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Understanding Botulism

bianiey K. Wallen Extrnslin Food Scheiial

Baotulism is a relatively rare tvpe of polsoning caused
by the microorganism Clostridiern  Bodulinm §C
batulimiesy, This organmism is distributed in land and
witer environments throughoot the world, Consequent-
ly, many foods are naturally contaminated with C,
baortulinuem spores.

The major cause of boiulism s improperly processed
home canned food products. ©. bovefinem produces
Iseat resisiant spoces thut are difficult to destroy during
comming. Spores in themselves are nol dangerous,
However, if nol destroyed, they may germinate, grow
and produce 5 deadly toxin,

There are severnl types of botmlism, alihoogh food-
bewme Dotedivn 5 the most commaonly reported. 1t s
caused by ingestion ol preformed batulinal tosin in con-
fumineied food,

ffand baiwlismm, Tirel recognleed in 1976, is coused hy
absorption of botulinal toxin produced within the in-
lestinml fract of an infani after growih ol ingested C,
botulinigm spores. As of December 1978, 21 states have
reporied a total of 98 cases. Honey has been implicated
an 8 souwree of O, bofulimum in severy] cases of infani
botulism. Thus, it s recommended thal honey not be
fed 1o infanis less than one year of age,

Wiornd botulive, the rarest form of Botallsm, reswlts
from production of bolinal toxin after growih of ©
tateetioenr imoan infected wound, The fiest repor cd cose
of wound botulism occurred in 1943, Since this time 2
total of 18 ¢nses have been reported in the United States,

The vaxing produeced by C. bofulinese are the maost
deadly knowsn (o men, Scientists estimate thal one cup-
ful (8 ounces) of this purified poison would kill all the

ple on earth, Although the occirrence of the discase
5 rure, large numbers of people have been polsoned ina
single outhreak, such ad 3 1933 incident in the Sowviet
Unlon in which stufTed ege plaot rellah caused 2900 cases
of Type A botellsm, Yer botullsm oceurs rarely, The
tetsl number of botulism deaths that occur annually in
ifl codemiries is less than the deaths from auto accidents
on any holiday weekend in rhiy connmiry,

Histary and Ooenrrence

Botulism probably accounted for the denths of many
of our ancestors, but it was not until 1793 that a well-
recorded auibreak of “sausage polsoning' occurred in
Wildbad, Wrriesburg (Clermany},

Thirteen people were involved in the Wildbod our-
break; six of them died. It was widely pecepted at the
time that the poisonings were caused by Blunzen, or
Bchweinmagen, a type of blood ssusage which was
locally populas. Blunren were made by filling plgs’
stomachs with blood and other ingredients. Ends of the
stenmach were tied and the product pressrved by bolling
and exposing 1o wood smoke. After this treaiment, the
Hlunren were stored nr rosm wemperabire (or weeks.

We now know that . bSosufihes can grow e pro-
elibet such as Blungen, Unforunately, the discovery that
bacterim cause botulism did ool occur undil 196, more
Lo 100 vemrs after that outhrenk of sausage poisoning,

Alter the outbresk in Wildbod, the npumber of report-
ed sausage poisonings increased rapidly, During the ear-
Iy ThROD's, m German physician-poet, Justinus Kerner,
carclully studied the disease and published severzl
monographs aboui 1. As B resuli of his sudy, sausage
poisoning was broughi to the afiention of the German
medicsl profession. Kerner became so wellknown o
his work that botulism is sometimes referred 1o ns
“Remmer's  disease."” The more common Lepm,
““hatulism, ™ comes from the Latin for sausage, botulus,
and wis coined in 1870 by Muller,

Inifecent times in the U.S,, meat products, such as
pausages, have rargly been mssociared with outbreaks of
botulism. In fuct, only about 3 percent of the recorded
apthreaks in the LS. hoave been associated with meat.

