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Sausage making is a very old food preservation
| HE technique using salt, herbs and spices
It is often assumed that sausages were invented by
% Sumerians in what is Iraq today, around 3000 BC.
-Mﬂ k. Chinese sausage lachang (ﬁl’i{ﬁﬂ/ﬁﬁ 121), which

i . H consisted of goat and lamb meat, was first
mentioned in 589 BC. Homer, the poet of The
Ancient Greece, mentioned a kind of blood
sausage in the Odyssey (book 20, verse 25) , and
Epicharmus (ca. 550 BC - ca. 460 BC) wrote a
comedy titled The Sausage .
Evidence suggests that sausages were already
popular both among the ancient Greeks and
Romans
During the reign of the Roman emperor Nero,
sausages were associated with the Lupercalia
festival. The early Catholic Church outlawed the
Lupercalia Festival and made eating sausage a sin.
For this reason, the Roman emperor Constantine
banned the eating of sausages. Early in the 10th
century in the Byzantine Empire, Leo VI the Wise
outlawed the production of blood sausages
following cases of food poisoning.

s

an's poison ... [1s another's unfurrowed brow].

~Mnﬁjffgl\z; MsdlClnel-& Health, Rhode Island 91(1‘.2)1359 20Q8 Bec By
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History

@ 1793, Justinius Kerner (1786-1862)
Outbreak in Wildebad, Germany
“Botulus™” = Latin for sausage
Kerner’s disease
“Wurstgift” , “Sausage” or “fatty” poison
® 1895, Emile Pierre Marie van Ermengem

Isolated organism during an epidemic in Ellezelles, Belgium,
involving preserved ham

Bacillus botulinus, later Clostridium botulinum.
® U.S. outbreaks in early 1920s led to improved industry processing

U.S. canning industry adopt a very conservative heat treatment,
known as the 12D process, that reduces the probability of survival of
the most heat resistant C. botulinum spores to one in a billion (10-12).

While commercially canned goods are required to undergo a
"botulinum cook" at 121 "C (250 'F) for 3 minutes, and so rarely
cause botulism (while home pressure canning equipment only can



http://www.ifood.tv/wiki/Image:Wurst1.JPG

@ 1987: NYC and Israel, Kapchunka, contained E-
type botulism

o Kapchunka also called "Faseikh" "moloha" “rybetz”,
| . “ribeyza,” or “rostov.” in the Middle Eastern community is
=% an noneviscerated, salt-cured, air-dried, whole fish, which
may or may not be smoked. It is consumed without further
preparation, such as cooking.

@ 1995: Italy, eggplant in o1l, B-type botulism

® April 17t 2007: Italy, olives made by Charlie
Brown di Rutigliano & Figli S.r.1




Increasing Role of Seafood As
Source of Botulism

® Pacific Coast, early 1960s

Dungeness Crab, intestinal tract, gills and shell
» 60-70% of crabs sampled = B and E-type botulism

Salmon, Sturgeon and Steelhead, fish gills and viscera
> 10-22% of fish sampled = E-type botulism

5l © Mid 1980s
- Halibut, 27% sampled = A-type botulism




Biological Warfare

@ Lethal dose
lgram crystalline toxin dispersed evenly and inhaled = 1 million
deaths

70 1 g orally = lethal (70kg person) (LD50 ~ 0.005—
0.05 pug/kg )

Median lethal dose of about 1 ng/kg when introduced
intravenously and 3 ng/kg when inhaled

® Weaponized by several nations including the U.S.,
Japan, and Soviet Union, beginning in the 1930’s

©




Biological
Warfare

€ In 1995, Iraq revealed that 1t had deployed more than
11,000 L of botulinum toxin into specially designed
SCUD missiles.

€ Japan (1990’s) Aum Shinrikyo cult

From 1990 to 1995, aerosols were dispersed at
multiple sites in downtown Tokyo and at US military
installations in Japan on at least 3 occasions by
Japanese terrorists.

€ C.D.C. classify botulinum toxin as one of the six highest-
risk threat agents of bloterrorlsm because it is easy to
produce 1n a stalline” form for aerosol dissemination




Clostridium Botulinum

€@ Obligate anaerobic, toxin producing,
gram positive bacillus

® Spores
Ubiquitous

Resistant to heat, light, drying and UV
radiation

T B

can remain dormant for 30 years or more

Specific conditions for germination

Tl =



Survival Characteristics

! T The English word, sausage, is derived
© Bacterial Growth inhibition: directly from the French word, saucisse,

Salt: > 5 % which in turn has descended from the Latin,
pH: <4.6 salsus, meaning to salt and thus to preserve.

Aw (water activity): < 0.85
> Liquid malt extract ~0.60 , Honey 0.55 and 0.60, Dried malt extract 0.20.
Temp: <4°C
® Spores survive cooking
121°C, for at least 20 minutes and 116°C for 2 hrs

Fortunately, ingestion of the spores is safe, except in infants, as the highly
oxygenated and highly acidic environment of the digestive system prevents
the spores from growing and producing the botulinum toxin.

