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By deciphering the near atomic-level structure of the catalytic domain of botulinum toxin type E — one of seven neurotoxins that cause botulism, a disease that paralyzes victims by blocking nerve cells’ ability to communicate — scientists at the U.S. Department of Energy’s Brookhaven National Laboratory are one step closer to a potential vaccine or treatment. Structures of the toxin and a related non-toxic version that differs by just one amino acid appear in the June 1, 2004 issue of the journal Biochemistry, available online May 8, 2004. 

“Botulinum neurotoxins are the most toxic substances (by weight) known to humankind,” said Brookhaven biologist Subramanyam Swaminathan, who leads the research team. “Because botulism is such a dreadful disease, and there are no current treatments, it creates great fear among people concerned about bioterror agents. That is why we are working so hard to understand the structures of the toxins and their mechanisms of action, so that this information can be used to design vaccines or drugs to combat the disease, and, almost as important, help mitigate the fear.” 

There are seven known varieties of botulinum toxin, types A-G. They block the release of neurotransmitters, the chemical messengers nerve cells use to communicate with one another and with muscles, by cleaving one of three proteins needed to release these chemical messengers. The Brookhaven team’s work deciphering the structure of the part of the type E toxin that does the cleaving has also yielded information on the toxin’s mechanism of action. In addition, by changing just one amino acid of this portion of the toxin protein, the scientists have created a form with essentially the same structure but with no toxicity. 

“This achievement gives two opportunities for developing therapeutic agents,” Swaminathan said. “First, because of their structural similarity, the inactive protein could be used as a potential vaccine; an immune response raised against it should also thwart the active toxin. Second, since the change in just one amino acid is sufficient to render the toxin harmless, it might be possible to design drugs that simply disable that amino acid to treat the disease. 

“The results of this study, combined with the known structures of two other botulinum toxins — one of which was also determined by our lab — should help us understand the differences in their specificity and selectivity, and might even help us design a common inhibitor for all three or even all seven of the serotypes,” Swaminathan said. 
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These "ribbon" diagrams illustrate the structures of the catalytic domain for wild type botulinum neurotoxin type E (left, fig. 1) and a related mutant protein (right, fig. 2). The overall conformation for the two proteins is the same; the only difference is that the amino acid gluatamate (GLU) in the wild type protein is changed to glutamine (GLN) in the mutant protein. This causes a loss of hydrogen bonding (shown by a dashed line in fig. 1) to the nearby nucleophilic water molecule, thereby increasing the distance between this water and the zinc atom in the mutant. This subtle change prevents the toxin from cleaving its target, thus abolishing its toxicity. Download as a hi-res tiff  file: Figure 1  |  Figure 2 .  

To decipher the toxin's molecular structure, the scientists bombard crystalline samples with high-intensity X-rays produced by the National Synchrotron Light Source (NSLS) at Brookhaven, one of the most widely used scientific facilities in the world. By studying how the X-rays are diffracted as they bounce off or pass through parts of the crystal, the scientists can work backward to reconstruct the shape and arrangement of the atoms in the molecule. 

The scientists also did experiments to test the ability of type E neurotoxin and their lab-made mutant to cleave the target protein that prevents neurotransmitter release during a botulism infection. They found that the mutant, which differs from the wild type toxin by just one amino acid, binds specifically to the substrate protein, but does not perform the hydrolytic reaction to cleave it, as the wild type does. 

The structural analyses reveal a likely explanation for the loss of toxicity: The substitution of the amino acid glutamine for glutamate in the catalytic domain of the toxin does not change the overall structure substantially. But it does increase the distance between a zinc atom and a water molecule crucial to the cleaving process by a mere 0.6 angstroms (an angstrom is one ten-billionth of a meter). That subtle change disturbs the electrostatic properties of the molecule at the active site, making it unable to cleave the target protein. 

These details about the toxin’s mechanism of action may suggest a variety of ways to inhibit that action and render the toxin harmless. 

There are no Clostridium botulinum bacteria at Brookhaven Lab. For this work, the scientists obtained the gene for the part of the type E neurotoxin that actively cleaves proteins, the catalytic domain. They then expressed this gene to produce this portion of the neurotoxin protein, which by itself is not toxic. This work is done in strict compliance with Brookhaven’s Institutional Biosafety committee regulations according to standards set by the U.S. Centers for Disease Control and Prevention in Atlanta. Only authorized scientists have access to the laboratory. 

