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ABSTRACT

The use of animal-origin components and media in the commercial
production of clostridial antigens for veterinary vaccine manufacture adestén
unnecessary and excessive risk to food safety and health. For over 70 years,
bacterial strains of the genGostridiumhave been used in the manufacture of
veterinary and human vaccines to prevent infection and death. The vast majority of
these products are made using animal-based components, including brain, heart and
liver infusions, meat peptones and casein digests. Over the last twenty years, the
threat of Transmissible Spongiform Encephalopathy (TSE) and adventitious
oncogenic viral transmission has generated a significant concern about the safety and
reliability of animal-based products. While many animal-free options have bee
developed in recent years, few manufacturers have adapted vaccine production
processes to incorporate such media, primarily due to monetary costs,amgulat
restrictions, and corporate inertia. Several manufacturers have madesgmythe
transition from animal-based to plant-based medias to reduce the TSE risk, but the
majority of clostridial vaccines manufactured worldwide are still in akhbaaed
media. While the regulatory agencies responsible for overseeing the human
pharmaceutical and vaccine manufacturers have been aggressive in requiring the
removal of animal-based components from the products, the animal health regulatory
bodies have been slower to follow suit. A rapid and aggressive shift in policy is
needed to provide the necessary changes to eliminate the risk of TSE from the

livestock vaccine industry.
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Chapter 1 — THE CLOSTRIDIA

Ancient Threats in a Modern World

Tetanus, gangrene, and botulism. Throughout history, the diseases caused by
bacteria in the genuGlostridiumhave killed, disabled and disfigured countless millions
of people. Equally as damaging has been the loss of livestock upon which our diets
depend. It has only been in the last century with the advent of vaccines and modern
medicine that the scourge of these terrifying threats has diminished to near
imperceptible memories. Yet underlying the seemingly miraculous curegtirabout
by such vaccines and treatments lie hidden dangers that only in the last fewsdecade
have been recognized.

The cause of this new threat is the way the vaccines are manufactured, including
the media and components used to make them. For well over 100 years, the most
common basal component in clostridial growth media has been bovine sourced meat
and organs. For the clostridia, there are few more effective substréitesand grow
in than an oxygen-deprived, sulfide-laced stew of boiled beef muscle, braens,and
hearts. The bacteria grow fast and efficiently, and pump out deadly toxingen lar
guantities in this enriched medium. In the contained setting of a modern veterinary

vaccine manufacturing facility, these toxins and antigenic cellular compaarents



concentrated, purified, refined and formulated into life-saving vaccines andimasdic
that have saved millions of lives and billions of dollars worldwide.

The first recorded instances of clostridial disease date from the hgeician
Hippocrates around 400 B.C., when he described a disease that has been diagnosed as
gas gangrene, caused by the bactef@ostridium histolyticum Tetanus was first
definitively described in Sir Charles BelEssays on the Anatomy and Philosophy of
Expressionn 1824 (Bell, 1824). However, recognition of the disease states did not
provide a direct diagnosis of the causative organisms. It wasn't until the 1860s when
Louis Pasteur described a microbe that was capable of growing without ain, lvehi
dubbeadVibrio butyrique that the first identified member of the gerilestridiumwas
recognized (Bahl & Deurre, 2001). He also coined the term “anaerobic” tobaelifer
that could survive without free oxygen.

The first clostridia to be isolated in pure culture werg¢etaniandC. butyricum
in the late 1890s, followed by isolation ©f perfringensa few years later. Over the
course of the following century, over one hundred different clostridial speawes
been isolated and described, many of which have been put to use in the biomedical and
biotechnological industries. However, it has always been the disease-causiag spe
that have received the greatest attention in the public eye. The most potenhttxns
world are made by clostridia — tetanus and botulinum toxins. With a median lethal dose
(LDsg) of less than 1 ng/kg, infection with only a few spores of either of these basteri

often enough to cause death to unprotected animals. And while these are the two most



potent toxins in the clostridial genus, they are far from the only ones. The anir
histotoxic strains generate as much damage and death from diseases sugteas,gan
blackleg, enterotoxemia, and others (Smith, 1968).

Farm fields provide an inviting and rich environment for clostridial bacteria to
live in. There are abundant food sources, from the feed and animal waste thads spill
liberally on the ground, to the opportunistic infections that can be inflicted upon the
livestock roaming the farm. If times get difficult or threatening to tetdyia, they
form hardy spores, their own protective survival mechanism. Clostridial speres a
extremely resistant to harsh treatments, such as heat, chemicals atahragbahey
will survive exposures and cleaning regimes that remove vegetative alactds.

When more compatible circumstances arrive, the spore can rapidly germinaie i
replicating vegetative cell which can cause disease and loss of livestdck&(Ba

Déurre, 2001)

The Diseases They Cause

A frightening list of debilitating, disfiguring and deadly diseasescaused by the
clostridia. In humans, the most well known are the neurotoxigenic path&ens,
botulinumandC. tetani Although these are historically the most well known, some
lesser known cousins are beginning to make headlines around the @lodtkidium

difficile has become one of the most dangerous and common nosocomial infections



worldwide, affecting 13 people per 1000 hospitalizations in the United States alone
(Goldstein, 2008). The toxins produced by clostridial species are some of the most
lethal known, with the neurotoxins from botulinum and tetanus having a humgmiD
less than 1 ng/kg (Gill, 1982).

The threat of clostridial infection in farmed animals is even greater. Npt onl
are the neurotoxic organisms a serious problem, but wound infections, hepatic
infections and kidney diseases all can create a tremendous economic loss. An anima
infected with any one of these diseases is almost always considerddassota the
producer, with mortality rates of well over 90-95% for nearly all clostridiakctions.
Because clostridia can survive as spores in exposed soils, stagnhant mateenare,
the potential risk of contamination of herd animals is very high.

Skin wounds can be infected with a number of different species, s@h as
novyi C. perfringenor C. septicum.These gangrenous infections, if untreated, will
rapidly spread into the musculature of the animal, causing extreme tissasisiand
eventually death. Other diseases such as redwater, enterotoxicemiggodenk|
tetanus maim and kill many more livestock.

