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CLOSTR IDIA TOXINS 

1. Botul i sm 

, a 25-yea r-old male  developed the sudden onset of dizziness 
at work on the morning of . He described th i s as true vertigo of an intense 
severity . By the even i ng of  he could not swallow and h i s vision was blurred. 
At 3:00a . m. on   he expe r ienced d i fficulty of breath i ng . In a few hours he 
could not move h i s eyes, swallow sal i va, nor move his facial muscles . Later he de­
veloped weakness of arms and then t he legs . He was admitted to an osteopathic hospital 1 

on the afternoon of  whe r e a lumbar puncture revealed no cells and a protein of 
54 . During the ea r ly morn i ng of  he had prog r ess i ve respiratory difficulty so 
a tracheostomy was perfo rmed . - The only past h i story of significance was the occurr ­
ence of a ca r acciden t · two ·weeks ea r lie r in wh i ch he susta i ned a mild whiplash injury . 

On adm iss ion to  on  he was a fully conscious, healthy male who was 
severely pa ralyzed . Vis ion was intact i f t he examine r held the patient 1 s eyes open, 
but he had ·complete · pa ralysi s of ext raocular muscles . Pup i ls were 5 mm and both re­
acted no rmally . He had mo r e uppe r fa c ial weakness than lowe r , but he had complete 
paralys i s of the palate , t ongue and ste r nocle i domasto id muscles . His mouth was rather 
moist . Proxima l muscles i n uppe r ext r emi ti es we re comp letely paralyzed; the distal 
groups we re mo re seve rely impa ired on t he ri ght than on the left . He had moderate 
paralys i s of both lowe r extrem i t i es . Biceps reflex were 1+, knee jerks were 3+ and he 
had ankle clonus . No -senso ry changes we re noted . Hi s paralysis worsened over the next 
48 hou rs unt i l the on ly muscle groups · he could move · were his toe · dorsiflexors. The 
poss i b ili ty of bo t ul i sm wa s ente r t a i ned -by the neuro logy se rvice and attempts were made 
t o obta i n b,)tul i num an titoxin . The NCDC was i nfo rmed -of · t he possibility of botulism 
and · an · E. I . S: off i ce r was dispa t ched t o Dallas wi th A, B, and E ant i toxin . Serum was 
ob t ained , and · mi ce · in jected · wi th · the · material · deveioped · prog ressive · muscula r pa ralysis 
and dea t h i n · all save those g i ven · Type A-bot ul i sm ant i tox i n ; On the basis of the 
suspec t ed · pr esence · of -botu l i sm, · an tftox i n ·was · adm inistered . - On  he had some 
trans i ent i nc rease i n · s trength · of the ankles and toes ; · Hi s pupils eventually dilated 
on - · and · we re slugg i sh ly · r eac ti ve t o 1 igh t. -

He developed · a · r ap id ty prog ressi ve · staphylococcal · pneumonia on  . Here-
·ma i ned · hypoxic desp t t e t he -adm i n ist rat i on of · ]O% 02 . - By  he would lose conscious­
ness i f t Ae 02 · del ive r ed · wa s d ropped · t o · 60%. Because of the · rapid progression of the 
pneumon ia · from · t he · RML · and RL L to · a l l o t he r lobes · over the next two days, kanamycin was 
added · to · cephaloth t n; · He · deve l oped -gas tro i nt est i nal -bleeding -with a · fal 1 ing hematocrit . 
At t empts · to · ma i nta i n -adequate ven ti lation ·we re · targely unsuccessful desp i te the use of 
a ·numbe r · of t ypes · of · ven til a t o r s · and · h i gh pressu res . Eventually he · became hypotensive 
and - unres~onsive · even on 8o%· o2 ; He exp ired on · the a ; m. of . Blood cultures 
on - we re · pos iti ve · fo r ·Pseudomonas species . 

Au t opsy · revealed · no · abno rma tit t es of · t he · ne rvous system -save scatte red petechiae 



2 . 

of -certain· lung-ne rves; Mic roabs cesses·wtth li qoefac tive · nec t osts -were present in al 1 
lobes · of·the · lung -with· a · conftuent·ftb ri no- puralent · exuda t e · compatib l e ·with staphylo­
coccal pneumonta ; ·- fhe re · was-b it ateral · cortical adrena l · hemo rrhage-which was likely 
less than 1 day old . 

· No·source : of - the -botulf sm·toxin -ha s· been ·f ound ;-- ·He · and - his ·wife · ate · spaghetti and 
drank ·wtne ·wi th · a -coupte ·on · the even i ng· of ; · Bo t h·we r e · nauseated · that evening, 
but · she · had · no-fa rt he r symp t oms . - -He a te a sandwich · away · from·home·that his wife didn't 
eat; otherwise; · they -had · ea t en ·the ·same foods ;-· He ·· had·ea t en·noth i ng · t ha t was home 
canned . - -Th i s · i s ; · unfo r tuna t ety, · a-ca se · of botu tism· for·whfch·no · contamfnated foodstuff 

·has -been -dete rmined;· - Hopefu ll y~ I t will ·be ·a·sporad i c case. 

Botul i sm- is -a · disease which·results · f rom · the · inges ti on · of · exotoxins produced by 
Clostridium botalinam;·a·spore-forming; · anae rob lc;· gram·positfve · rod ; Six types of 
toxin have · been · dist ingufshed · wh i ch - have-been · des i gnated · A~ B ~ · c, - o, E, and F ~ The 
toxin·of·one·type ·i s · not · neutraiized · by · the · anti t oxin ·of·a · heterologous type . Man is 
affected · mainty · ty · Types -A·and - E; · tess frequently by Types · Band · F, ·and never -by C 
and · B; · · ease-fatality ~ rates·very f r om 20·to · YO%~ ·depend i ng :upon · type and amount of toxin 
ingested;· · The·importance · of · the -disease ·f s·no t· the · numbers·of· indivi duals affected, but 
in · the · fear · of ·the · potentiat·of the toxin; ·the · mos t ·pot en t· one · known to man . 

