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3y 0harleß Slên, M.8., 3.S., (Àðclelôc) .

llÎha rer agalnst ôlse¿¡c In all lüs forns prescnts a stlmlng
ehellcnç entl nalatetne c keen anô never-falllng lntere¡t. One of
It¡ setl¡fectlons ls thct thc battlc llrc never retreats and, rhlle
progfess nå,y prove slor, cach galn te h.lô and. for¡¡s tbc ba¡c for
fr¡rthcr aôva¡cc. tthå oglc ôlfflcult thc obJcetlve, ths greeter le
the lncontlvc for cttack. Iufantlle paralyslr, anô thc posslblltty
of lts preventlon aad suror bolcts e pecullar appeal, cçoolally to
tbosc rho love chlldren. Other slnllar problens, no lcss d5.ffiorl.t,
h¿vc la the entt yteld,cð to trnrslstcnt a¡rô tl¡avoteci reecarch andl. thc
solutlou hss been for¡nù.tl

Jcrcnlah MlLbank.

A.

In reccnt ¡¡cers no acutc lafcctlous dl sceec bas bcen s tualleal Étb

greatcr lntenslty thaa pollonyelltle. Íhâ faolllty lltb rhlcb the

òlseasc oas bo reproduceù ln nonkeys bac resultccl l¡ mEqy vel,ua.ble

oontrlbr¡tlons to tts pathology, yrt clesplte then, a conslderablc

rl.egrce of onfu¡lon ¡t111 erlets !n regarcl to th¡ ¡nrtal of ontry

of th¡ vlnre, Lto, ncthod. of oprcail rlthln ths organlsn, anfl tbc

rcacon for ttÉ preôllectlon for tho Eotor ncurones of thc anterlor

bornE.

' IhÊ tbcets subnltted, ls bagctl on a pathologlcal exanl¡aülon of

clght cageE of pollonycUtls, wrclertaken tn the hope of throrlr¿



3.
a

1. .

2.

lfgbt on thê reletlvc EusceptlbiLtty of ôlffcrcnt cclls ln thc coatrêl

Dervous ¡ysteü anô on the portal of cntry of tb6 v1ru3.

It tc lntcntlccl to trecc the ôevclopneÊt of thc patbology ancL

¡ratbogencsls of pollonycllttE r{¡ to t}rE prcscnt tlne¡ to gubnlt tho

roðu1tl of thc rËBearch r¡nclertaken¡ anô flnally, to lnellcatc rhcrcla

tü le oonsld.credl the tbcsls eôvancês neôlcal krowlcôge.

Eclne to Charoôt.

gno hr¡nôre¿ yeers ago then Eelnc (1840) publtsheô bts ftrsü nonograph

bo ¡ot only placeô the dlsease on a sound. cllalcel besls, but he also

subolttctl a theory aonce¡nlug lts pathologlcsl anatony, anð thue paveô

tbc ray for all subsequent regea.rch. Eelne fron a loglcal analysia of

thc slgns anit synptons of tbe illsease postulateð a leslon, Hsf the oord,

of a¡ lrrltatlve anô oongestlve sortrr the oongcstlon lcadltng to an

cxudate çhlch causeal thc paralysla. Ee eallecl atüenüloa to the faot

tbåt lltbc.graôr:al rcctuctlon of thc paralysls, both ln extenü anè ln

tnùenstty, glv€Ê g¡foì¡ûd. for tbp bellef tbêt lt le ôue to thc gfedr:s1

re-abcorl¡tlon of cnrcl¿tc srouûd. acrrous elenente, rhereby tb¡ lattcr êrc

perttalþ rellevcò fron prcssurc.lr In nrp¡nrt of hle hypOthcEl¡ bs

polnterl to the gre,y roetter of tbe eplnal corô aE betng tlthc oblcf o]¡anncl

of @üor aetlvltyrH and. tttb prophctlc t¿atght f,Gnt on to sayrn -----

hontng th¿t the gres¡ úatter ls so r€II supX¡lled, rltb blooô ve tscls that

I
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aaotôGnta.I plctbora nay easlly eeusG cxür¿vasatlous, rhllc thc gray

nettcr lg cæcoôlng1y ltab1s to arffer f¡un varlatloae ln lte autrlncnt,

horlag tbat ùhe ¡ectloaa shor etropùy of thc gray natter to bc th¡ oau¡c

of tho paralyslr, that 1g to hlnôcr ug fmn ùccluclng : the cause of thc

rl.lnlnutton of notlllty fron tba s6e factor¡? Íby ghotrld, rc not åuptrþsê

gono acute pnoccsÉ to takc placc, thlch csusco a¡ elteratloa ln ùha

gray nattcr" lnpalrs lt¡, coudr¡ctlvlty' pnotluccs thc p*ralysls ln ths

lorcr llabs, enil, by affcctlng thc nutrltloa of the gray nattcrr oêusss

acoonclary atmp\y 1n lt?r

It waa e nattcr of regrct to Eelne that througb lack of ¡tost-nortcn

natort.al of hle o¡n hc raa r¡aeble to conflrn hls assur¡rtlon. Ebcrc

¡rGEs llttlc doubt tbêt baö lt been ¡vellablc bc rorrlô bavc ne,dc tbø

illscovcry ercôltcd to Charcot ancl rloffroy (1870) thlrty ¡¡eêrs laùcr.

Ncvcrthclcs¡ be rcn¿laeô coavlnceô thaü thc soat of the patbologloel

procoss was ln thc splnal corè, as ls shoçn tn hlc reply to Bllllct a¡il

Sarth¡z (f86f), rb oplnscô htg vlcrs on ùhc grouuè of ncgetlvc

DecÍtscoplo fl¿dlnga et autopsy, Eclac rrotc, flIf guch pcoBle, rbo orc

only too prone ùo gl.ve thc nane tccscntlal lnferitllc parelyslel to or¡r

ôllcasc, bcoause lt avptðs thÊ allfflcnlty of spcolfytng the netr¡¡s of

thc llIacse, brlng to nc scetlons rhlch sbow no leslons of thc ncrvc

ocntrcs, I rculô aôvlgo thcu to usc tbc nlcrroocopo¡ lf thts alao falls

to rcvcal a lcelon I touldl strggeet thêt, lf at the present tlne ohengcs

aro not sv1tl¡nt to our eye, lt le the laüter rhlch ls at f¿ult.B

lnoag thc autopslee clteù by Eelue,f,€rc thoec perforned. Þy longot

anti Èy Eutln (f8e7¡. I¡ übe former autopsy therc ras narked, atrop\y of
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the anterlor roots and the correspondlng lunbo-sacral nervesr but no

lesions were detected Ln the substanee of the splnal eord. In the

Iatter autopsy there was an extraordlnary atrophy of the spJ-nal cord.

These nust be lookeit upon as the ffust positive finrtings at post-mortemt

even though they were based only on na,croscoplc exanination.

In 186õ Cornil published the fÍrst report of s. microseopic

exaninatlon of the spinal cord of a case of polio4yelitis (a woman,

dying of cancer at the age of 49, who had contracted ir¡fantile paralysis

47 years before). He found that there was well-ma.rked atroply of the

anterlor and lateral columns especlalþ in the thoraeo-lunbar reglon,

together wlth arylold bodles Ln the anterlor horns, most nr¡merous ln

the vlolnlty of the blcod vessels. Ftrthernore he noted the absence of

anterLor horn cells¡ but conpleteþ falled to reallse the sfunlflcance

of thls f-nportant faet. ThusrnOn voit une cellule nerveuser Qui est du

reste 1a seule qui montralt cette préparatLon; nais sr¡r les coupes plus

épaisses nous avons rnr que les eellules nerveuses éttient intactes et

avaient conserve ler:rs rapponts nornaì¡t(.rl

In the following year laborde (1864) reported two cases in whieh

there was eonsiderable pnolJ.feration of eonnective tlssue in the

anterl-o¡ and lateral colunns¡ but Ln r,vhich the anterior horn cells were

apparentþ D,otrnal.

