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Botulism – a short history


 

Emperor Leo VI of Byzantium (886-911 A.D.) forbade his 
people to eat blood sausages.



 

1793, southern Germany, 6 of 13 died, initially diagnosed 
as belladonna poisoning.  “Blunze” - pig stomach/blood 
preserved by smoking.



 

1820-22 in Germany Justinus Kerner collected data on 
230 cases of sausage poisoning due to “corpse acid”.



 

Recognized in Russia in 1818 
7 cases of paralytic illness in Yakutsk due to salted fish.  
Known as ichthyism!



 

~1900 Dr. van Ermengem isolated an anaerobic spore- 
forming bacillus from the spleen of a victim 
 described this organism as Bacillus botulinus
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Emperor acquired the title of “The Wise and the Philosopher”



Dr. Justinus Kerner attributed the disease to a toxic fatty acid “corpse acid”, and sausage poisoning was made a reportable disease.

In canada botulism was not reportable until 1924.



Van Ermengem outbreak

In the Belgian village of Ellezelles, 34 members of a Musical society ate some salted ham.  Over the next 20-36 hours the musicians developed neuro-paralytic syndrome.  3 died within a week, another 10 nearly died.those who ate small amounts were symptomless.  The slaughtered ham had been salted and submerged in a brine solution for 10 days before being eaten.



Clostridium botulinum comes from the latin word for sausage “botulus”



1924 – Albany, Oregon



 

Home-canned 
string beans



 

All 12 people 
family 
members died
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Potent neurotoxin, most lethal substance known.  Median lethal dose (LD50) of 1 nanogram of toxin per kilogram body mass.

The bacteria is present in soil throughout the world and exists terrestially, in freshwater and in coastal saltwater muds.



Between 1948 and 1961  four cases of Clostridium botulinum Type A were detected in improperly canned vegetables in Grand Forks, BC.  These included corn-on the cob (2 deaths), spinach (2 cases, no deaths), and 2 separate episodes involving asparagus (resulting in 3 deaths)





C. botulinum

www.hpa.org CDC Public Images 2132, 1930

Gram positive

Anaerobe

Spore Former

Oval subterminal 
endospores

Motile
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Botulism – what is the disease?



 
Botulism causes an intoxication that 
damages the nerves



 
Ingestion of protein toxin blocks the 
release of acetylcholine at 
neuromuscular junctions



 
This stops muscle contractions and 
paralyzes skeletal muscle cells – 
“muscular paralysis”.
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Skeletal muscles are used for movement, breathing  respiratory failure

Posture and body position inability to hold up head

Protection of organs, abdominal wall composed of skeletal muscle

Swallowing, defecation, urination

Muscles also produce heat when contracting



Martini, Anatomy & Physiology, 6th ed.
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The interaction of the skeletal muscle and nerve fibres which is targeted by the botulism toxin acts at the NeuroMuscular Junction.  

Grade 12 Biology, a nerve fibre is composed of a motor neuron at one end, a long axon (which transmits the signal) which terminates at the NMJ which attaches to the muscle cell.

When a nerve/muscle cell are interacting normally, vesicles (little fat droplets) contain a chemical called acetylcholine which is released from the synaptic terminal of the NMJ

This is released into the “synaptic cleft” or space between the NMJ and the skeletal muscle fibre cell

The Acetylcholine binds to receptors on the muscle cell and this change allows sodium ions to rush in which creates an “action potential” which results in muscle fibre contraction.



Martini, Anatomy & Physiology, 6th ed.
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1 – an arriving action potential depolarizes the synaptic knob



2 – calcium ions enter the cytoplasm of the synaptic knob

Ach is releaseed through exocytosis of neurotransmitter vesicles.



3 – Ach diffuses across the synaptic cleft and binds to receptors on the postsynaptic membrane.

Chemically regulated sodium channels on the postsynaptic surface are activated, producing a graded depolarization.

