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Preface

This report, which updates handbooks issued in 1969, 1973, and 1979, reviews the
epidemiology of botulism in the United States since 1899, the problems of clinical and laboratory
diagnosis, and the current concepts of treatment. It was written in response to a need for a
comprehensive and current working manual for epidemiologists, clinicians, and laboratory
workers.

We acknowledge the contributions in the preparation of this review of past and present
physicians, veterinarians, and staff of the Foodborne and Diarrheal Diseases Branch, Division of
Bacteria and Mycotic Diseases (DBMD), National Center for Infectious Diseases (NCID).

The excellent review of Drs. K.F. Meyer and B. Eddie, "Fifty Years of Botulism in the
United States,"* is the source of all statistical information for 1899-1949. Data for 1950-1996 are
derived from outbreaks reported to CDC.

Suggested citation

Centers for Disease Control and Prevention: Botulism in the United States, 1899-1996.
Handbook for Epidemiologists, Clinicians, and Laboratory Workers, Atlanta, GA.
Centers for Disease Control and Prevention, 1998.

! Meyer KF, Eddie B. Fifty years of botulismin the U.S. and Canada. George Williams
Hooper Foundation, University of California, San Francisco, 1950.
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Dedication

This handbook is dedicated to Dr. Charles Hatheway (1932-1998), who served as Chief of the
National Botulism Surveillance and Reference Laboratory at CDC from 1975 to 1997. Dr.
Hatheway devoted his professional life to the study of botulism; his depth of knowledge and
scientific integrity were known worldwide. He was a true humanitarian and served as mentor and
friend to countless epidemiol ogists, research scientists, students, and laboratory workers.
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|. Emergency assistance

Botulism is a public heath emergency. Prompt diagnosis and early treatment of botulism
are essential to minimize the otherwise great risk of death. Prompt epidemiologic investigation is
critical to prevent further cases from occurring if a hazardous food is still available for
consumption. State health departments and the Centers for Disease Control and Prevention
(CDC) offer 24-hour diagnostic consultation, epidemic assistance, and diagnostic laboratory
services. Trivalent botulinum antitoxin (for Clostridium botulinum types A, B, and E) and
bivalent botulinum antitoxin (for types A and B) is available from CDC.

Health care providers who suspect they have a patient with botulism should contact their
state health department epidemiology offices. The Foodborne and Diarrheal Diseases Branch of
CDC (FDDB/DBMD/NCID/CDC) can provide emergency consultation and support to public
health authorities.

Foodborne and Diarrhea Diseases Branch
Days phone (404) 639-2206 (Monday-Friday, 8:30 AM-4:30 PM, eastern time)
Nights/weekends phone (404) 639-2888

Diagnostic laboratory services are available at several state public health laboratories and CDC.

Names of manufacturers and trade names are provided for identification only, and inclusion does
not imply endorsement by the U.S. Public Health Service or the U.S. Department of Health and
Human Services.



[1. Introduction

Botulism is a neuroparalytic illness resulting from the action of a potent toxin produced by
the organism Clostridium botulinum. This microbe was first described in 1897 by E. van
Ermengem after his investigation of afoodborne outbreak in Ellezelles, Belgium. Foodborne
botulismisrare but it may kill rapidly, and contaminated products may expose many persons.
Foodborne botulism therefore, represents a medical and a public health emergency that places a
premium on rapid, effective communication between clinicians and public hedth officials.*?

“Botulism” comes from the Latin “botulus,” meaning sausage. When botulism was first
recognized in Europe, many cases were caused by home-fermented sausages. This derivation,
although historically important, has lost much of its significance, since plant rather than animal
products are more common vehicles. Sausage now is rarely the cause of botulism in the United
States.

Four distinct forms of botulism can occur, depending on the mode of acquisition of the
toxin. Foodborne botulism results from the ingestion of food containing preformed toxin. Wound
botulism is caused by organisms that multiply and produce toxin in a contaminated wound. Infant
botulism is due to the endogenous production of toxin by germinating spores of C. botulinumin
the intestine of the infant. Child or adult botulism from intestinal colonization is represented by
those cases in which no food vehicle can be identified, there is no evidence of wound botulism,
and thereis the possibility of intestinal colonization in a person older than 1 year of age.

C. botulinumis agroup of culturaly distinct organisms that are dike only in that they are
clostridia and produce antigenically distinct neurotoxins with a similar pharmacologic action. C.
botulinum organisms are straight to dlightly curved, gram-positive (in young cultures), motile,
anaerobic rods, 0.5-2.0 um in width, 1.6-22.0 um in length, with oval, subterminal spores.® The
seven types of C. botulinum (A-G) are distinguished by the antigenic characteristics of the
neurotoxins they produce. TypesA, B, E, and in rare cases, F cause disease in humans. TypesC
and D cause disease in birds and mammals. Type G, identified in 1970, has not yet been
confirmed as a cause of illness in humans or animals. Important epidemiologic features and some
clinical characteristics distinguish the types of botulism that cause human illness. Rare cases of
infant and adult botulism have been confirmed to be the result of intestinal colonization by non-
botulinum Clostridium species that produced botulinum neurotoxin.

The structure and mechanism of action of each of the seven neurotoxins are smilar. Each
toxigenic Clostridia produces a polypeptide of 150 kDa which is activated by proteases following
bacteria lysis. The active toxin consists of a heavy chain (H, 100 kDa) and alight chain (L, 50
kDa). The heavy chain consists of an amino-termina 50 kDa domain (Hy) and a
carboxy-terminal 50 kDa domain (Hc). Neuronal cell intoxication occurs through four steps: (1)
binding of Hc to polysialoganglioside (and probably other protein) receptors on the neuronal
membrane, (2) internalization of active toxin into endosomal-like compartments, (3) membrane
trand ocation facilitated by Hyj, and (4) enzymatic cleavage of target proteins by the L chain to
prevent the release of the neurotransmitter acetylcholine from synaptic terminals of the
motorneurons in muscle. The L chain of each neurotoxin type is a zinc-endopeptidase which has
been shown to cleave a toxin-specific location of at least one of 3 proteins (VAMP, SNAP-25, or
syntaxin). Although their absolute functions are unkown, these 3 proteins are members of a



group of proteins (SNARE proteins) which are essential to the docking and fusion of synaptic
vesicles with the pre-synaptic membrane. The exact mechanism for neurotransmitter release is not
known but most likely involves a fusion pore or a complete membrane fusion. Cleavage of one of
the SNARE proteins by botulinum neurotoxin inhibits the release of acetylcholine from the
synaptic terminal .