The ubiquitous distribution of clostridial strains in the environment gives rise to
a very impressive list of livestock diseases, affecting nearly all speCiattle, horses,
sheep, poultry and swine all are affected by clostridial diseases, with thpnexaent

arising in cattle and sheep (Table 1).



It is nearly impossible to avoid tleéostridia when raising agricultural livestock.
Thus, the only way to prevent significant losses to these diseases is throughiaggres
and prophylactic vaccination. Fortunately, the vaccines that have been devetoped ar

extremely efficacious, readily available and very inexpensive.



Table 1: Clostridial Infectious Diseases of Livestock (Sippel, 1972)

Disease Species CIOStr'.d'al Predisposing Features and comments
affected Species causes
Sudden death, particularly in sheep. Plug
Black disease Sheep ' of yellowish dead tissue in the liver usually
- ; ) Damage to liver by h
(infectious mainly. Cl. Nowii oungd miarating liver on the surface but occasionally deeply
necrotic Cattle ’ V! young flgke 9 embedded, with signs of liver fluke
hepatitis) rarely. damage. Rapid decomposition of the
carcass.
Damage to ml_Js_cIeS, Sudden death. Affected animals are
such as bruising ly i d diti b i
following yarding. In usually in good condition. May be swelling
Cattle, ) ' of a leg, the leg may crackle when touched.
Blackleg Cl. Chauvoei sheep blackleg tends . - .
sheep - Rapid decomposition and bloating of the
to follow injury, such ;
A carcass. The carcass should be disposed
as at vaccination, ; > :
: . of to prevent infection of other animals.
shearing, castration
C. . .
) . Cattle, - Bloody diarrhea, lethargy, dehydration.
Necrotic enteritis poultry petr}f/rrl)r;ggns Unknown at present Death in over 95% of cases
Death is extremely rapid, occurring in 2-3
Redwater hours in young animals, and up to 24 hours
Disease Cattle C. Damage from liver in older animals, with convulsions prior to
(Bacillary hemolyticum | flukes or other causes | death. Rapid carcass decomposition gives
Hemoglobinuria) rise to 'pulpy kidneys'. Usually seen as
outbreaks in sheep
. Soft swelling followed by a discharge from
Malignant _Sheep Cl. Septicum, Deep wot_mds such the wound. Death usually occurs after 1-2
mainly, also Cl. as dog bites, crow
oedema and - ; days. Treatment can be attempted through
cattle and Perfringens attacks and lambing . :
Gas gangrene PR the use of antibiotics and cleaning of the
goats. (type A) injuries.
wound.
Death is extremely rapid, occurring in 2-3
Sheep, . hours in young animals, and up to 24 hours
cattle and Cl. High levels of starchy - ; ) ) .
. N N . in older animals, with convulsions prior to
Enterotoxaemia goats, Perfringens food in the diet and death id d L .
(pulpy kidney) particularly (type C/D) slowing of gut eath. Rapid carcass decomposition gives
o rise to 'pulpy kidneys'. Usually seen as
young Cl. Sordellii, movement. breaks in sh i the death of |
animals outbreaks in sheep, and the death of just a
couple of animals in other species.
In sheep, use of
rubber rings for . L
Horses and marking; dog bites Signs appear 3—_10 days aﬁer injury in
pigs most and shearing wounds. Iarr_]bs, gnd longer in other anln_"lals. Clinical
. signs include general body stiffness and
Tetanus susceptible. | . | e d and
(lockjaw) Cattle Cl. Tetani o muscular spasms, sensitivity to sound an
’ In horses, nail pricks movement, third eyelid protrusion, and
sheep and ) . . ]
goats in hoof. In cattle after restricted jaw movement. Most cases die

calving. In pigs after
castration. Any deep
penetrating wounds.

within 3-4 days




A New Threat to the Food Supply

By vaccinating livestock against the most common clostridial disease®r&ar
worldwide have the ability to stem the loss of profit nearly 100% for a very smal
financial cost. But this small cost comes with the potential for a much gris&ten
the future. In 1986, the first known outbreak of a transmissible form of Bovine
Spongiform Encephalopathy (BSE) occurred. The number of infected cattle increased
for nearly a decade, with no clear medical explanation of how the disease wab@aus
transmitted. Finally identified as being caused by a prion, the infectiorsslosyly
contained by massive culling and quarantine efforts that devastated the Bitifish c
industry. Although prion-related diseases have been known to affect humans, either
through heredity (Creutzfelt-Jacob disease) or cannibalism (Kuru) vilasrao
indication that the species barrier between humans and livestock had ever been broken.
In 1996, a new and frightening development occurred, variant Creutzfeldt-Jakob disease
(vCJID). The species barrier into humans had been crossed. Prions from sheep and
cattle were shown to cause the disease in humans, meaning that long-tenmeetxpos
diseased animal products could also infect people.

One of the greatest concerns with identifying and tracking prion-based
infections and the spread of disease through a herd is the lack of any test for the
presence of prions short of sacrificing the animal. The only currentlpteccand

definitive test for a TSE disease is a brain necropsy to identify lesionsaqeplin



the brain. Although severad vitro test methodologies have been investigated in the
last 10 years, none have yet proven reliable or accurate enough for anyrc@innse.
(Brown, 2005; Supattapone, Geoghegan, & Rees, 2006)

While many raw materials suppliers began reducing and/or eliminatinglanim
based components from their product lines for human vaccine preparation, there was
less pressure on the veterinary vaccine industry to make a similar clidregénancial
and regulatory costs were deemed too great, and without focused governmeng pressur

there was little incentive to force a switch.

The Cost oifCombating the Clostridial Threat

Modern vaccine preparation methods not only refine and concentrate the clostridial
antigens, but they also have the potential to concentrate other very dangerous
components that come from the meats and organs that form the media. Prions and host-
animal antigenic proteins are all retained in the final product. These unwanted
contaminants can cause problems ranging from painful localized reactibes at t
injection site, a threat to the health of all animals who receive one or mores®f the
vaccines, to an infection risk to every person who consumes the vaccinated animal.

