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Abstract

Growing broilers on wire flooring provides an exeat experimental model for
reproducibly triggering significant levels of lanems. In Pilot Study #1 using broilers from Line
C grown on wire flooring, adding the Biomin prob@PoultryStar® to the feed reduced the
percentage of lameness by half when compared watitebs that received the control diet alone.
In Pilot Study # 2 using broilers from Line B grown wire flooring, adding the PoultryStar®
probiotic reduced the percentage of lameness tovB&n compared with 28% lameness in
broilers that received the control diet alone. dbgective of this study was to conduct a
replicated experiment to determine if probioticagistently reduced the incidence of lameness
in broilers reared on wire flooring. Male broilgticks from Cobb-Vantress Line B were placed
at 1 day of age in pens having flat wire flooringhim environmental chambers 1 through 10
inside the Poultry Environmental Research Lab atthiversity of Arkansas Poultry Research
Farm. On day 14, birds were culled to 50 per pexdiyng a density of 1ft2/chick. A corn and
soybean meal-based diet formulated to meet minifational Research Council standards
(1994) for all ingredients was providad libitumas the control feed. Broilers in chambers 1, 3,
5, 7 and 9 were provided the control feed whilencbers 2, 4, 6, 8 and 10 were provided the
same feed mixed with the probiotic throughout tkgegiment (50 Ibs of control feed blended
with 12.5 g PoultryStar® probiotic). The birdsal pens were “walked” and observed for
lameness every two days starting on day 15 andreong until the end of the experiment on
day 56. Birds unable or unwilling to walk were gh@sed as “clinically lame” and humanely
euthanized with C&yas. They were then necropsied to assess subatliegion incidences
including femoral head separation, femoral headkiteonal degeneration, femoral head

necrosis, tibial head necrosis, and tibial dyschopldsia. Findings from the study indicate that



for broilers grown on wire flooring, diets contaigithe probiotic PoultryStar® consistently

reduced the incidence of lameness when comparédoivids fed the control diet alone.
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I ntroduction

Broiler lameness is an area of major concerneé@thultry industry and merits extensive
research with regard to its etiology and the subsetjassociation between skeletal
abnormalities and leg disorders (Skinner-Noble Beaeter, 2009). Estimated financial losses
due to skeletal abnormalities cost the broiler giduapproximately $120 million per year, or $
0.16 per broiler raised in the U.S. (Cook, 200Bacterial chondronecrosis with osteomyelitis
(BCO), formerly known as ‘femoral head necrosis’aidisease of fast growing poultry that
frequently is diagnosed in the proximal end offédraur. BCO has been recognized as one of
the most important causes of leg weakness and litpitebroiler chickens for many years
(McNamee et al., 1999). The term BCO encompassa®iic degeneration and microbial
infection occurring primarily within the proximakhd (articular cartilage or epiphysis, growth
plate or physis, and metaphysis) of the femur #idtarsus, with the caveat that other rapidly
growing bones, including the vertebrae, also magftexted (e.g., spondylopathy or spondylitis)
(Wideman et al., 2012). Broilers typically becolame with BCO late in their grow-out period,
most commonly after 30 days of age, and thus tredire is lost after significant economic input
(McNamee and Smyth, 2000; Butterworth et al., 20O was first reported as a cause of
lameness in broilers in Australia (Nairn and Watsi#v2) and has since been recognized as a
major problem in broiler flocks in other countriesluding the United States, Canada, and

Europe (McNamee and Smyth, 2000).

In a survey of broiler chickens in Northern Iredathe most predominant cause of
lameness was attributed to the development of Beofemur and tibio-tarsus that was
associated witlstaphylococcus auredicNamee et al., 1998; Rodgers et al., 2006).

Staphylococcus aureus considered one of the most prominent bactpattitogens of man and



animals with a particular propensity to infect ties of the musculoskeletal system, and is
considered the leading cause of osteomyelitis (&erehnd Gillaspy, 2000). While BCO lesions
have repeatedly includettaphylococcus aurews the most common source of bacterial
infection, other bacteria also have been isolateh BCO lesions, including but not limited to:
Escherichia colicoagulase negative staphylococci, &mterococcus spgMcNamee and

Smyth, 2000). BCO lesions may only be visiblelt® haked eye in 40 to 67% of cases, so it is
almost certainly underdiagnosed as a cause of lessesince histological examination is rarely

carried out in field studies of broiler lamenesldmee and Smyth, 2000).

Today’s broilers are routinely subjected to thesdes of fast growth, rapid weight gain,
and environmental challenges due to their housmgnaanagement, all of which can contribute
to the incidence of skeletal diseases in broiled {&! Boushy, 1974; Thorp, 1994), especially in
rapidly growing males (Santora et al., 2001; Jyl005). A common cause of lameness in these
rapidly growing birds is the separation of theautar cartilage from the growth plate. This
epiphyseal separation (epiphyseolysis, femoral lsepdration) can potentially lead to infection
(Thorp et al., 1993; Thorp, 1994; Julian, 1998ialyl2005; Durairaj et al., 2009). Infection also
develops in response to pressure-induced micradires at the physis and diaphysis of the
proximal femur and tibia (physeal osteochondrosig)ese micro-fractures form due to the
imposition of excessive torque and shear streshestructurally immature cartilaginous growth
plates of the proximal leg bones (Julian, 2005; &hdn et al., 2012). The growth plates contain
chondrocytic lacunae in which thin walled metaplayddood vessels expand and form small
vascular saccules. These micro-vascular sacamesighly permeable and permit blood-borne
bacteria to escape through discontinuities (openargenestrations) at the tips of the

metaphyseal vessels. The accumulation of baciattén this region clearly can promote the



establishment of a bacterial infection in the gtoptate, particularly in the event of sluggish
circulation (Trueta, 1959; Howlett, 1980; Thorpaét 1993; McNamee and Smyth, 2000).
Heterophils have been documented in the extravaissphces surrounding these saccules
suggesting that gaps in the growth plate can palgnharbor bacteria in direct contact with the
physeal cartilage matrix (Howlett, 1980; Howletaét 1984; McNamee and Smyth, 2000).
Bacterial foci can develop at sites where the palysasculature becomes occluded by micro-
thrombi and in small fractures and clefts that camiy develop in the femoral and tibial
cartilage due to stress and torque (Thorp, 1988&¢&raw et al., 2002). Bacterial translocation
into the circulatory system could potentially octiumough the epithelial barriers of the
respiratory system and/or the gastrointestinat, tratiating a bacterial infection such as BCO.
The micro-fracturing induced on the epiphyseal-glaysartilage due to the mechanical torque
and shear stress on broiler leg joints facilitat@snization by blood-borne bacteria translocated

from the respiratory and gastrointestinal tractsd@khan et al., 2012).