Prévost and Vulpian (1865) went dlstlnctþ further; they observeci

atroplry ln the anterLor and lateral co}¡mns and, in addltlonr Clstortlon

and dinlnutlon ln the nr¡mber of anterlon horn cells ln the lunbar region

of the splrnl cord.
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Thelr report rÊs ønflrneal by Clarke (f 868).

Ch¿rot to BlEgIcr.

-

Iü was left to Qbarot anô Joffroy (1870) to reallse the firndaoeatå,I

slgnlfleance of tho lOss of tho gangllon cells, antt thelr work must

thsreforE be regardrerl ar leylng thê fou¡il.atlon of tbe nlcrropathologr

of thc ôlsease. [hslr obscrv*tlons rere be¡eô on thp e¡a¡¡ln¿tLon of th,e

splna.l aorô of a tonan ¡gcô 4, tb h¿ô eufferetl fron en attaak of

poltonyclltls ¡t tb e6O of ¡evou yc€ù!s. It res noteil thet the leslons,

crpealally tn the ocrrÉea"l anil lnnber cnlargptenta, terrg @ro ¡9?619

on ths lcfü slele of ühe oorit tba¡r oa the rlght, andt ùhat loss of Dotol

Iþw6r anit atrophy of tho nugaleE rêre also norc pronounceð oa the left

slds. BeoaugE of ùhe correlatlon bctteen the looalls¿tlon of the

cha,ngsa ln the spln*l oorô ancl the dlgtrabutlon of the par¿Iy¡6s, Cbarcot

and Joffroy concludoit tbåt tbe ôcgsneratlon of the antctlor born cell¡

rcsulted[ ln trophlc ehangea ln the muscles. üoreover, rla vlev of ühe

abaenoc of any tnre tnflamatory or hasnorrhagl,o cbangss thsy lnfcrretl

ê prlnêry affcctlon of tho gangllon celle wlth ths pmôuctlon of e

certala ôegree of gecond.ary reeotlon ln tbo nelghborrlng lntcrstttlal

tl ssueg.l

Ehe aonolusLoas of ühace fl:'thors roro aup¡nrteô þ Parmt antl Joffnoy

(1870), wb eæmlned tbe spi.nsl corit of a ahll.ô rho 01Eô ona ¡/€€ùr after

the onget of the dl.sEarc. [bey for¡nô va¡cular oongestlon anil pcrlvaaoular

lnflltratton la rogtone thore thc notor oollc of the antcrlor borns oppea¡¡

eè norn¿I, rhll.e la rcgùons wbÊre thege oells rere effccteô, there raa

no apparont cbange la tb blooil. vegsêls, lhey üherefore egreeû rltb
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CbÈtæt a¡ð rloffroy that ühe pethologlcal procâss lor prln¿rlly parenùy-

natoug.

llbe oatrary vler ¡¡as Euggostcô for tbc flrsü tlne by Eogcr anil

Da,ne¡ohlno (f8Ê)r rb e¡enlneit tÏ¡rec lcss chroolo ca¡e¡, d¡rlng ?tr 6

anrf IJ nonths aftcr tbe onset of the ôlacase. On aecor¡at of the Ðerkoal

va¡oul¿r ohangoc and. aell prollfcratLon, cs¡lcclelly ta tho anterlor hom

they ralseal th€ qrnstlon ae to thsther the change nlghü rct be prlnartly

E

lntEretl,tlel.

Durtng thts pertocl, lt ças bsconlng lncreaslngly ovlôcnt to ollnlc-

la¡s tbet ùbc {l¡e¿!c ral not oonflneù to cbllôren, but tb¿t ocoaslonåI-

ly erl,ult6 rore effcatað alæ. the ftrst to oonflrn übelr observatlonE

p¿tholoeleally ns Cþnbault (f 871). Exanlnaülon of thp Dervous rybtcry

of e pna¡r agEô 67, rho haô sudJôcnly ôeveloPetl a flaocld. paralysls of

thc cxtrenlttas oü the age of 60, revcalcô at¡ophy of the anüerlor horn 
I

cell.g antl ths corrog[tondlng ætor &rot8, together wtùh ilegeaeratlon of

nerv€ oellE ta th¡ þpoglocaal nuclcus. llhls tss the flrst reporù of e

buLber lcslon la ¡nllonyelltls.
Conft¡matlon of (þnbaultra results cme *[th the rc¡nrts of Petltflls

(187r), ErÞ (181!), Lcyûcn (1875) anô schultze (1878).

Ia 1873 Eotb rqrorücat thc renrlts of the patbologfcal e¡a,mlnatlon of,

e cl¡ilô of üro ycers, rho illed of rllphtberla Il nonthe ¿fùer an aütaelc of

pollonycllüIs. 8e notctl atrophy of nerve fibres and loes of gangllon

cel,ls ln tb h¡¡bar regioa of thc splnel ootcl. In ¿iLôltlou there ças

conneetivc tlssue bypertrop[y anù granrrler cells Íôrê preEent la the

|!
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aôvenültla of übe ve¡scls. Both oonolud,cd. that the pethologlca.l proocss

ras BrtE4rlly lnteretltlal.
ÍlEcnlohr (1878) contrlbutctl tbe flrct ecoou¡t of tbp patbologlc¿I

cbangea t¡ tbe asutc stage. Els papcr tan ¿Igo of lnlnrtancc bccauee lta

surmary of cerlLer rork cnpbaalzetl tbe oonfi¡slo¡ edstlag eù th¿t tlne

beüween lla,nêqyta paralysls anil tb aeosnrllng forn of ¡nllonyelltls.

thus ûqrden anÖ Ïlcetpbal bclleved. tb'at l¡anilrll g parslyols ras ô¡¡¡ to ao

lsol¿tcd. lcslon !a thc neðrlla oblongeto, wbllc va.n de VeLôo bçllcvetl

tbaü thL¡ ls¡loa r¡¡s os¡oclateû rylttr lnfl¡rnnr.tery fool ln tbe eplna'I oorô.

0n the oüher UenA OlJerlne anit (þtz nalntilneò tbåt the oenüral nervous

systcn tn Iønitryls perÈlycls res free fro¡¡ lcalonr, anil thet oa86s st¡ph as

Klcverle (reportcd. In 0b¿lvetrs theEts, f87f) w€re cåsss of eentrêl

nyelltls ¿nil not of Landryls parlLysle. Slsenlohrls o¿ge laE that of a Q2

year ö1ô brloklayer rho ôtaô I0 days aftcr ths onsct of the dlseasc çlth

paralyele of alt for¡r crtremltles anct Srrptoms of lnmlvenenü of the brela-

stem. Mlcroscoptc exanlnatlon revealetl congcstlon of the ptal vessels a,nd'

enrdaülon aaö extravegatton ln the splnel corô anù brala-stem. Ia the

thorealo reglon of the epl¡a1 corô the ganglton aells çere süollcn, whllc

ln ühc traln-stm tbre rere ntnutc baerrcrrhagps anù colLectlons of ¡ounô

ce1lg. !lsenlohr concluôeiL tbaü fi¡rüher rork tas neoe tsary bofore

ncgatlve patbologtcal fintltngs oulô be ass'uneð for ths eentral nervous

syeù€m ln Lanèryls Parelyslc.

