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Abstract

Misuse and overdose of antibiotics in agriculture and human disease lead to a worldwide problem of resistant
bacteria. In 2012, 10,000 metric tons of antibiotics in the US and 8,000 in Europe were used in animals for the food
industry. Resistance can be transferred within and between bacteria species, but also spread easily over to humans
by contact with contaminated food, soil or infected animals and patients. To find a successful therapy against
resistant microbes is extremely difficult due to the high cost of developing next generation antibiotics and its
production, but also because of bacteria ability of developing new mechanisms against these drugs. Therefore,
technology based on avian antibodies IgYs can be a strong alternative for antibiotic therapy. Advantages of IgYs
include: low costs, effective and non-harmful method of production. But the strongest argument is that they cannot
be affected by bacterial resistance. IgYs can be used not only as a preventative or therapeutic but also as growth
promoters in food production. In this review we present the reasons for antibiotic resistance in bacteria and its
consequences in the field of farming and human medicine, including molecular biology mechanisms and statistics.
Furthermore we introduce IgYs as a promising and potential candidate for the replacement of antibiotics in the near

future.
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Antibiotics in Agriculture and Human Diseases

Antibiotics were first defined by Waksman more than 70 years ago
as bacteriostatic, bactericidal and antifungal chemicals naturally
synthesized by microorganisms [1]. Nowadays, the definition includes
substances not only originated from natural products but also those
produced synthetically [2]. In 1946, the New York Academy of
Science’s conference was focused on pharmacological properties and
clinical applications of two ‘wonder drugs: Alexander Fleming’s
penicillin and Selman Waksman’s streptomycin. Their discovery
revolutionized the scientific world and opened the antibiotic era in
human and veterinary medicine giving new opportunities in the battle
against microbes [2,3].

Antibiotics also play a very important role in agriculture and are
widely used in livestock for growth control and promotion, disease
prevention and treatment [4,5]. Even though the use of antibiotic
growth promoters is banned in the European Union and has been
relatively minimalized in the United States, they are still used
extensively in other regions of the world [6,7]. Antibiotics may
influence faster animal growth by eliminating harmful bacteria, which
reduces immune stimulation and decreases a number of bacteria in the
bowel which leads to smaller nutrition competition [4]. Even though
only a few animals show symptoms of an infectious disease, the entire
stock is treated shortly with high doses of antibiotics. For the
prevention antimicrobials are administrated to animals orally, in low
doses for several weeks [6].

The ubiquity of antibiotics is the result of the increasing worldwide
need for meat. According to statistics, the USA is the largest meat

consumer over the past thirty years with more than 100 kg meat per
capita, followed by Brazil, EU, Russia and China [8]. During the last
five decades in the US, the average number of chickens and cattle on
the farms doubled and the number of pork from the animal producers
more than twenty-two fold. Till now the biggest meat producer is
China, with the amount of beef, pork and chicken almost double over
the European production (2013), and at the same time it was estimated
that half of the antibiotic consumption (150,000-200,000 metric tons
per year) goes to livestock [8]. In 2012, 10,000 metric tons of
antibiotics in the US and 8,000 in Europe were used in food animals

[8].

Even though the use of antibiotic growth promoters is limited, they
are still given to animals as prophylaxis or treatment. In cattle
antibiotics are used mostly against the bovine shipping fever complex
(pneumonia), mastitis and diarrhea [9]. In pigs antibiotics are given
after the cut of the umbilical cord and the tail, castration, during
ablactation and vaccination, for the treatment of pneumonia, bacterial
enteritis, swine dysentery and ileitis [10,11].