One of the major causes of the stress and torqoeglon the legs of broilers is the type
of flooring on which they are reared. When a bvalks, pressure on the floor is generated
which is a function of body weight, balance, anelWay a bird places its footing on the flooring
surface (N&aas et al., 2009). When the bird’s fapis unstable, the distribution of the body
weight and balance are upset. This imbalance @asecexcess shear and torque upon
susceptible leg joints. In a study highlighting terformance of broilers grown on litter with
those grown on a variety of raised flooring systefrgdrews et al. (1990) found that the body
weights for broilers grown on raised flooring weither superior to or not significantly different
from the body weights of broilers grown on convenél litter flooring. In a separate study,

Andrews et al. (1974) found that broilers rearedwne and litter flooring had a lower incidence



of leg abnormalities than birds raised on a plastit flooring. When leg abnormalities have
been observed in birds reared in cages with wararithg, the incidence of lameness was
attributed to a lack of exercise and locomotionhigblighted in a review by Bradshaw et al.,
(2002). Wideman et al. (2012) were able to trigggh incidences of BCO in broiler flocks
over a span of five experiments by rearing thesatrelatively low densities in raised wire
flooring pens large enough to permit normal lewxélexercise and locomotion, thus proving that

BCO can be triggered when broilers were able t&kwab exercise.

Rearing broilers on raised wire flooring can sigrihtly increase the torque and stress
imposed upon the leg bones, thereby increasinguhelinical damage to the proximal growth
plates of the femora and tibiae. The resultinghfation of micro-fractures and cartilage clefts
need not progress to clinical BCO unless bact&aalslocation, infection and proliferation
ensue. Broilers may develop BCO when bacteriar ¢éinéebloodstream from the gastrointestinal
tract and are translocated to torque- and streksead micro-fractures, voids and clefts in the
growth plates of rapidly elongating leg bones. MaoiMe and Smyth (2000) highlighted in their
review of BCO in poultry that preliminary studieshacterial interference to control
staphylococcal infections proved successful inlkdms. The mechanism of bacterial
interference, such as with the use of probiotEshought to be a function of competition by the
interfering bacterium for the same tissue recegites as the secretion of a bacteriocin that is the
bactericidal forStaphylococcus aureiicNamee and Smyth, 2000). It is our hypothdsas t
pre-treating chicks with an effective probiotic sltbreduce bacterial translocation from the
gastrointestinal tract and thereby reduce the e@rad of BCO in broilers reared on wire

flooring.



Literature Review

L amenessin Broilers Attributable to Bacterial Chondronecr osis with Osteomyédlitis (BCO)

Leg abnormalities resulting in lameness, also kmaw/ leg weakness, are considered
among the most severe welfare problems in modeaitebproduction (Weeks et al., 2000).
Talaty et al. (2009) highlighted a national sureéyroiler companies indicating that broiler
flocks experience 1.1% mortality due to leg proldesith an additional 2.1% of the birds being
condemned or downgraded at processing as a rédeff abnormalities. Estimated financial
losses due to skeletal abnormalities cost thedroitlustry approximately $120 million per
year, or $ 0.16 per broiler raised in the U.S. (C&®00). When adjusted for inflation, the
economic losses can be estimated at approximat@& illion per year in 2012 dollars. Leg
abnormalities are influenced by various factorsudimg growth rates, genetics, environmental
conditions, management, nutrition, locomotive astjwtoxins, age, and infectious diseases (Rath
et al., 2000; Talaty et al., 2009). One of the nppsminent causes of leg disorders resulting in
lameness in commercial broilers aged between 34 @rtthys is known as bacterial
chondronecrosis with osteomyelitis (BCO), whicharily is associated with lesions in the
proximal end of the femur and tibiotarsus (Thorplet1993; McNamee et al., 1999). Wideman
et al. (2012) emphasized that the term BCO encosagabe necrotic degeneration and
microbial infection that occurs primarily withindhproximal heads (articular cartilage or
epiphysis, growth plate or physis, and metaphysishe femur and tibiotarsus, with the caveat
that other rapidly growing bones including the gbrae may also be affected (e.g.,
spondylopathy or spondylitis). BCO has been doauetkas a cause of lameness in commercial
broilers since 1972 (Nairn and Watson, 1972) arsddeeen recognized as a major problem in

broiler flocks in Australia, the United States, @da, and Europe (Thorp et al., 1993; McNamee
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et al., 1999; McNamee and Smyth, 2000). MacrosedigidBBCO has been described as focal
areas of caseous exudate or lytic areas, whictec#tected bones to be fragile. Lesions
observed during experimental investigations vafieth a small pale area adjacent to the growth
plate to a large zone of yellow necrotic tissuerging from the growth plate to the medullary
cavity (Skeeles 1997; McNamee et al., 1999; McNaamekSmyth, 2000). From a diagnostic
perspective, bone histology is not routinely aphlihus the incidence of BCO is likely highly
underestimated when only macroscopic (direct v)sexdmination is used to assess the
prevalence of the condition (McNamee et al., 1998Namee and Smyth, 2000). Several
opportunistic pathogens have been isolated from BfSOns. Staphylococcus aurea@ppears
repeatedly as the most common cause of bactefetion although other bacteria also have
been isolated from BCO lesions including but notited toEscherichia coli coagulase-negative

staphylococci an&nterococcus spgMcNamee and Smyth, 2000).

Etiology of BCO

The exact pathogenesis of BCO remains unknownghkiewy there are many theories as
to the primary cause of its development (McNameak2myth, 2000). Young broilers subjected
to fast growth, rapid weight gain, and stress duiaeir housing and management are more
susceptible to skeletal diseases (El Boushy, 19@drp, 1994). Among the previously stated
non-infectious causes of lameness and leg disqrthersnost common cause can be attributed to
rapid growth rates, particularly in the case ofagpgrowing males (Santora et al., 2001; Julian,
2005). Julian (2005) emphasized that the boneapadly growing broilers may not develop
sufficient strength to support their weight towénd end of grow-out. It is common for these
lame broilers to use a wing tip for support dudimgomotion and during hip flexion on the

ipsilateral side of a leg disorder, while loudlycatizing when pressure is placed on the affected
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side (Thorp et al., 1993). Separation of the aldiccartilage from the growth plate in these
rapidly growing birds is a common cause in lamenasd epiphyseal separation (epiphyseolysis,
femoral head separation) can lead to infection (fpleb al., 1993; Thorp, 1994; Julian, 1998;
Julian, 2005; Durairaj et al., 2009). Infectios@bevelops when pressure-induced micro-
fractures occur in the physis and diaphysis ofptfeximal femur and tibia. Bacterial infection
ensues in this case leading to pain and discomfoeh heavy broilers stand and walk (Julian,
2005). McNamee and Smyth (2000) reviewed theadiobf the development of BCO. Based
on a study initially performed by Nairn and Watg&a72),Staphylococcus aurewnd/or
Escherichia colwere injected intravenously into turkeys and pistlosteomyelitis within the
terminal vessels of the growth plate. This sugge#tat osteomyelitis was caused by the spread
of bacteria from small foci of infection in the grmg ends of metaphyseal blood vessels within
the hypertrophic region of the cartilaginous gropthte (Emslie and Nade, 1983; Aldersen et

al., 1986; McNamee and Smyth, 2000).