Before the cause of botulism was clearly undersiood,
many substances were suggested o belng reponsble fo
the disease. For example, Kerner thoughi it was caused
by a faty acid which he termed “oorpae acid.' Other
supgestions included prussic scid, pyroligneous achd
from wood smoke, choling, copper, lead, creosote, vari:
oiis futty scids, vegetable alkaloids, varfous maolds,
Trichinetla spiraiis, neuridine and most fantastic of all,
Agun foffony. The Romans supposed A gug foffang (o
be n toxic substance secreted In the saliva of slaves 1of-
tured to death in the arena. Because the method of kill-
ing hogs in Wortiemburg wis slow, it was suggested that
Agun Maffong was produced in the hog"s sallva and ulii-
mately coniaminated the animal's Nesh,

The discovery that botullim i3 actually caused by 8
toln-producing bacterlum wis made by Emile Plerre
Marie van Ermengem i 1836, An outhrenk in the
Belglan villige of Ellezelles was brought to the kitention
of van Ermengem, then & prafessor of hacteriology ar
the University of Ghent. His énsuing study provided the
date ael which the modern understanding of botulism |4
based,

vl Ermengem determined thut ham was the source
af the poison in the authreak . He isolated an crganism
from this hom ond from the spleen of one of the men
who had died, Subcylivres of this organism produced
toxin thot was lethal to several animal species. Congse-
guently, van Ermengeni nemed the Bacterium Baedlfay
Bindialinuy (now called O, bofulisum) because he believed
this orgamism hnd caused the poisoning at Ellezelles and
that this disease wus identicnl to “sausage polsoning.”
Sueceeding studies confirmed the observations of van
Ermengem

Botullsm weas first recognized in the United States in
1899, In the 79 years from FASS 1o 1978, there were TTH
authreaks of botulism in the U5, invelving 2,009 in-
divichuals of whom |02 died, For a 50 percent mortality
rate. The Mumlity rate hns declined significantly in recem
vears. The ease-fatality rate in 1978 of 5.2 percent was a
modern low,

The decline in the ease-fatnlity rotic of loodborne
botulizm from Lhe 530 percent figure seen in the first 79
yvears of this century s due mainly to improved detec-
tivn methods, more readily availoble antitoxin and,
egpecially, mechanized ventilatory pasisiance.



Mebrmaka State Depariment of Health

Direcior,

Diigase Control Drvision
DiTce 471-2937)

Directior,

Howiing and Environmental Healih
(471-25410)

One of the above will, in turn, call on CDC for

necesinry epldemiologic and lab assistance and order
the aniroxin.

Food Involved

Home-canned foods caused 72 percent of the out-
breaks In the 79-year period from 1899 (o 1978, L
than 9 percenl were aliributed 1o commercially proces-
ed of cannedl food and the majority of these, 41 of &8,
occurred before 1930, The types of food producti in-
volved in thoe outhreaks are listed in Table 2. The type
of food processing responsible for 17 percent of the out-
breaks is unknown,
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Vegelahles are the mmjor type of food invalved n
botullum outbreaks. OF the 278 outbredks shown in
Fable 2, 151 (54,.3%) were associated with vegetables.
Fish was second with 41 outbreaks, followed by fruits,
condimenis, milk, pork, and poultry. In almost every
indiance, the loods involved had been canned or pro-
cewsed in some manner, stored for wome lime and then
cnmimed

Fresventing

The major couse of botulivm outbreaks [y improperdy
provessed home-canned food products. Prevention i
!I;.MIIII; Tollow proper rechnigues when canning food in
ithe hime,

Livied below are U.S. Departmeni of Agriculiure
pulblicatbons on canning foods at home. Sinple coples of
these publications are available (ree from the LS.
Department of Agriculture, Washington, [3.C. 20240,
Send your request on a post card, Include your #ip code
i your relurn oddress.

G B - Home Canning of Fruses snd Vegeobles
Glos - Home Canning of Meat and Poulbtry.

