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ABSTRACT

SOME ECOLOGICAL CONSIDERATIONS OF THE TOXIN OF CLOSTRIDIUM
BOTULINUM TYPE E IN THE LAKE MICHIGAN ECOSYSTEM

by Rishard H. Monheimer

The possible involvement of type E botulism im Lake Michigaa
wvaterbird mortalities and fastors influencing this botulism are
considered, Various waterbirds vere fed Clostridium botulinum type
E toxin and it was determined that the birds can be affected by toxin
produced by soms strains of the organism. Type E botulimal toxin was
found ia dead alevives takea from the Lake Mighigam ecosystem at
levels suffiecient to kill or sicken a dird. DDT ia the culture medium
in levels uwp to SO0 parts per billion had no effeet on the produstion
of C. botulinum type E tomim. DDT and botulinal tomin, when preseat
in vhite mice, interset vhen affecting the animals although little
ecelogical significanse can be eoncluded from the DDT-botulimal toxin
interaction. Given a suitable medium, some strains of C. b inum
type k may be able to produce large amounts of toxim in the Lake
Mighigaa ecosystem. The alewives in Lake Michigan may provide sweh a
msdium as well as providing a poteatial vehicle for the intoxicatiom
of fish-eating waterbirds.
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INTRODUCTION

Clostridium botulinum is a red-shaped, spore-forming bacterium
whose eptisum growth temperatwre is between 25 and 37 C (Bergey's

Manual for Determinative Basteriology, 1937). Althowgh this organism
is generally eonsidered to be an anaercde, it has beea shown that the
species can sometimes grov in am environment that is initially
asrobic (Kaufmann and Marshall, 1965). As & culture of this organism
grows, it produces aam extremely potent exotoxin which eam be lethal
te selected vertebrates (Lamenma, 1959). Oral ingsstionm of this
exotoxin rather than an imfectioa by the cultwre is what makes

€. betulinum dangerous.

There sre six distinect antigeanis types of C. dotulinum which
are classified as A through ¥, The toxin produced by each type 1s
ssutralised only by its type-specific antitoxin and it is by a
msutralisation test that the species is identified to type. All types
of C. botulinus eam cause both human and animal botulism, but types A,
B, E and 7 are those usually associated with human botulisa while C,
D and K are the types that are most often associated with animal
botulism., Type C botulism affects a large variety of amimals but is
particularly noted for causing large mortalities among wildfowl in
the vestern prairies of the United States (Sciple, 1953). Botulism
type D has eeccurred primarily in Seuth African cattle but it has also
beea shown to be lethal to cattle in Australis (Simmons and Temmemagi,
1964) . Until receatly, the animsls most commonly affected by type B
botulisa vere domesticated mink (Scholtens and Coohom, 1963).



A zeview of the literature (Dolmenm, 1960) shows that type B
botulism has usvally been associated vith a marine envircameat.
Cases of human botulism have usually besn traced to improperly
prepared marine foodstuffs, such as pickled herring, salmon eggs
and vhale meat. Pedersea (1955) econcluded that C. botulinum type K
is very prevalent ou the sea bottom and seversl recent investigations
have shown the organism to be present inm both the Atlaatie and Pacifie
Oceans (Ward et al., 1967; Craig et al,, 1968). Although Prevot and
Hust (1951) showed the presemcs of C. botulinum type K in fresh water
pereh in France, until resently there has been little reasoa to
believe that C. botulinum type E could be a fastor relevant to the
ecology of the Great Lakes.

The first evidence that C. botulinum type E was present im tha
Creat Lakes came ia 1960, vhen an outbreak of botulism occurred in
Maonsapolis, Mimuesota. Smoked “ciseos” from the Great Lakes served
as the vehigle for the food poisoning (Kautter, 1964). Anmother
eutbreak of human botulism eccurred in 1963 vhich vas attributed to
smoked "chubs™ takea from Lake Michigan (Scholtens and Coohon, op.
eit.). In the fall of 1963, a large mortality of gulls (Larus
Argentatys; L. delavarensis), loons (Cavis fmmer) and several other
speciss of waterbixrd oceurred en Lake Michigan (Fay et al., 1965).
Similar mortalities, of a greater or lesser extent, have occurred
every year since 1963 (Fay, 1968) . Exzamination of blood and tissues

from a random sampling of these dead birds have shown the presemce



of varying amounts of C. botulinum type K toxin (Kaufmama and Fay,
1964; Fay, 1966). Subsequsnt investigations have shown the spores
of C. botulimm type E to be widespread throughout the Creat Lakes
(Yoster et al,, 1965; Bott et al,, 1966).

The details involving the Lake Michigam waterbird mortalities
and the discovery of C. botulinum typs E microorganisms ia the Creat
Lakes present good, but only circumstantial, evidence that type &
botulism is the cause of the bird mortalities. To be reasonsbly sure
that botulism i3 ecausing the deaths, a susceptibility level for the
birds must be detarmined and then a source of the toxian ia a form
suitable for iatoxication wust be found in nature, Movheimer (1963)
studied the susceptibility of Ring-billed Culls (L. delawvarensis)
to type k botulimal toxim and although botulism vas induced in them,
20 definite level of susceptibility was determined. Also, ne direst
evidence of "naturally occcurring” type E botulinal toxin in the Lake
Michigan ecosystem has yst beean recorded. This study, in part, thus
provides the asscessary evideace to conclude that the waterbird
mortalities are indeed caused by type K botulism.

The second objective of this study is to examins ecological
factors that may have iaflusnced what sppears to be the "sudden
ossurzenes” of type E botulism im the Creat Lakes. It is recognised
that the lack of imvestigation, rather vtha- the absence of the organism,
may asceuat for this appareant sudden occurrencs. However, several
ehanges ia the Creat Lakes ecosystem ia the past decade could possibly
sssount fer this elevation iamto prominence of C. botuylinum type E.