Ach release ceases because calcium ions are removed from the cytoplasm of the synaptic knob



4 – the depolarization ends as Ach is broken down into acetate and choline by AChE

The synaptic knob reabsorbs chline from the synaptic cleft and uses it to resynthesize ACh



Martini, Anatomy & 
Physiology, 6th ed.
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Mechanism of action occurs in 4 steps

Toxin molecule has 2 fragments (polypeptide chains), heavy and light

One end of the heavy chain (carboxy terminus) binds to a receptor on the neuronal membrane at the end of the nerve (polysialorganglioside receptor)

The toxin becomes internalized into endosomal like compartment

The other end of the heavy chain (amino terminal) moves across the membrane – membrane translocation

The light chain cleaves the proteins that allow the acetylcholine to be packaged into the synaptic vesicle or fat bubble and this prevents the release of acetylcholine from the synaptic terminals of motorneurons.  



Types of Botulism



 
Food Botulism



 
Wound Botulism



 
Infant Botulism



 
Child/Adult Botulism

Intestinal 
Botulism
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Food Botulism – the food has preformed toxin.

The botulinum spores present in the food germinated, grew up and released the botulinum toxin into the food – when you eat it you get the “intoxication” and disease



Wound botulism – a deep cut, spores are introduced into it (most commonly recently from IV drug users), the spores germinate, release the toxin, which travel to blood stream and cause symptoms and disease.



Infant botulism – also known as intestinal botulism spores are ingested and inside the gut they germinate, release toxin and cause the disease.  “in-vivo toxin production”  This occurs because the infant (less than 12 months of age) has an underdevloped intestinal microbial flora.  

Child/Adult Onset Botulism – another intestinal botulinum infection some predisposing factor (such as a person who may recently have had a course of antibiotics and has some other condition predisposing them to illness) the spores grow up in the gut and release toxin as well, this is very rare.



In Canada 47 outbreaks were reported between 1990 and 1999 involving 110 cases and 3 deaths.  13 cases were infant botulism all caused by typeA botulism.

In the US approx. 70 to 90 cases of botulism are reported each year.

In contrast, Poland, where people do a lot of home canning, upwards of 300 cases are reported each year, and outbreaks are fairly common.



Infant Botulism


 

Affects children less than 12 months old
• Median age: 10 wks (2 wks to 1 yr)

• exception: 7.6 days for C. baratti (rapid progression)



 

Ingestion of C. botulinum spores cause the illness 
(food or environmental)
• in situ production of toxin by Clostridium bacteria, gut 

microflora fail to competitively inhibit outgrowth of spores


 

Mild to severe illness
• Feeding difficulties, mild hypotonia, floppy neck 

 
respiratory failure, infant death



 

Incubation period from 3 to 30 days after exposure
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In adults ingestion of Clostridium  botulinum spores aren’t a problem, in the infant gut the pH is quite acidic due to the predominance of Lactobacillus bacteria.  As infants age the microbial flora in the gut changes as well. pH may become more alkaline with introduction of solid foods and spores of C. botulinum may germinate as other gut microflora fail to competitively inhibit growth. 



After ingestion of spores and growth of bacteria the toxins which are released by the bacteria are absorbed by the intestinal tract and carried via the lymph and bloodstream to the neuromuscular endings



Infant botulism is sometimes unrecognized and it’s estimated to cause an estimated 5% of SIDS





Symptoms & Diagnosis


 

1st symptom constipation (95%)


 

“Floppy baby”, listless, lethargic, poor head control


 

Difficulty swallowing & sucking, weak cry


 

Flaccid expression


 

Pupils don’t react to light


 

Weak gag reflex
Diagnosis:


 

EMG – electromyogram


 

Stool specimen
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Diseases that need to be excluded are:

Reye’s syndrome – mimics arthritis and is brought about by use of aspirin in young children (determine the blood ammonia level)

Guillain-Barre presents as an ascending paralysis and is not usually seen in children younger than one year.