This research was supported by the U.S. Army Medical Research and Materiel Command.

http://www.bnl.gov
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· Causative organisms 
· Clostridium botulinum 

· Gram positive bacilli 

· Spore producing

· Produced under anaerobic conditions: Obligate

· Toxin production 

· May produce all 7 toxin serotypes: A-G

· Genetic information 

· Type G on plasmids

· Types C1 & D on bacteriophages

· Types A, B, E, and F on the bacterial chromosome 

· Bound to hemagglutinins: ? Inhibits degradation by digestive enzymes 

· External links: Arizona; Illustration 

· C. baratii: Produces serotype F 

· C. butyricum: Produces serotype E 

· Botulinum Toxin: Proteins & Transport 

· 7 neurotoxic types of botulinum toxin: A 

, B 

, C1 

, D 

, E 

, F 

, G 

· Sequence homology (30% to 40%) to tetanus toxin 

· Produced as a single chain protein (protoxin) with molecular weight 150 kDa 

· Released from bacteria as part of noncovalent multimeric complex 

· Auxiliary proteins include: Hemagglutinins (HA); Nontoxin, nonhemagglutinin (NTNH)

· Complex may protect toxin at low pH in GI tract 

· Complex dissociates spontaneously at physiologic pH 

· No direct role of auxiliary proteins in toxin-induced blockade of cholinergic transmission

· Cleavage of Botulinum protoxin: Into 2 chains

	



	Botulinum Toxin
Type B


· Heavy (100 kDa) chain

· C-terminal region of Heavy (H) chain: Binds to surface of target nerve cells

· N-terminal region of H chain: Translocates L chain across membranes

· Light (L) chain (50 kDa) 

· Light chains have a tetrahedral zinc binding motif: Contains 

· Consensus HELIH amino acid sequence 

· Common to other zinc dependent metalloproteinases 

· 2 histidines, glutamate & water molecule 

· Structure resembling thermolysin-like endoproteases 

· Contain toxic activity 

· Zinc-dependent endopeptidase

· Cleave proteins forming synaptic vesicle docking & fusion complex

· 3-D Geometry: Catalytic sites buried deeply within protein 

· Heavy & Light subunits linked by disulfide bond

· Double chain product is active form: Inhibits cholinergic transmission 

· Protease producing cleavage 

· Often contained by producing organism

· May also occur in GI tract

· Toxin passes from GI tract to vasculature: Mechanisms 

· Transport cell: Absorptive enterocyte 

· Binding to the apical surface of epithelial cells

· Receptor-mediated endocytosis 

· Transcytosis through cells

· Delivery to the basolateral surface of cells

· Ability of toxin to cross cells depends on 

· Toxin type 

· Able to cross cells: Botulinum type A & B

· Not able to crossf cells: Botulinum type C & Tetanus

· Heavy chain of botulinum toxin: C-terminus 

· Toxin passes out of vasculature to presynaptic regions 

· ? Mechanism

· Does not cross blood-brain barrier

· Other absorption routes 

· Botulinum toxin may be absorbed from respiratory system

· General action: Blocks exocytosis 

· Most potent action: Blockade of cholinergic terminals

· Other blockade of exocytosis: At higher concentrations of toxin 

· Other nerve terminals: Norepinephrine, Serotonin

· Non-neural cells: If membrane receptors present

· External link: Botulinum proteins 

· Botulinum toxin: Mechanism of action at presynaptic nerve terminals2 

· Overall action: Blocks neurotransmitter release at peripheral cholinergic nerve terminals 

· Neuromuscular junction

· Autonomic nerve terminals: Sympathetic & Parasympathetic

· Endplate electrophysiology 

· MEPP frequency: Reduced

· EPP quantal content: Reduced

· 4 STEPS in development of presynaptic blockade at NMJs

4. Binding to receptors on unmyelinated presynaptic membrane 

4. Mediated by: Carboxy (C) terminal of botulinum toxin heavy chain 

4. In native state heavy chain is associated with light chain 

4. Receptors: Double receptor model 

4. First receptors 

4. Identity of receptors: Gangliosides with more than one neuraminic (sialic) acid, e.g. GT1b

4. Type of binding 

4. Lock & Key

4. Little or no change in conformation of bound botulinum neurotoxin

4. Low affinity

4. Role: Bring toxin into proximity with second receptor

4. Second receptor 

4. Postulated to be integral membrane protein

4. Candidate molecules: Synaptotagmins I 
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4. Susceptibility of cholinergic & non-cholinergic neurons to specific botulinum and tetanus toxins 