Two of these changes are the invasion of the originally marine alewife

(Alosa pseudoharengus) and the accumulation of the chlorinated hydro-

carbon 1,1,1-trichloro~2,2-bis(p-chlorophenol)ethane (DDT). Besides
providing a new vehicle for intoxication of waterbirds, the alewives
may provide a suitable medium in which C. botulinum type E may grow
and produce toxin. DDT and/or the chemical make-up of alewives may
affect the growth characteristics of C. botulinum type E so that it
produces toxin more readily than under the previous conditions of the
ecosystem. Also, DDT (O'Brien, 1964) and botulinal toxin (Brooks, 1964)
both affect an animal's nervous system and there thus may be some sort
of interaction between the two materials when both are present in an
animal. This study, therefore, also examines these aspects of DﬁT and
the alewives in respect to their possible role in the occurrence of

type E botulism in the Great Lakes.



MATERIALS AND METHODS

Basic Laboratory Procedures. All gultures of C. botulinum type E

produced in the laboratory during this study were grown in the same
basia basterial growth medium. This medium contained 5.0X Trypticase
(Baltimore Biological Laboratories), 0.5X peptone (Difeo), 0.2X
susrose (Merck) and 1.0X yesst extrast (Difco). Anaerobie econditioms
were prodused ia the gulture by the addition of 0.12 sodium thiogly-
eollate. Prior to sterilisation by auteclaving, the pH of the medium
was adjusted to 6.8 by the addition of hydrochloriec acid. Hereafter,

this bacterial medium will be referred to as TPSY.

The strain of C. botulinum type Kk used throughout this study was
isolated by Mr. Ralph Johaston (Food and Drug Adainistration, Detreit)
from a fresh "whitefish chub" takem frem Lake Michigan in 1963. This
strain 1s identified by the Pood and Drug Administration as 026-080=x.
A eulture of C. dotulinum type E was preduced using the Vamsouver
Hezring (Vi) etraim, which s a "common" ladoratory erganiem, dut this
was used in enly ome phase of the gull feeding experimesnts.

At the beginning of this study, 15 ml screv-cap culture tubes
eontaining TPSY had been incculated with a spore suspension of the
Ce+ botulinum type E, insubated at 30 C for 13 hours and thes frosea
at ~13 C, Thase frosea cultures, thawed just prior te wee, were the
steck used as the initial imosulum for all subsequeat cultures.

Astively growing starter cultures were used for inoculating the

nediwm for each gultwring experiment. These starters were growva for



13 or 24 hours at 30 or 15 C respectively, depending upon the
temperature at vhich the experiment was to be eonducted. The length
of tims that the cultures of each experiment were held in the
ingubators at each temperature were determined by the results of a
pilot study. Cultures for this pilot study vere incubated in three-
ounce prescription bottles at 15 or 30 C. Omne bottle was removed
each day for 13 days from each temperature and the level of toxin

determined to ascertain the time period for maximum toxinm productionm.

Titratioa of the toxin produced by eaeh culture vas asecomplished
by intraperitoneslly injecting Swiss-Webster wvhite mice with various
dilutions of the culture broth. The mice, which weighed between 13
and 2] grams, were raised specifically for this study by the Wildlife
Pathology Laberatory eof the Mighigam Department of Comservation at the
Rese Lake VWildlife Research Center. Dilutions of the toxis cultures
vere nade with a buffer solutiom containing 0.21 gelatin and 0.42
dibssic sodiwm phosphate. The pl of the buffer wvas adjusted to
approximately 6.2 with hydrochlorie acid. All injections used for
titrating toxin comeisted of a 0.2 ml aliquot of the diluted culture.
The results of the titrations are caleulated in terms of mouse LD,
per mnilliliter of culture by the method of Reed and Muench (1938).

Type B betulimal toxin is known to bave the property of becoming
mste texic vhen subjested te the emsymatie astion of trypsin (Duff et
al., 19356). Because some form of eelf activation may ocsur in eome

cultures and net in others, a more ssccurate measure of the total



amount of toxin present in a culture may be the toxiecity following
trypsinisation. Therefore, all gultures also vere titrated after
the incubation of equal parts of eulture and a 1.0X solution of

trypsin (Difco, 1:250) at 40 C for one hour. The trypsin was im a

solution of Sorensen's phosphate buffer (Clark, 1928) at a pH of 3.9.

All eultures vere examined microscopically to check for the
occurrence of bacterial contamination. Also, & specifiec toxin
neutralisation test was employed to ascertaia that the lethal agent
in each gulture vas C. botulinum type E toxia., Miece were fnjected
intraperitoneally with one unit (1,000 anti-MLD) of monovalent
C. botulinum type I amtitoxin (cbtained from the Communicable Disease
Center, Atlanta, Georgis) followed immedistely by an injectiom of
culture eontaining a lethal amoumt of toxin. This injestion of
eulture, hovever, eontained less tham 1,000 mouse minimum lethal
doses (MLD). Survival of the protected mice and deaths of wnpretected
mice idemtified the lethal agent as C, botulinum type K toxia.

Effect of alewives on toxin prodwustion. Various amounts of a sterile
alevife homogenate were added to the basie TPSY mediwm to determine
vhether some aspect of the chemistry of alevives can affeet the
production of toxim by C. botulinum type E. Fresh-frozea alevives
that had been takem by trawl from lLake Michigan were thawved, eut iato
pieces and added to an equal volume of distilled vater. This mixture
vas then plagced iato & Sorvall Omni-mixzer and homogenised. The

superaateat vhich resulted from gseatrifugatiom of this homogenate at



40,000x g for 30 minutss ves passed sucesssively through millipere
filters vith menbrans pores sises of 3.0p, 1.2p, 0,43 and 0.22p.
The fluid vas filtered threugh essh sise menbrame several times wmtil
18 flewed freely. Final sterilisatien of this slewife extrast vas
agesmplished by passing it iante a sterile dispesadbls Nalgeme filter
vith & nembrane pore sime of 0.20m.

The sterile alevife extrast vas added eseptically te amowmte of
TPSY at @ rats sueh that after the sddition of ome milliliter of
starter eulturs, the extrast made uwp either 2, 4, 8§ eor 16 peresat of
the tstal 100 al volume. The centaimers wsed for this sultwring
vere three-ocuncs preseription bettlss. Five replicats eultures were
sun for ecach percenmtage of fish extraet as well as for esontrols
esntaining no extrast. This experiment was carried eut at both 13
end 30 C for incubatios periods of tea and five days respectively.

