclusion can be made
to the correlation of antibiotic use and resistance to
colistin.
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Spain The Spanish AR surveillance network “Red
de Vigilancia de Resistencias Antibioticas en Bacte-
rias de Origen Veterinario” (VAV) was formed in 1996
(Moreno, 2000). The VAV reported data on AR in
E. coli that were taken from healthy broilers during
the period from 1999 to 2005 (Ministry of Agriculture
Fisheries and Food in Spain 2005, 2006). Additionally,
AR data are available from the EU Summary reports
(European Food Safety Authority and European Centre
for Disease Prevention and Control, 2011, 2013. 2015,
2016, 2018).

The fluoroguinolones enrofloxacin and flumequine
are allowed for use in poultry in Spain. The monitoring
data show that AR to ciprofloxacin in E. coli increased
from 17% in 2001 to 91% in 2016, and that of nalidixic
acid from 60% in 2001 to 88% in 2014. Whether an
increased use of the fluorogquinolones may have influ-
enced this increase cannot be evaluated without the
presence of quantitative AU data. Tetracycline and the
penicillins are also registered for use in Spain. The AR
resistance rates to tetracycline and ampicillin are ap-
proximately 70%. A decrease of resistance to tetracy-
cline was observed between 1999 and 2016.

OVERARCHING VIEW AND
RECOMMENDATIONS

Quantitative AU data for poultry are not available
for most large poultry-producing countries. Availabil-
ity of data for AR in E. coli is limited for Brazil. Sci-
entific publications from all regions as well as national
monitoring of USA and Europe use different methods
for the determination of AR. Harmonized approach in
detection of AR is of special importance to provide the
global evaluation of data. However, the list of all ap-
proved antibiotics for poultry provides valuable quali-
tative data for all countries, which was combined with
AR rates in E. coli and presented with the mean of
a plot diagram. Data for AR rates from the US were
used from the surveillance systems of E. coli isolates
from retail raw chicken meat, caecal E. coli isolates
from slaughtered animals, and isolates from process-
ing plants collected as part of HACCP (US Food and
Drug Administration, 2018). Additionally, data from
the scientific publications on AR in E. coli from the
US were also included. Data for AR rates in China and
Brazil are included in Tables 2 and 3. Data for AR
from large European poultry producers were used from
European monitoring as well as available data from na-
tional resistance monitoring systems in Poland. the UK,
Germany. France. and Spain from 2000 to 2017. All used
data from national monitoring systems are available in
section Supplementary material of this manuscript.

There is a representative amount of AR data from
E. coli for some antibiotic classes such as aminoglyco-
sides, penicillins, cephalosporins, fenicols. quinolones,
fluoroquinolones, sulfonamides, and tetracyclines for all
large poultry-producing countries. The resistance rates
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of these antibiotics are represented in plot diagrams by
dots. as shown in Figures 4 and 5. Each dot on the di-
agram represents the resistance rate detected during 1
scientific study or a national monitoring program from
2000 to 2017.

Tetracyclines, aminoglycosides. sulfonamides, and
penicillins are registered for use in poultry in all coun-
tries. The resistance rates in E. coli of broiler origin to
representatives of these antibiotic classes, e.g., tetracy-
cline, sulfamethoxazole, streptomycin, and ampicillin,
are higher than 40% in all countries, with the excep-
tion of ampicillin resistance in the US. This ontcome
indicates that the use of these antibiotics in poultry
results in high resistance rates; however, quantitative
data on antibiotic use in poultry would be essentially
needed for the confirmation. The resistance rates to
fluoroquinolones and quinolones are lower in the US
in comparison to other large poultry producers where
the use of fluoroquinolones is allowed. These findings
demonstrate the possibility to produce broilers without
fluoroquinolones, which may result out in low resistance
rates, but there was no elimination of the occurrence of
resistant population.

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 treat-
ment or injection solution, but there is only a limited
amount of resistance data available. Due to the detec-
tion of plasmid-located colistin resistance genes in some
countries, the assessment of resistance rates to this an-
tibiotic would be essential.

There are several classes of antibiotics that are ap-
proved for use in poultry, but no E. coli AR are available
for studied regions. Such classes are as follows: arseni-
cals. glycophospholipids, ionophores, lincosamides, or-
thosomyecins, pleuromutilins, polypeptides, and strep-
togramins. It is important to note that most of the
representatives of these antibiotic classes act against
Gram-positive bacteria. However, the prevalence of re-
sistance or resistance determinants in E. coli to some
of these antibiotics was detected by Heir et al. (2004).
Bonnet et al. (2009). Cervantes et al. (1994), and
Hummel et al. (1979).

The above outlined evaluation and conclusions from
review of AU and AR provide input for the monitoring
of antibiotic use in poultry and underlie the need for
harmonized global surveillance and detection of the AU
and AR.

SUPPLEMENTARY DATA

Supplementary data are available at Poultry Science
online.
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ABSTRACT Increasing antibiotic resistance is a ma-
jor public health concern. Fluoroquinolones are used to
treat and prevent poultry diseases worldwide. Fluoro-
quinolone resistance rates are high in their countries
of use. The aim of this study was to evaluate the ef-
fect of an acids-based feed additive. as well as fluoro-
quinolone antibiotics, on the prevalence of antibiotic-
resistant £. coli. A total of 480 broiler chickens (Ross
308) were randomly assigned to 3 treatments: a con-
trol group receiving a basal diet: a group receiving a
feed additive (FA) based on formic acid, acetic acid
and propionic acid; and an antibiotic enrofloxacin (AB)
group given the same diet. but supplemented with en-
rofloxacin in water. A pooled fecal sample of one-day-
old chicks was collected upon arrival at the experi-
mental farm. On d 17 and d 38 of the trial. cecal
samples from each of the 8 pens were taken, and the
count of E. coli and antibiotic-resistant E. coli was
determined.

The results of the present study show a high preva-
lence of antibiotic-resistant E. coli in one-day-old
chicks. Supplementation of the diet with FA and treat-
ment of broilers with AB did not have a significant
influence on the total number of E. coli in the cecal
content on d 17 and d 38 of the trial. Supplementa-
tion with FA contributed to better growth performance
and to a significant decrease (P < 0.05) in E. coli re-
sistant to ampicillin and tetracycline compared to the
control and AB groups, as well as to a decrease (P <
0.05) in sulfamethoxazole and ciprofloxacin-resistant E.
coli compared to the AB group, Treatment with AB in-
creased (P < 0.05) the average daily weight compared
to the control group and increased (P < 0.05) the num-
ber of E. coli resistant to ciprofloxacin, streptomycin,
sulfamethoxazole and tetracycline; it also decreased (P
< 0.05) the number of E. coli resistant to cefotaxime
and extended spectrum beta-lactamase- (ESBL-) pro-
ducing E. coli in the ceca of broilers.

Key words: poultry, antimicrobial, resistance, acidifier, intestinal

INTRODUCTION

The efficacy of antibiotics has decreased due to the
rapid emergence and dissemination of resistant bacte-
ria (Sengupta et al., 2013). The application of antibi-
otics for the treatment of disease, disease prevention.
and growth promotion in food-producing animals pro-
vides favorable conditions for the selection, persistence
and spread of antibiotic-resistant bacteria and their re-
sistance determinants at the farm level (Diarra et al..
2007; Diarrassouba et al., 2007; Miranda et al., 2008:
Furtula et al.. 2010; da Costa et al., 2011; Burow et
al., 2014). Thus. resistance to antibiotics has become
a global concern not only in human but also in animal
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health. Furthermore, antibiotic-resistant (AR) bacteria
and determinants generated at the farm may spread
to humans through direct contact, contamination of
meat, or environmental pathways (Aarestrup et al..
2008: Dolejska et al., 2013).

To study the emergence of antibiotic resistance (AR)
in gram-negative bacteria, E. coli are widely accepted
as indicator bacteria (Kaesbohrer et al., 2012). They
are commensal members of the normal gastrointesti-
nal microbiota in humans and animals, can be rapidly
altered by exposure to antibiotics. according to Fran-
cino (2016), and act as an important pool of resis-
tance determinants (Schjorring and Krogfelt. 2011).
Possible contamination of poultry meat with AR E.
coli may also occur during slanghtering. Moreover, E.
coli is also of widespread importance. as it is a major
pathogen in commercially produced poultry that con-
tributes to significant economic losses (Hammerum and
Heuer. 2009).
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Antibiotic growth promoters were banned in the
European Union in 2006 (European Commission, 2005).
Accordingly, poultry producers are searching for alter-
natives that claim to enhance the performance of broiler
chickens. One alternative to antibiotics is the use of or-
ganic acids as feed additives (Adil et al., 2010), as well
as cinnamaldehyde-containing feed additives (Demir
et al., 2005). Organic acids and cinnamaldehyde can
improve chicken performance through their antimicro-
bial activity (Helander et al., 1998; Raftari et al.. 2009:
Wang et al., 2009; Adil et al., 2010), which improves
protein and energy digestibility by reducing microbial
competition with the host for nutrients. Additionally,
organic acids lower the incidence of subclinical infec-
tions (Dibner and Buttin, 2002), and both compounds
are recognized as safe. Their antimicrobial activities
against various types of bacteria were found to be simi-
lar to those of antibiotics (Helander et al., 1998; Raftari
et al., 2009; Wang et al., 2009; Adil et al., 2010). Thus,
the supplementation of diets with acids results in lower
numbers of pathogenic bacteria (Khan and Igbal, 2015),
such as Salmonella. Campylobacter, and E. coli (Van
Immerseel et al., 2006; da Costa et al., 2008; Gharib
Naseri et al., 2012; Khan and Igbal, 2015; Upadhyaya
et al., 2015).

The application of antibiotic classes in food-
producing animals with therapeutically useful analogs
in human medicine is a public concern (Turnidge.
2004: Collignon, 2009; da Costa et al.. 2011). Fluo-
roquinolones are used to treat diseases in poultry in
many countries worldwide (Randall et al., 2006). En-
rofloxacin is a representative flnoroquinolone prescribed
for the prevention of early chick mortality and the re-
duction of the spread of pathogens (da Costa et al..
2011). This antibiotic is licensed for use in poultry in
many countries, including Brazil, China, and the Euro-
pean Union (German Federal Ministry of Health, 2016;
Ministry of Agriculture of People’s Republic of China,
2001; MAPA et al., 2008; Ministry of Agriculture of
People’s Republic of China. 2013: The office for reg-
istration of medicinal products, medical devices and
biocidal products in Poland. 2016). Via de-ethylation
of the ethyl group on the piperazine ring, enrofloxacin
is metabolized to ciprofloxacin (Riviere and Papich
(2009), which is a very potent antibiotic in human
medicine (Ovando et al.. 2004). Bacterial resistance to
fluoroguinolone antibiotics has increased significantly
since their introduction into medicine and agriculture
in the late 1980s (Everett et al.. 1996). The percentage
of resistance to ciprofloxacin in E. coli isolates from
broilers in the European Union is approximately 66%
(EFSA/ECDC et al., 2016). Concerns about the de-
velopment of flnoroquinolone-resistant Campylobacter
species in poultry led to a withdrawal of enrofloxacin
in poultry in the United States in 2005 (US Food and
Drug Administration, 2005). Furthermore, use of en-
rofloxacin may increase the level of resistance to non-
fluoroquinolones (da Costa et al., 2011). Due to the
antimicrobial activity of organic acids, the level of AR
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Table 1. Composition of broiler diets (g/kg).