Congenital myasthenia gravis a rare muscle disorder can be excluded by maternal and neonatal history

Bacterial sepsis/meningitis / Poliomyelitis

Electrolyte disturbance / inborn errors of metabolism

Organophosphate or heavy metal poisoning

EMG – electromyogram  - motor and sensory nerve conduction velocity in one arm & one leg as well as other tests   EMGs often give a characteristic pattern of brief, small-amplitude, abundant motor-unit action potential.

Clinical Manifestations: Botulism is a neuroparalytic disorder characterized by an acute, afebrile, symmetric descending flaccid paralysis. Paralysis is caused by blockade of neurotransmitter at the voluntary motor and autonomic neuromuscular junctions. Three distinct, naturally occurring forms of human botulism exist: foodborne, wound, and infant. Onset of symptoms occurs abruptly within hours or evolves gradually over several days. Cranial nerve palsies always occur in botulism, possibly followed by symmetric, descending, flaccid paralysis of somatic musculature that may progress rapidly. Classically, infant botulism, which occurs predominantly in infants younger than 6 months of age, is preceded by or begins with constipation and manifests as decreased movement, loss of facial expression, poor feeding, weak cry, diminished gag reflex, ocular palsies, truncal weakness, and progressive descending generalized weakness and hypotonia (eg, "floppy infant"). The spectrum of disease ranges from mild (eg, constipation, slow feeding) to rapidly progressive (eg, apnea, sudden infant death).�[ from AAP Red Book 2006 BC College and Physicians Library ]



Treatments



 
Supportive and respiratory care



 
Nasogastric feeding, mechanical 
respiration



 
BabyBIG



 
Wait until recovery of nerve function:  
regeneration of terminal motor neurons



 
Hospital stays from one month to a year
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Nearly 70% of all infant botulism cases will require respiratory care

Also not recommended is a course of antibiotics.

If antibiotic therapy is administered this will kill off the bacteria in the gut, and then the toxins inside the bacteria will be released all at once and cause even more severe symptoms

Aminoglycosides are also not recommended as they may potentiate neuromuscular weakness.



Investigations into human derived botulinal immune globulin (BIG) have been conducted, and can be obtained by contacting the CDC.  Studies have shown that the mean hospital stay of infants is reduced from 5.6 weeks to 2.6 weeks using this .



Infant recovery is dependent on the regeneration of nerve terminals and motor endplates.





Randomized Placebo-Controlled Trial (129 Infants)

Duration of Placebo BIG-IV

Hospitalization 5.7 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)

Hospitalization BIG-IV @4-7 days hosp BIV-IV@ <4 days hosp

2.9 wk 2.0 wk

All differences statistically significant p<0.001

Differences in Outcomes of Infants 
Treated with BIG-IV (BabyBIG) 
(Arnon et al, N Engl J Med. 2006;354:462-471)
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BIG-IV or BabyBIG is derived from pooled plasma of immunized adult volunteers.  It neutralizes free toxin.

Prior to baby BIG ave hosp stay 32 days (90% totally paralyzed requiring ventilatory support for a median of 13 days).

Cost of BabyBIG is $45,300 (Dec 2006)  current standard of care

DO NOT WAIT for confirmatory testing.



Botulism neurotoxin types



 
A, B, E, F affect humans



 
C1 , C2 , D affect birds, mammals



 
G not found to cause illness



 

AB, BF dual toxin strains

(C. butyricum, C. baratii also known to produce 
type E & F toxins)
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7 types of botulism neurotoxin, which are based on the neurological specificity of the neurotoxin



Infant botulism types are usually A or B
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Botulinum neurotoxins are 150 kDa proteins.  They are secreted as progenitor toxin that contains the neurotoxin and other nontoxic components (nontoxic components protect the neurotoxin from environmental stress).

150 kDa  100 kDa heavy chain binds and translocates the toxin across the synaptic membrane; 50 kDa light chain cleaves proteins in the acetylcholine vesicle docking and fusion system to presynaptic membrane.

Noproteolytic group II strains may need proteases (eg, trypsin) for activation for maximum toxicity.