While commercially canned goods are required to undergo a "botulinum
cook" at 121 "C (250 F) for 3 minutes, and so rarely cause botulism
(while home pressure canning equipment only can reach 240 F),

® Toxins colourless and odourless
Heat labile

» DOC deSroyed 11 Ned




Neurotoxin A B C D E F |G
1 Human X | X X | X
? Horses X | X
A cattle X | X | X
e Sheep X
" Dogs X | X
:*gl Avian X X
s#| Mink & Ferret | X X X
! = 0110 C Jc Uc oved L JU U
nvven differen nes of neturotoxin: A throtic
d e ——

.+ All cauise flaccid paraly5|s

O‘mkﬂ a“few hamograms can cause’ |ﬁ_nes&_



The possibility of type F iliness should be suspected if
onset Is rapid and paralysis is severe.

©® Botulism type F
causes ~1% of botulism cases in the United States

Two outbreaks have been reported, 1 in the United States,
the other in Europe.

A recent review described all 13 cases of botulism type F
from the USA between 1981 and 2002. Clinical signs were
respiratory failure within 24 hours of symptom onset,
complete or near complete quadriplegia by the fifth day,
and neuromuscular recovery beginning on the eighth day.
On average, patlents recelved mechanical ventilation for
24 days and were h alized for 30 days. These features
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B Chmcal IecoVer and 01rcu1at1ng botuhnum toxin type F in adult patient. Sobel J. Dill T. Kirkpatrick CL.
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i3
y K Schematic diagram of a BoNT (/A) showing different domains.

b Light chain Heavy chain
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SNARE Proteins
Form Complex

Vesicle and Terminal
Membranes Fuse
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& B Exposure to Botulinum Toxin b
Light Chain Cleaves ! s
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“The well-intentioned cook decides
to make the dressing for the turkey
the night before. This gives her more
time to do many other important
things the next day. She stuffs the
turkey the night before, and places it
in the refrigerator to be cooked the
next day.

Unfortunately, she doesn’t know she
IS creating ideal conditions for food
poisoning. Obviously, the stuffing
that she put into the turkey is
somewhere between 40 “and 140 °F.
Because the various parts of
dressing have some sort of liquid in
them, the moisture is also there.
Lastly, she sews up the turkey to
create a lack of oxygen in its cavity”.
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The problem Is even more
pronounced when smoking meats
- The important role of nitrate

@ 1. First of all, meats contain a lot of moisture. Water is then also
added to sausages to facilitate stuffing. Hams and other meats are
pumped up with water

@ 2. Lack of oxygen — when smoking we intentionally decrease the
amount of available air (and in turn oxygen). This allows our sawdust
or wood chips to generate lots of smoke. If they had more air, they
would burst into flames.

@ 3. Temperatures between 40 and 120" F— most smoking is done at
this temperature range.

© The most dangerous range is from 78" — 95" F (26 '— 35" C), and that
fits into “warm smoking” method. Bacteria thrive at this temperature.

Nitrates/nitrites prevent the transformation of C. botulinum
Spores to toxins. Nitrate itri erted to nitric oxide by

I~ 1.1 N 11
C] AV L 1 (11111 I - JULU ' -y

2 T
dir_al regglatf{gil;?'peljmit a maximum addition of 2.75 ounces of sodium or potassium nitrate per 100 pounds _

;e
5l oft o'fip'qd!fne t 43}1‘4()’%2'5_ olini¢e sodium. or potassium nitrite per 1 00 pognds:ef-chopped meat:Potassium -~

lI -_n_ftrqteis‘e}l_tpeis )LWaSTheﬁ‘gﬂthlf“fo'ﬁca}ly used for curing. R e
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» All forms fatal and are
medical emergency

» Incubation period: 12-36
hours

Wound
Contamination

3 . .
s The challenge of diagnosis
#® . and treatment. Brook I.

4 Botulism: Rev Neurol Dis

= 2006;3:182-9.
i

¥

Inhalation

Potential for A Good Biological Weapon:

Intestinal/infant
-ingestion of
Spores/bacteria

Transmission
Of Botulism

Foodborne
Ingestion of
toxin in food

. 48

For persons older
than 1 year, the
spores are unable to
germinate in the gut

Adult
Intestinal
toxemia

Risk factors include bowel
abnormality, previous
bowel surgery, Meckel
diverticulum, Crohn disease
and long-term antimicrobial
therapy.

Botulinum
neurotoxin 1s
odorless and tasteless

»Botulinum toxin is lethal at a femtomolar dose of 10~ g/kg, making botulinum toxin 15,000-100,000 times

more potent than sarin gas.
»Isolated fairly easily from soil

»Could be released as an aerosol or as a contaminant in the food supply
»High lethality: 1 aerosolized gram could potentially kill 1 million people
»Expensive, long-term care needed for recovery