It has been estimated that the risk of contracting a prion-based disease f
tetanus vaccination is less than 1 in 5 billion injections (Prusiner, 2004). This is a very

small risk, translating to one potential infection in 50 years of vaccination.



Unfortunately, similar risk-assessment is not available for the vetgrmaacinations,

but a review of the numbers shows the potential risks can rise to be significarég. Ther
are over 96 million head of cattle in the United States, and more than 91% are
immunized against clostridial diseases (USDA-APHIS, 2008a). Thesmatoos are
most often given as a multiplex dose, with a single inoculation containingpfratod
protect against up to seven different clostridial strains, and often requiditiglen
injections over the lifetime of the animal to confer immunity.

Without vaccination, an animal that contracts a clostridial disease miisal
certainly die. Current clostridial vaccines are inexpensive for the consumechagelr
which restricts the manufacturer’s return on investment to only a fractioneot @er
dose. In 2007, the cost to vaccinate a 100-head herd of cattle with a 7-way clostridial
vaccine cost less than $25.00 (USDA-APHIS, 2008a). While such a small cost to the
farm is considered as a great benefit, the effect on the manufacturevatthee is the
opposite because of the small fraction of profit that is made on each dose.

That slim profit margin for the producer means that there is little diretdial
incentive to innovate and upgrade a standard process that effectively and cheaply
generates the product. Government regulations, which are necessary to ensure the
safety, stability and consistency of the vaccines, add to this pressuretehasige. It
has been estimated that the costs involved in making a radical media change could be
greater than one million dollars per antigen, per vaccine presentation. Thiausée

of the testing, evaluation and regulatory hurdles that must be overcome. Althowggh som



of this cost could be passed on to the consumer, not all of it would be and the remainder
would have to be absorbed wholesale by the manufacturer. With most vaccine
manufacturers producing between five and seven separate strains and combining them
into dozens of multivalent vaccine presentations, the financial pressurecioamgie is
tremendous.

Although there hasn’t been a major shift away from meat-based media to date,
there is a growing sentiment both in the industry and within the government regulator
commissions to change. Pressure to change to animal-free media and components is
growing, and in many areas of the world there are increasingly sigiafations and/or
bans on the use of sera and animal products in the manufacture of new vaccines and
products. It is only a matter of time before these restrictions and reqotseane
extended to established products in the United States, which will result in a naed for

viable alternative media to replace the firmly entrenched processes now used.
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Chapter 2 — CLOSTRIDIAL VACCINES

Current Clostridial Vaccine Manufacturers

There are only six licensed veterinary clostridial vaccine manufasturéne
United States (Table 2). Unlike most of them, United Vaccines produces onlyea sing
clostridial bacterial vaccine for protection agai@sbotulinumintoxication. The rest
produce numerous vaccines in various formulations with up to seven separate clostridial
strains in a single presentation. With so few makers of these criticahagyeri
vaccines, it is worrisome that there has been so little effort or regufatssure to
move the production to animal-free components.

Many of these manufacturers have sibling companies that produce human
vaccines and biological products. The FDA has been far more stringent afdlforc
the push towards an animal-free pharmaceutical mentality, leaving thimastesector
lagging far behind in the safety and modernity of their processes. This gap is f
smaller in the European Union regulated nations, where both human and veterinary
biologics are controlled by a single agency. Many of the veterinary ntanees
either sell products or have facilities located in those European countries,eso thos
corporations are more proactive in making an effort to change their procasszsly.

Two manufacturers have licensed clostridal products currently being witid

animal-free media, Intervet and Pfizer. However, even in those two cases not
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TABLE 2: USDA-Licensed Veterinary Clostridial Vaccine Manufactare

(USDA-APHIS, 2008b)

- . Strains in
. Clostridium species # of Current :
Company Location . ! Highest
produced vaccines| Formulation L
Combination
Chauvoei, Septicum,
Boehringer Haemolyticum, Novyi,
Ingelheim St. Ieﬂ%:,eph, Sordellii, Perfringens 11 CMB, MM 7
Vetmedica Types C & D, Tetanus
Toxoid
Colorado Serum Chauvoei, Septicum,
Compan Denver, CO Novyi, Sordellii, 19 CMB, MM 7
pany Perfringens Types C & [
Chauvoei, Septicum,
Millsboro, Haemolyticum, Novyi, CMB, MM,
Intervet, Inc? DE Sordellii, Perfringens 20 AF /
Types C & D
Chauvoei, Septicum,
Novartis Animal | Larchwood, Novyi, Sordellii,
Health US, Inc. 1A Perfringens Types A, C 13 CMB, MM !
&D
Chauvoei, Septicum,
, : Haemolyticum, Novyi, CMB, MM,
Pfizer Inc. Lincoln, NE Sordellii, Perfringens 8 AE 7
Types C & D
e
Animal Health | Omaha, NE yieum, JOWh | 13 CMB, MM 7
Corp? Sordellii, Perfringens
' Types A, C&D
United Vaccines, Madison, W Botulinum Type C 7 CMB, MM 1
Inc. Bacterin

1 CMB = chopped meat broth, MM = Modified MuellerFA Animal-Free
Although Schering-Plough acquired Intervet in 208ath product lines are still produced

separately.
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all of the clostridial antigens made by the companies use animal-free média.
majority of products are still produced in either chopped meat broth or Modified-
Mueller media, meaning that even the two companies leading the way in the switc
to animal-free clostridial products are still far from transitioningrteetire

portfolios over.

Primordial Ooze and Other Growth Media

Most veterinary clostridial vaccines are made using one of only a few choices
in media preparation (Table 3), either a chopped-meat broth (CMB) or a peptone-
based complex media (modified Muller) (Feeney, Mueller, & Miller, 1943; Muel
& Miller, 1942) (Latham et al., 1962). While most manufacturers have adapted these
recipes in recent decades to further optimize the antigenicity of theaypar strain
of organism, only a small percentage have succeeded in shifting any of their
clostridial vaccines to non-animal based media. This reliance on large @saoititi
beef products for production, in some cases including beef brain and heart infusions,
increasingly raises the spectre of BSE being transmitted through ttirataam of
healthy herds.