Botulism Groups
Group I Group II Group III Group IV

Proteolytic Non-proteolytic Non-proteolytic

Neurotoxin A, B, F B, E, F

Optimal temp 35-40oC 18-25oC 40oC 37oC

Range temp 
survival (min/max)

10-48oC 3-45oC ND ND

pH 4.6 5.0 ND ND

Salt 10% 5% ND ND

Aw 0.94 0.97 ND ND

Spore Inactivation 
Step†

25’ @ 100oC
0.1-0.2’ @ 121oC

<0.1’ @ 100oC
<0.001’

<0.1 to 0.9’ @ 
100oC

<0.8 to 1.1’ 
@100oC

†- Note: in commercial canning operations, a 12D (12 log reduction) process is typically 2.4 min at 121°C (250°F)
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As well as being divided into Neurotoxin Groups, strains of C.botulinum are also divided into groups which define their characteristics such as the ability to digest protein, growth at different temperatures water activities and pH



Group I organisms are more terrestial in origin & temperate climates, Group II – especially type E are found in aquatic northern environments (type E associated with fish and native Indian foods such as salmon roe).



Concern in the industry is to make standards that will inactivate spores of the Group I botulinum when canning low-acid foods like string beans.  The current industry standard is for 121 C for 0.2 minutes



Group II botulinum can use a moderate heat process, but there is some concern of psychophillic strains, or strains able to survive at refrigeration temperature, especially in vacuum-packed foods.  

This is also known as MAP – modified atmosphere packaging.

Type E botulism is found commonly in fish, but also in meats/vegetables and bakery products.  This might include items like fish and especially mushrooms.  Don’t buy any mushrooms unless the plastic wrap has holes in it.

Looking at the pH, most high acid fruits and veggies will be fine with an acidic pH.  

Other food processes which reduce water activity also help limit the growth of  botulinum spores.  Molds and yeasts are more resistant and can grow in these foods.  If you see them, throw out the food! Because they can change the pH in the food (making it more alkaline) and may allow botulinum to grow

C. Botulinum spores are fairly radiation resistant



Water Activities of various foods
Food                                          aw



 

Fresh fruit, veg, meat, fish >0.98


 

Cooked meat, bread 0.98 - 0.95


 

Cured meat products, cheeses 0.95 - 0.91


 

Sausages, syrups 0.97 - 0.87


 

Flours, rice, beans 0.87 - 0.80


 

Jams, marmalades 0.80 - 0.75


 

Candies 0.75 - 0.65


 

Dried fruits 0.65 - 0.60



Minimal aw for growth of….

Microorganims aw



 

Most bacteria 0.91 - 0.88


 

Most yeasts 0.88


 

“Regular molds” 0.80


 

Halophilic bacteria 0.75


 

Xerotolerant molds 0.71


 

Osmophilic yeasts 0.62 - 0.60

Presenter
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As you can see here the amount of available water that molds and yeasts need to grow is quite low. 

As an example, many canning recipes for jams and so on use sugars as a way to lower the water activity.

The problem with molds and yeasts in foods is that in the process of  digesting the food they can raise the pH to a more alkaline environment that may allow the harmful bacterias to grow.  Also some molds can release mycotoxins which are also harmful (so don’t eat moldy food, and discard moldy jams).



Processing of Foods for aw

Photo: BC Centre for Disease Control



Processing of Foods for aw

Chilled 
mirror dew- 
point 
technique

Photo: BC Centre for Disease Control



Adult 
classical 
Botulism: 
BC case

“Stink Eggs”

Type E 
Botulism

Photo: BC Centre for Disease Control
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Fermented salmon roe:

Cases occurred in 2001, 2 ill, botulinum type E.



Other native foods seal meat and seal flippers, beluga whale meat and flippers known as “muktuk”



Infant Botulism Types & Risk 
Factors


 

Type A is found in the west / Type B is found in the east



 

Risk factors and predisposing conditions…
• ingestion of honey – risk of Type B
• parent has daily contact with soil / living on a farm / living in area 

following an earthquake
• windy, high soil water and alkaline content
• possible seasonal trend: cases between March and October (not 

winter)
• exclusively breast-fed infants during weaning (change in gut 

microflora)
• introduction of first formula feeding
• age onset differences: 

formula-fed: 7.6 weeks, breast-fed: 13.7 weeks (±8.4 weeks)
• host factors role in pathogenesis
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What kind of infant botulism is found primarily relates to what kind of spores are found in the environment…generally Type A spores found west of the Mississippi – Type A infant botulism clinically more severe than Type B.