In poultry antibiotics are used commonly against coccidiosis and
Clostridium perfringens, which both lead to the very popular chicken’s
disease-necrotic enteritis [12,13]. There is a broad spectrum of
antibiotics used in livestock production: tetracyclines, amphenicols,
penicillins, cephalosporins, first, second, third and fourth-generation
cephalosporins, sulfonamides, trimethoprim, macrolides,
lincosamides, aminoglycosides, quinolones, polymyxins,
pleuromutilins and ionophores [4,5]. Many of them are also used in
human medicine [14]. Consequently, the increasing usage of
antimicrobials leads to the resistance of bacteria which has become a
major threat to public health in the XXI century.
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Worldwide Problem with Multi-Resistant Bacteria

The resistance to critically important antibiotics for human
medicine can have unpredictable impact on health care and clinical
procedures. Antibiotic resistance has been associated with more
frequent and longer hospitalization, longer illness, a higher risk of
invasive infection and a twofold increase in the risk of death [15]. The
main problem comprises drug resistant foodborne pathogens such as
E. coli, Salmonella, Campylobacter, Staphylococcus (including MRSA-
methicyllin-resistant Staphylococcus aureus), Enterococcus (including
VRE - Vancomycin-Resistant Enterococcus), Clostridium difficile,
Pseudomonas aeruginosa, Acinetobacter, Shigella, and respiratory
pathogens Streptococcus pneumoniae, Mycobacterium tuberculosis
and Klebsiella pneumonia [16-18].

According to the Centers for Disease Control and Prevention
(CDC) report from 2013 the annual number of infections in US caused
by resistant E. coli and Klebsiella was 35,300 altogether, with 2,310
cases of death, for drug resistant Sa/monel/a: 103,800 infected patients
and ~40 deaths, for Campylobacter. 310,000 infections and 28 deaths,
for MRSA: 80,000 infections and 11,000 deaths; for VRE 20,000
infections, 1,300 deaths, for Clostridium difficile 250,000 infections
and 14,000 deaths, for Pseudomonas aeruginosa: 6,700 infections and
400 deaths, for Acinetobacter 7,300 infections and 500 deaths, for
Shigella 27,000 infections and >5 deaths, for Streptococcus (with data
regarding Streptococcus pneumoniae) 1,208,900 infections and 7,600
deaths; for drug resistant tuberculosis 1,042 infections and 50 deaths
[16]. In Europe the situation does not look better.

. . . Annual Annual number of

Antibiotic-resistant bacteria number of
infections deaths

E. coli + Klebsiella 35300 2310
Salmonella 103800 40
Campylobacter 310000 28
MRSA 80000 11000
VRE 20000 1300
Clostridium difficle 250000 14000
Pseudomonas aeruginosa 6700 400
Acinetobacter 7300 500
Shigella 27000 5
Streptococcus 1208900 7600
E. coli 32500 5100
Klebsiella pneumoniae 18900 2900
MRSA 171200 5400
VRE 18100 1500
Streptococcus pneumoniae 3500 Data not published
Pseudomonas aeruginosa 141900 10200

Table 1: Annual number of infections and deaths caused by resistant
strains of bacteria in Europe and USA, reported by European Centre

for Disease Prevention and Control (ECDC) in 2009 and Centers for
Disease Control and Prevention (CDC) in 2013 [16,19].

According to the European Centre for Disease Prevention and
Control/European Medicines Agency (ECDC/EMEA) Joint report
from 2009 at least 25,000 people die every year in Europe due to
antibiotic-resistant infection. The estimated number of annual
infections of resistant Staphylococcus aureus (MRSA) was 171,200
with 5,400 deaths, for VRE 18,100 infections and 1,500 deaths, for
resistant Streptococcus pneumoniae 3,500 infections (data on deaths
not published), for resistant Escherichia coli 32,500 infections and
5,100 deaths; for resistant Klebsiella pneumoniae 18,900 infections and
2,900 deaths, for resistant Pseudomonas aeruginosa 141,900 infections
and 10,200 deaths. [19] The annual infection and death rates coming
from resistant bacteria are summarized in Table 1.

The EU Report on antimicrobial resistance of Sa/monella,
Campylobacter, Escherichia coli and Staphylococcus aureus isolates
from humans, animals and food published in 2013 brings bothering
analysis [20]. 36.1% of Salmonella isolates from human were resistant
to ampicillin, 35.7% to sulfonamides and 34.5% to tetracyclines,
whereas 31.8% showed multi-resistance.