Growth Plate Development for the Femur and Tibiotar sus

The growth plates are responsible for lengthertregdng bones such as the femur and
tibiotarsus in poultry. Once established, thesglaginous growth plates tend to be maintained
at a constant thickness: growth and proliferatiboetis in the proliferating zones is followed by
resorption accompanied by the ingrowth of metaphlyisi®od vessels and associated
undifferentiated mesenchymal cells. Regularly sdanetaphyseal vascular complexes
penetrate beyond the level of dense matricealfezdtion. This allows columns of cartilage to
extend into the metaphysis and act as scaffoldngnftial bone formation (Howlett, 1980).
Rapidly growing poultry are subjected to an inceshssk of failures of bone development and

maturation as processes that normally strengthetethbones can fail to maintain pace with the
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modern bird’s overall rate of body weight gainetleTesult is that excess physical load is
generated on immature bones, predisposing theraftordity and fragility (Rath et al., 2000).
Structural elements greatly contribute to the nattan and strength of bone; however, the
normal deposition of these elements can be affagtedr adverse conditions including stress,
infections, and inflammation that are risk factmsreduced bone integrity and bone weakness

(Rath et al., 2000).

Route of Blood-flow to Growth Platein BCO

The femoral head is particularly vulnerable to ostgelitis whenever circulation in the
metaphyseal vessels becomes sluggish due to @ bindiobility. Bacteria also may become
deposited at site of pre-existing pathologies. Tinttudes sites where the physeal vasculature
becomes occluded by micro-thrombi and in smallténees and clefts that commonly develop in
the femoral and tibial cartilage due to stresstangue (Thorp, 1988; Bradshaw et al., 2002).
The growth plates contain chondrocytic lacunaethedhin walled metaphyseal blood vessels
expand into the lacunae, forming small vasculacslas. The presence of heterophils has been
documented in the extravascular spaces surrouticesg saccules, thus suggesting that clefts in
the growth plate can harbor bacteria in direct @cintvith the physeal cartilage matrix (Howlett,
1980; Howlett et al., 1984; McNamee and Smyth, 206@wlett (1980) documented that
metaphyseal capillaries occasionally rupture, atgwlood elements to pour out into
degenerating chondrocytic lacunae. Neverthelesst blood-borne cellular elements can
escape from the blood through discontinuities (apgnor fenestrations) in the advancing tips of
metaphyseal capillaries. These openings in theteetal layer could allow any sluggish

circulation at the tips of the long narrow metapals/essels of the growth plate to facilitate the



accumulation of bacteria and thus promote the éskebent of a bacterial infection (Trueta,

1959; Thorp et al., 1993; McNamee and Smyth, 2000).

| mpact of Flooring Typeon Lamenessin Broilers

One of the major influences that should be coneiiér assessing lameness of broilers is
the type of flooring on which the birds are rear€@ctors including litter scarcity and increased
cost have the poultry industry looking for altemes to the conventional litter flooring for
broiler grow-out. Raised flooring, such as thadis the present study, can allow for the
manure to pass through the flooring and away frioenbirds. Separating the birds from their
feces reduces the broilers’ direct contact withrooeganisms found within the feces and
provides a litter free system for the grow-out péri Andrews et al. (1990) highlighted several
previous studies in which the performance of breilgrown on litter was compared with broilers
grown on a wide variety of raised floorings botlcages and in floor pens. In all of these
studies, the body weights for broilers grown osediflooring were either superior or not
significantly different from the body weights ofdidlers grown on a conventional litter flooring
system. While the type of flooring system had egative impact on body weights, the main
impact of flooring type was on the leg bones’ sittn There have been very few studies
showing a consistent incidence of leg abnormalitigzroilers reared on wire flooring. Andrews
et al. (1974) found that broilers reared on wird hiter flooring had a lower incidence of leg
abnormalities when compared with a high plastic fheating material. When leg abnormalities
have been observed in birds reared in cages withflwioring, the lameness has been attributed
to a lack of locomotion and exercise. Bradshael.g2002) noted that past studies of broilers
housed in cages where exercise is restricted shughancidence of skeletal disorders

attributable to ‘twisted leg' or 'slipped tenddasso known as perosis) when compared with
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group-housed birds with a litter floor. SimilarBndrews and Goodwin (1973) attributed
previously reported differences in tibial breakstigength between cage and floor-reared birds to
a lack of exercise in birds reared in cages. Whieindawalks, pressure on the floor is generated
which is a function of body weight and balance &nahn indication of the way the bird places its
footing on a particular surface (Naas et al., 200&hen the bird’s flooring is unstable, the
distribution of the body weight and balance arestipsausing excess shear and torque upon
susceptible leg joints. Wideman et al. (2012) vadske to successfully upset this balance and
weight distribution by creating a raised wire flogy model. The wire flooring model
reproducibly triggered significant levels of lames@nd BCO in birds beginning approximately
at 4-5 weeks of age. Presumably the mechanicabnrtiauma to the epiphyseal cartilage caused
by footing instability produces niches and cleftshe damaged cartilage, thereby facilitating

colonization by blood-borne bacteria and resultmthe development of BCO.

Pr evious Studies on the Etiology of BCO

Previous attempts to evaluate the etiology of B@@ehbeen performed within broiler
flocks; however, in most cases, the birds have Ibgeoted intravenously with bacteria in an
attempt to induce infection within the femoral aridal joints. Emslie and Nade (1983) injected
30 chickens intravenously at 29 days of age Bitphylococcus aureuis an attempt to induce
abscess formation in the growth plates of the lomiges. Histologic observations were restricted
to the development of abscesses in the proximial éibd distal femur of the left leg. In their
study, birds were necropsied at 6, 12, 24, 48,@b1®2 hour intervals after the bacterial
injection. Birds necropsied 24 hours or more dfi@sterial injection exhibited osteomyelitis
(infection of the bone). In birds that were neaied less than 24 hours post-inoculation,

microscopic examination revealed osteomyelitic fidihe end of the metaphyseal tunnels
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within the hypertrophic zone of cartilage formatiarthe growth plate. The histologic
examination of the experimental abscesses confitiregbacteria were deposited initially
within the metaphyseal vessels, which are the tehfiranches of the nutrient artery and supply

the zone of cartilage transformation in the gropitite.

Potential Routes of Bacterial Translocation

While Emslie and Nade (1983) provided details ofvftbe bacteria were able to
successfully colonize the growth plate of broilengy failed to show how bacterial translocation
occurs under normal commercial growing conditiansestheir experimental protocol involved
inoculating the birds intravenously with bacter@inev (2009) highlighted a report by Riddell
(1997) stating thabtaphylococcus spvas the most common bacterium isolated from
arthritis/tendonitis/osteomyelitis in broilers fromest Canada. He went on to note an additional
increase in the presence of musculoskeletal irfe@ssociated witkscherichia coli With
these bacteria being the common microbial detemmténia leg disorders, theories regarding the
probable routes of infection have been proposegweral previous reports. Staphylococci are
normal inhabitants of the skin and upper respiyati@ct such as the nares and mouth of healthy
birds (Zhu et al., 1999). With this bacterial pagjo being commonly seen in broilers, routes of
entry must be available for the pathogen to cansafaction leading to an occurrence of BCO.
There are three proposed routes to which the baoterould enter the circulatory system and
thus cause disease within the broiler. One rotgpgsed by McNamee and Smyth (2000), was
based on an earlier study (Smith, 1954), in whibla&erial infection was thought to be
associated with conditions in which wounding, autarly of the feet, was likely to occur. This
would be considered an obvious route of entry sBte@hylococcus aureus normally found on

the skin surface of broilers. While this is a @idle theory, it is likely not the most prominent

11



route for bacterial translocation for a large papioh of broilers. Another portal for bacterial
infections in poultry could be through the epitakbarrier of the respiratory tract. Respiratory
exposure is considered a major route of entrytipwlsylococcus, as poor air quality and/or “hot”
respiratory vaccines can facilitate staphylocoecdty (Jensen and Miller, 2001). A third
possible route for bacterial entry into the cir¢otg system is through the gut wall via
gastrointestinal leakage. Jensen and Miller (2@dte that it is plausible for staphylococcal
organisms to enter the blood stream through ttesiimal blood vessels if the protective lining of
the intestine were to be damaged as could occumglan outbreak of coccidiosis. This is why
effective control of coccidiosis is considered esise for reducing the possibility of systemic

bacterial infection (Jensen and Miller, 2001).

