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Campylobacter spp. are widely distributed microorganisms, many of which are commensals of gastrointestinal tract in
multiple animal species, including poultry. Most commonly detected are C. jejuni and C. coli. Although infections are
usually asymptomatic in poultry, poultry meat and products represent main sources of infection with these bacteria to
humans. According to recent EFSA report, campylobacteriosis is the most commonly reported zoonotic disease. In 2018,
EFSA Panel on Biological Hazards indicated that use of feed and water additives is the second most likely strategy that
can be successful in minimizing Campylobacter spp. colonization rate in broiler chickens. One of those feed and water
additives are probiotics. From numerous research papers it can be concluded that probiotics exhibit plenty of mechanisms
of anti-Campylobacter activity, which were evaluated under in vitro conditions.
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| 1. Introduction

Bacteria from the genus Campylobacter spp. are Gram-negative, widely distributed microorganisms, many of which are
detected as commensals of the gastrointestinal tract (GIT) in multiple animal species, including poultry, domestic, and wild
birds. Campylobacter spp., of which the two most common species are C. jejuni and C. coli, are thermophilic and
microaerophilic bacteria that find favorable conditions for colonization in the GIT of all warm-blooded animals and birds,
especially the latter due to their higher body temperature (approximately 41 °C) than other animal species .

Since the isolation of the genus Campylobacter from Vibrio spp. in 1963, Campylobacter spp. @ infections have become
the most important cause of foodborne bacterial gastroenteritis in humans in many developed countries El. For years,
there have been an ongoing discussion and number of studies were performed in order to establish and evaluate potential
strategies to overcome these issues. In this review paper, we have paid special attention to the potential of probiotics,
which together with other food and water additives were jointly classified as the second most likely strategy capable of
minimizing Campylobacter spp. prevalence in poultry by the European Food Safety Agency (EFSA) Panel on Biological
Hazards [,

2. Campylobacter spp. in Poultry—Colonization, Carcass Contamination,
and Prevalence

Campylobacter spp. colonizations are more common in domestic than in free-living birds . Although these bacteria do
not pose a serious threat to birds per se, or to large-scale poultry production in general, colonizations with them are
extremely important because poultry products represent the main source of Campylobacter bacteria in humans, and also
because human campylobacteriosis has for many years been the most frequently diagnosed zoonotic enteropathy,
surpassing even salmonellosis Bl

As thermotolerant microorganisms, Campylobacter spp., find favorable conditions for colonization in the gastrointestinal
tract of birds, which have a higher body temperature than other animal species. The predominant species detected in
birds include C. jejuni and C. coli, the latter having mainly been isolated from turkeys, but C. lari bacilli have also been
sporadically isolated from chickens [EILZEILL0]

The colonization of the GIT of poultry with Campylobacter spp. usually proceeds without any distinct clinical
manifestations and affects the small intestine, the cecum, and the cloaca. The consequences of colonization have been
demonstrated to depend on the chicken breed and age. Humphrey et al. 22l have shown that the varying extents of the
appearance of clinical symptoms in various chicken breeds can be ascribed to differences from breed to breed in the
immune system responsiveness to infection with Campylobacter spp. They have also demonstrated that in some chicken
breeds, the prolonged inflammatory reaction in the intestinal mucosa is due to a lack of interleukin (IL) 10 production,
which, in turn, leads to diarrhea. Some works have also indicated that a clinical course of campylobacteriosis is most often



noted in young birds 28] and manifests with enteritis and watery diarrhea, sometimes with mucus and blood in the
excreta. This condition can lead to poorer body weight gains, reduced feed conversion ratio, and ultimately to differences
in bird growth within the flock. Similar symptoms including diarrhea and lower body weight gains were observed in young
turkeys B, In addition, cases of campylobacteriosis reported in flocks of laying hens weakened laying performance and
egg hatchability 141,

The incubation period of campylobacteriosis in the cases with diarrhea was reported to range from 2 to 5 days 14l The
colonization of the intestines by these bacteria primarily takes place in the jejunum, then in the ileum, and finally in the
cecum 51, where their population number peaks 28, and they can be detected and excreted in feces for a prolonged
period . Campylobacter spp. reaches higher concentration in distal parts of avian GIT . For instance, the concentration
of bacteria in the crop was significantly higher than in the gizzard 4, which results from growth pH requirements.

