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FOOD POISONING~' 

By EnwlK O. ,Tonn_~x , 

The cha nges thnt have IHlssed . OWl' the. modern world i n the la st 
hundred years 111)(1 that art> st ill in IJl'Og'l'I'ss ha ve profoundly mod i­
nl'd many cond it ions affecting' 1IIIIIIIIn nutrition, as tllt'." have all 
other aspects of inrl ividual aud couuu u n itv life, 1"01' t hl' majority 
of t he h um uu race, I'sJle(~iall,\" for t hos« l iving' in the vast ag-g'l'('gatiolls 
knowu as the modern c ity . a lmost (' ,'C I'Y vest ig-e of personal and indi­
vi d ua l con trol of I'ood supply has disappeured. Foods are prepared 
'i n ('1I 01'1lI0llS quantities by machine methods, arc transported hun­
dreds and even thousands of miles, are h and led by sco j'es 'o f perso ns 
hof'or« ri-aehiug our ta bl es , ('1I( 'nIJlI I's,; ju rd ahunduuce of f'ood have 
been attained ( JllI ~' at. a prie«. We are dep endent as nr-vvr befor-e 
011 t he ski] l of olllel's in choos ing: prcpat- iug. conserving. transporting 
and- serving our food : awl w« are iue id ontn l lv ex posed t o th e 
hazards ( ~nl! endl'l'( '( 1 hy e u pid it y , ig- llor mwl' 11 11(1 (:<lI 'e lt'sSII I'SS. Smull 
wond er that th e problem of coutrnll ing the e11111'ath'I' of e it ." Iood 
sup pl y is one of the most In nda me nt nl p r oble ms 01' public h eal th . 

A h .wild er iug variety ot' factors 'has beeu l'ound to inrlueuce the 
character, palata hility lind wh olesom en ess of foods, 

Pootl I d iOS !j IlC /' IIS! } ,-In certain remarkn hie ins t <III CI'S 11 peculi ar 
cond it ion of th e indi vid ua l cons um ing th l' food is foun d to Itiw rise 
to physiolouical d is t urh» li ce . The h mill-ill body lia s becom e sensit ized 
in some way to a particulnr protei 11 substaner - lind th e in gestion of 
ev en small qnnnt it ies of this protein 11111." produce rush, vomit.iug 
and oth er disagreeable consequences. ::;ueh \I' (,II-kIlOWll exa m p les 

of Inod se ns il iZ1Il ion as loWen in tln - id iosy ne r usy of cert niu pprSOllS 

to strnwherrie«, shellfish and ev en to C'ggs and milk, arc obviously 
IIIl individual physiolog.ieul qnalitv uot to he attrihnted to allY ab­

norma Iit,\' 01' ill ft'riori t ,\' i IIIH"'ent in th l' rood . 
Injurious eff'eets du e to the eoiuposition, contents 01' con t a m ina­

t iou of food itself nrc, however, suffi c ieutly common. 
Poisons Inh erent /:/1 Pood.-A r elatively serious but Fortunutely 

• P ort ion -, o f IIll' B uniun Hell ~relU nri nl . L ec ture del ivered at 'Vil1Jli p l ·~ ..Manitoha pre­
tI~' l1h.d with ~ O lJlC modttlent iuu s by Dr. J or da n at tht, S chool of Tropical )IctliCll w. ; 

,j l ; 
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rare CHIN' of illness is found ill ttl!' natural presenc e in certain 
p lauts and animals of highly poisonous substances. Per -haps the most 
fami liar example of t he d lllll!l'1' from this sou rce is the poisoning due 
to toxic var-ieties or mushrooms eaten by mistake for whol esome va­
I'i l't i l's wh ich th ey rpselllb h" Numerous other plants, how ever. con­
t aiu poisonous subst a nces and aI'" oceasio ual ly responsib le for il lness 
1!IHI death . The spindle-shaperl roots of the deadly water hemlock 
(Cieuta mneulutu ) a1'(' 1I0t ill 1')'1'1) I H'IIt1~' III ista ken h.'· children for 
horseradish. .Ierusa IP ili art ichokes , parsnips, 0 1' SOI1U' ot hor erliblc 
root. ( ' ) Xumerous deaths of stock an iiunls 011 t he rHng'p mil." some­
times he 1"Jlls l'd h." till' la r ksp u r. by ce r rn i n In pines. la urels ann ot her 
pla nts. Pni sonous hOI1('Y may be de rived from t lu- blossoms of till' 
azn lea, t he rhododendron lind cer t a in ot 11I~1 ' nectar-heat-ing p lants. 
Prol't'ssol' :\feColIlIlll has recent Ir recal led to me t lu- description ill 
X enephon 's Ana hasis : 

After accomplishing the ascent th e Greeks took UIl quarters in numerous vii­
lnges, which eoutuined prodsioTls in abundance, Xow for the most part th ere 
WlIS nothing here which they really found strange ; but the swa rms of bees in 
tho ueighborhood were numerous , and the soldiers who ate of th e honey all went 
off their heads, and suffer ed from vomiting and dinrrhoen, and not one of them 
l,.,ultl s:alll( up, hu t t1 lO ~C who hllli ea ten a litt.lc W(' I"(' like peopl e c::cccdill g!r 

drunk, while those who had eaton a great deal Bc('lUed like cruzy, or even , in some 
cases . dying men. So they lay th ere ill grcat numbers as though the anny had . 
suffered a dl'fl'at. nn rl grl' at despondency prevailed, On the next day, however 
no on!' had dierl , anrl lit 1l111'r(J):illlatd~' t he sam e hour a s th ey had eaten th e honey 
t1H'~' hl.'g-Im to ,'on"" to th ... ir sc nses ; a ud Oll th o, third or f ourth day th ey got up, 
as if f rom a d rn gg ing, 

T il l' Ill ~ 'st ..rious d isl'asl', iu ilkxiuknr-sx, IOIlg' t he SCOlll';!I' of Am erican 
p ioneer >'PUI" II I1-lIts ill tht' :\f idd lp West. is 11111' t o 11 POi:;OIl de r ived 
f r olll ti ll' wh itl' sunkernot ( E upa tori um ag-I'I'aloitlps ) , In t iuu-s of 
drought wln-n pnsturusn- hpeolllPs seauty, ;::'I'azillg' l:llttl l' f('l'd Oil this 
pln ut alld 1111- po ison pa~sl:'S ov er into till' m ilk of aff ('ctcd unim als 
ill such quau t i ty that i t proc luee« a fatal illness in mall ,e) The 
mother or Ahra lnun L i ll (~ o l ll dipd from this ca use ill 1818 ill southern 
I li d iau a . 

narcly th e pr t'r,I'nCt' of natural p oisons in Wilh-',,' PII1'VPYI·tl food 
al'ti clp,~ raises this clan;!,'r to th e importance of 11 public -health p ro b­
Iem. 011(' ins tance is 011 record where an oi l d er-ived from It tropica l 
plant which was n serl in 11 commercial butter subst it ute gave rise to 
a widespread outbreak of poisoning, e) 

According to I'rCI'IIt. dietary exper-iments by Edward Mellanby, (4 j 

certain eonnnon food stuffs are thought to contain sp ecific harmful 
substances as. for example, II substance in cereals interfering with 
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ca leifica tion, A nother typ e of harmful substance IS Ihorurht to be 
present in wh eat germ. This subst a nee produces sever e IH'rVOUS 
symptoms. F'rom this poin t of view vitamins may be su pposed to 
exercise an a ntidotal or countoractinz effect upon th e natural poisons 
present in wid ely used food stntts. Th ese hypot heti cal t oxic sub­
stances in na tural food. like vitamins, a rc thus far kouwn on ly by 
their physiological effects. 