Ingredients Starter (0-17 d)  Grower (18-38 d)
Corn 579.1 597.5
Soybean 3125 206.0
Soybean oil 25.0 20.0
Plant oils and fats 12,5 25.0
Premix for broiler! 62.5 60.0
I-Lysine 3.8 1.5
DL-Methionine 0.8 -
Threonine 1.3 -
Limestone 2.5 -
Total 1000.0 1000.0
Formulated nutrients per kg diet

ME, MJ 12.65 12.96
Crude protein, g 208.05 197.37
Crude fat, g 65.2 73.18
Crude fiber, g 2543 25,23
Crude ash, g 75.57 68.68
Methionine, g 549 4.59
Met 4 Cys, g 9.02 8.02
Lysine, g 11.06 11.78
Threonine, g 9.27 707
Tryptophan, g 2.4 2.34
Ca. g 11.96 11.10
Py 8.47 7.68
Na, g 2.02 1.94

'Contents (/kg premix): ealcium 170 g: phosphorus 64 g: sodium 30 g;
magnesinm 6 g; methionine 30 g; vit. A 230,000 1U; vit. D3 80,000 1U;
nicotinic acid 1420 mg: Ca-pantothenic acid 255 mg: vit. E 1600 mg;
choline chloride 8400 mg: vit. Ky 56 mg: folic acid 36 mg; vit. C 1300 mg:
biotin 4260 pg: vit. B1 53 mg: vit. B2 142 mg; vit. B6 106 mg: vit. By,
T10 peg; copper 400 mg: cobalt 20 mg; zine 1200 mg; iodine 40 mg; iron
2000 mg; selenium & mg; manganese 1200 mg,

bacteria in the gastrointestinal tract of broilers may
decrease. The present study therefore evaluates the ef-
fect of enrofloxacin and feed additives based on organic
acids on the prevalence of AR E. coli in the gastroin-
testinal tract of broilers.

MATERIALS AND METHODS

Animals, Housing and Treatments

The animal experiment was conducted at the Cen-
ter of Applied Animal Nutrition in Mank. Austria.
All procedures involving animal handling and treat-
ment were approved by the local state office “Amt
der Niederdsterreichischen Landesregierung Abteilung
Agrarrecht,” which is the authority for animal care in
Lower Austria. The official number of the trial approval
is LF1-TVG-39/030 2016. A total of 480 mixed-sex,
one-day-old broiler chickens (Ross 308) were randomly
assigned to 3 treatments, with 8 pens per treatment and
20 birds per pen. All groups received a common basal
diet without coccidiostats from hatch until 38 d of age.
The composition of the starter and grower diets mets
or exceeded the requirements of the National Research
Council (1994) and is presented in Table 1. Chicks had
free access to feed and water supplied through nipple
drinkers.

The first group of chickens was a negative con-
trol group fed a basal diet. The feed additive (FA)
group also received the control group diet supplemented
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“on top” with a feed additive based on 20% formic,
10% acetic, and 5% propionic acids. as well as 2.5%
cinnamaldehyde (Biotronic® Top3; BIOMIN Holding
GmbH, Getzersdorf, Austria) at a dosage of 2 kg/t of
feed. The antibiotic (AB) treatment group received the
same diet as the control group. but 10 mg enrofloxacin
per kg body weight (Baytril, 10% oral solution. Bayer,
Leverkusen, Germany) was provided via drinking water
from d 14 to d 16 of the trial. before the change to the
grower diet.

All groups were subjected to the same rearing. en-
vironmental and sanitary conditions. Ventilation and
temperature control, light intensity and day-length
were applied according to the management hand-
book’s guidelines (Aviagen. 2014). Wood shavings were
used for bedding. Clinical observations were done
twice a day, and all incidents were recorded. The
study was supervised by an independent, licensed local
veterinarian.

Sampling

A pooled fecal sample of all 480 chicks was collected
at arrival before the chicks were divided and placed into
the pens. On d 17 of the trial, 3 chicks per pen were
randomly selected and humanely euthanized by CO,.
The intestinal tract of each chick was dissected after
slaughter. and cecal samples were collected. Cecal sam-
ples from 3 chicks per pen were pooled to one sample,
Therefore, 8 samples per group were collected, result-
ing in a total of 24 cecal samples. The same sampling
procedure was used on d 38 of the trial.

Performance Data

Body weight (BW) by pen was calculated as an av-
erage of the sum of the weight of 20 birds on d 1 and 17,
and as the average of individual animal weight on d 38
of the trial. Average daily weight gain (ADG) was cal-
culated for the periodsd 1 to 17, d 18 to 38, and d 1 to
38 of the trial. Penwise feed intake was recorded at d 17
and at the end of the trial (d 38). Average daily feed in-
take (ADFI) was calculated accordingly. The feed con-
version rate (FCR) was calculated penwise. The Euro-
pean Production Efficiency Factor (EPEF) was calcu-
lated using the following formula EPEF = (Livability
[%] x BW|kg]/age[d]/FCR) x 100 (Smyth et al., 2010).

Microbiological Analysis

Intestinal samples were kept on ice during trans-
port to the laboratory. All 49 samples were ana-
lyzed for E. coli. E. coli resistant to ampicillin, ce-
fotaxime, ciprofloxacin, streptomycin, sulfamethoxa-
zole, and tetracycline. and ESBL-producing E. coli
within 24 h of arrival to the laboratory. A sample
of approximately 3 g was filled to its 10-fold balance
weight with buffered peptone water (Oxoid, Hampshire,
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United Kingdom) and homogenized (Stomacher™ 400
Circulator. Seward Limited, UK). Using the first di-
lution, dilution series up to 107 were prepared. For
each dilution, 0.1 mL was spread in duplicate onto
plates containing MacConkey agar (Merck, Darmstadt,
Germany) and ChromlD ESBL medium (BioMérieux,
Marey-T'Etoile, France). Additionally, MacConkey agar
respectively supplemented with one of the following an-
timicrobial agents at the corresponding breakpoint con-
centration (Clinical and Laboratory Standards Insti-
tute, 2012) was applied to obtain a maximum diversity
of antibiotic-resistant E. coli: ampicillin (32 pg/mL),
cefotaxim (4 pg/mL), ciprofloxacin (4 pg/mL), strep-
tomyein (64 pg/mL), sulfamethoxazol (512 pg/mL)
and tetracycline (16 pg/mL). All antibiotics originated
from Sigma-Aldrich (St. Louis, USA). After incubat-
ing plates at 37°C for 24 h, colonies typical for E. coli
were enumerated on countable plates: red colonies sur-
rounded by a turbid zone on MacConkey agar and pink
to burgundy colonies or translucent colonies with a pink
to burgundy center on ChromID ESBL medium. The
averages of duplicate plates were taken to calculate the
number of CFU per gram sample.

Statistical Analysis

All normally distributed generated growth perfor-
mance data (initial weight, BW d 17. ADG. d 1-17.
ADFI, FCR, EPEF) were subjected to statistical analy-
sis using analysis of variance (ANOVA) (IBM®@SPSS™
statistics 19.0). The non-normally distributed perfor-
mance parameters (FI and BW d 38, ADG d 18 38,
ADG d 1-38) were analyzed using a non-parametric
Kruskal-Wallis test. The microbiological analyses were
transformed into LOG prior to statistical evalnation.
All normally distributed generated microbiological data
were analyzed by means of ANOVA (IBM@SPSS®
statistics 19.0). The non-normally distributed data
were for E. coli resistant to cefotaxime and ESBL-
producing E. coli. which were analyzed using a non-
parametric Kruskal-Wallis test. The level of statistical
significance for all measured parameters was expressed
at P < 0.05, and means were separated using the
LSD test.

RESULTS AND DISCUSSION

Performance Data

The influence of FA and AB on poultry performance
is shown in Table 2. The results of the present study
showed that dietary supplementation with FA enhanced
(P < 0.05) broiler growth performance (BW and EPEF)
compared to the control group. There was no signifi-
cant influence of AB (P < 0.05) on the BW of birds
compared to other feeding groups on d 17 and 38 of
the trial. However, ADG was higher (P < 0.05) in
the FA and AB group compared to the control group.
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Table 2. Performance characteristics of broilers receiving feed additive based on organic acids (FA) and enrofloxacin (AB) compared

to the control group.

Control FA AB P-value
Initial weight. g 16.00 4 0.0002 16.00 £ 0.0002 16.00 £ 0.0002 1.00
BWd 17, g 518 + 0.010 583 + 0.007 534 + 0.015 0.00
BW d 38, g 2070" 4 0,03 2250° £ 0.03 2170 £ 0,03 0.0001
ADG d 1- 17, g/d 20.55 + 0.66 31,60 + 0.40 20.86 + 0.89 0.01
ADG d 18- 38, g/d 72.33" +1.35 79.34 £0.74 7719 £ 1.49 0.002
ADG d 1- 38, g/d 53.19" £0.67 57.98° +0.44 56.02° +1.17 0.017
ADFLd 1-17, z/d 3L09 + 151 49.71 £ 134 51.29 + 1,92 0.77
ADFI d 18 - 38, g/d 158.24 + 6.35 148,17 £+ 3.69 162,00 + 5.22 0.18
ADFILd 1 - 38, g/d 11031 + 4.05 104.13 £ 2.36 112447 + 3.69 0.22
FCR d 1- 17, g/g 173 £ 0.4 158 + 0.05 1.78 £ 0.10 0.19
FCR d 18- 38, g/g 219" +0.10 L8T" +£0.05 211" £0.09 0.023
FCR dl 388, g/g 207" £ 0.07 L&O* £0.04 2,020 £ 0.09 0.029
Mortality, % 1.38 2.50 4.38 0.57
EPEF 22857 £ 7.9 202.3° £9.9 249.1°% £ 13,1 0.001

AB, enrofloxacin: ADFI, average daily feed intake: ADG, average daily weight gain: BW, Body weight; EPEP—European Ponltry Efficiency Factor;
FA, feed additive based on organic acids; FCR, feed conversion ratio. EPEF = (Livability [%] x BWkg]/age[d]/FCR) x 100; *"means in the same
row with no common superscripts are significantly different (P < 0.05); + standard error.

Animals from the group fed with FA were heavier (P
< 0.05) than the control group at the end of the trial.
Nevertheless, feed intake was not affected by diet, but
the FCR was lower (P < 0.05) in the FA group com-
pared to the control group. Compared to birds fed with
basal diet. the EPEF was improved (P < 0.05) by
feeding FA.

A review of the role of organic acids in poultry nutri-
tion confirms these results through comparison to other
studies where organic acids were as cfficient as, or even
more efficient than, some antibiotics (Khan and Igbal,
2015). ADG and FCR of broiler chicks was significantly
increased by supplementation with a formic and propi-
onic acid mixture (Senkoylu et al., 2007). The results
of the study by Olarve et al. (2007) using 0.3 and 0.4%
acidifier as a blend of formic, fumaric, lactic, propionic,
and phosphoric acids in basal diets showed significant
effects on the ADG and feed efficiency of broilers from d
28 to 42. Additionally, the use of fumaric, butyrie, and
lactic acids significantly improved BWG and FCR (Adil
et al., 2010). The improvement in ADG and FCR was
possibly achieved due to better nutrient digestibility;
Ghazalah et al. (2011) reported that feed supplementa-
tion with formic or umaric acid and acetic or citric acid
improved nutrient digestibility. Dietary supplementa-
tion of formic acid in the broiler finisher diet improved
the apparent ileal digestibility of dry matter and crude
protein (Hernandez et al.. 2006; Garcia et al., 2007).
The positive effect of organic acids and cinnamaldehyde
on performance may be due to a decrease in bacterial
count, which will be discussed when considering the mi-
crobiological analysis. In the present study, continuous
fed FA more efficiently improved growth performance
than AB. Enrofloxacin is not used for growth promo-
tion but is used for the treatment of disease, preven-
tion of chick mortality. and reduction of the spread of
pathogens (da Costa et al., 2011). AB was provided
to animals for 3 d according to the recommended use,
which differs from the continuous application of in-feed
antibiotics. A positive effect of enrofloxacin on growth

performance was observed in ADG, but not BW, com-
pared to the control group. There was no significant
cffect of enrofloxacin on growth performance in stud-
ies by da Costa et al. (2011) and Dibner and Richards
(2005).