Even though Campylobacter spp. can be detected in the liver and other internal organs, deep muscles, and blood of
infected birds (28], it is believed that the majority of incidences of contamination with these bacteria found in bird carcasses
result from the contact of live birds or carcasses during slaughter with a contaminated external environment in a
slaughterhouse or on the production farm. Hue et al. & demonstrated that the level of carcass contamination
with Campylobacter spp. correlated directly with the degree of intestine invasion by these bacteria. In addition, Berrang et
al. 19 demonstrated that the number of Campylobacter spp.-positive breast skin sponge samples increased after bird
defeathering during slaughter from 1 (prior to defeathering) to 120 out of the 120 tested. Additionally, after defeathering,
the Campylobacter spp. population count reached log,g 4.2 colony forming units (CFU) per sample. The same authors
recorded an increase of Campylobacter spp.-positive breast skin samples from 0 to 13 out of 120 tested samples from an
experimental group of slaughtered birds, the cloacae of half of which were plugged with tampons and sutured closed.
According to these authors, an increase in the recovery of Campylobacter after defeathering can be related to the escape
of contaminated feces from the cloaca during the process. Other risk factors increasing the likelihood of poultry carcass
contamination include cross-contamination during transport, scalding, plucking, evisceration, and chilling operations 29211
(22 Moreover, Campylobacter can survive on the surface of equipment used for bird slaughter despite cleaning and
sanitizing, and the persistence of the bacteria can contribute to cross-contamination of carcasses during the slaughter
process 23],

It has been demonstrated, that only 35 Campylobacter spp. CFU are sufficient to establish colonization in the bird
gastrointestinal tract 24, The transmission rate of Campylobacter jejuni was estimated to be 2.37 + 0.295 infections per
infectious bird per day. It means that in a flock consisting of 20,000 broilers, 95% of birds will become infected within 4.4—
7.2 days after colonization of the first broiler 24. The same study showed that the mean age at which birds become
infected with Campylobacter spp. was 21 days of life. Based on selected papers published after the year 2000, it can be
concluded that Campylobacter spp. prevalence in poultry flocks ranged from 3.5% to 71.5% [23128], Besides the immediate
threat to consumers, such a widespread prevalence of Campylobacter bacteria in the poultry population poses an
additional risk. Namely, that in a given location where large-scale production takes place, the constant presence of these
microorganisms and the widespread use of chemotherapeutic agents facilitates the selection of Campylobacter spp.
strains resistant to antimicrobials, which, unfortunately, translates to the results returned in monitoring studies 2428, For
example, WozZniak and Wieliczko [2JBYJ  showed an increase in the percentage of enrofloxacin-
resistant Campylobacter strains isolated from poultry in Poland from 52.1% in 1994 to 93.6% in 2008. A similar trend was
noted by these authors regarding resistance to tetracyclines. An additional disturbing aspect is the emergence at the
beginning of the 21st century of multi-resistant Campylobacter strains that were not found in the 1990s 2% These
bacteria can pose a direct risk to consumers since these strains could be passed to humans via the food chain or by direct
contact and they can additionally act as donors of antibiotic resistance genes to other bacteria.

In the light of the above and taking into account the EU policy to reduce the antibiotic usage in animal husbandry, it is
worth emphasizing, that the use of antibiotics is not considered as a preventive option for Campylobacter spp. infections
in poultry I,

| 3. Benefits from Using Probiotics in Poultry

Probiotics are living microorganisms which, when supplemented in the right dose, have a positive effect on the microbial
ecosystem of the host gut by ensuring a favorable balance between commensal and pathogenic microflora B4,

The bacteria most often used as probiotics include those from the following genera: Bacillus, Bifidobacterium,
Enterococcus, Lactobacillus, Pediococcus, and Streptococcus. Probiotics are also produced from selected species of
fungi and yeasts (e.g., Saccharomyces).



The main beneficial effects of probiotics relate primarily to their raising of feed digestibility and bioavailability, stimulation of

the immune system, improvement of health, and provision of superior organoleptic properties and chemical composition of
carcasses [321[33][34](35][36][37][38][39][40]

One of the first reports on the beneficial effects of probiotics in poultry comes from 1973, when Tortuero 43 noticed an
improvement in weight gain coinciding with the use of L. acidophilus in chicks during the first 5 days of life. In addition, in
this experiment, the group receiving the probiotic was characterized by Lactobacillus dominance among the
gastrointestinal microflora and by the simultaneous reduction in enterococci population. Considering the enterococci
population in the probiotic-treated group, Tortuero 21 obtained a result similar to that in the group of birds receiving the
antibiotic instead of the Lactobacillus culture in the same period. In addition, Nurmi and Rantal 42 showed that protection
against Salmonella infantis could be obtained in broiler chicks by the per os administration of bacterial flora isolated from
the intestines of healthy adult chickens. This concept was later referred to as competitive exclusion.