The ability of C. botulinum to cause food poisoning in humansis directly related to the
production of heat-resistant spores that survive preservation methods that kill nonsporulating
organisms.® The heat resistance of spores varies from type to type and even from strain to strain
within each type; although some strains will not survive at 80°C, spores of many strains require
temperatures above boiling to ensure destruction.®” The thermal resistance of spores also
increases with higher pH and lower salt content of the medium in which the spores are
suspended.®

In many cases, it isimpractical or undesirable to treat afood product in a manner to
eliminate dl C. botulinum spores. As aresult, most control methods focus on the inhibition of
growth and toxin production. The main limiting factors for growth of C. botulinumin foods are:
(1) temperature, (2) pH, (3) water activity, (4) redox potential, (5) food preservatives, and (6)
competing microorganisms. All of these factors are interrelated and so changing one factor
influences the effect of other factors. The interaction of factors may have a positive or negative
effect on the inhibition of C. botulinum. In general, proteolytic strains grow optimally at 40°C;
the lower limit is 10°C, upper limit is 45-50°C. Nonproteolytic strains, including type E can
continue to grow even at 3.3°C. The minimum pH range for growth of proteolytic strainsis
4.6-4.8; the limit is pH 5.0 for nonproteolytic strains. However, some food proteins, such as soy
and beef, may have a protective effect on C. botulinum at or below pH 4.6. In addition, certain
food preparations may contain low-acid “pockets’ in which the pH may be high enough to
support the production of toxin. Low water activity (ay) inhibits the growth of C. botulinum. A
minimum &, of ~0.94 is needed to support growth and toxin production. Water activity can be
limited by dehydration, but isin general controlled by the addition of NaCl. The minimum a,, of
0.94 corresponds to an approximate 10% NaCl solution. High redox potential (Eh) is usually due
to the presence of Op. The optimum Eh for growth of C. botulinumislow (~-350 mV) but toxin
production has been observed at Eh of +250 mV. Because of thisrange, C. botulinum growth
and toxin production can occur even in products considered to have a high oxygen level. In
addition, vacuum-packaging used to lower Eh to preserve food increases anaerobic conditions
and so may support the production of toxin. A number of food preservatives (nitrite, sorbic acid,
parabens, phenolic antioxidants, polyphosphates and ascorbates) inhibit the growth of C.
botulinum and limit toxin production. Lactic acid bacteria such as Lactobacillus, Pediococcus,
and Lactococcus have been shown to produce acid and so inhibit C. botulinum.®



[11. Foodborne botulism

A. Incidence

For the purpose of surveillance, we defined a foodborne outbreak as one or more cases of
botulism in which a contaminated food source was implicated. In the period 1899-1949, 477
foodborne botulism outbreaks were recorded in the United States, and in the period from 1950
through1996, an additional 444 outbreaks were reported to CDC for atotal of 921. The average
number of outbreaks per year has changed little, 9.7 per year for the earlier time period and 9.4
per year since 1950.

For the period 1899-1949, 1281 cases of botulism were reported, and in the time from
1950 through 1996, and additional 1087 cases were reported, bringing the total to 2368 cases.
The average number of cases per outbreak has remained constant: 2.6 cases/outbreak in the first
half of this century and 2.5 cases/outbreak so far in the second half.

Of the 444 foodborne botulism outbreaks since 1950, 37.6% were caused by type A
botulinum toxin, 13.7% by type B, 15.1% by type E, 0.7% by type F, and 32.9% were
unidentified with respect to toxin type (Table 1). The proportion of outbreaks for which the toxin
type was not determined is decreasing. In 76.9% of the outbreaks for the period 1950-1959, the
toxin type was not determined, compared with 59% of outbreaks for the period 1960-19609,
12.5% for 1970-1979, 2.5% for 1980-1989, and 3.6% for 1990-1996. From 1990 through 1996,
outbreaks were most often caused by type A (44.6%), followed by type E (35.7%)and type B
(12.5%).

B. Mortality

For the period 1899-1949, the case-fatality ratio was high at approximately 60%, but since
about 1950, mortality has gradually decreased (Table 2). For the period 1950-1996, the case-
fatality ratio was 15.5%. Thisdecline in case-fatality ratio is due primarily to improvementsin
supportive and respiratory intensive care and perhaps to the prompt administration of antitoxin.
The case-fatality ratio has generally declined over the years for al toxin types.

C. Geographic distribution

Foodborne botulism outbreaks have been reported from 46 states, Puerto Rico, and
Washington D.C. from 1899 through 1996; only four states have never reported any foodborne
botulism: Delaware, New Hampshire, South Carolina, and Vermont. Five western states
(Cdifornia, Washington, Colorado, Oregon, and Alaska) have accounted for more than half
(53.8%) of al reported foodborne outbreaks since 1950 (Figure 1). Alaska alone accounts for
16.2% of outbreaks nationwide. This is because of the distinctive public health problem among
the Alaska Native population, in which al botulism cases have been associated with improper
preparation and storage of traditional Alaska Native foods.™?

There is a distinctive geographic distribution of botulinum toxin types in the United States.
Of the 167 type A outbreaks recorded from 1950 through 1996, 144 (86.2%) occurred in states
west of the Mississippi River. California, Washington, Oregon, and Colorado accounted for
58.7% of all reported type A outbreaks. Twenty states, most of them in the East, have not
reported type A outbreaks (Figure 2).



Outbreaks of type B botulism have been reported by 26 states. Of the 61 type B
outbreaks documented from 1950 through 1996, 37 (60.7%) were reported from eastern states,
New Y ork and Kentucky reported 13 of these Type B outbreaks (Figure 3).

Type E outbreaks have been reported from 10 states (Figure 4). The geographic
distribution shows a predilection for Alaska, with 56 (83.6%) reported outbreaks from 1950
through 1996.

Thisregiona distribution of outbreaks by toxin type isin keeping with the findings of a
survey of soil samples which demonstrated a predominance of type A spores in soil specimens
from the West and predominance of type B spores in soils of the northeast and central states.®”
Type E spores have been found in marine life and sediment from the Pacific Northwest and the
Great Lakes.**1?

D. Food sources and products causing outbreaks

Until the early 1960s nearly all outbreaks of botulism in which toxin types were
determined were caused by type A or B toxins and were usually associated with ingestion of
home-canned vegetables, fruits, and meat products. Type E botulism was not recognized as a
major problem in the United States until 1963, when 22 cases were reported.®*  Sixty-one of
the 67 outbreaks of type E botulism reported from 1950 through 1996 have been traced to marine
products (fish or marine mammals); several cases have been attributed to beaver. The remainder
are of an undetermined source. Only three outbreaks of Type F botulism have been reported in
this country with one being traced to home-prepared venison jerky.®+©

From 1950 through 1996, 289 (65.1%) botulism outbreaks have been traced to home-
processed foods and 31 (7%) to commercially processed foods, including foods served in
restaurants. The type of food processing responsible for 124 (27.9%) outbreaks is unknown
(Table 3).

V egetables were the most important vehicle for the botulism toxin in the Untied States
from 1950 through 1996. Fish and marine mammals were a so responsible for alarge number of
the botulism outbreaks during this period. Of the 87 outbreaks caused by marine products (fish, or
marine mammals), 61 were due to type E, 15 to type A, 8 to type B, and 3 were unknown. Besef,
milk products, pork, poultry, and other vehicles caused fewer outbreaks.

E. Prevention and control

In the United States, foodborne botulism due to commercia foods has been largely
controlled by safe canning and food manufacturing processes. Commercia canned foods are
heated to a sufficient temperature and for a sufficient time to kill the spores. Unheated commercial
foods in cans or jars can be made safe by acidification or other manipulations that inhibit the
growth of the organism (e.g., addition of phosphoric acid to garlic in oil). Occasionadly,
commercial foods still cause botulism if they are prepared in away that permits toxin production.