Poisoning from eat ing norma l ani mal tissues does not seem to 
be so common as f rom pla nt s, and less is known about the specific 
poisonous cons tit ue nts , 81'\'('l'al va ri et ies of fish. notablv some trop­
ical species, art> quite poison ous part icularlv at cer tuin seasons, The 
famous -Iapa nese F'ugu, one of th e bull oon fish. has been th e cause 
of numerous dea ths and hllS heen ol't en utilized for suicidal purposes, 

Besides t he foregoin g iustu nces o f" poisoning' dill' either to toxic 
substances in healthy undecomposl'd plan t a lid anima l tissue or to 
Cl peculiar sensitive cond it ion in a fcw indi vidua ls, ot her awl more 
g't'II t'r all y s ignificant factors atl'ectiuz 111(' xafl'ty and wh olesomeness 
of food arc today matters of much conce rn to publ ic-health worker s, 
These nre : (1) acciden tal introdu ction of POiSOIlOIlS suhs ta uces in to 
rood duri nu ~rowt h , iuanufn ct ure 01' preservation ; (2 ) in tent ioual 
l!dd i li on of preservat ives to food : ( :.1) eoutumiuat.ion w it II pat hogenie 
microbes t hrough t he ngeucy of eonvulescents 01' ge rm ca r r-iers en ­
gaged in t hI' prepa rat ion, trausporrution or scr viiur of food: ( -!) 

in Iecti on with micro bes or in toxicat ion w ith t he prod uets of III icrobes 
presen t i ll th e bod ies of food auimals : ( ;") thc delet er-ious act ion of 
poisonous subst ances formed in pa r t I ~' s poiled or decomp osed food. 

( l ) Acciden tal Lni rod uci ion o] l' (JiS IJ1l(J U ,~ S ubsluncr« ill ]r'ood,­
E ven so powerful II poison as urseuic may find its war in to widely 
used food substances. .A recent instance is t he arseuicul poisoning' 
due to cocoa prepared h~' a wt-l] Imm\"11 E ng lish (i I'1l1. On in vestign­
tion th e potassium carbonate used to ruuke the cocoa 1I100'e soluhle 
was discover ed to con tain eous iderublc quant it ies of a I'Sl'lI ie, so that 
th e markete d product. show ed one-tenth of a grain of arsen ic to a 
pound of cocoa, In U('rlllan~', potash that had been used in making 
Pfetlcrkuchcu was recent Iy found to contain arsenic. In th is case 
til e ' arsen ic was attributed to potash manufactured from the wool 
fat of sheep that had been 1I'('al('d with a rs enic containing mixture 
to preven t sca b. In IrlOa an exte ns ive ep idemic of perip heral n eur-it is 
in t he Eugolish ~lidlands was traced to the presence of" dunge rous 
qu an tit ies of arseni c in heer : invest igation showed that the bre wing 
sugars contained arseni c de rived from the sulphur ic acid IISl'U in 
their prepara t ion. F ood ex posed to th e gHSl'S al' ISIIIg' from t he 
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combustion of certain coals may lik ewise he impregnated with arsenic. 
In these i nstnncos t he SOIll'I~I'S of the arsenic is t Ill' sa III~,-tll(' iron 
pyr-ites. praet ieally always arsenical. contained in the coal or used 
ill till' manufacture of t he sulphuric acid. Since this danger became 
known, great care IlIIs hpl'n «xercisod to insure that the sulphuric 
acid used in making- g-Iucose shall be arsenic-free, lind there is probably 
little cause to apprehend ser-ious trouble f'roui this source. although 
constant watehf'nlm-ss is of course necessarv, Still more rocently 
considerable nncasines... has been expressed oyer th e possibility of 
arscnie poisoning From fruit that has bC1'1I slll'aype] with insecticides. 
The almost universal lise of arse-nicals in spruy» for apples and other 
f'ruit trees und thp fact, that the presence of urso n ie has bppn demon­
st rated 011 the skin and ill the cnlyx of ripened apples shipped to 
i'm'pig-II coutrios have bt-en IISp(J :-IS arguments for placing a han on 
sprll,n'd f'ruits. Caseinates lire used extensi \"t'ly in SJII'H~'S as II means 
of' inducing adhesi 011 , so that it is difficult to frpe apples from t lu­
arsenical deposit. 'YI~ know little 01" nothing' about the ptft'ct on 
children (II" on weakened adults of even such small quantities of 
arsenic as may be present 011 sprayed apples, and the question should 
he invostignted with an open mind. ...:\.8 yet the reported cases of 
poisoning' from this cause do IIOt. seem to 1)1' either numerous or severe. 
It iuav well lit' that the lead which is also a usual ingredient of the 
ins ecticidal sprays (lead arsenate ) is more of a menace than the 
arsenic. 

Learl is, of course, a familiar and dangerous poison , but apart 
from lead hazards in industry, there is much less likelihood of lead 
g'cttillg- into food anrl dr-ink than there was some yeara ago. 0111' of 
till' pHI'lit'st (1767) epidemiological iuvest igations-e-thnt upon the 
famous Devonshire colic dill' to the action of eider on lead containers 
-was not without its lesson, and today lead poisoning except in 
certain trades is a comparative rar.itv . TIlt' use of \1'<1(1 service pipes 
for water supplies has been lal'g'l'ly abandoned, nnd the lead g-Imws 
once conuuouly used in enameled cooking dishes are now rarely C!U­

ploycd, Soluble learl glazes if used are, however. undoubtedly 
dangerous, TIll' recerit study b," .:\1011 icr- Willinm« f'or the British 
Ministry of Health showed that, prolollg'pd action of citric acid Oil 

ll'acl.g-hllwd cooking ware, mostly imported from F'runcc, rexulted 
under cer-tain conditions in a marked d('grl~( ~ of conruminution. The 
particular pIWllH'1 employer] in the cooking ware so ",i<!01," used at 
present in the Jn iterl Stntes is lead-free. ant! is probahly quite safe, 
Monier-Williams considers that "the probahility that. undesirable 
constituents in signiflcant amounts may be dissolved 1'1'0 111 enamel 
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hollow ware during the ordinary processes of cooking may be re­
garded as remote," (6) 

The gre at mod ern dev elopment in th e consumption of canned 
foods ha s caused alarm to be expressed lest t in poisoning might 
result f r om corrosive action upon the t in con tainer. It is well est ab­
lish ed that ti n may be d issolved by acid fruits and berr ies and by 
certa in veiretablcs. Definitely traced cases of tin posoning due to 
this cause ar c. however , very few in number, and most sauitnrians 
who hav e in ves tigated the matter agree with Lehmann (6) that the 
amounts of ti n ordinarily presen t in canned foods are not of sanitary 
significauee. The increasing employment of lacquered or enamel-lined 
cans for those f'ru its and veg-etables especially liable to attack tin 
has probablv reduced this danger to a minimum. 

On .the ot.her hand , prolonged and frequent contact of copper 
with food and drink must he looked upon with concer II , Although 
recent observations (') cont r adict th e reports of Mallory ("') and others 
that. ft'Pcling copper salts causes pigment deposits in th e liver of the 
rabbit , th er e can be littl e doub t that copper is II protoplasmic poison 
and as su ch should not be indiserimi na tely ingested, Th e employ­
ment of cOJlIH'I' su lphate to color ea nn ed peas, st ri ng beans or other 
green vegetables should be prohibited ~ m1erally . as it is now in Den­
mark, th e Uni ted State's and recen tly Great Britain. 

On th e whole , is is probably true th at the accidental 0 1' inciden tal 
contamination of food with poisonous metallic substances is not in­
creas ing at th e present time, The ordinary sources of danger are 
today fHir!.'· well known , and adequate precautions are being ta ken 
voluntarily 0 1' are prescri bed by official regulation. New difficu lti es 
may ar-ise, as exemplified in the case of sprayed fr uit , and wh erever 
th e hUIIHIlI eleme n t is involved we shall always have to reckon with 
stupidity and ca re lessness. As a public health probl em, however , 
t his aspect of food poisoning is better in hand than some of those to 
be presently considered. 