Probiotic bacteria are able to inhibit the growth of pathogenic microflora in the gastrointestinal tract of birds. This is due to
the depletion of nutrients in the environment, the blocking of target receptors for pathogens on the surface of epithelial
cells, or the production of natural antibacterial agents known as bacteriocins 43|, Probiotic bacteria also exhibit strong
immunomodulatory effects, improving the local immune mechanisms in the gastrointestinal tract. For example, their
regular and occasional uses in poultry have been shown to have an immunostimulating effect on interferon production;
activities of macrophages, heterophiles, lymphocytes, and natural killer (NK) cells; and the production of specific
antibodies [B2IB3IESIB6IS8] | addition, it was previously concluded that probiotics exert a non-specific effect on the
stimulation of the gut-associated lymphoid tissue (GALT), but as antigens with relatively low immunogenicity, they do not
contribute to the excessive development of the inflammatory reaction nor activate the immunological mechanisms aiming
at their complete elimination BZ. Through these properties, probiotics enhance the responsiveness of the immune system
to an infecting pathogen 4. These phenomena induced by probiotics minimize the risk of colonization or limit the

population size of a wide range of microorganisms potentially pathogenic to poultry [A2QIL3][35][42][44][45][46][47][48]

| 4. Probiotics and Poultry Campylobacter spp. Infection and Colonization

Various systems are used to assess probiotic efficacy in minimizing the consequences of infections
with Campylobacter spp., and they have been previously reviewed LABUES | this review article, we would like to present
the general scope of probiotics’ modes of action against Campylobacter from molecular, in vitro, and in vivo studies and in
conclude the work to present the results obtained in field experiments performed under commercial broiler farm
conditions. General modes of probiotic anti-Campylobacter activity are summarized in Table 1.

Table 1. Potential mechanisms of anti-Campylobacter activity of probiotics, established based on selected in vitro and in

vivo studies.
L . I Mode (.)f Action Result (Summarized Based on Different
Probiotic Strain(s) (Origin) (Experiment References
L References)
Conditions)
Different Lactobacilli (chicken) Dec et al. 5%
Different LAB strains Dubois
(9 strains from environmental Organic acids L Dauphin et
samples of chicken farms; others— production (in vitro) Reduced pH inhibits Campylobacter growth al. 511
not specified) Fernandez et
Different Lactobacilli strains (human) al. [52]
Hydrogen
Different Lactobacilli (chicken) peromdz_a.se Suggested to _b(_e mvolved_m_antlmlcroblal Dec et al, [5
production activity of probiotics
(in vitro)
I?Ifferent Lactoba.c illi (chicken) . Suggested to correlate with probiotic Dec et al. 59
Different LAB strains (fermented Hydrophobicity . . . o
. . . adhesion to intestinal cells ability and Wang et al.
pickles, health infant feces and (in vitro) L. . 53]
. therefore competitive exclusion
fermented dairy products)
D|fferer?t Bacterlotl:ms . . o Messaoudi
LAB strains production Direct anti-Campylobacter activity et al, [54]

(chicken) (in vitro)