Scveral Univernity of Nebraska exienuon publca-
tions abowt home-canning methods are available at
county cxtension offices;

Home Canning Meal and Powliry HEG-76-19

Home Canning Frulty snd Vegetables HEG-79-108,

Another pood reference lor the home Ganner is a lree
100-page booklel entitled ' Home Food Preservation,™
It ds avadlnble by sending & post card tee

Consumer Protecton Cenler,
Department 68640,
Pughlo, CO BID09.

“Home Canning’® n the title of 8 schemtific stifus
summary prepated by the [lmstiivie of Food
Technologisin, Coples of this indepth review are
available from the:

IFT Repional Communicaton

Department of Food Science and Technology
116 Filley Hall

University of Nebraska-Lincoln

Lincoln, Nebraska 68383

A number of compantes thal sell home-canning sup-
plies olso have publications on home canning.

Hall Cowr pise aicn
345 South High St
Muncle, [N 47302

Bernardin Inc.
2201 W, Maryland
Evanwille, IN 47703

Kerr Glass Manufaciuring Corp,
Sand Springs, OK 74061

Mo Adumdngm Cao.
Mamoowae, Wi 54230

Mational Presto Industries, Ine.
924 W, Hantings Way
Eau Clabre, W1 54701

More extensive ndvice on canning can be found in the
following fexts:

Farm Jouwmnal Editors. Freczing and Canning
Cookboolk. Rev. ad. Nichals, Nell B_, ed. 1973, Dovble-
day.

Gaulke, Judith A, Home Canming. 1975 lane
Publishing Company.

Hold, Calvin and Carading, Patch. A Guide 1o Cann-
ing and Presevving. (orig.) 1974, Pyramid Pub.

Home Canning by Betier Homes and Cardens,
Meredith Publishing Co., Dev Maoines, 1A

The toxin or poison produced by O botulinm &
readily destroyed by heat. To thactlvade foxin, bring
food to & boiling temperatire and hald that temperature
for 10 minutes. A rule lo follow b sfvways boll
howtecaned before kaviing them, particular-
ly if the in the container, when opened, have
& bad smell, bubble or look different. **“When in doubt,



Only [n seven nations — the U.S., Poland, Germany,
Union of Soviet Socialist Republics, Japan, France, and
Canada — do ey methods of preserving food in the
homie coincide with ihe presence of C. botulirus.
Poland has moce botulism than any other nation, Most
of the outbreaks resull from eating improperfy home-
canned meal,

Foodborne botuliun outbreaks have besn reported
from 4% stales since 1899, Five wesiern states {Califor-
nia, Washington, Colorado, Oregon, and New Mexico)
have accounted for more than half of all reported out-
breaki.

Since 1899, there have beem 10 outbreaks, IE cases
and 21 fatalities in Nebraska. The latest outbreak, the
first since 1931, occurred in 1979; the incriminated food
was home-canned ipmaioes,

However, botullsm remains & modern day problem,
In 1978, twelve outbrenks of foodbome botulism, in-
volving $8 cases, occurred in the United Stutes. This
compares with B0 cases (n 1977 and an average of 7.9
n;;htuth with 18,7 coses per yenr, fram 1970 through
1976,

History of Schentific Methods
far Hime Canning

The first instructions for home canning were printed
in the United States in the nincteenth century, Most of
these imtructions, developed through hit or miss techni-
ques, incorporated the procedures developed by
Nicholas Appert, 8 Freach chef in Napoleon™s nme.
Many cookbooks of the Viciorian era contained home
camnming imtructions as well as descriptions of the dif-
ficulty of preserving wme foods using these methods,

During Waild War 1, the first Uniled States govern-
memt publications on home canning were printed. Thee
publications were pan of & massive campaign 10 urge
citirens 1o grow and preserve their own food. They con-
tained directions for many extremely dangerous canning
methods such as water bath and sieam processing ol
low-pcid vepetables, o well as oven cainning. The nel
rewull of this compaign wis thut many Americans died
of botulism from wnder-processed homecanned vege-
tnhles.

