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ABSTRACT

New concepts and new products are and will be used as alternatives to therapeutic
antibiotics. Of natural origin, these products could show great advantages. A short review
will be done on bacteriocins, antimicrobial peptides, bacteriophages, chicken interferon
gamma (ChlFNYy), chlorates, specific antibodies, plant extracts and organic acids.

INTRODUCTION

After more than 50 years of intensive and successful use of antibioticsin animal
therapeuptics and disease prevention, many problems have arised that are forcing a
complete and accel erated re-evaluation of the situation. The presence of medication
residues in animal and poultry products should be extremely easy to solve asitisdonein
numerous countries, it is ssimply a question of control and discipline from the industry
and the producers.

On the other hand, the problems arising from the bacteria resistance to antibiotics and the
bacteria resistance transfer to other bacteria within the same genus or to another genusis
much more complex. Another issue is also the growing inefficacy of antibioticsas a
disease prevention tool or atherapeutic tool. The use of antibioticsin animal and poultry
production is strongly contested, from the scientific community to the consumers
associations. Unfortunately this debate is polluted by politics, commercial interests and
national protectionism.

The quest for alternatives to antibiotics in animal and poultry production has been going
on for many years, but mainly concentrated at replacing antibiotic growth promoters.
There is another aspect that is drawing alot of attention actually, the development of
therapeutic alternatives for poultry. Inthe definition of therapeutics we are including
specific disease prevention but not the simple growth promoters or intestinal microflora
“’modulators’’.

Unfortunately many of the therapeutic aternatives are still at their early stage of
development, examples are ; bacteriocins, antimicrobial peptides bacteriophages, chicken
interferon gamma (ChIFN-y). There are products in a more advance stage of

devel opment, examples (egg antibodies, chlorate products) and some already used
extensively (organic acids, essential oils).
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LONG TERM DEVELOPMENT PRODUCTS

BACTERIOCINS

Bacteriocins are peptides produced by certain types of bacteria and lethal to bacteria
other than the ones producing it. They are mainly classified according to their molecular
weight. Some are very small (< 40 amino acids) and some are very large with amolecular
weight exceeding 90 000.

The spectrum of activity of bacteriocins can be very specific or very wide, covering a
range of bacterial species. Being produced by bacteria belonging to the family of so-
called beneficial bacteria, bacteriocins are considered more natural than antibiotics.

Until now their production and activity have been demonstrated only under |aboratory
conditions and their usefulnessin the intestinal tract is not proven yet. There are
indications that low molecular weight bacteriocins would be quite resistant to degradation
in the intestine. Most of the actual work on bacteriocins is done on nisin which has a
GRAS status. Other bacteriocins are curvacin, microcin etc. accoding to the name of the
producing bacteria. The mode of action on bacteriais not totally known but it involves
changes in the membrane structure. It seems that Gram™ bacteria would be more sensitive
than Gram™ bacteria.

Already resistant strains of bacteria are appearing and bacteria resistant to nisin and
microcin are showing increased resistance to a number of commonly used antibiotics.
The production cost of purified bacteriocinsis prohibitive and it may be more attractive
to feed the bacteriocin producing bacteria directly to the target animal.

The most probable application of bacteriocins will be during poultry processing.

ANTIMICROBIAL PEPTIDES

Antimicrobia peptides (AMPs) are found in all living species contrary to bacteriocins
that are from bacteria only (ex. lactoferrin, egg lysozyme, a-lactalbumin). They are small
molecules and are effector molecules of the innate immune system. AMPs have a broad
antimicrobial spectrum (bacteria, fungi, viruses, parasites and certain tumor cells) and
lyse microbial cells by interaction with biomembranes. Generally AMPs are positively
charged and have an affinity to negatively charged cell membranes, however there are
exceptions. They can be used as antimicrobials, antilipopolysaccharides drugs or
modifiers of inflammation.

Given the tremendous amount of research done on the AMPs, there is hope that one day
there will be practical applications and the most likely will be as antibiotics for clinical
use, both topically and systemically. The problem of bacteria resistance seemsto be
unlikely given the structure and mode of action of AMPs.

AMPs have aready been isolated from chickens and turkeys and in vitro activity shown
on E. coli, Staphyloccocus aureus, L. monocytogenes, Candida albicans, S enteritidis
and Campylobacter jejuni.