Mode of Action Result (Summarized Based on Different

Probiotic Strain(s) (Origin) (Expe.rl.ment References) References
Conditions)
. Decreased expression
Attenuation of Campylobacter virulence related genes
of Campylobacter Py 9 Campﬂ;a et
i i i in vitro: i al. 551 %
Lactobacillus acidophilus ATCC 4356 (in vitro; c:ell lines) Decreased Campylobacter adhesion to
(human) Adhesion of human intestinal epithelial cells by over 30% Taha-
Different Lactobacilli (chicken) probiotic strain to P y °  Abdelaziz et
P P [56]
(ine\eilttrhoe'lﬁlftleilr:fes) Decreased Campylobacter invasion into al.
! human intestinal epithelial cells by over 80%
Lactobacillus acidophilus ATCC 4356 Therape}mc Displacement of Campylobacter by Campana et
properties Lo R ) . . [55]
(human) — . probiotics in human intestinal epithelial cells al.
(in vitro; cell lines)
Bacillus subtilis C-3102
(Calsporin®) . Fritts et al.
. L Modulation of gut
Lactobacillus salivarius SMXD51 environmentg &1
(chicken) (in vivo; on farm Decreased population of Campylobacter in Saint-Cyr et
Different LAB strains . - GIT andlor on the carcass in vivo al. 1481
studies; broiler .
and Saccharomyces X Smiatek et
.. . chickens) (58]
cerevisiae (chicken, turkey, carp, and al.
plant silage)
Immune system Enhanced macrophages phagocytosis Taha-
Different Lactobacilli (chicken) stimulation L o p ges phagocy i Abdelaziz et
_—_ . ability of C. jejuni. Inmunomodulation. [56]
(in vitro; cell lines) al.

* Gene expression was not evaluated in the paper by Campana et al. 52,

After entering the avian GIT, Campylobacter spp. use different mechanisms to establish their population in the gut
environment, like motility, chemotaxis, adhesion, intracellular infection, and the capability to synthesize entero- and
cytotoxins, as reviewed by Mohan 19 Given the set of mechanisms, the bacteria can exploit, most research works
addressing the choice of potential probiotic bacteria have been focused on the evaluation of their potential to overcome
these properties of Campylobacter spp.

References

1. Zhang, Q. Campylobacteriosis. In Diseases of Poultry, 13th ed.; Swayne, D.E., Glisson, J.R., McDouglald, L.R., Nolan,
L.K., Suarez, D.L., Nair, V.L., Eds.; Wiley-Blackwell Publishing: Ames, IA, USA, 2013; pp. 675-689.

2. Sebald, M.; Veron, M. Teneur en bases de I’ADN et classification des vibrions. Annales Institut Pasteu 1963, 105, 897—
910.

3. European Food Safety Authority; European Centre for Disease Prevention and Control. The European Union One
Health 2018 Zoonoses Report. EFSA J. 2019, 17, 5926.

4. Yogasundram, K.; Shane, S.M.; Harrington, K.S. Prevalenece of Campylobacter jejuni in selected domestic and wild
birds in Louisiana. Avian Dis. 1989, 33, 664—-667.

5. EFSA. The European Union summary report on trends and sources of zoonoses, zoonotic agents and food-borne
outbreaks in 2015. EFSA J. 2016, 14, 4634.

6. Hue, O.; Allain, V.; Laisney, M.-J.; Le Bouquin, S.; Lalande, F.; Petetin, I.; Rouxel, S.; Quesne, S.; Gloaguen, P.-Y;
Picherot, M.; et al. Campylobacter contamination of broiler caeca and carcasses at the slaughterhouse and correlation
with Salmonella contamination. Food Microbiol. 2011, 28, 862—868.

7. Lee, M.D.; Newell, D.G. Campylobacter in Poultry: Filling an Ecological Niche. Avian Dis. 2006, 50, 1-9.

8. Mafies-Lazaro, R.; Van Diemen, P.M.; Pin, C.; Mayer, M.J.; Stevens, M.P.; Narbad, A. Administration of Lactobacillus
johnsonii FI9785 to chickens affects colonisation by Campylobacter jejuni and the intestinal microbiota. Br. Poult. Sci.
2017, 58, 373-381.

9. Miller, M.; Roche, P.; Yohannes, K.; Spencer, J.; Bartlett, M.; Brotherton, J.; Hutchinson, J.; Kirk, M.; McDonald, A.;
Vadjic, C. Australia’s notifiable diseases status, 2003 annual report of the National Notifiable Diseases Surveillance
System. Commun. Dis. Intell. Q. Rep. 2005, 29, 1-61.

10. Mohan, V. The role of probiotics in the inhibition of Campylobacter jejuni colonization and virulence attenuation. Eur. J.
Clin. Microbiol. Infect. Dis. 2015, 34, 1503-1513.



11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Humphrey, S.; Chaloner, G.; Kemmett, K.; Davidson, N.; Williams, N.; Kipar, A.; Humphrey, T.; Wigley, P.
Campylobacter jejuni Is Not Merely a Commensal in Commercial Broiler Chickens and Affects Bird Welfare. mBio
2014, 5, e01364-14.