4. May be related to ability of toxins to bind to receptors on presynaptic terminals

5. Uptake of toxin into nerve terminals by endocytosis 

5. Bound toxin is internalized by endocytosis 

5. Botulinum toxicity is inhibited by Botulinum anti-toxin only in 1st 30 minutes after toxin exposure 

5. L-chain is translocated across presynaptic membrane through a channel 

5. Translocation is mediated by (N) terminal of botulinum toxin heavy chain (HN) 

5. Heavy chain then forms channel releasing light chain into terminal cytoplasm 

5. Translocation domain: Kinked α-helices in HN 

5. Low pH in endosome necessary 

5. ? Brings amphiphilic/transmembrane segments of HN together to form transporter channel

5. ? Causes conformation change in N-terminus of heavy chain 

6. Translocation across endosome membrane 

6. General: Movement of catalytically active domain from lumen of endosome to cytosol

6. pH-induced 

6. Induces conformational changes in botulinum that expose hydrophobic domains

6. Inhibited by drugs that neutralize endosomal pH (Chloroquine)

6. Insertion of toxin into endosomal membrane 

6. Mediated by N-terminus of heavy chain

6. Heavy & light chains become separated 

6. Heavy chain: Has dual functions 

6. Channel & chaperone, for light chain

6. Associated with cleft formation in endosomal membrane

6. Light chain 

6. Transported from endosome to cytosol

6. In cytosol: More neutral pH restores light chain structure

7. Inhibition of transmitter exocytosis from presynaptic terminal 

7. Action of toxin: Zinc dependent proteolysis of protein components of exocytosis (SNARE complex) 

7. Enzyme class: Endopeptidase 

7. Toxin actions antagonized by metalloproteinase inhibitors 

7. Captopril; Phosphoamidon 

7. Inhibition produced by: Light chains of botulinum and tetanus toxins 

7. Protein substrates can only be cleaved before assembly of SNARE complex 

7. Endopeptidase activity mainly observed with reduction of disulfide bond between 2 chains of botulinum toxin 

7. Molecular targets: Botulinum subtypes and tetanus toxin 

	Clostridium
toxins
	Target proteins
cleaved

	Botulinum
    A 
    B 
    C 
    D 
    E 
    F 
    G 
Tetanus
	
SNAP-25
VAMP (Synaptobrevin)
SNAP-25; Syntaxin
VAMP (Synaptobrevin)
SNAP-25
VAMP (Synaptobrevin)
VAMP (Synaptobrevin)
VAMP (Synaptobrevin)


7. General 

7. Location of substrates: Nerve terminal cytosol

7. Specific substrates 

7. SNARE presynaptic proteins involved in exocytosis

7. Peptide substrates in each protein target have common motifs

7. Mechanism of action: Proteolysis of substrates 

7. Vesicle associated membrane protein (VAMP; Synaptobrevin) 


7. Present in synaptic transmitter-containing vesicles 

7. Site cleaved is extravesicle loop of VAMP 

7. Botulinum type B: Gln76-Phe77 

7. Tetanus: Gln76-Phe77

7. Botulinum type D: Lys59-Leu60

7. Botulinum type F: Gln58-lys59 

7. Synaptosomal-associated protein (SNAP-25 

) 

7. Attached to syntaxin & presynaptic membrane

7. Cleaved near C-terminus by 

7. Botulinum type A: Gln197-Arg198

7. Botulinum type E: Arg180-Ile181 

7. Syntaxin 1 


7. Presynaptic membrane protein associated with 

7. Ca++ channels & SNAP-25 

7. Cleaved near C-terminus by 

7. Botulinum type C1

7. Only when in membrane

7. Termination of action 

7. Mechanism unknown

7. Type A toxin with longer action than type B

· External link: Movie (Shockwave) 

· Botulinum toxin: Subtypes & Features 

· Type A 

· Most common outbreaks in Rocky Mountains & West 

· Elevated Ca++ level in synaptosomes overcomes blockade 

· More severe & long-lasting paralysis: 67% with intubation 

· Physiology 

· Miniature endpale potentials (MEPPs) 

· Frequency: Reduced

· Amplitude: Usually Reduced

· EPPs: Quantal content reduced 

· Cleavage target: SNAP-25 (t-snare) 

· More blockade of spontaneous transmitter release than type B 

· Repetitive stimulation evokes post-synaptic response 

· Type B 

· Most common outbreaks in East, especially Allegheny range 

· Has most structural homology to tetanus toxin 

· Requires assembled intracellular microtubules for action 

· Somewhat less severe paralysis than Type A 

· Physiology 

· Miniature endpale potentials (MEPPs): Normal or Moderate reduction in frequency 