(2) Fo od Prcsercat i ves.- l<' rOlll time i JIJmemor iaI th e h lima II race 
has been conf'r onted with till' need of carrying 0\'(,1 ' food from a 
period of superubundnnce to II period of seur city . Primitive methods 
of drying'. smoking' and sa lt ing hav e been largely supplemented hy 
mod ern methods of refrigerat ion and eauninz. Th c deliberate ad­
clition of chemieal substance's to food for the purpose of impeding 
or preveutiuu sp oilage is liable to ab use, Since food spoils because 
of microbic action , the pr-eservat ive substances must be of a kind and 
amount to r estr-ict bact eri al developmeut ; lien ee they pa rtake of the 
nature of l!l'llel'al protoplasm ic poisons. Uuf'or t unate lv , it is not 
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easy-witness the laborious experiments of che mot her apy-t o find 
utilizable substances which are injurious t o bact er ia without being 
injurious to man. E ven so, we cannot be unmindful of the force of 
the argument that enormous quantities of wholesome foods arc now 
wasted by spoilage and that a r eally har mless food p reserva tive is 
much to be desired on economic grounds, 

The whol e matter of chemical preservat ives in food is highly 
complicated and the diverse opinions held demonstrate the incom­
pleteness of our knowledge . The preserva tive powers of a briny 
solution of common salt are well know : small amounts of salt are 
absolutely necessary to heal th; larg-e doses ma y he poisonous. Smoked 
meats lind fish owe their keeping' qualities to t he presence of creosote 
and similar substances ; cr eosote is more poisonous tJW Il some other 
chem ical preservat ives over wh ich much cont roversy has raged, yet 
little if any hygienic obj ection has been offer ed to the lise of smoked 
foods. It. does not follow that t he frequen t partaking of food im­
pregnated with cr eosote llIay not be f ra ught wit h injuri ous con se­
qu en ces. 

,Yi th r esp ect to mor e vehemently d iscussed preserva tives, sa n ita ry 
opini on has gradually ervsta ll ized to the eonviet ion th at t he delib erate 
addi t ion of formed po isons to fo od should 1Jl' red uced to a minimum. 
T he present condit ion s of eommereial competitio n make it a ~rea t 

tem ptati on fO I' purveyors of food to avoid loss 1'1'0111 spo ilage. T he 
easiest and least exp ens ive way 10 cl o this is t o add wha t see ms to 
the av er nge food- hund lt-r an extremely siuull qua ut ity or some pr e­
serva t ive, Some of these substances l UI \'(' been sold broadcast under 
such allur ing na mes as "Treezal ine " . " jll'cserYal ine ". etc. T he use 
for th is purpose of cert ai n che mica ls su ch as Ioruuildehyde, sa licylic 
and sulphurous ac id is now proh ibit ed by Jaw in most eililized C01111­

t ri es. These com pou nds lire defini tely poisono us in rela tively small 
am ounts lit III th eir injurious action in minute successive _closes in 
animal exper iments is quite ma rk ed. More debate ha s occur r-ed ab out 
the use of such preservatives as boric and benzoic acid s, Benzoic 
ac id, in particular, is present nat urnlly in many fruits and berries, 
notably cranberries, and while itself poison ous is converted into 
harmless hippuric aci d when t aken into the body. Nevertheless, 
whil e evidence of ha rm is lacking , human experimen ts ex te nd ing over 
a suffleientlv prolonged period and under suit ably varied cond iti ons 
are necessary for a compet ent judgm en t eve n in th is most. favorable 
in stance. On e unfortunate asp ect of t he unrestrict ed U S(' of chemical 
preser va ti ves is th e practi cal difficul ty of controlling the amount 
added. Saval!c (") r elates th at he foun d as mueh as !Ilj gorains of 
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boric aci d per pound of, brawn in one Hample examined , and the 
brawn-mak er , when invited to explain, stated th at since th e weathe r 
was rather hot he had mixe d in a small ha ndful of t he boric acid 
as if it were so mu ch common salt. 

"" hil e the whole topic of food preservation is far too compli cated 
to be dea lt. with adequ ately here, it seems justifiable to concl ude 
that pen ding fur th er expe r imental eviden ce of t he effect on man of 
long- continued ingestion of even th e preser va tives appar ently most 
harmless, t he follo wing pr ocedu re is warranted : (1) t he use of 
chemical preservatives in food shou ld be restricted li S fa r as possible 
and limi ted at most to a few specified substa nces such as benzoic acid 
and its com pound s: (2) th e use of certain substunces such as f'ormal­
dehydc, sulphu rous ac id and sodium fluor ide sh ou ld ho prohib it ed : 
(3) th e permissible proport ion of an~' authorized pr escrvnti ve should 
be prescribed b,\' law, and all food containi ng PI'('S('I'YClti\'rs ( apar t 
hom sal t, sug a)' lind oth er liste d s ubsta nces ) should he labeled with 
the k ind and amoun t of preservative it contains, 

<:n Food R O /'I/ f lnf l'(:tiolls.-In the modern wm-ld i'ewer' and 
fe\\'pl' fmuil ies use food 1ha t 1h(',\' t hemsclves have prod ueed . 1<'0 0 11 

today is orr linurlv brought to t he consu mer fro m I! I'l'Cl t d ista llt(·>; and 
on its wa ~' is ha ndled h ~T mauy ppopl(! unacquai nted with the most 
elementa rv buett·rio!o;.rieaI technique, F'ortunn tc lv 1he Ii 1'(' of most 
pathogenic mi cr obes outside the 1I 1I1IIan body is br ief, oth erwise infee­
tiou due to food handli nu would be much more common than it 
actua lly is, E ven so t he list of food horne infections is a for mid ahle 
one. Typhoid Ievvr, the pa ra typhoid fpvers :\ a nd H, Asiatic cholera, 
diph thei-i», :-;(.:,11' 11'1 fl'WI' , septic SOl'(' t hroat and eve II , r ecr-utlv. acu te 
poliomyefiti s have all been t r aced to the contamination of food by 
lununn al!enc," , .\s mig-It t 1)(' expected . milk-highly nutri t ious for 
microbes as well as ma n- is t he vehicle in mnuy cases , but 1I 111llel'01lH 
other foods ha ve been im plicated, part ieu la r lv those comm only con­
811IJlI'd uncooked . A remarka ble instnuee of II food-borne sca r let­
fev er outbroak in three Mnssaeliusetts town s has Iat ply becu r (!­
ported .P ") TIle e-pidemic was t raced to th e lobst er meal ill II lobster 
salad ser ved bv th e same eatorer 11.1, hall (JlIl'IS ill 'Weymouth, L ~' 1I 1l 
and Salem, 

Oysters and other shellfish, eelery, lettuce. wat ercr ess and similar 
food s whi ch may come in cont act with sewa ge-polluted water or 
other sou rce of contami nat ion an d th en are eaten with ou t adequate 
purification ha w been shown by mor e or less convincing evidence 
to g ive rise 10 ty phoid inf'eeti ou . In large cit ies t he d anger of mil k­
borne infect ion has been almost ent ire ly done aw ay with hy t he 
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pra cti ec of pnsteurizatlon ; th e r clut ivcly h ighe r inc ide nce of typhoid 
at th e present time il,l smaller communit ies is probably C!tIP. in large 
part to th e prop orf.ionnl lv greater use of' raw m ille The oyst er in­
dustry has r ecently been subjected to sp eeiul overha ul irur following 
serious outbreak s of typhoid a tt r ibuted to oysters ill Ne w York, 
Chicag o and oth er large cit ies in the Unite d Stalcs. Con t rol measures 
have IW Cll institu ted by S Ia ll> a nd F txleral agencies with t he complete 
eonpe ra t ion of tl iP oys ter deal ers, and it is beli eved that effective 
safeguards can be, in a considerabl e degree h a ve hccn . es ta bl ished. 
Th e attempt to form a judgment as t o the san it ar y quali ty of shell fish 
merely bv th e shel lfish sco ro-i-th a! is-the r elati ve number of B . coli , 
see ms to hc unwise and l ikely to lead to erroneous decisions, The 
interpretation of t he shell fish scarp can on lv 1)(' madr- properly with 
a full knowledge of the sources an d hi story of th e shellfish. Direct 
in sp ection and su pe rv ision of t he oys t er beds th emselves must, I 
beli eve, be our main r elia nce in preven ting oyst er conta mination, 

Th e lik elihood of occasional fo od cont amina t ion conveye d from 
th e hands of typhoid or other ~ei'm carriers Pllg-ng-pd in preparing 
or serving food is t oo famil iar t o call for extende d comment. Dif­
ficult administratively as is th e control of typhoid car ri ers , the out­
look on th e whole is distinctl y hopeful. The t'fl'pet or our preventive 
measures is eumulative, As typhoirl rlpcrt'asps. the number of car­
ri ers automatically dimi nishes. rn t he Uni(eel Sta tes , we a re manu­
facturing' only on e-t enth th e number of typh oid carr iers th at we 
wer e two or three decades ag-o, The cun -ier problem is bound to 
becom e less serious, 