Case study in New York City in 2001-2002

Across the US approximately 100 cases of infant botulism occur each year, which works out to 2 cases per 100,000 births.  In New York it’s 4 per 100,000  but during one year #’s rose to 68 cases per 100,000 births.  Four cases were described & in none of them could a common source of exposure be found.  Each child fully recovered, and 3 were administered the BABY BIG Botulism Immune Globulin Intravenous (BIG-IB).  Further investigation uncovered that all the infants lived within a 6-mile radius of each other in Staten Island, and construction was reported by each family.

Seasonal trend reported in Utah – suggest C. bot spores may multiply in soil with warmer temp and moisture factors.

Other factors include high water table and alkaline soil condition.

In Pennsylvania a survey of 44 patients found changes in formula feedings within 4 weeks of onset.

In California, formula-fed infants at risk of infection at younger age than breast-fed.  Thought to be related to pH, C. bot more likely to survive in less acidic environments (feces of formula-fed babies more alkaline than that of breast-fed babies).

Ingested spores can germinate in some (not all) infants – asymptomatic carrier state ***cannot diagnose infant botulism on basis of culture result alone – must be accompanied by clinical diagnosis of symmetric descending paralysis etc.



Spores found in….



 

Honey


 

Yard soil


 

Vacuum cleaner dust


 

Infant Formulas
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Honey is the only food that has ever been implicated in infant botulism

Some surveys have reported between 2 and 7% of honey is contaminated with botulinum spores.  However, a 2001 study conducted by Dr. John Austin with the Botulism reference service in Ottawa found that of 80 honey samples submitted from across Canada, no botulinum or spores were found.

In California, honey was significantly associated with TYPE B (type A is most common in BC)

Although spores have been been found in other foods like corn syrup and rice cereal they’ve never been directly involved in an infant botulism

At least one case of botulism in an infant has been traced to home-canned baby food as well, symptoms in this case were rapidly descending paralysis, and the child required mechanical respiration assistance within 24 hrs.



PREFORMED TOXIN HAS NEVER BEEN IDENTIFIED IN ANY FOODS RELATED TO INFANT BOTULISM

C. Bot has been found in vacuum cleaner dust and soil.  Honey exposure worldwide is in 35% of infant bot cases only – thought that most cases are due to environmental sources.





Laboratory Investigation – 
Infant Botulism



 
Specimen to be submitted: 
**stool 

NOT blood or serum (rarely does toxin 
circulate in infant blood)
• Exception: early in course of infection

Presenter
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Getting sufficient stool from a constipated infant can be difficult, so it’s recommended that a saline wash is done



Very difficult to get blood in a sufficient quantity from an infant, also because the toxin is bound up as it’s released it’s not usually in a detectable amount.  Not recommended to try for this kind of specimen.



In adult botulism investigations we need 5 tubes of blood



The stool that’s collected in infant botulism is cultured.  C. Botulinum bacteria present will grow up in culture and release toxin, and the cultlure filtrate is tested for the presence of toxin.  It does take up to 5 days to culture the stool however, so a rapid diagnosis is not possible



Laboratory Methods


 

Mouse assay – intraperitoneal Inject culture filtrates, food 
filtrates or serum into mice



 

Look for symptoms
• Wasp-like or constricted waist
• Ruffled hair
• Difficulty breathing, failure to right response
• Death



 

TAT for mouse assay
• Serum: 48 hours minimum for negative result

• If positive, signs may be observed within 4 to 8 hrs 
post-inoculation, usually 24 hrs is required.

• Culture (stool, food): 5 to 7 days

Presenter
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Botulism testing hasn’t changed in over 75 years, the most reliable way to determine if botulinum neurotoxin is present is the mouse assay.