Many outbreaks of foodborne botulism in the United States result from eating improperly
preserved home-canned foods.*® Persons doing home canning and other food preservation should
be educated about the proper time, pressure, and temperature required to destroy spores, the need
for adequately refrigerated storage of incompletely processed foods, and the effectiveness of
boiling, with gtirring, home-canned vegetables to destroy botulinum toxins.*? A pressure cooker



must be used to can vegetables at home safely because it can reach temperatures above boiling
(>212°F [>100°C]), which is necessary to kill botulism spores.*® Although botulism spores are
heat stable, botulinum toxin is heat labile. Botulinum toxin can be inactivated by heating to 176°F
(80°C). Therefore, heating home-canned foods before consumption can reduce the risk of
botulism intoxication.

C. botulinum may cause container lids to bulge and the contents to have “off-odors.”
Commercia cans or home-canned products with bulging lids should not be opened, and foods
with off-odors should not be eaten or “taste tested.” ®° For more information about safe home-
canning procedures, contact your local county extension home economist or see the website the
Extension Service of the U.S. Department of Agriculture (USDA) at
http://ext.usu.edu/publica/f oodpubs.htm %

V. Infant botulism

Since 1980, infant botulism has been the most common form of botulism reported in the
United States. It is epidemiologically distinct from foodborne botulism, representing not ingestion
of toxin preformed in contaminated foods but colonization (infection) of the intestine by spores of
C. botulinum, with subsequent in vivo toxin production.® Although infant botulism was first
described in 1976,%% earlier cases have been identified retrospectively, and its detection only in
recent years might reflect advances in diagnostic capabilities rather than the emergence of a new
clinical syndrome.

The disease is characterized by the onset of constipation, which is followed shortly by
neuromuscular paralysis that begins with the cranial nerves and progresses to peripheral and
respiratory musculature. The spectrum in severity has ranged from mild lethargy and slowed
feeding to severe hypotonia and respiratory insufficiency.

A. Epidemiology

Since the recognition of infant botulism in 1976, cases have been identified with increasing
frequency. In the United States, 1442 cases were reported to CDC from 46 states between 1976
and 1996 (Figures5 & 6). Type A accounted for 46.5% of these cases (Figure 7) and type B for
51.9% (Figure 8). Since reporting began to stabilize in 1980, the average annual incidence of
reported infant botulism in the United States has been approximately 1.9/100,000 live births.
Since 1976, 47.2% of all infant botulism cases have been reported from California. Between 1976
and 1994, the incidence of infant botulism was highest in Delaware, Hawaii, Utah, and California
(9.0, 8.8, 6.3 and 5.7 per 100,000 live births, respectively). The reasons for the apparent
geographic variation are unknown.

The characteristics of infant botulism cases have been clarified in recent years. Infants
hospitalized with the disease tend to have had higher birth weights than other infants, and their
mothers tend to be white, older, and better educated than mothers in the genera population.
Affected infants are also more commonly breast-fed,®? and breast-feeding is associated with an
older age at onset in type B cases.”® |n general, affected infants are the product of normal
gestation and delivery. No congenital abnormalities have been shown to be associated with infant



botulism, and the children were generally healthy until the onset of botulism. Approximately the
same number of males as females have been affected. The mean age at onset has been 13 weeks,
the range from 1 to 63 weeks. Clustering of cases of infant botulism has been noted in some
suburban areas in the eastern United States and in some small towns and rural areasin the
West_(ze-zg)

B. Source of C. botulinum

Infant botulism occurs when an infant ingests spores (less likely vegetative cells) of C.
botulinum which in turn colonize the intestinal tract and produce toxin.®Y In a prototypical case,
type B organisms, but no toxin, were isolated from honey fed to an infant with infant botulism
whose fecal specimens contained type B organisms and toxin. Family members who ate some of
the same honey did not becomeiill. In several studies, more than 20% of affected infants had
ingested honey before the onset of botulism.®2°% |n many cases, C. botulinum spores of the
same type were cultured from honey in the same households.

However, since most infants with infant botulism have had no exposure to honey, the risk
factors and vehicles of transmission of C. botulinum for the majority of cases remain unclear. *3V
A survey of foods commonly fed to infants revealed C. botulinum in specimens of corn syrup as
well as honey, but in no other category of foods tested.®? |n other studies, the same types of C.
botulinum that caused disease were isolated from soil in an infant's yard and from vacuum cleaner
dust. Investigators have aso frequently noted environmenta conditions that might expose infants
directly to environmental sources of C. botulinum spores, such as a shared crib, dusty or windy
locales, nearby building construction, or outdoor activities.®?® These exposures have not,
however, been fully evaluated by controlled studies. Infants hospitalized with botulism have also
more typically been breast-fed than have control infants.®>3%3) Breast-feeding is known to
affect the fecal flora differently than formulafeeding; in mice, the fecal flora have been shown to
be an important susceptibility factor in challenge experiments with C. botulinum type A spores.®

C. Prevention and control

The risk factors for infant botulism are poorly described, but possible sources of spores
include foods and dust. Honey should not be fed to infants because it has been identified as afood
source.

V. Wound botulism

Wound botulism is a rare disease resulting from the growth of C. botulinum sporesin a
contaminated wound with in vivo toxin production.®® Neurologic findings are indistinguishable
from those seen in foodborne botulism; however, gastrointestinal symptoms do not occur.
Wounds might not be obvious or grossly infected. Between 1943, when the syndrome was first
recognized, through 1985, 33 cases of wound botulism were reported in the United States. Of
these, 25 were laboratory confirmed; 17 cases were type A, 7 type B, and 1 a mixture of type A
and type B organisms.®” The median age of patients was 21 years (range 6-44 years); 81% were
male. The wounds were usually deep and contained avascular areas, many patients had
compound fractures, and four had extensive crush injuries of the hand. The median incubation

10



period in cases of traumawas 7 days (range 4-21 days).®® Since 1980, wound botulism cases
have occurred in persons who used illicit drugs; these were associated either with needle puncture
sites or with nasal or sinus lesions due to chronic cocaine sniffing.®®  From 1986 through 1996,
78 cases of wound botulism were reported in the United States; the majority were linked to
injectable drug use, particularly with so-called “black tar heroin.” Sixty-six cases were type A, 9
were type B, and the remaining 3 were of unknown toxin type. The median age of patients was
38 years (range 5-65 years); 60% were male.

V1. Child or adult botulism from intestinal colonization

Isolated cases of botulism in which extensive investigation failed to implicate a specific
food as the cause of the disease have been recorded by CDC since 1978 as cases of
"undetermined origin” rather than of foodborne botulism; through 1996, all of these cases have
been in adults. Although there has been speculation since the 1920s, careful investigation has
now demonstrated that some of these cases are caused by colonization of the gastrointestinal tract
by C. botulinum or C. baratii with in vivo production of toxin, analogous to the pathogenesis of
infant botulism.“*“Y Support for the diagnosis of botulism from intestinal colonization is provided
by the demonstration of the prolonged excretion of toxin and C. botulinum in the stool, and by the
demonstration of spores of C. botulinum but not preformed toxin in suspected foods. 1n some
cases of botulism strongly suspected of representing intestina colonization, the patients had a
history of gastrointestinal surgery or illnesses such as inflammatory bowel disease, which might
have predisposed them to enteric colonization.®? No other specific risk factors have been
identified.