Titration of the toxia in these alevife-TPSY cultures followed
several sshedules (the procsdures wvere modified several times during
this study besause of the large numbers of mice and time invelved ia
this type of bicassay). These cultures growva at 30 C were assayed by
injecting greupe of tem mice. Diluticns of these eultures wers made
sush that ome group of miacs had less than 50Z dut mere thaa 0X
mortality vhils another grewp had mere tham 50X but less tham 100X
mortality. The gultures imecubsted at 13 C were assayed by injeeting
groups of five mice. Dilutiens wsed for this lot of cultures depended
wpon vhether or mot the culture was treated with trypsim. liom-treatsd



eulture dilutions were uadiluted, 1:10 and a twe-fold serial dilution
with the lovest being 1:30. Astivatsd cultures were titratad wsing
the sams dilution schems for these cultures eontaining less than
50,000 mouse LD”I-I toxin but for cultures with higher titers, a
twe—-fold serial dilution beginmning at 111,000 was uwsed.

Effect of DDT on toxin produgtion. The effeet of small amecunts of DDT
en thes preduction of C. botulinuy type k toxin was determimed by adding

lew lavels of DDT (p.p' isomer, 100%X; City Chem, Corp., N.Y.) direetly
te 13 =l serev-gap culture tubes eomtaining 10 =l TPSY. The DOT was
fivet disselved ian scetems and dilutiems prepared se that the additiem
of ome milliliter of scetems would add 3, 50 or 500 parts per billica
(ppb) DDT te the TPSY. A comtrol set of tubes ressived ems milliliter
of DDT-free ssstons. These tubes were them suteclaved to starilise
the nedium and to drive out the sostons. The eceoled tubes thea
reesived 0.05 nl of ineculum end were ingubated at either 13 er 30 C
for tean end five days rvespestively. VFeur rveplicates for eash DDT level
and the ecntrols were tun at each temperature.

The betulinal texim produeced iu these DDT-TPSY eultures vas
essayed by injecting greups of three mice. A two—-fold serial dilutiea
was wsed, vith the lowest dilutiea being 1150 fer men-trypsinised

csltures and 1:1,000 for astivatad cultures.

298, Deterxinstion of the pessidility of as interactien betwesa type
B botulinal texin end DDT ia snimals wvas aceomplished by injectiag
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DDT (p.p' isemer, 100X) disselved in eern e¢il intraperitomeally iate
four growps of 60 white mice at the zates of 5.0, 7.5, 10,0 oxr 15.0 ng
of DDT per mouse. A eontrel group reseived aa injection of ecorn o1l
ealy. Appremimately 22 hours afesr the DDT treatmeat, the miss wvere
injected intraperitonsally with dilutions of a pure eulture of C.
Jetulinum ¢ype E. PFive diluticus of eculture were uwsed, rangiag frem
1150 te 11300, A eentrol group veesived sa injestien of the gelatia-
phosphats buffer diluent. All injeetions were of 0.2 ml.

This experiment thus eontaimned 30 sets of miece which had been
injeeted vith variocus lsvels of both DUT amd botulinal toxin, Each
set eontained ten mies. MNost of the sets ecntained five males aand
five females, but iz sevaral instsnces one mouse vas eliminated from
a given set due to leskage of injected material. The mies weighed
between 13 and 18 grams and the sets were as hemeogencous as pessidle
wvith vespeet to the weights of the mies. Rach set of mies was held
ia an individwal bex and vas observed fer six days fellowing the DOT
injection, Dead mise were remeved frem the boxss. The wesults are
Tetorded as a peresuntage of mice affectad, affected mice being these
that died during the test and these that had typical DDT tremers at
the ead of the six day teet peried. This eaperimeat vas replicated
a segcend time.

Effset of botulimal temin on captive waterbiyxdg. Oulls were chosea &8
the primary species of vaterbird em which to test the effeet of .

hetulinwm type B temia becsuse of the relative case with vhieh they
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ean be obtained and because of the previcus werk dene with them
(Menheimer, op. ¢it.). Ring-billed Oulls and Herring Culls (L.
Axpentatug) whieh were thres to five weeks old vere takea fyom & gull
mssting eelony lecated em merthern Lake Hurom mear Roger's City,
Miehigen. Califoramis Gulls (J. gglifornigus) were esptured as young
on the Bear River Migratery Bird Refuge (nmear Brighem City, Utah) and
shipped to Rast Lansing by air express. All gulls were held in pems
at the Rese lLake Wildlife Ressarch Center mtil they were full grewa.
Their diet cousisted primarily of alewives supplementsd periedisally
vith ecanned deg foed or Tar msat. A dese of thiaxime hydroechloride
vas alse givem periediecally to preveat vitaminm defieciencies cawsed by
thianinases in the alevives.

Toxin for feeding to the gulls wvas cultured in ens-iiter pres-
sriptiea bettles at 30 C for five days, then held at -135 C until wesed
ia the feeding trisls. The toxin was fed te the vaterbivds wsing a
syrings and & blunted lir-inch 18 gauge needls. The besk vas held epen
aad the needls plseed inte the throat se as te avoid gettiag the fluid
date the trachea. The toxin was slovly imjected imte the esophagus
aad the bird was thea held with its neek eutstretched for sppremimately
ens minute se that the fluid entered the gastro—-intestimal trast
ead eculd mot be vegurgitated. Eliminatien of the pessidility eof exal

izrigation due to large velumes of fluid was ssceemplished by feeding
the larger doses in aliquets of 10 ml at intervals of eme hows.

The differenses im the suseeptibility of waterbirds to toxin
predussd by different strains of C. botulinuym type K, as Hasea (1942)
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found for ehickens, was determined by fores-feeding Ring-billed Oulls
with 40,000 mowss MLD toxin. Pour birds ressived the VH straia of
eulture and four received the 026080z strain. This culture vas ia &
velums of 10 ml. Twe growps of thres California Culls were alse fed
the different strainms of eulture; ems bixd im each growp vas fed
40,000, 80,000 or 120,000 mouse MLD im & volums of 10, 20 or 30 ml
respectively,

C. botulinwm type B straim 026-030x eculture wvas used to determine
the swsesptibility lsvel of Ring-billed Oulls. PFour grewps of 10 gulls
vere fed from 7,500 )LD to 30,000 MLD nem—trypsin asctivated toxim.