Role of Probiotics

In a review describing the role of probiotics i foultry industry, Kabir (2009)
summarized the mechanism of action of probiotigsaultry to include: (i) maintaining normal
intestinal microflora by competitive exclusion amatagonism; (ii) altering metabolism by
increasing digestive enzyme activity and decrealsaxerial enzyme activity and ammonia
production; (iif) improving feed intake and digestj and (iv) stimulating the immune system of
the bird. Since the 1950’s, antimicrobial ageragehbeen used in animals at subtherapeutic
concentrations in feed additives as a means of gtiopngrowth and ostensibly by reducing the
risk of bacterial infections of animals bred fomtman consumption (Hamer, 2002). Although the
full impact on humans is unknown, several studies the past decades have shown that this
practice results in low-level exposure to antimiigats in people who consume animal products,
and their use in animals appears to be an impaottaritibuting factor in the development of

antibiotic-resistant bacterial pathogens harmflidmans (Hamer, 2002). In 1994, the World
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Health Organization deemed probiotics to be thé-neost important line of defense after
commonly prescribed antibiotics are rendered usdigsantibiotic resistance (Drisko et al.,
2003). With the increased scrutiny regarding the af antimicrobial agents in food animals in
today’s agricultural market, the use of probioassa means of prevention and treatment of
disease is a logical choice that must be evaluatedterinary medicine for future use (Weese,
2002). Although a number of definitions have bpeyposed to describe probiotics, an
appropriate definition was suggested by the eanmk of Havenaar et al. (1992), who defined
probiotics as “mono or mixed cultures of live migrganisms which, when applied to animal or
man, beneficially affect the host by improving fireperties of the indigenous microflora”
(Holzapfel et al., 1998). The normal microfloratié intestinal tract of poultry consists of a
diverse population of bacteria which are in a cotitipa for survival as they compete for
various attachment sites and nutrients from ingeassing through the intestine (Jeffery, 1999).
Microbial populations within the gastrointestinaddt of poultry can colonize very quickly after
hatching (O’'Dea et al., 2006). It is during theslg time period when a stable gut microflora is
most needed because the chick is most vulneralgleldaization by undesirable pathogens
(O’'Dea et al., 2006). Probiotics may play a sigaifit role in gut microflora health by having
the potential to reduce plasma concentrations cteloi@al endotoxins, at least in part by
inhibiting translocation of bacteria across thetigastestinal wall into the bloodstream

(Vanderhoof, 2001; Drisko et al., 2003).

Selection of Probioticsfor Poultry

Kabir (2009) reviewed the earliest investigatiohthe use of probiotics in poultry,
including the pioneering work of Nurmi and Rant@l873) who implied that naturally occurring

intestinal microorganisms from adult chickens thate resistant t&almonellamight be used in
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very low challenge oral doses into the crop of Ekveld chicks to achieve adult-type resistance
to Salmonella While Nurmi and Rantala (1973) achieved thd Brgccessful “competitive
exclusion”, as it became to be known, they diddeshonstrate a practical method for
distribution of their bacterial interference todks of thousands of birds. Over time, methods
were developed for administering probiotic suppletaén animal feed including pellets,
capsules, pastes, powders and granules (Fulle®) 19%ere are many perceived desirable traits
for the selection of functional probiotics, incladi (i) probiotics must be normal inhabitants of
the gut; (ii) probiotics must be able to adheréhwintestinal epithelium and overcome potential
hurdles such as low pH in the stomach and the pcesef bile acids in the intestine; and, (iii)
probiotics must be able to successfully competa wiher micro-organisms in the
gastrointestinal tract (Kabir, 2009). A varietyroicrobial species have been used as probiotics,
including the species @acillus Bifidobacterium Enterococcusk. coli, Lactobacillus
LactococcusStreptococcusa variety of yeast species, and undefined mixdtdiies (Patterson
and Burkholder, 2003). The most common probidticsnonogastric animals, such as pigs and
poultry, are yeastsS@ccharomyces boulardliand bacterialactobacillusspp.,Enterococcus
spp.,Pediococcuspp.,Bacillusspp.) targeting the hindgut where an abundantwangdiverse
microbial population resides, mainly composed daftéaa and archaea (Chaucheyras-Durand

and Durand, 2010).
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Hypothesis

Rearing broilers on wire flooring significantlyareases the torque and stress imposed
upon the leg bones, thereby increasing the subalidiamage to the proximal growth plates of
the femora and tibiae. The resulting formation afnamfractures and cartilage clefts need not
progress to clinical lameness unless bacteriattidie and proliferation ensue. Broilers develop
lameness attributable to BCO when bacteria arslwaated from the gastrointestinal tract into
the systemic circulation, thereby causing the idecof torque- and stress-induced micro-
fractures, voids and clefts in the growth platesapidly elongating leg bones. It is our
hypothesis that pre-treating chicks with an effexprobiotic should reduce bacterial
translocation from the gastrointestinal tract ameteéby reduce the incidence of BCO in broilers

reared on wire flooring.
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M aterials and M ethods

A replicated experiment was conducted to deternifitiee Biomin Probiotic
PoultryStar® could consistently reduce the incigeatlameness in broilers reared on flat wire
flooring. Male broiler chicks from Cobb-Vantresmé B were placed at 1 day of age in pens (5
x 10 feet) containing flat wire flooring within emenmental chambers 1 through 10
(dimensions: 3.7 m long x 2.5 m wide x 2.5 m higisjde the Poultry Environmental Research
Lab at the University of Arkansas Poultry Resedfalm Eigure1). The environmental
chambers utilized single-pass ventilation at a wotigate of 6 rhper minute per chamber.
Initially the chicks were placed at 90 per pen, andlay 14 of the experiment, the birds were
culled down to 50 per pen in order to provide asitgrof 1 f£ per chick. The photoperiod was
set for 23 hours of light and 1 hour of darknesgtie duration of the experiment.
Thermoneutral temperatures were maintained thrautgB@°C for days 1 to 3, 31°C for days 4
to 6, 29°C for days 7 to 10, 26°C for days 11 todrH 24°C thereafter. Two tube-type feeders
were positioned at the front of the pen and oneabnipple waterers was positioned at the back
of the pen, thus forcing the chicks to travel egth of the floor to eat and drinkigure 1). A
corn and soybean meal-based diet formulated to mggtnum National Research Council
standards (1994) for all ingredients was providddibitumas the control feed. Broilers in
environmental chambers 1, 3, 5, 7, and 9 were geavihe control feed throughout the
experiment. Broilers in chambers 2, 4, 6, 8, abaviére provided the same feed mixed with the
Biomin probiotic beginning on day 1 and continuthgoughout the experiment (50 Ibs of
control feed mixed with 12.5 g Biomin probiotic RoyStar®). The PoultryStar® probiotic is a
proprietary blend of drieeinterococcus faeciumBifidobacteriumanimalis