Salmonella isolated from meat showed resistance to tetracyclines,
ampicillin and sulfonamides in the range from moderate to extremely
high. 56% of Salmonella isolates from broilers were multi-resistant, as
well as 37.9% from pigs and 73% from turkeys. Campylobacter samples
from patients showed very high resistance to the clinically important
antibiotics: more than 50% of all isolates were resistant to ciproflaxin,
33.5% isolates of Campylobacter jejuni and 58.1% of Campylobacter
coli were resistant to tetracycline, 13.4% of Campylobacter coli isolates
were resistant to Erythromycin. C. jejuni and C. coli isolates from
avian showed from high to extremely high resistance to ciproflaxin,
nalidixic acid and tetracyclines, comparable to those from pigs and
cattle.

Percentage of resistant E. co/i isolates from broilers and pigs were in
the range of 6.3%-64.7% and 17.7%-88.0% respectively [20].
Escherichia coli isolated from avian, pigs and cattle showed resistance
in the range of moderate to very high to: Ampicillin (13%-58.6% of
isolates), sulfonamides (20.2-48.6% of isolates), tetracycline
(23.2%-52.8% of isolates), streptomycin (17.6%-50.4% of isolates) and
nalidixic acid (55.4% of isolates, data referred only to broilers).
Enterococcus isolates (E. faecium and E. faecalis) showed very high
resistance to tetracyclines (from broilers 61.6%-87.0% of isolates, from
pigs 45.6%-85.5% of isolates, from cattle 30.8%-85.5% of isolates) and
erythromycin (from broilers 59.0%-60.6% of isolates). The resistance of
Enterococcus to quinupristin/dalfopristin was extremely high among
all types of tested animals, giving the number of 73.7%-94.7% of
investigated isolates. Analysis of Staphylococcus aureus in meat from
turkeys, pigs, broilers and cattle was narrowed down to MRSA, and the
number of its infection increased from 2.2% in 2009 to 20.8% in 2013
[20]. This data might be supplemented by the ECDC Annual
epidemiological report from 2014 which shows that MRSA is above
25% of isolates in 7 of 29 analyzed countries in UE/EEA. The
percentage of aminoglycoside-resistant Enterococcus faecalis isolates is
between 25%-50% among reporting countries. More than 50% of
Acinetobacter spp. isolates were resistant to carbapenems,
fluoroquinolones and aminoglycosides. Above the 10% of
Pseudomonas aeruginosa isolates in 19 of 29 reporting countries were
resistant to carbapenems, and 14% showed multi-resistance. Resistant
to both penicillin and macrolides was 10% of Streptococcus
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pneumoniae isolates within 10 from 28 reporting countries. Moreover,
due to data from 2012 in EU/EEA countries 11.9% of Escherichia coli
isolates were resistant to third-generation cephalosporines and 4.4%
showed multi-resistance. For Klebsiella pneumonia the percentage of
isolates resistant to third-generation cephalosporines was 25.6% and
18.2% was multi-resistant [21].

Reasons for Antibiotic Resistance

Researchers, authorities from health organizations and medical
doctors together agree that the antibiotic resistance is a consequence of
overuse and misuse of antibiotics in human and veterinary medicine
[9,15,17,22-24]. Bacteria which are known for their adaptive
capabilities have developed several mechanisms to fight against
antimicrobial drugs. Even shortly after first use of ampicillin in the
middle of the XX century it was noticed that bacteria are able to
destroy its activity and survive [3]. Since, then different molecular
mechanisms of antibiotic resistance were described: Drug target
modification, compound chemical modification, active efflux or
molecular bypass [25]. The first option is based either on genetic point
mutations (e.g. mutation in DNA gyrase leads to resistance to synthetic
fluoroquinolone antibiotics-ciprofloxacin) or efficient and selective
enzymatic activity within microorganisms (e.g. in ribosome
methyltransferases).