I 1943, the United Stien Department of Agriculture
{USDA) issued & firm statement thal pressure canning
was the only safe way 1o can meat and low-acid vege-
talsles. Im 948, the USDA published results of the ex-
tensive heal penetration and bacteriological studies on
home-canned foods and established a scientific basis for
hivme-canning instructions.

The first recxamination of USDA home-canning
recommendations wince 1945 was completed in 1978 at
the Univenity of Minnesota, The results of these studirs
have been publivhed in University of Minnowa Exien-
sion Bullctin 413 “*Home Canning— Fruits, Yegerables,
and Meats.”* While some of the times and temperatures
in this bulletin are differeni from those of the USDA,
the new limed and lemperature comhbinstions are safe
mnd give guite reliable resulis,

The Oeganism wnd it
Classifbemwtion

. botufinum includes several types of strains af

bacteria that produce newratoxin differing in chemical
makeup and antigenicity. However, organisms o clai-
fiedd are alike in that they are:

1. lﬂﬂmﬂﬂmlﬂmhhﬂhuﬂumlm
iim width),

2. Anaerobic (grow in the absence of oxygen).

3, Form spores {very resistand, dormant or festing
form of & bacierum).

4. Prodece neurotoxing (loxins that affect the ner-
vous system) with similar pharmacological action.

&/ (e iam equaks 1/725,400eh of an inch.

Tabsbe 1. Typpers ol { Insiridinm il EnimEly mrE s Em——--
Iy wffpried by the fpsine prodeced.
V= L
& Man
] Adan, horse
L ukplia Ihirgds, iariles
C biia Lubile, sheep, hiorse
(i} Cabile, shesp
E Afan, hirds
F hlary
Lt Mo recognized outhresks

g BB sl P oo sldivs 6 mg s T e & e B ey a1
e L M oy o i b e Tl e e L v b T B
T TR TR TR T ]
s mylemab oF b Ll d B o T B, ey vy bl
g Vg 0 il ) i sy gl e bl Pl S 77 Prssmam T

RESISTANCE TO HEAT

. bodulings has the abilicy 1o form an eatity called a
spore foval in shape with a diameter of 2 um). A spore is
a dormant of inactive form of the ccll and mun ger-
minate 10 become a actively growing cell. capable of
producing loxin.

Thie speore is the most efTicient survival mechanism n
nature. Spores are very resistant 1o sdverse conditions
such ma heat, chemical treatments, physical stress and
ol her environmental changes. For example, under pro-
per conditions, spores of ©. dofulinum, Types A and B,
will sutvive from S 1o & hours at 212°F (100°C). For-
tunately, st higher temperatures, much lew time (s re-
quired 1o destroy these spores, and this is recognized In
the canning or “commercial sterilization™ of food. For
example, &t 230°F (121 °C), low-acid food will be
werilized in only 1 minuiex; in ulirahigh-temperature
food processes, @ hest ireatment of @ few seconds af
20°F (1MC) s sufficient (o destroy spores of C.
hatulinum,

The heat redstance of C. bovulimum spores s one
reason why outbreaks of botulism are usually ansociated
with homecanned, preserved, or foods.
Spores may survive n imsufficiently processed food.
During subsequent food slorage, these spores may ger-
miknaie inio actively growing bacicria and produce fon-
in,

A lesa severe heat wreatment 15 needed 10 destroy the
poxki (han b necessary io kill the spores. Heating foad
10 boiling for 10 minutes will destroy batulinal toxin, 1T
contaminnied (ood is enten without sufficien: heat treat-
ment (o0 destroy (he toxin, severe illness and possibly
death will oceur,



Lirow il Reguircmeats

The requirements for growth of C. botulimen are:

1. A food contaminated with C bofulinum and
capable of susinining ii4 growih

2. An absence of oxygpen. Sirict snaerobic condi-
tions; only Type E does motf require strict anserobic con-
ditlons for growth.