I olcarer dÞrcrlptlon of the aautc stage ras gl.vcn by Drr¡m¡nonô (1885)

Els case ras tbat of s flve year o1ô girl rho ôleô fron resptratory
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pårelysls 6-7 bor¡rs efter the onEet of the dlseaEe. In tbs corvloa,L

reglou of tbe splnel corô vasgular congpstLon ras n¿rketl a¡ô the gangllon

cclls rere gra,nr:lar, srollen anô 111-dcfl.neal. Is nost of.tho g*ngllon

cclls ühe auoleus hatt illsappeareð, anrô ùhc ocIl processes were ao longer

vlelblc, In adttlltlon tbere tere nt¿utc hacmorrbages antl lcucoeyüle

lnflttr¿tlon. Aothf Monoy (f88¡), anò hrtna¡¡ (f881) haô tlra¡nr ettcntlon

carller to ühe f¿ct thäÙ thc patholoeÈaâl ehqngpe rere not coaflaeil

excluslvely to the a¡terlor horn¡, buü tb¿t thÐ Ingterlor horns a¡lô

rhltc natter sere lnvoLvcô as treIIi Dnm¡mntl oonflrneù thelr flaðlagr

anô potntcil ouù, llke Putna,n, tha,ü thß te¡n Ëanterlor ¡n1loryellül.en,

lntrottuoed, by Kusmaul, tets therefore not aÐProprl'ate.

Durlng tble perlod. tbs qrrestton las ratsed' es to whsüber thc

pathologloal pmocsa ras prlorâ.rlly pa,neaoh¡rneùous es Ohareot oontoaô€ôt

or prlaarlly latcrstttlal as haù Þcen suggccted by Boger ancl Damasehlno.

Froo üh1s illssusslon üh¡ec nela vlows dsveLopeô.

pfJorlne (1878), staôclna¡n (1881), Rlseler (1888)r wtr Kalrlôcn

(1891, 1894), Dccgartl (r88g), Gowcrs (r8ga), Mönckeberg (UoJ) anô

Brrrlnlng (t904) rupportcd 0harootlr thoory. In onc caEe Rlsslcr for¡nd

thet thÊ nerve cells showeô grenuler clouôlng of übe cyüoplasn or eouplctc

chronatolyelc, thllc the vessels wore oaly at an early stage of cxr¡(l¿tlon.

In other c{ì6es rhere the lnterstltfa'l tl.s$res tere strongly affccücô, th.

ùeggec'of ctegeneratlon of the gmgllon acll¡ res e¡tremcly varlablc. Ec

coaoludcct, liherefore , thaü tho gangllon oclls lcre prlnarlly lnvolvetl' ty

the causal agent, åDô that the lntcrstttLal tlseuos, lncludlng the blooð

vcssels, r€r€ seoonòtrlIy affecüc(I elther by tho sa¡!ê ageat or by tbo
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prcilr¡cüs of itcgencratlon of the gangllon cellg. Von Kahltlcn (f89t)

potntctl out that thsre rag dlcparlty betwcen the d.egeacratlon of anterlor

horn oerr¡ and' tho ryertnateô neflto flbres peeelag t'hrougþ ühs reglon of 
f

ths a¡¡teÍlor borns, and. argrreal tbst lf thß pathologtcel proccsE rere

Lnterctltta,l thr cffcct oa ths gangllon ccLl¡ enô nerve flbres ¡houlô be

perallal. In a l¿ter papct (f894) he ôrer aütcatlon to übc raplil on¡et

of th¿ parolysls anù cosrlclcrcô th¿t tbls ooulè rot bc eqrlalneô lf tho

proce.s tcrc prlrerlly lntcrstttlal. !úoroov€r, b attEobocl overrhelntng

lnportanee to th¡ ôlcappcarancc of gangllon ooIIr ln groups, and. n¿latalncdl

thet eny leslon affeetlng thcse celle seooadêrlly tbrougÞ thelr bloodl

su¡ply u1rst be dttffueE. Möaokeberg thoqþt ühat tb,e proctucts of cl'egener-

ation of tbe öønagetl perenahyma lecl to an lacreasEd. permeeblllty of the

ça11s of the blooû vessEle anô, In aûdltlon, to tho ahenotaxlE of leucoeyt8

anô aôventltta,l ccllg.

.[ seoatt groç of lnr¡estlgaùore lncluÄlng Aoth (I87J), leyAea (1875'

r88O), Sehulüze (1876, rBZB), xllsenrohr (1878), Errrner (1879), Eevlor

(18n), trobanbault anrt Da¡aschl¡o (f881) a¡ô [t¿tthss (f898) uphclû tbe

theory of prln¡,ry lnvolvcnont of the lnterstlttal tlssuc¡ orlglnally

suggeetcdl. by Bogpr anô Deaasohlno. Ebssc obaervera polnteô out thst

¡nrlvaoetrlar lnflltratlon ras frequently prescnt, 
'anû 

ooa¡l'ôerEal thet

tbc prtocrs ra! e ði,ffir¡c nyclttlc rhleh tcnclcô to be norc lntcnac la

parttetrJ.ar reglonc. Sahrrltzc notcð that oftcn only lsotatcè groupa of

cclls tcre offeetcð, anô tbought ühât thls ooulû not be crplalnaô lf tbo

pnooeos rero prlnarlly parenc\roatous.
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Â thlrrl groræ of stuèents of thê ôloease lnoLrrôlng Petltfll¡ (1871),

Dn¡¡nmnil (1885), Dl¡erlnc a¡ù Er¡ct (1888), Daubcr (r8gl), 8,côltcb (1894),

Scbnalbe (fgOe) a¡rdl Sehnau¡ (f905) prefcrretl to lcave ühe qr¡egtlon an

open onrt, and. to Brqrposc ¿ slrraltaneouÊ lnvolvemEnt of ths ¡nreneþuaüous

ancl lnter¡tttlal tl¡sr¡sg.

BleEIcr to Jlllow-Ean¡en anit Eerbltz.

Ehe f,trsü great Swed.lsh cplctcmlc (1887), enablcô lÁetlln (1890) to

anpllfy Edaols clo¡glcal rlescrlptloa by tbs reoogulülon of, cerebra"l,

bulbar, ¿t¿d.c ¡nd. ncurltlc ty¡rcs of thc ôlseaee, Rlsslcr (1888) baesd

hls ln¡nrtant eoattLbutloa to tb patbologr of ¡nllonyeUtls on ühs

fata,l eoscs of tbts cpld.enlc. Ia all tbore rerc flvc o&sc3r three of

çhlch r¡re la ùbo asuüo ctegÞ. tcslons terc formdl not oaly ln tbe

¡plnal oorð, hrü aIæ ln the mituLla anrô pons. Ebero waa lncrsa¡ed.

vasoul¿rlty of übe pta n¿ter ln onc cegE anô of ühc dura naücr ln trro

oaec¡. Tb¡ougbor¡t ùbe eplnel cord anil braln-stm vasor¡lar ooagesülon

wa6 serì.rc a¡rl tr48 esEocleted rltb tbs c¡¡deülon of flulil. lhc pcrlvasetrlar

cpâ,esE rcro cra¡¡ncil rlth lcucocytca. Atthough tllapcôerlc of rotl blootl

corpusole. ras frequeuü, actr:a1 haemorrhate trêB ra!e. Ebs dsgree of

d.cg€nctotlon of ga¡gllon oclls ras varlable, rênglr¡€ fron granular

clouôlng of thc aytopla¡m to oonplctc d.lglnüegratfon. Rlgslcr ras the

flret to ôescrlbE the phenoncaon hown aB aeuronophagocytorls. Fr¡¡thor-

orc b raE the flret to rlrar attcntlon to the lnvolvencat of übc

lynpbatlo sycücm ln ¡nllooyelttls¡ ln çhlah he fourd. sofücn1ng of the

aplecn, anê cnl¿rgenent of tbe lpph folllcLee of tbe lntc¡tlne anô of

the qccEntcrlc lyrph gfl.anile. RLscler¡ s ola¡slca.l ôcrorlptlon forms tho
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Èacls of the nodern oonceptloa of the patbologr of the d.lscase.