· EPPs: Quantal content reduced; Variable latencies 

· Cleavage target: Synaptobrevin 1 (VAMP) (v-snare) 

· Blocks effect of α-Latrotoxin 

· Repetitive stimulation does not evoke post-synaptic response 

· Types C & D 

· Poorly absorbed from intestine 

· Cause disease in animals 

· Avian botulism: Type C; "Limber neck" 

· Equine: Forage (adult) poisoning; Shaker Foal Syndrome 

· Only rarely implicated in human intoxication 

· Botulinum C3: Ribosylates ADP 

· Substrates: RAC1 
; 
; RAC2 

; RAC3 


· Type E 

· Found in fresh water sediment 

· Most common outbreaks in Baltic, Alaska & Great Lakes states

· Associated with fish ingestion

· Type F: Produced by C. baratii 

· Botulism: Clinical features 

· Time course 

· Incubation period: 

· Average: 18 to 38 hours

· Extremes: 2 hours to 1 week 

· Weakness 

· Diffuse; Usually symmetric; Proximal > Distal 

· Bulbar: Dysphagia; Dysarthria 

· Extraocular: Ptosis; Extraocular muscle weakness 

· Sensory loss: Never prominent 

· Tendon reflexes 

· Reduced 

· ? Less involved with type E 

· Autonomic 

· Cholinergic 

· Pupils: Dilated, Blurred vision 

· Bradycardia 

· Hypotension 

· Skin: Hypohydrosis 

· Urinary retention 

· Gastrointestinal 

· Nausea & vomiting associated with contaminated food 

· Constipation: Frequently first sign, especially in infants; Common late 

· Diarrhea may occur early 

· Lab 

· Sympathetic skin response: Absent

· Plasma norepinephrine: Reduced

· Treatment 

· Supportive care

· Anti-toxin: Human 

· Usual type used: Trivalent vs A, B, E

· May be most effective for Type E

· Infant botulism: Reduces time in hospital, on ventilator & tube feeding

· US Army anti-toxin: Heptavalent; For bioterrorist attack

· Botulism: Diagnosis 

· Electrodiagnostic1 

· Repetitive nerve stimulation 

· Increment: With (40 Hz) or paired stimuli 

· Occurs in 50% to 60% of patients 

· Testing of multiple muscles may be needed to see increment 

· More common with type B botulism 

· Decrement on slow RNS: Occasional patients 

· CMAPs: Small 

· Motor unit potentials: Short 

· Recruitment: Normal, or Mildly reduced 

· Muscle biopsy: Scattered angular, small muscle fibers 

· Analysis of serum, feces & implicated food 

· Passive transfer of serum or other body fluid to mice 

· Toxicity to mice

· Selectively prevented by anti-toxin 

· Stool or wound culture: Not useful in Iatrogenic or Inhalation syndromes 

· Botulism: Clinical syndromes
	Foodbourne
GI colonization
Iatrogenic
Inhalation
Wound


· Foodborne botulism 

· Disease mechanism: Related to ingestion of toxin 

· Food 

· Contaminated with Clostridium spores

· Clostridium grows in Anaerobic conditions: Produces toxin

· Absorption 

· Stomach: Not absorbed; Toxin complex with accessory proteins is resistant to proteolysis

· Intestine 

· Alkaline pH of intestine dissociates toxin from associated proteins

· Dissociated toxin is absorbed into circulation by endocytosis & translocation

· Age: Usually adults 

· Epidemiology: Intoxication most common in California, Colorado, New Mexico, Illinois 

· Associated foods 

· Home canned vegetables, potatoes fish & preserved sea food 

· Recent epidemics: Peyote cactus tea; Mascarpone cream cheese 

· Treatment 

· Supportive care: Respiratory; Wound debridement 

· Early 

· Emetics: Avoid magnesium containing 

· Lavage 

· Enemas: Not when paralytic ileus 

· Antitoxin 

· Most useful in 1st 24 hours 

· Trivalent ABE 

· Obtain from CDC: 404-639-3753 (day); 404-639-2888 (night) 

· Use on clinical diagnosis: Without waiting for lab confirmation 

· Lowers fatality rate & shortens illness (For Type A) 

· Complications (immune): 9% 

· ? 3,4-diaminopyridine 

· Wound botulism 

· Disease mechanism: Toxin is produced locally by infecting organisms in wound 

· In wound or abscess

· After proliferation of bacterial spores

· Drug abuse most common cause 

· Intramuscular or subcutaneous ("Skin-popping") 