The most common medium for manufacturing clostridial vaccines is a basic
concoction of boiled ground beef or liver combined with several salts. While highly
effective for promoting growth and toxin production of clostridial strains, there is a

lack of consistency and reproducibility due to the nature of the product. Lot to lot
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Table 3: Standard Industrial Recipes for Clostridial Production

1943 1954 1962 1985 2007
Chopped . Reinforced
M ggtl wher | Latham? Clostridial | 'SPAL S
Broth Broth
Ground Meat 500 g 0g 0g 0g 0g
Beef Extract 0g 0g 0g 10g 0g
Casein Digest 3049 2259 259 0g 0g
Protein Tryptose 0g 0g 0g 10 g 0g
Beef Heart Infusion 0g 50 ml 0 0g 0g
Soy Peptone 0g 0g 0g 0g 459
Yeast Extract 59 0g 0g 39 0g
Sugar Glucose 10g 11g 8¢ 50 10g
NacCl 0g 259 259 59 5¢
Sodium Acetate 0g 0g 0g 30 59
Sodium Phosphate 0g 29 0 0g 0g
Potassium Phosphate 5¢ 0.15¢g 0 0g 0g
Magnesium Sulfate 0g 0.15¢ 0.1g 0g 0g
Cysteine 05¢g 0.25¢ 0.125¢g 05¢g 05¢g
Tyrosine 0g 0.5¢g 0 0g 0g
fﬂail;?;i Calci.um Pantothenate 0g 1 mg 1 mg 0g 0g
Uracil 0g 2.5 mg 1.25 mg 0g 0g
Nicotinic Acid 0g 0 0.25 mg 0g 0g
Thiamine 0g 0.25 mg 0.25 mg 0g 0g
Riboflavin 0g 0.25 mg 0.25 mg 0g 0g
Pyridoxine 0g 0.25 mg 0.25 mg 0g 0g
Biotin 0g 2.5ug 2.5 ug 0g 0g
Vitamin B12 0g 0 0.05 mg 0g 0g
Iron Reduced Iron Powder 0g 0.5¢ 0 0g 0g
FeCI3 « 6H20 0g 0 32 mg 0g 50 mg

1 — (Mueller et al., 1943)

2 —(Mueller & Miller, 1954)

3 — (Latham et al., 1962)

4 — (MacFaddin, 1985)

5 — (Unpublished Research, Intervet-Schering PlaAmgimal Health)
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variations in the meat, ranging from varying fat and protein levels to age and
condition of the cattle from which the meat was rendered. Added to that
inconsistency is the increasing challenge of TSE diseases, as virellential for
antigenic incompatibility with vaccinated animals results in a majoresigd! to the
veterinary vaccine industry. This remains the most commonly used medium for
clostridial vaccine antigen production in the world.

Several clostridial vaccines are made with a more defined medium based on
the modified Mueller method , but even in these products significant residues of beef
proteins, including the possibility of TSE infectious prions remain (Prusiner, 2004).
And even these more defined media retain the potential for adverse anaphylactic
reactions to non-host species proteins. Because almost all animal food allergens
have homologues in related species, these are far more likely to cause an
anaphylactic reaction than an evolutionarily more distant species (Jenkins
Breiteneder, & Mills, 2007). Anaphylactic reactions can range from mireor sit
reactions, such as swelling and tenderness at the injection site, to syeffests of
fever, hemorrhaging, and even death. While the percentage of vaccines made using
this modified medium is growing, it still contains a very significant portion of

animal-based components (peptones and caseins).
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Manufacturing Methods for Clostridial Vaccines

Because of the limited number of manufacturers in the United States, there is
a limited repertoire of manufacturing methodologies and vaccine presentations
available for clostridial vaccines. A few are highly refined and corbpata the
guality and consistency of human vaccine presentations of single-protein purified
antigens. But most are produced as a much cruder and cheaper product.

The clostridial vaccines are produced by all veterinary vaccine manufacturer
in nearly the same manner, with only minor modifications in media formulation and
processing that are company/site specific. The frozen seed stockbarkised
into a volume of the standard medium, and passaged until a sufficient volume is
generated to inoculate a large fermentor — typically 2500L or greaterfeffinentor
is inoculated with the seed culture and monitored. In some cases, additional sugars
are added to enhance growth during the incubation. After reaching the desired
harvest criteria, the entire batch is inactivated with formaldehyde. ThigHel
vegetative cells and any spores that are produced, as well as inactivating the
toxigenic proteins to produce toxoids. After a specified period of retention and
testing, the bulk product is then processed.

The simplest method for processing a bulk antigen into a vaccine presentation
is simply to pass the whole culture across a low molecular weight tangkwial f
filtration unit in order to remove the majority of fluid volume while retaining all of

the cells, debris and immunnogenic proteins in the retentate. This whole-cell
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concentrate is then supplemented with an adjuvant and excipients to increase
stability and immunogenicity, followed directly by formulation into the final
product.

A slightly more refined method of processing involves using one of the
available methods to remove the whole cells prior to low molecular weight taalgenti
flow filtration to reduce the product volume. While this procedure eliminates the
large cells and majority of the debris, it still allows the majority alhefftee
proteins and nucleic acids to pass into the final concentrated product, including prion
proteins. Without extensive and expensive downstream processing like column
chromatography or differential saltation precipitation, it is almost gsibée to
remove contaminating adventitious agents and prions from vaccine concentrates

Approximately half of all clostridial products have the cells and cell-debris
removed prior to final processing by either continuous flow centrifugation or
tangential flow filtration using micron-scale filters. In all produdts, final
filtration step is processing over tangential flow membranes with a olatexutoff
of between 10kD and 50kD. The final concentration step typically results in a
reduction of volume of over 25-60 times (2500L reduced to between 40-100L).