IÞuber (1891) ras the flrst to ilcscrlbe l¡flltratlon of tho pla

natcr. Elc reporü was conflrneil ln tb sa.ne ¡laar by Ooltlsohe1d.cr, and,

lstcr by Ïflcknan anô by EerbLtz snô Soheel.

Íhe possfbtllty of a vessular orlgln of tbs ùlscaoc rar nlggestcil

flr¡ù by P€tltflls (1873), a¡ô l,ster by Moaey (f881) antl Putnan (f883).

In 1889 Barka showcô, by means of serlal sccttons, tbat ther€ Ía6 a

coaneetl.oa bctçcen tbc locallsatlon of pollonyclttls lcgl,ons antt tho

cba,agce ln ühs ves¡cle. In tbe gane year lfadyl publlshÊd. hls rork on tb

tllstributlôn of blootl vessels rlthl¡ thc splaal cord,, vhleh Ledl lÁa,rle

(1892) to nrggset thst the legtons wcrê ùro ts cnbollgn or thronÞo¡l¡

of the ocntrel ertcry. (þlôechel.d.cr (f8gl) uelng Ka,ttytrs teohn!.qus,

aalæ to tbe concluslon that the locallsaül.on of the d,lsease sas du.o

to vaesul,er cha,nges, and. postulateä thÀt the veseels ln tbe eentral regton

of the rplnal coril b¿d. certaln ¡rcullarltleE ln thelr walls anô that the

cond.lülons of pressr¡¡e ln the atlJacent etrona. rere dlfferent fæn else-

where. Ee regard.eô ühe d,egeneretlon of ganglion cells as eeoondary, ancl

ôue to nutrltlonpl dJ,gtu¡bance. Hls vlewe rero sürongly $¡pporteô by

Slenerltns (1894), [revelyan (1895), Mattbes (r8g8), iflns (1899) ana
n

3ul.ow-Eansen and Harbltz (f899¡.

n
a

lhe report of Srllov-Eansen anil Earbltz (f899) uas baseô on tho

c:¡anlnatlon of tso b¡,otbsrs, agad. for¡¡ anô flve yearp, respectlvcly,

çho ûled. tn ülp acute stage of the d.lso&se. Ehese authors regrctteil



L2

tl¡et the pathologtcal chançs in organs other tban the nervous sysüen

bstl been.largely neglected., for they consltlerecl tlnt a ¡nore iletalled.

exanrtnatlon mlght have resultect ln elues leacllng to the portal of entry

of ùhe causal açnt. In revlewlng the flnd.lngs ln eleven ecute caÊes,

thcy noteð thât cha.oges had been reported. ln the resplratory system ln

four eases, ancl leslons ln the gastro-lntesttnal tract in a slmllar

number. They oonsltlered tbat the chançs in the respiratory systen,

such as tronch--pneumonla, wero sêcondary to paralysis of ühe resplratory

muecles. In tbe lntestine there was E¡relLlng antl congestlon of P€yerrs

patcheE, rhlch ras sometlmcs agsoelated. with enlargement of the lnesenter-

lc I¡rmph glantls and. softenlng of the spleen. fn vlew of ttrese flntLlngs 
1

a¡rô of the lnttlal e¡rmptoms of gastro-enteritls in their two cases, they

suggeateÖ th¿t the rcst prnbable portal of entry of the causå,l agent

was the allnentary canal. They regarded. thg resplratory systenr and oral

cavity as other posslble atrla of lnfection¡ the latter on account of

Daubert s case, Ln which there wes redôening of the rlght tonEfl aniL

enlargenent of the relateè cervlcal lyrnph glanè.

Str$mpell (lSS5), Ìdarle (1UU5), and Meilln (1U90) nalntal.ncd. thêt

¡nllomyelltls and. polloencephalitts were lnfectlous processês dup to

thc same causal agent anit illfferlng only ln the ].ocallsatlon of ühe

l,eelons. In thls vles they werc supported. by Mttlue (t884) who referred.

to the case of tço elsters çho fell 111 at the same tlme wfth strrmptons

of gastro-enterltls and wlth fever. One d.evelopeal a typtcal EBlnal

paralysls, the other, cerebral hemlplegla. 0n account of these

observations B{how-Eansen antt Harbf tz ea¡nø to the conclusion that oases
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such as thelr own, wlth laflqrn¡netory focl tnvolvlng the redrrlla oblongata,

werc transltlonal forms beüween pollonyelitls antL poLloencephaDtisr In

thls regard. tlrey were lnfluenceal particularly by a case reporteel by

Redllch (1894), ln wbfch nr¡merorrs scattered" focl weré found. ln the metlulla

oblongata, the cerebral peðuneLes, the basal ga¡rglla and. ad"Jacent whlte

natter. Ehe ,ccrebral gyrl, however, wsrc apparenüIy no¡roal".

Money (IuEt) and Mott (1U99) had each noted. thronbosis of the

central artery of the spinal cord In one lnsta,ace. Batten (f904) sas

able to conflrn thelr flndlngs tn one of hls three caÊes enô, lnfluencad

by the ex¡rerlnents of Pr6vost and Coutard., consldered thet the ôisease

was thre tO a prtnary tbrombosls of the central artery. He suggestecl

that the thrombosls nlght be brought about by various fo:ns of lnfectlon,

and that lt was nore llkely to occur ln the h:mbar reglon of the splnal

cord, owlng to the greater ôlsta¡rce of lts blood. supply fron¡ the heart.

I{lg vlews were eontested by Buzzarô (f.907) ancl Wicknan (191I). fhe

forrner crltlclsed. the lnterpretatlon of the experlnents of Privost and.

Courtarô, ln çhlch the lnJectfon of Eterfle partlcles (ftne tobacco seed.)

ínto the lumbar arterles of dogs, letl to Enbollc softenlngs a.nê trreri.vascular

lnfittratlon of the whlte and gray natter of the lunbar cord. As

Suzzard ln cltlng the slnllar erperlnents of IIoche (1U99) poLnüeð out,

mere nechanlcal blockage of the central artery resulteô only ln infarcts,

and. lt was only rhen the partlcleÊ tere d.lssemlnated. throu$ the flncr

branches ancl came lnto lnttnate contact wÍth the surrounôing tissrÞs

that pertvascular inflltratlon occurred-, Even then thc lnüenslty of the

lnflltratlon was ôependent on the che¡nlcal nature of the particles3 thus
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in Eochers ex¡lerlnents the lnfilt,ration was nost marked. with kam¿Ia gland-s,

less so wlth Îypha japonlea,, and lnslgntflcant wtth lycopoèlun gtanules.

Wíckman consld.ered tbat reports of thrombosis ln three lsolatetL cases

wcre lnad.eqr.late to permlt of generalisatlon, and. thet as the rcst recent

of these case6 bad. alrea(y Lasted. IJ clays, the thrombosls nigþt easlly

bave been a second.à.ry phenomenon. tr{oreover, the areas of necrosls

characterlstlc of embollsn were neve? seen ln pollomyøIitls, whlle ln

dlseases such as uLceratlve endocardltls ln which eurbollsm of the splnal

cori1 has been denonstrated, there was no preferentiel selectlon of the

gray natter. Finally, ln recent cases the nost narked- changes usua,lly

appeared. wlthin, but never colncfd.eð'ritb, the area of êletributlon of

ùhe central artery, whlle sllghter leslons occurred. outslde this area.

gictrne¿ gg! Ltr g!!9sporar19.Ê.