Microbiological Analysis

Analysis of fecal samples on d 1 showed a to-
tal E. coli count of 8.18 log;y CFU/g of fecal con-
tent. The number logy CFU/g of E. coli resistant
to ampicillin was 7.83: cefotaxime. 2.40: ciprofloxacin,
8.00: streptomycin, 7.63; sulfamethoxazole. 7.56; tetra-
cyeline, 7.81; and ESBL-producing E. coli was at 2.82
logjg CFU/g of fecal content. These results indicate
that AR E. coli were already present in newborn chicks
after transport withont any access to water or feed.
This finding corresponds to other published studies.
Rashid et al. (2013) reported that E. coli from the
gut, liver, and lungs of one-day-old chicks was multi-
resistant  to amoxicillin, enrofloxacin. erythromyein,
kanamycin, nalidixic acid, and cloxacillin. E. coli re-
sistant to ampicillin, cefotaxime, tetracycline, strep-
tomycin, gentamicin, and enrofloxacin from one-day-
old chick’s meconium was reported by da Costa et al.
(2011). Baron et al. (2014) also observed E. coli re-
sistant to third-generation cephalosporins in one-day-
old chicks. These authors suggest that the source of
resistant E. coli may be eggshells or the immediate
environment. Third-generation cephalosporins and fln-
oroquinolones are classified by the WHO as highest-
priority critically important antibiotics, which means
that this antibiotic is the sole therapy. or one of a
limited set of available therapies, to treat serious hu-
man disease (World Health Organization, 2011). The
source of antibiotic-resistant bacteria may be verti-
cal transmission of resistance gene determinants along
the poultry chain. Zurfluh et al. (2014) provided ev-
idence that gene determinants of ESBL-producing F.
coli are transmitted vertically in the broiler production
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Table 3. E. coli count in cecum on d 17, log CFU/g.
Control A AB P-value

E. coli 8.09 £ 0.19 7.90 £ 0.14 7.76 £ 0.34 0.35
Ampicillin-resistant E. coli 7.05 4+ 0.28 687 + 0.14 7.03 + 0.23 0.81
Cofotaxime-resistant E. coli 2.13 + 0.82° 2.14 £ 0.59° 0.00 + 0.00" 0.007
Ciprofloxacin-resistant . coli 6.90 + 0.66" 7.04 4 047" 7.68 + 0.36" 0.014
Streptomycin-resistant E. colt 6.62 + 0.18" 6.97 + 017" 747 £ 0120 0.004
Snlfomethoxazole-resistant. E. coli 6.85 + 0.21* 7.10 £ 01740 7.59 + 0.13° 0.020
Tetracycline-resistant E. coli 6.83 + 21° 6.97 £ 18" 7.55 & 15" 0.024
ESBL-producing £. coli 2.82 + 1.96* 2.85 + 1.23" 0.00 £ 0.00" 0.010

AB, enrofloxacin; amount of antibiotic in the media: ampicillin 32 pg/mL, cefotaxim 4 pg/mL, ciprofloxacin 4 pg/mL, streptomycin 64 pg/ml,
sulfamethoxazol 512 pg/mL and tetracycline 16 pg/mL: FA, feed additive based on organic acids; *"means in the same row with no common

superseripts are significantly different (P < 0.05): £ standard error,

Table 4. E. coli count in cecum on d 38, log CFU /g.

Control FA A P-value

E. coli 8.25 £ 0.20 8.24 £+ 0.12 B.AG £ 016 0.59

Ampicillin-resistant E. coli 7.08 £+ 0.31° 528 = 041" 6.91 + 0.31 0.002
Cefotaxime-resistant £, coli 3.09 £ 0.87" 1.04 £ 0,524 0.24 £ 0.24" 0.018
Ciprofloxacin-resistant E. coli 5.83 £ 0.28" 5.68 + 0.12" 7.36 + 0.33" 0.001
Streptomycin-resistant E. coli 542 +0.23 5.05 £ 0.27 6.12 £ 10 0.07

Sulfomethoxazole-resistant E. coli 5.62 £ 0.36%" 5.16 4 028" 648 £ 0.34" 0.034
Tetracyeline-resistant £, coli 6.18 £ 0.27" 5.28 £ 0.23" 6.91 £ 0.35" 0.003
ESBL-producing E. coli 3.00 £ 091" 1.15 4 0.58"" 0.30 + 0.20" 0.007

AB. enrofloxacin; amount of antibiotic in the media: ampicillin 32 pg/ml. cefotaxim 4 pg/mL, ciprofloxacin 4 pg/mL, streptomyein 64 pg/mL,

sulfamethoxazol 512 pg/mb and tetracycline 16 pg/mlL; FA, feed additive based on organic acids;

superseripts are significantly diffevent (P < 0.05): & standard error,

pyramid from the top (nuclens poultry flock level) to
the bottom, with little evidence of any antibiotic selec-
tion pressure.

Because only one fecal samples was received on d
1 of the trial, findings from this day cannot be di-
rectly compared to the other days of the trial, where
24 cecal samples per sampling day were available. Ad-
ditionally, on d 17 and 38 of the experiment, a high
prevalence around 6 log;y CFU/g of E. coli resistant
to ampicillin, ciprofloxacin, streptomycin, sulfamethox-
azole, and tetracycline was detected in all groups
(Tables 3 and 4). According to the European sum-
mary report on antibiotic resistance, the average per-
cent of resistance to ampicillin is 59%. for ciprofloxacin
is 66%, for sulfamethoxazole is 53% and for tetracy-
cline is 50% in E. coli from poultry in 28 countries in
the EU (EFSA/ECDC et al., 2016). Smith et al. (2007)
found a high prevalence of resistance to tetracycline,
sulfonamides. and streptomycin in commercial flocks,
although these antibiotics were not used in most cases.
The same study states that the ccology of bacterial
communities present in animal environments plays an
important role in the prevalence of antibiotic resistance.
Supplementation of the diet with FA and treatment of
broilers with AB did not have a significant influence on
the total number of E. coli on d 17 and d 38 of the
trial when enumerated without antibiotics present in
the media. An influence of FA and AB on the microbial
count of some AR E. coli in the cecum was shown in
Tables 3 and 4. There was no effect (P < 0.05) of FA
on resistant . coli numbers on day 17, except for lower
(P < 0.05) numbers of streptomycin-resistant E. coli
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compared to the AB group. In the AB group, the level
of cefotaxime-resistant F. coli and ESBL-producing FE.
coli was lower compared to the other 2 feeding groups
on d 17 of the trial. Treatment with AB reduced the
level of ESBL-producing E. coli in the cecum of broil-
ers. Similar results were found in other studies. In fact,
da Costa et al. (2011) report that E. coli strains display-
ing resistance to cephalothin were selected after the use
of enrofloxacin. Additionally, ESBL-producing E. coli
may also be resistant to fluoroquinolones, as reported
by Su et al. (2016).

The number of E. coli resistant to ciprofloxacin, sul-
famethoxazole, and tetracycline was higher (P < 0.05)
in the AB group than in the control group on d 17 of
the trial. Da Costa et al. (2011) also reports increased
prevalence of resistance to unrelated antibiotics in med-
icated broilers upon exposure to enrofloxacin. The level
of E. coli resistant to streptomycin was higher (P <
0.05) in the enrofloxacin group compared to the FA
group on d 17 of the trial. In general, 3 d of treatment
with enrofloxacin resulted in increased (P < 0.05) num-
bers of E. coli resistant to ciprofloxacin, sulfamethox-
azole and tetracycline: the treatment decreased (P <
0.05) the number of ESBL-producing E. coli in the AB
group.

The microbiological analysis of control groups ond 17
and 38 of the trial show decreased numbers of E. coli re-
sistant to ciprofloxacin, streptomycin, and sulfamethox-
azole (P < 0.05) with time. The level of ampicillin- and
tetracycline-resistant E. coli in the FA group was sig-
nificantly lower (P < 0.05) than in the other 2 groups.
Penicilling and tetracyclines are licensed for use in
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poultry in many countries, including large poultry
producers such as the United States. Brazil, China. and
the EU (Food and Drug Administration, 2016; Ger-
man Federal Ministry of Health, 2016; MAPA, Min-
istery of Agriculture, Livestock and Farming in Brazil,
2014; Ministry of Agriculture of People’s Republic of
China, 2013). The prevalence of tetracycline-resistant
E. coli is approximately 90% in China, 70% in Brazil
and 50% in the USA and EU (Pessanha and Filho, 2001:
Lei et al., 2010: Ho et al., 2011; Jiang et al., 2011: Stella
et al., 2013; Korb et al., 2015; Bezerra et al., 2016;
EFSA/ECDC et al., 2016: Food and Drug Adminis-
tration, 2016). In the USA, rates of E. coli resistant
to ampicillin are lower (20%) compared to other large
poultry producers (Food and Drug Administration
(2016). The prevalence of ampicillin-resistant E. coli
from broilers is 80% in China, 70% in Brazil and 60% in
European Union (Pessanha and Filho, 2001; Yang et al.,
2004; Dai et al.. 2008; Lei et al.. 2010; Lu et al., 2010;
Ho et al., 2011; Jiang et al., 2011; Yu et al., 2012: Stella
et al., 2013; Chen et al., 2014; Gai et al., 2015; Korb
et al., 2015; Bezerra et al., 2016; EFSA/ECDC et al.,
2016; Zhang et al., 2016). Therefore, reducing the num-
bers of ampicillin- and tetracycline-resistant E. coli is
of special importance. Confirmation of the literature-
reported ability of organic acids and cinnamaldehyde
to decrease the prevalence of ampicillin resistant F.
coli in poultry was not obtained. However, the ability
of organic acids and cinnamaldehyde to reduce E. coli
counts in poultry is known (Raftari et al., 2009; Adil
et al., 2010; Yossa et al., 2014), and therefore, reduc-
tion of AR FE. coli is possible. A significant reduction
in total E. coli count was not observed in the present
study. Therefore, a possible selective effect of FA on
resistant E. coli should be investigated further. Addi-
tionally, the level of E. coli resistant to ciprofloxacin
and sulfamethoxazole was lower (P <0.05) in the FA
group compared to the AB group, but there was no
significant difference (P > 0.05) compared to the con-
trol group. Microbiological analysis at the end of the
trial showed that the level of cefotaxime-resistant E.
coli and ESBL-producing E. coli was lower in the AB
group compared to other groups, similar to the results
for d 17. As expected. the level of E. coli resistant to
ciprofloxacin was higher (P < 0.05) in the group treated
with enrofloxacin than in the 2 other groups. Thus, the
use of enrofloxacin in broilers selects for ciprofloxacin
resistant E. coli populations. This selection could also
be detected in the present trial after 11 d of enrofloxacin
use. Smith et al. (2007) reported that antibiotic use also
creates resistant E. coli that can still compete with sus-
ceptible strains in the absence of antibiotic selective
pressure. However, after increasing the prevalence of
ciprofloxacin-resistant E. coli during enrofloxacin treat-
ment for 3 d. as reported by da Costa et al. (2011), the
ciprofloxacin resistance level progressively approached
that of the control group within the subsequent 11 d.
The present trial shows that FA can improve growth
performance. Furthermore, the number of E. coli resis-
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tant to ampicillin, ciprofloxacin, sulfamethoxazole, and
tetracycline was higher in the AB group compared to
the FA group. Whether AB can be replaced for disease
prevention and reduction of mortality with FA should
be clarified with further trials.