VII. Clinical syndrome

The clinical syndrome of botulism, whether foodborne, infant, wound, or intestinal
colonization, is dominated by the neurologic symptoms and signs resulting from a toxin-induced
blockade of the voluntary motor and autonomic cholinergic junctions and is quite similar for each
cause and toxin type.?+*%4) | ncubation periods for foodborne botulism are reported to be as
short as 6 hours or as long as 10 days,“” but generally the time between toxin ingestion and onset
of symptoms ranges from 18 to 36 hours.*® Theingestion of other bacteria or their toxins in the
improperly preserved food or changes in bowel motility are likely to account for the abdominal
pain, nausea and vomiting, and diarrhea that often precede or accompany the neurologic
symptoms of foodborne botulism. Dryness of the mouth, inability to focus to a near point
(prompting the patient to complain of "blurred vision™), and diplopia are usually the earliest
neurologic complaints. If the disease is mild, no other symptoms may develop and the initia
symptoms will gradually resolve. The person with mild botulism may not come to medica
attention. In more severe cases, however, these initial symptoms may be followed by dysphonia,
dysarthria, dysphagia, and periphera-muscle weakness. If illnessis severe, respiratory muscles
are involved, leading to ventilatory failure and death unless supportive care is provided. Recovery
follows the regeneration of new neuromuscular connections. A 2- to 8-week duration of
ventilatory support is common, although patients have required ventilatory support for up to 7

11



months before the return of muscular function.“® Death occurs in 5%-10% of cases of foodborne
botulism; early deaths result from afailure to recognize the severity of disease or from secondary
pulmonary or systemic infections, whereas deaths after 2 weeks are usually from the
complications of long-term mechanical ventilatory management.*®

Perhaps because infants are not able to complain about the early effects of botulinum
intoxication, the neurologic dysfunction associated with infant botulism often seems to develop
suddenly. The major manifestations are poor feeding, diminished suckling and crying ability, neck
and peripheral weakness (the infants are often admitted as "floppy babies"), and ventilatory
failure.?+2*3) Constipation is also often seen in infants with botulism, and in some, has preceded
the onset of neurologic abnormalities by many days. Loss of facia expression, extraocular muscle
paralysis, dilated pupils, and depression of deep tendon reflexes have been reported more
frequently with type B than with type A infant botulism.®? Treatment with aminoglycoside
antimicrobial agents may promote neuromuscular weakness in infant botulism®® and has been
associated with an increased likelihood of the requirement of mechanical ventilation.***¥ Fewer
than 2% of reported cases of infant botulism result in death.

VI1II. Diagnosis

Botulism is probably substantially underdiagnosed. The diagnosisis not difficult wheniitis
strongly suspected, as in the setting of alarge outbreak, but since cases of botulism most often
occur singularly, the diagnosis may pose a more perplexing problem. Findings from many
outbreaks have suggested that early cases are commonly misdiagnosed. They may be diagnosed
only retrospectively after death, when the subsequent clustering of cases of botulism-like illness
finally aerts public heath personnel to an outbreak of botulism.“”*) Other cases are undoubtedly
missed entirely. Entire outbreaks may even go undetected despite severe illness in patients; for
example, one outbreak was recognized retrospectively only after a second cluster of cases was
associated with the same vehicle.®”

Botulism should be suspected in any adult with a history of acute onset of gastrointestinal,
autonomic (e.g., dry mouth, difficulty focusing), and cranial nerve (diplopia, dysarthria,
dysphagia) dysfunction or in any infant with poor feeding, diminished sucking and crying ability,
neck and peripheral muscle weakness, and/or ventilatory distress.®*® The demonstration of
bilateral cranial nerve findings and the documentation of neurologic progression (descending
peripheral muscle weakness, ventilatory compromise) increase the level of suspicion. The
diagnosisis even more likely if an adult patient has recently eaten home-canned foods or if family
members are similarly ill, or both. If the typica clinical syndrome is present and no food item can
be pinpointed as a means of transmission, a contaminated wound should be sought. If the typical
syndrome is seen and awound is identified, the wound should be explored and specimens taken
for culture and toxicity testing even if the wound appears clean.

The differential diagnosis includes myasthenia gravis, stroke, Guillain-Barré syndrome,
bacterial and chemical food poisoning, tick paralysis, chemical intoxication (e.g., from carbon
monoxide, barium carbonate, methyl chloride, methyl alcohol, organic phosphorus compound, or
atropine), mushroom poisoning, medication reactions (e.g., from antibiotics such as neomycin,
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streptomycin, kanamycin, or gentamicin), poliomyelitis, diphtheria, and psychiatric illness. In
infant botulism, sepsis (especialy meningitis), electrolyte-mineral imbalance, metabolic
encephalopathy, Reye syndrome, Werdnig-Hoffman disease, congenital myopathy, and Leigh
disease should aso be considered.

Routine laboratory studies are not helpful in confirming the clinical suspicion of botulism.
Serum €electrolytes, renal and liver function tests, complete blood tests, urinalysis, and
electrocardiograms will all be normal unless secondary complications occur. A normal
cerebrospina fluid (CSF) examination helps differentiate botulism from Guillain-Barré syndrome,
although a dightly elevated CSF protein level is occasionally seen with botulism, and the protein
level might be initially normal in Guillain-Barré syndrome.*® A normal tensilon test helpsto
differentiate botulism from myasthenia gravis. Normal neuroradiologic studies, such as computed
tomographic scans or magnetic resonance imaging, help to rule out stroke, another condition
commonly confused with botulism. 449

Electromyography (EMG) may be helpful in distinguishing botulism from myasthenia
gravis and Guillain-Barré syndrome, diseases that botulism often mimics closaly. A characteristic
EMG pattern observed in adult patients with botulism has been well described.®*¥ EMG is most
useful, however, when conducted with repetitive stimulation at 50 Hz. EMGs should be
performed on clinically involved muscles; positive results may be obtained from only one muscle
even though many are weak. Because of variations in EMG results and their interpretation, EMG
ismost reliable if conducted by persons with experience in this procedure.

Toxicity testing of serum specimens, culture of tissues debrided from a wound, and
toxicity testing, plus culture of stool specimens or epidemiologically incriminated foods or both
are the best methods for confirming the diagnosis of botulism.®? Cultures were positive for 51%
of stool specimens and toxin testing was positive for 37% of sera and 23% of stool specimens
collected from 309 persons with clinically diagnosed botulism reported to CDC from 1975 to
1988; at least one laboratory test was positive for 65% of patients.“® Collecting stool and serum
samples early during the course of illness increases the likelihood of obtaining positive results.
However, in any given situation, these tests may not be helpful; large outbreaks have occurred in
which none®™ or avery low percentage™ of specimens yielded positive results. In addition,
laboratory results may not be reported until many hours or days after the specimens are received.
The administration of antitoxin is the only specific therapy available for botulism, and evidence
suggests that it is effective only if given very early in the course of neurologic dysfunction.®”
Hence, the diagnosis of thisillness cannot await the results of studies that may be long delayed
and be confirmatory only in some cases. The diagnosis should be made on the basis of the case
history and physical findings.