· The·natura l · hab i tat · of ·the· o rgan i sm· fs· tn· t he · so il; · and ft · prefers virgin soil to 
cultivated; · fe rti li zed- soit ;·· fn t he - ~n fted·States tt · fs mo re·commonly · found in the 
weste rn·states · and ·ts-l es s·common t y prese nt · i n t he ·_son ·i n the ·middte ·western states 
and · the · Great · Pta ins -{1 , 2) ; · · Type E s po res · have · b ~en · demonstrited · primarily . ~n lake­
shore·mud;·coas tat ·sand· and-seabo ttom·studge; · hence; · Type E· botu ltsm·has a predilec-
ti on · fo r· fish · as ·veh icle (3). 

·· Pathogenes i s : 

·Tox lns·etabo ra t ed·b-y · Cf ;· bo t ai inam·a re·the·most · po tsonous · substances · known to man 
· (4} ; ·The · d t sease ·f s mos t· of t en · caused · by ·the · oral ·i nges tl on · of · t ox in; although paren­
·teral·admin t s trat i on·can - tead t o·d is ease·at so .- : Ai t hough · the · mo lecul ar weight of 
·crysta ltine · toxin ·f s··in·the · order·of · 900 , 000; · toxin · c rosses t he intestinal tract and 
reaches · t he -gene ra i · c ircutat i on ·vfa·the -l ympha t ics ; · ft ·f s one of · the few toxins not 
destroyed ·and·indeed·activated · by -the ·ac id cond tti on s· and · by proteolyti.c enzymes in 
the · gast ro t ntest i nai ~trac t;· - Th ts · )s · pa rtfcula rt y · t r ue · of · Type ~ E : toxin. ·Russian in­
ves tjgators-have · claimed t ha t·toxin elabora ted-by·eJ . · bo t al i num ·daring -growth within 

· the · Gt - t ract· fs·i mpo r t an t· fn·t he · di sease ; · Mos t-l nv~~t i gato r s - disagree · with this con­
tentf on·and-co~ si der· t ha t-t he : d tsea se · fs ·seconda ry · exclu si vely ' ~6 orally ingested toxin . 

· Afte r ·absorp ti on~·toxtn ·can · be · found· circula t ing ·l n t he blood . - In fact, tests 
·perfo r med - tn·ani mat s -with- serum- ob t a i ned - from ·i ndlviduals · saspected · of having . botul ism 
prov i de - the · bes t- means -of · dfagnos i s - (5} ;--The t ox t n·acts · ve ry ·widely on .all tho~ por­

·tions·of·the · periphe ra t · nervou s s y stem - tha t· a re · chollnergic · t n c lud~ng pre- and post­
ganglion i c·aatonom fc f i be rs· and · t he·soma tfc· ne rves · suppty t ng : the · s keletal muscles. In 

·exper i men tat · animats; · the - t oxi n · prod uced ·a · prog ress i ve ·f mpa irment · of ·the ability of the 
vagus · nerve · to·i nduce -ca r d i ac·st ow f ng; the -chorda tympanf · to·evoke · salivary sec~tion, 
and-the ·ocat omot or· ne r ve to·p roduce · a· const ri ction · of the · pup il . The toxin has no 
effect·on ·the · cont ract i te · powe r ·of · muscte-f i be r s ·or ·of · motor · ne rves to conduct impulses . 
lhe-toxin· f nhtbits ·the · release·of-acetytchotine·from ·its · bind i ng · sites ·at the poisoned 
·nerve terminais ;- ·Tht s· i s · in -con trast·to the -acti on ·of -cu ra re ·wh i ch · prevents the action 
of ·acetytchot t ne;·thus; · d trect · appl ica ti on · of · ace t yl chot i ne · t o · po isoned · nerve prepara­
tions·witt · eiic i t ~· ma scte · contractton ;·- The-botulinai · toxin ·i s · un i que i n causing 
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presynaptic block · th roagh- the · inhibition ·of · the -retease · of · transmitter substance. No 
evidence · exists · that - t nd t cates - the · toxin · ts -directfy · fnjarioas · to the -cells of the brain 
or spinal cord . - ·Death · t s - asaally · a · resutt · of · respiratory · paralysis or of infection 
wh i ch · develop ~ fo llow i ng parafysrs. - It - has been shown that · toxin injures · the efferent 
insp i ratory fibers · of the brainstem. 

Epidemiology : 

Botal fsm emerged · as · a · s igntficant · pabtic · heatth · hazard - in the -United States with 
the development · of · the · cann fng - tndastry · and - the - fncreased -home · processing ·of foods en­
couraged -by - the -wa r condttions · of 19t7~tgl8; As · a · resutt · of · research by Meyer and others 
and · as · a - resalt ·of · the · controts · fnstftuted - by · the commerctal ·canning industry, the con­
trols instituted -·by · the · commercial · canning · tndustry ·dudng · the folowing 10 years, few 
outbreaks ·of - botui i sm · were · reported - from · commercfat · canned goods -from 1925 until 1963 in 
the · United - States ; ·· Most ·Americans · wtth · cases foltow · the · fngestion ·of home canned vege­
tables and - fruits which · have -been -under·steritized · or · fnadequately · preserved and most 
of · these · oatb reaks · have - been · Type · A; · ·The · case·fatatity · rate through . l960 was 64%, which 
has -been att ri buted · to·the · greater · tethattty · and · toxfgenfcity of ·Type ·A. However, the 
case- fatal i ty · in · the · 60 1 s - has - been · tmproved ·so that · tt · fs ·2t% · in the period 1960-1967, 
and - i n particula r · i s · 20% · fo r · Type · A; -~ This improvement · is presumably a reflection of the 
use ·of · intensfve · care -of -acute · respiratory · failure. · ln ·European countries, pork pro­
ducts ; espec faf t y-sausage, · have · been · tmpftcated ·most -often; · Type E has been the most 
sign i f icant · type f n· Russ fa; Japan; ·and -eanada -dae · to · the · oatbreaks ·secondary to the in­
gest ion -of - fish products . 