îhe stud.tes of f,lckrnan (1905, 1909, L911) lnitlated. a nÊrÍ era ln

the hletory of polfom¡nelltls. Röner (f.911) regarded hls worl( ae rrof

exüreme lmporta,nce, not only because of lts extent and lts thorougþness

and. clearness of descrlptlon, but also because of tbe ex¡lert crltlcal

analysls of all the vexeil polnts In the pathology and. pathogenèsls of the

rllsease. He ralsed. the questtons, really for the flrst tlne, of ühe

¡nlnt of entrance, the uethotl of lnfectlon a¡cl spreact of the vlrtls.fl

Wlclnnan regarôetL pot.tomyelltls as an lnfl-anmatory prooese affectlng

the whole of the central nervous systen, lnclud.ing the spinal c6rel,

brain-etem, cerebellum, cerebrïn anô noningss. Ëe founrl that alühough

the pathotogtcal process was u$rally nosü intense ln the gfay n'ltte¡,
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especlally ln the a.nterlor horns of the cervlcal a¡rô lunbar enlargcmonts,

the whlte natter and. pla rnater were Lnvolved. a1so. Inftltratlon of the

pla nater was usually nost apparent tn the h:nbar a¡rô sacral reglons,

ancl cllninlghed. ae lt was traced. upwartls.

The najortty of the cells of ttre lnflltrate were lymphoeytes'

together wlth a relatlvely large number of Maxlnowr s polyblasts. In

the substanse of tbe splnal cord, ehanges were moet evlflent ln the

veseels aud lnterstitlal tlssues. The vEíns rere affected norE than the

arterles, but ln nolther was there evtôence of thrombosls. Mlnute

ha,emorrhagês occurred. not only ln the eeverely affected areas, but also

ln reglons whlcb otherwlse would have been affected only mIldlly. The

baernorrhages were attributed. ln part to the lnflammatory process, and ln

part to agonal oha,nges following the paralysls of the respiratory muscles.

lhe lnflltratfon 6aÍn1y followed. the ôistributlon of the bl-ood vesgels.

Cbanges ln the ganglton celle w6re never fouad. 1n the absence of interstltial

leslons, but the opposlte conclltlon sometimes occurred.. I¡eslons ln the

posterior horns w€re simllar to those Ln the anterlor horns, but usually

were less lntense. Cllnleelly the Oedema wa,s conglðered to be very

lmlnrtaut as lt afforded. a plausfble explanation for the rapiÖ dlisappearance

of a paralysls.

Tflckma¡r consld.ered. tbat the nost probable portal of entry sas the

gastro-lntestinal tract, not only because the paralysls usua,lly began ln

the lower llmbs, but also becauEe of the occaslonal oocu¡rence of vomlting

and t!.larrhoea ln the lnltial stages of the dlsease.
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Harbltz and Schee1 (1907 a) exa¡rlneù autopsy meterlal frtm 1! cases,

IJ of rhlch were ln the acute stage. Ehe lnftannatory changeE were

fo,und. to be nueh rcre cxtenslve than nlght have been expected" fron tbe

ollnlcal symptoms, particular strcss belng leuld. upon the wlile-spreact

lnr¡olvoment of the gray m*tter of the brain and. braln-gter¡. In tho splnal

eorù, ileath of nerve celLs wa.B asBoclatecl wlth ner¡¡onophagpcytosls.

Desplte carefi¡l seorch, lestone in the lynphattc system, slnllar to thosE

noted. by earller authors, were never observed. The tligestlve üract was

consld.ereô to be the most probable trnrta1 of entry.

Î¡eslons Ln the posterlor mot gangl-l,a were noted. for the first tlme

by Forssner and. SJüvaLl (1907), whose flnôlngs were confirmed.ln ths

buman dlsease by Strauss (1910), anrl ln the experlmental d.lsease by

f'le:mer ancl L,ewts (1910) - X'orssner and" SJovaIl also etrossêd- the

lm¡nrtance of neuronophagocytosi s .

& EransmrÞsE* s!. PoIloÆlLlLE g sþgE.
ÂLthough tbe dlBcovery that polion¡relltis couliL bo transnittetl to

monkeys Fes reported. firet by Landstelner and. Popper fn 1!08, 1t was

not r¡¡tl!. the follornlng Srear thet a ôetElled. accor:nt of thelr lnvestigatlons

was publtsheù. llhe naterl¿l usod. ln thelr ex¡lorlnents wae obtalnecl at

the post-norteru on a boy of nlne yea,rs, wbo tllEcl four clays after ühe

onset of the tnltial syrnptoms. A conslclerable quanüity of the eplaal

corcl was suspendecl ln sterile e.e1lne, anù lnJected. lntra-perltoneally

into two rnonkeys. In ad-tlltton two rabblts, two guinea-pigs anô two mlce

wero alee lnoculeted, but with negatlve results. One of the monkeys,

a ]¡orurg Cynocephalus hamad.ryas, becarne lII slx d.ays after the lnJectlon
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ant!. ùlett on tbe elghth d.a,y, wTrile the other, a small lÞ,eaeus rhesus,

clletl on the 19th ôay after tbe inoculation, two daye after parzplegia

bacl first been noted.. In both, lesions in the splnal corcl sinllar üo

those preoont ln the hr¡man dlsease were detected., but they wero morg

lntense ln the CSnoeephalus harnå.d.ryeÉ. Land.stelner and Popper consld"ereal

thg,t the cHsease in nonkeys was brought about by an lnfectious or,Eanisnn,

rather than by ¿ toxin prosent 1n tl¡e ôiseä,seô hums,n spinal cord.,

cLesplte the fact that they were wrable to trar¡srolt the ôlsease to a

seconû generation. Ehey suggested. that as no organlsms couLal be

clsnonstre,ted. by stainlng or culturo, tho causal agent wírs an ultra-

mleroseoplc virus.

Knoepfelmacher (1909) also eucceed.eil ln produclng poliornyelitis

1n a rhssus modrey, but he h¿d. no greater ðuecess ühan the fonuer

lnvestlgators In his attempts to transmtt the ttlsea,se to a seconô

generatlon.

However, durlng the last two months of t!Ot, a number of authore

Incluiling I'lerrer and. Lewls (1909 a), Lelner a¡rd von f,leener (1909 a),

Land.steiner anù Levatlltl (1909), Röner (f9ff), anô I¿nðsteiner anô

Prasek (fgOç) reported guccees 1n serlal transnlssion of the d-lsease

to nonkeys. Thelr suceess was clue largely to the use of ¡þre effectlve

routes of lnoculation, such as the lntracerebral. The t¡ians¡nj.seion of

the cll."*rå to the thircl, çneratlon showed ctearly lte fnfectlous

nature; while the fact that bact,eria-free flltrates of enulsfons of

nervous tlssue, obtained. wlth the ald. of SerkefeLd. canùIes, proved.

vinrlent, enabled l¡and.stelner a¡cl l¡evaêltl (f909) and FleÍner and.
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Td. (1909 t) to conflrm the assunptlon of In¡rd.stelner ancl Popper

thet the causal agpnt w¿rs alr ultra-mlcmscoplc flltrable v|rus.