Case-fatality rate:
»5-10%

™ Foodborne




Characteristics of the natural forms of botulism

Type Cause Examples of sources Clinical manifestations* Confirmation of the diagnosist
Foodborne Ingestion of food = Canned food Beginning 12-36 h after ingestion: = Detection of botulinum
contaminated by« Fermented fish  « Nausea, vomiting, abdominal L
preformed pain, diarrhea and dry mouth stool, gastric aspirate
botulinum toxin . ; or food
# Cranial nerve involrement i i
(blurry vision, diplopia = Isolation of C botulinum
nystagmus, ptosis, dysphagia, from stool or gastric aspirate
dysarthria and facial weakness) = Electrophysiologic
» Descending muscle weakness investigations may be useful
Infant Ingestion of spores = Honey = Constipation = |solation of C. botulinum
(1 wk-12 mo) Ehasil‘:“lor]clze the . Environmental  « Weakness + Detection of botulinum
ost's gasiro- dust e ; neurotoxin in feces
intestinal tract and * Difficulty feeding « Presumptive diagnosis
release toxins = Descending or global hypotonia
i gord yp should be made basad
* Drooling on clinical presentation
= Anorexia and electrophysiclogic
« Irritability results
= Weak cry
Wound Infection of a =  Puncture wounds « Similar to the manifestations = Confirmed by electro-

Colonization

wound by
Clostridium
botulinum,
which produces
a neurctoxin

Production of toxin
in the gastro-
intestinal tract of an
infected adult host

L]

Abscess
Abrasions

Drug use {e.q.,
“black tar”
herain, inhaled

cocaineg)
Ingestion

source usually
unknown (no
preformed toxin
found in suspect
foods)

of foodborne botulism but no
gastrointestinal symptoms

Similar to the manifestations
of infant and foodborne
botulism

physiologic results

Presence of toxins
in the wound

Fever
Leukooytosis

Isclation of C. botulinum

Detection of botulinum
neurotoxin in feces

Presumptive diagnosis

should be made based

on clinical presentation
and electrophysiclogic
results

*Clinlcal manifestations common to all forms of botullsm Include: absence of a fevar, hemodynamic stabllity (early), generally syrmmeatric neurcloglcal deficits,

and responsheneass with a lack of sensory deflcits except potentlally Blurry vislon.

tOnce any type Is suspected, careful monltoring and treatment should be Inltlated Immediately, Including clinical evaluation of resplratory system compromlse,
Including pulss oximetry, spirometry and arterlal blood gas measurement. Intubation may be required. Antitoxin or Immuna globulin should be started
Immediately. Antiblotics are not Indicated, excapt forwound botullsm.
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Food-borne Botulism

@ Second most common form
i Caused by eating food containing
the toxin produced by C. botulinum
@ Antigenic variations types A/E
b 18-36 hours after ingestion (range, 2 h to 8 d)

Most common from home-canned foods

Asparagus, green beans, beets, corn, baked potatoes,
garlic, chile peppers, tomatoes; type A




Food-borne Botulism

Signs and Symptoms Prevention

® 12— 36 hrs after @ Inspect canned food for

® Muscle weakness, Bulging

@ Diarrhea Loose lids

© Blurred vision Mold

@ Vomiting ity

® Eventual Paralysis © Proper home canning
procedures:

Treatment and Recovery B

3 1': @ Equine Botulinum Antitoxin Time schedule,

© hgering symptoms g




Low Acid Content

Food & Vegetables
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Drinks pH
Lemon Juice 2.3
Vinegar 2.4-3.4
Grape Fruit Juice 3-3.3
Orange Juice 3-4
Apple Juice 2.9-3.3

Tomato and tomato juice (russia outbreak) | 4.2

Sour milk 4.3-4.5

Low pH reduced botulism through two mechamsms enhanced susceptlblhty of C.
on of surviving spores.

il =

..... ar10. Can J Intect Di1s 200 )
- Bactenal food.{;blsonmg and botuhsrn in: Wllson GS, Mlles A. Toply and Wilson's Prmmples of Bacterlology, Virology
+dnd: Imrnunlty gh_eql,.London Edward Arnold, 1975. pp. 2104-2105.
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Botulism Deaths by Year
57 Alaska, 1950 - 1998

MLIM il

1950 1955 1960 1965 1970 1975 1980 1985 1990 1995

(2] -
1 1

Alaska Delicacies
Causing Botulism

NUMBER OF DEATHS
L]
L

i

YEAR '

Fermented

Seal/walrus flipper Fermented seal oil

Stink eggs
(fermented fish eggs)
(salmon-egg cheese)

Stinky tail
(fermented beaver tail)

(&, 1)

Muktuk
(fermented whale)

Stinkheads
(fermented fish head)

Fermented whale skin with blubber.

Wooden barrel with plastic lid used to ferment salmon heads.

e

Tood preparation and consumption practices.
She{ffefi\l Wa f“ 'gh't-RB MlddaUgh JP. Tauxe RV. Western Journal aoﬁM_edrmne 153(4}}39(3-3_ 1990 Oct“"
epi: ‘taska. goV/‘puEs/botuhsm/bot 03.htm: Sl e MR R
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@ Stinkheads, fermented salmon heads, are a traditional
Alaskan delight and delicacy invented by the Yup'ik
Eskimos. After the heads are lopped off, they're buried
in the ground for at least a few weeks. During this time
the heads begin to rot. Before they have a chance to
disintegrate completely, they're dug up, mashed into a
sort of pudding and served cold in bowls. Getting it past
f your nose is a serious problem, but the result is
B rcportedly somewhat hallucinogenic. Some say the
finished taste might be compared to a very-aged cheese.
4 Stinkheads are often used as a rite of passage to test
"gussaks" (foreigners) who claim to want know more
8 about native culture.