CONCLUSION

A high prevalence of AR E. coli in all experimental
groups was observed throughout the study. Dietary sup-
plementation with FA and treatment of broilers with
AB did not have a significant influence on the total
number of E. colion d 17 and d 38 of the trial. Supple-
mentation with FA contributed to better growth per-
formance and a decrease in ampicillin- and tetracycline-
resistant F. coli in the cecum of broilers compared to
control and AB group. The decrease (P < 0.05) in sul-
famethoxazole and ciprofloxacin-resistant E. coli com-
pared to the AB group was observed in the FA group.
Treatment of broilers with AB increased (P < 0.05)
the number of E. coli resistant to ciprofloxacin. strep-
tomycin, sulfamethoxazole. and tetracycline in the ce-
cum. However, fewer (P < 0.05) E. coli were resistant to
cefotaxime, and ESBL-producing E. coli was observed
in the group treated with enrofloxacin.
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ABSTRACT The aim of this study was to evaluate
the effect of ampicillin, an organic acid-based feed ad-
ditive and a synbiotic preparation on the prevalence
of antibiotic-resistant E. coli in the ceca of broilers.
A total of 2000 broiler chickens (Ross 708) were ran-
domly assigned to 5 groups with 8 replicates. The neg-
ative control group was the only group that was not
subjected to avian pathogenic E. coli challenge, while
all the other 4 groups received a multi-resistant E. coli
strain that was resistant to ampicillin, cephalexin. and
nalidixic acid as an oral challenge. The second group
served as a challenge control, and the third group re-
ceived the antibiotic ampicillin via water for 5 d. The
fourth group received a feed additive based on organic
acids and cinnamaldehyde, and the fifth group received
a synbiotic preparation via feed and water. On day 17
and 38 of the trial. cecal samples from 3 birds from each
of the 40 pens were obtained, and the E. coli counts
and abundances of antibiotic-resistant E. coli were de-
termined.

Oral challenge with an avian pathogenic E. coli strain
did not influence the performance, and there was no
significant difference in growth performance between
groups. The total E. coli count was lower (P < 0.05)
in the group supplemented with the synbiotic than in
the challenge control group on day 38 of the trial.
Administration of an antibiotic for 5 d led to a sig-
nificant increase in the abundance of E. coli strains
resistant to ampicillin, amoxicillin-clavulanic acid, ce-
foxitin, and ceftriaxone. There was no increase in the
abundance of antibiotic-resistant . coli observed in the
groups that received feed supplemented with an organic
acid/cinmamaldehyde-based feed additive or a synbi-
otic. Moreover, the effects of the tested feed additives
on the prevalence of resistant E. coli are demonstrated
by the lower ceftriaxone minimal inhibitory concentra-
tion values for this group than for the antibiotic group.
Additionally, the synbiotic group exhibited lower cef-
triaxone minimal inhibitory concentration values than
the antibiotic group.

Key words: feed additive, poultry, antibiotic resistance. APEC, E. coli challenge

INTRODUCTION

Antibiotics have been used for treatment and preven-
tion of disease as well as growth promotion in livestock
and poultry produetion (Allen et al., 2013). The use of
antibiotics to treat food-producing animals provides fa-
vorable conditions for the spread of antibiotic-resistant
(AR) bacteria and the corresponding resistance
determinants at the farm level (Diarra et al., 2007;
Diarrassouba et al., 2007: Miranda et al., 2008; Furtula
et al., 2010; da Costa et al., 2011; Burow et al.,
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2014). The use of antibiotics has potentially increased
the prevalence of resistance determinants in animal
microbiomes (Pal et al., 2016). The development of
resistant pathogens associated with animal diseases
has increased, and the growing antibiotic resistance
gene pool in commensal bacteria is a canse for concern,
and intensive research is required for understanding
the prevalence and dynamics of AR bacteria in poultry
flocks. Escherichia coli is a commensal bacterium in
broilers and has a higher prevalence in chicken excreta
than some key pathogens (Chinivasagam et al., 2010).
E. coli may frequently be exposed to selective pressures
imposed by antibiotic treatments and may contribute
considerably to the spread of antibiotic resistance
(Simoneit et al., 2015). Moreover. avian pathogenic
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E. coli (APEC) causes various diseases. collectively
termed colibacillosis, in chickens, and these diseases are
responsible for significant economic loss in the chicken
industry (Hammerum and Heuer. 2009: Mohamed et
al., 2014). Moreover, poultry products contaminated
with APEC are potential sources of foodborne ex-
traintestinal pathogenic E. coli infections for humans,
posing a threat to human health (Bergeron et al., 2012)

This study evaluated the effect of oral challenge of
broilers with a multi-resistant APEC strain and the ef-
fects of the antibiotic ampicillin, a feed additive (FA)
containing organic acids and cinnamaldehyde, and a
synbiotic application (SA) on the prevalence of AR E.
coli in the ceca of these broilers. The application in
food-producing animals of antibiotics with therapeuti-
cally useful analogs has led to public health concerns
(Turnidge, 2004; Collignon et al., 2009; da Costa et al.,
2011). Ampicillin is an aminopenicillin that is charac-
terized by broad-spectrum antimicrobial activity and is
applied in poultry farming for the treatment of bacterial
infections (Agunos et al., 2012: Wang et al., 2017). Bac-
terial resistance to ampicillin has increased significantly
since the introduction of this antibiotic in medicine and
agriculture in the late 1980s (Everett et al., 1996). The
percentage of ampicillin-resistant E. coli isolates from
broilers in the European Union is approximately 70%
(EFSA/ECDC, European Food Safety Authority and
European Centre for Desease Prevention and Control,
2016).

Organic acid-based FAs are frequently used in poul-
try production due to their bactericidal activities. in
both feed and the gastrointestinal tract (Ricke, 2003).
Organic acids and cinnamaldehyde are known to have
antimicrobial activity as well as the ability to promote
the growth of chickens (Helander et al., 1998a; Raftari
et al.. 2009; Wang et al., 2009a; Adil et al., 2010). The
effects of non-antibiotic antimicrobial compounds such
as organic acids and cinnamaldehyde on resistant E. coli
are not clear. On the one hand. there is indication that
exposure to non-antibiotic antimicrobial agents can in-
duce or select bacterial adaptations that result in de-
creased susceptibility to one or more antibiotics (Wales
and Davies. 2015). On the other hand, the reduction
of extended-spectrum cephalosporin-producing E. colr
has been associated with the use of acidified drinking
water in a risk factor study performed in Belgian broiler
farms (Persoons et al.. 2010). In general. the extent to
which antibiotic resistance is associated with the use of
chemicals and biological agents —used expressly to con-
trol, deter, inhibit, or kill harmful microorganisms—is
poorly understood (Food and Agriculture Organization
of the United Nations. 2018). This study aims to clar-
ify the effect of FAs based on organic acids as well as
synbiotics on resistant E. coli in broilers.

Synbiotics may be defined as mixtures of probiotics
and prebiotics that beneficially affect the host by
improving survival and implantation of live microbial
dietary supplements in the gastrointestinal tract via
selective stimulation of growth and/or metabolic acti-

50

vation of one or a limited number of health-promoting
bacteria, thus improving host welfare (Gibson and
Roberfroid, 1995). Probiotics are defined as monocul-
tures or mixed cultures of live microorganisms that
beneficially affect the host animal by modulating the
gut microbiota in livestock (Fuller, 1989). Prebiotics
are defined as non-digestible food ingredients that
beneficially affect the host by sclectively stimulating
the growth and/or activity of one or a limited number
of bacteria in the colon (Gibson and Roberfroid,
1995). The application of a synbiotic preparation
reduced the FE. coli and total coliform populations
in the intestines of broiler chickens (Dibaji et al.,
2014). The antimicrobial activity of organic acid- and
cinnamaldehyde-based FAs, as well as the application
of a synbiotic preparation, may influence the AR E.
coli levels in the gastrointestinal tracts of broilers. The
present. study therefore evalnates the effect of ampi-
cillin and FAs (an organic acid/cinnamaldehyde-based
product and a synbiotic preparation) on the prevalence
of AR E. coli in the gastrointestinal tracts of broilers
challenged with a multi-resistant APEC strain.

MATERIALS AND METHODS

Animals, Housing and Treatments

The animal experiment was conducted at the facil-
ity of the Southern Poultry Research Group (SPRG;
Athens, GA, USA). A total of 2000 day-of-hatch Ross
708 male broiler chicks were assigned to 5 treatment
groups, with 8 replicate blocks. and allocated into
groups of 50 birds per pen (pen size was 1.5 meters x
3.0 meters). One empty pen or a 1.5 meter empty space
was positioned between the trial pens to reduce cross-
contamination. All the animal caretakers wore plastic
boots dedicated to each pen and wore gloves when en-
tering the pens.

Treatment groups were assigned to pens using a ran-
domized complete block design. The SPRG completed
the randomization and assignment of treatment groups
to pens using random permutation tables (Cochran and
Cox. 1992). The first group was the negative control
(NC) and only group without APEC challenge was
positioned at a distance of two empty pens from the
next group. The second group served as a challenge
control (CC), and the third group received 100 g of
ampicillin trihydrate (AB) (= 86.6 g of ampicillin) per
1000 L of water (Ampiciph®; bela-pharm GmbH &
Co. KG, Germany) from day 11 to day 15 of the trial.
The fourth group received a top-dressed FA composed
of 20% formic acid. 10% acetic acid. and 5% propi-
onic acid, as well as 2.5% cinnamaldehyde (Biotronic®
Top3; BIOMIN Holding GmbH, Austria) at a dose
of 2 kg/t of feed during the entire trial period. The
fifth SA group received the multistrain synbiotic prod-
uct PoultryStar® (BIOMIN Holding GmbH, Austria).
containing Enterococcus, Pediococcus, Bifidobacterium,
and Lactobacillus isolated from healthy chicken guts
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EFFECTS OF FEED ADDITIVES ON ANTIBIOTIC RESISTANCE 3

combined with inulin, via feed and water. PoultryStar®
me was provided via feed at a concentration of 1 kg/t
of feed (2 x 10° CFU/kg of feed), and PoultryStar® sol
was provided via drinking water on days 1, 2. 3, 16, 17,
and 18 of the trial at a dose of 20 g per 1000 birds per
day.

All groups except NC received oral challenge with
multi-resistant E. coli with resistance to ampicillin,
cephalexin, and nalidixic acid. A total of 25 one-day-old
chicks per pen were tagged; color-coded for identifica-
tion; and orally administered (gavage. 0.1 ml into the
crop) the APEC strain X-7122, isolated by Dr. Jonn
Maurer (Georgia University, USA), at 4.0 x 10° CFU
per chick on the first day of the trial. Seeder birds were
placed only in treatment groups CC, AB, FA, and SA.

All birds received routine vaccinations and were
sprayed with a commercial coccidia vaceine (Advent®
Coccidiosis Control; Huvepharma, Bulgaria) at 1 d of
age. as per the manufacturer's recommendations.

All birds received a common basal diet without coc-
cidiostats, a starter diet from hatch until day 17 and
a grower diet until day 38. Diets were fed as mash
throughout the study. The nonmedicated commercial-
type broiler starter and grower diets consisted of the
feedstuffs commonly used in the United States, which
were representative of local formulations and met or
exceeded National Research Council (1994) standards.
The chicks had free access to feed and water supplied
through bell drinkers.

The birds were housed at 0.09 square meters/bird.
All birds were subjected to the same rearing, environ-
mental and sanitary conditions. Birds were reared un-
der ambient humidity. Thermostatically controlled gas
heaters were the primary heat source. One heat lamp
per pen provided supplemental heat during brooding,
Birds were provided controlled lighting and ventila-
tion. At placement, each pen contained approximately
4 inches of fresh pine shavings. Litter was not replaced
during the course of this study. Each pen contained one
tube feeder and one bell drinker (50 birds/feeder and
drinker).

Sampling

To determine total E. coli counts and ensure that
no multi-resistant E. coli strains that were resistant to
nalidixic acid. ampicillin, and cephalexin were present
in day-of-hatch chicks, swabs of all 20 chick box papers
were tested on arrival at the trial facility. Sterile chick
box paper was placed on the bottom of the transport
box. Chick box papers were aseptically collected at the
farm, immediately placed into sterile Whirl Pack bags
(Sigma-Aldrich, Germany). and transported on ice to
the laboratory for analysis of the presence of AR E.
coli. On the 17th and 38th days of the trial, 3 chicks
per pen were randomly selected and humanely eutha-
nized by using CO,. The intestinal tract of each chick
was dissected after slanghter, and a total of 240 ce-
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cal samples were collected and placed into sterile plas-
tic bags (Fisher Scientific, USA). The samples were la-
beled, stored on ice, and delivered to the laboratory for
E. coli analysis.