The ··growth·of -ei . · bot ul i num ·withfn · canned · meats · fs ·associated with a foul . odor; 
however ·; - the -odor -may - not -be ··so noticeable - in -acid ··foods -sach -as - canned -string beans 

· (the · lead f ng · caase -of · outbreaks · fn · the -United -States) : : The ·strains · of · Cl. botul inurn 
produc i ng dtsease ·f n· Europe and -Type · E: strains · are · non-proteo1ytfc and · probably . give 
less · evide~ce · of spo f 1age; · -An · tmportant · potentia1 · factor -at · the present time is the 
packaging ··of · meats · and · f t sh · f n· air-permeable · poaches ; - · Previously; cured meat allowing 
entranceof · a fr· would - become - spo f ted ~ secondary · to the growth of · aerobic ·microorganisms 

·before ·Cl . -bo t ulinum · coa}d -grow· and · produce · toxin. - ·With the use of air-permeable 
pouches ; a cu red meat · coutd · be : hetd : at · room · temperature · for days ·without spelling, but 

-cl. botulinum · could ·grow-- and · elaborate toxin (6) ; Therefore, it is imperative that such 
products be ma i nta fned : at -4°C : - Thts · fs · particularly · true for fish products, since Type 
E Cl . botul inurn · i s ·widety · dfstrfbated · in · fish ·and · shellfish of · the Pacific Northwest . 
Mud · samples · from · the · Pacff fc -coast · demonstrate · a -se · to 90% · inctdence · of positive 
cultu res of Type E. 

Pr i or · t o · 1963 ; -fewcases · ofbotulism · each · year ·were · reported to the Public Health 
Services . · Howeve r , i n 1963 ; 46 cases ·were · reported; 22 of wrrrch were Tvpe E strains . 
Twenty-fou r ·of these · we re · t raced · to · commercially · prepared ~ prodacts; and most of these 
were traced · t o· a · s t ngle · sh i pment · of · a · contamlnated -smoked ·whitefish chub (7). This 
prodact · had - been · va cuum · pa ckaged · in · pl ioftlm · bags · and ~ indtviduals had eaten the fish 
wf thout · cookfng ; · Hence ;· th fs · oatbreak · of · botul ism · in · that ·year ·was characterized as a 

·
11 d i sease · of ·· technical progress. 11 

Prevent t on · of · the df sease · fs · independent · upon · proper preparation and sterll ization 
of · canned · goods - (1 ; -2} ; · The · spores··of · Ct. botulinum -are · resistant to heating at 100°C 
for · 360 · mi nutes ; · atthough heattng · to · t20 5 -for · 4-mtnutes · destroys ·all spores. Hence, 
cann fng ·wfth a · pressu re - cooker · is necessary. The · toxin is more heat-labile than spores, 
and - cook i ng - prtor · to · eat i ng ·wilt -destroy · toxigenfc activity; - Type A· toxin is destroyed 
in 30 seconds - to : 6 minates · at -80°C; · and · Type -E is · even more -heat-labile and . is destroyed 
by heating ·to · 60 °C· for · severa] -m·inutes; Hence · ftsh - prodacts containing Type E toxin 
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will produce · d ts ease only if they a re not hea t ed · pri o r · to ingestion (5) . 

Cl inical·Features · (l, 5, 7, 8) : 

The -onset of -symptoms · may occur fr om · 12 to 100 _hour s a f ter i ngestion of the toxin . 
Nausea and -vomiting - usua l ly he ralds the onset. I t has been stated -that gastro i ntestinal 
symptoms -are - less frequent wi th Type A t han wit h Type E. · Diarr hea may occur ea r ly, but 
constipation is presen t · later. - ln · a ma jo ri ty; an · ea rt y symp t om-i s a · pecul ia r lassit ude 
or fatigue . -The neu rolog lca t·symp toms · appear · prog ress tve ty wi th des cend i ng weakness . 
First, the-person - notices postu ral -d i zz i ness or · vert igo · (as i n · th i s · ca se)and blu rr ed 
visionnext ;· D-ifficulty swallow i ng · occur s ·earl y , fol lowed -soon by d i ff i culty speak ing 
(dysphonia) . Weakness of somat t c mu s cle - g roups ~ es pec ia l ly g ird l e mu scl e s and of the 
neck ·muscles · develop-; · and some ti mes~ as · i n · thrs · case; gene ralized . profound weakness of 
all muscles ensues . - · Finally ; d i p lop ia · and · r esp ira t o ry · mu scular pa ralys is comp lete the 
picture -of paralysis . - -Phys ical exami na ti on - r evea l s a menta ll y a lert bu t often somnolent 
individual. Ocular abnormal i ties a r e noted ·i n · v irtual l y a ll pa tients, i nclud i ng extra­
ocular muscle paralysis ; ptosis; impa lrment · of · accommodat i on , ·and d il ated , fixed pup i ls . 
The latter may -develop -qui t e - la te, as ·was tr ue with our case . Dr y t ongue and mouth 
have been · noted · in · most; · ai t hough - t hi s ·wa s not he l pfu l in t h is cas e . Pha ryngeal 
erythema -and edema-have been · noted ; - -c ranial ne rve weakness ts pr esent and proximal 
shoulder girdle -and -neck -weakness ls prom i nent in many . The muscle weakness is not 
associated -with impa irment of deep · tendo n refl exes. Senso ry ·abno r ma lities a r e not present. 

· ln ·general; -symptoms · a re mo re severe -and mo rt al lt y~ h i ghe r i n · t hose i nd ividuals in 
whom · symptoms - appear -earty -afte r· Inges t ion of · toxtn . ·AJs o , -t he ·si gn s of botul i sm per­
sist longer in - the - patien ts -who have mo re -s evere toxemia (8) . A· re t ur n to normal of the 
eyes, such -as - pupils becom ing · react iv e ;· may · not occ ur fo r 2 weeks . Objecti ve res pira­
tory impatrment ·· and -postural -hypo tensi on may pe rsist f or 2 t o 3 weeks. 

Botul {sm · must · be conside red - t n·the -d l fferenti a l d i agnos is of any neu rolog ical dis­
order -with - cranfai · ne r ve involvement; es peci a lly eye muscle involvement, and in those 
with -a descending - fo rm-of pa ralys f s . -- The - ltst of · possi b le -diagnoses · i n cases reviewed 
in Reference - S- serves as ·a -gr oup -of -disea ses wt t h wh i ch one s hould keep one •s mind open 

- to possibility of botulism . 