The iltscovery of the monkey as an anl¡¡al susoeptlble to pollo-

ryelltls lnauguratetl the present perlotL of e4pertmental rè*earch,

tlurlng whlch lmp,orùant lnvestlgatlons b¿ve been carrleô outr noü

only on the pathologlcal changes ln the asuto stage, but aleo on the

portal of entry of the vlnrs ancl its methocl of spread. wlthin tbe

organlsn,

A EHE PORTAÍ. OT'ENTRY OT' THS VIRUS

Ioglcally, before refening to the spread. of the virus wtthin the

orgÊnlsm, and. lts effect upon lt, attentlon ehouLd. be patcl üo tbe atriurn

of lnfectton. It has seemed. advtsable, bowever, to postpne tllsousslon

of thls problem r¡nttl later ln the thesls, when lt wlll be consldered.

ln conJuetion wlth the results of the lnvesttgatlon.

(2) .

3. .

(r) FrrE sFEûaÐ 0r rHE IW.Ë To @ oENTRAL_ NÐRvous srsfæ¡,r.

lhe Vaesul¿r Route.

One of the læst obvlous routes to suggest ltself for tÏ¡e conve]rance

of the vlrus to the central nervous system, ls the blooô sürean. Although
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üransmlsslon by thls routê Fas favor:¡ed. strongly by Harbitz and' Scheel

(1907 a), and. Iater by Draper (1917, I9J1), it must be ad¡olütecl that the

avallable eviclence does not lenô nuch support to lt.

For lnstance, the virus lu¡,s nover been ôenonstrated In human blood',

ilespltc the uee of large quantltleé (|,elner and von Wlosner (f909 t)'

Strauss and Er:¿toon (19f0), trle¡mer anô Cl.q,rk (1911), Clark, Sraser ancl

Amoss (1914), trIerrer (rgrl), an¿ Àmose (1928)). Hurst (1916) conef.ùere

th¿t the negnttve results wtth hr:man cerobro-Eplnal fluldl and. blood.

should be treateô wlth re6erve, ln vlew of the tlifficr¡lty of establlsblng

ht¡mnn pollomyelltis virus In the rnonkey.

On the other hå¡d, ln nonkeys, Flemer and f¡ewis (f9ff) were able to

ôenonstrate the vlrue at the height of the ôlsease, but only when a

large volume of blood (2j cc.) waa used.. lelner and von lliesnor (fgff)

and Ctark, X'raser and Amoss (I9I4) could. obtein poslttve results ln

only 1 out of ! and. I out of 10 lnstanoes, respectlvely.

fhonpson (19]0) enùeavourecl üo ascert¿in whether the celluLaT elenents

of ühe blooô of lnfectecl nonkeys sonteined. the vlrus ln any greater

pro¡nrtlon tban whole blood., but hls reeults were n€gatlve.

More recently Gordon and Lennette (1919) have attompted. to d.otect

the vlrus tn the blooô strea,m, by glving multlple transfuslons of blood

obtalned. from lnfected. monkeys, to nonkeys whose haem¿to-eneephallc

barrler had. been damaged. by lntrathecal or lntracerebral lnjectlons of

stÐrch suspenslon or horse seruuz They were wrable, however, to

denonstrate vlrus n.. ..by üheEe means ln 14 sample of blood ranglng
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ln volnrne from l0 cc. lo 45 cc,, taken fron paralysed. monkeys, nor in

28 sarnples, I cc. to J0 co. ln voluue, fron infected. noukeys before

paralysls aptrnared.. lr

Attacklng the protlen fro¡o another ang1e, t'Lermer ancl lewls (1909 c,1!I0),

anô I¡andstelner and. Levad.ltf ( ]^?22) succeeðed ln proôuclng ¡nlfomyelltts

by lntravageular inJect,lon¡ but as Clark, Ilraser anô .[noss (fgf¿) pointed.

out, tt was only when overwhelnlng qr:antl.tles of an actlve vlnrs were

lnocrrlatett lnto the blood. Êtream, that paral.ysls resulted.. l'l-en¡er and'

furcss (t9t4 a, 19L4 b, 19U) for:ntl thet" the dosage nec€ssary for infectlon

by the lntravascular route, vas apprordmately L,2!O tlmes that for dlrect

nêrTous routes. Éven then the fncubatlon period ras much prolonged..

lollowlng lntr¿venous lnoculatlon, these authors forrncl übet no vilms

coulô be detected. ln the cerebro-splnal flutd. after the e4piratlon of

{B hor:rs, and oìrly small a¡nounts at the encl of /2 hours. When $6 hours

had. elapsed., the vlnrs hcd. passeò nore freely, and. was stllI tletectable

ln the flLuid. at the onset of tho paralysis, 1! d,ays after the ínoaúation.

It was noted., howêver, that lnfection was facllltatecl by the lntrathec¡rl

lnJectlon of serun or saIIne, the dosage of virus then required. belng

about !O tines that for the dlrect nervous route. Flerrer and. Imoss

therefore postulateù tbe ed'Etence of a mechanism of d.efenee, a so-callecl

rlmenlngeal-choroidal compledr, whleh, when lntact, prevented the pa.ssage

of the vLrus fron tbe blooct to tbe c€rebro-spinal. flulô, but wblch ct>uld.

be rend.ered more permeable by an a,septio inflla¡runatory reaotLon.

In nonkeys lnfecteil by the bLood stream, X'Ie:srer and Åmoss noted.

extensive vascular lnvolvement, together wlth lnflltratlve Leslons Ln
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the chorold- plaxrsea, and trnlnted out that slmllar lesl-ons had. not been

re¡nrted. ln br¡nan c&ses. [hey were therefore of the oplnlon, that the

Iestons In hr:nan c&ses of potlomyelltis correspontied. wlth tbose caused.

by lntra.neural, rather th¿rn with those folLowing lntravenous Lnocu1aùlon.

In thts connectlon, lt m¿y be nentloned that Marineseo, [fanlcatlcle

an¿ State-Draganesco (f9e9) occaslonally noted the occurre:Ice of a m1ld

'perlvascula¡ inflltratlon of the choroid. ple:nrs of the fourth ventricle

ln hr:man poLlomyelitls.

Pette, Demne and Kbrnyey (1912) noted. th¿ü the htstologlcal prooess

afüer lnfectlon by the h¿ematogpnous route, tliffered. fron tha,t followlng

oüher nocles of lnfectlon, fn that the mesOòerma1 resctlon was @re

pronorrnced., the rhtte eubstance of the rpinaL cord ças affected. lrcre

strongLy by the mesoclermo-gllal reactLon, a¡d. certaln centros, suoh as

the na,mlllary boilfes, w€re lnvolveô.

fhe observatlon of Dle:mer and Àrrcss that the posterlor root ganglia

are capable of removlng the vlrus fron the bloocl stream, efter lntravenous

lnoculatlon, ls of lnterest, ln vlew of the fact th¿rt leslone heve been

for¡nrl ln then ln the preparalytlc stage of the experlmental ôisease.

M6re9ver, sensory d.lsturbanees zuch as pain and. Wperaesthesia' ar'o

coflnon lnltld,I stmptons.

l,ennette anô Hutl.son (1915) for:nd. that bllateral sectloa of the

olfaetory tracts preventeð lnfectlon by pollomyelltis vlrus lnJecüatl

lntravenously. They e4plalnecl thle observatloa on the basls ühat vinrs

ad-mlnlstered, by thta roìrte was excreüed on to the n¿rgal- ttnrcosa, and. was

prevonted" from reaehlng the centra.L n€rrous systen owtn€ to ùhe intarnrptlon
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of the olfactory pathway. lhls result rnust be accepted. wlth reserve' for

the noakeys haô been used in a prevlous ex¡:eri¡nent ln shlch the vlrus

was lnstllled. lntranasally. Although ro paralysls hail occurrecl, lt cannot

ruled- out that some d.egree of lnmunlsatlon mlght posslbly bave taken p1ace.

f\rrthernore, 0erman and Trask (1918) and Tooney (L91ot) repeaüed' the experl-

nent ln nonkeys whlch had not been submlttecl to the prellúlnary ad-ministrat-

lon of vlrus lntranasaÌly, and obtalned. the o¡ryos1te result.

fa au attempt to e491aln the mecba¡lsm whercby the vln¿s reaches the

central nervous system after Intravenorrs lnoculatlon, flernor (l%6)

suggeÉted the trnsstblllty of some d.egree of contamlnatlon of nerve flbres

by the needle ln the course of lts lnsertl'on lnto a veln.