Performance Data

Body weight (BW) by pen was calculated as the aver-
age of the sum of the weights of 50 birds as determined
on days 1, 17, and 38. Average daily weight gain was
calculated for day 1 to day 17, day 18 to day 38, and
day 1 to day 38 of the trial. Pen-wise feed intake was
recorded at day 17 and at the end of the trial on day
38. The average daily feed intake (ADFI) was calcu-
lated accordingly. The feed conversion rate (FCR) was
calculated per pen and corrected for mortality.

Microbiological Analysis

E. coli From Chick Papers. Intestinal samples were
kept on ice during transport to the laboratory. Each
chick paper was hand swabbed with a premoistened
4 x 4 gauze pad that was then placed into 50 ml of
phosphate-buffered saline (PBS; Dulbecco’s PBS, MP
Biomedicals, Solon, Ohio, USA). One milliliter of PBS
was spread plated onto MacConkey agar (Becton, Dick-
inson and Company, Sparks, Maryland, USA) contain-
ing 25 pg/ml nalidixic acid, 6.25 pg/ml ampicillin, and
25 pg/ml cephalexin.

E. coli Isolation, Identification, and Enumeration.
For all samples, a 1-ml aliquot of PBS was transferred
to three adjacent wells in the first row of a 96-well 2-ml-
deep block. A 0.1-ml aliquot of the sample was trans-
ferred to 0.9 ml of PBS in the second row, and the pro-
cess was repeated for the remaining rows (to produce
five ten-fold dilutions). One microliter from each well
was transferred onto standard MacConkey agar for to-
tal £. coli enumeration and onto MacConkey agar con-
taining 25 pg/ml nalidixic acid. 6.25 pg/ml ampicillin,
and 25 pg/ml cephalexin for challenge strain enumer-
ation with a pin-tool replicator. The plates were incu-
bated aerobically (37°C for 24 h). The final dilution of
cach sample was recorded and entered into the most
probable number (MPN) calculator for determination
of the MPN value of the sample (Berghaus et al., 2013).

Antibiotic Susceptibility Testing. The automated
National Antibiotic Resistance Monitoring System
(NARMS, Sensititre™, USA) was used to determine
minimal inhibitory concentrations (MICs) for antibi-
otic resistance levels of 3 random isolates of E. col
from antibiotic-free media for each of 240 samples:
a total of 720 E. coli isolates were used. The MICs
of the following antibiotics were tested: ampicillin,
amoxicillin-clavulanic acid, azithromycin, cefoxitin, cef-
triaxone, chloramphenicol, ciprofloxacin, gentamicin,
meropenem, nalidixic acid, streptomyecin, sulfisoxazole.
tetracycline, and trimethoprim-sulfamethoxazole.
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Statistical Analysis

Performance Data. Statistical evalnations were car-
ried out using Statistical Package for Social Sciences
(SPSS 22.0., IBM Corp., US) (SPSS, 2013), and the
results were considered significant at P < 0.05. After
checking the data for normal distribution (Kolmogorov—
Smirnov test) and homogeneity of variances (Levene's
test), ANOVA, followed by the Bonferroni test, was
performed. If variances were not homogenous, the data
were evaluated by the Welch test with Tamhane's T2
test as a post hoc test. Data that were not normally dis-
tributed were further analyzed by the Kruskal-Wallis
test (nonparametric ANOVA), followed by pairwise
comparison.

E. coli Enumeration. Analysis was performed using
SAS Enterprise software (SAS 9.4 with SAS Enterprise
Guide 7.1 @ (64bit) 2014 by SAS Institute Inc., Cary,
NC, USA).

Linear mixed models were used to compare E. coli
counts on the basis of MPN results expressed as colony
forming unit (CFUs) per g of sample between days
and treatment groups (MIXED procedure, SAS). Days,
treatments and their interactions served as fixed effects
and pens and birds as nested random effects, Before
starting the statistical analysis. CFUs were log trans-
formed to obtain linearity (because of the decimal di-
Iution schema used for MPN determination). Using the
Tukey- Kramer method. least square means of days as
well as treatments were compared at a significance level
of 5%.

Additionally, the prevalence of resistant isolates was
compared between days and treatment groups using
generalized linear mixed models (GLIMMIX proce-
dure, SAS). Logistic regression was applied with the
logit function to account for the correlation of iso-
lates obtained from the same pens. Days, treatments,
and their interactions served again as fixed effects
and pens and birds as nested random effects. Multi-
ple comparisons were applied to test for significant dif-
ferences of days as well as treatments. Differences be-
tween least square means were tested by the Tukey-
Kramer method (a = 5%). Furthermore, an in-depth
analysis of treatment cffects on different days was

performed to test for specific treatment group differ-
ences of interest.

Antibiotic Susceptibility Testing. MICs were log,
transformed prior to statistical analysis (based on the
MICs. provided in concentration steps of two to the
power of n). MICs reported as being greater than the
upper limit of the assay or lower than the lower limit of
the assay were set as being equal to the corresponding
limit to be included in the statistical analysis. Linear
mixed models were used again to compare the means of
the MICs between days and treatment groups (MIXED
procedure, SAS). Model effects were set and statistical
analysis was performed in the same manner as described
for the MPN results (see “E. eoli enumeration™).

Additionally, the prevalence of resistant isolates was
compared between days and treatment groups using
generalized linear mixed models (GLIMMIX procedure,
SAS) as described above (“E. coli enumeration”). Lo-
gistic regression was applied with the logit function for
binary response distributions. In the case of multino-
mial (ordered) response distributions, the cumulative
logit function was used. Treatment differences were ex-
amined by means of the Tukey-Kramer test.

For multinomial responses. intermediate and resis-
tant prevalence results were merged prior to analysis
in order to obtain binary responses. For treatment and
day combinations with no intermediate or resistant re-
sponses, analysis was conducted without considering
the interaction terms in the model. The Tukey-Kramer
test was applied again for in-depth analysis of treatment
effects on different days to test for specific treatment
group differences of interest. Furthermore, contingency
analysis was used for interpretation of some of the re-
sults regarding resistance.

RESULTS AND DISCUSSION
Performance Data

The influence of oral challenge with multi-resistant
E. coli as well as AB, FA, and SA on poultry perfor-
mance is shown in Table 1. Oral challenge with APEC
did not influence the performance of the birds. The

Table 1. Performance characteristies and standard deviations (£ SD) of broilers (400/group) that received ampicillin, a feed additive
based on organic acids (FA) or a synbiotic preparation (SA) compared to the control groups.

NC cC AB FA SA P-value
Initial weight, g 16 £ 0.62 16 = 0.89 16 = 0.2 46 £ 0.51 16 = 0.37 0.15
BW d17, g 171 + 18.1 453 = 158 473 + 50.8 468 + 16.2 455 = 29.5 0.32
BW d38. g 1967 + 1028 1928 £ 488 1972 £ 110.1 1995 £ 63.4 1960 = 79.3 0.62
ADFI d1 17, g/d 31.0 £ 1.2 303 = 1.0 305 £ 2.9 308 = L0 303 = 1.7 0.67
ADFI d -38, g/d 149.1 £ 5.1 1489 £ 5.1 7.9 £ 7.0 1468 £ 6.3 1489 = 7.8 0,95
FCRd1-17, g/g L34 £ 005 137 = 0.05 1.30 £ 0.05 134 & 0.05 L36 = 0.04 0.11
FCR d1-38. g/g 1.64 &+ 0.14 LG8 £ 0,06 1.62 = 0.0 1.62 £ 0.03 L63 = 0.4 0.13
Mortality, % 3.00 4.25 3.50 5.75 275 0478

NC, negative control without £. coli challenge: CC, E. coli challenge control; AB, ampicillin; FA, feed additive based on organic acids: SA,
multistrain synbiotic; BW, body weight;: ADG, average daily weight gain; ADFL, average daily feed intake; FCR. feed conversion ratio: mean values

= standard errors.
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EFFECTS OF FEED ADDITIVES ON ANTIBIOTIC RESISTANCE 5

Table 2. E. coli connts in cecal samples on days 17 and 38 of the trial on MacConkey medium without and with antibiotic supple-
mentation, shown as log,g MPN /g values and standard deviations (£ SD); 24 positive samples.

Antibiotie Day NC ce AB FA SA
None 17 6.83 £ 1.36 6.78 + 1.4 783 £ 1.01 6.66 £ 1.70 6.27 + 119

38 6.04 + 1.35 5.57 + 147 523 + 1.54 496 + 1.2 446 + 1.72
Ampicillin, cephalexin 17 0(0/24) 0.97 + 1.21 (16/24) 186 = 0.31 (14/24) 166 + 0.99 (16/24) 1.77 + L.I8 (14/24)
and nalidixic acid 38 0.68 + 0.53 (5/24) 1.38 4+ 1.24 (11/24) 1.14 + 1.28 (9/24) 146 + 117 (16/24)  1.54 + 1.38 (15/24)

NC. negative control without E, coli challenge; CC, E. coli challenge control; AB, ampicillin; FA. feed additive based on organic acids; SA.

multistrain synbiotic.

lack of change in performance in the challenged group
compared to the non-challenged control shows that the
APEC challenge strain did not have a significant im-
pact on bird health and performance, perhaps due to
the low competitiveness of APEC with other intestinal
microorganisms. Non-significant differences in perfor-
mance parameters between treatment groups may also
be due to the determination of performance parameters
per pen, without individual animal data or excessive
variability between treatment pens.

The studies described below present the effects
of antibiotics., organic acids, cinnamaldehyde, and
synbiotics on growth performance. Penicillins are the
most commonly used antibiotics in poultry (Hofacre
et al., 2013). Ampicillin is registered for use in poultry
in large poultry producing countries such as Brazil,
China, Germany, and France (Roth et al., 2018)
Stokstad and Jukes (1950), showed that small subther-
apeutic doses of penicillin and tetracycline enhance
weight gain in poultry. Antibiotics have been used in
animals for the treatment of diseases, for the preven-
tion and control of discases. and as growth promoters
(Economou and Gousia, 2015). The administration of
antibiotics decreases or alters the bacterial populations
present in the digestive tract. which protects animals
from pathogenic organisms, increases animal weight
and improves meat quality (Fairchild et al., 2001).
Antibiotic resistance is the main undesirable side effect
of antibiotic use (EFSA/ECDC. European Food Safety
Authority and European Centre for Desease Prevention
and Control, 2016). Replacement of antibiotics for
disease prevention with non-antibiotic substances is
essential for implementation of technological solutions
that can reduce selection pressure and therefore reduce
contamination with AR bacteria.

Organic acids and cinnamaldehyde improve chicken
performance via antimicrobial activity (Helander et al.,
1998; Raftari et al., 2009; Wang et al., 2009b; Adil et al.,
2010). Olarve et al. (2007) showed significant effects on
the weight gain and feed efficiency of broilers by using
0.3 and 0.4% (a blend of formic, fumaric, lactic, propi-
onic, and phosphoric acids) in basal diets. The BWs and
FCRs of broilers were significantly increased by supple-
mentation with a mixture of formic and propionic acids
(Senkoylu et al., 2007). Improvement in weight gain
and FCR due to improved nutrient digestibility was
detected in a study where formic or fumaric acid and
acetic or citric acid were used (Ghazalah et al., 2011).

53

Application of the same synbiotic product as that used
in the present study has been previously shown to im-
prove BW gain and FCR as well as the apparent ileal
and total tract digestibility (Palamidi et al., 2016).
Other studies with the same product showed improve-
ment of zootechnical performance parameters and nu-
trient digestibility compared to the control (Ritzi et al.,
2014; Mountzouris et al.. 2015). The tested multistrain
synbiotic showed significant modulation of the composi-
tion of the cecal microbiota, resulting in increased Bifi-
dobacterium spp. and Lactobacillus spp. concentrations
compared with the control (Mountzouris et al., 2010).