Four groups of feur gulls were fed from 67,300 ML.D to 250,000 MLD
tzypein-astivated texin., All birvds recsived & velums of 10 ml., Cemtrol
groups ingluded five gulls fed 10 ml of the uaineeulated 7PSY and five
gulls fad 10 ml of the gslatin-phesphate buffer which was weed to bring
the tenin doses te their fimal velumes.

Several ether speciss of vatsrbird were fed straia 026-080x eulture
in doses rangimg from 30,000 MLD so 130,000 MLD, These birds imecluded
13 Herring Culls, ene Creat Blwe lierom (Ardes herodiss), one Common
leca (Qavia 13mer), aad one Horned Crebe (Colywbus gyritus).

Rataction of toxin {n Leke M{chigen. Om June 16, 1967, eight dead
alevives were gollected from Lake Michigan just north of ludingtenm,

Miehigan. 7Tve of the fish were eollected from the bottom of the lake
by scuba diving ia 25 feet of watsr sbeut 300 yards from the shore.
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The other six fish were takea from the beagh, twe at the high-water
1ine and feur frem the water's edgs. The water temperature at the time
of eollestion vas spproximately 17 C (62 ¥) while the air tsmperstusre
wvas abeut 30 C (appreximately 88 7). All fish were put inte plastie
bage vhich were placed ca fee within 20 minutes after eollectien.

The fish vers takes into the laboratory, held at 3 C overaight aad
tasted the follewing day fer type E botulimal toxia. EKash fish was
placed en abserbent paper te remeve exesss moisture and, follewiag
veighing, eut inte several pisess. A petate ricer was used to press
thess pisces and the juiess thus odbtained were diluted with the
selatia-phesphats buffer. Sinee the undiluted juicss of evea fresh
£1sh kills injected mies, the lewest dilution wsed was 1110, Nigher
diiutions weed were a twe-fold series begimniag with 1:1100. The
Juiess were alse treated with trypsia aad diluted ia a similar mammer.
Testing for type E betulinal texia was dons by pretectiang the miee
vith specific antitenin, Tve mies were wsed for cash dilutien of cash
fish,



RESULTS AND DISCUSSION

the Mi an ¢ C. botulinug type E toxin was
found to be present in the alevives collscted from beth the beach

and vater of Lake Michigan (Table 1). The toxin wvas present, thersfers,
ia a wvehicle suitabls for the intoxiecation of fish-eating waterbirds.
Ingrensed tenicity vas not found after treatment with trypsia and it
eaa be ecencluded that the toxin was preseat in the astivated form.

The fish whieh wers collsetad from the beach appeared to have
been wvashed ashore the preceding day. Some fungi were growing om the
fish but they were aet yet beceming dassicated. Both of the fish
esllascted undervater vere ecomsideradbly decayed. Vish Neo. 1 wvas
eouplataly eovered vith fungus and the head was missing. Fish No. 2
wvas partially sovered vith fungus but was vhole amd less desayed.

It is mow evident that C. hetulinum type E texin dess exist ia
the Lake Michigan esesystem and it 1is interesting te speculats sbeut
the eselogy of this temin, Altheugh the toxia was found in eanly ome
location, there is no veasen teo belisve that it is restrigted te that
geographical area ev even the tims of year at vhieh 18 wvas foumd.

The faet that the texin was found both ea & bathing bessh amd ia the
water rvaises the prefewnd pessibility of sscidental humsn intemisatien.
Obvieusly, 1t weuld be desiradle te have move imvestigatiea imto the
eeslogy of this maturally eccurring tomia with vespect to possible
humsa {avelvement.

14
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Teble 1. Clostridium botulin gwlmudutmukutm
mmm.--euy-u-.

b - ——————— e
Highest Tetal m.n
Fish Site Weight of dilution MLD texia toxin ia
Ne. ©oeollscted fish (gm) to kill mies per ga fish fish
1 Undervatsr 19 1:800 4,000 76,000
2 . . 26 11100 500 13,000
3 Beach at 3 0 — -—
vaters edge
4 " . 24 0 — —
, ] ” ” o avwems esusen
7 Beach ag high 30 11100 500 15,000
vater line
8 . " 7 11100 300 13,500
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Effect of botulinal toxin en gsptive weterdirds. Although & small
mumber of gulls were fed tomin produesd dy different straine of

C. botulinum type E, it 1is highly predbadble that gulls do vary ia
their susceptibility to toxmia predussd by different strains. All eof
the California Gulls fed the 026-080x strain of toxia develeped
symptoms of botulism and died, vhils no signs of 1illness of amy kiad
weze cbserved ia these that vessived the Vi texia (Table 2). Statis-
tisal smalysis by the acn-paramstric Fisher Exsst Probability Test
indicates that, in doses from 40,000 te 120,000 MID, the predbadbility
is enly 3.0X that Califernia Culls will be killed in equal mumbers by
the twve strains of tomin used. All of the Ring-dilled Gulls that
vressived 40,000 MLD of the 026-080x Sexin besams cbvicusly 111 aad
two of them died, vhile enly oms gull fed the Vi texia exhibited
slight syspteoms of botulism. Neme of the other Ring-billed Oulls fed
the Vi teuin boesme visidly 111 (Teble 3). The Pisher Exmaet Prebability
Test indieates enly a 7.1% probadbility that the two strainme of tomin
tested have the sams effeet e Ring-bdilled Gulls,

Touin feeding trials weing variouws doses of mon-astivated toxia
otrain 026-080x administered to the Ring-billed Culls indicats that the
Lbgo is spproximately 22,500 mewse MD (Table 4). However, ealoulation
by the methed of Deed and Musush (ep. eit.) gives a LDy, of just under
20,000 meuse MID, The level which ssuses 350 pereent of the gulls to
beooms {11 s ealeculated te be appromimately 12,000 meuse ML.D. Ome of
the gulls fod gelatin-phosphats buffer as & eontrel died, but £t did
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Table 2, Results from feeding Califormia Oulls levels of tomia
produced by two straine of C. botulinum type E.