Forkus, B.; Ritter, S.; Vlysidis, M.; Geldart, K.; Kaznessis, Y.N. Antimicrobial Probiotics Reduce Salmonella enterica in
Turkey Gastrointestinal Tracts. Sci. Rep. 2017, 7, 40695.

Ghareeb, K.; Awad, W.A.; Mohnl, M.; Porta, R.; Biarnés, M.; Bohm, J.; Schatzmayr, G. Evaluating the efficacy of an
avian-specific probiotic to reduce the colonization of Campylobacter jejuni in broiler chickens. Poult. Sci. 2012, 91,
1825-1832.

Oh, J.K.; Pajarillo, E.A.B.; Chae, J.P.; Kim, I.H.; Yang, D.S.; Kang, D.-K. Effects of Bacillus subtilis CSL2 on the
composition and functional diversity of the faecal microbiota of broiler chickens challenged with Salmonella Gallinarum.
J. Anim. Sci. Biotechnol. 2017, 8, 1.

Lacharme-Lora, L.; Chaloner, G.; Gilroy, R.; Humphrey, S.; Gibbs, K.; Jopson, S.; Wright, E.; Reid, W.; Ketley, J.;
Humphrey, T.; et al. B lymphocytes play a limited role in clearance of Campylobacter jejuni from the chicken intestinal
tract. Sci. Rep. 2017, 7, srep45090.

Beery, J.T.; Hugdahl, M.B.; Doyle, M.P. Colonization of gastrointestinal tracts of chicks by Campylobacter jejuni. Appl.
Environ. Microbiol. 1988, 54, 2365-2370.

Smith, D.P.; Berrang, M.E. Prevalence and Numbers of Bacteria in Broiler Crop and Gizzard Contents. Poult. Sci. 2006,
85, 144-147.

Awad, W.A.; Hess, C.; Hess, M. Re-thinking the chicken—Campylobacter jejuni interaction: A review. Avian Pathol.
2018, 47, 352-363.

Berrang, M.E.; Buhr, R.J.; Cason, J.A.; Dickens, J.A. Broiler Carcass Contamination with Campylobacter from Feces
during Defeathering. J. Food Prot. 2001, 64, 2063—-2066.

Allen, V.; Bull, S.; Corry, J.; Dominguez, G.; Jorgensen, F.; Frost, J.R.; Gonzalez, A.; Elviss, N.; Humphrey, T.J.
Campylobacter spp. contamination of chicken carcasses during processing in relation to flock colonization. Int. J. Food
Microbiol. 2007, 113, 54-61.

Perez-Arnedo, |.; Gonzalez-Fandos, E. Prevalence of Campylobacter spp. in Poultry in Three Spanish Farms, A
Slaughterhouse and a Further Processing Plant. Foods 2019, 8, 111.

Reich, F.; Atanassova, V.; Haunhorst, E.; Klein, G. The effects of Campylobacter numbers in caeca on the
contamination of broiler carcasses with Campylobacter. Int. J. Food Microbiol. 2008, 127, 116-120.

Peyrat, M.; Soumet, C.; Maris, P.; Sanders, P. Recovery of Campylobacter jejuni from surfaces of poultry
slaughterhouses after cleaning and disinfection procedures: Analysis of a potential source of carcass contamination.
Int. J. Food Microbiol. 2008, 124, 188-194.

Van Gerwe, T.; Miflin, J.K.; Templeton, J.M.; Bouma, A.; Wagenaar, J.A.; Jacobs-Reitsma, W.F.; Stegeman, A.;
Klinkenberg, D. Quantifying Transmission of Campylobacter jejuni in Commercial Broiler Flocks. Appl. Environ.
Microbiol. 2008, 75, 625-628.

Allain, V.; Chemaly, M.; Laisney, M.J.; Rouxel, S.; Quesne, S.; Le Bouquin, S. Prevalence of and risk factors for
Campylobacter colonisation in broiler flocks at the end of the rearing period in France. Brit. Poult. Sci. 2014, 55, 452—
459,

Hag, B.B.; Sommer, H.; Larsen, L.; Sgrensen, A.; David, B.; Hofshagen, M.; Rosenquist, H. Farm specific risk factors
for Campylobacter colonisation in Danish and Norwegian broilers. Prev. Vet. Med. 2016, 130, 137-145.