· "Black tar" heroin 

· Subcutaneous abscesses (50%) 

· Most common in California 

· Incubation period 4 to 14 days, longer when wound is debrided 

· Onset: Blurred vision & Bulbar weakness 

· Progression 

· Generalized weakness 

· Dysarthria; Dysphagia 

· Pupillary reactivity: Reduced 

· No GI motility change 

· Most common in California 

· Botulinum types A > B 

· Electrophysiology 

· CMAP amplitude: Reduced (50%) 

· RNS 

· 2 Hz: Decrement in 50%;

· 30 Hz: Increment in 50%

· Motor unit potentials: Small 

· Treatment 

· Wound debridement

· Penicillin 

· Prognosis 
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From: A Kornberg 

	Infantile Botulism
Hypotonia; Enlarged pupils


· Ventilator dependence frequency: Type A > B > E 

· Slow improvement in strength over weeks to months 

· 1 year: Most near normal ± fatigue 

· Autonomic function may improve later than weakness 

· Mortality: 5% to 10% 

· GI colonization syndromes: Usually Infants (Infant botulism) 

· Disease mechanism: Toxin is produced locally by infecting organisms in GI tract 

· Exposure: Ingested Clostridium botulinum spores 

· Raw honey is a common source of type B organisms 

· Clostridium grows better in GI tract without normal flora 

· Young infants: Before normal flora has developed

· After treatment with antibiotics: Reduces normal flora 

· Less competition from normal GI organisms

· Organisms produce toxin in the GI tract 

· Epidemiology 

· Occurs in areas with botulinum spores in soil 

· US: Common in California (50% of cases in US), Utah, Pennsylvania & Hawaii 

· Onset 

· 1 to 6 months of age: Most common 

· Adults: ~ 1 to 2 months after ingestion of spores 

· Predisposing factors 

· Achlorhydria

· Chronic antibiotics

· Gastrectomy

· Intestinal surgery

· Toxin types: A; B; F (produced by C. baratii) 

· Clinical 

· Initial sign: Constipation 

· Poor suck; Hypotonia 

· Parasympathetic change: Hypotension; Tachycardia 

· Diagnosis 

· Stool: Culture & Analysis for toxin 

· Repetitive nerve stimulation: Increment 

· Treatment 
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	Increment on rapid repetitive nerve stimulation


· Anti-toxin & antibiotics not effective 

· Supportive care 

· ? Botulism immune globulin 

· Prognosis 

· Improve spontaneously without treatment 

· Time course: Weeks to months 

· Iatrogenic: Generalized signs after local botulinum injection 

· Dose used: Within therapeutic guidelines 

· Weakness: Generalized 

· Autonomic: May be involved 

· Lab: Abnormal single fiber EMG 

· Inhalation botulism syndrome3 

· Exposure 

· Aerosolized botulinum toxin

· Sources: Bioterrorism; Veterinary

· GI prodrome: None 

· Early signs: Dysphagia; Dilated pupils; Ophthalmoparesis 

· Likely Epidemiology in Bioterrorism 

· Several cases: Multiple simultaneous groups

· Common temporal & geographical, but not food, exposure

· Probably not waterbourne

· Latency: 12 to 80 hours

· Unusual toxin type for geographic area

· Treatment 

· Respiratory support

· Antitoxin: As early as possible

· Botulism: Prevention 

· Canning or preserving foods with appropriate heat, pressure, & low pH 

· Spores 

· Survive 2 hr at 100 °C 

· Inactivated at 120 °C 

· Boiling food before canning at high elevations may not inactivate the spores 

· Factors favoring spore germination: Low acidity (pH > 5.0); Low O2; High water content 

· Toxin: Inactivated after 1 minute at 85 °C, or 5 minutes at 80 °C 

· Avoid exposure of infants to honey (may contain Clostridium botulinum spores) 

· Botulinum intoxication: No immunity from subsequent episodes 

· Immunization 

· Pentavalent toxoid 

· Used only for high risk personnel: Laboratory workers; Military 

· Botulism: Pathology of terminal axons
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	Botulinum Toxin, Type B
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Botulism

Author: Elias Abrutyn 

Definition

Botulism is a paralytic disease that begins with cranial nerve involvement and progresses caudally to involve the extremities. It is caused by potent protein neurotoxins elaborated by Clostridium botulinum. The toxins' high potency has led to consideration of their use in bioterrorism or biological warfare. Cases may be classified as (1) food-borne botulism, from ingestion of preformed toxin in food contaminated with C. botulinum; (2) wound botulism, from toxin produced in wounds contaminated with the organism; (3) infant botulism, from ingestion of spores and production of toxin in the intestine of infants; or (4) adult infectious botulism, a group that includes some cases in older children and adults in which disease is produced by a mechanism similar to that described for infant botulism.