PediococcusacidilacticiandLactobacillus reuterfermentation products.
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Beginning on day 15 and continuing until the cosmn of the experiment on day 56, all
birds in each pen were walked every two days tk foo symptoms of lameness. Birds
exhibiting an obvious limp in their gait while dipg one or both wings and/or birds that had
difficulty in standing were diagnosed as beingichily lame and were humanely euthanized
with CO, gas. All birds that died or developed clinicahkness were recorded by chamber
number and the date on which they were removed thenexperiment. The birds were then
necropsied to assess sub-clinical lesion incideridesropsies were performed within 30
minutes of euthanasia in order to minimize posttemrinduction of epiphyseolysis. Based on
necropsy observations, birds were assigned to btie dollowing categories: Normal = femur
head and proximal tibia head appear entirely nar@all = runts and individuals that failed to
thrive or appeared to be clinically ill; U = unknowause of death; NE = necrotic enteritis; SDS
= sudden death syndrome (flipover, heart attadkids = pulmonary hypertension syndrome,
ascites; KB = kinky back (spondylolisthesis); TWwisted leg or slipped tendon (perosis); TD =
tibial dyschondroplasia; Lame-Unk = lameness fatatarmined reasons; FHS = proximal
femoral head separation (epiphyseolysis); FHT xipmal femoral head transitional
degeneration; FHN = proximal femoral head necrodifi\ = tibial head necrosis; and, Total
Lame = KB + TW + UNK + TD + FHS + FHT + FHN + THNOn days 56 and 57, the birds
remaining in all chambers were weighed, euthanaretinecropsied to assess sub-clinical lesion
incidences. Lameness incidences or proportion wemgared using Z-tests (Sigma-Stat), using
the individual bird or leg as the experimental ynit= number of birds or number of legs

evaluated).
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Figure 1. Pens constructed with flat wire flooring and plagéthin ten environmental chambers
(dimensions: 3.7 m long x 2.5 m wide x 2.5 m highdhe University of Arkansas Poultry
Research Farm. Feeders were placed at the frahegfen and a nipple watering system was
placed at the back of the pen forcing the birdsaweel the length of the pen to eat and drink.
This experimental model reproducibly triggers siigant levels of lameness attributable to
BCO.
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Results

When the cumulative data for clinical lamenesseoled from days 15 through 56 were
evaluated for the individual environmental chamli§ergure 2), some variability was observed
within each diet treatment (Control feed = odd-nened chambers; Biomin feed = even-
numbered chambers). Although variability was nptexstatistical difference was found in the
incidence of lameness within each respective treatrfe.g. comparing Control chamber 1 =
44% vs. Control chamber 7 = 20%: P = 0.089; Bioatiamber 2 =24% vs. Biomin chamber 10
=10%: P =0.173). Nonetheless, the differenadimcal lameness between the diet treatments
(chambers pooled) was highly significant (P = 0)J@1gure 2). Broilers that were given the
probiotic feed developed approximately two-thirkds bverall incidence of lameness when

compared with broilers fed the Control diet aloh®.6% vs. 33.2%, respectively).

The diagnoses for the development of clinical laess of birds from day 15 to day 56
are shown according their particular diet treatmé@mEigure 3. Using the diagnostic hierarchy
shown inAppendix A, clinically lame birds that did not have an obs@ause for their
lameness such as Twisted Leg or Spondylolisthesigdabe euthanized and have their femoral
heads evaluated for further observation. A birdid@nly be assigned a diagnosis of THN as
the reason for lameness when obvious lesions giritramal femoral head (FHS, FHT, and
FHN) were not present. If a clinically lame birésvto exhibit both a femoral head lesion and
tibial head lesion, then the femoral head lesion gigen priority for the underlying diagnosis.
The most prevalent diagnoses for lame birds werl, THHN, and FHS. Incidences of
spondylolisthesis, FHT, and FHN did not differ sfgrantly between the diet treatments (P =

0.137, 0.280, and 0.592, respectively); however pircentage of clinically lame birds
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diagnosed as having THN did differ significantlyween the Control and Biomin diet

treatments (P = 0.008; Z-test).

All birds succumbing to clinical lameness throutgty 56 were necropsied in order to
evaluate the incidence of macroscopic lesionsemtioximal femoral and tibial heads of both
legs to see if any correlation occurred that waultke one leg more susceptible than the other to
developing lesionsFigure 4 illustrates the incidences of all lesions that waveerved in both
legs of clinically lame birds from both diet treants, for a combined total of 244 left and right
legs in the comparison. When pooled by diagnostiegory independent of diet treatment
group, no tendencies were revealed for lesionsrto preferentially in either the left or right leg
(P> 0.602; Z-test). Differences in the percentagesH®, FHT, FHN, and THN illustrated in
Figures 3 and4 reflect differences between the hierarchically dant lesion to which clinical
lameness was attributeBigure 3, Appendix A) versus all of the lesions that were detected in
all of the proximal femoral and tibial heads up@tnmopsy Figure4). For instance, if a broiler
had FHS in one femur, FHN in the second femur, ®BAN in one tibia, then a diagnosis of
'FHN' would have been recorded as the reasonifucal lameness ifrigure 3, but all three

lesions were included iRigure 4.

Broilers that survived to day 56 without develapaiinical lameness were weighed and
necropsied. Individual body weights by chamberstu@wvn inFigure5. The average body
weight for chamber 9 was significantly higher tliae average body weight for chamber 10
(3.48 £ 0.05 kg vs. 3.17 + 0.05 kg, respectivelgad + SEM; P = 0.001), but chamber 10 also
was found to have the lowest mortality of all chans(10%Figure 2) and therefore had the
highest bird density. Crowding and thus restriciedess to feeders may have slightly altered

potential growth for chamber 10. Another comparittwat was found to differ significantly in
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average body weight was for Biomin chamber 6 ve@ustrol chamber 7 (3.42 £ 0.10 kg vs.
3.20 + 0.05 kg, respectively Mean £ SEM; P = 0.08@wever, none of the remaining
comparisons among chambers differed @173), nor was there a significant difference mvhe
the average body weights were pooled by diet treatrand compared (Control = 3.35 £ 0.03

kg, n = 154; Biomin = 3.27 £ 0.03 kg, n = 177, MeaSEM; P = 0.081).

Figure 6 demonstrates the diagnostic categories for thdegi8(all birds pooled by diet
treatment) of all broilers that survived to dayvéiéout developing lameness. FHS was
observed in 53.2% of the birds fed the Control died in 58.2% of those fed the Biomin diet,
yet the incidences of FHT, FHN, and THN were lésnt12% for both diet treatments. The
incidence of FHN tended to be higher in the biet$the Biomin diet treatment, yet there was no
significant difference when comparing the Contriet dor incidence of FHN (P = 0.106). In
addition, the remaining diagnostic comparisons betwtreatments also did not differ
significantly (P = 0.139 for THN). Throughout thwole population of survivors, only 26%
were categorized as having macroscopically normadimal femoral and tibial heads; however,
74% from both diet treatments combined were docteteas having at least one lesion that
characterized the bird as having the sub-clinic&ptial to become lame (FHS, FHT, FHN, or

THN). Of this percentage, 66 to 70% of the lesiwese located in the proximal femoral head.