B A customary way of preparing them was to place fish
RS heads and guts in a wooden barrel, cover it with burlap,
and bury it in the ground for about a week. For a short
while in modern times, plastic bags and buckets
replaced the barrel, however this increased the risk of
botulism. the Yupik who had switched to more modern

3 ’iT '
_ . of digra I_.I:lned hole . §
F lh theqm(.j allow 8 ' methods of fish rotting using plastic buckets are now

*ﬁ gajr toeculate. = §

being encouraged to go back to barrels because fish
- | rotting in plastic is more likely to generate botulism.




The result of changing food
'i preparation and consumption

Foods implicated in confirmed botulism outbreaks, practices e.g. using plastic bag
= Alaska, 1950 - 1997 in fermentation.

"' Type of Food Number Implicated Number Toxin Positive
¥ Sea Marmmal
N Seal 3 23
Y it IBLUEE 11 :
e
e Fish
' ¥ Salmon eggs 24 17
% Salmon Heads 8 p.
i Salman, other y, 1
: " Whitefish q A
Lol , Herring 1 i
_735 2
A Land Marmmal
W | Deaver tail 4 A
4
L. | Other g 2
_'_.,1_" 2 Unknawn 5 0
=)
o - ot 105 53
.

o :} Alaska Native Americans have one of the highest rates of food-borne botulism in the world.

Traditional aerobic, slow, low-temperature fermentation can prevent botulism

Wi w rrﬂht RB HeVV\ ald‘WL Middaugh JP, Hatheway CL, Harpster AP, Bender TR. Food borne botuhsm in Alaska, 1947--1985: epidemiology and clinical findings. J
nf Dis 1988; 157:1158--62=k
B € lng)u|L Hennessy T, Hom.A ¢l altel G, Butler 9 A suivey of knowledge, attitudes, and practices related to fermented foodS knewi to cause botulism among Alaska

Nativesiof southvgebtAlas a. @bstlmtﬁlesented at the2d Intematlonal Conference on Emerging Infectious Dlsea-ses_A.t]an.m G,eOl gia, July 2000 = .
4. EisenbergaVIS, Bende Rr Pldsfm_.bag__anq botuhsm ﬁnevﬂwmt to an old hazard of the north. Alaska Med; July 1976: 47 9 a2 17 ¥, =
s Shatfer N W amw'l’?ﬁh; RB- Mlddaugﬁ'.‘.l'P"Botulmn dmong Alaska Natives: the role of changing food prépafatio consumptron prautlces—W esle Med 1990.,]5_:, 39’0




Fermen‘c Food at a co|d temperatu re. USE proper mé’chods when:&rou .

Keep food cold by fermenting it in the PrﬁParﬁ your Nah"!"‘f FDDdS
ground and away from the sun. ' :
R : ; : : Eatlng fermented fDDd has some riskof
botulism. To reduce your risk of
~botulism, ferment food by using the

: : "In the ground. Lise methuds that allowy
~the air to tlrculate i

Ideally, the termperature of the food
j_"shu:uuld'be heldw 57 degrees |
Fahrenheit: It might take longer ta
~ferment the food, but it may be safer
because if ywou keep food cold, you
prevent botulism paison from
.develuplng

‘Because bdt’uli_sm Crovs hatter_ﬁvhen
fresh air is not moving around, da NOT
Mse plastic or glass containers. BEven a

- of the cnmtainer_.

Use saltwhen drying fish, Salt is ‘& natural presematlve and
reduces the chance that batulism poison wil gron. -

BDI| your ﬂ::rod before eating it.

Eicltullsm tonin is destroyed by hlgh
| heat. Bolling fermented food far 10,
| minutes can destroy the botulism
| poison. It might change the taste from
wihiat you are used to, but it is one way
to protect you and your famlly fram
; t:u:utullsm :

If fermiented foods are stored in plastic or dlass containers
before they are eaten, they Shuuld be boiled because the
botulism poison cannot be seen, smelled, or tastEd Bumng wyill
kill the poison that is in the faod. i

~traditional method of 2 grass-lined hole.

plastic container without a lid may allow
‘the botulism germ ta grows in the bottarm




Diagnostic Pentad

@ Botulism should be strongly considered if a patient has a
history of consuming traditional Alaska Native food and three
or more of the following five signs or symptoms are present:

Nausea or vomiting
Dysphagia

Diplopia

Dilated, fixed pupils
Dry throat

af11 2 )

VooV ddaugi=is . J Infect U O O- 0L. oo

- Slgns and symﬁl’ﬂms predictive of death in patlents with foodborne botuhsm—Repub,hc of Georgla 1980- 2002._
: Vallm'a'J' K3 K h‘adZe? MQISCI'aﬁSh'VIh M., et al:-Clin Infect Dis. 39: g&)J35‘7_3_62 2004#1-—- :;_3 . !
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Infant Botulism

Global occurrence of infant botulism, 1976-2006. Koepke R. Sobel J.
Arnon SS. Pediatrics. 122(1):¢73-82, 2008 Jul.