Great str ides t oo hav e been ma de in the matt er of g'l'lH'I'al clean­
liness in food hand l ing', The t r ad it ional peck of dirt wh ich as 
children \I'P were told ap pallingly th at sooue:: OJ' later we sho uld have 
t o ea t has sh r un k t.o manageable di me ns ions. The civi lized races 
hn ve-s-perhaps r(lth pl' sud<lc'llly-g'l'oWII fa st idious. W e 110 lo nger 
view with eq unnimity th e tossin g of loaves of bread from st r eet, wagons 
by on e d irty lW1J(1 to nn other. \V p art' no t indllferen t to flies ill the 
r estaurant milk pitcher or to th e sal iva -moisten ed tin gel' of handlers 
of bakery goodx. ~ t l' t'e t dust, H O\\" t hat 0111' im azin ut ion eoi-reet ly 
pictures it s compos ition, is n o longer viewed as a necessary ga r n ish­
men t of "rood stalls. It is well sometimes to rc uiciubcr t hat pa rt of 
t he in creased cost of oIll' f'oorl at th e \"'C'SPllt dn v is t he ju-ice we ar e 
paying for increased clca nl in ess and for increased sa fC' ty from food- . 
borne iuf'eet.ions . Pastc'lII:izC'd milk a nd wra p ped br ead are worth 
'more tha n the same food s laden with iutest inal microbes, 

(4) Th e Relation of A n imul l nf cctio ns t v Foo tl P oisoning m 
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Mall ,-A pa r t icularly interest irur a nd significa n t phasr- of till' food­
po isonin g problem conc erns th e con nec t ion bet ween var-ious animal 
infectious and certain human food-borne in fect ions 0 1' intox ica tions. 
,yell known d ispasps of th e domcstie animals, such as tuberculosis 
and foot - II ud- moui h d isease of ca rt le are sometimes 11'<1nsm itted t o 
man, notably by th e medimn of mil k. Here a lso thc pusteurizat ion 
of m il k const it utes an invaluable safeguar d . One class of animal 
d isea ses is especial ly cons picu ous in it s rela t ion to human food po ison. 
in g . This is t hc group of paratyphoid -enter- itidis in fec t.ions. ~IlIlJ~' 

animal species a re liabl e to atta ck. Cattle, sheep, horses , swine, r ab­
bits. guinea pigs, rats. mice-c-all sn fTl'l' at t imes f r om in fr-ct ion with 
memb ers of t his g-ron p and are sometimes subject to g rea t epidemics. 
Bar-nya rd fowls such as chickens IIl1d ducks also have their pam­
typhoid di seases. The ba cilli cuusiug these infectious are close ly 
related to til l' typhoid bacillus, but may be readil v di stinguished hy 

appropria te tests, (11 ) Most of th e meat-poisoning outbreaks in Great 
Brita i 11 and Cont inen ruI E urope ha n' been traced to animal in fee­
tions of this class, Th e sympto ms arc eharaeteristi cal ly gustro­
intestinal so that th e diagnosis of "food poisnnirur" is naturally an d 
eonuuonly made. T he discovery t ha t meat-poisoning might he d ue 

to par ntvphoid bac ill i was made by 01iftner in 1888 in the inv est ign­
ti on of IIII ou tb reak in th e small German vil lage of F'rankenh ausen . 
T he ou tbreak was traced to the use of meat from 11 cow sluughter ed 
because she wa s ill with a severe en te r-i ti s. F'ifty-eig'h t persons wer e 
.nffeet t'd ; on e d ivd. Giirtnt'l' isolated f ro m the spleen of th e fatal 
l' ll S~ and also f rom the flesh lin d intest ine of t he cow a bacill us to 
which ! \I~ g'aw t he name B. ente r-itidis. Since that time numerous 
meat -poisou ing outbrea ks ha ve bese n associa ted wit h the PI'l'SI' IJ(' I' or 
orua nisms of t h is grou p. 

'l'11P typ ie»] outbr eak s t hat J hav e cited elsl ' \Y hl' l 'I' ( '~ ) mny he 
quot ed in illustration : 

Kaenscho " describes an outbreak at Breslau inl'Olving over eighty persons 
ill whi ch chopp ed beef was uppnreutly th e bearer of infection. The animal from 
whi ch the mea t camo had been ill with severo diarrhoea and high fev er and \VIIS 

slau ghtered as :m emergency mensure ( not rlc.' l'lIla r.llt et). On examination a pa ­
tholog-iral conditi on of the liv er and oth er orgnns wns not ed l)~' a veterinarian 
who deelnr erl th e meat unfit for lise and ordered it destroyed. It wns, however, 
stolen, enrriod secretly to Brc slau, and portions of it were distribu ted to di fferent 
suusnge-mnkers, who,801l1 it, for thc most pa rt as hamburger steak ( Ha ok flei8ch) , 
T hc mont itsclf presente d nothin g ab normal in color, od or or consist oney Xc\·cr. 
t llP ll'~'s , i1l1ll'SS t'ollo worl in SOIll!' t:'S ('S nf'te r t il ,' II,,' Ill' 1'(" ',t" smn ll port io un. ' '' il ll 
some of th ose aff ('ct l'n the symp tonis were very severe, hut the re were 110 deaths. 
Bncillt of tho B acil lus clltel'itid i.• tYlw were isola ted f rom th e ment. 
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A large an d unusually severe outbreak reported by McWeeney " occurred in 
November, 1908, an d umong the inmates of an indust r ial school for girls at 
L imeri ck, Ireland. The re were 73 cases with 9 deaths out of the tota l number 
of 197 pu pils, The brun t of the at tack fell on tho first or Senior class, com­
pri sin g 67 gi rls bet ween th e ages of thirteen and sevente en, Out of tho 55 girls 
belonging to th is class who partook of beef stew fo r dinner 53 sickened, and 8 
of th ese (lied, One of th e 't wo who were not aff ected ate the gr avy and potatoes 
but not th e beef, Some of the impli cated beef was also eaten as cold meat by 
girls in some of the other classes, and al so caused illness. Part of the meat had 
been eaten previously without producing nny ill effects . I' Th e escap e of those 
who partook of port ions of the same carcass 011 October 27 and 29 (five days 
earlier ) may be uccounted for eit her by unequal d istribution of th e virus, or by 
thorough cooki ng which destroyed it, Some of th e infect ive material must, how­
ever, II3;-e escaped tho roast ing of the 29t h, and, multiplying rapidly, have rcn­
dared the whole piece intensely tox ic lind inf ective during t he five days that 
olnpsed bef ore th o filtal Tu csday when it was finally consumed." The an imals 
fr om whil'll th e fore quarter of the beef was taken had heen privately slaughtered 
hy n. local but cher, No reliable in format ion could be obt ained about th e condi­
t iou of th e calf a t, or sligh tl~, prior to, slaughter, Tho meat, however, was sold 
at so low a. )l1'il:'e th at it was evidently not n -gnrd ed as, of prime quality . In this 
outb reak tho :tg-glutina t iOIl reaction s of th e pati ents and the characteristics of 
thr - hn"ill i i~u"'t(' (l showed til t' i ,'d,'diu" -to 1", '\UI' 10 :1 typh'al HInd u Ill' Ituri llu» 
enteritid is. 