Diagnos is 

Bas il ar -artery th rombos is 

Pol iomyel ttis · or · Guilla i n-Ba rre 
syndrome 

Myasthenia gravis 

Acute intoxicat ion (arsen ic , etc . ) 

Small · bowel obstruc ti on 

St reptococcal sore t hroat 

Featu r e Pr esent i n Bo tulism 

Cran ial ne rve s igns; espec ia ll y IX and X 

Cran ial ne r ve p l us somat ic muscle involvement 

Ptos i s , dy s phag t a ; r es p irato ry muscle 
impa irmen t 

Quad t t pleg l a or -proxi mal g irdle weakness 

Vom itl ng ; · f o ll owed by constipation with si gns 
of i 1 eus 

Pha ryngeal pa i n and hype r emia 

Koenig and assoc i a tes -have emphas ized -the -fa ct t hat· certa rn Ind iv iduals do not 
develop · symptoms · after · inges t i ng food ·wh lch -produces botol ism i n ·o t he r i nd i v iduals 
(5, 8} ; - ·The attack · rate · wfth Ty pe · E wa s - 44% and wi th Ty pe · B 50% . They al so demonstrated 
Type · botulinum · toxtn circulating · i n t he serum· i n an in d fv i dual with no c l i ri ical mani­
festat i ons -of botul is m; -· Most prev i ous i nvesti ga t o r s have -s uggested t hat such attack rates 

·are due - to · the - foca l · d ist r i bu t i on · of - t ax i n · in contami nated -f oods tuffs. Howeve r , Keen i g 



s. 

raises the - poss i bility that sosceptibitity · to the -act lon ·of ·botolinum toxin may relate 
to biochemf cal · dffferences · fn· enzyme -systems · present -at - tissoe·binding si t es . 

laboratory · Stodtes - and Treatment: 

Rout ine laboratory stud i es do not : afd · tn -establ ishtng · the d tag nos is . . The most 
effective -way -to · conf irm- the·diagnosts · of · botut i sm· ts · to · demons trate · toxicity of the 
patientJs · se rum· for · mfc e · and - to · prove specific ft y ·of - the · toxtn - by · neotral ization tests 
with ·botol i nurn ant ft ox ins - {5; 8) ; - Serum · from · patfents · wt th - botul i sm should contain a 
mouse-lethal substance ~ ·- lt · has · been · demonstrated - as·late - as -- 3·l/2 · weeks after the in­
gest i on of · contaminated -food. - -Although- tt · has · been stated · that · such · tests a re only 
helpful i n diagnosf~g - Types · B · and · E - botul t sm; ·other -cases · and · the · present one clearly 
demonstrate · that · Type · A botultsm- is ·assocfated ·wtth · c ircalating toxin. 

Patients - suspected -of · having · botultsm · shoutd · receive ·material containing A, B, 
and - E· antitoxfn · until laboratory - tests - demonstrate wh~ch · toxfn · is responsible . A 
number · of · preparations · a re available ; · but A; - B and · E·must · be · obta i ned · f rom the NCDC . 
A· commercia tl y av~~ lable preparation · contalning · antitoxin · to A and · B·can be obta ined . 
Experience · in · treatment · of -Type .E· botuttsm · has · demons trated-efficacy (3) . In outbreaks 
in · Japan; ·case-fatal i ty - rate · in · untreated · cases ·was · 29% · and ·only 3 . 5% in treated pa­
tients ; · · In two pat ients wi th Type E botul ism · treated ·in Reference 5 severe muscular 
paralys is was rapidly revers i ble . In contrast ·; · pat ients with Type A and B disease do 
not show dramati-c improvement - {! ; 8} ; · Experimental studies in monkeys have demon-

·strated · that -ant itox in is · of ·value after ·adminfstration · of · toxin and · befo re symptoms 
have · appeared, -but - lt ts -not · effective · after - the appearance · of · symptoms (1) . In spite 
of this; · if one · suspects botul i sm; : serum · should -be · drawn · for studies of toxin and anti ­
toxin admin istered ; · -Si nce · the · antitoxin · is · derived · from · horses ; sk in testing should 
be done ·before · adm i n i strat ion. 

-
Neither -ciintcat - bo tulism· nor · fngestion · of · toxfn results · in a .detectable anti-

body response ; · One · attack -of · botulism should not - confer - immunity; and individuals 
have been - reported -wi t h- repeat attacks -of botul i sm . 

I I. Tetanus 

·case Report: 

 ; a 67~year -old · · male; -was : admftted · on ·  1969, with congestive 
hea rt · faila re and · gangrene · of - right · foor: · -He ·had · been · hav fn g · pain · in the right foot 
for · ] · year~ and · the - foot · was · noted ~ to · be · tender · when · seen in ·orology clinic 1 month 
prtor · to admisslon ; · - He was · t reated · for - urinary - retention · at - that · time and .was re­
ferred · t o med t cine · cl inic. - tn · the · 2 ·weeks pr ior · to adm tssi on, he -developed more pa i n 
i n · the · foot · and · i-t became -da r ker i n color ; In addttfon; he - noted i nc reasing dyspnea, 
pa roxysmal -nocturnal · dyspnea, · orthopnea and edema. 

· Physical · examina tt on · on · adm fssi on · demonstrated · a BP - 180/90; P-120, T-101. He was 
· obese; edematous; · and · in ·moderate · respfratory dfstress ; · · His · neck was supple . . He had 
· scattered expiratory -wheezes · w1thout · rales; · left · ventricalar ·hypertrophy and enlarge­
ment and ·a · G-W- ho l osystol ic murmer · at . the apex ; The rlght · foot was gang r enous, but . no 
pu r ulent - exudate was - no ted; - ·Pitt i ng · edema was present to the knees. He was treated 
with ·dtg ttai is; ·· diu ret ics · and · had ·· rapid · improvement · in·respiratory symptoms . Cepha­
toth t n- 8-grams/day · was · g t ven · for i nfection ; · on · the ·morn i ng · of · , he was noted 
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to bite h i s tongue ·when · his temperature was taken; then · he was unable to swallow KCl 
and later · unab]e · to open mouth : At 1200 whtle eating ; · he ·fell over and quit breathing . 
He was resuscitated;·but · EKG · revealed - idfoventricular rhythm .· · lsuprel therapy led 
to · sinus tachycardia ; · · He ··was comatose · thereafter ; · but · he had - spontaneous tonic move­
ments - and · would - deveiop · spasms · w t th · stimulatlon :-- A~ BK ampu t at i on ·was done at 1630 and 
he was transferred - to - recovery - room . -· He -had · a tracheostomy · and · required ·ventilation 
with · IPPB . · In i tially he had mild -spasms controlled · by nembutat : IM; · but gradually the 
spasms · worsened -and · on he · had -breathholding · spe tl s : · Val i um ·was given inter­
mittently · JM -and · later · by IV ·drip; but by Aprtt · 7 he · escaped -f r om ·a · response to it . 
On ·  · Robax in -was ·g iven · l V; · but he -had · more · severe · spasms ·· and · even ' convu 1 s ions 
with brea it hh'Jlding : · · Eurare ·was -added; :and - the · seizures · seemed · better · controlled, al"' 
though -he continaed · to have - some: ·- He · continued - to · run ·a ·· t ow- grade · temperature, and on 