Being of protein in nature, AMPs may be vulnerable to proteolytic enzymes and the route
of administration could be a concern for denaturation and toxicity.

The large scale production of AMPs by chemical synthesisis much too expensive so the
most probable way to produce it will be by transgenic microbes and plants, tissue cultures
or transgenic animals (milk).
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Thefirst applications will be in human medecine and according to some authors, as
microbia growth inhibitors on surfaces (ex. poultry products) and in biological material
such as vaccines.

MEDIUM TERM DEVELOPMENT PRODUCTS

BACTERIOPHAGES

Bacteriophages (phages) are viruses that infect and replicate in bacteria, leading to the

destruction of the host and release of great quantities of virus that will re-infect other

bacteria. Bacteriophages were discovered amost 100 years ago but their clinical use was

not widespread in western countries because of the advent of antibiotics.

Generalized bacterial antibiotic resistance has strongly renewed interest in that approach.

It is now recognized that, under the right conditions, phage therapy is feasible but that an

important research effort will be necessary to make it reliable.

Phages are very widespread in nature, wherever bacteria are present. However all phages

are not suitable for therapy because of their host specificity and their capacity to destroy

their host bacteria. The phage host specificity is a quality because it touches only the

bacteria with specific binding sites and not others. On the other hand it is a problem

because in poultry we deal with mixed pathogenic bacteria and to be efficacious we

would need a mixture of phages administered at the same time. Research results are even

showing that it may be necessary to use a mixtures of phages to combat a single strain of

bacterialike E. coli O157 :H7 and S enteritidis.

In many experiments, the model used was a severe infection where the mortality

reduction was the criteria of efficacy. Under field conditions, without bacteremia, we are

more interested in disease prevention, or in reduction of bacteria shedding, Salmonella

sp. and Campylobacter being good examples.

The application of phage cocktails has also shown efficacy in eliminating surface

contamination on poultry carcasses with Salmonella.

In calves and piglets, there are reports of successful E. coli diarrhea treatments.

In poultry, many recent publications are showing promising results but also fealures.

These trials also show the importance of many factorsin a successful treatment :

e The choice of bacteriophages.

* Thetiming of administration.

e Theroute of administration (ex. aerosol vs enteric vsinjection).

* The quantity of phages administered.

There are also unresolved issues with bacteriophage therapy :

» If we need to use pathogenic bacteria to produce phages, there could be atransfer of
DNA to other bacteria modifying of these bacteria pathogenicity.

e Thereisarapid development of resistance from the bacteria host to the phages,
requiring rapid changes in the phage compositon of the mixture.

» A second treatment of an outbreak usually fails because the bacteria has devel opped
resistance to the phages.

* Thehost (poultry) can make antibodies to the phages that could prevent the phages to

reach the target bacteria.
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e Mass application may cause environmental concerns like phage escaping to other
bacteria populations.

» Theefficacy of phages may be pH dependant, it isimportant to bring phages at the
target site without exposing it to low pHs (ex. coating technology).

CHICKEN INTERFERON GAMMA (ChlFN-y)

Cytokines are proteins that control immune response following infection or vaccination
and represent excellent, naturally occuring therapeutics and vaccine adjuvants ().

One of the most characterised chicken cytokinesis interferon gamma (ChlFN-y).
Cytokine therapy has been successfully used in humans for the treatment of
immunodeficiencies in cancer treated patients. There are many different types of
cytokines that perform different functions. Cytokines from one species cannot function in
another species.

J. Lowenthal and histeam in Australia have developped the ChliFN-y technology to a
very advanced stage. Their objectives being ; increase broiler growth performance,
enhance vaccine efficacy and improve disease resistance. They conducted broiler field
trials showing growth promotion following injection of ChIFN-y at one day of age and
response of chickens challenged with coccidiosis, following coccidiosis vaccination.

Fig. 1. Trial 2. Enhancement of weight gain by broilerstreated with ChlFN- .
Groups of 80 chickenswereinjected (ip) with 100ug of E coli-derived Chl FN-
(unmodified or CC-PEG modified) and weighed 42 days later.
(LOWENTHAL J. 2001)
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Table 1. Effect of ChIFN-y on weight gain during coccidiosis infection.