€ Most common form in U.S.
2 per 100,000 live births in US
Antigenic variations types A/B

@ The incubation period is 2-4 weeks.
The peak age of incidence is 2-4
months.

€ Spore ingestion

Germinate then toxin released and colonize
large intestine

€ Infants <1 year old
94% < 6 months old

€ Spores from varied sources
Honey, food, dust, corn s

.5 | Breastfeeding may protect infants from lethal fulminant infant botulism, but exclusive

A & Dbreastfeeding is a risk factor for the disease, presumably because the relatively pristine bowel
1| flora of the exclusively breastfed infant is more permissive for spore germination and toxin
we production.
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Vehicles of Infant Botulism

*Honey

16% of samples positive for spores
Accounts for ~15% of cases

Corn syrup

28% of samples positive for spores

Food

Carpet, soil/dust, dust from new construction, etc.

Powdered infant milk formulaes !!!

C botulinum type B spores in a PIF in the United Kingdom with
an evident link to a case of laboratory-confirmed type B infant
botulism in 2001
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: 'Char-acterlzatlon Q&;C ostridium botuhnum strains associated with an infant botulism case in the United Kingdom, E.A. Johnson,
h,a\y, R-J. Gllbert;l? E.Cook and E.D.G. MclIntosh, J Clin Microbiol 43.(2005), pp.. 2602—26&7
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Wound Botulism

Least common, but on the rise

@ QOccurs when spores inoculate a wound and anaerobic conditions allow
germination and subsequent production of the toxin

@ Associated with IV drug use (rise in black tar heroine use), and medical
equipment ex. catheters

@ Often misdiagnosed as other neurological syndromes

e Outbreak of wOoURE ulism in mjecting drug users. Schroeter M. Alpers K. Van Treeck U. Frank C.

- ,Rpsenqutter@{‘Sch,aumann_R Epldemlology & Infection. 137(11):1602-8, 2009 Nov.
} Wou:ndiBf)tu 1n-Ir*]chion Drug Users Wiltrud Maria Kalka-Mell, Ute A—urbaéh Relrref;s'b'ﬁanmann -
¥ _Rosemalzrﬁﬁg rz aral"d elfert Emerg Infect Dis. 2007*-]4.1;3(3, "13'(’6) 942—943 st at e s
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‘.; -~ Tournal of Climca Microbiology & Infectious Diseases. 26(6) 385 94,2007 Jun.
Bﬁ @:potulinum to thirteen antimicrobial agents. Swehson JM; Thotsberry L, —=
am%xyﬂy CE-Dowell VR (1980) Antimiciob Agents Chemother 18 13—19 S
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Adult Intestinal Toxemia Botulism

@ Rare

@ Organism colonizes the lumen of the intestinal tract and produces botulinum
neurotoxin in vivo.

@ Risk factors include bowel abnormality, previous bowel surgery, Meckel
diverticulum, Crohn disease and long-term antimicrobial therapy.

® With specific regard to botulism caused by C
botulinum, trimethoprim—sulfamethoxazole and
nalidixic acid are recommended because they have
been shown tohave no effect on the botulinal agent.

C. butyricum botulism are resistant to




Therapeutic
Use of botulinum
Toxin

Blepharospasm Hemifacial Spasm Torticollis

PR
Blepharospasm (focal dystonia of the orbicularis oculi;
early symptomns may include, uncontrollable blinking [especially in
bright light], eye irritation, photosensitivity)

A .
Torticollis (affects the muscles of the neck, leading to
indlination of the neck).

Hemifacial spasm (spasm of the face; tends to affect
the left side of the face more frequently than the right, with the
muscles on the side of the mouth particularly affected)

. ostridium botulinum neurotoxins
-1 -Professor Mike Peck -

L = L 1 s = i - E E = o LT

. B = o I i - vt
Cha e ] e 1 i » Fa

= T A P



Focal Dystonias Innapropriate Muscle Contractions

Blepharospasm Achalasia/pyloric stenosis
Cervical dystonias Anismus
Laryngeal dystonias Bruxism (TMJ)

Occupational cramps (ie, writer's cramp) | Nystagmus

Other focal dystonias Tension headaches

Involuntary movements Back spasm

Hemifacial spasm vaginismus

Tics Strabismus

Voice, head, and limb tremors Spasticity

Palatal myoclonus Lower urinary tract

Cosmetic Detrusor overactivity incontinence

Axillar

DA"and non-FDA approve
j:n"from Ilf’eathreatenlng dlsease to novel medlg.aLtherapyMahalan ST
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DoN'T WORRY, THAT HAPPENED 7o ME
i 700, BUT BOTOLISM GOT R\D OF
| THE WRINKLES. -
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= The wrinkle preventing effect of Botox | . ’k
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lasts for approximately 3-6 months ;;."
Overdose of botulinum toxin type A (Botox and
Botox Cosmetic) and botulinum toxin type B
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(Myobloc) may experience adverse reactions,
Eﬂ-"rax‘ Is ] ﬂmﬂm{:m 1 including respiratory failure and dea.th.
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Potential Bioterrorism Threat