3. Proper temperature. A mange of 50°F {10°C) o
118°F {47.7°C) for Types A and B or as low as I8°F
(L3°C) for Type E.

4. A pH greater than 4.3, “Low-acid™ foods Le.,
vegetables and meats,

4. A low xali concentration, 5 1o 10% brine (% brine
cquals T NaCl divided by %% NaCl +« % H0
uliiplied by 100},

6. Waier activity {Aw) greater then 0.85. An expres-
slon of water avatlabkle (Aw = vapor pressure of food
divided by vapor pressurt of pure watker).

improperly canned foods, primarily low-acid
vegriable products, provide exceflem growth conditions
o . Bofoliessy, When Toid bs canfed , the alt i eithes
eviacuated or driven oul, thereby creating anserobic
conditlons necessary for the growth of C. bofulingm.
Further, the spores of C, bofulimien are mare heat reis-
innt than the vegetative forma of other bacteria, Conse-
quenily, spores of €. botulimum may remain as the sole
purvivors in improperly canned food.

Both meat and vegelable items provide the autricnn
needed by C. bojwlinum for growth. Most of these
foods are low acid (pH greater than 4.6) and can wp-
pont the growth of this organism. High-acid foods re-
guite n milder hewt treatment than low-acid foeods
because C. botufingn will not grow a1 a pH of 4.6 or
lews. Meveriheless, u number of outbreaks of botulism
have been caused by **high-acid'” foods.

Cured meats were commonly associated with
botulism in the past century, This is no longer true in the
115, because of the wophisticaled and carefully coniroll-
ed processes used by the modern meal indusiry.

A number af factors are used 10 preserve cured meads,
During processing, mos cured meats are cooked, which
eliminate vegelative bacterla but not the more reslstant
spores, Cured meats, unlike canned foods, usually can-
not be heated to the extent necessary to destroy all
spores of . botwlimwm because product quality wouald
be reduced. Tham, 1o prevent the growth of bolulinal
spores which may survive in cured meal, inhibitory
agents, namely salt and nitrite, are added. A comibing-
thon of other facton, including good sanitation (and
herefore low numbers of C. botulinum), o relatively
lw pH and refrigeration of perishable products, are
alsn used 1o prevent botulism in cured ments.

The combined effects of these factory are of practical
importance in the preservation of food. Lowering the
pH or raising the sall comcentration imcremses the
miimum lemperature al which C. bofulinem grows.
Stmilarly, increasimg the acidily of a food decrenses the
meanlimuim wall concentration st which growth stans

In general, prevention of foodborne botulism is ac-
complished either by using heal io destroy C. botulinum
spores in a food (* commercial serilization”"} or by us-
ing a combination of factors o preven! growik of €.
Batiilimm 0 the food,

The [Hsrass

Foodborne botulium is aimost always caused by
eating improperly  preserved  food in which ©
botultnim has grown. Reports of botulism deaths from
eating a single string bean o4 a few kernels of home-
canned cofii e ol uncommon. [hone insiance, an i
dividus! died who hsd taken g mouthful of home-
preserved peppers but spal them owl.

Ome of the mosw notable outbreaks of botulivm in the
US. killed an emire family of 12, The outbreak, which
occurred in Albany, Oregon in 1924, involved home-
canned siring besns.

Whatever food s responsible, the pattern of the
disease it generally the same. Afler ingestion, the woxin
is absorbed and curried by the blood to the nerves,
Maied nd vomiting are often (36% of L5, cases) the
first symptoms to appear. These particular symptoms
are probably caused by contaminanis other thun the
botulinal toxn.

Early signs are & tired or weak fecling and dizziness.
Double vision, inabifity to focus, and progressive dif-
ficulty in speaking and swallowing almost always occur
and nre due to the effect of the nedrolonin on nerve
ransmission.

Individusl resistance 1o the toxin varies widely Symp-
toms ordinarily appear in |8 to 36 hours, although in
one intance it was as short as 2 hours. There are also
cases on record in which the latent period was as long as
a week . Variability in ihe time of ol [fom ealing con-
taminated food can be sccounted for by the dose and
time required for shsorption of the loxin.