The result in both cases is a molecular change in the bacterial target
of the antibiotic. In chemical modification antibiotics are inactivated
by enzymatic catalysis (e.g. P-lactamases destroy P-lactams by
hydrolyzing their four atom ring). The mechanism of active efflux,
supported by membrane proteins, helps bacteria actively remove
antibiotics from inside. Molecular bypass is a process of replacement of
antibiotic sensitive targets by the resistant ones, for example
vancomycin resistance is a result of replacement of an amide with an
ester [25,26].

Antibiotic resistance has its origins in gene mutations or in genetic
elements exchange (such as plasmids, transposons, gene cassettes,
integrons) between bacteria strains through the horizontal transfer.
This includes three mechanisms: Transformation (uptake of naked
DNA), conjugation (direct cell-to-cell transfer of genes), and
transduction (bacteriophage plays the role of a DNA vector) [27,28].

Additionally, interactions between bacterial cells can lead to the
development of a biofilm community, which increases the resistance to
environmental stress influenced by antimicrobial agents. The antibiotic
resistance of bacteria in a biofilm can be 1000 times higher than in
planktonic cells, which enhances the risk of failure of antibiotic
treatment even more [26]. Resistance can be spread easily in many
different routes linking human population with agriculture. The net of
correlations is shown in Figure 1.

Animals, humans, agriculture products and environment (soil) can
be the source of resistant pathogens. Bacteria can be transferred
between all of them through contaminated vegetables, meat, sewage,
manure or by direct contact with infected animals or people.
[17,28-30]. Therefore, farms and hospitals should be considered as
places of increased risk. Due to the effect of ‘global village’ and
increased number of travelers, the epidemiology of antibiotic-
resistance can get out of control by dissemination across borders
[31,32].

All of these facts show how incredibly important it is to find an
alternative way to fight against pathogens overcoming their increasing
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resistance to antibiotics. A strong candidate is technology using IgY
antibodies.
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Figure 1: Scheme describing the spread of antibiotic resistance.
Antibiotic resistance can be the result of two processes: 1) genetic
changes of bacteria caused by uptake of gene elements or mutations;
2) natural selection after contact with antibiotics. Resistance can be
easily spread bewteen human, environment, agriculture and
livestock.

Specific IgY Antibodies against Pathogens-Structure
and Function

Increasing interest for IgY technology has been observed, especially
in the field of immunodiagnostics and immunotherapy, but also in
livestock farming. IgY antibodies can be produced against many
different antigens including pathogens, which is why they can be easily
used as a specific immunotherapeutic agent e.g. as a passive
immunization against bacteria. This is a very attractive approach
especially because of the emerging antibiotic resistant microorganisms.
Passively administrated antibodies might provide rapid and fast
protection against diseases unresponsive to antibiotic therapies or for
patients with immune system defections who are not able to use
conventional treatment or vaccinations.

IgY antibodies are immunoglobulins produced in avian species by
plasma cells against an immunogen, to provide an immunogenic
response to newly hatched chicks. IgYs are collected from egg yolk,
where it is accumulated through blood transport from mother to egg
(parental immunization) in high doses (1 ml contains up to 25 mg of
IgYs).

There are many advantages of using avian IgY antibodies: 1) Easy
purification (only one class of IgY antibodies in egg yolk and high IgY
concentration), 2) They are polyclonal, so its specificity to antigen will
not decrease significantly after the change of single epitopes, 3) Can be
produced against conserved mammalian proteins, 4) Recognition of
different epitopes than mammalian, 5) Method of production is not
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harmful to animals (collecting eggs instead of blood), 6) Can be used
in passive immunization, as a ready and specific antibodies for direct
delivery into organism [33-36].

Advantages of IgYs are as follows:

o Specific antibody ready to be delivered into patient/organism of
choice

« Do not provoke allergic reactions

o Cost-effective and convenient production

o High yield (up to 25 mg of IgYs per ml of egg yolk)

« High stability (pH 3, 5-11, 30-70°C)

« High avidity

o Low cross reactivity (in comparison to other polyclonal antibodies)

e Method of production is not harmful for animals

o Can be produced against mammalian proteins

Three classes of immunoglobulins in birds are known: IgY, IgM and
IgA. During egg formation IgYs are selectively transferred from serum
to yolk, whereas IgMs and IgAs are stored in the egg white [33]. In
previous studies, IgY has been called IgG, due to its function and
serum concentration in comparison with the mammalian IgG.