Aum Shinriky cult
Extremely potent and lethal
Easily produced and transported

B ® ® ®

Signs of deliberate aerosol or foodborne release of
toxin

No common source

Large number of acute cases clustered



Presenting Symptoms

@ Adult @ Infant
Dysphagia - 96% Poor ability to suck - 96%
Dry mouth - 93% Poor head control - 96%
Diplopia - 91% Hypotonia - 93%
Dysarthria - 84% Weak crying - 84%
Extremity weakness - 73% Constipation - 83%
Constipation - 73% Lethargy - 71%
Blurred vision - 65% Facial weakness - 69%
Nausea - 64% Irritability - 61%

Dyspnea - 60%

Hyporeflexia - 52%
% . . .
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~-Symptoms usually . Symptoms can show up

begin -~ - - : as early as
1810 36 hours & hours or as late as 10 days, depending
after eating food containing the ar how-much i

' botulism poison | poisondis inthe food




What are the symptoms?

n:j-uping eyelids

“ocDouble vision ¢

- Slurred speech

Muscle weakness

toms

C mon Presentmg Symp

L



Adult Clinical Signs

@ Nausea, vomiting, diarrhea ﬁ ‘
@ Double vision i J ‘

@ Daifficulty speaking or swallowing

@ Descending weakness or paralysis

houlders to ar 1ohs to calve




Patient was asked to have biggest smile

Botulinum Toxin as a Biological Weapon: Medical and Public Health Management Arnon et al JAMA Volume 285(8), 28 February 2001, pp 1059-1070

1-11

e A Note bilateral mild ptosis, dilated pupils, disconjugate gaze,

3. Note apsen perlor:1 a
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Don't fall in to this diagnostic pitfall

Wound botulism 1n an intoxicated
intravenous drug abuser presenting
with respiratory failure

. N

S P oner CJ. Endres M. Intensive Care Medicine. 33(7) 1301, 2007 Jul.
; Bdm,hs'm art recgmplleafron of injecting drug use. Wenhzg:n TN Eme{geﬂcy S
é’h. Medicine.Jo r.narl‘ %57(*1) 5‘?6"2008 Jan. - -.m...;;_,___ja___ S WA St T
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Clinical Features

Gastrointestinal

Dry mouth Nausea/vomiting

hypotension Then constipation

Urinary retention

Constipation

Patient afebrile, conscious and alert
Normal CT and MRI findings

Respiratory failure

‘., . Botulism

e



Descending
Flaccid Paralysis
No anticholinergic sign

In clusters

Conscious
and alert

-ﬁ l@tulmum B i e e 8



Clinical Predictors of
Respiratory Failure

Patients who did not have either nausea or vomiting
and did not have urinary retention that required
Foley catheterization was less likely to develop
T respiratory failure. This clinical predictor rule had a
Bl sensitivity of 75.5% and a specificity of 90.7%.

The clinical syndrome most predlctlve of respiratory
f C wWas née o ANd an .l.

i

S1g1[1s and symp‘rp@:ns PI‘CdlCthG of;resplratory failure in patients with foodborne-botirlism in Thailand. _
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Infant showing “floppy head”, typical symptoms of

infant botulism. (Photo courtesy of Dr. Stephen Arnon, California
Department of Health Services).




Infant Clinical Signs

@ Constipation
@ Lethargy

@ Poor feeding
@ Weak cry
@ Bulbar pals:
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Infant Botulism

Signs and Symptoms Treatment and Recovery

Poor feeding (weak sucking) @ New drug: BabyBIG®

Weak gag Botulism Immune Globulin
Weak cry Intravenous (Human) (BIG-1V)
Decreased movement @ Drastically reduces lethargy,
Appearing lethargic IV feeding and overall hospital

Flat, blunted facial expression sta.y .
@ With early detection, proper

Troub1§ swallowlng treatment, no long term effects
Excessive drooling observed

Muscle weakness
Breathing problems




Hypotonia
(decreased
muscle tone)
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Botulism Differential Diagnoses

® Guillain-Barré @ Psychiatric illness
syndrome @ Poliomyelitis

@ Myasthenia gravis @ Diabetic

@ Stroke Complications

@ Tick paralysis ® Drug intoxication



Diagnosis "
® Clinical signs

® Toxin 1n serum, stool, gastric aspirate,
suspected food (60% +ve food-borne)

Mouse neutralization test, result in 48 hours

® Culture of stool or gastric aspirate, wound
Takes 5-7 days

@ Electromyography also diagnostic

Electromyelography (EMG) demonstrates a nonspecific, decreased amplitude of action potentials. Rapid repetitive EMG
at frequencies of 20-50 Hz is more specific for botulism and useful in excluding Guillain-Barré syndrome, but this
response does not d1st1ngulsh botuhsm from Lambert-Eaton s drome Infant botulism is characterized by a pattern known

N
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Result of Some Ancillary Testing

Tensilon test may be slightly positive
Brain imaging (CT or MRI) normal
Lumbar puncture normal

Electromyography may show decreased
S amplitude of action potentials in involved
. muscle groups