The concentrated bulk is mixed with other concentrated immunogens and excipients
to make up the final dosed product. While some vaccines are monovalent
(containing a single immunogen), most for cattle, sheep and swine are polyvalent
containing up to 10 different immunogens. This allows for a more cost effective and

efficient means of vaccination for the farmer, but it also increases thdlovera
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percentage per dose of concentrated beef products — and potentially prions and other
unwanted contaminants. While newer reformulations of some vaccines use as little
as two milliliters in a dose for a 1000 pound cow, most vaccinations are between five
and ten milliliters per dose. Depending on the number of immunogens in the vaccine
preparation, over 80% of that volume may be concentrated antigen (USDA-APHIS,
2008b) and all of the residual material from the production medium and cell debris.

In clostridial vaccine preparation, retaining the greatest percentage of
immunogenicity in the final product is critical to ensure an efficacious dose in as
small a volume as possible, while reducing the cost per dose. Because th@doxige
proteins in most clostridial strains range from 60kD to 180kD, the most common
processing filtration is done with 10kD nominal filters. These provide efficreht a
effective concentration of the desired product, while allowing a rapid dewgtd
the bulk to maximally reduce product volume. Unfortunately, this also carries the
potential for retention of other components and potentially antigenic fragrhants t

are larger than the nominal size cutoff.
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CHAPTER 3 - NEW RISKS IN OLD TECHNOLOGY

The Start of a New Epidemic

In 1986, several dozen cattle in Great Britain became ill with a new disease,
and over the course of the following decade this evolved into a devastating epidemic
that nearly wiped out the entire British beef and dairy cattle industry. Bovine
Spongiform Encepalopathy (BSE) would have been worrisome enough if it had
restricted itself to just cattle. But just a few years after thelimtitbreak in cattle,
several humans contracted a frighteningly similar disease calledtv@reutzfeld-

Jacob Disease (vCJD) (Prusiner, 2004).

These diseases are unusubhe infectious agent wasn’t a virus, bacterium or
fungus, and it didn’t even have nucleic acid. The causative agent was a misfolded
protein called PrP, which accumulated into amyloid plaques within the brain
(McKinley, Bolton, & Prusiner, 1983). These plagues caused lesions in the brain,
eventually turning the normal brain into a spongy, debilitated mass of tissue. The
animals and people affected slowly lost motor, balance and cognitive function, which
inevitably lead to death.

Although this type of disease hadn’'t been documented in cattle previously, a
similar type of disease was well known to the sheep farmers — scrapies Khowan
that scrapie could be transmitted by feeding rendered animal carttaskegp, and

the same transmissibility was shown to occur in both cattle and humans.
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Prion proteins fall into the size range retained by the typical processmgegtars of
vaccine manufacturers. The typical prion exists as a dimer of approxirfakédy
(Prusiner, 2004). In a typical batch production lot of vaccine made with chopped
meat broth, over 15% of the final volume is concentrated beef broth and extract. If a
prion-infected carcass is used in the production of the antigen, then it is highly likely
that the final bulk product will contain at least some measurable amount of prion
protein.

Although the meat and peptone products are fully autoclaved before
inoculation, and the final culture harvest is inactivated with moderate conaerdrat
of formaldehyde (0.5-1.0% vol/vol), there is still a concern over potential prion
contamination. Prions remain infectious in conditions that render nearly all other
infectious particles and organisms inactive. The protein amyloids can survive
autoclaving at 132°C for over 240 minutes and exposure to formaldehyde
concentrations up to 10% for over one hour (Giles et al., 2008). The denaturing
conditions necessary to render prions inactive would result in a complete loss of
immunogenic activity in the clostridial antigens being processed. And because
prions form aggregate amyloids of random size distribution, filtration to elienina

the contamination is not effective (Prusiner, 2004).
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Holes In The Defenses

While the USDA has restricted the importation of bovine products from
nations that have endemic BSE and screening and testing programs are it place a
processing plants within the US, the testing is not 100% effective. There have been
numerous failures over the last several years in which BSE infectezllzatd been
imported and rendered at plants within the US. As recently as 2006, BSE infected
cattle have been identified by the USDA within USA feedstock and dairydisiest
(USDA-APHIS, 2006).

In 2004, 2005 and 2006, BSE infected cattle were discovered by the USDA
screening and monitoring procedures. In the 2004 case, the infected cattle were
originally imported through Canada to the state of Washington. In the subsequent
investigation, the USDA was unable to account for all the index case’s cohort
animals which were at high risk for infection. Out of the 25 animals classified as
“higher risk” of having BSE, only 14 were definitively identified and humanely
culled, along with 230 other cattle in the suspect herds. The index cow also had two
offspring, which had been sold at auction to other operations. After determining the
identity and location of those two cattle, the entire herds were humanely euthanized
a total of 579 animals (USDA-APHIS, 2004). In 2005, another identified case of
BSE-infected cattle occurred in Texas. Unlike in the 2004 Washington incident, the
offspring of this cow could not be positively traced in all instances. Because of the

volume of cattle moving through the slaughter and processing system and the lack of
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identifiable records on the originating farm, several cohorts and offspeng
unaccounted for even after extensive investigation (USDA-APHIS, 2005).tHaess
a year later, another confirmed infection was identified in Alabama. h&&dxas
case, the lack of farm records hindered the tracing of all progeny and cohwets. T
herd of origin was never identified, nor were all of the offspring of the infected cow
(USDA-APHIS, 2006).

The European Union, one of the regions hardest hit by BSE infections, issued
a report in 2004 (GBR, 2004) which determined that the current risk of BSE
infectivity in the USA was “likely but not confirmed that domestic cattée ar
(clinically or pre-clinically) infected with BSE-agent.” In theursmary, the
European Food Safety Authority determined that the risk to US cattle was not just
from suspect imports arriving from at-risk nations, but also an internal thretd due
the lack of an integrated, national animal identification system and a passive
surveillance system, with only a small portion of active oversight in the highest “a
risk” areas. Based on the discovery of additional BSE infected cattle inatee ye
following the European report, and the failure to trace all potential infectbgepy
and cohorts in those several cases demonstrates risk to US food safety, and the need
to reduce any risk and challenge from BSE.

There is little data available on the potential for iatrogenic transmission of
prions through vaccination vectors. Because of this dearth of empirical data, risks

must be assessed through similar evaluations of other transmission means such as
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blood and plasma transfusions in humans. This is not ideal, however it is the only
data available at present to compare risk of infections.