  · minimal · pulmona ry inflltrates · were · noted ; ·-Other - the rapy -consisted of 2500 
units hyperimmune · human · globultn~ · penfciitln; · tetracycline - and kanamycin. He had a 
moderate · respiratory ·alkalos is · (pH - 7 : 49 - to · Y ~ 56), the p02 ranged · from 100 to 200, and 
he ·was adequately ventilated -as ·determtned -by - physicat -exam ;· ·His BUN and creatinine 
gradaa11y rose to - 73 -and -3; 7; · hfs · urinary ·output · fetl -and · by ·  his serum po­
tassium was 6 . 5. · · Peaked -T waves ·were · noted -on -  and -pH was -7: 15 . Treatment 
for · hyperkalemfa · and - metaboi ic ~actdosts -was - tnitlated; - but - early · the next morning he 
developed · hypotension; · bradycardta and ·died. 

Tetanus · cont inues - to · be -a · sertous - health · problem ; especially in the southern 
states; · although - the - inc i dence · of - tetanus -has · decifned ·dur i ng · the · tast · 20 years (9) . 
Texas · fs · a · teadfng :state . from -which - both·neonatat · tetanas · and·tetanus · in other age 
groups - are · reported :- - Facto rs :contrfbuttng · to - the geog raph tc -l ocalization in the 
southern states -are - the · low · f mmanfzatton ~ tevets · tn · the non - white; low socioeconomic 
groups -and · the · d istr t bot i on · of ·CL · tetani-- spores · in the -so i l (lo; - 11) . In spi.t~ of 
advances ip · the · intenstve -care·of · patlents ; - the ·case-fatalfty · ratto · in the United 
States and -at · Parkland · remains ·h tgh - {9) : ·· ·0ne · definlte · reason · fo r · this is that with 
wi despread · t oxoid · vaccfnation · programs; -- tetanas · now · affects · the · elderly and the neo­
nate; two · groups -with t he htghest · case-fatatity ratios ~ A second · poss ible explanation 
that -must · be - strongly cons i dered : ts · that - hypertmmune human -globuttn may not be as 
efficacious - {at - least · in the · quant f ty · recommended} -as·equtne ·antitoxin (12). 

Pathogenes is (13): 

Tetanas · ~ · a · toxemia -dae · t o : an ~tnfect t on -w ft h · el : · tetant - foltow f ng · the · introduction 
of · organ i sms - {spores) · subseqaent · to an - tnjury ;- -such -an · injury may · be insignificant 
i n appearance ; · The f ncubatron -:· per-iod - tn · man - t s · 5 · to · l4 - d~ys foliowing · the introduc­
tion -of the- spo res · of - this ·anae robtc; -gram·posit i ve · organism ; -· Durtng this time, spores 
germ i nate ; · and : a ~ neu rotoxl n - i s produced: --The -mechanism · by -wh t ch - this · toxin spreads 
from · the - ~ ite - of · i nfec ti on - to : the- susceptibte - sites · fn · the · centrat · nervoas system re­
ma i ns -controversial. 

The · tox i n · i s the - second -most · potent · one ·· known · (fot-low i ng ·· botul i num toxin) . It is 
a simpte · p rote t n · of ~ a - s i ngte- anttgentc · type -with a -molecula r -we ight of · 67,000. In the 
h igh Jy · par i f i ed ·state, - the · toxi n· loses ·· its · tox-icity · bat · retains· its · ant igeni city . (it 
t oxoids) ; · ··A- potent f a tf on · of - toxtcity · occo r s - in - the - presence of · ce r tain chemicals and 
proteolytic enzymes (14) . 

The toxin · is specifically and · avtd1y · bound · to · the · gray ~ matter of the nervous 
tissae · (bra i n-gangl ·iosides) - (13) . - However; there · is · no . proof · that th is fixation is a 
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necessary part of the · lethal action ·of the toxin. The toxin acts both in the central 
nervous system and · upon pe ri phe ral cholinergic nerve endings. The site of the central 
paralytic action Is between · the · speciftc · interneurons of the inhibitory pathway and 
the motoneuron (15) . Toxin diminlshes · and · then · abol ishes all five types of spinal 
inhibition. This · action , similar · to · strychnine, is due to · the prevention of the release 
of transmitter substance from inhibitory presynaptic terminals . The peripheral neuro­
muscular effect of the·toxin · is·due · to ·depolarization ·of motor nerve terminals (16) . 
As a result, spontaneous mi niature end-plate potent ials · i ncrease i n frequency . Thus 
without the effects of the sp i nal inhibitory pathway and with depolarization of motor nerve 
terminals, pa roxysmal motor spasms of · muscles occu r spontaneously and when induced by 
stimuli . 

EPIDEMIOLOGY: 

Peak incidence of tetanus occurs · in the very young and the elderly . Striking 
changes have occur red in the · age · d i stribution of tetanus over the past 70 years. In 
1900, the mortality rates per · 100,000 for age groups over I year of age was the same . 
Since 1910, mortality rates · have :decreased in alI age groups, but the factor of decrease 
has been 50 in groups unde r : 30 years of ge, but the death rate in those over 60 has de­
creased by only a facto r :of · S; · These ·decreases are due to the widespread wse of antitoxin 
after WWI, the adoption of : rout i ne · toxoid · immunization of infants after WW II, and im­
proved obstetr ic techn iques . · · However ; : the · southern states · lag cons i derably in immuniza­
tion programs . · · Furthermore, · the · cont i nued · poor obstetric care of a cons i derable . rural 
popula ti on in Texas i s · demonst r ated : by · the · fact · that 56% of all cases of neonatal tetanus 
in the United States · i n· l966 ·were · in·Texas. · Most of these cases follow home del Ivery 
unattended by an M. D. 