Body weight { o)

<

Treatment dav2l day 28 day 35 day 42 FCR
Control 800+9" 1302+18 16101346 2270140 1.95
ChIFN-v 795+14 (-0.6%}b 1288424 (-1.1%3 17254843 (7.1%) 2335458 (2.99%) 1.86

) (LOWENTHAL J. 2001)
a Mean body weight + SEM

b Percent difference in body weight relative to controls
¢ Feed conversion ratio

The production of ChlFN-y protein from chicken spleen tissue culture has poor yield so
the Australian team developped a recombinant system using E. coli.

ChIFN-y has been administered by injection (i.v. or i.p.) so far but for massive use in
chickens other means of administration have to be developped. Again, the Australian
team has developped a technique using avirus vector called *’ fowl adenovirus vectors
(FAV)"’, avirusthat is coded to express the cytokine genes. Thistechnique allows a
massive administration either directly or by “’inovo’’ injection and ovecomes the
problem of the short half-life of cytokines administered by injection. With the virus
vector, the cytokine clearance lasts as long as the virus in the chicken.

CHLORATE PRODUCTS

The short term use of sodium chlorate would be intended to drastically reduce the
presence of Salmonella and E. coli in the intestine of target animals, thus improving the
food safety in general.

Salmonella and E. coli (0157 :H7) contain an enzyme known as arespiratory nitrate
reductase. This enzyme converts the chlorate to chlorite, which kills the harmful bacteria.
Most gastrointestinal anaerobic bacteria lack respiratory nitrate reductase, so they are not
affected by the addition of chlorate.

Being an industria product (mostly used in the pulp and paper industry as a bleaching
agent), the cost isvery low.

Numerousin vitro and in vivo trials have been conducted in ruminants, pigs and poultry
showing a sharp reduction in Salmonella and E. coli population in the digestive tract.
The research in in the early stages and there are concerns over the tocicity of chlorates,
both for users and the target animals. It seems that chlorates will be used only for afew
hours, immediately before slaughtering of the animals. In USA, the Food and Drug
Administration has not yet issued any opinion on the subject.

SPECIFIC ANTIBODIES
The use of specific antibodies (passive immunity) is being explored in many fields of
animal production. So far most of the work has been done in piglets and calves, for the
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prevention of bacterial and viral diarrhea, with some degree of success. The antibodies
are naturally made by laying hensinjected with specific antigens and harvested in the egg
yolk. In poultry the two mains objectives of such an approach would be the reduction of
shedding of Salmonella and Campylobacter and the prevention and treatment of
coccidiosis.

However there are many technical hurdles to overcome before this therapeutic approach
becomes generalised, among them ; regulations by Agricultural and Health Authorities,
specificity of antibodies requiring arange of antigens, heat sensitivity of poultry
immunoglobulins, enzyme and gastric secretion sensitivity of immunoglobulins etc.
Protection and coating technol ogies could be a solution to some of these restrictions.

SHORT TERM DEVELOPMENT PRODUCTS

PLANT EXTRACTS

The use of plant extracts or more commonly know as essential oils (EO) isvery
widespread in human nutrition and now, more and more in animal nutrition, following
the removal of some classes of antibioticsin animal production. Thereis agreat number
of publications on the subject but when it comes to practical applications, there are less
than 10 extracts or molecules that are really useful in disease prevention or treatment in
animals. For most of the products on the market there is no declaration concerning the
active ingredients used. The use of plant extractsin poultry is aimed at growth promotion
but we will concentrare exclusively at their role on bacteria and coccidia.. Some essential
oils are aso potent antioxidants which isimportant for the immune functions and
antiprotozoal activity.

Plant extracts are obtained by solvent or steam distillation of various parts of chosen
plants, according to the molecules desired. The main constituents found in essential oils
are; acohols, aldehydes, esters, ethers, ketones, phenols and terpenes. The chemical
structure of an essentia oil determinesits function and one has to remember that plant
extracts normally contain a group of active molecules that are presumably synergisticin
spite of the fact that many publications are showing that specific molecules are
responsible of the main effects on microorganisms. On the market we will often see
products made of ‘' nature like plant extracts'’, these are synthetic products that may have
properties different than the natural ones.