It is h ig-hly significa nt that most outbreaks of t his ty pe have been 
<lIlt' to thc use of meat from an anima l know;, or suspected to be 
i1i li ng' a t 1111' t ime of slauuhter. Till' thri f't v E uropea n peasa nt. 
uot ici ng t ha r 0111' of h is furm un iruuls is ont or condit iou. k ills it 
., to sa ve its lire" and II void loss. T he rceognit iou that the . bodies 
of auimals dying a nat u ral dl'Hth Ill'!' not altogether fit. Ior Iood is 
\·pr.'" uucicnt. T he ~1s t ver se or t In- H III chapter or Dcurerouomy 
r ead s: " Ye sh all n ot cat of uny th ing th at d ieth of it self : th ou 
1 1II1~'(' s t gin> it nnto th e sojour ne r that is within thy g-a tes t ha t he 
may cat it; OJ' thon may est !ip lI it unto a forei/rIH'J', " It is also 
notewor-thy t hat ra w or part lv coo ked p or t ions of th e an im ul ]1I1\'e 

proved more likely to cause il ln ess than thorough ly cooked portions 
a nd th at ther e is ofte n 'no a ppearan ce of ahnormal itv ill the mea t 
it self. This lut.ter ci re runst a uec gTt'litly increases th e difficult y of 
preventing food poisoning' by any syst em of meat inspeet ion . In the 
Ghent outbreak of I 8D;) II vete r inary surgeon who wa s a sla ug hte r ­
house inspector wa s flrmly convi nced that the meat whi ch he had 
pa ssed could have had 110 connection with the outbreak and a te several 
pieces to demonstrate its w hol esomeness, an experiment t ha t h ad a 
tragi c end ing. as th e inspect or was shortly aft erwards attacked with 
severe cholera ic sy mptoms and died five da ys later, pa raty phoi d 
ba cill i being found at necropsy. 
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For a t ime gr ea t confus ion existed ab out the bacilli r esponsibl e 
for t he va rio us out breaks of mea t poisoning, muny writ ers, par fie u­
lar'Iy ce r-tain German in vest igators. confounding t he nu-at poison ing 
bacilli wit h the ba cill i t ha t eanse lrnmnn pa raty pho id fever of t he 
B type. I II 1111 a t tem pt to clear up some of th e uncert a iut ies, I hun' 
had u nder invest igatio n for a number of years II col leet ion of s('\'PI'1I1 
hu ndr ed st rains of exaet lv knO\\"11 origin, It appears to he true t hat 
th e major-ity of mea t-poisou inl! out hreaks t ha t ha ve bl'I'1I ad l''I ua tely 
invest igated bact eri ologically lire due to one of tw o or gunism-s-oithe r 
10 H. enter it id is (Oiir tl wr 's bacillus ) or to B. aertrvckc. an orjranism 
t ha t. is closely r elated to B. para typhosus B, (It sch nttru ii llei-i ) 
wh .ch e allSl'S parutyphoirl fpYe'I', hut is ('It'a ry s<, pa ra hlf' 1'1'0111 it h,\' 
cult 111'111 and imm unological tests. Eturlish bact eriol osrist s for a t ime 
mistook B, aertryeke for B. cholerae su is, a common member of this 
group in swine, A certa in sp ecinlizution with respect to animal 
hosts SCPlllS to h(' ~n progTPss in this large and un stable g roup of 
microbes, B. pur utyph osus .A infection, so far as known . is confined 
to ma n : B . ab or tive equin us to the horse ; B. cholern e suis t o swine, 
J]. llcrtr y c ke is less r estricted : it. seems to Ill' connnon ly IH·PSPllt. ill 

in fect ions of eulves and adult cattle, but has been also Iou ud ill sheep 
epidemi cs and in some rodents. B. euturi t id is hHS been found in 
ca t tl e. in sw ine and in ro dents. B. paratvphosus 13 ( B. sc hottu riil­
leri ) , like B. pa ratvph osus J\. lUI S been isolatcrl chi\·f1y in co nncetiou 
wit h lnuuan pa rnt vph oid fever, but-{)r a n org anism hardly spplll'ahlt, 
fl' OI I1 it ha s been occasio na lly isolated from swine a lt bough it is not 
known to cau se na t ural in fections in those animals. 

In their relation to fo od poisoni ng, as has been sa id. t he tw o mos t 
imp or ta nt typ('s appea r to be B. ente ri ti d is and D, ucrt ryckc ; B. 
eho lcrue suis ha s been found in II fe w cases ; the equine strai n lIus 
never been defluit ely repor t ed in con nect ion with food poison ing'. 
although at last t wo outb reaks d ue to hor se meat IHI \ 'e been record ed 
ill Ger lll:llly .(15) The t wo human typ(' s (,\ HIllI B) susta in th e 
same re lat ion to human in fecti on th a t th e typhoid bacillu s does-tl.ar 
is, Iht·y arc of human rather th an animal twig-in lind when t.ht·,\' 
cause di sease in man seem to be always derived from human source.•. 
So l'ar us cpi demi olog ical signiflcance is con cerned. thev thus occu py 
n posi tion SO meW IICI t a part from t 1)(' other III I'm hpI's of th e g l 'O U [I. 

'1'0 th e two types of infect ion with members of th e paratyphoid 
group already mentioned- (l ) human in fect ions transmit.ted by d ir ect 
or indirect. contaet ; (2 ) food derived from animals suffering f rom 
paratyphoid infection must be added a third , (3) food contaminated 
by an imal car r iers of paratyphoid bacilli. Examples of this type 
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occur in the contamination of food bv rats and mic e, T1H'se rodents 
are liable to individual inf'ect ion and also to extensive epidemics, 
SOUH'tiIllPS from B. enteritidis, sometimes from B, aertryeke. Among 
these animals in a state of nature, carriers are found not infrequently, 
Elizabeth Venier ill the Uni\'e rsit.y of Chicago, who has examined the 
bodies of 114 freshly caught wild rats in localities where rat virus 
had not bPl'll l1spd isolated B. ellt t'r itid is in five animals, B. aertrycke 
III ()]1('. 

Direct evidence ?f rodent contamination in 1\ given case of food 
poison ing' lIlay I)(~ difficult to secure. TIl e relativelv large number of 
outbreaks of food poisoning with which B. enteritidis or 13. ucrtryeke 
has been found lind in which careful investigation has Iailcd 10 Sl'CII1 'e 

evidence either of human-contact iu f'cet.ion 0[' of the use of food from 
uiliug animals lends. however. to th e suspicion that th e coutumi­
Hation of food b~' rats and mice Illay he of fairly frequent occurrence. 
'l'he suspicion is strengthened hy the' ex istenc e sof a number of re ­
corded instances in which the careless use of bacterial rat viruses has 
led to outbreaks of food poisoning. It may be added parenthe­
tically that th e use of these viruses has 110t proved of material value 
in t lu- dvst ru ct ion nl' rod onts uml is 0PPII to t he ser-ious sanitary 
objection that th« animals aftl'l' ap pa rent recovery may continue to 
l'an,\' tI ll' ba cilli 01' t he viru's and so contaminate food. On th e \\-IIOIe. 
the agcllcy of J'ats and mice ill causing f'nod poisoning outbreaks has 
hardly been given due weight. It will be found the 1110st plausible 
llypothesis ill munerous instances wher« other suu revs can be d efinit ely 
excluded. 

Per-haps th e best wa,\' of prcveut ing those tYlll'S of f'ood poisouiug 
that are due 10 1111 inf'eet ed emu lir iou of food animals is, first of all, 
inspection of the living' animals giving milk or destined for s laughter. 
If this is done, ailillg animals will ill most iust ane es-c-al though not 
iuvar.ia bly-be detected, In any event, examination of the live ani­
mals is lik ely to be much more eflicucious ill discovering infection 
'dum exnmination of the milk OJ' meat . All additional safeguard-and 
Olll' which is desirable on other g rounds- is the thorough cooking' of 
all foods of animal origin. Th e protection of food, cooked or 1111­

cooked. f'rorn occasional contamination with vermin is not an easy 
matter either for country or city dwellers. It is, however, a question 
t hut will undoubtedly receive more attention in the neal' future from 
health a II I liori lies, II/H'Iicnlnrlv as regards conditions in restaurants, 
hotels and public iust.itut ious. The usc or hact('ri~d rat. viruses should 
be prohibited. 