Usually 3 different culture filtrates are set-up to determine the temperature sensitivity of the spores.  (No heating, heating for 10 min at 60C (type II spores survive) and heating for 15 min at 80C (type I spores survive, no type II survive).  After culture the filtrates are sterilized through a 0.22 micron filter (so no bacteria or spores are remaining and only toxin is left). Type II strains may require trypsin activation (require cleavage to become active).

The sterile filtrates are then kept “neat” (nothing added), or mixed with antitoxin, A, B, E and polyvalent antitoxin ABE.

These are inoculated into mice and then mice are observed for developing symptoms over the course of 5 days.

FALSE NEGATIVES: caused by fecal proteinases degrade bot tox

FALSE POSITIVES: in vivo toxin formation from high number of C. bot spores, endotoxins from gram neg bacteria and tetanus toxin have all been reported.





Infant Formula Problems



 

Botulinum Type B in Infant Powder 
Ireland 2001 
(SMA nutrition: white infant formula)



 

Thiamine Deficiency in Infant Formula, Israel, 
November 2003



 

Enterobacter sakazakii in Powdered Infant 
Formulas, Canada, July 2002



 

Bacillus cereus in Powdered Infant Formulas, 
Survey, Germany, 1994

Presenter
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Infant formula did have to be recalled in Ireland for causing a Type B infant botulinum food poisoning.  The brand name of this formula was called SMA nutrition, and it was a white infant formula powder.  

In this case a 5 month old girl was affected, but she did recover with supportive therapy.



In Israel in 2003 serious problem with infant formula: 3 babies died and 17 others were hospitalized with encephalopathy.  This soy-based product called “Remedia” had one tenth the concentration of Vitamin B1 or thiamine, which is a vital nutrient.  The babies which were relying on this food source solely were without this vitamin and this led to central nervous system damage and damage to the heart. Metabolic acidosis was a symptom in some infants, and the MRI showed damage in the brain and basal ganglia. Early symptoms of these illnesses included nausea, vomiting, constipation, convulsions and loss of consciousness.

…mention quality control errors



In 2002 a risk advisory about the connection of infant based formulas to Enterobacter sakazakii infections was issued by Health Canada.  Case fatality rates with these infections range from 40to80%, and the type of meningitis caused by E. sakazakii may lead to cerebral abscess or infarction with cysts formation and severe neurologic impairment.  The advisory reminded people that infant powders are not sterile, when these powders are used in hospitals they should be prepared in a sterile laminar flow hood.



Of interest, many powdered formulas also contain Bacillus cereus spores.  In this German study 261 samples from 17 countries were tested…54% were found to be contaminated with B.cereus.  The researchers took some samples contaminated with 100 bc/gram and after reconstituting and holding at room temperature levels reached 10 5 after 7 to 9 hours



Photo: BC Centre for Disease Control



Photo: BC Centre for Disease Control



BCCDC Contacts for Case 
Management and Investigations


 

When botulism is suspected, immediately inform the local 
Medical Health Officer 



 

Contact the on-call Physician for BCCDC at 
604.312.9222 regarding provision of botulism antitoxin 



 

Contact the on-call Medical Microbiologist at Laboratory 
Services (BCCDC) 604.661.7033 for consultation and 
approval of sample testing



 

Phone Food Poisoning Laboratory (BCCDC) 
604.707.2611 for priority sample submission information



 

Phone Food Protection (BCCDC) 604.707.2440 for 
consultation regarding Food Recalls & investigation

BCCDC Reference Links: 
1. Communicable Disease Control Chapter 1 - Botulism

2. PHSA Programs and Services

http://www.bccdc.ca/NR/rdonlyres/9A96F75F-F6F9-4614-B1F5-DF0976A24EA4/0/EPI_Guidelines_Chapter1_Botulism_20091014.pdf
http://www.phsa.ca/AgenciesAndServices/Services/PHSA-Labs/About-PHSA-Labs/BCCDC-Public-Health-Microbiology-Lab.htm
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