Figure 7 illustrates comparisons of the left vs. right l@geen pooled by diagnostic
category for day 56 survivors independent of tlet tieatment group. No evidence was found
that linked sub-clinical lesions forming prefereatiyr in either the left or right leg. Regardleds o
whether the proximal femoral head was normal orletdd FHS, FHT, or FHN within the same
leg (right and left legs combined), the ipsilatgradximal tibial head was significantly (Femur

Normal, Femur FHS, Femur FHT) or numerically (FeratiN) more likely to remain normal
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rather than to exhibit macroscopic indications BiNTI(Figure 8) (P = 0.001, 0.001, 0.001, and

0.341 respectively).

Figure 9 summarizes the principle diagnostic categorieslfidoirds that developed
clinical lameness versus all birds that surviveddg 56 without developing clinical lameness
(left and right legs and diet treatments poolecttbgr). When reviewing the femoral diagnostic
categories, the day 56 survivors had higher ina@dsmof FHS, but lower incidences of FHN
when compared with clinically lame birds (P = 0.DOEor tibial head observations, the
surviving broilers had higher incidences of nortilz@ibe and lower incidences of THN when
compared with the clinically lame birds (P = 0.000)inically lame birds were found to exhibit
THN in 59.3% of the population while only 40.7%tbé& lame birds were found to have normal
tibiae. For the surviving population only 13.6%tloéir tibiae displayed THN while 86.4% were
normal (P = 0.001). These findings provide solitlence that there is a specific and highly

significant relationship between clinical lamenasd THN.
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APPENDIX A: Clinical Lameness Diagnostic Sequence

Diagnosis Sequence

Observe Lame Bird

.

Obvious Cause

v

Twisted Leg
Slipped Tendon

2-4 weeks of age

%

Kinky Back

Spondylolisthesis

Spontaneous Recovery?

v

Unknown Cause

Unwilling to stand or walk
Wing droops for support
Unsteady, hobbled gait
Trampled by flock mates

!

Euthanize

Twist femur head out of pelvis

!

Normal Cartilage Cap

(Stays on femur head)

¥

Slice Tibial Head for TD or THN

¥

Tibial Dyschondroplasia
(Plug in tibial head)

or

Tibial Head Necrosis
(Caseous exudate)

(Tibial head crumbles)

or

Lame-Unknown

(No TD plug evident)

23
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Femoral Head Separation

(Cartilage cap stays in pelvis

v

Femoral Head Transitional

(Femur head perforated)

v

Femoral Head Necrosis

(Femur head breaks off)




L ameness per Environmental Chamber or Diet Treatment
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Figure 2. Broilers from Line B were grown on wire flooring @nvironmental
chambers and were fed either a Control diet (CoReed, odd-chambered chambers)
or the control diet mixed with the Biomin Poultrg8® probiotic (Biomin feed, even-
numbered chambers). Lameness incidences are dhoindividual chamber
(numbers 1 to 10) as well as with the chambersgabby diet treatment (Control diet

vs. Biomin diet).a'bThe lameness incidences for all chambers pooletidiytreatment
differed significantly (P = 0.001; 77/238 for Caitdiet, 45/250 for the Biomin diet)
based on a Z-test. (Percent clinically lame Cdmgroup: 33.4 + 4.09 standard error,
Percent clinically lame Biomin group: 19.6 + 3g&andard error.)
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Percentage of Total Lame

Diagnosis Categoriesfor Clinically LameBroilers
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Figure3. Diagnosis categories for clinically lame broileexifthe Control diet or
the control diet mixed with Biomin PoultryStar® profic included: Lame-
Unknown (cause of lameness could not be determirgandylolisthesis (kinky
back); FHS (femoral head separation); FHT (fembeald transitional
degeneration); FHN (femoral head necrosis); and\ Ttibial head necrosis}P
THN incidences differed significantly between then@rol and Biomin diet
treatments (P = 0.008; Z-test). Incidences of Sptmtidghesis, FHT, and FHN did
not differ significantly between the diet treatme(® = 0.137, 0.280, and 0.592
respectively).

25



Per cent of Total Evaluated Clinically L ame Birds!s

L eft vs. Right Leg Comparisonsfor Clinically Lame Broilers
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Figure4. All birds succumbing to clinical lameness thrbl days of age were
necropsied to evaluate the incidence of macrosdepions in the proximal

femoral and tibial heads of both legs for both theatments. Diagnostic
categories for the femur include: Normal, FHS, FEiTd FHN. For the proximal
tibial head, diagnostic categories included NornmalldN. When pooled by
diagnostic category independent of diet treatmeniifg no tendency was revealed
for lesions to form preferentially in either théler right leg (P0.602 for THN; Z-
test).
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Body Weights of Survivorson Day 56
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Figure 5. Broilers that survived through day 56 and did retelop lameness were
euthanized and weighed prior to being necropsiedividual body weights are
displayed by chamber number and correlates to tesjrective diet treatments (Odd-
numbered chambers: Control diet; Even-numbered beesnControl diet plus Biomin
PoultryStar® mixed into feed). The average bodighiegfor Control chamber 9 was
significantly higher than for Biomin chamber 1048+ 0.05 kg vs. 3.17 £ 0.05 kg,
respectively, Mean + SEM; P = 0.001). In additithe average body weight for
Biomin chamber 6 was significantly higher than @ontrol chamber 7(3.42 + 0.10 kg
vs. 3.20 = 0.05 kg, respectively Mean + SEM; PG36); however, none of the
remaining comparisons among chambers differedfsgnitly (P> 0.173). (Average
Control group weight: 3.35kg * 0.15 kg standamberverage Biomin group weight
3.27 kg £ 0.18 kqg)
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Percentage of Total Evaluated (

Diagnosis Categoriesfor Survivorson Day 56

80 7 mmmm Control - 80
] Biomin [

70 - 70
60 — — 60
50 - 50
40 - - 40
30 - 30
20 — — 20
10 10
0 - 7 7 _t7l .ﬁ 4 | 0

Normal
FHS

FHT

zZ zZ

T I

i —
Categories

All Femur -

All Lesionss;

Figure6. All broilers that did not succumb to clinical langss were necropsied on
day 56 to evaluate the incidence of sub-clinicatnmscopic lesions in the proximal
femoral and tibial heads. Combining diet treatmemid left and right legs, 658 legs
were evaluated. Diagnostic categories for the fantluded Normal, FHS, FHT, and
FHN. Diagnostic categories for the proximal tibialad were normal or THN. The
incidence of FHN tended to be higher in birds fieel Biomin diet; however, when
compared to the control diet, the incidence of FHnot differ significantly nor did
any of the remaining comparisons of diet treatmbets/een diagnostic categories (P

>0.106 for FHN; Z-test).
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Per centage of Total Evaluated