(5) P uocl Spuilu[j':.-It has long' been a seductive hypothesis that 
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during the course of the decom positio n of food su bstances, poisons 
arc generated a nd that much so-called food poisoning is due to t he 
poi sonous products of bac teria. Th is opi nion h ils Iouud expression 
in JlUII1Y civilized count ri es in official enactments prohi biting t r affi c 
in decomp osed meat s ; vegetables an d fr uits. The iuterpretution of 
the eouv euti oual leg-HI phraseology has, however, gi ven full play for 
expert ingenu ity, -Just wha t const it utes a foods tuff " filthy, deeom­
posed or putrid " is a ques t ion on which there nw y he tot ally di f­

ferent conceptions in the minds of witnesses. expert s, lawyers, j ud ge 
ami j urv. I n point of fact , liS every one knows, pa r t.l v decomposed 
foods arc eousumed en'ry da v, of ten ill lllrg-l' quuntit ies, wi thout 
eviden ce of injurv, )Ian.'" kinds or ch eese are valued eh iefly for t he 
particular decomposition products th at they contain. 'Veil-ripened 
Bric, 01' Ca membert cheeses arc evidently far advan ced in decomposi­
tion. The Chinese delicacy ]mo\\'H as pid l/u consis ts of pr eserved 
ducks eggs that have been sto red for months in a pas te of lim e, salt, 
wood as hes and tea. ~\l llc ll decomposition of pr otei n ha s tak en place 
in th ese l'ggs as indica ted by th e amount of ammoniacal nitr ogen 
that th ey conta in, which is considerab ly higher th a n in t he eggs known 
to I:'gg cha nd lers un der t he un sav ory na me of black rots, 

[ I is pl a in, therefore , that ba c ter ial g'!'o\\'th in s ubsta nces used 
for Iood is not necessarily inju rious, and th at in some cases it may 
increase the pala tabil ity of food without de monstrably impairing its 
wholesomeness. . In recent years natura l and art ifieia lly soure d milk 

_has been exper t ly r ecommen ded and wid ely ust'd 'IS a food or beyer­
age for pl'I'SO nS in delica te heal th in sp it e of' the Iact th a t it contains 
may millions of bucter ia and their decomposit ion p rod ucts. 

At one ti me a purticular eluss of decomposit ion pro d ucts , the 
.cilkaloidal substances known as ptomai nes were supposed to be r e­
sponsible for many eases of food poisoning. Th ese ptomaines arc 
split products arjsill~ from the decomposit ion of th e protein mole­
dull'; some of them are undoubted ly poisonous. It set'Uls quit e UIL­

likely, llO\\'(~\ ' CI', tha t th cy are concer ned in an~' greal, dt'gree, if at 
.all, in th e causation of food poisouing. They do not usually begin 
to appear unt il putrefaction lias been in progress a week or more. 
As Savage (\0) expresses it: " L'nd er ordinary commerc ial conditions 
no one would be stupid enough to vend such food , no one would be 
rash enou gh to eat it." 

It is t r ill' also that belief in the toxicity of ptomaines rests upon 
inoculation experiments and that, so far as I know, feeding experi­
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ments with pt omaines prepared from decom posed mea t have never 
been carr ied ou t . Wh i!e the d iag nosis of ptomain e poisoning" ha s its 
l'se~ li S a COli" en ient r efuge from et iologi ca l un certuiuty. it can 
hardly SI' I'YP as a precise desiunution of an actual pathological event , 
It is hi i!lily sig n ificant Iha t with th e advance ill om knowled ge of 
food poi soning' and its causation there are Fewer an d 1'''\\' 1'1" cases in 
wh ich t he d iagnosis, of ptomaine poi soning is wurranted . Th e major­
it.J• of th e ca re fully investigated outbrea ks of ac ute g-aslro-illh'stiual 
disturbance of th e tJ'p :, that at OIW tim e \\'1'1'1' de no minated ptomaine 
poisoning arl' 1I0W found t o Ill' associa te d with the presen ce of bacilli 
of the paratyphoid gro up, Indeed. th at ptuma inex P OSSI'SS any p rac­
ti cal sijru iflca uce has yl't to he demnnsn-aterl, 

Til con t r-ast to ptomaines, whi ch arc non-s pecific. lir e derived from 
th e splitt ing' of protoin s nud are no t t he direct product of ba ct erial 
metabolism 111'1' those poisons which . like tetanus and d iphther-ia 
toxins, . a re sp ecific t o till' microbes th a t produce t hem . The poison 
ergot is g' (,I\l~raled b.r a I ungu« utrnck inz 1'J'(' , as has long been known. 
11w lise ill t imes or famine of th e I ',\'!' i :1 which th is fung us growth 
ha s taken pla ce ~a\"(' r- ise in t he Middle J\gps to exte ns ive ou t bre aks 
of 11 disea sp dl'signaterl as " sa int 's firl''' 01' "tlH' fir e of Sa int 4n. 
thc)I1,Y "; 0\,(']' ·W,OOO persons were sa id 10 have perish ed 1'1'0111 this 
cause in an outb re ak in Limoges ill t he Tenth Cen t ur y, 

The qu estion of a spec ific formed poison. ill Ioorl has come up 
1'''I'{'C:iulI." in con nect 1011 with the pa ratvphoid group, Ther e S{'C IIl S 

little' doubt. that in mrm y-s-perhups Illost- of th e feed-poisoning cases 
associated with these bacilli, th e presence or probabl e presen ce of 
li v iiur pa ru tvphoid organism« ca n he demonst rn red. Ther e r emains a 
r esid ue of CIISCS , how ever, in whi ch liv ing or:!ll nisms ha ve 1101 heen 
found eithe r in th e suspec ted food 0 1' i ll th e I iSSIl I'S of t he pa ti ent. 
There ll I'l' SOl nl' inst auees too wh ere viol en t g:as tl'().intcstinal sym pt oms 
haw ap peared with in so shor t a-timl' after th e incrimina ted food had 
been ('1I11' n as to SIIg'g'I's t th e direct ac t ion of poisonous products. 
Experiments in fppding a ni ma ls with dead pa rnty ph oid ba cilli , with 
culture flltrates or with incriminat ed food ha ve not been eonelusive, 
a lthou gh there is a bunda nt ev idence t hat t he ba cterial produ ct s when 
inj ected pnrent er ully are toxic. Since these lat .ter substan ces arc 
hea t re sistant, it ha s been su r tuised , es pecia lly by Savag e and 
White, ( I ~ ) t hat they may persist for a lon g t ime eve n a ft er food 
has been subject ed to th orough cooking'. Jn th is way the authors cited 
would exp la in th e occur re nce of eertai n food-poisoning outbrea ks in 
Great B ritain attribut ed to the use of canned South Amer-ican meat. 
Th e matt er is cxtraordinarilv difficult for experimental verification 
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since not only is the ' epidemiological evidence often>incomplete so 
that. there is doubt about the incriminated food articles, but ralso, as 
already stated, the feeding of animals is quite negative. . Themethod 
of testing the patient's serum for its agglutinative action - against 
suspected paratyphoid strains seems inapplicable here, since it is 
well established innuunologically that the introduction of heat-killed 
(lOO°C .) bacilli into the alimentary tract fails to give rise to agglu­
tinins in demonstrable quantity, There seems indeed at the present 
no satisfactory evidence that heat-resistant paratyphoid toxins using 
this term broadly are the cause of food poisoning, 

At the present time the most important, as well as the best 
studied example of food poisoning due to a bacterial product is 
botulism. In this disease the active poisonous substance is a true 
toxin which may be produced in food substances, is destroyed by 
heat, is potent in 'ext r emely minute doses and gives rise to a specific 
antitoxin. 'I'he toxin of Clostridium hotnl i nUID is in fact strietly 
comparable imruunologically with the toxins produced by the tetanus 
and diphtheria bacilli. Unlike the latter, however, it is dangerous 
when swallowed. Fortunately the conditions under which the botul­
ism toxin is produced arc somewhat unusual, Strictly anaerobic 
conditions arc necessary, the reaction of the medium must be suitable, 
temperature and composition of the medium are important determin­
ing factors; tile presence of certain saprophytie microbic species 
such as Clostridium sporogenes may interfere with toxin produc­
tion. (I") It. is not surprisiug, therel'ore, 11l1It botulism poisoning is 
relatively very rare despite the fact that. the germ itself is quite 
widely d istribu ted in nature. 'I'he name bot ulism (Lat. botulus­
sausage ) must now be recognized as somewhat inappropriate since, 
although ~~O!lW of th e cal'ljpst outbreaks were traced t.o sausage, the 
mujority of recent cases, at least in the United States, have been due 
to canned v('l!etal.i1es. such as corn, string beans and spinneh. 