The mode of action of essential oilson bacteriais related to structural and functional
damages to plasma membranes (increase permeability, leakage of ions, ATP, nucleic
acids, amino acids, internal pH change etc.). One must admit that there are very few
studies on the mode of action of specific compounds. Until now the most studied
properties of essential oils are their antimicrobial activities but it could be a mistake
because the level of inclusion in feeds to achieve such properties is much higher than the
level needed to observe a zootechnical effect. High inclusion rates are showing reduced
feed intake and deteriorated feed conversion index in many experiments. We believe that
the gastrointestinal secretion stimulating functions should be more investigated.
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Table2. MIC analysis of asampling of plant essential oils in comparison to an AGP against a pandl of
food pathogen strains (concentration in ppm)

Oils E. cali S. typhimurium Campylobacter C. perfringens
TeaTree 1250 1000 1250 1000
Romarin 200 400 400 100
Oregano 400 400 400 800
Cinnamon 400 400 200 400
Capsicum NE NE NE 50
Garlic 500 500 NE 100
Olaquindox 10 20 20 NE

Cited and adapted from Kamel C.

Table 3. BAS0* valuesfor 10 essential oilsand oil compounds most active against all strains of

bacteria tested.
oot copeund [ — 500, TSmO ST ke | o
Cinnamaldehyde 0.06 0.04 0.003 0.02 0.01
Thymol 0.06 0.03 0.02 0.08 0.08
Oregano Spanish 0.05 0.05 0.01 0.07 0.08
Carvacrol 0.06 0.05 0.01 0.08 0.09
Oregano origanum 0.05 0.05 0.02 0.08 0.10
Eugenol 0.11 0.09 0.02 0.06 0.08
Cinnamon | eaf 0.13 0.08 0.03 0.09 0.09
Thyme 0.05 0.05 0.02 0.09 0.22
Bay leaf 0.13 0.13 0.03 0.07 0.07
Clove bud 0.13 0.13 0.02 0.07 0.09

BAS0 value = concentration (%) of essential oils or oil coumpounds that kill 50% of the bacteria during a
60 minute incubation.
Table adapted from Mendel Friedman et al.

Only very limited studies have been published on the activity of essential oils on poultry
coccidia. Table 4 showing no direct impact on oocysts but a significant impact on most of
the performance parameters, reducing the negative impacts of a coccidiainfection.
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Table 4. Effect of thymol/carvacrol (1 :1) on the average daily feed intake (FI), daily live weight
gain (DLWG), find live weight (LW), feed conversion efficiency (FCE), feacal blood score and total

oocyst outpout of broiler chickens infected with Eimeria acervulina

Treatments n Uninfected | Infectednon | 125 ppm 250 ppm 1000 ppm Pvalue
non treated treated T+C T+C T+C Treat | P°
se
FI, g/bird/day)
(d 23-43) 6 116.6 96.8a 116 &b 118.3b 112.5ab <005 | NS
DLWG (g)

(d 23-43) 6 53.8 38.6a 52.3bc 54 c 50.4 bc <0.001 | NS
Find LW (g | 6 1588 ¢ 1306 a 1567 be 1618 c 1536bc | <0001 | NS
FCE (gain to

feed, d23.43 ) | © 0.46 035 0.41 0.42 0.39 0055 | NS
Feacal blood 6 0 235a 1.10b 0.65b 0.88b <0.001 | NS
score
Total oocysts 6 i 9.15 015 004 0.00 “ N
(log 10)

Adapted from F. lbrir, H.M.R. Greathead, J.M. Forbes.

ORGANIC ACIDS
Organic acids have been used extensively for more than 25 years in swine production and
more recently in poultry. Their usein poultry requires major adjustments when compared
to pigs, because of anatomical and physiological differences between those two species.

The actual use of organic acids in poultry isaimed at replacing antibiotic growth

promoters but it can also be used at more specific uses, like the prevention of necrotic
enteritis, the reduction of Salmonella and Campylobacter shedding etc.