B ® @ @




Treatment
Of Botulism

Anti-toxin or

immunoglobulin

Mechanical Human Equine
Ventilation Nutritional support Manage Botulism el

T — Prevent Autonomic Immunoglobulin Antitoxins
failure Aspiration Neuropathy (BabyBIG) For adults

For infant <1 yr

ulism

eatment 0 Bo:t:____
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Treatment

@ Intensive care immediately
Ventilator for respiratory failure
Airway protection to prevent aspiration
Manage autonomic neuropathy
Adequate nutritional support (patient may have ileus)
Prevent DVT, bed sores and nosocomial sepsis etc

@ Heptavalent Botulinum Antitoxin (HBAT) for adults
Derived from equine source

CDC distributes
Used on a case-by-case b




! Decontamination After Bioterrorism

L
@ C.D.C. classify botulinum toxin as one of the six
highest-risk threat agents of bioterrorism
because it 1s easy to produce 1n a “crystalline”

vy& form for aerosol dissemination = inhalation
L

@ Aerosolized toxin viability
Inactivate by 2 days in optimal conditions

W @ Re-aerosolization a theoretical concern




Treatment of botulism:
New Pentavalent antitoxin 13/3/2010

® Equine Pentavalent Antitoxin:

Trivalent (A,B &E) and monovalent antitoxins is replaced by a
pentavalent antitoxin since 13/3/2010.

Effective in the treatment of foodborne, intestinal, and wound
botulism: Passive immunity.

Effectiveness for inhalation botulism has not been proven

i Does not reverse current paralysis, but may limit progression and
ol prevent nerve damage if administered early

Dosage: 1 vial

Antitoxin need not be repeated since the circulating antitoxins have a
half-hfe of 5to 8 days Repeat HBAT dosmg mlght be 1nd1cated




MMWR Weekly
March 19, 2010/ 59(10);299

CDC announces the availability of a new heptavalent
botulinum antitoxin (HBAT, Cangene Corporation)
through a CDC-sponsored Food and Drug
Administration (FDA) Investigational New Drug (IND)
protocol. HBAT replaces a licensed bivalent botulinum
==  antitoxin AB and an investigational monovalent

“w¥  botulinum antitoxin E (BAT-AB and BAT-E, Sanofi
<t Pasteur) with expiration of these products on March 12,
2010. As of March 13

010, HBAT became the onl
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Heptavalent Botulinum
Antitoxin (HBAT)

@ HBAT contains equine-derived antibody to the
seven known botulinum toxin types (A--G) with the

following nominal potency values: 7,500 U anti-A;
i 5,500 U anti-B; 5,000 U anti-C; 1,000 U anti-D:;
x. 8,500 U anti-E; 5,000 U anti-F; and 1,000 U anti-G.

@ HBAT is composed of <2% intact immunoglobulin
G (IgG) and >90% Fab and F(ab')2 immunoglobulin
fragments; these fragments are created by the
enzymatic cleavage and removal of Fc
immunoglobulin components in a process

Tl



Administration of HBAT

http://www.epi.alaska.gov/bulletins/docs/b2010 05.pdf

B ®

©
©
©
©

The recommended adult dosing 1s one 20 mL vial of H-BAT.
Consult SOE for dosing children aged >12 months. Frozen
HBAT can be thawed at 37°C (99°F) in a water bath.

Obtain patient consent prior to administration of H-BAT.

Sensitivity testing prior to H-BAT administration is
notrequired.

Prepare infusion under aseptic conditions.

Do not shake vial; avoid foaming.

Visually assess for particulate matter and discoloration.

Do not infuse unless it is clear, is not turbid, and contains no




Administration of HBAT
http://www.epi.alaska.gov/bulletins/docs/b2010 05.pdf

@ Use of an in-line filter 1s optional. If chosen, an in-line filter
(pore size 15 (1) is recommended; smaller pore sizes may
slow the infusion rate.

@ Have epinephrine, diphenhydramine and intubation
capabilities immediately available to treat anaphylactic or
anaphylactoid reactions.

©® To minimize allergic reactions, administer slowly using a
continuous infusion pump starting at 0.5 mL/min for the first
30 minutes.

@ If no infusion-related safety concerns are evident, increase to
1 mL/min for the next 30 minutes.



BabyBIG

Botulism Immune Globulin Intravenous (Human) (BIG-1V)
http://www.infantbotulism.org/babybig package insert.pdf

@ FDA approved Solvent-detergent-treated,
s sterile, lyophilized powder of human-derived

botulism antitoxin antibodies for the
e treatment of infant botulism types A and B.

@ <] year: 50 mg/kg (1 mL/kg) IV infusion; 25
T mg/kg/h IV (0.5 mL/kg/h) initial infusion
il rate (0-15 min), not to exceed infusion rate
of 50 mg/kg/h (1 mL/kg/h)




Differences 1n Outcomes of Infants Treated with BIG-IV*

Randomized Placeho-Controlled Trial (129 infants)"

Duration of Placebo BIG-IV
Hospitalization h.7 wk 2.6 wk
ICU care 5.0 wk 1.8 wk
Mechanical ventilation 4.4 wk 1.8 wk
Tube feeding 10.0 wk 3.6 wk
Total hospital charges $163,000 $74,800
Open-Label Use (366 infants)
Duration of hospitalization BIG-IV @4-7days hosp  BIG-IV @ <4 days hosp
2.9 wk 2.0 wk

*Data from reference 9. All differences statistically significant; P values =0.001.
"Infants eligible only if <3 hospital days.