Botulism has always been one of th e rarest kllO\I'TI diseases and 
affects on I,\.' cxeeptioually an individual or a small group. The 
drmuutie SlIddl'nIH'SS of its onset and its hig-h fatality }III\'e, however, 
made it a conspicuous and much dreaded malady. From 1D12 to 
1!l17 records of 28 outbreaks of botulism WNe obtained in the United 
States and Canada. The greater attention that lJl'gan to he paid to 
this disease about 1917 perhaps caused an increase in the number 
of recognized cases put on record. Other factors, however, may have 
been concerned. At all events the years 1!H8-HJ2a were marked by 
a considerably larger number of reported outbreaks than the preeed­
ing six years. 
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Number of Reported Outbreaks of Botulism 

1912-1917 28 
1918-1923 83 
1924 8 
l!125 -_ ___ __ _____ ___ __ 8 
1026 -_ _____________ 3 
1927 __ 5 

S ince 192B t here has been It definite reducti on in the number of 
r eported out bre aks, there bein g- hut 1G ou tbreaks in 1924-] H25 as 
contrasted with :t~ for I D22-1!J2:3. I n 1926 t he re were only a out­
breaks reported, one dill' to hom e-canned aspuragus, OIl(' to home­
canned fish , one to home-ca nned st ring beans, Since lfH 7 our kn owl­
edge of botulism has hccn gol'('ll tly exte nded by th e researches of 
Dickson, .1Icycl·, GI'ig-I>I', Heu gston. Bronfcnhrenn r-r, Esty, Daek, 
Sta rin and many others. 

On e of the r enuu-kahl c Ieutures 01' bot ulism is it s s iugular distr i­
but ion. Of i)G out brea ks or hoIII I ism i II th e Unit ed S tates recently 
tabulated. P") 4rJ of wh ich occm-r cd during- I D22-1!J2G it is sa id that 
46 oecm-rod in the Wester n :::; tall's: i ll -+ of t he 7 outbr eaks r eported 
in the .:\f iddle \\Ypst, t he food was can ned in th e 'Vesl('l'1I S ta tes. 
Cor resp ond ing with t his distr ibut ion or cases, th e spec ific microbe 
has been found wit h p art icu la r abundance i ll the soil of ce r tuiu 
r egio ns, norablv th e Rocky .:\Iount.nins and Pacific . loast States ; it 
is less frequent in t he A t la ntie l-itatl'S and relat ively ra r e ill t he 
r egion of the Great L akes a nd ~ lissi ssip p i Va lley. ("' ) I II Cana da 
soil sa mples in sigui ficaut numbers have been ex au iined from only 
three loealit ies : the uvihh orh ood of Van cou ver, t he Ca nad ian Rockies 
(G laeier , Lak e Lou ise ) and th e Provin ce of Quebec. Clost ri d ium 
botul imuu was found in a large propor t ion of I he samp les collec te d 
ill the two 1'01'1111'1' Iocal it ies c:n pel' cent of the Glacier sa mples), hut 
wa s absen t in t he 16 sa mples from t lie Province of (~ uebec. ~ 2 There 
seems to ha n ' been hilt OI W outbreak of botul ism r epor t ed ill Ca­
nada e") - IH'ar Dawson City , Yukon-c-aud uothing is certa inly known 
about the eansal ive food, If as thought possible , comm er cially can­
ned beets were responsible, thl'~' wer e doubtless prepared at some 
distant poi nt. 

Botulism outbreaks have been reported ill Ger mauy, Belgium, 
Switz erhuul antl ot her Europea n countr ies, 'I'h e fir st: r ecognized out­
break in Great Brita in occurred at Lock Maree Scotl and, in 1922. 
No systematic soil sur veys have been made in Europ e, but scattered 
observations show bot ulism sp or es to be widely d istributed in the soil 
in B elgium, D enmark, H olland, Switzer land and Englund. The 
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question naturallv arises why botulism has not occurred more f're­
qu en tlv in England and some other countries if the spores arc 
actually present in t he soil. Wh ile th e answer to this quest ion is not 
wholly clear, some of the perplexin g f ac tors of botulism may be ex­
plained hy th e relative numbers of botulinum in d ifferent localities. 

As a rule the sp or t's are decided ly less numerous in European 
than in J\ merica II soil specim ens. (:;) Th ey a re a pparen t ly more 
abund a nt in t ill' I{ock~' Xlountain soils thau in other part s of th e 
U nite d St ates. Another signi fica nt fa ct is t hat there . are t wo im­
munol ogica lly dist inct vari et it,S of CI. botulimuu c1esig-lIut ('d P1'O­
visionally us Type .\ and Tvpe B, 'I'nlt'.\ has been IIIl1t:h more 
fl"t~IJ'J('ntl~' isol,att'tl than Type B ill out brea ks of botulism in the 
Un i te d t'tatps; it also wus isolated f'rom tllp wild duck pilsh' that 
eallst'd the Lo ck MII]'('(' outbreak in ~cotlnnd, Type A is 1Il0/'(~ com ­
monly found in the soils of lht' Rocky }lonlltain reg-ion, Type II in 
th r- -'lississippi Valley and till' Atlunt ie ~:Hutes . Only Typ(' B was 
found hy :\[(',"('1' ill European soil s. .\. third TYPl)-T~')l e C- ll11s 
been esp,ecia lly s tud ied hy Dr . Ida nl'l1g-~l on of t he luited ~tllt('S 

H eulth t'l'nicl'. (e,-,) It is iuueh less heat resistant t han th l' urhr-r 
strains and has 110t ht'1'11 ('asllllJly a:-sociatl'd with a n v of the' reported 
Oll t hr eaks of botulism . 

The intcn-elat ionshi p of 1hl'se t 111"( '(' innnu nulogica llv d isr in et types 
of (losu-idi u m botul inum is not (' ll'a l'I," uu di-rstood . II ha s bee n 
conj cerured tha t H ty p(' is a dp!!t'n l'I'at e d escencla nt of t he mOI'~ 

hig-hly toxi c an d r es istunt A typl', hut p roof of this eon ncet ion is still 
lucki ng, 'Why T'ypc ~\ should he so lihllndall t ill the "irg'in uncult i­
vatcd soil of certain re g ions is II IlIyst('ry as yet un solved. 

'fIJ(' associa tion of till' scvcr a I ho tu l i IIU IlI oruan isms with vario us 
animal diseases presents an jlltl'rt' stilll! hut com pl ica ted problem, 
Var~'i lJl! d egrees of slls ceptihility to t lu- toxin of the diff'oronr tnH'S 
undoubtedly exist , chi ckens, I'm" example. being- much more suscep­
tihle to 'l'vpe A toxin than to either' n or C. Both B ami C toxins 
are, nevertheless, highly toxic. The disl'asl' known as "lilllhl'l'neck" 
In ch icke n s may hp caused h.\' the consumption of the larva e of Iii' 
grcpn fly ( Luciliu caesar ) whi ch conta in bot uliuum orgunisms or 
botulinum toxin . Ida H('IIg-t~OIl has shown that Tn)t' C is fr t'« (I!enl ly 
implicated in these natural outbreaks ill chickens, Limberneek may 
al so result wh en chickens feed upon t hI' r ennnants or spo iled euuned 
foods thrown out on the gr ound in the barnyard ..A number of hUIlWIl 
outbreaks of botulism han' bePII truced to their source through the 
evidence afforded by outbreaks of limberneek, It iH still un certain 
how ' fa r botulinum toxin is responsible for cases of ' I forage poison­
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ing" in horses and other stock animals. Observations r eported by 
Seddon from Australia and by others in various parts of the world 
have not led to a unified sci entific judgment, Si nee Clost ridiuui 
botulinum is a eonuuon soil organism in many localities, its prcsenee 
in th e animal intestines OJ' even in the internal organs after death 
is 110t conclusive evidence that death \\'IIS due to botulinum intoxiea­
tion. 