From 2003 to 2007, there have been four documented cases of vCJID which
were contracted from infected blood transfusion products (Turner & Ludlam, 2009).
From the data presented, the risk for infection from transfusion is low, but still
significant because there is no currently available screening tesetd gdeon
proteins in the blood supply (Liras, 2008). While human-human transmission
through plasma and blood transfusions will most likely remain low due to increased
scrutiny and monitoring of the donor blood supply, the risk of livestock infection
from vaccinations containing high concentrations of bovine-derived components
remains potentially significant.

For over 20 years, the only definitive confirmation for BSE infection has
been a post-mortem dissection and examination of the brain for lesions and mis-
folded prion proteins. Although several companies and research groups are actively
working on an in-vitro live animal assay for prion infection, none have succeeded.
Because there is no available test for prion proteins in live animals, iofétis t
farmers and livestock processors to maintain vigilance and care in resusipect

abnormal behavior in their animals.
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Chapter 4 — ANIMAL-FREE COMPONENTS

Plant Based Animal Free Components

In the past, the availability of animal free media components wasdinate
few plant based peptones or completely chemically-defined artificialam&tithin
the last few decades, this limited repertoire has been enhanced with rrugnbeat
of new manufacturers and products. From the original soy-based plant peptones,
there is now a tremendous diversity of products available, made from soy, potato,
wheat, corn, pea, cottonseed and more.

While these basal ingredients are considered “animal-free”, thereins oft
some component of animal origin used during the processing and manufacture of the
products. Depending on the federal and/or international regulations that govern the
labeling of media products, these additional animal-origin components may or may
not be listed in the product literature. Some of these additions are used in enzymatic
treatments with extracts made from pancreatic and other organ lysdiesak
down the protein and starch components into usable peptones and sugars. These
animal extracts are a minimal fraction of the total weight of the firwalyat, but this
can still affect the claim of “animal free” from the product.

The alternative to using animal based enzymes to break down the proteins
and starches is hydrolysis, which is effective but can be more expensive. With

increased pressure on manufacturers and a rising demand for 100% animal-free
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products, these costs are steadily decreasing. In 2009, Becton-Dickinson opened the
world’s first fully animal-free component manufacturing facility in khiaFlorida
(Biosciences, 2009). This facility will allow the production of 100% animal-free
components under the strictest FDA and EU manufacturing standards to ensure zer
cross-contamination of products and defined traceability of all raw mateaieksto
the tertiary level. However, these new manufactured materials coma Wigh
cost, which puts veterinary biological production at a distinct disadvantage. While
the prices of human pharmaceuticals and biologicals can rise much more \natdily
an increase in cost in raw materials, veterinary manufacturers are ndusater
Adding in the higher costs of raw materials will, at least in the short tesuolf ne a
lower return on investment per dose. This, along with the increased coststadsocia
with regulatory testing and validation of new processes, reduces the overathiac
for manufacturers to convert to a fully animal-free process.

Animal free media have been used in the past to manufacture some clostridial
species. As early as 1971, it was shown @haterfringenscould be grown
successfully in a medium containing soy proteins (Busta & Schroder, 1971). In the
last decade, there has been an emphasis in the human biological pharmaceutical
industry to use soy-based media for manufactu@ingetaniandC. botulinum
Because tetanus toxoid is a highly purified and concentrated antigen that is
administered to humans, there is a much greater awareness and concern with
potential contaminates like BSE. In 2007, a paper by Eaafgoutlined a soy-

based medium that was successfully used to manufacture tetanus toxoid(Demai
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George, Kole, Gerson, & Fang, 2007). Based on these studies, it is clear that
clostridial strains can be readily grown in media free from animal preduct

In 2007, researchers at Intervet-Schering Plough Animal Health (ISPAH)
developed a non-animal based medium formula using a soy peptone base which
allowed strong growth and toxin production in several clostridial strains. TWis ne
medium formulation eliminates all sources of animal derived components, however
it is not in full production for all clostridial vaccine strains. Continued efforts have
been made in the last two years to improve the media and modify the formula to
enhance growth and toxin production of all commercial vaccine strains.

Over the decades, from the first clostridial vaccine manufacturing precesse
of the 1940’s up through today, there has been a minor effort to reduce the
percentage of animal-based products in the production media. From the original
chopped meat broths, which were composed of nearly 100% animal products,
through the 1960’s and up to the 1990’s with modified component media slowly
upgraded and improved, there has remained a reliance on animal based components.
It has only been in the last few years that the practical, full-scale proadadti
completely animal-free media has been emphasized. (Figure 1) Thesaéfasém
products only represent a few percent of the total vaccine production worldwide,
with the vast majority still produced using animal-based components, with nearly
half of those products made in CMB, the medium most at risk for transmitting BSE

(Constance, 2009).
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Figure 1: Reduction of Animal-Based Components in Clostridial Media

1943 1954 1962 1984 2007
CMB MM Latham RCM | SPAH Soy

B Animal Based OAnimal Free O Sugars, Minerals & Vitamins

CMB — (Mueller, Schoenbach, Jezukawicz, & Mille@4B), MM —(Mueller & Miller, 1954), Latham — (Latha Bent, &
Levine, 1962), RCM — (MacFaddin, 1985), ISPAH SayJapublished Research, Intervet-Schering Plougimah
Health’'
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Advantages and Benefits of Switching To Animal-Free Media

The most obvious benefit in converting to an animal-free media base for
clostridial vaccine production is the immediate end to any risk of prion-tissibie
disease. With no animal source in any of the products, the risk of post-vaccination
infection, and the potential for subsequent introduction into the human food supply,
is eliminated.