IX. Treatment

The mainstays of treatment of foodborne and wound botulism are as follows: 1)
administration of botulinum antitoxin in an attempt to prevent neurologic progression of a
moderate, slowly progressive illness, or to shorten the duration of ventilatory failure in those with
asevere, rapidly progressiveillness; 2) careful monitoring of respiratory vital capacity and
aggressive respiratory care for those with ventilatory insufficiency (monitoring of respiratory vital
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capacity should be performed as soon as diagnosis of botulism is made); and 3) meticulous and
intensive care for the duration of the often prolonged paralytic iliness.

Antitoxin therapy is more effective if undertaken early in the course of illness.®” Thisis
not surprising when one considers that equine antitoxin neutralizes only toxin molecules yet
unbound to nerve endings.®® More than 80% of persons reported with adult botulism in the
United States are treated with antitoxin. Before administration of antitoxin, skin testing should be
performed to test for sensitivity to serum or antitoxin (see package insert). Administration of one
10-ml vial of trivalent botulism antitoxin by the intravenous route results in serum levels of type
A, B, and E antibodies capable of neutralizing serum toxin concentrations manyfold in excess of
those reported for botulism patients. Therefore, after skin testing for sensitivity, contrary to the
antitoxin package insert, administration of one vial of antitoxin intravenously is recommended and
antitoxin need not be repeated since the circulating antitoxins have a half-life of 5 to 8 days.®®*
However, treatment is not without risk, as approximately 9% of persons treated experience
hypersensitivity reactions.®” It is therefore extremely important that physicians recognize botulism
asearly in its course as possible, and yet not mistake other neurologic syndromes for botulism.

Equine antitoxin rarely has been used in infant botulism because of the risk of inducing
lifelong hypersensitivity to equine antigens and lack of evidence of its benefit. Also, because of
early concerns that anaphylactic reactions with the equine-derived product might be more severe
in infants, few infants have been given the product.? However, a human-derived botulism
antitoxin, termed “botulism immune globulin,” has been prepared, and aclinica tria of its efficacy
when given early in the course of illnessisin progressin California®”** Ininfant botulism,
antibiotics are used only to treat secondary infections because lysis of intraluminal C. botulinum
may increase the amount of toxin available for absorption.®

X. Public health response

Because cases of foodborne botulism result from ingestion of contaminated food that still
may be available to cause illness in others, a single case of foodborne botulism represents a public
health emergency that might herald alarger outbreak.Y) Therefore, it is critical for clinicians who
suspect botulism to discuss the case immediately with local and state public health
epidemiologists. State public health officials should then immediately contact CDC. If a
commercial food product is a suspected vehicle for botulism, USDA or the U.S. Food and Drug
Administration also should be notified. Investigation of a suspected case of botulism includes an
immediate search for other possible cases and identification of suspected food exposures, as well
as confirming the diagnosis. If a number of people are affected, arapid and detailed epidemiologic
investigation is launched to assure the source is identified and controlled. Diagnostic testing of
both case specimens and foods should be performed as needed.

* Except for antitoxin administration instructions, other information included in antitoxin package insert is
accurate.

** For more information about botulism immune globulin, call the Infant Botulism Prevention Program, California
State Department of Health Services, phone number (510) 540-2646.
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XI. Laboratory confirmation

A. Overview

Botulism is confirmed in the laboratory by identifying botulinum neurctoxin in the serum,
feces, vomitus, or gastric contents of the patient, and/or in remnants of a food consumed by the
patient. The only currently acceptable method for detection and identification of botulinum
neurotoxin is the mouse toxicity and neutralization bioassay. In vitro methods (e.g., ELISA) for
botulinum toxin detection are under development but have not been validated. Isolation of C.
botulinum from the patient’ s feces or gastric specimen also provides good confirmatory evidence,
since thisorganism israrely, if ever encountered in human specimensin the absence of
botulism.®? Isolation of C. botulinum from remnants of consumed food does not provide
confirmatory evidence of botulism in the absence of other supporting laboratory data. The
organisms are recovered from enrichment cultures or from directly inoculated agar media. The
identity of the organism is established on the basis of 1) lipase reaction; 2) Gram stain,
observation of spores; 3) determining anaerobic requirement for growth; 4) demonstration of
toxigenicity; 5) identification of toxin by specific neutralization.

B. Safety precautions

Botulinum toxins are extremely poisonous for humans. Minute quantities acquired by
ingestion, inhalation, or by absorption through the eye or a break in the skin can cause profound
intoxication and death.®® Therefore, al materials suspected of containing botulinum toxin must
be handled with caution, and only experienced personnel, preferably immunized with botulinum
toxoid*, should perform laboratory tests. Laboratory coats, disposable surgical gloves, face
shields or bench top plexiglass shields should be used when handling specimens. Safety pipettes
are recommended for transferring liquids. A biological safety cabinet (BSC) should be used when
preparing extracts of tissue and solid foods to prevent the release of aerosols into the laboratory.
All specimen containers, culture tubes, flasks, etc., containing botulinum toxin should be placed in
leakproof, unbreakable containers during storage or incubation to prevent accidental spills. If
spills occur, the toxin can be neutralized by the use of a strong alkaline solution such as0.1 M
sodium hydroxide. C. botulinum isinactivated with a 1:10 dilution of household bleach. The
appropriate disinfectant solution must be in contact with the toxin or the organism for 15 to 20
minutes to ensure effective inactivation. |f the materia is suspected to contain both toxin and
organisms, the spill must be sequentially treated with bleach and sodium hydroxide.

In the event of alaboratory incident with possible human exposure, the first stepsto be
taken are to assess the likelihood that an exposure actually occurred, the amount and serologic
type of toxin involved, and the immune status of the person involved. What was the source of the
material? Was it ingested, injected, inhaled? What quantity? If it was material from aclinical
specimen, the quantity would probably be negligible (the risk of contracting hepatitis or HIV may
indeed be greater). If it was from a culture or a concentrated toxin product, the exposure could
be serious in an unimmunized person. If the exposure occurred during the injection of mice, the

*The botulinum toxoid vaccine is made available as an investigational agent through CDC. Thisvaccineis an
activated polyvalent toxoid for laboratory personnel who work regularly with botulinum toxins. For more
information, contact the National Botulism Surveillance and Reference Laboratory at CDC, phone number (404)
639-3867.
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progress of the mouse test may indicate whether the accident involved a toxic sample, and may
indicate the toxin type if neutralization tests were being performed. If the culture or toxin was of
atype other than A, B, or E, therapeutic antitoxin would be useless. If the person wasin the
booster stage of immunization and was up to date in the program, he or she would most likely
have adequate protection against toxin types A, B, C, D, and E.

In any case, the exposed person should be observed over the next 2 to 4 days and should
be made aware of the early symptoms of botulism: blurred or double vision, dry mouth, slurred
speech, peripheral muscle weakness. If any symptoms appear, the person should be hospitalized
immediately and the case handled as possible botulism. With adequate supportive care, even
severe cases of botulism are handled successfully, with or without administration of antitoxin.