Nowadays, it has become clear that this is not a correct term, due to
clear differences in molecular structure (e.g. IgYs do not contain a
hinge region, possesses four constant domains instead of three in
addition to the variable domain, IgYs are more hydrophobic
comparing to IgGs because of its lower isoelectric point) and weight
(IgY-180 kDa, IgG-159 kDa) [37,38]. There are also differences in
biological properties: IgYs compared to IgGs do not provoke the
mammalian complement system, do not interact with mammalian Fc
receptors, do not bind to rheumatoid factor, protein A and G [39].
Additionally, IgYs show high stability at temperatures ranging between
30-70°C, and pH 3.5-11, which can be fine-tuned by additives (e.g.
sorbitol) [34].

The technology of producing specific IgYs is relatively cheap,
effective and simple. The first step includes the immunization of
chickens with chosen antigens, which can be administrated to the
animal orally. IgYs produced by avian are transported then with the
blood to the egg, and accumulate in egg yolk in high quantities.
Purified IgYs can be directly administrated to the host organism/
patient where they will generate an adaptive response against a specific
microorganism. The entire procedure is shown in Figure 2a. The choice
of antigen depends on the characteristics of the pathogen and therapy
strategy, as described in Figure 2b.

IgYs can be generated against colonization factors (outer membrane
proteins, fimbriae/pili and lipopolysaccharides), flagella, mucosal
receptors, enzymes and toxins important for bacterial survival [40,41].

Wherefore we can distinguish several strategies for using IgYs in
host protection: 1) agglutination of bacteria, 2) inhibition of bacterial
adhesion, 3) suppression of virulence factors, 4) toxin neutralization,
5) enzyme inactivation [42]. The process of chicken immunization can
be influenced by the following factors: antigenicity of the immunogen,
type of adjuvant, route of antigen delivery, frequency of
administration, avian properties (breed, age, egg lying capacity). One
hen is able to produce ~22.5 grams of IgYs per year (with up to 10%
specific antibodies), which is equivalent to one year production of
antibodies by 4.3 rabbits [42,43].

7 Chicken immunization
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Figure 2: a) Process of specific IgY production against a pathogen;
b) There are several strategies for using IgYs. They can be produced
against enzymes/toxins expressed by bacteria and neutralize them
by blocking an active site or building a coat all over their surface.
IgYs can also target microbes directly by blocking their adhesion/
virulence molecules or coat their surface.

IgY technology is an effective way to provide immunity against a
wide range of pathogens, which might be able to reduce or possibly
replace the use of antibiotics in clinics and industry, and provide
successful prevention, treatment, or growth enhancement overtaking
the problem of increasing antibiotic resistance. Increased number of
reported IgYs against a wide range of bacteria has been observed.
Generated IgYs against anti-cell-associated glucosyltransferase (anti-
CA-GTAase) of Streptococcus mutans can selectively suppress oral
colonization of those microbes [44-46]. Specific IgYs inhibit the
adherence of S. mutans by 59%, but only 8% when IgYs from non-
immunized hens were used, which shows that anti S. mutans IgYs can
be used as a prevention against dental plaque in humans [46]. Anti-P2
gingivalis-IgYs can be also used as prevention against periodontitis
[47,48]. In vitro studies on human intestinal epithelial cell culture
Caco-2, show that S enteritidis incubated previously with specific
IgYs, lose their adherence to human cells which inhibits the bacterial
infection [49]. Nilsson et al. made a 12 year study on prophylactic oral
IgY treatment against Pseudomonas aeruginosa on 17 patients and
reported in most cases prevention of its colonization, which indicates
the high potential of IgYs as a preventive therapy against respiratory
infections caused by this bacteria [50]. Therapeutic strategies based on
IgYs generated against bacterial enzymes/toxins also bring promising
results. LeClaire et al. and Trott et al. reported that IgYs specific to
enterotoxin B and botulinum type A, neutralize their activity and
therefore can prevent and treat infections of Staphylococcus aureus
and Clostridium spp., respectively [51,52]. Hirai et al. passively
immunized mice with 3 different types of IgYs specific to Vibrio
cholera: anti-01, O139 and anti-cholera toxin B and reported effective
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prevention of cholera infection [53]. Another example is antiUreC-IgY,
which was generated against one of the subunits of Urease enzyme and
successfully prevented and eradicated antibiotic resistant Helicobacter
pylori infections causing gastritis, gastric ulcer and gastric cancer
[40,54]. Added as a supplement to food, for example in yogurt, IgYs
can be used as a widely available prevention and treatment for humans
and animals [6,55,56]. IgYs against Escherichia coli 0157:H7 also have
high potential to be a food additive for passive immunization
protecting humans from harmful results of its infections: diarrhea,
hemorrhagic colitis and hemolytic uremic syndrome [57].