Serological and clinical observations are obvious but there are hardly any publications on
the effect of organic acids, singly or in combination, on specific bacteria under conditions
similar (pH near neutrality) to the onesfound in the chicken gastrointestinal tract.
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Fig.2. Formulas, physical and chemical characteristics of organic acids used as dietary

acidifiersfor pigs (Foegeding and Busta, 1991)

Acid Formula MM  Density Form pKar  pKan  pKam
g/mol  g/mL

Formic HCOOH 46.03 1220 liquid 3.75

Acetic CH3;COOH 60.05 1.049 liquid 4.76

Propionic CH;CH,COOH 74.08 0.993 liquid 4.88

Butyric CH;CH,CH,COOH 88.12 0.958 liquid 4.82

Lactic CH3CH(OH)COOH 90.08 1.206 liquid 3.83

Fumaric COQHCH:CHCOCH 116.07 1.635 solid 3.02 4.38

Malic COOHCH,CH(OH)COOH 134.09 1601 liquid 34 5.1

Tartaric COOHCH(OH)CH(OH)COOH 150.09 1.760 liquid 2.93 4.23

Citric COOHCH,C(OH)(COOH)CH,COOH 19214 1.665 solid 3.13 476 6.40

MM, molecular mass expressed in grams

The key basic principle on the mode of action of organic acids on bacteria is that non-
dissociated (non-ionized, more lipophilic) organic acids can penetrate the bacteria cell
wall and disrupt the normal physiology of certain types of bacteria.

Table5: Experimentally determined values for MICs of undissociated and dissociated organic acids

(various authors)

Organism Acid type MIC2 MIC,®
E. coli M23 Lactic 8.32 -
Y. enterocolitica lactic 5-10 -
E. coli Propionic 70 800
Saphylococcus aureus Propionic 19 830
Bacillus cereus Propionic 17 380
E. cali Sorbic 1 100
E. cali Sorbic 1 350
Staphylococcus aureus Sorbic 0.6 400
Bacillus cereus Sorbic 12 110
Listeria innocua Lactic (Nalactate) 49 1250
&MIC,, MIC of the undissociated form of acid (micromolar).
®MIC,, MIC of the dissociated for of acid (micromolar).
Adapted from (Presser)

As described by (Lambert and Stratford), after penetrating the bacteria cell wall, the
undissociated organic acids will be exposed to the internal pH of the bacteria (7.85 *
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0.05 for E. coli n = 40, (Roe)) and dissociate, releasing H* and anions (A"). The internal
pH will decrease and because pH sensitive bacteria do not tolerate a large spread between
the internal and the external pH, a specific mechanism (H* -ATPase pump) will act to
bring the pH inside the bacteria to a normal level. This phenomenon consumes energy
and eventually can stop the growth of the bacteria or even kill it. A lowering of the
internal pH involves other mechanisms ; inhibition of glycolysis, prevention of active
transport, interference with signal transduction.

The anionic (A") part of the acid is trapped inside the bacteria because it will diffuse
freely through the cell wall only in its non-dissociated form. The accumulation of (A")
becomes toxic to the bacteria by complex mechanisms involving anionic imbalance
leading to internal osmotic problems for the bacteria (Roe).

On the contrary, the non-pH sensitive bacteria will tolerate a larger differential between
the internal and the external pH, if the internal pH becomes low enough, organic acids
will re-appear in a non-dissociated form and exit the bacteria by the same route it went in.
An equilibrium will be created and the bacteriawill not suffer from that situation.

It is important to note that, even in a non-dissociated form, the inorganic acid cannot
penetrate the bacteria cell wall.

Fig. 3. Mode of action of organic acids on pH-sensitive bacteria (Coliforms, Clostridia,
Salmonella, Listeria spp.)

RCOOH  RrcooH

H3PO4
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Fig. 4. Maode of action of organic acids on non pH sensitive bacteria (LAB,
bifidobacteria

RCOOH

H3PO,

Table 6: Efficacy of different combinations of protected organic acids during the oral
inoculation of C. perfringensin broiler chickens (Jefo Nutrition Inc.)

F/C, 12-25 days (inoc. days15-17)

Treatments Non inoculated I noculated

Neg. control 1.6721 1.7237
100 1.6775 1.6980
200 1.6562 1.6896
300 1.6413 1.6791

Jefo Nutrition Inc. GAL-0701-2

The mode of action of organic acids on bacteriais well known, the technology to bring
them into the intestine in an undissociated form is mastered, intestinal bacteria
fermentation pattern is measured. Work needs to be done on the specific activity of
organic acids on important poultry pathogens.
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