— ]
Dese feod Strain ed®
(1LD) v 026-080x
40,000 Lived Died
80,000 Lived Died
120,000 Lived Died

® One gull received ene lavel of emne strain of toxia.
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Table 3. Results from fesding Ring-billed Gulls 40,000 MLD of
toxin preduwced by two straine of C. botulinum typs E.
b —————— e e —————— — ———— e ]

Strain of Ne. of gulle No. exhidbiting No.
toxin fed fed botulism symptoms dead
Vi [} 1 0

026~080x 4 4 2
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Table 4. DResults from feediang Ring-billed Culls variews lavels of
€. botulinum type K strain 026-080x toxim,.

;:o t;}: Ne. of gulls Mo. exhibitiag T rlo.j:

(MLD) fed betulisn symptoms dead
30,000 10 10 s
22,500 10 8 S
15,000 10 8 4

7,500 10 3 2
Uainoculated

nedium L 0 0

GCslatin-phosphates

buffex 3 0 1
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2ot exhibit any symptoms of botulism., None of the gulls reesiving
the trypsis-astivatsd toxia er the wminoculated TPSY becams i1l ox
died.

The vesults from feeding texin 026-080x te the ether waterbirds
indicate that thess speciss may vary in their susceptibility to the
temin (Table 3), A much larger mumber of birds weuld be mseded te
detarnine specific levels of toxia that are meeded to produse specifie

affests.

The difference im susesptibility of the gulls to the differeat
strains of C. botulinug type B toxin becomes of great iatarest vhea
econsidering both the tomia found in the dead alewives and the ealeulatsd
susesptidbility levels of the Ring-billed Culls te the 026-080x straia
of texia. Altheugh the ameuats of Stexin found in the alewives sheuld
be sufficient to sicken or kill many of the gulls that might eat the
fish, the questien arises as te vhether this strain of texia is temis
te gulls. This specific texia frem the fish was not feod to gulls, but
Pay (1966) wepersed that sems dead alowives picked wp aleng the bessh of
Lake Mighigan did kill soms of the esptive gulls vhich ats them aad
that type R texin was thea detected ia the blood from these gulls,
This differvense ia susesptibility may alee amswer the questiems arising
frem the fest that the texia fownd ian the fish was astivated aad that
gulls appest to de less suscsptible to trypein-estivated texin. The
tenin found in the fish is prebadly inm some vay differsat from the texia
wsed in this ladbetatery emperiment and thus the twe texins may affeet
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Table S. Results from feeding various waterbirds toxin produeced by

€. botulinum type E straia 026-080x,
p— —— < ——
Dose fed No. of No. exhibiting Ne.
Specias (D) birds fed betulism symptoms dead
Herxriag Gull 43,000 S 3 |
Herring GCull 90,000 S 4 0
Berring Cull 135,000 S S 0
Creat Blue Herem 150,000 1 1 ) §
Coumsa loen 150,000 1  § ) §

Hormed Grebe 30,000 1 1 0
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gulls differently. The proteeclytic procssses of a gull's digestive
systea may denature the trypsis-activated tomin prodeuced ia the
laboratory but not change the activated toxin found in the fish.

Relationship of goxin production as s function of time and temperature.
The results illustrating the relaticuship ef temin production te time

end temperature are shown ia Figure | for non-activated samples.
Figure 2 shows the eurves for trypsin-astivatsd samples. From these
curves, vhich are drawva by inspectien, it vas decided that eultures
growva at 13 C should be incubated for 10 days amnd those grewa at 30 C
should be ineudated for five days. The dilutiems for titrating the
asn-astivated samples were s two-fold seriss wvhile these for the
astivated samples were a ten—-fold series; this tea-fold dilutiom
series makes {t difficult te eompare the titers of the sstivated
samples of cach temperature.

Eifest of PUT ou texin productign. Neme of the cultures of C. botulipum
type E growa ia TPSY coutainiang DDT were found to be centaminated by

other basteria and all of these sultures wers typed positive fer (.
Rotulinum type E tomin. Statistical emalysis of the texiscitiss of these
eultures utilised enly these LDgy velues cbtained frem the trypeia-
astivated toxin (Tabls 6). A two-way snslysis of varianse of these
data (Tadle 7) indieate that the levels of DDT weed in this emperimeat
di4 net affeet the amount of temin predused. Alse, there wvas no
intarastion in the enltures betvesa DDT and temperature vhea cecusidering
the ticare of tomia predused. Nowever, this smalysis does indicate
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x = toxin produced at 15 C.

o = toxin produced at 30 C.
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Figure 1. Curves showing the relationship of production of C. botulinum

type E toxin (non-activated) to time and temperatures of 15
and 30 C.
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o = toxin produced at 15 C.

x = toxin produced at 30 C.
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Figure 2. Curves showing the relationship of production of C. botulinum

type E toxin (trypsin-activated) to time and temperatures of
15 and 30 C.
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Table 6. Summery of the teomicities of C. Dotulinum type R sultures
growa in TPSY countaining DDT at 13 and X0 C.

b ——
Incubation Temperature
15 C 3 C
DOT Toxicity (LDsg) Toxieity (LDsg)
(ppb) HNoa-trypeinised Trypeimised  Non-trypsinissd Trypsinised
0 1,143 109,890 1,320 102,365
0 1,600 160,000 1,600 92,593
0 1,200 205,340 2,290 123,000
0 1,148 173,840 1,600 102,563
S 3,403 487,003 2,188 87,720
S 373 205,340 3,070 87,720
3 2,183 205,340 2,290 87,720
3 2,290 184,300 2,290 102,563
30 1,338 203,340 2,670 102,363
30 1,600 208,340 1,600 103,820
30 1,600 203,340 1,600 305,363
30 1,200 203,340 2,670 102,363
500 1,18 203,340 1,338 87,720
300 2,670 184,500 2,290 54,053
300 2,290 246,305 2,290 123,000
500 1,338 173,840 2,290 87,720




Table 7. Results of the amalysis of variamce of the Sexieities of
type E cultures growa ia TPSY coutaining

the

Ce

betulinum
DDT at 15 aad 30 C,

DDT

Interastion

Total

24

)

1,029,411,281

96,476,311

151,849,316

738,946,078

2,016,682,908

1,029,411,281

12,138,770

30,616,438

30,709,419

33.4

1.04

1.64
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that, at the 99X signifiesmes level, there werve differengss im the
smounts of texin prodused at the differeat temperatuzres. The mesea
valus of the texieities of the eultures inewbated at 13 C was
210,462 I.D” wvhils that of the eultures greowa at 30 C wes 97,029
LDgg. Therefore, it ean be eencluded that G. botulinum type E strain
026-080x produses significantly mere temin whea incubated ia IPSY at
13 C than at ¥ C.