L eft vs. Right Leg Comparisonsfor Survivorson Day 56
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Figure7. Broilers that did not develop clinical lameness evaubjected to

necropsy on day 56 to evaluate the incidence ofcbaisal macroscopic lesions in

proximal femoral and tibial heads. A total of 6884 were evaluated when

combining diet treatments and left and right le@sagnostic categories for femur

included: Normal, FHS, FHT, and FHN. Proximalidithead diagnostic
categories included Normal or THN. When pooled agdostic category

independent of diet treatment group, no tendency/rexealed for lesions to form

preferentially in either the left or right leg (P£60 for FHS; Z-test).
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Same-Leg Femur vs. Tibia Correlations for Day 56 Survivors
(Right & Left Legs Pooled; Control & Biomin Pooled)
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Figure 8. Broilers that did not develop clinical lamenesseweecropised on day 56
evaluate the incidence of sgbnical macroscopic lesions in proximal femoratldibial
heads (658 right and left legs combined for bo#t tieatments). Regardless of whet
the proximal femoral head was normal or exhibitad of the macroscopic lesions, witl
the psilateral leg the proximal tibial head was sigrahtly (Femur Normal, Femur FHS,
Femur FHT) more likely to remain normal rather tham®xhibit macroscopic indications
THN (P=<0.001,<0.001, and <0.001, respective-test).
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Percentage of Total Evaluated

Diagnosis Categoriesfor Clinically Lamevs. Survivors
(Right & Left Legs Pooled; Control & Biomin Diets Pooled)
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Figure9. Combining both diet treatments 128 birds develageital lameness and
329 birds survived to Day 56 without succumbindatoeness. Combining left and
right legs, 256 and 658 legs were evaluated witténclinically lame and survivors
groups, respectively. Different superscripts derosignificant difference (P = 0.001)
between the clinically lame and survivors groupthinia diagnostic category
(Normal femur, FHS, FHT, FHN, Normal Tibia, and TH{ -test).
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Discussion

The goal of this study was to evaluate the effyaaicadding the Biomin probiotic
PoultryStar® to the broilers’ feed beginning ataly @f age, in an attempt to reduce the
incidence of lameness triggered by wire floorifidhe mode of action by which probiotics
reduce the infection of susceptible leg joints iegdo lameness is relatively unknown at this
time. It is possible that stress elicited by vasidactors, such as the wire flooring model, tend t
create an imbalance in the birds’ intestinal micn@f thus lowering the body’s defense
mechanisms. The wire-flooring model promotes higiwgh rates and normal levels of activity
at lower stocking densities when compared with aageing systems, while using unstable
footing to impose additional torque and strain osceptible leg joints (Wideman et al., 2012).
However, the continuous feeding of probiotics tolpg could maintain beneficial intestinal
microflora by competitive exclusion and by antagtioiactivity towards pathogenic bacteria
(Jin et al., 1997). Probiotics allow birds to obtdéne proper microbial balance thus allowing
them to receive a “boost” in the establishmentrofppropriate or beneficial microbial
population (Jernigan et al., 1985). In additiomlgotics can allow a reasonable alternative to
the use of antibiotics which may potentially upsetmal microflora and lead to collateral

problems such as the development of drug-resibteteria (Awad et al., 2009).

Mild, moderate, or severe physeal osteochondregis, the formation of clefts, voids
and micro-fractures in the growth plate and metaphycartilage), often occur in seemingly
healthy broilers that display no symptoms of lanssn&his suggests that mechanical damage to
the proximal growth plates of leg bones alone naybe the sole origin to the incidence of
lameness, but rather that ensuing bacterial irfestwithin osteochondrotic clefts, such as that

caused by excessive torque and shear stress feomitd flooring, is the main cause for the
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development of BCO in broilers (McNamee et al.,898&ideman et al., 2012). Sluggish
circulation in metaphyseal vessels that are mechiyidamaged or partially occluded also may
contribute to bacterial infection within the epiglal-physeal cartilage (Thorp and Waddington,
1997, Wideman et al., 2012). The actual incidesfd&@CO is likely to be underestimated during
investigation of lameness in broilers unless tleaviin plate of the femur and tibiotarsus are
examined for lesions both macro- and microscopiddMicNamee and Smyth, 2000). Broilers
may remain fully capable of standing and walkinghwén acceptable gait yet still possess early
lesions that are consistent with the pathologicagjession to terminal BCO (Wideman and
Pevzner, 2012; Wideman et al., 2012). Evidend&isfwas found in the survivors on day 56
where the birds were capable of walking withoutikiimg obvious symptoms of lameness, yet
they often displayed early BCO lesions (Figures,@). Another factor tested with this
experiment involved the comparison of all four proal growth plates and the potential
influence of lesions to form preferentially on ipsilateral or contralateral legs (Figure 7). No
evidence was found that linked sub-clinical lesitorening favorably in either the left or right
leg nor did the status of the proximal femoral hdatkrmine the status of the ipsilateral or
contralateral proximal tibial head or vice ver3dese findings are consistent with the proposal
by McNamee et al. (1998) that physeal chondroneciegust as commonly found in healthy,
sound birds as it is in lame birds and that thggiring factor for birds succumbing to lameness
is infection and bacterial colonization of the dged areas. In addition, the observations of the
present study were also consistent with reportShmyp et al. (1993) who found that ‘proximal
femoral degeneration’ (now known better as BCO) miast commonly attributed to a bacterial
infection that caused a bacterial chondritis ofépghyseal and physeal cartilages as well as

metaphyseal osteomyelitis with varying involvemehsurrounding tissues including the
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articular cartilage. Furthermore, the conditiohgwéectious and non-infectious cases were
histologically distinct from one another. The ictieus cases were noted as having bacterial foci
surrounded by a distinct region of chondrocyte ogisrand cartilage degeneration, whereas non-
infectious cases were characterized by vasculdusion, cleft formation, and focal
disorganization and degeneration of the cartilag&ima These findings collectively suggest that
the pathogenesis of BCO is not instantaneous ay subiclinically affected broilers may not
exhibit obvious symptoms of lameness and yet thay still possess lesions primarily consisting
of osteochondrosis. It is only when bacterial atifen ensues in these osteochondrotic clefts that
the sub-clinically affected birds begin sufferimg tadverse effects of lameness due to BCO

(Wideman et al., 2012).

Environmental stressors and immunosuppression lheae associated with the etiology
of spontaneous BCO outbreaks in commercial briideks (Wideman and Pevzner, 2012). In a
review of skeletal disorders in fowl, Thorp (19%#®scribed the condition known as
osteochondrosis as a disturbance of endochondsiiicasion that occurs in the extremities of
bones that have been growing normally. He listaréety of lesions that have been described in
the proximal femur of growing broilers including taphyseal osteomyelitis with separation of
the proximal femur from the shaft, and separatibtine cartilaginous epiphysis from the femur
on dis-articulation of the coxofemoral joint. Thdgsions in some cases may be attributed to
underlying pathologies of the growth plate incluglosteochondrosis, osteomyelitis, and
dyschondroplasia and trauma with subsequent epephyas (Thorp, 1994). Microscopic
lesions of osteochondrosis in the fowl include thbosed and occluded vessels in both the
cartilaginous epiphysis and the proliferating zohéhe physis, as well as distinct tears or clefts

that occur in the cartilage (Thorp, 1994). Thewalkclefts and other focal disturbances in the
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physis of the femur and tibiae are thought to ftaté bacterial colonization and ultimately lead
to the development of BCO. The wire flooring modséd in the present study amplifies
mechanical stress on the proximal growth platescaindnically applies additional torque and

shear stress on susceptible leg joints, leaditigeaevelopment of significant levels of BCO.