Gupta, A.; Nelson, J.M.; Barrett, T.J.; Tauxe, R.V.; Rossiter, S.P.; Friedman, C.R.; Joyce, K.W.; Smith, K.E.; Jones, T.F,;
Hawkings, M.A.; et al. Antimicrobial resistance among Campylobacter strains, United States, 1997-2001. Emerg.
Infect. Dis. 2004, 10, 1102-11009.

lovine, N.M.; Blaser, M.J. Antibiotics in animal feed and spreadof resistant Campylobacter from poultry to humans.
Emerg. Infect. Dis. 2004, 10, 1158-1189.

Wozniak, A. Fluoroquinolones resistance of Campylobacter jejuni and Campylobacter coli isolated from poultry in
1994-1996 and 2005—-2008 in Poland. Bull. Vet. Inst. Pulawy 2011, 55, 15-20.

Wozniak, A.; Wieliczko, A. Tetracycline, erythromycin and gentamicin resistance of Campylobacter jejuni and
Campylobacter coli isolated from poultry in Poland. Bull. Vet. Inst. Pulawy 2011, 55, 51-54.

Deng, W.; Dittoe, D.K.; Pavilidis, H.O.; Chaney, W.E.; Yang, Y.; Ricke, S.C. Current Perspectives and Potential of
Probiotics to Limit Foodborne Campylobacter in Poultry. Front. Microbiol. 2020, 11, 583429.



32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

Alkhalf, A.; Alhaj, M.; Al-Homidan, I. Influence of probiotic supplementation on immune response of broiler chicks. Egypt
Poult. Sci. 2010, 30, 271-280.

Balevi, T.; Ucan, U.; Cosun, B.; Kurtogu, V.; Cetingl, |. Effect of dietary probiotic on performance and humoral immune
response in layer hens. Br. Poult. Sci. 2001, 42, 456-461.

Chichlowski, M.; Croom, W.J.; Edens, F.W.; McBride, B.W.; Qiu, R.; Chiang, C.C.; Daniel, L.R.; Havenstein, G.B.; Koci,
M.D. Microarchitecture and Spatial Relationship Between Bacteria and lleal, Cecal, and Colonic Epithelium in Chicks
Fed a Direct-Fed Microbial, PrimaLac, and Salinomycin. Poult. Sci. 2007, 86, 1121-1132.

Dhama, K.; Verma, V.; Sawant, P.M.; Tiwari, R.; Vaid, R.K.; Chauhan, R.S. Applications of probiotics in poultry:
Enhancing immunity and beneficial effects on production performances and health—A review. J. Immun.
Immunopathol. 2011, 13, 1-19.

Farnell, M.; Donoghue, A.; Santos, F.S.D.L.; Blore, P.; Hargis, B.; Tellez, G.; Donoghue, D. Upregulation of Oxidative
Burst and Degranulation in Chicken Heterophils Stimulated with Probiotic Bacteria. Poult. Sci. 2006, 85, 1900-1906.

Galdeano, C.M.; Perdigdn, G. The Probiotic Bacterium Lactobacillus casei Induces Activation of the Gut Mucosal
Immune System through Innate Immunity. Clin. Vaccine Immunol. 2006, 13, 219-226.

Koenen, M.E.; Kramer, J.; Van Der Hulst, R.; Heres, L.; Jeurissen, S.H.M.; Boersma, W.J.A. Immunomodulation by
probiotic lactobacilli in layer- and meat-type chickens. Br. Poult. Sci. 2004, 45, 355-366.

Samanya, M.; Yamauchi, K.-E. Histological alterations of intestinal villi in chickens fed dried Bacillus subtilis var. natto.
Comp. Biochem. Physiol. Part A Mol. Integr. Physiol. 2002, 133, 95-104.

Kim, H.W.; Yan, F.F; Hu, J.Y.; Cheng, H.W.; Kim, Y.H.B. Effects of probiotics feeding on meat quality of chicken breast
during postmortem storage. Poult. Sci. 2016, 95, 1457-1464.

Tortuero, F. Influence of the Implantation of Lactobacillus Acidophilus in Chicks on the Growth, Feed Conversion,
Malabsorption of Fats Syndrome and Intestinal Flora. Poult. Sci. 1973, 52, 197-203.

Nurmi, E.; Rantala, M. New Aspects of Salmonella Infection in Broiler Production. Nat. Cell Biol. 1973, 241, 210-211.