The fast that the strain of C. betulinym type E used im shis
enperinsat produses mere texia at 1S5 C thea at 30 C helds signifiemt
ossleogical implisatisns, The eptimum grevth temperature of this
speciss 1is gemerally econsidered te be between 23 snd 30 C, depending
upoa csngsatraticns of the varicus mutrients ia the grewth msdiwm
(Dolnen, 1964). It has beem found, hewever, that the species will
produce small anounts of texin at temperagtures as lew as 3.3 C
(Sehmids ot al., 1961). If lavge smeuats of type X botulimal texia
ean be prodused in natuse at 15 C, a» 1o implied by this emperiamsat,
ons ¢an thea iafer that givea & suitadble medium, amsunts of texia eam
be preduced ia Lake Michigea (13 C is withia the water temperatures
sshisved by Lake Michigmm), This ides is ia fast swbetantiated by
the previeusly diseussed finding of type B detulinal texia ia the dead
elevives taken frem the bettom of Lake Mighigmm. It is pessibls that
the optimm growth temperatuze for C. beotulinug type B differs frem
the temperature of eptimmm texia predustien, altheugh the produstion of
texia at the lev Cemperatuss wsed ia this emperiment may be & quality
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of the particular strain of C. botulinum type E. Straim 026-080x
was isolated from the "cold" environment of Lake Michigan and it is
not unreasonable to propose that this strain, as well as other strains
present in Lake Michigan, produces "large" amounts of toxin at

temperatures lower than is considered "optional" for the species.

Effect of alewives on toxin production. None of the cultures of

C. botulinum type E grown in TPSY containing alewife extract were
found to be contaminated by other bacteria and all of these cultures
were positive for type E botulinal toxin, Statistical analyses of
the toxicities of these cultures utilized the LDs5y values from both
trypsin-activated and non~activated samples, depending upon which
treatment gave the higher value (Table 8). A one-way analysis of
variance wvas used to analyze the toxin levels produced at each of

the two temperatures because of the different methods used to titrate
the two groups of toxin; if a two~way analysis of variance was used
and a significant difference was found between the two temperatures,
it could not be determined whether the difference was due to variations
in toxin levels or to the variation of the titrating method. Due to
lack of homogeneity of the variance terms of the LD;, values of the
cultures grown at 15 C, these values were transformed to logarithms

before statistical analysis.

The analyses of variance indicate that, at 30 C, thers were no
differences in the amounts of toxin produced at each level of alewife
extract (Table 9). However, at 15 C, there was a significant

difference, at tha 97.5Z lavel, between the amounts of toxin produced
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Table 8, Summary of the texieities of C. botulinum type Kk cultures
growa in TPSY eoutaining levels of alevife extrast at 13

and X0 C,
p— - ————— — et —
a T 1)
1 ¢ 3C
Perosat
o Toxicity (l.béo) Toxisity (LD;Q)
Nou-trypeinised Trypeinised Non-trypsinised Trypeinised
0 0 250 860 76,340
0 300 89,450 3,240 4,220
0 340 63,980 2,900 83,340
0 620 139,770 550 10,000
0 620 84,340 690 10,000
2 670 670 72,470 76,930
2 6,010 96,160 34,730 9,180
2 3,200 29,070 23,260 37,460
2 7,280 128,030 52,640 350
3 10 0 80,650 30,770
4 500 670 48,7% 38,610
4 73 s 38,030 30,400
4 83 13 43,670 3,1%
4 4,930 80,000 33,770 6,670
) 380 %0 46,300 1,210
[ ] 73 0 60,610 1,480
] 60 0 38,830 17,060
] (1] 0 31,820 450
[ ] 340 [ L) 67,570 27,790
] 13 0 68,970 820
16 73 430 80,650 1,670
16 60 0 96,160 52,640
16 300 1,340 61,330 250
16 a3 0 106,390 7,410
16 60 0 39,800 320




Table 9. BResults of the amalysis of varisnes of the toxieitiass of
the C. botulinum type K ecultures grewa in TPSY comtaiming

lsvels of alevife extract at 30 C.

- e ——
Seures of Degree of Sum of

variation freedom squares Mean square 4
Alevife lavels 4 5,598,9935,780 1,119,799,157 2.11
Rrrox 20 10,620,482,520 331,024,126 -—

Tetal 24 16,219,478,300
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at the different lavels of alevife extract. Duncan's New Multiple
Range Test (Duncan, 1953) indicates that the amounts of toxin decrease
progressively as the lasvels of alswife in the culture increase

(Teble 10).

The data presented om the toxicity of the TP§Y-alewife cultures
taad to indicats that at varmer temperatures am alevife may be &
suitable medium ia wvhich C. botulinum type E could grow aad produse
texin. This is substantiated by the finding of toxin im the alevives
which had beea lying in the sun on the beach. However, the data also
indieate that at lower temperatures toxin preductien is imhibited by
the fish extrast and extrspolation of these data te an alavife as the
entire growth medium, leads one te expect very little toxia to be
prodused at lov temperatures im an alewife. This, then, confliets
vith the idea that toxin ean be produesd in an alewife ia Lake
Michigan, although texin was foumd in sueh a fish,

Several possidble explanations can be given as to why type X
botulinal toxin was found ia slevives takem from the bottem of Lake
Michigam yhth this experiment indicates that texia levels should be
very low, This experiment was carried out using pure cultures of
C. botylinwm type E but 1t would be highly wnlikely that a pure culture
wvould eeeur in & fish in Lake Michigemn. C. botulinum type E has been
showa te have differeat toxia produsing characteristics vhea growa in
asseciatien with other bacteria (Valenssula et al., 1966). Alse,
texia may be prodused by straia 026-030x er amother strain ia an alevife
a8 lev temperatures vhea ineuwbated fer a peried leager than vas weed
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Tabls 10, Results of the smalysis of variance aand Duncan's New
Multiple Range Test for the toxieities of the C. botulinum
type E cultures growa ia TPSY containing levels of alevife
extract at 13 C.