Mortality rates a re greater · in r ural than urban areas and in non-whites than whites. 
The peak i~c i dence occu rs i n midsummer ; ·· It has · been demons trated that tetanus neonatorum 
is more · p revalent · du ri ng · wa rm~ · moist · months · than in hot, dry months, presumably because 
CJ . tetani spores increase · in · number · under the · former conditions (11) . 

CLIN ICAL -CHARACTERISTICS : 

Source and s ite of injury: · lnfect i on · can develop followJng insignifcant appearing 
wounds, and the i nfec ti on itse lf· can be relatively insignificant wit hout purulent dis­
charge . Puncture wounds and ~ lacerations account · for a majo ri ty of the wounds associated 
wi th tetanus (9) ; · Tetanus fol l ow i ng . surgery has · been emphasized (9, 17). In particular 
tetanus can follow opera ti ons or ·manipulations some length of time after the Cl . tetani 
were in trodu ced (17) . Three pat ients · wi th · compound fra ctures 4 to 12 weeks before had 
tetanus follow i ng remanipulation of their fracture . One patient developed tetanus upon 
t he spontaneous breakdown of · an ankle wound injured 3 yea rs previously, and another de­
veloped tetanus 12 days after g rafting skin at a s i te of a wringer InJury five months 
previously . These cases demon strate · the prolonged v iabi li ty of Cl . tetani within tissue . 

Other less frequent g roups but ones associated with high case-fatality rates are 
tetanus related to abo rti on, · i njection related tetanus, pr imarily i n drug addiction (18), 
and tetanus resulting as a sequel . to wounds. Such wounds i ncluded i ndividuals .with in­
fec~ ed decubiti and var icose :ulcers, frostbite, · chronic skin ulcerations, and, . as in our 
fatal case, gangrenous · ext r em iti es ; Tetanus follow i ng these wounds are un i formly fatal 
(9) . Injuries occu rr ing · i n ga r den ·work are ·common in those over 50 years . 

Incubat i on - Per i od ~ (9) : ·· Med i an incubation pe ri od is 7 to 8 days, and 90% began within 
14 days of injCry . In t he · age group ·over 50, no difference in case- fa t al ity ratio has 
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been noted in relat ion to incubation per iod, whereas the rat io was s ignificantly less 
in individuals under 50 who had · a · pro l onged incubat ion period . Thus, the age group 
of a particular series must · be · known to compa re case-fatality ratios. In neonatal 
tetanus, the greatest number became symptomat i c on the sixth o r seventh day, and an 
incubation time of · greater · than 10 days i s associated with better survival . 

Symptoms: Tr ismus is the · most dependab l e sign, be i ng present in 80% (9, 17) . 
Local symptoms occur in approximately one- th i rd, and con~ i st of pa in at the extremity of 
site of injury · and stiffness · of loca l muscle groups . · Localized symptoms often follow 
Trismus . 11 Risus sardon i cus 11 or the -d i sto rted gr i n, with peaking of the eyebrows, is 
common in tetanus, although i t may · not be as ev ident i n tetanus neonatorum patients 
(19) . The presence of convulsions bea r s an om i nous · s ign, since it is associated with 
a higher case-fatality rat io . Other early symptoms · and -s igns may include fever (if 
wound is infected), malaise, · headache, dysphag ia, dysphonia, spast icity of the skele­
tal muscle, which · often leads · to · the · ma i ntenance of op i sthotonus, increased salivation, 
and abdominal · rigidity (often · mistaken · for · a local abdom i nal problem) . The spasms 
are both tonic and -clonic; · ar.e :extreme ly painful, and a re eas i ly prec ip i tated by 
noise, movement, or even · touch ; · Severe s pasms may inte r fe re with breath i ng . 

The different ial diagnos i s i s impo r tant s i nce treatment of tetanus is poten­
tially hazardous . Othe r diagnoses · to conside r i ncl ude men i ng i tis, retropharyngea 
and per i tonsil Jar abscesses ; · osteomyel i t i s of the mand ible, streptococcal pharyn­
gitis, strychnine poisoning, -phenothiaz i ne tox i c i ty , acute surgical abdomen, rabies 
and hypocalcemia. -· Patients with these may have Tr i smus, but they should not have 
Risus sardonicus . Cereb rosp i nat · flu id · exam i nat ion wi ll reveal no cells nor any in­
crease in protein . 

Clinical course · and treatment : · ·The natu ral histo ry of clin i cal tetanus follows 
a rather · characterist i c · pattern - (20) . · The re i s an i nit ia l bu i ldup phase of about 
2-7 days in which · the · s i gns may ·worsen ; Follow i ng the bu i ldup, the signs stabilize and 
remain relatively stable for ] · to 2 weeks . It is dur i ng the early stage and the early 
plateau phase that therapy i s so -d i ff i cult and haza rdous . The cl i n ical care and treat­
ment necessary in this disease · is best desc r ibed - i n the monograph by Dr . Jenkins (19) . 
At present ; sedation and · ant i spasmodtc therapy · is begun with nembutal or diazepam 
(Valium) . Robaxin · IM or · IV has been · ut i l ized i f these fa i l . However, in severe cases, 
large dosages of 3 to · 6 · grams · per ·day · may be requ ired; but toxicity as manifested by 
metabol i c ac i dosis; renal fa i lure · and ·occas ionally convuls ions is a considerable 
threat . These · a re seconda ry -to the · polyethylene glycol used as the vehicle in Robaxin. 
Since other agents ; espec ially cura re , a re ava i lable for the treatment of tetanus, it 
would seem app ropriate · not · to ·cons ider Robax in fo r the treatment of severe tetanus . 

Debr idement of · the wound · (and -hysterec t omy i f tetanus follows an abortion) is 
critical. ·Ant i b iot ics; ·either tet racyc l ine ·o r penic i ll i n , should be admin istered 
since eithe r i s effect i ve · aga r nst · Cl ~ te t an i . If , as in ou r case, gangrene has de­
veloped, and infection -wi th gram- negat ive rods; i s a possib i l i ty, kanamycin should be 
admin i stered . 