Etiologic Agent

C. botulinum, a species encompassing a heterogeneous group of anaerobic gram-positive organisms that form subterminal spores, is found in soil and marine environments throughout the world and elaborates the most potent bacterial toxin known. Organisms of types A through G have been distinguished by the antigenic specificities of their toxins; a classification system based on physiologic characteristics has also been described. Rare strains of other clostridial species-C. butyricum and C. baratii-have also been found to produce toxin. C. botulinum strains with proteolytic activity can digest food and produce a spoiled appearance; nonproteolytic types leave the appearance of food unchanged.

Of the eight distinct toxin types described (A, B, C1, C2, D, E, F, and G), all except C2 are neurotoxins; C2 is a cytotoxin of unknown clinical significance. Botulinum neurotoxin, whether ingested or produced in the intestine or a wound, enters the vascular system and is transported to peripheral cholinergic nerve terminals, including neuromuscular junctions, postganglionic parasympathetic nerve endings, and peripheral ganglia. The central nervous system is not involved. Active neurotoxin (150 kDa) is composed of a heavy chain (a 100-kDa fragment responsible for neurospecific binding and translocation into the nerve cell) and a light chain (a 50-kDa fragment responsible for intracellular catalytic activity). The steps involved in neurotoxin activity include (1) specific binding to presynaptic nerve cells at the myoneural junction, (2) internalization of the toxin inside the nerve cell in endocytic vesicles, (3) translocation of the toxin into the cytosol, and (4) proteolysis by toxin (a zinc endopeptidase) of components of the neuroexocytosis apparatus curtailing release of the neurotransmitter acetylcholine. Cure follows sprouting of new nerve terminals.

Toxin is heat-labile, but spores are highly heat-resistant; both can be inactivated under appropriate conditions (see "Prevention," below). In the gastrointestinal tract, toxin is complexed with nontoxin proteins and resists degradation.

Toxin types A, B, E, and (in rare instances) F cause human disease; type G (now called C. argentinense) has been associated with sudden death, but not with neuroparalytic illness, in a few patients in Switzerland; and types C and D cause animal disease.

Epidemiology

Human botulism occurs worldwide. In the United States, the geographic distribution of cases by toxin type parallels the distribution of organism types found in the environment. Type A predominates west of the Rocky Mountains; type B is generally distributed but is more common in the East; and type E is found in the Pacific Northwest, Alaska, and the Great Lakes area. In the United States, food-borne botulism has been associated primarily with home-canned food, particularly vegetables, fruit, and condiments, and less commonly with meat and fish. Type E outbreaks are frequently associated with fish products. Commercial products occasionally cause outbreaks, but some of these outbreaks have resulted from improper handling after purchase. Outbreaks in restaurants, schools, and private homes have been traced to uncommon sources (commercial potpies, beef stew, turkey loaf, sauteed onions, baked potatoes, and chopped garlic in oil). Food-borne botulism can occur when (1) a food to be preserved is contaminated with spores, (2) preservation does not inactivate the spores but kills other putrefactive bacteria that might inhibit the growth of C. botulinum and provides anaerobic conditions at a pH and temperature that allow germination and toxin production, and (3) food is not heated to a temperature that destroys toxin before being eaten.

Clinical Manifestations

Food-Borne Botulism

Following ingestion of food containing toxin, illness varies from a mild condition for which no medical advice is sought to very severe disease that can result in death within 24 h. The incubation period is usually 18 to 36 h but, depending on toxin dose, can extend from a few hours to several days. Symmetric descending paralysis is characteristic and can lead to respiratory failure and death. Cranial nerve involvement, which almost always marks the onset of symptoms, usually produces diplopia, dysarthria, and/or dysphagia. Weakness progresses, often rapidly, from the head to involve the neck, arms, thorax, and legs; the weakness is occasionally asymmetric. Nausea, vomiting, and abdominal pain may precede or follow the onset of paralysis. Dizziness, blurred vision, dry mouth, and very dry, occasionally sore throat are common. Patients are generally alert and oriented, but they may be drowsy, agitated, and anxious. Typically, they have no fever. Ptosis is frequent; the pupillary reflexes may be depressed, and fixed or dilated pupils are noted in half of patients. The gag reflex may be suppressed, and deep tendon reflexes may be normal or decreased. Paralytic ileus, severe constipation, and urinary retention are common.