P ———— ——— e — e = ————
Soures of Deagree of Sum of

varistiea fresdom squares Meaa square 4
Alsvife levels 4 22.20369 $.55092 4.28
Ezzor 20 25.,93703 1.29685 -
Total 24 48.14072 -— -

Pevesns fish¢ 8§ 16 I S S——

® These lsvels of fish between vwhich there are me sigaificant
differences ave underlimed.
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ia this experiment. Amother pessibls explanatien is that texia may
be prodused in dead alevives vhile they are om the bessgh and that
these fish are thea washed bagck inte thes water during a storm. The
eslder lake water would teand to "preserve” the toxin. There are thus
s sumber of festors that ceuld influsmoe toxia productiem im the Lake

Michigan eeesysten.

An interesting phenemsnen eeourved ia the IPSY-alevife cultures
ingubated at 30 C; the texicitiss of the trypsin-astivated samples
degreased progressively as the lavel of fish extrast ia the cultures
ingreased, vhils the toxicitiss of the nom-asctivated samples inerveased
as the level of fish extrast insressed. Statistical amalyses of these
data by the nom-parametric Siga Test (Siegel, 1936) indieates that,
at the 99X signifieanse level, trypein incresses the texicity of a
sulture whea no fish extrast is present but vhea 16X fish extrast is
preseat ia a culture, trypeim decreases the toxicity. Ezsminstion of
+the mechanism of this phencmenca was acoomplished by repeating the
experimsat at 30 C wsiag three replicates cach of the O and 16X levels
of fish extract. However, prior to adding the fish extrast te the
culture, the extrast wvas heated at 121 C for five minutes to deamature
aay proteia present. The results (Table 11) show that heated fish
entract does met imversely affeet the astivation of toxinm as doss
wnheated fish. A twe-way analysis of varisnce of these data (Table 12)
indicates that there are no significant differenses ia the smowmats of
texia preduced between the 0X and 16X fish eultures or between the
tzypsin-agtivated sad the nem—astivated samples. The mea—parametrie



Table 11. Summary of the toxigities of C. botulinum type E cultures
grown in TPSY eontaining O and 16X heated alevife extrast
at 3 C,

- —— — — — e — —

Peroceat Tomicity )
alevife Noo-trypslnized Trypeinised

0 670 22,065

0 333 2,800
0 333 13,33
16 333 2,860
16 400 13,338
16 600 13,333




Table 12. Results of the analysis of varisnes of the texicities of

the C. botulinum type E ecultures growa ia TPSY eontaining
0X and 16X heated alevife extraet at 30 C.

b e e e e e ]

Sewrss of Degres of Sum of

variation freedon squares Masn square y

Alevife levels 1 7,376,352 7,576,352 0,066
Trypeia | 362,065,602 362,065,602 3,183
Iatervsstion 1 33,383,067 33,383,067 0.471
Bxzer 2 227,400,633 113,744,817 -—

Total 3 630,714,636 - -
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test eould mot be used te analyss these data because of the small
ammber of replications used. The small number ef replications is
also the most probable reasom that significant differences wers not

found between the activated and non-agtivated toxim,

The ecnclusien that ¢an be made from this culturing experiment
using heated alewife extrast is that the protein preseat ia am aslewvife
extrast cbviously affeets, in sems way, the toxin of C. botulinuym
type E. The protein probadly affests the toxia at the moleeular level
and it is possidbls that it setivatss the toxin ia a mammer similar to
tzypsin. This is substantiated by the fest that the toxia found ia
the fish vas activated. The mschanism of this "activation" eammot be
exzactly the same as trypsin because the molseuls would not thea lese
its tomicity vhea treated with trypsia, as it did in this experimeat.

sucgessive botulinal and DDT administya to t
white mige. The results from injesting mice with both DDT and type K
betulinal toxin are showa ia Table 13 as the number of mice affected
over the total mwmmber of mice injected with each level of texin and
DDT for both replications of the experiment. Inspestiom of these
results indicated that males and females reacted similarly and se the
data in this respect were combimed. Statistical amalysis of these
rvesults utilised a two~wvay analysis of variance, although the data
were first changed to peresnt affectad and them tramsfermed vith the
Arcsin Transformatiom. This analysis (Tabls 14) indicates that, at
the 97.5% significance lavel, there were differemses between DDT levels
as well as betwean texia levels, and therve vas an intervastion between
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Table 13. Results frem injesting mies with DDT fellewed 22 heurs
latsr by injeetions of C. Dotylinum type K toxiam.
Tigures represeat the number of mice affectad over the
total number of mice injectsd for sach of the twe
Teplicates of the experimesnt.

g

DDT Joxia Dilutions Gelatin-PO,
(ug/nocuse) 1:50 11100 11130 11200 11300 buffer
01l enly 9/10 0/10 0/10 0/10 0/10 0/10

$/10  0/10 0/10 0/10 0/10 0/10
3.0 10/10  4/10 1/10 0/10 0/10 8/
8/10 6/10 3/10 1/10 0/10 7/9

7.5 9/9 8/10 4/10 1/10 0/10 /10
9/10 9/10 s/10 2/ 0/10 /9

10.0 10/10 8/10 10/10 /10  10/10 9/10
9/10 8/9 9/10 s/10 0/9 8/

15.0 10/10 10/10  10/10 8/10 /10 9/10

10/10 10/10 10/10 9/10 8/10 9/10




Table 14. Results of the smalysis of variamss of the mice affected
by sucsassive injestiems of DDT and type K betulingl

Toxia levels 3
DOT lavels 4
Iatarastion 20
Exrex 30
Total 39

6,443

68,750

18.19

38.27

2.0
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DDT and type E botulinal toxia vhea affeeting mice as treatsd in
this experiment. This amalysis also indieates thagt the DDT treatment
levels affested all mies similarly in the eontrel group that
vessived DDT enly (¥ = 1.18).