Microbiological Analysis

E. coli From Chick Papers. Swabs of 20 chick box
papers were collected on day 0 and cultured for de-
tection of multi-resistant E. coli with resistance to
ampicillin, cephalexin, and nalidixic acid. The objec-
tive was to confirm the absence of multi-resistant E.
coli prior to challenge with the multi-resistant APEC
strain with resistance to these antibiotics. For the cul-
tures grown on MacConkey agar supplemented with
ampicillin, cephalexin, and nalidixic acid, no E. coli was
identified on any of the 20 swabs. This outcome can be
seen as a prerequisite for the planned challenge with
the multi-resistant APEC strain.

E. coli Enumeration. E. coli counts in cecal sam-
ples on MacConkey medium without and with antibi-
otic supplementation are presented in Table 2, and the
statistical evaluation of differences between treatments,
days and the interactions between treatments and days
is presented in Table 3.

The means of the E. coli counts in cecal samples
grown on MacConkey medium that was not supple-
mented with any antibiotics were significantly high
on day 17. Significant effects of treatment were ob-
served between the NC-SA and AB-SA groups on both
days. As the interaction term was also significant, in-
depth analysis (multiple comparisons, Tukey-Kramer)
showed significant differences between treatments AB-
SA on day 17 and NC-SA on day 38. with low E. coli
counts in SA observed in both cases. The influence of
synbiotics on E. coli counts has also been shown in other
studies. Gunal et al. (2006) demonstrated that probiotic
supplementation decreased the abundances of gram-
negative bacteria compared to the control group. The
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Table 3. Statistical evaluation of differences in E. coli counts on MacConkey medium withont and with antibiotic supplementation
among treatments, days, and interactions between treatments and days.

Antibiotic Effect of day Effect of treatment Effect of interaction
None 17>38 (P < 0.0001) NC, AB>SA (P = 0.0016) = ** P=1002
Ampicillin, cephalexin and nalidixic acid 17538 (P =0.02) NC<FA. SA (P < 0.0001) * P =0.30
Ampicillin, cephalexin and nalidixic acid P = 0.56) NC<CC, AB. FA, SA (P = 0.0036) *** na.

NC, negative control without . coli challenge; CC, E. coli challenge control; AB, ampicilling; FA, feed additive based on organic acids; SA.

multistrain synbiotic; n.a., not available.

*MIXED procedure and multiple comparisons of £. coli connt results adjusted according to the Tukey-Kramer test at a significance level of 5%.
“*In-depth analysis of treatment effects by day (Tukey Kramer test) showed significant differences between AB-SA on day 17 and NC-SA on day

38,

“*GLIMMIX procedure with and without interaction terms and in-depth analysis of treatment effects by day showed significant differences between

NC-CC, NC-AB, NC-FA, and NC-SA ou day 17 only.

population of intestinal E. coli in broilers that were fed
lactobacilli-supplemented feed was significantly lower
(P < 0.05) than that of the control (Jin et al., 1996).

For the analysis of E. coli counts in cecal samples
grown on MacConkey medium containing antibiotic
supplements, all samples that showed a lack of growth
were excluded from the statistical analysis. No E.
coli growth was observed on day 17 in the NC group.
Because a zero value would be undefined on the log
scale after log)y transformation, this group could not
be considered for comparison of means. Mixed model
analysis indicated that the effects of the days and treat-
ments were not significant. To include all the results.
the detection limit (MPN code 0-0-0) was set to 0.3
CFU. This value was based on the fact that the MPN
assay results, with MPN code 0 0-0, corresponded to
a value of < 0.3 CFU per ml of medium. Under these
conditions, we observed significant differences among
treatments as well as days, whereas the interactions
between the two had no significant effects. as per the
linear mixed model analysis. Consequently. significant
differences between the NC-FA and NC-SA groups
could be identified using the Tukey-Kramer test
for multiple comparisons.

Furthermore. based on the growth ability in the
presence of antibiotic substances, the prevalence of
multi-resistant isolates was compared between days
and treatment groups using the E. coli count results
in cecal samples on MacConkey medinm supplemented
with ampicillin, cephalexin, and nalidixic acid. When
considering all culture-positive samples that exhibited
growth on MacConkey agar as resistant and all other
results as susceptible to the applied antibiotic mixture.
categorical data analysis showed no day-related effects
but significant treatment-related effects. No multi-
resistant E. coli strain with resistance to ampicillin,
cephalexin and nalidixic acid was detected in NC
on day 17 of the trial, but a strain was detected on
day 38 of the trial, indicating transition of resistance
determinants between pens, despite separation with
two empty pens between groups. Because there was no
resistant strain in group NC on day 17. the interaction
term had to be excluded for successful application of
the GLIMMIX procedure. In-depth analysis showed
significant  differences between the NC-CC, NC-AB,
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NC-FA, and NC-SA groups on day 17 only. The E. coli
count results and prevalence of F. coli are snmmarized
by sampling day and treatment group in Table 2 and
statistical evaluation in Table 3. E. coli were detected
in all tested cecal samples except the NC group on day
17. No multi-resistant E. coli that were resistant to
ampicillin, cephalexin, and nalidixic acid were detected
in the negative control group on day 17 of the trial.
However, resistant E. coli was detected in 21% (5/24)
of samples in the negative control on day 38 of the
trial, indicating the possible transmission of the multi-
resistant APEC strain used for the oral challenge to the
negative control.

Antimicrobial Susceptibility Testing. The mean
MIC results and the corresponding standard deviations
expressed as logs values are shown in Table 4. and the
statistical evaluation is presented in Table 5.

Generally, the mean MICs on day 38 were higher for
all antibiotic substances compared to those on day 17,
with the exception of the MICs of ceftriaxone. These
results indicated higher antibiotic resistance levels on
day 38 compared to day 17. Antibiotics were not used
between days 16 and 38: therefore, the increase in MIC
and resistance to antibiotics may not be due to selective
pressure, However, resistant E. coli can compete with
susceptible strains in the absence of selective antibiotic
pressure (Smith et al., 2007). The incorporation and
development of resistant E. coli strains in the intesti-
nal tract depends on the composition of the intestinal
microbiota, growth rates, transmission dynamics. per-
sistence, and features affecting colonization, such as ad-
herence and virnlence (Karami et al., 2006; Marciano
et al., 2007). All of these factors together affect the epi-
demiological fitness of resistant E. coli and the ability of
these bacteria to competitively develop in the intestinal
environment (Sundqvist, 2014).

Significant effects of treatment were evident with
amoxicillin-clavulanic acid, ampicillin, azithromycin,
cefoxitin, ceftriaxone, and tetracycline, whereas the
AB group often exhibited a different behavior. The
MICs of amoxicillin-clavulanic acid and ampicillin ex-
hibited significant treatment-related effects as well as
effect of the interactions between days and treat-
ments. Further analysis confirmed that the ampicillin-
treated AB group exhibited a greater mean MIC
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Table 4. Mean minimal inhibitory concentrations (MICs) of tested antibiotics and the corresponding standard deviations (= SD),

shown as log?2 values.

Antibiotic NC ce AB FA SA
Day 17 n 72 72 2 72 71
Amoxicillin - clavulanic acid 138 + 1.11 175 = 1.2 3:24 £ 131 140 = 0.80 LO8 + 0.69
Ampicillin 158 £ 1.55 1.71 = 1.58 4.33 £ 139 14 = 109 0.90 £ 0.74
Azithromycin 260 + 1.08 217 = 0.67 1.79 £ 0.63 233 + 0,92 2.15 + 0.75
Cefoxitin 2.36 + 0.91 243 + 0.90 3.21 + 1.30 251 + 0,69 2,06 + 0.67
Ceftriaxone - 176 + 1.14 ~1.79 %+ 101 022 + 2.71 =200 £ 0.00 2,00 + 0.00
Chloramphenicol 253 L 0.67 249 £ 0.56 232 £ 0.53 261 £ 0.56 256 £ 0.67
Ciprofloxacin -5.91 £+ 0.62 - 589 £ 0.63 6.06 £ 0.00 - 593 £ 0.33 6.06 £ 0,00
Gentamycin 2,04 + 234 1.79 + 2.27 218 + 234 233 + 232 206 £ 2.15
Meropenem —4.06 + 0.00 ~4.06 = 0.00 4.06 + 0.00 —4.06 + 0.00 4.06 + 0.00
Nalidixic acid 1.15 + 1.02 115 + 102 0.74 + 056 1.22: + 0.56 0.85 + 0.40
Streptomycin 457 &+ 167 447 = 151 1.60 £ 138 161 £ 1.67 4.96 £ 1.26
Sulfisoxazole 6.51 £ 1.94 535 = 1.80 549 + 1.87 572 £ 1.92 6.04 £+ 2.00
Tetracyeline 442 + 1.20 404 = 141 304 = L4 4.25 = 131 454 £ 109
Trimethoprim-sulfamethoxazole ~202 £ 1L.79 -259 = 1.4 1.89 + 2.10 -275 + 1.17 2.63 + 1.42
Day 38 n 72 72 72 v2 72
Amoxicillin - clavulanic acid 218 £ 09.94 249 £ 107 3.51 £ 1.06 214 £ 0.83 2.18 & 0.84
Ampicillin 224 + 1.51 293 + 1.76 496 + 0.35 229 + 142 2,51 + 1.59
Azithromyein 292 + 0.98 236 + 0.59 2.31 + 0.66 2,68 + 0.82 2.63 + 0.57
Cefoxitin 269 + 0.74 279 = 0.87 336 + LIS 2,78 + 0.56 253 + 0.63
Ceftriaxone ~ 176 + 1.14 ~1.53 = 1.58 0.29 + 2,67 -1.92 + 0.71 200 + 0.00
Chloramphenicol 2.81 £ 0.46 276 = 046 2,67 £ 0.5 293 + 0.42 290 + 0.48
Ciprofloxacin =573 + 0.90 - 588 = 0.66 6.02 = 0.35 -5.81 = 0,67 5.98 £ 0.50
Gentamycin 361 + 1.24 2.72 = 1.99 3,08 4+ 181 293 + 1.95 2,67 = 1.92
Meropenem ~4.06 + 0.00 ~ .06 = 0.00 1.06 + 0.00 ~4.06 + 0.00 4.06 £ 0.00
Nalidixic acid 161 £+ 1.19 144 £ 098 108 £ 0.64 1.56 £ 0.89 118 £ 0.70
Streptomycin 5.71 £ 0.72 5.8 £ LI7 5.28 + 105 5.21 + 1.22 5.51 £ 0.93
Sulfisoxazole 7.57 £ 1.23 6.39 = 1.89 640 £ 1.96 6.56 = 1.85 G.78 £ 1.86
Tetracycline 4.83 + 0.69 479 = 077 413 + 1.37 458 = L4 4.71 + 0.90
Trimethoprim-sulfamethoxazole - 1.67 + 1.97 ~2.03 = L76 0.60 + 249 -242 % 143 199 + 1.97

Three isolates were evaluated from each of 3 hirds per pen in cach of 8 pens per treatment group (72 isolates per treatment group); mean +
standard error; NC, negative control without E. coli challenge; CC. E. coli challenge control; AB, ampicillin; FA, feed additive based on organic acids;

SA, multistrain synbiotic.

Table 5. Statistical evaluation of MICs and standard deviations (£ SDs) of the antibiotics showing significant differences among

treatments, days, and interactions between treatments and days.