The Perlneurel LYmPh¿tlc Houto.

Iflckman (1911) tbought that lf lnfectloa took place by means of the

blood stream, lt woulð be,fl.....atlfficult to accor¡nt for the contlnulty

of ùhe changes tn the long aris of the corcl in fatat cases¡ for ln a

vaeeular conrlltlon one çould eElect the scatteredl focl of lnvasion to be

aeparateô b¡ nornoal erêas.rr He conslöered. that lt was mre pnobabLe thot

the vlrus reecheô tbe central nervous Eystem by travelllng along the

perlneurat lymphatlcs. In thle theory he was suptrnrted- by Irelner and.

von Wiesner (1g10), Römer (19lI), Peabody, Draper and. Dochez (t9tZ),

I'Iemer and Arnoss (1914 b, 19U) ana Abra¡uson (1918).

¡llaxaer and. g]"ark (1912) noteô that after intranasal lnoorlatlon, the

vlrr¿e eoul.ô be ôetected. ln the olfactory buLbs and. aôJacent parts of the

braln before lt could. be demonstrated- ln the netiu1la and. oplnal cord. They

looked upon tbls as evld.ence of spread by the dlreet l¡rruphatie path
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and. not by the blood. stteaß. Had. lnfection spread- by tl¡e latter trouüe,

tliey would bave expected. early locatJ.satlon Ln the parts of tl¡e 8plûå1

cord. a¡d- neôulla whlch ere espeelally suscept'lble to the vlnrs.

Thet the porlneural lymphaülcs acconpa¡ylng the flla¡nent's of tbe

olfaeüory netve are in cllreot communfcatlon wtth the Eubaraahnold spacet

b¿s been shown by the e:çerlments of 1{eea (19f4), Le Gros Cl-ark (1928)

anè Rake (L917), and by the a¡atomlco-pathologlcal lnvestlgatlons of

llr:rner and Reynolds (L926, 1927). l.,e Gros Clark Ì¡as postulateô the

e:clstence of a eurrent running centrlpetally ln these lyupha,tLcs.

The posltlon wlth regarô to the perlneural and endoneural l¡nnphattcs

of the perlpheral nerves ls much less certain. A nr¡mber of authors

ineludlng Teal-e and Embleton (1914, 1919), Tulen (1928), ltxroaka and.

Ya¡oada (rgag), Mantell (1912), Horster anð Wtrttma¡¡ (L912) an¿ Sulllvan

and Mortensen (19J4) tetleve that there ls a cteftnite cormectlon centrally,

bet¡seen the pertneural I¡mphatic Epaees and. the eub¿rachnold space.

thB nost lnteresting work perfor:med. in connectlon wlth this problem,

ls thaü of Tulen. lhle lnvestl"gator reporüed. that solutlons lnJeoùetl lnto

neryes were conveyetl by the perlneural spaces to the junction of the

anterlor and posterlor roots. In lts further course, th solutlon passed.

along the anterlor root to the sptnal cord., and. ühen along, thot¡gh apparent-

Iy not wlthln, the motor fibres to the anterior horn cells. Provlôecl

sr¡fflclent tlme was allowed. to elapae, the solutl"on passecl outward.s along

the posterior roots, but not along the contralateral anterior root;

Tulen concluded, therefore, that ln motor nerves the ôLrectlon of lytoptt

flow ls centripetal, whlle ln eenoory nerves it 1s centrlfugal.
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On the other hand. Elnan (L92il, Iwanow and Romodanowsþ (1'.927 - 2U),

åbeI, Evans, Haloptl anô Iæe (1915) and. Hurst (L%6) d.eny the edstence

of any normal c6mmr:¡n1eatlOn between the perineural E)¿,ges and' the

subarachnold. space, ancl conslder thet the pressure of lnJectlon ca,n lead

to rupture of the ed.stlng barrlers, d.emonstraüeô hlstologl.cally by

Elman. Moreover, Hurst (1916) has repeateil. the ex¡:e'rlments of Tuien

anil has been r¡¡,etle to eonflrm them.

Further work 1s necessary before lt wlll be posslble to ilecid.e

beüween these two vlews. So far as pollomyelltls ls concerned, however,

lndirect evid.ence ln support of the contentlon of the latter group of

authors, ls furnlsheô by the fact that ùhe vlrus has never been demonetratetl

ln the cerabro-sptnat fluld of hunans (Flemer and. Iæwls (1909 a)'

I'lenrer aad Cla¡k (fgff), Lelner and von lfllesner (1909 b), Strauss a,nd

Hr¡ntoon (1910), Potpesclunlgg (fgro), Römer (1911), Abramson (f9f7),

Àmoss (tgzZ, 192U), L,evadlti (1922), 011tsþ, Rhoaôs and f,ong (1929),

X,alrbrother and llurst (f910) ¿nd. 3rod.le (1-912)), antL only exceptlona,lly

ln the cerebro-splnal fluld. ln the experimental d.lsease (Ott.tEicy, Rhoad.e

anô L,ong (tgzg), x'qfrbrother and. Hurst (1910) end Hurst (1910, 1916)).

Bhe åmnlc Route.

Recent e:çerlmental work hes Ied. to the eoncluslon tt¡at the vlnrs of

trnllomyelltls spreads, not only ln the peripheral nervous systen, but also

ln the central nervous system, by travelling along the axls cyllnders.

lhts theory w111 be constderetl ln ôetail when dieeussing ühe spread of the

vlrus wLthln the centr¿I nervous system.
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(a) [m spåsAp_or' $ß v-rRus lÍrrgrN TEr--c!,N[nÆ NESvous sISIE¡¡.

fhB ftret theory to be eubmltteô with rega¡d to the spread. of the vlrue

withln the central nervous system, was that of lÍickman (19O5, 1911), who

believeil that the vlrus was dletributed. by means of tbo perlvascular

r'lympbatlcs". In thts vlew he w¿s supportedl. by Römer (fgff), wD liïiesner

(fgff) a.nd- Abramson (1918). 3y the term tt]trrrnplm,ticatr these authors

apparently neant the spaces of Virclow-Robln.

Harbltz and-scheef (1907 b) found. tt rilfficult to aecept Wlei<mants

theory, for, as ttrey trutnted. out, Kad.yi (1U89) hail already shown ttrat

long longltutllnalrll,-rnph cha,nnelerr tlo not ed"st ln the central rretvous

eysten. lbese authors (f907 a) consicl-ered. that the lnfLa¡n¡oatlon cornmenceô

ln the pla mater, with a probabLe slmuLtaneous infectlon of the cerebro-

spinal f[uid., ancl that it extended.,to the cord. along the vessels.