Wound Botulism

When wounds are contaminated with C. botulinum spores, the spores may germinate into vegetative organisms that produce toxin. This rare condition resembles food-borne illness except that the incubation period is longer, averaging about 10 days, and gastrointestinal symptoms are lacking. Wound botulism has been documented after traumatic injury involving contamination with soil; in injection drug users, for whom black-tar heroin use has been identified as a risk factor; and after cesarean delivery. The illness has occurred even after antibiotics have been given to prevent wound infection. When present, fever is probably attributable to concurrent infection with other bacteria. The wound may appear benign.

Infant Botulism

In infant botulism, the most common form of the disease, toxin is produced in and absorbed from the intestine after the germination of ingested spores. The severity ranges from mild illness with failure to thrive to fulminant severe paralysis with respiratory failure and may be one cause of sudden infant death. The identification of contaminated honey as one source of spores has led to the recommendation that honey not be fed to children <12 months of age. Most cases cannot be attributed to a particular food source. The factors permitting intestinal colonization with C. botulinum are not fully defined, but cases usually involve infants <6 months of age; susceptibility may decrease as the normal intestinal flora develops.

Adult Infectious Botulism

Rarely, botulism in adults is produced by a mechanism similar to that operative in infant botulism: intestinal colonization and toxin production. The patient may have a history of gastrointestinal disease, surgery, or recent antibiotic therapy. Toxin and organisms may be identified in the stool.

Diagnosis

A diagnosis of botulism must be considered in afebrile, mentally intact patients who have symmetric descending paralysis without sensory findings. The diagnosis must be suspected on clinical grounds in the context of an appropriate history. Conditions often confused with botulism include myasthenia gravis, which may be ruled out by electromyography and antibody studies, and Guillain-Barré syndrome, which is characterized by ascending paralysis, sensory abnormalities, and elevation of the protein concentration in cerebrospinal fluid. The Fisher variant of Guillain-Barré-a descending paralysis-can indeed be difficult to differentiate from botulism. Other conditions that may resemble botulism include Lambert-Eaton syndrome, poliomyelitis, tick paralysis, diphtheria, and intoxications from mushrooms, medications, or chemicals. Hypermagnesemia should be considered.

The demonstration of toxin in serum by bioassay in mice is definitive, but this test may be negative, particularly in wound and infant botulism. It is performed only by specific laboratories, which can be identified through regional public health authorities. Other assays are being developed and remain experimental. The demonstration of the organism or its toxin in vomitus, gastric fluid, or stool is strongly suggestive of the diagnosis, because intestinal carriage is rare. Isolation of the organism from food without toxin is insufficient grounds for the diagnosis. Wound cultures yielding the organism are suggestive of botulism. The edrophonium chloride (Tensilon) test for myasthenia gravis may be falsely positive in botulism but is usually less dramatically positive than in the former condition. Nerve conduction velocity is normal, but compound muscle action potentials on routine nerve stimulation studies are decreased with a supramaximal stimulus, and facilitation is evident after repetitive stimulation at high frequency. Single-fiber electromyography may be helpful. The white blood cell count and erythrocyte sedimentation rate are normal.

Treatment

Patients should be hospitalized and monitored closely, both clinically and by spirometry, pulse oximetry, and measurement of arterial blood gases for incipient respiratory failure. Intubation and mechanical ventilation should be strongly considered when the vital capacity is <30% of predicted, especially when paralysis is progressing rapidly and hypoxemia with absolute or relative hypercarbia is documented (Chap. 266). Serial measurements of the maximal static inspiratory pressure may be useful in predicting respiratory failure.

In food-borne illness, trivalent (types A, B, and E) equine antitoxin should be administered as soon as possible after specimens are obtained for laboratory analysis. The initiation of treatment should not await laboratory confirmation, which may take days. After testing for hypersensitivity to horse serum, a vial of antitoxin is given; repeated doses are not considered necessary. Anaphylaxis and serum sickness are risks inherent in use of the equine product, and desensitization of allergic patients may be required. If there is no ileus, cathartics and enemas may be given to purge the gut of toxin; emetics or gastric lavage can also be used if the time since ingestion is brief (only a few hours). Use of antibiotics to eliminate an intestinal source for possible continued toxin production and of guanidine hydrochloride and other drugs to reverse paralysis is of unproven value. In the United States, antitoxin as well as help in clinical management and laboratory confirmation are available at any time from state health departments or from the Centers for Disease Control and Prevention [at (404)639-2206; emergency number: (404)639-2888].