Antibiotic Effect of day

Effect of treatment® Effect of interaction

Amoxieillin—clavulanic acid IR>1T (P < 0,0001)

Ampicillin 3817 (I < 0.0001)
Azithromycin 38>17 (P < 0.0001)
Cefoxitin 38>17 (P < 0,0001)
Ceftriaxone P =038

Chloramphenicol 38>17 (P < 0.0001)
Ciprofloxacin 38>17 (P = 0.4)

Gentamicin I8>17 (P < 0.0001)
Nalidixic acid 3R>1T (P < 0.,0001)
Streptomyein A8=1T (P < 0.0001)
Sulfisoxazole 38>17 (P < 0.0001)
Tetracycline 38>17 (P < 0.0001)

Trimethoprim-sulfamethoxazole 38>17 (P < 0.0001)

AB>NC. CC, FA, SA (P < 0.0001)" P < 0.0001
AB>NC. CC, FA, SA (P < 0.0001) P < 0.0001
NC>AB (P = 0.02) P=0.11
AB>SA (P = 0.02) P=021
AB>FA, SA (P = 0.03) P=044
P=0.14 P =043
P =025 P =044
" = (.81 P =003
? = (.05 P =086
P=072 P=0.09
P=0.14 P =085
AB<NC, SA (P = 0.02)" P < 0.0001
P =017 P < 0002

NC, negative control without E. coli challenge; CC, E. coli challenge control: AB, ampicillin: FA, feed additive based on organic acids; SA,

multistrain synbiotic.

"MIXED procedure and multiple comparisons of the MICs adjusted according to the Tukey Kramer test at a significance level of 5%.
**In-depth analysis did not show significant differences between CC-AB on day 38,
“**In-depth analysis did not show significant differences between NC-AB, AB-FA, and AB-SA on day 17 only.

than any other group. Additionally, the significance
of the interaction term was evident with regard to
tetracycline, trimethoprim-sulfamethoxazole. and gen-
tamyein, whereas significant differences between treat-
ments could be verified only in the case of tetracycline.

The effect of selective pressure of ampicillins on the
increased MIC values of penicillins is clearly recogniz-
able here. However, the selective pressure of ampicillin
reduced the MIC values of tetracyclines with the E. colz
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isolates. In the present study, the MIC value of tetracy-
cline was significantly lower in the AB group than in NC
and SA. Antibiotic use may also lead to decreased abun-
dances of some AR bacteria. The ability of enrofloxacin
to decrease the prevalence of extended-spectrum beta-
lactamase-producing F. coli was demonstrated by Roth
et al. (2017). The effect of the applied FA and synbiotic
preparation on the prevalence of resistant F. coli could
be seen in the distribution of MIC values for cefoxitin-
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Table 6. Statistical evaluation of the resistance to antibioties, showing significant differences among treatments, days. and interactions

between treatments and days.

Antibiotic Effect of day Effect of treatment Effect of interactions
Amoxicillin—clayulanic acid*** 38>17 (P = 0.036) AB>NC, CC, FA, SA (P < 0.0001) n.a.
Ampicillin®™ 3817 (P < 0.0001) AB>NC, CC, FA, SA (P < 0.0001) n.a.
Cefoxitin™" P =036 AB>NC, CC, FA, SA; SA<CC(P < 0.0001) n.a.
Ceftriaxone™” P =0.69 AB>NC, CC. FA, SA (P < 0.0001) n.a.
Chloramphenicol** P =065 P =049 n.a.
Gentamicin® 3817 (P < 0.0001) P =070 Pi=0:17
Sulfisoxazole® 3817 (P < 0.0001) P=0.11 P =075
Tetracycline® 3817 (P < 0.0001) P = 0.04""* P =030
Trimethoprim-sulfamethoxazole* 38>17 (P = 0.0002) P =016 P=048

NC. negative control without E. coli challenge; CC, E. coli challenge control: AB, ampicillin; FA, feed additive based on organic acids; SA,

multistrain synbiotic; n.a., not available.

*GLIMMIX procedure and multiple comparisons of the resistance results adjusted according to the Tukey Kramer test at a significance level of

5%

“*GLIMMIX procedure without interaction terms and in-depth analysis of treatment effects by day according to the Tukey- Kramer test.

“**Interpretation by contingency analysis (dependencies in contingency tables of treatments were tested by Pearson's Chi-squared test, and tests
on subgroups were based on the Bonferroni correction to comply with the type T error rate),
**“*In-depth analysis showed significant differences between AB-SA on day 17 only.

and ceftriaxone-resistant E. coli. The MIC of cefoxitin
was lower in the SA group, and the MIC of ceftriaxone
was lower in the FA and SA groups. than in the AB
group.

Given the antibiotic breakpoints defined by the Clin-
ical and Laboratory Standards Institute (2012), MICs
can be classified as resistant, susceptible or intermedi-
ate. Because there are no CLSI data for interpretation
of azithromyein, nalidixic acid, and streptomycin MICs,
the prevalence of resistant isolates could not be inves-
tigated. Based on the prevalence classification of the
MIC results (see Table 6), the prevalence of some resis-
tant isolates (sulfisoxazole. tetracycline, trimethoprim-
sulfamethoxazole, and gentamycin) could be success-
fully analyzed with the GLIMMIX procedure of SAS.
For these antibiotic substances, again, the day-related
effects were significantly higher for resistant isolates
on day 38, whereas, with the exception of the ef-
fects observed with tetracycline. no treatment-related
or interaction-related effects could be identified. For
tetracycline, some significance was observed between
the prevalence results of AB-SA on day 17, in which
the AB group exhibited the lowest abundance of resis-
tant isolates.

Due to the unbalanced response matrix of some of
the antibiotic substances (amoxicillin-clavulanic acid,
ampicillin, cefoxitin, ceftriaxone. and chloramphenicol),
the convergence criteria of the model (GLIMMIX pro-
cedure, SAS) could not be met. Therefore, the interac-
tion term was excluded from the model in order to allow
statistical analysis. Neither day- nor treatment-related
effects were observed for chloramphenicol-resistant E.
coli. Higher abundances (P < 0.05) of ampicillin-
resistant were observed on day 38 than on day 17.
There were significant differences between treatments,
with the highest rate of ampicillin resistance observed
in the AB group. The increased abundance of AR bac-
teria due to oral administration of antibiotics in the
AB group corresponds with the outcome of the liter-
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ature review for poultry conducted by Simoneit et al.
(2015).

In the remaining 3 cases (amoxicillin-clavulanic acid,
cefoxitin and ceftriaxone), analysis and interpretation
of the resistance results was based on contingency
analysis. Significant differences in the distribution of
amoxicillin-clavulanic acid-resistant isolates were de-
tected with respect to days and treatments. while for
the cefoxitin- and ceftriaxone-resistant isolates, signif-
icant differences were observed with respect to only
treatments. All 3 cases showed similarities in response
patterns with the most resistant isolates in the AB
group and, interestingly, with almost no resistant iso-
late on day 17 in groups FA and SA. Supplementation
of the diet with FA in another trial contributed to a
significant decrease (P < (.05) in the abundance of E.
coli that was resistant to ampicillin and tetracycline
compared to the control and enrofloxacin-supplemented
groups (Roth et al., 2017).

For  azithromycin, ciprofloxacin, meropenem,
nalidixic acid, and streptomycin, no statistical analysis
could be performed because there was no variation
in the resistance results (either the bacteria were
susceptible or the results were not interpretable).

CONCLUSION

A high prevalence of AR E. coli in all experimen-
tal groups was observed throughout the study. It may
be concluded that administration of ampicillin for 5 d
led to a significant increase in the abundances of E.
coli vesistant to ampicillin, amoxicillin-clavulanic acid,
cefoxitin, and ceftriaxone, all of which are $-lactam an-
tibiotics. The tested feed additives did not increase the
prevalence of resistant determinants in the guts of the
broilers. Moreover, the MIC of ceftriaxone was lower in
the FA and SA groups than in the AB group. Addi-
tionally, administration of SA led to a decreased MIC
value of cefoxitin in the SA group. Further studies are
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needed to confirm these findings and to clarify the mode
of action of FA and SA on E. coli strains resistant to
cephalosporin and B-lactams in the digestive tract.

REFERENCES

Adil, S.. T. Banday, G. A. Bhat, M. S. Mir. and M. Rehman.
2010. Effect of dietary supplementation of organic acids on per-
formance, intestinal histomorphology. and serum biochemistry of
broiler chicken. Vet. Med. Int. 2010:1-7.

Agunos, A., D. Leger, and C. Carson. 2012. Review of antimicro-
bial therapy of selected bacterial diseases in broiler chickens in
Canada. Can. Vet. J. 53:1289 1300.

Allen, H. K.. U. Y. Levine, T. Looft. M. Bandrick, and T. A. Casey.
2013. Treatment. promotion. commotion: antibiotic alternatives
in food-producing animals. Trends Microbiol. 21:114 119.

Bergeron, C. R., C. Prussing. P. Boerlin, D. Daignault, L. Dutil, R.
J. Reid-Smith, G. G. Zhanel, and A. R. Manges. 2012, Chicken
as reservoir for extraintestinal pathogenic Escherichia coli in hu-
mans, Canada. Emerg, Infect. Dis. 18:415 421.

Berghaus, R. D., S. G. Thayer, B. F. Law, R. M. Mild, C. L. Ho-
facre, and R. S. Singer. 2013. Enumeration of Salmonella and
Campylobacter spp. in environmental farm samples and process-
ing plant carcass rinses from commercial broiler chicken flocks. J.
Appl. Environ. Microbiol, 79:4106 4114.

Burow, E.. C. Simoneit. B. A. Tenhagen, and A. Kisbohrer.
2014, Oral antimicrobials inerease antimicrobial resistance in
porcine E. coli -~ A systematic review. Prev. Vet, Med. 113:364
375.

Chinivasagam. I, N., M. Redding. G. Runge, and P. J. Blackall.
2010, Presence and incidence of food-borne pathogens in Aus-
tralian chicken litter. Br. Poult, Sei. 51:311-318.

Clinical and Laboratory Standards Institute, 2012. Performance
standards for antimicrobial susceptibility testing: Twenty-
Second Informational Supplement Clinical and Laboratory
Standards Institnte, Wayne, PA., CLSI/NCCLS document
M100-522, Accessed September 2013. http://zums.ac.ir/files/
health/pages/ill /azmayeshghah /clsi’2013. pdf.

Cochran, W. G., and G. M. Cox. 1992, Experimental Designs, 2nd
Edition. John Wiley & Sons, Inc.. New York.

Collignon, P., J. H. Powers, T. M. Chiller, A. Aidara-Kane. and
F. M. Aarestrup. 2009. World Health Organization ranking of
antimicrobials according to their importance in human medicine:
a critical step for developing risk management strategies for the
use of antimicrobials in food production animals. Clin. Infect.
Dis. 49:132 141.

da Costa. P. M., M. Oliveira, B. Ramos, and F. Bernardo. 2011.
The impact of antimicrobial use in broiler chickens on growth
performance and on the occnrrence of antimicrobial-resistant Es-
cherichia coli. Livest. Sci 136:262-269.

Diarra. M. S.. F. G. Silversides, F. Diarrassouba, J. Pritchard, L.
Masson, R. Brousseau, . Bonnet, P. Delaquis, S. Bach. B. J.
Skura, and E. Topp. 2007. Impact of feed supplementation with
antimicrobial agents on growth performance of broiler chickens,
Clostridium perfringens and enterococcus counts, and antibiotic
resistance phenotypes and distribution of antimicrobial resistance
determinants in Escherichia coli isolates. Appl. Environ. Micro-
biol. 73:6566- 6576.

Diarrassouba, F., M. S. Diarra, S. Bach, P. Delaquis, J. Priterard, E.
Topp, and B. J. Skura. 2007. Antibiotic resistance and virulence
genes in commensal escherichia coli and salmonella isolates from
commercial broiler chicken farms. J. Food Prot. 70:1316-1327.

Dibaji, S. M., A. Seidavi, L. Asadpour, and F. Moreira da Silva. 2014.
Effect of a synbiotic on the intestinal microflora of chickensl. J.
Appl. Poult. Res. 23:1-6.

Economon, V., and P. Gounsia. 2015. Agrienlture and food animals
as 4 source of antimicrobial-resistant bacteria. IDR 8:49 61,

EFSA/ECDC, European Food Safety Authority and European Cen-
tre for Desease Prevention and Control. 2016. The European
Union Summary Report on antimicrobial resistance in zoonotic

57

and indicator bacteria from humans, animals and food in 2014,
EFSA 14:207.