The slepe of the DDT-dotulimal texinm interastiom is cbvieus from
the data; as the level of texian decreases, it takes a greater amswmt
of DDT to affect the mics. Whem an EDgo is eomputed by the method
of Reed and Meench (op. eit.) for these mice affectsd on cach lewvel
of detulinal toxia and ecach level of DDT, the slope ean be graphieslly
11lustrated (Fig. 3). The slopes ealgulatsd by the lsast squares
msthod for both DDT and botulinal toxin are virtually identieal. It
should be noted, however, that the 30X peint eomputed fer eash lsvel
of DDT is dependesat wpon the level of toxim and vies wversa.

To asesrtain that it vas the toxia and met sous other material
ia the gulture that sawsed the interastion, two growps of 50 mice
were injected vith the different levels of DDT. One of these groups
was thea injeeted with a 1:300 dilutiem of culture which had beem
treatad with aatiserum speeific for €. botulinug type E texia te
ingctivate the toxin from the culture. The results (Tsble 13)
anglyssd by the paramestrie psired t-Test show that, as epposed to the
group of mice that vecsived the 1:300 diluticn of temxin net treated
vith antiserwm (¢t » 2.768), a statistically similar number of mice at
eash lavel of IDT was affected ia doth grewps (t = 0,521).



Botulinal toxin (ml/mouse)

.0034@
o = ED50 calculated for DDT levels.
-00301 x = ED50 calculated for botulinal toxin levels.
.0020 -
.00194
.0014-
.0013-
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] ] w L] 1 ]
5.0 5.6 7.47.5 9.5 10 10.5
DDT (mg/mouse)
Figure 3. Points at which 50 percent of the mice become affected

when injected with levels of DDT and C. botulinum type
E toxin.
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Table 13. DBasults from injesting mies with a 1:1300 dilution of
botulinal toxin protested vith antiserum specific feor
type E toxin, PFigures represent the number of mice
affected over the total mumber of mies injected vwith cach

DDT lavel.
L e -
1:300 dilution of Gelatia
pDT texia treated vith TPhesphate
(ng/mouse) specifie antiserum Buffer
s.0 2/10 3/10
7.3 4/10 s/10
10.0 7/10 é/10

15.0 8/10 8/10
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A pessible explanatien of this interactien lies vith the modes
of astien of the tvo materials. The mervous system of DDZT-poiscued
aninals responds to s single stimulus with a train of high-frequeagy
tispulses, Tesultiag ia Sremers ia the snimal (0'Brien, 1967). Symptoms
of peiscning have been oorrelatsd vith the eonceatratien of DDT ia the
eontral asrveus systea (Dale et al., 1963). The primary mode of astioa
of detulingl texins is preveating the relesse of asetyleholime at
cheolinergically sctivated merve symapses (Broocks, 1964). Tyler (1963)
asted that the texia may affesct the chelimergically astivated
dzhibitozy asurens of the spimal eord (Remshaw eslls). Therefore, if
the swblethal lavels of the betulinal texin wsed in this emperiment
tahibit the imhiditory eslls of the spinal eord, the impulses esused
by the DDT would be transmitted more freely through the ceatral nerveus
system and thus elicit s greater thea normal response. But, as the
desage of toxia decresses, the effest en these imhibitery msurocms
desresses although soms effeet may be present at the myomeural symapses,
thus giviag “pretectien” frem the DDT-eaused tremers.

Recogaisning that cautien must e emsreised vhea extrapolatiag data
fren nies injected in the lsbovatery to sunimals as they eeeur ia the
wild, 18 dess not appear that any eceslegical significanes ean be gon-
cluded vhea yelating the results of this experiment te the lLake Mishigan
wvatesdbird mortalitiss. At mest, lowv lavels of botulimal toxia may
pretect seme individual bivds frem DDY, but it does net seem likely that
largs nunbers of divde veuld obtain the precise quantities of the twe
materials that this experimemt indicates is necessary for an antagonisa.



The results of this study imply, quite eomelusively, that the
Lake Michigan waterbird mortalities are indeed ceused by type B
betulisn. C. botulinum type B Sexia was fownd in the ececsystes ia a
vehicle suitable for iatexication of waterdirds and the gull susesy-
tidility experiments indicats that thers was encugh texia ia the dead
alevives te affeet many of the birds that might eat them. A remaining
plses of information that would be desirable is aa cbecxvation of a
free-liviag vaterbdird astually consumiang and thea beeeming affeectad
by & natuvally ecenrriag temis fish, This would be en extremsly
difficult task, te say the lsast. It weuld alse be desirabls to study
the effests of varicus eavireamental stresses wpea bdirds affected by
sub-lethal levels of €. botulingm type B toxim,

The second cbjective of this study -~ teo determins the reasem fer
the appavent "sudden cccurwvenes” of type k botulisa ia the Creat
Lakes -~ is, wafortunately, still sot cemplately answered. This study
indieated that DDT probadbly has mot directly influsaced the eceurreace
of the disesse by eithery affecting the production of toxim er by
ssting symsrgistically with the toxia in affesting snimals. However,
DDT may be ea indireet influwense by killing fish whiech thea may
becens a suitable mediwm in whieh §. botulinug type B eem grov and
preduss texia. But, ne stuiies have yet proved DDT to be the eause
of any fish wertality ia the Great lakes.
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The rvels that the alevives play in the cecurreamce of type B
dotulism ia the Creat Lakes is still uncertain. This study has shom
that at warmer temperatures aa alevife cam be a suitable grewth
medium for texia productiom dut, at colder temperatures, a=m alevife
wvould aet be @ suitadbls medium for the predustion of toxin. However,
the feet still remaine that type E toxia was found in dead alsvives
takea frem Lake Michigan. In any ease, the vecsat advent of alevives
in the upper Crest Lakes does previde a poteatially mere svailadle
vehicls of intenication of wvaterdbirds than was present before their
invasien. Aacther role that the slevives may have played ia relation
te type k botulism im the Crest Lakes is the possibility that, sinee
L. betulinum type K is eonsidered to be of marine erigia, the alewives
mey have iatvedused the ergmmism into the lLakes vhem they invaded
from salt vatsy. This is indeed an ianteresting hypethesis.
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