Immune therapy: · The · use ·of · ant i toxin has been an accepted part of treatment of 
tetanus since WW I ; - · Equine · ant i tox in · i n quan tit ies of 20,000 to 100,000 un i ts had been 
the accepted mode of therapy · of ··proven t e t anus un t i l the 1960 1 s (19) . Since complica­
tions; especially · serum · s ickness, in · add f t ion t o anaphylax i ~, a re frequent wi th this 
large dosage; the availab i l i ty ·of hyper immune human globul in after 1963 
prov ided an ·alternat i ve · to · equ i ne materia l ; · ·Th i s homologous ant i toxin i s devoid of side 
effects i n man (21). Experimental ·wo r k has i nd icated that homologous antitoxin persists 
longer than heterologous type · {21 , · 22); thus the materia ] · appeared to have clear ad­
vantages in · tetanus prophylaxis . · · However , the rat ionale given for its use in tetanus 
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is the same -as that · for - tetanas · prophylaxis, since 11 fn · man . the human product has a half­
! ife 2 to · 3 - t imes - longe r : than : ho r se · se r um ant i toxin, and - fo r · th is reason ( i t) may be 
used in smaller quant i ty'l (4). Howeve r , expe r imenta l studies of te t anus have demon ­
strated that -any form of - the rapy which -prevents dea t h-must be - i n i t ia t ed pri or to t he 
development -of clinical signs o r · early in t he cou r se of tetanus (23) . Also , wi t h the 
intravenous -route of -adminis t rat ion - i n man; a h igh level i s ach i evable at a much ea r l i e r 
time (6 hours versus 48-72 hou r s fo r i ntramuscula r route) and the h igh leve l pe rs i s ts 
just as long (7 days) . ·Hence ; i ntravenous · i njec t ion · has · gr ea t e r theo ret ical advantages 
than the intramuscular - admi ni st ration ~ · i f an ti tox i n i s to make a d i ffe renie . The equ i ne 
antitoxin can be given · Jv; -but · hyper immune human global in · mus t · be g iven IM. 

An -analysis of · pat ient · groups gt ven ·both homologous and heterologous an titox in has 
been done -recently by the NCDC : (12) ; A-case- fatal i ty rat io of 55% was obse rved in 97 
patients receiving SO;OOO .or more · un its ·of · an ima l an t itoxin, but a substan ti ally h igher 
ratio (70%) was noted in -77 : patients · receiv ing less than 50 , 000 un i ts . However, t he 
case fatality-ratio for : S8 -patients · receiving ·more than 3 ;000 units of hype ri mmune 
human globulin was 78%, -wh fch was no -d i fferent than that found in 70 patients rece iv i ng 
no serological - therapy for tetanus - (8t %) ; They argue that . 1 uni t equals 1 un i t i n t e rms 
of protection; · and · they · conclude · that · la rge r quantities of hyperimmune human globul in 
may not be necessary . 

It has -been our impress ion · that · t he case- fatality rat io a t Pa r kland is h ighe r now 
than · the 13%-reported : by : Dr ;: Jenkins · th rough 1962 (19) . Hence a review of the cases 
of tetanus -s i nce hype r immune · human ·globul i n has been util i zed at Parkland might be in­
structive . 

A~e G'rou~ 

Number 

Died 

Type of .i njury : 

Com~lications : 

1952 - 1962 

Number 

Died 

NO. OF PATIENTS - 8 

Date  1966 - Present 

Neonatal 

4 

4 

3) Cord t ied with 
string -

1 ) Cord tied with 
rag 

Gl bleeding 6 
Pneumonia 4 
Renal failure 4 

1-50 

0 

Spl i nter 
in 
arm 

> 50 

3 

3 

1) Gangrene 
J ) Bu r n 
I) Unknown -

greenhouse 
employee 

Total 

8 

7 (88% 
case-
fatal ity 
ra ti o) 

Neonatal 1-20 21-50 > 50 Total 

10 

4 

39 

2 

10 

2 

3 
0 

62 

8 (13 %) 
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Hence, our record is not as good at the present time as it was in t~e period through 
1962 . Part of the reason may be that the majority of our patients are in age groups with 
high case-fatality ratios . 

In add i tion, the use of large dosages of equine ant i toxin may have been a factor, 
although this is hard to prove . 

Complicat ions: As noted in the r eview of recent tetanus cases, significant gastro­
intestinal hemorrhage is a prob l em . The use of atropine and antacids might be of value, 
although this is not proven to be of value in preventing Cushing•s ulcers. Renal fail­
ure has been a problem, pa r ticularly in the elderly. It was secondary to Robaxin i n one 
patient, since this pat ient developed renal failure and metabolic acidosis soon afte r 
receiving large quant iti es IV . Compress ion fracture of the vertebrae is a possibility 
and x-rays of dorsal and lumba r vertebra should be obtained (19). Some patients wil 1 
have a prolonged period of galt diff iculty and jerky .arms . Escessi~e weight loss and 
muscle wasting are considerable - problems i n those that survive, as illustrated by a 
40-lb . weight loss and the requirement of prolonged physical therapy in the one patien t • 
who survived . The most dreaded complication is that of gettlng .tetanus again. One 
attack · does not confer : immunity to a · second attack (24) . In a review of the problem in 
India, a 0 . 5% rate of recurrence was · noted · (25). Hence, any patient who survives must 
be given adequate immunization with tetanus. 

Prevention : 

The best approach to the prevention of tetanus is to provide immunization programs 
for all. The success .of the prog ram in the United States since WW II is illustrated by 
the mortality rates which reveal · a problem primarily i n the neonate and the elderly . 
Yet, there exists a large population of young mothers in the rural south, especially 
in Texas, and of elderly who are un immunized . It has been demonstrated that immuniza­
tion programs in pregnant females in underdeveloped countries decreases the incidence 
of tetanus neonatorum (26) . We should develop a statewide program for rural areas to 
immunize the mothers and the young . 

In addition, at Pa r kland, we · could initiate in earnest an immunization prog r am for 
our clinic population, since :we serve the elderly from the socioeconomic group with the 
lowest immunization history . It has been demonstrated recently that if one adequately 
immunizes i ndividuals with toxoid; · one can provide protective levels of antitoxin 
which persist for a duration · of 30 years (27) . It has been calculated that the risk of 
developing tetanus at the · end : of · 12 years i s 1 per 300~000,000. Therefore, if the bas i c 
immunization program . for adults of two doses of Td (which i ncludes smal 1 quantities of 
dipther ia · toxoid) toxoid 4 to · 6 · we~ks apart following by a reinforcing dose 1 year la ter, 
booste r inj ections · would not have :to be given with each wound ·or laceration . Considering 
the cost of hyper i mmune · human · globul i n ; this is an inexpensive project . An appropr i ate 
beginning would be in ou r · cl i ni c ~o~ u lation . 