Treatment of infant botulism requires supportive care. Neither equine antitoxin nor antibiotics have been shown to be beneficial, and the value of human botulism immune globulin, an experimental preparation, is still being evaluated. In wound botulism, equine antitoxin is administered. The wound should be thoroughly explored and debrided, and an antibiotic such as penicillin should be given to eradicate C. botulinum from the site, even though the benefit of this therapy is unproven. Results of wound cultures should guide the use of other antibiotics.

Botulinum toxin is being used as therapy for strabismus, blepharospasm, and other dystonias and appears safe and effective. Generalized botulism-like weakness complicating therapy has been reported.

Prognosis

Type A disease is generally more severe than type B, and mortality from botulism is higher among patients above age 60 than among younger patients. With improved respiratory and intensive care, the case-fatality rate in food-borne illness has been reduced to ~7.5% and is low in infant botulism as well. Artificial respiratory support may be required for months in severe cases. Some patients experience residual weakness and autonomic dysfunction for as long as a year after disease onset.

Prevention

A pentavalent vaccine (A-E) is available for use in highly exposed individuals. Spores can be inactivated by exposure to a temperature of 116° to 121°C (e.g., in steam sterilizers or pressure cookers). Toxin can be inactivated by exposure to a temperature of 100°C for 10 min. Newly identified cases should be reported immediately to public health authorities.

Bibliography
 


	[image: image25.png]



	[image: image26.png]




	•
	Angulo FJ et al: Large outbreak of botulism: The hazardous baked potato. Clin Infect Dis 178:172, 1998
 

	•
	Bhatia KP et al: Generalised muscular weakness after botulinum toxin injection for dystonia: A report of three cases. J Neurol Neurosurg Psychiatry 67:90, 1999 [image: image27.png]


 [ PMID 10369829 ]
 

	•
	Cherington M: Clinical spectrum of botulism. Muscle Nerve 21:701, 1998 [image: image28.png]


 [ PMID 9585323 ]
 

	•
	Hatheway CL: Botulism: The present status of disease. Curr Top Microbiol Immunol 195:55, 1995 [image: image29.png]


 [ PMID 8542759 ]
 

	•
	Montecucco C et al: Botulinum neurotoxins: Mechanism of action and therapeutic implications. Mol Med Today 2:418, 1996 [image: image30.png]


 [ PMID 8897436 ]
 

	•
	Passaro DJ et al: Wound botulism associated with black tar heroin among injecting drug users. JAMA 279:859, 1998 [image: image31.png]


 [ PMID 9516001 ]
 

	•
	Shapiro RL et al: Botulism in the United States: A clinical and epidemiologic review. Ann Intern Med 129:221, 1998 [image: image32.png]


 [ PMID 9696731 ]
 


 
Additional Bibliography
  

	[image: image33.png]



	[image: image34.png]




	•
	Cardoso F, Jankovic J: Clinical use of botulinum neurotoxins. Curr Top Microbiol Immunol 195:123, 1995 [image: image35.png]


 [ PMID 8542751 ]
 

	•
	Hatheway CL, Ferreira JL: Detection and identification of Clostridium botulinum neurotoxins. Adv Exp Med Biol 391:481, 1996 [image: image36.png]


 [ PMID 8726084 ]
 

	•
	McCroskey LM, Hatheway CL: The large intestine as the site of Clostridium botulinum colonization in human infant botulism. J Clin Microbiol 26:1052, 1988 [image: image37.png]


 [ PMID 3290234 ]
 

	•
	Midura TF: Update: Infant botulism. Clin Microbiol Rev 9:119, 1996 [image: image38.png]


 [ PMID 8964030 ]
 

	•
	Schwarz PJ, Arnon SS: Botulism immune globulin for infant botulism arrives-one year and a Gulf War later. West J Med 156:197, 1991
 

	•
	Simpson LL: Botulinum toxin: A deadly poison sheds its negative image. Ann Intern Med 125:616, 1996 [image: image39.png]


 [ PMID 8815762 ]
 

	•
	Smith LDS, Sugiyama H: Botulism: The Organism, Its Toxins, the Disease, 2d ed. Springfield, IL, Charles C Thomas, 1988
 


DOI 10.1036/1096-7133.ch144