C. Coallection of specimens

Suitable materials for examination for botulinum toxin and C. botulinum in foodborne
outbreaks include serum, feces, vomitus, gastric contents and suspected foods; in wound
infections, serum, feces, exudate, debrided tissue, or swab samples from wounds of patients; and
in infants with botulism, feces and serum samples. In some instances, examination of
environmental specimens for C. botulinum can aid in establishing the probable source of the
organism (e.g., in infant botulism).

All specimens except those from wounds should be refrigerated, preferably not frozen, and
examined as quickly as possible after collection. Wound specimens should be placed in anaerobic
transport devices such as Port-A-Cul tubes or vias (BioQuest Div., Becton, Dickinson & Co.,
Cockeysville, Maryland)®, and sent to the appropriate laboratory without refrigeration for
attempted isolation of C. botulinum. Foods should be left in their original containersif possible or
placed in sterile unbreakable containers and labeled carefully. Empty containers with remnants of
suspected foods can sometimes be examined. The date specimens are collected from patients
should be indicated on the labels. Serum samples must be taken before antitoxin treatment to
demonstrate the presence of botulinum toxin. Post treatment serum specimens are sometimes
obtained, although uncommonly, to verify disappearance of the toxin, to determine the amount of
antitoxin in circulating blood of the patient after treatment, and to determine how long antitoxin
persists.

Ideally, 10 to15 ml of serum should be obtained for laboratory tests. This quantity permits
specific identification of the botulinum toxin involved, injection of higher volumes of serum, and
repeat testsif necessary. Sinceit isimpractical to obtain this much serum from some patients,
especialy from infants, as little as 0.5 ml can be sufficient to confirm botulism, although in many
cases, volumes less than 3 ml will provide inconclusive results.

Ideally, 25 to 50 gm of feces should be collected, preferably before antitoxin treatment.
However, confirmatory evidence of botulism has been obtained from much smaller quantities, and
C. botulinum has been isolated from stools following antitoxin treatment. Botulism has been
confirmed in infants with only “pea-sized” stools. If an enema must be given because of
constipation, aminimal amount of fluid (preferably sterile nonbacteriostatic water) should be used
to obtain the specimen so the toxin will not be unnecessarily diluted. If the patient has been
taking any medication that might interfere with toxin assays or culturing of the stool, the
laboratory should be notified. For example, it has been demonstrated that anticholinesterase
drugs given oraly to patients for myasthenia gravis can interfere with mouse botulinum toxin
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assays of stool extracts.®)

D. Shipment of specimens

Specimens sent to a distant laboratory should be placed in sterile leakproof containers,
then in insulated shipping containers with refrigerant, labeled MEDICAL EMERGENCY,
BIOLOGICAL HAZARD, REFRIGERATE ON ARRIVAL and should be shipped by the
most rapid means available. Cardboard containers are not suitable for stool specimens. Most of
the major airlines have a special package handling service for expedited shipments. The receiving
laboratory should be notified in advance by telephone as to when and how specimens will be
shipped, and when they will arrive. If an unavoidable delay of several days is anticipated, the
specimens (serum or stool) should be kept frozen and then packed in an insulated container with
dry ice and proper cushioning material for shipment. It is worth noting that freezing does not
affect the ability to detect botulinum toxin in specimens, but it does affect the ability to detect C.
botulinum. Before shipment to CDC, please contact the National Botulism Surveillance and
Reference Laboratory at (404) 639-3867. CDC form 50.34 (formerly 3.203) should be completed
and submitted with the specimens if completion of the form does not delay shipment (see
Appendix). All specimens must include an individua’s name and telephone number to contact for
the preliminary report. Preferably, the names of both the attending physician and the state health
department contact should be given.

E. Examination of specimens for botulinum toxin
1. Mouse bioassay protocol

a.  Mice: 20 to 30 gm, white ICR strain mice give satisfactory results.

b. Antitoxins: Monovaent (types A, B, C, D, E, and F) antitoxins distributed by CDC
contain approximately 10 international units per ml when recongtituted. One unit
of the corresponding type of antitoxin neutralizes 10,000 mouse IP LD, of toxin
typesA, B, C, D, and F, or 1000 IP LD, of toxin type E. Rehydrate as indicated
with 50% glycerol.

c. Mouseinjection: Inject mice intraperitoneally with serum or extracts, alone or
mixed with antitoxin, using a syringe with a 25-gauge, 5/8 inch needle.

d. Observation of mice: Observe the mice at intervals (e.g., 4, 8, 12, 18, and 24
hours) and then daily for a period of 4 days for signs of illness or death. Although
botulinum intoxication usually kills mice within 6 to 24 hours, delayed deaths are
occasionally observed. If toxin is present in sufficient quantity, al mice injected
with test materials will die except those receiving samples mixed with antitoxin
specific for the botulinum toxin involved, and those injected with heated (held in
boiling water for 10 minutes) extracts because botulinum toxins are heat-labile.

NOTE: Signsof botulism in mice begin with ruffling of the fur followed in
sequence by labored abdominal breathing, weakness of the limbs, and total
paralysis. Death is caused by respiratory failure. The time between the first sign
of distress and death varies with the amount of toxin the mouse receives. Death
without clinical signsis not adequate evidence that botulinum toxin was present in
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the material injected.

2. Testing serum for toxin

a

b.

Place 1 ml of serum into each of 6 tubes and add 0.25 ml of the appropriate
antitoxin to the last 5 tubes as indicated in Table 5.

Mix antitoxin with serum by swirling the tubes. Try to prevent foaming, which can
inactivate toxin.

Incubate serum-antitoxin mixtures at room temperature for 30 to 60 minutes.
Inject 2 mice intraperitoneally with 0.4 ml of untreated serum and 2 mice each with
0.5 ml of the serum-antitoxin mixtures.

Mark each set of mice with dye in adistinctive pattern for identification.

Observe mice for signs suggestive of botulism and death. If botulinum toxinis
present in sufficient concentration, all mice will die within 96 hours, except those
receiving the serum mixtures containing the antitoxin corresponding to the toxin
type.

A toxin test that is negative using 0.4 ml of patient's serum may show botulinum
toxin when 0.8 ml isinjected per mouse. Volumes larger than 0.8 ml are not
recommended since normal serum will sometimes kill a mouse when 1 ml or more
isinjected. When deaths occur in mice injected with 0.8-ml quantities of serum,
neutralization is carried out by adding 1/8 volume of antitoxin (e.g., 2 ml serum
plus 0.25 ml antitoxin), incubating 30 to 60 minutes at room temperature, and
injecting 0.9 ml into mice.

If sufficient serum is not available for a complete toxin neutralization test, priority
should be to demonstrate toxin by observing typical signs of botulism in mice after
the intraperitoneal injection of untreated serum (0.4 or 0.8 ml). If toxinis
demonstrated, the toxin type should be determined by the use of type-specific
antitoxin if possible. The exact antitoxin (anti-A,B,E, etc) to employ in the
performance of the neutralization test will depend upon the quantity of patient's
serum available.

3. Testing stool/food specimens for toxin

a.  Prepare extract.

(1)  Weigh specimen into a sterile container; if grinding is necessary transfer to
asterile mortar.

(i)  Add 1 ml of cold (4°C) gelatin diluent (0.2% gelatin, 0.4% Na,PO,; pH
6.4) for each gram of feces.