El-Lethey et al. (2003) demonstrated that the iment@sponse of chickens can be
compromised by the stress-related parameters iadohith both genetic and environmental
factors. The effect of stress on the immune syssamediated either by endocrinological
changes, involving the hypothalamus—pituitary—adoamtical (HPA) axis, or by the
involvement of the sympathetic nervous system andapeptides. The primary glucocorticoid
secreted in stressful situations by the avian adrmgland is corticosterone. This glucocorticoid
induces immunosuppression and thus jeopardizdsititis antimicrobial resistance. El-Lethey
et al., (2003) found that when chickens were howuseslat surfaces instead of deep floor litter,
profound immunosuppression ensued. A related stadyperformed by Huff et al., (2000) who
revealed that rapidly growing turkeys can develstgomyelitis of the proximal tibial head
(turkey osteomyelitis complex; TOC) due to bactes@onization by opportunistic pathogens.
The incidence of TOC increased when turkeys expeei@€nvironmental stressors and
subsequent immunosuppression typical of moderrtut&gy production. Stress-mediated
immunosuppression can reduce the birds’ resistembacterial infection. A number of different
bacterial species have been isolated from TOCnesimowever, the most prominent
opportunistic pathogens isolated w&taphylococcus aureamdEscherichia coli With several
different bacterial strains having been isolatedfifTOC lesions, it is proposed that this
condition may be influenced more by the immunolabstate or the environmental stressors

imposed upon the host instead of by the viruleri@y single species or strain of bacteria (Huff
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et al., 1998; Huff et al., 2000). These findingggest that environmental factors, such as the
type of flooring system that birds are reared upam, indeed influence the birds’ immune
response and their ability to fight off potentialttipogenic bacterial infections. Probiotics
therefore may be used to bridge the gap creataahimynosuppression from environmental
stressors, by priming the birds’ immune system Wweheficial microbes. Birds with a suitably
primed immune system may be able to better defgathst opportunistic pathogens when

environmental stress otherwise compromises théendes.

Various stressors (e.g. burn, surgery, and hemgigtsnock) promote the translocation
of indigenous bacteria from the gastrointestinatttto extraintestinal sites, including the
mesenteric lymph node complex, liver, spleen ahdrobrgans (Ando et al., 2000). These
observations provide a plausible basis for bacteaiang a route of entry into the circulatory
system and becoming redistributed into suscepiégig¢oints in birds with BCO. Regarding the
role of bacterial translocation and bacteremidadtiology of BCO, probiotics hypothetically
may reduce the onset of lameness by competitivadiuding potentially pathogenic bacteria
through the addition of beneficial intestinal orgams in chicks and poults in the early stages of
broiler placement. The competitive exclusion apphoaf inoculating day-old chicks with adult
microflora successfully demonstrates the impac¢hefintestinal organism on disease resistance
and intestinal function (Kabir, 2009). This wiltimately lead to influences in the development
of the chick’s immune response as the probiotidsommpete for (unspecified) receptor sites
within the gut (Mead, 2000; Kabir, 2009). The cepicof a balanced intestinal microbiota
enhancing resistance to infection and reductiaiesstance when the intestinal microbiota is
disturbed is important in understanding the micrbbst relationship. While the constitution of

balanced and disturbed populations is not cleataicemicrobial populations, lactobacilli and
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bifidobacterial species, appear to be sensitiatrass and tends to decrease when a bird is under
stress (Patterson and Burkholder, 2003). Withelte® species being represented within the
PoultryStar® probiotic, is reasonable to concut tha addition of this probiotic to the feed can
ultimately prime the immune system in advance #ss-associated mediators and create a more

improved, healthy gastrointestinal tract for thelbi

Adding the Biomin PoultryStar® probiotic prophyleetlly to the control feed at 1 day of
age significantly reduced the incidence of lamerfe$soilers reared on wire flooring when
compared with hatch-mates grown on the same woifig and fed the control feed alone (19.6
vs. 33.2 % respectively; P = 0.001). As it is ently understood, our wire flooring model
promotes osteochondrosis by chronically amplifytimg mechanical stress and torque imposed
on the epiphyseal-physeal cartilage, thereby enhgrle incidence of physeal osteochondrosis
accompanied by mechanical truncation or thrombmtatusion of metaphyseal vessels
(Wideman et al., 2012). The addition of the prabitheoretically lowers the incidence of BCO
by modifying the normal gut microflora and thuswueithg the likelihood for potential
translocation of pathogenic bacteria from the gastiestinal tract to the osteochondrotic clefts
and damaged metaphyseal vessels. Reduced battmglbcation should reduce bacterial
colonization and lameness attributable to BCO. évimus study using the Biomin PoultryStar®
probiotic was conducted by Mountzouris et al. (200fich focused on the effect of the
probiotic on broiler growth performance and the position of cecal microflora. This research
showed that the probiotic resulted in beneficiatiation of the gut microflora, as evidenced
by significant (P< 0.05) increases in the concentration of bacteziariging to the
Bifidobacterium spp Lactobacillus spp and gram positive cocci. These positive respens

were noted in experiments in which the probioticwwdministered in both feed (PF) and water
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forms (PFW) and compared against a control feedaatitiotic (avilamycin) feed treatment. In
a follow up study, Mountzouris et al. (2010) confed the potential of the Biomin PoultryStar®
probiotic’s ability to fortify beneficial microorgasms in the intestinal microflora. This was
demonstrated by significant elevationd attobacillusandBifidobacterium sppin the cecal
digesta of 42-d-old broilers when compared to #m@atmicroflora of broilers at day 14. The
concentrations dfactobacillusandBifidobacterium sppreached their maximum concentrations
at day 28 and later declined but remained sigmtigehigher than the respective concentrations
determined at day 14. Throughout the study, tmeeotration of coliforms decreased with age
and was ultimately found to be significantly lowilean the probiotic concentration levels on day
42 (P = 0.048). These observations demonstratéitddiomin PoultryStar® probiotic may
indeed have the beneficial health effects necedegrgtentially improve the normal gut
microflora and lower the risk of pathogenic backtianslocation out of the gastrointestinal tract
to areas of possible bacterial colonization suckeas in BCO. Furthermore, the feed
conversion ratio in both the PFW and PF treatm@vitsintzouris et al., 2007) were found to be
no different than the antibiotic treatment suggesthat probiotics may in fact be a plausible
alternative to antibiotics to the improvement afwth performance and disease prevention in

broilers.

In conclusion, it is believed that the combinatadrsingle pass ventilation, (excellent air
quality), wire flooring (instability causing shesiress and torque), and the continuous feeding of
PoultryStar® throughout the experiment (ongoingnieeulation) likely constituted ideal
conditions under which the probiotic elicited beci@f responses to the bird’s gastrointestinal
microflora and immune system. Bacterial translocatrom the gastrointestinal tract to

susceptible leg joints was apparently reducedtarded by the addition of probiotics to the
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experimental groups’ feed thus delaying the pragivesdeterioration of early lesions associated
with osteochondrotic clefts produced by the staddbe wire flooring. Broilers fed the
PoultryStar® probiotic had a significant overalluetion in the onset of lameness contributed to
BCO vs. broilers fed the control diet alone (19.48633.2% respectively). This experiment
indicates that the administration of probioticsgirglactically to the feed of 1-day-old chicks

can provide a plausible alternative to antibiotarsreducing the incidence of lameness in broiler

flocks attributed to the condition of BCO.
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