Everett, M. J., Y. F. Jin, V. Ricci, and L. J. V. Piddock. 1996. Con-
tributions of individual mechanisms to fluoroquinolone resistance
in 36 Escherichia coli strains isolated from humans and animals.
Antimicrob. Agents Chemother. 10:2380 2386.

Fairchild, A. S.. J. L. Grimes, F. T. Jones, M. J. Wineland, F. W.
Edens, and A. E. Sefton. 2001. Effects of hen age. Bio-Mos and
Flavomycin on poult susceptibility to oral Escherichia coli chal-
lenge. Poult, Sci. 80:562-5T1.

Fuller, R. 1989. Probiotics in man and animals. J. Appl. Bacteriol.
66:365 378,

Food and Agrienlture Organization of the United Nations. 2018.
Biocides and Antimicrobial Resistance. Summary of an FAO
Meeting of Experts. Accessed June 2018. http://www.fao.org/
3/BUGS5en /bubd5en.pdf.

Furtula, V., E. G. Farrell, F. Diarrassouba, H. Rempel, .J. Pritchard.
and M. S. Diarra. 2010. Veterinary pharmacenticals and antibi-
otic resistance of Escherichia coli isolates in poultry litter from
commercial farms and controlled feeding trials. Poult. Sci. 89:180
188.

Ghazalah, A. A., A. M. Atta, K. Elkloub, M. EL. Moustafa, and
R. F. H. Shata, 2011. Effect of dietary supplementation of organic
acids on performance, nutrients digestibility and health of broiler
chicks. Int. J. Poult. Sci. 10:176-184.

Gibson, G. R., and M. B. Roberfroid. 1995. Dietary modulation of
the human colonic microbiota: introducing the concept of prebi-
otics. J. Nutr, 125:1401-1412.

Gunal, M., G. Yayli. O, Kaya, N. Karahan, and O. Sulak. 2006. The
effects of antibiotic growth promoter, probiotic or organic acid
supplementation on performance, intestinal microflora and tissue
of broilers. Int. J. Poult. Sci. 5:149-155.

Hammerum, A. M., and O. E. Heuer. 2009. Human health haz-
ards from antimicrobial-resistant Escherichia coli of animal origin.
Clin. Infect. Dis. 48:916 921,

Helander, I. M., H. - L. Alakomi, K. Latva-Kala, T. Mattila-
Sandholm, I. Pol, E. J. Smid, L. G. M. Gorris, and A. von
Wright. 1998. Characterization of the action of selected essential
oil components on gram-negative bacteria. J. Agric. Food Chem.
46:3590-3595.

Hofacre, C. L., J. A. Fricke, and T. Inglis. 2013. Antimicrobial Drug
Use in Poultry. Pages 569 588 in Antimicrobial Therapy in Vet-
erinary Medicine. 5th ed. Giguere S., Dowling P, eds. John Wiley
& Sons. Inc, New York.

Jin, L. Z,, Y. W. Ho, N. Abdullah, and S. Jalaudin. 1996. Influence
of dried Bacillus substillis and lactobacilli eultures on intestinal
microflora and performance in broilers. Asian-Australas. J. Anim.
Sei. 9:397-404.

Karami, N., F. Nowrouzian. I. Adlerberth, and A. E. Wold. 2006.
Tetracycline resistance in Escherichia coli and persistence in
the infantile colonic microbiota. Antimicrob. Agents Chemother.
50:156-161.

Marciano, D. C., O. Y. Karkouti, and T. Palzkill. 2007. A fitness
cost associated with the antibiotic resistance enzyme SME-1 beta-
lactamase. Geneties 176:2381 2392,

Miranda, J. M., M. Guarddon, B. I. Vizquez, C. A. Fente, J. Barros-
Veldzquez, A. Cepeda, and C. M. Franco. 2008. Antimicrobial
resistance in Enterobacteriaceae strains isolated from organic
chicken, conventional chicken and conventional turkey meat: A
comparative survey. Food Control 19:412-416.

Mohamed. M. A.. M. A. Shehata, and E. Rafeek. 2014. Virnlence
genes content and antimicrobial resistance in escherichia coli from
broiler chickens. Vet. Med. Int. 2011:1-6.

Mountzouris, K. C., I. Palamidi. P. Tsirtsikos, M. Mohnl, G. Schatz-
mayr, and K. Fegeros. 2015. Effect of dietary inclusion level of a
multi-species probiotic on broiler performance and two biomark-
ers of their caecal ecology. Anim. Prod. Sci. 55:484.

Mountzouris, K. C., P. Tsitrsikos, I. Palamidi, A. Arvaniti, M.
Mohnl, G. Schatzmayr, and K. Fegeros, 2010. Effects of probiotic
inclusion levels in broiler nutrition on growth performance, nutri-
ent digestibility, plasma immunoglobulins, and cecal microflora
composition. Poult. Sei. 89:58 67.

National Research Council. 1994. Nutrient requirements of poultry.
9th rev. ed. National Academy Press, Washington, DC.

6,0z fenugqed || uo 1sanb Aq 8241 0£S/#0020d/5d/Z8EE 01 10pAIENSqR-aIUe-80UBAPE/SA/WOS dNO dlWapede sty Wolj papeojumoq



10 ROTH ET AL.

Olarve, J. P, E. S. Luis, and C. G. Mangabat. 2007. The effect of
different levels of an acidifier in the diet on the performance of
broilers. Philippine J. Vet. Med. 44:11-19.

Pal, C., J. Bengtsson-Palme. E. Kristiansson, and D. G. Larsson.
2016. The structure and diversity of human, animal and environ-
mental resistomes. Microbiome 4:54.

Palamidi. 1., K. Fegeros, M. Mohnl, W. H. Abdelrahman, G. Schatz-
mayr, G. Theodoroponlos, and K. C. Mountzonris. 2016. Probi-
otic form effects on growth performance, digestive function, and
immune related biomarkers in broilers, Poult. Sci. 95:1598 1608,

Persoons, D., F. Haesebrouck, A, Smet, L. Herman, M. Heyndrickx,
A. Martel, B. Catry, A. C. Berge, P. Butaye, and J, Dewulf.
2011. Risk factors for ceftiofur resistance in Escherichia coli from
Belgian broilers. Epidemiol. Infect. 139:765 771.

Raftari, M., A. S. Jalilian Fa Fau - Abdulamir, R. Abdulamir As Fau
- Son, Z. Son R Fau - Sekawi, A. B, Sckawi Z Fau - Fatimah, and
A. B. Fatimah. 2009. Effect of organic acids on Escherichia coli
0O157:H7 and Staphylococcus aureus contaminated meat. Open
Microbiol J. 3:121-127.

Ricke, S. C. 2003. Perspectives on the use of organic acids and short
chain fatty acids as autimicrobials. Poult. Sci. 82:632-639.

Ritzi, M. M., W. Abdelrahman. M. Mohnl, and R. A. Dalloul. 2014.
Effects of probiotics and application methods on performance and
response of broiler chickens to an Eimeria challenge. Poult. Sci.
93:2772-2778.

Roth. N., A. Kaesbohrer, S. Mayrhofer, U. Zitz, C. Hofacre, and
K. Domig. 2018. The application of antibiotics in broiler produc-
tion and the resulting antibiotic resistance in Escherichia coli:
A global overview. Poult. Sci. pey539, Accessed Jannary 2019,
https://dol.org/10.3382/ps/pey539.

Roth, N.. S. Mayrhofer, M. Gierns. C. Weingut, C. Schwarz, B
Doupovee, R. Berrios, and K. Domig. 2017. Effect of an or-
ganic acids based feed additive and enrofloxacin on the preva-
lence of antibiotic-resistant E. coli in cecum of broilers. Poult.
Sci. 96:4053 4060,

58

Senkoylu, N., H. E. Samli, M. Kanter, and A. Agma. 2007. Influence
of a combination of formic and propionic acids added to wheat-
and barley-based diets on the performance and gut histomorphol-
ogy of broiler chickens. Acta Vet. Hung. 55:479-490.

Simoneit, C., E. Burow, B. A, Tenhagen, and A. Kasbohrer.
2015. Oral administration of antimicrobials increase antimicrobial
resistance in E. coli from chicken-a systematic review. Prev, Vet.
Med. 118:1-7.

Smith, J. L., D. 1. Drum, Y, Dai, J. M. Kim, S. Sanchez, J. J, Maurer,
C. L. Hofacre, and M. D. Lee, 2007, Tmpact of antimicrobial usage
on antimicrobial resistance in commensal Escherichia coli strains
colonizing broiler chickens. Appl. Environ. Microbiol. 73:1404
1414,

SPSS. 2013. IBM SPSS Statistics for Windows. V. Armonk ed.. NY:
IBM Corp.

Stokstad, E., and T. Jukes. 1950. Further Observations on the "An-
imal Protein Factor”, Exp. Biol. Med. 73:523-528.

Sundqvist, M. 2014. Reversibility of antibiotic resistance. Ups. J.
Med. Sci. 119:142-148.

Turnidge. J. 2004. Antibiotic use in animals-prejudices, perceptions
aud realities. J. Antimicrob, Chemother. 53:26-27,

Wales, A, D., and R. H. Davies. 2015, Co-Selection of resistance
to antibiotics, biocides and heavy metals, and its relevance to
foodborne pathogens. Antibiotics 4:567 604.

Wang. J. P., J. S. Yoo, J. H. Lee, T. X. Zhon, H. D. Jang, H. J. Kim,
and 1. H. Kim. 2009, Effects of phenyllactic acid on production
performance, egg quality parameters, and blood characteristics in
laying hens. J. Appl. Poult, Res. 18:203 209,

Wang, K., Z. Chang, Y. Ma, C. Lei, J. Wang, T. Zhu, H. Liu., Y.
Zuo, and X. Li. 2009. Study on solvent extraction of propionic
acid from simulated discharged water in vitamin B12 production
by anaerobic fermentation. Bioresour. Technol. 100:2878-2882.

Wang. Y., J. Sun, H. Zhong, N, Li, H. Xu, Q. Zhu, and Y. Liu. 2017.
Effect of probiotics on the meat flavonr and gut microbiota of
chicken. Sci. Rep. 7:6400.

610z fienugay || uo 1senb Aq 8ZFL0£S/P00280/50/Z8EE 01 /I0PAoRASGE-2jaNe-a0UBAPR/SH/W02 N0 oILapeaR /:SdnY WOlj papeojuMOg



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.
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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.
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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 f-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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LIST OF ABBREVIATIONS

APEC .. ettt ettt e ettt sresreer e e aen e aenaennan avian pathogenic E. coli
B R e e e e e e a e ee e et eae et ene e sreen s Brazil
N et et e he Rt she e h e e e e e e e e e e e enees China
D e ettt ettt et e she e b be e et ea e e ebe et ae e saeeessen sheeenrean Germany

E. CONIlnwaenie ettt ettt sttt e st n e s Escherichia coli
EFSA e e e st e e e European Food Safety Authority
EIMIA o ettt e s e et e b s e European Medicines Agency
B ittt e e e et sttt et e et e et e st be st tesheaeatesenateeerbee et beeanbes san Spain
] 21 TR extended spectrum beta-lactamase
ESVAC ..., European Surveillance of Veterinary Antimicrobial Consumption
B e e e e e e et she e b b e e et aease e saeenene European Union
A e e bt ettt be e b s acid-based feed additives
FAO oottt et st st se s et a e shesbesneeraa Food and Agriculture Orgainzation
PR e e e s France
GB e et b ete et eb et e teeheeae s eeraenbeae e et st s United Kingdom
IVIIC ettt st r e e e e st stesaees s aenneann minimal inhibitory concentration
IR ettt ettt e e ste s tesresrs et e e s e s e e st stesas et aesaennrennnes not Independently Reported
P e b e e b b e s bt b e s st ebe e ettt ene ere seaennes Poland
U et e e et e r et ebe e b United States of America
WHO... .ottt ettt b st s er bbb s ebesaesasesaesbensenes World Health Organization
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