@i))  Mix until auniform suspension is obtained.

(iv)  Hold for 30 minutes in refrigerator (4°C); an extended holding period of
several hoursto severa daysis also acceptable since the toxin is stable
under these conditions.

(v)  Centrifuge at 12,000 x g in arefrigerated centrifuge (4°C) for 20 minutes,
recover supernatant, and repeat centrifugation to clarify if necessary.
Clarified supernatant is the extract used for testing.

b. Test the extract in the same manner as serum. In addition, test a sample for heat

lability and a sample for trypsin activation.
0] For the heated sample, place 1 ml of extract in atube, plug with cotton,
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and heat for 10 minutes in a boiling water bath.

(i) For the trypsinized sample, place 1 ml of extract in atube, add 0.25 ml of
0.5% trypsin (Difco 1:250) solution, and incubate at room temperature for
30 to 60 minutes (Difco; Detroit, Michigan).

c. Theschedule for testing extractsis outlined in Table 6.

d. If toxin is demonstrated only in the trypsinized sample, repeat the
neutralization tests using trypsinized extract. Add 1.5 ml of 0.5% trypsinto 6 ml
of extract and incubate 30 to 60 minutes at room temperature.

Distribute 1.25 ml of trypsinized extract to each of 5 tubes, add 0.25 ml of
appropriate antitoxin (monovalent types A,B,E,or polyvalent [A,B,C,D,E,F]) per
tube, mix, and incubate again 30 to 60 minutes at room temperature. Inject 2 mice
with each trypsinized extract-antitoxin mixture (0.6 ml per mouse). Table 7 shows
details of tests on trypsinized extracts. Trypsinization isonly rarely necessary for
detecting botulinum toxin.

e. Toxic substances other than botulinum toxin may be present in the stool
specimen. Diluting the sample in two-fold increments and titrating the extract,
then repeating the neutralization test on the extract near the end point dilution may
eliminate the interference and permit proper identification of botulinum toxin.

4. Testing food specimens for toxin

a.  Record al identifying information.

b. If canned foods are to be tested, scrub the top of the can with soap and water,
rinse, remove excess water, wipe surface with 70% acohol. Opencanina
biological safety cabinet (BSC). If BSC is not available, place the canin alarge
plastic bag before opening it to prevent the formation of an aerosol in the
laboratory. Open with a sterile can opener.

c. Record condition of food (gassy, dark, putrid, etc.) and remove a small sample for
pH determination. Record pH.

d. Prepare extract asfor stool specimen. In addition, 1 to 2 g sterile sand may be
added to the material in the mortar to aid in grinding. Gelatin diluent is added
gradually during grinding, and if the materiad is quite dry, the ratio (vol/wt) of
diluent may be increased. Grinding of food specimens should be done inside a
BSC.

e. Test extract in the same manner as described for stool extracts (Sections E3b-E3d,
Table 6).

F. Isolation of C. botulinum
1. Specimen preparation

a.  Suspended stool and food specimens as described in Sections E3a and E4d are
used for culturing. Tissue specimens should be cultured for C. botulinum. Since
tissue may contain unknown organisms, including HIV or hepatitis B, these
specimens must be handled within aBSC. Large tissue specimens may be ground
as described for foods. Small tissue specimens should be divided into two or more
portions so that at least two tubes of culture medium may be inoculated.

b. Prepare smears of food or tissue suspensions and Gram stain. Observe and record
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the staining reaction, morphologic features, and approximate number of the
bacteria present. Record the size of the rods, if present, and the location of spores
in sporulated cells.

2. Preparation of enrichment cultures

a

b.

Heat 2 tubes of chopped meat-glucose-starch (CMGS) medium in a boiling water
bath for 10 minutes to remove oxygen. Cool to room temperature.

Inoculate by adding 0.5-1.0 ml of the suspension into each of the tubes of medium
near the bottom of the tubes with a capillary pipette. Try to avoid introducing air
bubbles into the medium.

Incubate one tube at 80°C for 10 minutes, then place it in cold water.

After inoculation and heat treatment, incubate both tubes anaerobically at 30°C for
4 days.

After incubation, remove a portion of culture, centrifuge, and recover supernatant
fluid for toxin testing.

Screen for toxicity by testing untreated, heated, and trypsinized culture fluidsin
mice, as shown for tubes 1,2, and 3 in Table 6.

If untreated and trypsinized culture fluids are toxic, perform neutralization tests as
shown with tubes 4,5,6,7, and 8 in Table 6.

If only the trypsinized sample istoxic, trypsinize 6 ml of culture fluid and repeat
neutralization tests as described in Section E3d and Table 7.

Demonstration of botulinum toxin in enrichment cultures from a nontoxic
specimen is presumptive evidence for the presence of C. botulinumin the
specimen; however, it is desirable to isolate the organisms for definitive
identification when possible.

3. Single colony isolation

a

At the time of toxicity testing or 1 or 2 days earlier, subculture from both the
unheated and the heated CM GS cultures onto Modified McClung-Toabe egg yolk
agar plates and streak to obtain isolated colonies.® Incubate the plates
anaerobically for 48 hours at 35°C.

Examine plates with a hand lens and a stereoscopic microscope, pick typical lipase
positive colonies, and inoculate into CMGS medium. Pick several colonies
because some isolates may be nontoxigenic. Incubate CMGS cultures 4 days at
30°C.

Observing lipase positive colonies only in the growth on the plate from the
nonheated enrichment culture might mean that a strain of C. botulinum with heat
senditive sporesis present. However, if large numbers of other bacteria are
present, it may be impossible to isolate C. botulinum from the plate. If so, try
alcohol treatment for spore selection.©®”

(i)  Transfer 1 ml of the unheated enrichment culture to a tube and mix with 1
ml of absolute alcohol. Hold 1 hour at room temperature and mix every 15
minutes.

(i)  Inoculate 0.5to 1.0 ml of the alcohol mixture into CMGS medium and
incubate anaerobically 48 hours.
(i)  Repeat isolation attempt with egg yolk agar.
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d. Perform toxicity and toxin neutralization tests on pure cultures.
e. Confirm identity of isolates by biochemical characteristics as described by Dowell
et al.®

NOTE: Sometimesit is difficult to isolate C. botulinum type E from mixed
cultures because of bacteriocin produced by nontoxigenic organisms similar to C.
botulinum.®® This can be overcome by using a medium containing trypsin, which
inactivates the bacteriocin. Trypticase-peptone-glucose-yeast extract-trypsin
medium may be used in addition to CMGS when such difficulties are encountered,
or when one knows beforehand the strain being sought is type E. Dissolve
ingredients, adjust pH to 7.0; dispense in tubes, 15 mi/tube. Autoclave 8 minutes
at 121°C. Prepare a 1.5% solution of aqueous trypsin (Difco 1:1250) and filter
sterilize. Just before using the medium, drive off oxygen by heating in a boiling
water bath 10 minutes, cool, and add 1 ml trypsin solution.
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Table 1. Outbreaks of foodborne botulism by toxin type, 1950-1996