IgYs can be used as well in farm animals as an alternative treatment
and prevention in a form of food additive against common bacterial
livestock diseases. Li et al. reported Anti-K88+ IgYs successfully
prevent E. coli infection in pigs [58]. The growth of E. coli in cattle
could be also inhibited by Anti-O111 IgYs and increased uptake by
macrophages was observed [59].

Yokoyama et al. orally administrated specific IgYs against
Salmonella typhimurium and Salmonella Dublin to neonatal calves,
which prevented salmonellosis in animals [60]. Gurtler et al. reduced
salmonellosis of eggs from previously infected chickens by oral therapy
with anti-Salmonella enteritidis-1gYs [61]. Moreover, Zhen et al.
studied the efficacy of IgYs against bovine mastitis caused by
Staphylococcus aureus and compared it with antibiotic therapy and
reported that usage of IgYs for clinical and experimental bovine
mastitis showed cure rates of 50% and 83.3%, respectively. In
comparison to penicillin the cure rates were 33.3% and 66.7%,
respectively [62]. Another example is research conducted by
Tsubokura et al. on IgYs against Campylobacter jejuni as a prevention
and therapy for infected chickens. Prophylactic efficacy was observed
as 2 99% decrease of number of bacteria, and therapeutic efficacy as an
80-95% decrease number of faecal bacterial counts [63]. IgYs
generated against different bacterial strains are summarized in Table 2.

Pathogen Target IgY therapy Reference
Streptococcus mutans Humans Inhibition of bacterial adherence and prevention of dental | [46]
plaque
Helicobacter pylori Humans Anti-UreC-IgYs inactivate Urease and eradicate H. pylori| [40]
colonization
Escherichia coli Humans 1gY Inhibits the growth of E. coli O157:H7 strain [57]
pigs Anti-K88+-IgYs protect against E. coli and enhance| [58]
weight
Cattle Anti-O111-IgYs inhibit growth of E. coli and activate | [59]
uptake by macrophages
Salmonella spp. Cattle IgY against S. typhimurium and S. Dublin protects| [60]
neonatal calves from infection and lethal effect
Humans IgYs generated against Salmonella enteritidis protects | [49]
infected cultured human intestinal epithelial cells by
inhibiting the bacterial adhesion
Chickens Anti-Salmonella enteritidis 1gYs reduce contamination of | [61]
eggs from previously infected chickens
Pseudomonas aeruginosa Humans Anti-Pseudomonas aeruginosa IgYs prevents infections in | [50]
cystic fibrosis patients
Staphylococcus aureus Humans Anti-enerotoxin B-IgYs protected monkeys from lethal | [51]
effect of S. aureus toxin
Cattle Anti-Staphylococcus areus IgYs reduced symptoms of| [62]
mastitis caused by S. aureus
Clostridium spp. Humans IgYs generated against enterotoxin A block its activity in| [52,64]
vivo and IgYs against Clostridium perfringens inhibit
growth of its vegetative cells or spores
Campylobacter jejuni Chickens Campylobacter jejuni specific IgYs protects chickens from | [63]
infection and decreases already existing Campylobacter
Jejuni infections
Vibrio cholerae Humans Anti-01-, 0139 and anti-cholera toxin B subunit protected | [53]
mice from cholera infection

Table 2: Examples of IgYs generated against different antibiotic resistant bacterial strains.