When animal-based products are used in the manufacture of a vaccine, the
possibility exists for an anaphylactic reaction to antigenic peptidesetinain in the
preparation from the source animal (Ellenberg, 2001). In the case of cztleng
an injection made from bovine products, this is not a major concern. But in the case
of sheep, poultry or swine, these bovine antigenic peptides can result in significant
losses of market weight (Cooper & Jull, 1966). These reactions can range frem larg
and painful site reactions to death. The site reactions result in damage to the
animal’s meat, which must be removed prior to processing (Stokka, Edwards, Spire,
Brandt, & Smith, 1994). This can cause a loss of several pounds of meat, and a
concomitant loss of revenue for the farmer. In extreme cases, the reactiorrhas be
strong enough to sicken the animals enough to reduce final weight by 10-20%, which
represents a significant financial loss. In rare cases, there is enough of a
anaphylactic reaction to kill the animal, resulting in a 100% loss of investmeset. O
significant advantage of using plant-based media is that there is a fearsmal

incidence of immunogenic anaphylactic reaction in the receiving animal, so the
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damage and loss is reduced considerably (Jenkins et al., 2007; Wells, Pass, & Eyre,
1974).

Although there is a significant up-front cost associated with moving
production to animal-free media due to testing, evaluation and regulatory coceplia
issues, the long term benefits are tremendous. Not only is the cost of the raw
materials often significantly lower, but the labor, equipment and fackjigmses are
also reduced less. In addition, there is the potential to more fully optimize the
formulation of media that, in many cases, have not been altered for severakdecade
This opportunity provides the potential to significantly increase the yieldt@eot
unconcentrated bulk antigen, which will further save on costs and animal facility

capacity per year

Challenges Associated with a Transition to Animal-Free

One of the risks to companies when making a switch of the media used in a product
is the costs and regulatory restrictions imposed by the governing apanhcy t

oversees the safety and efficacy of the products. These costs can vary froedsundr
of thousands to tens of millions of dollars, depending on the extent of change and
level of restrictions and testing imposed by the governing agencies &éGoast

2009). Because of these costs, there has been little incentive over the last half-
century to change product lines that have reliably produced efficacious products at a

reasonable expense. Unfortunately for those companies, the regulatorg elndat
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scientific reality has presented a situation where continuing to use a celatury-
manufacturing process is no longer feasible. Current clostridial vaccaesrs
inexpensive for the consumer to purchase. This restricts the manufactuteris ret

on investment to only a fraction of a cent per dose. In 2007, the cost to vaccinate a
100 head herd of cattle with a 7-way clostridial vaccine cost less than $25.00
(USDA-APHIS, 2008a).

Animal-free media have been available for many years, but have not been
used in the manufacture of veterinary clostridial vaccines for a variegasbns.
Because of the limited revenue that clostridial vaccines provide for the cosipanie
there is a limited budget or interest in altering the product lines if substargta
are required. The most significant cost arises from regulatory requiteared
optimization challenges. While it is a fact that in most cases, preparadblege
based powdered media are equal to or less costly than equivalent peptone or cooked-
meat media, this is only a nominal portion of the costs that such a switch would
demand. However, there is the need for research to identify an optimal medium
composition that not only provides a good basal growth medium, but also has the
appropriate conditions for antigen production — the expression of toxins and
immunogenic cellular components. The ideal medium formulation will maximize
not only the overall cell mass produced, but also the toxin produced per cell.

Unfortunately, very little is known about the expression requirements and
timing for nearly all of the clostridial toxins. While it is known that a fewvthef

toxins are expressed during sporulation, many are expressed during othér growt
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phases or are triggered by unidentified environmental stimuli. Additionallg the

are no cost-effective and reliablevitro tests for potency and efficacy, so nearly

every clostridial antigen must be evaluated by expensive, restrictivarand ti
consuming animal testing. These additional costs add to an already strained budget
and reduce the corporate incentive to voluntarily take on the challenges involved in
switching to animal-free media. Along with the significant scienttfigllenges and
financial costs described here, there are also the potentially signdlcaignges

posed by regulatory bodies, such as additional media prion-testing requirements,
reduced availability of prion-free stock herds, and expensive final produngtést

prion contamination.
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CHAPTER 5 — CONCLUSION

Discussion

Vaccination of cattle against the clostridials has been one of the most
successful and cost effective means of ensuring a safe and reliable fplydisdlpe
history of modern agriculture. However, the challenges of the new and emerging
threats posed by prions have set the stage for a change in how we think about the
production of clostridial vaccines. While traditional meat- and animal-basaéid me
have held strong in veterinary vaccine production for most of the past century, the
increasing availability and gradually falling cost of animal-irgg@lacement media is
slowly pushing the industry to a new standard.

The regulatory agencies that oversee the manufacturers worldwide have
pushed hard on the human biologicals and pharmaceutical industries to remove all
animal-based products and components from their manufacturing processes. It
only a matter of time before the same pressures are exerted on the veterinary
industry. While it will be costly for vaccine manufacturers to change ovengéwva
process, as well as to the end users who will have to pay for the additional costs
through price increases, the cost of losing a vaccine product from the market because
of changing regulations is much greater. Further, any additional costsparges

incurred through these modifications will ultimately be passed on through thetmarke
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to the food producers, and ultimately onto the end consumer as higher prices at the

grocery stores.

Recommendations for the Future

The veterinary vaccine industry is small relative to the overall bioteatyol
sector, but its impact on the health and safety of the food industry is tremendous. By
moving quickly to a substantially animal-free manufacturing processlfor al
clostridial antigens, there will be an even greater emphasis on food safety and the
prevention of new outbreaks of frighteningly devastating disease.

Several veterinary vaccine manufacturers are already gtéotexperiment
with a change to completely animal-free, plant-based media for prodottion
clostridial vaccines. However, even those manufacturers have not yetdadoee
completely eliminating animal-based components from all of their clcstpdoduct
lines. The use of animal-based components will continue to grow as a significant
threat to the human food supply, due to risks ranging from anaphylactic reactions to
TSE transmissibility.

The regulatory agencies which provide oversight to the veterinary eaccin
industry are under pressure to push new incentives and regulations on manufacturers
so that complete incorporation of animal-free production can be rapidly and
effectively introduced into all clostridial vaccine products. All of the vaccine

manufacturers in the United States also export some of their products overseas,
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meaning that the same products are licensed under multiple internationalorggulat
agencies. The often contradictory and duplicative restrictions imposed by these
agencies to altering vaccine production methods and formulations results in an
industry-wide stagnation and unwillingness to change the status quo.