As the disense progresses, there b increasing parslysis
due to the sction of the botulinal toxin in preventing the
passage of stimull from the motor nerves (o the muscles.
Eventually, muscles fail to respond o their specilic
stimuli until the muscles needed for breuthing or the car-
diae muscles of the heart falter and fail.

CDC - Emergency Aslsiance

Because botulivm bs & rare discase, mowl physiciams
probably do not see a case of botulivm in a lifetime of
practice. This often results in misdlagnosis. The Center
for Disease Control ({CDC), Atanta, Georgia 30331,
distributes to physicians and other interested individuuls
information concerning the dlagnois of botulism and
the use and availability of botulinum antitoxin {af no
cosl) in an effort 1o gid in the carly diagnosis and treai-
ment of botuliom. Ask for Boteliom in the United
States, (899-1977: Handbook for Epidemtiologisis,
Clinicians and Laboratory Workers,

Prompl disgnosis and early treatment of botulism are
essential (0 minimize the otherwise greal risk of death
due to botullsm, When a diagnosis of botulism s con-
sidered, the physician should contact The Center for
Disease Control (Day phone) - (404) 329-3753 or (Night
phone) - (404) 329-3634. Equally important is the need
to identify the ofTending, contaminaied lood source and
remove il 8o others won't partake of i and fall il and
to test I for botulinum teain. Epidemiologic investigs-
tion and disease controd are statutorily the responsitility
of the Jocal health depurtment, where one exists, und,
where not, that of the State Depariment of Health,
Following is a list of state personnel by office and phone
iumbety:



throw. i ol

iThe habit of taating homecanned vegeiables before
they are cooked almost cost one woman her Hie In South
Bend, Indiana, The woman became Hl one day and
became progressively sicker as the days went on. Final-
Iy, 5 days after her initial symptoms appeared, botulism
wad considered and antitoxin therapy staried. Her con-
dition had been diagnosed as viral encephalits, idinsyn-
cratle reaction to prochlorperazing and  mynsthenia
gravis, She recoved o [ull 8 dave after botulinim aiii-
toxln therapy was siarted,

The interesting part of (his oulbresk was that he
wormn shared all her meals with iwo other individuals,
neither of wham became ill. They guite often consumed
home-canned vegetables that were Tully cooked at thelr
meals, Bui, the womin had the habit of tasting the
homg-canned vegetables prior to conking and this prob-
whly explaing why ihe became [l and nate of the oihers
did.,

Food canned in the home under proper condition lor
the type of food pvolved will be safe 1o est, Problems
only develop when improper cannipg technigues are us-
ed.

Commercially canned producty are wafe to emi i the
can ends are not hidged nnd i 1he produce appears nor-
mal amd lkas & normal odor.

Bulging can entds and jar lids cswally ipdicute
spoilage. IT it becomes necessary to dispose of cinned
foods, do it in such 4 way that there 8 no chanee hai
they will be eaten by humans or animals,

Spoilage of commercially canped food ilems should
be promptly reporied 1o the Food and Drug Administra-
tion by telephone or mail . Information in such a report
afioild inchude:

I. The nuture of the problem imvolved,

2. A detailed description of the product's label.

3, Any code marks embossed or stamped on the Hd
af the cand,

4, The pune and address of the store where ihe pro-
duct was bought,

5, The date of purchase,

in Mebraska, such reports shoold be directed o:

Chief Retident Inspector

wF
Copswmer AlTmir O cer
Food and Drug Adminiciesiion
1619 Howard Sireet
Omaha, NE 68102
(4023 221 =46T5(6)

Commercinl outlets for prepared foods, such as
grocery stores, delicalessens and restaurnoiy, moy serve
i o souree of contaminaled laod. These dre under
furtsdiction of the Nebraskn State Agricullure Depart-
ment and are automatically involved by the State
Epidemiologist when the Intter receives s report of a
hicmiin case of botulism,

1 T Cunpermres Egrpunumn Spceies preuaase i i
e mEurwi el preogrees e el pampie e iCTarud regesel
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