1950-1959 1960-1969 1970-1979 1980-1989 1990-1996 Total
Toxin type No. (%) No. (%) No. (%) No. (%) No. (%) No. (%)
A 14 (13.5) 12 (15.4) 68 (53.5) 48 (60.8) 25 (44.6) 167 (37.6)
B 3(2.9) 10 (12.8) 28 (22.0) 13 (16.5) 7 (12.5) 61 (13.7)
E 7 (6.7) 9 (11.5) 15 (11.8) 16 (20.3) 20 (35.7) 67 (15.1)
F 0 1(1.3) 0 0 2 (3.6) 3(0.7)
Unknown 80 (76.9) 46 (59.0) 16 (12.6) 2 (2.5) 2 (3.6) 146 (32.9)

Total 104 78 127 79 56 444




CDC, by toxin type, 1950-1996

1950-1959 1960-1969 1970-1979 1980-1989 1990-1996 Total

Toxin Type A

Cases 39 30 164 119 60 412

Deaths 18 8 26 14 4 70

Case fatality ratio 46.2 26.7 15.9 11.8 6.7 17.0
Toxin Type B

Cases 4 23 110 28 11 176

Deaths 2 4 6 1 0 13

Case fatality ratio 50.0 174 55 3.6 0.0 7.4
Toxin Type E

Cases 21 35 28 62 47 193

Deaths 8 15 3 1 3 30

Case fatality ratio 38.1 42.9 10.7 1.6 6.4 155
Toxin Type F

Cases 0 3 0 0 2 5

Deaths 0 0 0 0 0 0

Case fatality ratio - 0.0 - - 0.0 0.0
Total, toxin known

Cases 64 91 302 209 120 786

Deaths 28 27 35 16 7 113

Case fatality ratio 43.8 29.7 11.6 7.7 5.8 14.4
Total, toxin unknown

Cases 169 89 34 6 3 301

Deaths 30 15 11 0 0 56

Case fatality ratio 17.8 16.9 32.4 0.0 0.0 18.6

Percent cases due to 72.5 494 10.1 2.8 24 27.7

unknown toxin type
Total

Cases 233 180 336 215 123 1087



Table 3. Number (%) of foodborne botulism outbreaks, by place of food

processing, 1950-1996

1950-1959 1960-1969  1970-1979 1980-1989  1990-1996 Total
Process location No. (%) No. (%) No. (%) No. (%) No. (%) No. (%)
Home processed 51 (49.0) 44 (56.4) 85 (66.9) 69 (87.3) 40 (71.4) 289 (65.1)
Commercially
processed 2 (1.9 10 (12.8) 9(7.1) 6 (7.6) 4(7.1) 31 (7.0)
Unknown 51 (49.0) 24 (30.8) 33 (26.0) 4 (5.1) 12 (21.4) 124 (27.9)
Total 104 78 127 79 56 444




Table 4. Number (%) of foodborne botulism outbreaks, by food category
and toxin type, 1950-1996

Toxin Vege- Fruits Condi- Dairy Beef Pork Poultry Eish Marine Other Unknown Total
type tables ments product mammal
No. (%) No. (%) No. (%) No. (%) No. (%) No. (%) No. (%) No. (%) No. (%) No. (%) No. (%)
A 102 (61.1) 3(18) 3(18) 2(1.2) 5(3.0) 1(0.6) 4(2.4) 14 (8.4) 1(0.6) 9 (5.4) 23 (13.8) 167
B 35 (57.4) 2(3.3) 2(3.3) 0 0 4(6.6) 1(1.6) 4(6.6) 4(6.6) 2(3.3) 7 (11.5) 61
E 0 0 0 0 0 0 0 36 (53.7) 25 (37.3) 2(3.0) 4(6.0) 67
= 0 0 0 0 0 0 0 0 0 1(33.3) 2 (66.7) 3
Unknown 43 (29.5) 3(2.2) 1(0.7) 1(0.7) 1(0.7) 2(1.4) 1(0.7) 3(2.1) 0 3(2.1) 88 (60.3) 146
Total 180 (40.5) 8 (1.8) 6 (1.4) 3 (0.7) 6 (1.4) 7(1.6) 6 (L4) 57 (12.8) 30 (6.8) 17 (3.8) 124 (27.9) 444




Table 5. Method of testing serum for botulinum toxin

Tube  Volume of Volume of Typeof  Volumedrawn Volumeinjected into
number serum (ml)  antitoxin® (ml) antitoxin into syringe each mouse (ml)
1 1.0 0.0 None 0.8 04
2 1.0 0.25 A 1.0 0.5
3 1.0 0.25 B 1.0 0.5
4 1.0 0.25 E 1.0 0.5
5 1.0 0.25 F 1.0 0.5
6 1.0 0.25 ABCDEP 1.0 0.5

& Mix antitoxin with serum and incubate 30 to 60 minutes at room temperature.
b Since type F toxin is rarely encountered, atrivalent antitoxin (types A, B, and E) reagent will be sufficient
to confirm most cases of botulism; and tube number 5 (type F) can be prepared later if necessary.
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Table 6. Method of testing extracts and culture fluids for botulinum toxin

Tubenumber  Volume of Treatment?® Type of Volume drawn Volume injected
specimen (ml) antitoxin  into syringe (ml)  into each mouse (ml)
1 1.0 None None 0.8 04
2 1.0 Heat 100°C None 1.0 0.5
for 10 min
3 1.0 0.25ml trypsin None 1.0 0.5
4 1.0 0.25 ml antitoxin A 1.0 0.5
5 1.0 0.25 ml antitoxin B 1.0 0.5
6 1.0 0.25 ml antitoxin E 1.0 0.5
7 1.0 0.25 ml antitoxin F 1.0 0.5
8 1.0 0.25 ml antitoxin  ABCDEP® 1.0 0.5

&Mix antitoxin or trypsin with specimen and incubate 30 to 60 minutes at room temperature.
P Since type F toxin is rarely encountered, atrivalent antitoxin (types A, B, and E) reagent will be
sufficient to confirm most cases of botulism; and, tube number 5 (type F) can be prepared later if necessary.
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Table 7. Neutralization tests on trypsinized® extracts and culture fluids

Tube number Volume of Volume of Typeof  Volumedrawn Volume injected
trypsinized® antitoxin (ml)  antitoxin® into syringe (ml)  into each mouse (ml)
test material (ml)
1 1.25 0.25 A 1.2 0.6
2 1.25 0.25 B 1.2 0.6
3 1.25 0.25 E 1.2 0.6
4 1.25 0.25 F 1.2 0.6
5 1.25 0.25 ABCDEF 1.2 0.6

@ Trypsinization: 6 ml test material + 1.5 ml 0.5% trypsin; incubate 30 minutes at 37°C.
P Mix trypsinized test material and antitoxin and incubate 30 minutes at 37°C.
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Figure 1. Outbreaks of foodborne botulism by state, 1950-1996*

* Multistate outbreaks are added to each involved state's total.



Figure 2. Outbreaks of foodborne botulism, toxin type A, by state, 1950-1996*

* Multistate outbreaks are added to each involved state's total.



Figure 3. Outbreaks of foodborne botulism, toxin type B, by state, 1950-1996*

* Multistate outbreaks are added to each involved state's total.



Figure 4. Outbreaks of foodborne botulism, toxin type E, by state, 1950-1996*

* Multistate outbreaks are added to each involved state's total.
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