IgYs might be also used alternatively to antibiotics not only to
protect animals from bacterial infections or as a treatment, but as well
can successfully be used as growth enhancers. Owusu-Asiedu et al.
compared the influence of IgYs oral therapy and antibiotic carbadox

on 10-24 days old pigs infected with enterotoxigenic Escherichia coli
K88. Both of them increased animal health performance in
comparison to untreated controls. After the examination of factors
such as weight, food intake ratios and mortality, no significant
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differences were noticed between ETEC K88 specific IgYs and
carbadox treatment [65]. Results are summarized in Table 3.

Parameter Control IgY Carbadox
Weight gain, g/d 100.9 151.2 152.6
Feed intake, g/d 141 208.1 2224
Feed conversion 1.39 1.38 1.45
Scour score 2.7 1.3 1.1
Mortality, % 40 6.6 13.3
Villus height, m 355 564 570

Crypt depth, m 204 183 204
Villous height/crypt depth 1.7 3.1 2.8

Table 3: Comparison between orally delivered IgY and antibiotics
(Carbadox) on the intestinal morphology and performance of 10-24
day old pigs.

Discussion

Increasing attention of the scientific community on building a new
strategy against resistant bacteria based on IgY technology, is due to its
advantageous properties. The best evidence for its attraction is shown
by comparison between factors describing the usage of antibiotics and
IgY antibodies in Table 4.

Factor IgY Antibiotics
Specificity 1 l
Bacterial resistance ! 1
Broad effect on bacteria (also commensal) 1 T
Negative influence on environment & food industry 1 T
Risk of overdose 1 T
Safe prophylaxis 1 l
Safe food additive 1 l
Easy production 1 l

Table 4: Comparison of IgYs and antibiotics.

IgY antibodies are characterized by high specificity, due to their
biological function and structure as antibodies, described in the
previous section. Based on the strategy of production they can be
directed specifically to a concrete strain of bacteria by overlapping
them (IgY coat determined by chicken immunization with cell lysate)
or targeting adhesion/virulence molecules or enzymes (chicken
immunization with antigens). It brings the opportunity to design a
specific and an individualized therapy, in contrast to antibiotics which
can affect broad spectrum bacteria with similar phenotypes including
commensals, which can lead to very negative consequences. Moreover,
the usage of antibiotics cannot guarantee successful therapy due to the
risk that microbes can become. With the strategy based on IgY
technology this problem might be resolved. Even though some changes
in epitopes can occur, the specificity of IgY antibody to antigen will not

change significantly because of their polyclonal nature. Another
argument for IgY is their safety-as it is a naturally occurred molecule
in eggs and it is also present in our everyday diet. The use of IgYs
avoids the delivery of chemicals to the organism, which can have a
negative influence on metabolism and gut microbial balance, like
antibiotics. IgYs can be safely used as a food additive, not only against
bacterial infections or as prevention but also as a growth factor in
animal farming, without toxic effects and risk of overdosing. In
contrast to antibiotics which have an impact on the host microbiome
even after short time usage, IgY can be used regularly. Additionally IgY
does not provoke allergic reactions: do not activate mammalian
complement system, do not interact with Fc receptors mediating an
inflammatory response and the method of purification separates IgY
from other egg derived allergens. Also the technology of IgY is easier
and more effective. However, the strongest argument for IgY
technology is that it does not bring the risk of environmental
contamination. They are biological molecules occurring in nature and
to be effective they require a homogenous IgY microenvironment
against the same antigens. Even small amounts of antibiotics
transferred to the environment, including water, soil or animal/plants
farms can be a selection factor supporting drug resistance
development. Combined with effective genetic material exchange
between bacterial strains and the possible routes of bacterial spread
mentioned in the previous section, increasing antibiotic resistance can
lead to serious and unpredictable consequences.
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