Saint-Cyr, M.J.; Haddad, N.; Taminiau, B.; Poezevara, T.; Quesne, S.; Amelot, M.; Daube, G.; Chemaly, M.; Dousset,
X.; Guyard-Nicodéme, M. Use of the potential probiotic strain Lactobacillus salivarius SMXD51 to control
Campylobacter jejuni in broilers. Int. J. Food Microbiol. 2017, 247, 9-17.

Bengmark, S. Ecological control of the gastrointestinal tract. The role of probiotic flora. Gut 1998, 42, 2—7.

Dalloul, R.A.; Lillehoj, H.S.; Tamim, N.M.; Shellem, T.A.; Doerr, J.A. Induction of local protective immunity to Eimeria
acervulina by a Lactobacillus-based probiotic. Comp. Immunol. Microbiol. Infect. Dis. 2005, 28, 351-361.

Fuller, R. The chicken gut micro flora and probiotic supplements. J. Poult. Sci. 2001, 38, 189-196.

Patterson, J.; Burkholder, K. Application of prebiotics and probiotics in poultry production. Poult. Sci. 2003, 82, 627—
631.

Willis, W.; Reid, L. Investigating the Effects of Dietary Probiotic Feeding Regimens on Broiler Chicken Production and
Campylobacter jejuni Presence. Poult. Sci. 2008, 87, 606—611.

Saint-Cyr, M.J.; Guyard-Nicodeme, M.; Messaoudi, S.; Chemaly, M.; Cappelier, J.M.; Dousset, X.; Haddad, N. Recent
Advances in Screening of Anti-Campylobacter Activity in Probiotics for Use in Poultry. Front. Microbiol. 2016, 7, 553.

Dec, M.; Nowaczek, A.; Urban-Chmiel, R.; Stepien-Pysniak, D.; Wernicki, A. Probiotic potential of Lactobacillus isolates
of chicken origin with anti-Campylobacter activity. J. Vet. Med. Sci. 2018, 80, 1195-1203.

Dubois Dauphin, R.; Didderen, I.; Marcq, C.; Thewis, A.; Thonart, P. In vitro antagonistic activity evaluation of lacticacid
bacteria(LAB) combined with cellulase enzyme against Campylobacter jejuni growth in co-culture. J. Microbiol.
Biotechnol. 2011, 21, 62—70.

Fernandez, M.F.; Boris, S.; Barbes, C. Probiotic properties of human lactobacilli strains to be used in the
gastrointestinal tract. J. Appl. Microbiol. 2003, 94, 449-455.

Wang, G.; Zhao, Y,; Tian, F; Jin, X.; Chen, H.; Liu, X.; Zhang, Q.; Zhao, J.; Chen, Y.; Zhang, H.; et al. Screening of
adhesive lactobacilli with antagonistic activity against Campylobacter jejuni. Food Control 2014, 44, 49-57.

Messaoudi, S.; Kergourlay, G.; Rossero, A.; Ferchichi, M.; Prévost, H.; Drider, D.; Manai, M.; Dousset, X. Identification
of lactobacilli residing in chicken ceca with antagonism against Campylobacter. Int. Microbiol. 2011, 14, 103-110.

Messaoudi, S.; Manai, M.; Kergourlay, G.; Prévost, H.; Connil, N.; Chobert, J.-M.; Dousset, X. Lactobacillus salivarius:
Bacteriocin and probiotic activity. Food Microbiol. 2013, 36, 296—-304.

Taha-Abdelaziz, K.; Astill, J.; Kulkarni, R.R.; Read, L.R.; Najarian, A.; Farber, J.M.; Sharif, S. In vitro assessment of
immunomodulatory and anti-Campylobacter activities of probiotic lactobacilli. Sci. Rep. 2019, 9, 1-15.



57. Fritts, C.A.; Kersey, J.H.; Motl, M.A.; Kroger, E.C.; Yan, F; Si, J.; Jiang, Q.; Campos, M.M.; Waldroup, A.L.; Waldroup,
P.W. Bacillus subtilis C-3102 (Calsporin) Improves Live Performance and Microbiological Status of Broiler Chickens. J.
Appl. Poult. Res. 2000, 9, 149-155.

58. Smialek, M.; Burchardt, S.; Koncicki, A. The influence of probiotic supplementation in broiler chickens on population
and carcass contamination with Campylobacter spp.—Field study. Res. Vet. Sci. 2018, 118, 312-316.

Retrieved from https://encyclopedia.pub/entry/history/show/23163