The quesron has been f'rcqucutlv asked whether Cl. botulinum is, 
strictly speaking, It pathogenic organism, wh ether it «an grow find 
gelH'ratll toxin within the animal body, '1'1Ic conclusion of some of 
the earlier investigators that this organism "is absolutely incapable 
of j'p!ll'odncillg' itself in the animal body " seems to have been over­
thrown by more recent and more extensive studies, Especially the 
experiments of Colem an mill ::\reycr C''') and of Starin and Dackf'") 
show that car efu lly detoxified spores nrc capable of germination in 
the bodies of laboratory animals, that spores and vegetative forms 
become widely d isseminated through the tissues and that toxin is 
formed in sufficient quantity to cause death. It seems most unlikely, 
however, that under natural conditions tiSSI\(' invasion by living 
botulinum orgnnisms play» any part in the causation 01' botulism in 
man, Massive doses must he used to produce this cii'ect 1I{>01l expe­
rimental anima Is and there is 110 aut hcnt ie instance on record of the 
development of botulism in huuuui beings except. when formed botu­
linum toxin h!ls b-en I:II,;{'II into the alill\('nt;Il'~' tract, 

The symptoms or hotuli sm are str-ik ingly differ ent Iroin those of 
puratvphnid infect ion : onset is less sudden , g-a'ltro-inlestillal syrup­
toms ; II'P 1·('!;·ltin".\, I'an', tl'lIl pl '/'atlll'p i;; snlm orrual and there is seldom 
any abdominal pa in : rspecially ohnraetci-istle of botulism arc the 
disturbauev« or visiou Ilud Iln- d iflicul ty ill swullowiug : llw mortulity 
ill bot ulism an'l'llg"('S on')' l-iO Ill') ' ('('lit i1,., coutrastod with about one 
pel' cent ill dl'lllolls tratl'd· parutvphoitl in feel ion. Prt-served foods 
nre to hl' snspPttl'd . put-tieularlv when signs or spoilage are present , 
If smuples 01' t he incriminated foods :JI'e available for examination, 
t ox in jests ('01111'011 ('11 with spl'l'i fi('. ant it oxiu should II(~ made. 

The treatment of hot n lism is not 011 n sa tisfuctorv basis, In the 
Iil'st pillel', while hot ul ilium toxin is uuiqu« in being th e only known 
exotoxin that is absorbed from the d igestive tract, there are many 
essential things about its absorption and its action that arc still 
quite obscure. Experiment III animals, although susceptible to feed­
ing, are much more susceptible to subcutaneous or intraperitoneal 
injections, Different animal species evince marked differences in 
susceptibility, these differen ces heing especially marked with , respect 
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to poisoning by mouth. :\lice are verv susc ept ible to subcuta neous 
inocu la t ion, but show no effect.s when mu ch larger (loses of toxin are 
gi \'l'1l by mouth. ell) Swine are r esistant to enormous doses of t oxi n 
given by month ; as much as 10,000 ,000 i\lLD (f or iuice) have been 
given without ill effect, e") Rabbits and guinea pigs arc quite sus­
ceptible t o oral administration, The conditions affecting tIH' per mo­
abi li ty of the intestinal wall t o hot.ulinmu toxin are not underst ood. 
Duck and Gibbard e") hav e shown that on ly a very sm all amount 
of tox in cou ld be demonstrated in the ven ous blood fr om a perfused 
100Jl of in testine eontuiniug toxin . and tha t th ere was no noteworthy 
di fferen ce between the highly r esist ant hog and the r elatively sus­
cep tible rabbit ill this r esp ect. 

In t he second place the obstac les to successful an titoxin trea tm ent 
are Ye1'.'" great. While trite, specific lind-iII animal expcrim cnts-« 
th erapeu tically efficacious a uritoxin can he p roduced just 11" in tetanus 
and di phtheria. the time u cecssary to produce lin antitoxin of P \ 'C Il 

moderat e po teuey is " ('I'y ).!.·\'( ~ Ht.. find Ill U," be as long' as six months, 
This adds to th e expense of p roduci ng a ntit oxin on a conuuere iul 
sca le a nd is a barrier to its trenern l rlisn-ihutiou. The th era peuti c 
need of prmupt ad minis tr ation is even g' I'\',:!P I' ill bot ul ism t ha n it is 
iutetauus uud diphtheria since a lar g-e amou nt of the toxin is us ua lly 
introduced into the body at one t inu- iuste: l<l of being as ill lite latter 
d iseuses, ab sorbed s lowly from t he site (If infection. Pr ompt arlmin ­
is trnt iou is ho weve r pecn liu rly difficult to achi eve. :Jla n.'" of: the 
ou tbreaks ha w occurred in rhinlv settled rr-giou« ,,'!II'I'(, hot ulisiu 
aut itoxiu is qu ite unnvailuble. ::;ollletimes t he cours e of t lie disease 
is w r y rapid; in the Lock )[<ll' ec ou threuk two or the victims d ied 
within 1 hours after t ho fh-st appeurun cc of sy mp to ms. .\ furth er 
d ifficulty in providing 1'0 1" anti toxin t n -utment is tha t t he t ~' I )("s of 
organism art' imumnologically sp ecific. T;'> 'PI ~ ':\ untitoxin dol'S HOt 

protect. Ilgaillst Type B toxin and vice versa, When botulism SYIIIP­
toms appear there is no t.irue f'or tn)I' differentiuricn . to be on the 
Slife side a polyvalent serum should be given . All th ese difficulties 
r ender t he successful applieation of antitoxin treatment to botulism 
hig'hl,Y problematical. l ndeed, the administration of botulism ant i­
toxin in human cas es cannot vet be said to have had a fair trial in 
a single instance, Other modes of treatment have been sugjrestod. 
Dicks on and Shev vsky ("") haw observed that the toxins of both 
T ypes A and B ex ert. an influenc e u pon the endings of the motor 
fibers. of tho voluntary nervous system whi ch leads to a marked sus­
ceptibili ty to fa ti gue. S ince death from botulism is practically 
alw ay s due t o l'nilure of th e respiratorv muscles or th e heurt, more 



536 r-on-ro m co ilEnE\\' OF P UBLIC HEALTH AXI) TROPICAL ~1E()IC':-;E 

often the former, any means for eouserviug muscular strength may 
he serviceable. Bronfenbrenncr and Wei1'is ('it) have advised that pa­
tients be given morphine' for this l llU'POSP, a procedure that seems to 
be justifinble i f do:-;a~ps that tend to 11I'p,"e:-;:-; tIll' r espira tOl'y functions 
nrc avoided. 1·'01' the present. measnres of prevention seem more 
hopeful than those of CIll'P, 

B'airly effective measures to prevent botulism may be hill en. 
'I'hose fall into two ~roups, those coueerued with the initial methods 
01' preservation and those having to (10 with the inspection and 
treatment 01' the food before serving. Since the spores or C lost r i­
diuiu botulinnm appu rently get into foods chiefly from the soil, meas­
m'l'S of cleanliness an' strongly inrl ieat.ed. It mal' he sa rely pre­
dieted that painstakimr attempts to free vege tubles f'rom soil particles 
before can ning will be rewarded bv a gt'eater freedom from botulism. 
In those regions where botulism SpOrt's are I'll!'t icularly numerous 
ill the soil such precaut ions al'p especially IlCCl'SSIU'Y . The most 
seriolls difficulty is due to the high heat resistance of the botulinum 
spore. While the majority of spores are killed at the ordinary tern­
perature at which foods are canned or processed, certain strains ap­
parently possess an abnormally high resistance and may survive the 
usual hvat ing procedure. Esty ("") found that the heat resistance of 
81 'I'ype ~\.. strains at 105°C, varied from :j to 75 minutes. It is 
evident that at high altitudes where water hoil« at temperatures 
considerably under 100°0. especial care is necessary ill attempting 
to process foods b~' heat, Experiments upon the degree of heat and 
time of exposure necessary to kill 11\'pn the most resistant forms and 
upon the heat penetration in different foods haw shown ways 01' 
reducing the likelihood that 1111.'" botulinum SpOl'PS wi-ll survive large­
scale, carefully con tr c llod proeessing. 

TIll' second group of safl'g'nards is Iikewise quite efficacious. 
Nel1l'l.'" all-s-sorne investigators ',"mild SI1,\' all-i-canncd foods im­

pi ica ted i II hot III is III a fford to the sellse:-; uum istaka ble evidences of 
IlPing' spoiled, Th erc is no doubt that the insta nt r ejcetion without 
tasting of an.'" preserved f'ood t hat gi \'('S t he slight,:-;t j 11<1 iearion of 
:-;poilagl' would pl'lI eti(,IlIl~' do away wit h t h(' menace of bot ulism, 
Finally it is worth noting that rhe botnlism toxin is readily destroyed 
by boil ing and that in cousequeuce ti ll: ew;tolll-Ilh'l'ady followed 
quite g"Pllenllly-of heating canned foods before serving inter-poses 
still another barrier to botulism poisonitig. Hare liS botulism is at 
the present clav, thel'(' is the lIl'Sf, of reasons for' beli eving that it can 
be entire ly eliminated by application of the measnres just described. 
The progress already made is most encour aging'. 
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