Once individuals have this course of immunizations, it would no longer be necessary 
to g i ve booster doses with injury. In fact, a number of studies indicate that harm may 
be done by giving too f r equen t boosters (28, 29). The reaction that occur include local 
reactions with swelling, pain and mala ise , urticarial reactions and angioneurotic edema . 

For those individuals presenting with a wound and no history of previous immuniza­
t ions, passive prophylaxis should be employed . Because of the advantages of hyperimmune 
human globulin (pe rsi sten t levels for longer periods and lower reaction rate), it should 
be employed · r ather than equine ant ito~in . · The dose recommended is 250 units (30) . How­
ever, just as 3,000 to 5,000 un i ts of equine ant i toxin were not completely protect ive, 



the hyperimmune human · globut t n: t s · not either, as demonstrated by the case report of 
tetanus deve1op i ng · fo11owing - pass i ve · prophylaxts with human giobul in (31) . 

1 I I . · · Diseases -Caused - by the Toxins of Clostridium perfringens 

II. 

Toxins elaborated - by Cl ; perf rt ngens produce wound I nfections (gas gangrene) entero­
toxem ia, and food . po l son f ng ; ~ _Gas : gangrene · and the : toxemia are . due . to . the alpha toxin 
produced · by C1 : · perfringens : ( t 3) ; . This toxin is an extremely lethal toxin wh i ch has 
hemolytic and · necrot i z i ng . features ~ The toxin (lecithinase C) is an enzyme which cata­
lyzes the hydrolysis · of phosphoryichol i ne : Si nce lecithin is . widespread throughout the 
body, for example, in red cells, the enzyme can · have · multiple and devastating effects . 

Gas gangrene (clost ri d ial ·myonecrosis) is a rapidly spreading myonecrosis of 
healthy muscle followlng ~ i nfect i on · within severely injured muscle, particularly when the 
blood supply to the muscle has -been · Interrupted ; · The clinical diagnosis can be made 
when there is · sudden severe · pain i n the affected pa r t ~ local swelling and edema and a 
profuse serohemorrhag i. c : exudate ; · These · symptoms · and · signs are frequently assoc iated 
with a ris i ng pulse · rate and -shock (32) ; At surgery, the muscle color will be altered 
to a p ink i sh-gray o r · a slate- blue :color . Bubbles of gas may be seen, but there is not 
much odo r (unless i nfect ion is present wi th other orgdnisms. Surgi.cal treatment is 
essential ~ and complete debr id ement the major consideration . Penicillin G. in high 
dosages is the ant ib iot ic .of choice~ espec ially -when septicemia . is associated, . but it 
is only an adjunct to surg i cal · debr idement ; · ·Tetracycline has been recommended in the 
past, but a · recent · report demonst rated resistance of · Cl. perfringens to tetracycline 
(33) . Equine an t ltox i ns : have been ut i l i zed, but their value is questionable, and we do 
not recommend · an t i t oxin the rapy . 

The cl inical man i fes t at ions of toxem i a i n association wi th Cl . perfringens 
septicem ia ·a re : prl ma ri ly · seen · i n· cases of · ute ri ne · gas gangrene . This may occur follow ­
i ng man ipulat i ve procedures , such as · i nduced septic abortion or caesarian section, and 
has been seen :as a · comp li cation · of · cho ri ocarcinoma (34, 35). The characteristics in­
clude the very rapid · deveiopment : of : e l evated · temperature, : jaundice, hemoglobinemia and 
hemoglob i nuria, . renal . failu re ; and shock . · As a · result of intravascular hemolysis , the 
hematocrit can drop precipitous l y; : and -hematocrits of 2% have been recorded . In addi ~ 
t ion, the thromboplastic :act ivity : released · from · red .blood cells can initiate intra­
vascular coagula t ion, ·which i n £urn · could -activate · the fibrinolytic system (36) . 

Even i f the · patient · su rvives · the -onslaught of the acute hemolysis and intra­
vascula r coagulat l on ~ : she wil l f requently have anuria for a long period . The differen­
tial diagnosis · i ncludes : gram- negative bacteremia with · shock and anuria develop i ng as 
a result of greensoap : used : as · tbe · abort i facient · (35) . Treatment should include high 
dose penicill in, d i latat ion · and · cu rretage · of the uterus and injection of 100,000 units 
of Cl. pe r fr i ngens ant itox i n; .X-rays ·of t he pelvis · should be taken, and if gas is 
noted in the uterus, hysterec t omy wi ll · be necessa ry. 

We have recently rev iewed · sept i c : abortions at Parkland ·with bacteremia (37) . Cl . 
perfr i ngens ·was · an · uncommon · o rgan i sm ; · bu t · a s ignifican t -cause of mortality. 



Septic abortion 

Positive blood cultures 

Deaths 

Organisms: 

Peptostreptococcus 
(anaerobic streptococcus) 

Bacteroides 

Both 

E. coli 

Pseudomonas 

BH . Streptococcus, Non A or D 

Cl. perfringens 

Ente rococcus 

Engerobacteo 

Mixed 

40 

2 

1967 

140 

41 (29%) 

12 . 

The two deaths in 1966 were in patients with gram-negative bacteremia who developed 
shock, renal failu re and intravascular coagulation. - The death in 1967 was wlth Cl . 
perfringeQs and -was associated -with -shock, hemolytic anemia, jaundice and renal failure . 
Both the organism from this patrent and ·from another patient with Cl . perfringens bacte­
remia who did well · produced - large quant f ties of alpha toxin in vitro. 

Food poisoning with · Cl . perfringens occurs rna rather characteristic fashion . The 
incubation period may range from 8 to 24 hours (usually 10-14) following the ingest ion 
of food heavily contaminated ·wtth -Cl. perfringens (38). The symptoms include the sudden 
onset of abdominal pain with nausea but : rarely with vomiting and diarrhea . The course 
is short and the patient · is well ·within 24 hours . The heavily contaminated food is 
usually a meat -dish or · gravy .prepared : one day previously and served the following day 
after sho r t warming . - -The · food is -usually not spoiled. The spores in the contaminated 
food may be converted to vegetative forms by · boiling the food for l hour. The nature of 
the food po i son i ng · factor · is not known, -but it is not alpha toxin (39). 
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