Using innovations developed from human pharmaceutical manufacturing
processes in removing animal based components from their products, as well as the
very recent developments of animal-free media for production of at least somee of
clostridial vaccine strains, the risk of BSE-related infection from vacomatill

rapidly be eliminated.

34



RESOURCES CITED

Bahl, H., & Déurre, P. (2001Llostridia : biotechnology and medical applications
Weinheim New York, USA: Wiley-VCH.

Bell, C. (1824)Essays on the Anatomy and Philosophy of Expresksmron:

Murray.

Biosciences, B. (2009). Animal-Free / Antibiotic Free Cell Culture Mealk a
Supplements Manufacturing Facility [Electronic VersidiD Biosciences —
Advanced Bioprocessingetrieved 4/12/2009, from
http://www.bdbiosciences.com/advanced_bioprocessing/AF2_Facility Overv
iew.pdf

Brown, P. (2005). Blood infectivity, processing and screening tests in traisieis
spongiform encephalopathyox Sang, 82), 63-70.

Busta, F. F., & Schroder, D. J. (1971). Effect of soy proteins on the growth of
Clostridium perfringensAppl Microbiol, 222), 177-183.

Constance, J. (2009)Vorld Veterinary Health Products (Animal Pharmaceuticals,
Vaccines, OTC and Performance Enhancefsjorama Information. (K.
Information 0. Document Number)

Cooper, B. S., & Jull, D. J. (1966). Local reactions in sheep to clostridial vaddines.
Z Vet J, 1410), 171-175.

Demain, A. L., George, S., Kole, M., Gerson, D. F., & Fang, A. (2007). Tetanus
toxin production in soy-based medium: nutritional studies and scale-up into
small fermentorslLett Appl Microbiol, 4%6), 635-638.

Ellenberg, S. S. (2001). Safety considerations for new vaccine development.
Pharmacoepidemiol Drug Saf, (B), 411-415.

GBR, S. E. W. G. 0. (2004\Vorking Group Report on the Assessment of the
Geographical BSE-Risk (GBR) of United States of Ameiaeopean Food
Safety Authority. (E. F. S. Authority 0. Document Number)

Giles, K., Glidden, D. V., Beckwith, R., Seoanes, R., Peretz, D., DeArmond, S. J., et
al. (2008). Resistance of bovine spongiform encephalopathy (BSE) prions to
inactivation.PLoS Pathog, @ 1), e1000206.

Gill, D. M. (1982). Bacterial toxins: a table of lethal amouMirobiol Rev, 461),
86-94.

Goldstein, J. (2008, November 11, 2008). Intestinal Pathogen SpvéaliStreet
Journal,p. 1, from
http://online.wsj.com/article/SB122637385207716551.htmI?mod=dist_smart
brief

Jenkins, J. A., Breiteneder, H., & Mills, E. N. (2007). Evolutionary distance from
human homologs reflects allergenicity of animal food protdiddlergy Clin
Immunol, 1206), 1399-1405.

Latham, W. C., Bent, D. F., & Levine, L. (1962). Tetanus toxin production in the
absence of protei®ppl Microbiol, 1Q 146-152.

35



Liras, A. (2008). The variant Creutzfeldt-Jakob Disease: Risk, uncertaintiety sa
in the use of blood and blood derivativés®?Arch Med, {1), 9.

MacFaddin, J. F. (1985Media for isolation-cultivation-identification-maintenance
of medical bacterigl ed. Vol. 1). Baltimore, MD: Williams & Wilkins.

McKinley, M. P., Bolton, D. C., & Prusiner, S. B. (1983). A protease-resistant
protein is a structural component of the scrapie pfal, 351), 57-62.

Mueller, J. H., & Miller, P. A. (1954). Variable factors influencing the production of
tetanus toxinJ Bacteriol, 673), 271-277.

Mueller, J. H., Schoenbach, E. B., Jezukawicz, J. J., & Miller, P. A. (1943).
Production of Tetanus Toxin on Peptone-Free Med@in Invest, 22),
315-318.

Prusiner, S. B. (2004Rrion biology and diseas€2nd ed.). Cold Spring Harbor,
N.Y.: Cold Spring Harbor Laboratory Press.

Sippel, W. L. (1972). Diagnosis of clostridial diseade&m Vet Med Assoc,

161(11), 1299-1305.

Smith, L. a. H., Lillian. (1968)The Pathogenic Anaerobic Bactefiol. 719).
Springfield, IL: Charles C. Thomas.

Stokka, G. L., Edwards, A. J., Spire, M. F., Brandt, R. T., Jr., & Smith, J. E. (1994).
Inflammatory response to clostridial vaccines in feedlot cattfen Vet Med
Assoc, 208), 415-419.

Supattapone, S., Geoghegan, J. C., & Rees, J. R. (2006). On the horizon: a blood test
for prions.Trends Microbiol, 144), 149-151.

Turner, M. L., & Ludlam, C. A. (2009). An update on the assessment and
management of the risk of transmission of variant Creutzfeldt-Jakob disease
by blood and plasma produckr. J Haematol, 14d.), 14-23.

USDA-APHIS. (2004) Summary Report Epidemiological Investigation of
Washington State BSE Ca&éSDA-APHIS. (USDA-APHIS o. Document
Number)

USDA-APHIS. (2005)Texas BSE Investigation Final Epidemiology Repd8DA-
APHIS. (USDA-APHIS o. Document Number)

USDA-APHIS. (2006)Alabama BSE Investigation Final Epidemiology Report
USDA-APHIS. (USDA-APHIS o. Document Number)

USDA-APHIS. (2008a)2007 United States Animal Health Repéitrt Collins,

CO: USDA-APHIS. (USDA-APHIS o. Document Number)

USDA-APHIS. (2008b)Veterinary Biological Products: Licensees and Permitees
Retrieved. fromhttp://www.aphis.usda.gov/animal_health/vet biologics/

Wells, P. W., Pass, D. A., & Eyre, P. (1974). Acute systemic immediate
hypersensitivity in the pigRes Vet Sci, 18), 347-350.

36