¥ 1 quectmus Dlsease Joumal 26(3) 261 2 2007 Mar -
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Allergic reactions to the three types of antitoxin given In a botulism outbreak

Antitoxin type

Allergic reaction Heptavalent (n = 20) Bivalent (n = 61) Quadrivalent (n = 10)
& Skin fest performed 0 29 §
Positive reaction 2
Anaphiylaxis 0 1
Urticarial rash 0 0
Maculopapular rash 0 0
Wy MNegative reaction 0 24 4
Anaphylaxis 0 0
Urticarial rash 1
Maculopapular rash 3 1
Skin test not performed 20 32 4
Anaphylaxis 1 0 0
Urticarial rash 0 1 0
Maculopapular rash 1 5 0

Skin testing prior to antitoxin administration was not a useful predictor of allergic reaction
Anaphylaxis occurred in 5—10% of the patients

symp oms predictive o nesplratory ailure 1n patients with foodborne botulism in Thailand.
. Wongtanate M. Sucharltchan N. Tantisiriwit K. Oranrigsupak P. Chuesuwan A,_Toykeaw S. Suputtamongkol _
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Mortality Rate | Length of Hospital Stay
Anti-toxin < 24 hours 10% 10 days
Anti-toxin > 24 hours 15% 41 days
No anti-toxin 46% 56 days

Patients who did not receive antitoxin within 12 h after presentation

/&8 ere three times more likely to develop respiratory failure in 20

i =, . . . . .
w{ patients with wound botulism after black tar heroin consumption
o
¥ *“‘ g:  Clinical predictors of respiratory failure and long-term outcome in black tar heroin-associated wound
botulism, Sandrock and Murin, 2001 C.E. Sandrock and S. Murin, Chest 120 (2001), pp. 562—566.

A shorter incubation period is likely to result in

a significantly higher




Daily number of botulism outbreak patients on respirators and steps in managing the outbreak

Contingency artitcxin

L E‘
-'It requested from Japan
" 23 vials of antitoxin
A T| i 50 vials of bivalent anfitaxin arrive from Japan
gt T arrive from LIS CDC l
6 20 vials of heptavalent
404 antitoxin arive from UK
U5 CDC and UK
?'i: . 354 agree to provide
nh‘o.# antitcxin
i e 20
ki Teleconference between
i % US CDCWHOThai officials
E 8
o 20+ Notified WHO,
ity requested antitoxin
P !“’ (5
e 154
- Cutbreak
v detected
'.- i ] ] |:| -
. Ingestion of
: ! hiome-canned
o= - 5| bamboo shoots
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Should Hong Kong Have Its Own Stock of Ant1 toxin ?

The need for "global planned mobilization of essential medicine: lessons from a massive Thai

betutism outbr,ealc.Ungchusak K. Chunsuttiwat S. Braden C.-Aldis-W.-tdeno Ks-Olsen-S.
WlboolpelﬁfasdltS =Balletin Of the World Health Orgamzat-lon 85(3) 238- 40,- 2007 Mar, =%




Human: Prevention

©® Do not feed honey to children <I yr of age

@ Proper food preservation methods and canning

> Proper time, temperature and pressure
» 80°C for 30 min or 100°C for 10 min

@ Prompt refrigeration of foods

@ Proper heating of home canned foods (Boil foods for > 10
minutes)

e @ Decontamination

B Boil suspected food before discarding

. sl Boil or chlorine disinfect utensils used
Seek medical care fo -




Botulinum Toxoid and Research

@ Pentavalent botulinum toxoid

Pentavalent (ABCDE) botulinum toxoid is a combination of aluminum
phosphate-adsorbed toxoid derived from formalin-inactivated type
A,B,C,D and E botulinum toxins, with formaldehyde and thimerosal used
as preservatives.

Botulinum toxoid is not licensed; it is distributed by the CDC under an
IND protocol. The toxoid is used as an adjunct in the protection of
laboratorians from accidental exposure to botulinum toxins.

It should be administered only to at risk individuals who are actively

working or expect to be working with cultures of Clostridium botulinum
or the toxins

Immunity from botulism, however, has the disadvantage of precluding an
individual from realizing the potential benefits of therapeutic botulinum
toxin, if such a need were to arise. (Resistant to botox !!!)

@ Future research

Recombinant subunit vaccines are in development and a bivalent H(c)
vaccine (rBV A/B (Pichia pasto presently being evaluated in a

33-0.

i.“An adenoviral VCC-k_SI‘ -based mucosal vactine is effective in protectlon against botulism.
- PlCh].CherO Slmpson LL.Elias M. Smith LA. Zeng M.Gene Therapy. 16(3):367,75, 2009 Mar.
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The History of Bioterrorism
Botulism

http://www.bt.cdc.gov/training/historyofbt/05botulism.asp
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