The tbeory postulated. origlnaLly by Harbitz and Scheel h¿,s been

strongly supported. by Peabod.y, Draper anò Ðoche z (l-gtZ), 3le:arer and.

amoss (t9t4 a, I9I4 b, 1917), Arnoss (r92ts) and lv{arinesco, }danleaùlðe

and State-Draganesco (1929). The laet nentlonetl. troup of authore belleve

that ühere ls a second. route of transmlsslon of the vLnrs aLong the

vessels of the epend.ymal cavltles. A somewhat slnollar vlew has been

advocated- strongly bl'Seifried. and. Spatz (f-gl0), vrho consicler that the

vlnr.ses of poliomyelitls, Sorta d'lsease, eBld.emlc encephalitis a¡d.

rables, respectively, are all dlstrtbutetl by rueans of the cerebno-splnaL

fluld-, antt tb¿t the locallsatlon of the leslous bears a marked. relatlonohlp

elther to tbe lr¡ner (ependymal) or to the outer (p1¿1) sr:rface of the

central nervous system.
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Ttrat ex¡lerlnentaL infectlon of tbe cerebro-splnal flutd with tbÞ

vlnrs of pollonyelltls leatls readlly to the ðlseaee has been shown by

the lnvesttgatlons of t'Le:mer and lewls (1910), Neustaed.tler anð Thro

(fgff), Römer (1911), Clark and Arnoss (1914), t'lemer anô lhoad.s (1929)

and Hurst (fg¡Z). lherE ts llttLe evld,ence, however, lbal the cerebro-

splnal fluld anô the meninges play nore üþan mlnor roleg ln. the

d.lesenlnatlcn of the vlrus r.:nder normal condltlons. For lnståJrce' å,8

has been mentloned. alreaðy, the vlrus bas rarely been founti. in the

cerebro-splnal fLutci. Iforeover, recent stud.ies ha,ve conflrmed' ühe

original view of Rlssler (IU88) that the nerve cells are affeetetL

prlmarlly, a.nô th¿t the menlngitl s occurs secontlarily (lanðsteiner

and. Leveêftf (1910), Landstetner, Levad.iti and Pastia (fgff), llanton

(f9U), Eowe (1918), Anôr{-Thomas antt llrermltte (1.92Ð, Hrgst (L929),

3rod.lø (L912) and. Splelne¡¡er (L912).

During the last ôecaôe, the work of X'airbrother anð lfi¡rsü (1910),

Hr¡ret (19J0, L91i2), Jr:nçblut anô Sprtng (1910), Sa.ber and, Gebbardt

(fgll) and. otherÊ, has resulted. tn the aceumulatlon of a consiclerable

e¡nount of evlôence In support of the theory, th¿t the maln noute of

trar¡emlsslon of the vlrus of poliomyelitis ie the axls cyllntler.

Íalrbrother anô Hu¡st (1910) found ttnt the progresslve narch of vlnrs

a¡d, Iesions ln the nervous systen ôuring the lncubatiou peri'od', was

slnllar to that whlch mlght ha,ve been pred.lcted- from Ìcrowled¿e of the

neuronal connectlonE of tÏ¡e lnocula,ted- area. As an lnstance, the

involvement of the coùnu Anmonls following lntranasal lnoculatlon,
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antl lts sperlng after lntra,cerebral lnfeotfon, may be clted'.

Ír.:rühermore, followlng lntracerebra,l lnoculatlon, a m¿rked. predonlnånce

of f,erossgdrt' initlal paralysls was noted.. Ehis suggestion of the

trnrtlclpation of a decusþatlng nechanls¡o ln the spreaô of the lnfectlon

hatl been nentloned. prevlously by Bbmer (ltII), who falled., bowever, to

reallse lts lnportance. Slmllar flnd.ing;s Tsere reporteô by Pette, D9mme

a,ntl l$rnyey (1912). On the other bnncl, Brotlle (L912) couLd. flnd' rno

marked. evid.ence of a crosÊed paralyslstr after lnfeetlon by the lntra-

eerebral route. More precise stud.les have been nade by ltrowe and. Ecke

(t%l-1,B). [hese authors lnvestlgated. the effect of lnocr¡].atlon of

1nllomyelltls vlrus lnto various cortÍcal areas. Inoculatlon lnto ùhe

motor area (area, { of Brod-mann) led to trcrosged.tr inltlal paralysls !'n

87úþ of ca.ses. However, when the vlrus was lnJected" into the pre-motor

cortex (area 6 of Srod¡nann) a¡tL the visu¿l cortex (area LJ of Srodmann),

ilerosseôtr lnltial paralysis occurred Ln 586Á and, JjS of caees, respeetively.

In the majorlty of lnstances the paraiysls resultlng from the lnocr:jlatlon

of these üwo areas affected. the upper extremltles. fhe resi-ùte show the,t

wlthin certain llmlts, lt ls possfble to alüer at ¡1111 the pattern of

the paralysis, by varying ühe polnt of lnoculation of the vlnrs into

the central nervous system. !,Íoreover, they offer strong strptrnrt for the

theory of axonlc propägatlon.

Perbaps the ost slgnlflcant series of obse¡vatlons ln connectlon with

thls theory are thoee of Hurst (1910). Sollowlng lnoculation of polio-

myelttls virus into the left scl¿tlc nerve, the virus was noted flrst ln

thc h¡nbar cord., and soon afterwarûs ln the leg area of the rigþt, motor
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cort,ex,. At thts tlme no vlrus coulô be detected. ia the cervlcal cord.,

tbe aru area of the rlght notor cortex or the left notor cortex¡ but

later lt was found. to be present ln the cervlcal cord, the Leg area

of the teft mtor cortex antt the arm area of the motor cortex of both

sldÊs. It ls dlfflcult to erylaln these flntllngs by any tloory except

that of spread by ads-cylinðers.

Of eq¡al lmportance ts the observation of Jungeblut and Sprlng (1910)

tlat efter transection of the splnal corcl In the thoraclc region ancl the

srrbsequent lnüracerebral lnoculation of pollomyelltls vlrusr nelthcr

leel.ons nor vlrue coulô be d.etected ln the lumbar segments, d.esplte the

fact that the clrculation of the cerebro-splnal f1uùcl was not obsüructed.

Ia attempts to elucida,te the mod.e of transmlssion of tbe vlrus,

partleular attentlon has been paid. to the sequence of changes following

lntrana,sal lnoculatlon. As ha,s been ¡nentloned previously, Sle:mer and

Clark (1912), after lnfection by the intranasal route, were abl"e to

d.etect vlrus ln the olfactory brrlbs ancl. atl-Jolnlng regione of the cerebrum,

before lt coulð be fou¡rd. ln the brain-stem or splnal cord-. lhey lookecL

upon these results as conflrmatory of spread by the perlneuraS. ltrmphatics.

Ilr:¡st (L912) has pointeå out, however, that lf thê vlrls sproaô by means

of the pertneural lymphatles into the cerebro-splnal f1uicl, there ls no

partlcu.Iar reason wlry lt should. IocaLlse lnit1ally in the olfactory bulbs;

but if tt spread. by means of the axis cylfnd"ers, the results are easily

e:çlalnable.

Extenslve invesilgatlons with regard- to the spread of the virus,

followtng lnfection by the Lntranasal route, bilve been maòe by X'aber
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(Lg11, 1918) and. Saber ancl oebl¡,ardt (L9ll). In the earller stages of

the diseaee, Faber (1918) founô that the pathologlcal clranges w€re

llmlted. to the ol-faetory bulbs. I¡aterr well tnarked. leslonÊ occur.rod

la tbe braln-stem end at the saüe tlne the second.ary olfaetory centres,

fncluòing the anygdaloicl nucleue and r:ncinate gyrus, wele involved'.

X'inal1y, the splnal eord was lnplicated.. In thls connection the recent

work of Bodlan anÖ Howe (L9t9) nay be nentloned.. Followlng the lnüra¡raeaL

lnocu.latlon of pollomyêIltls vlrus lnto nonkeys wlüh one olfactory tract

ôivld.ed, a uarked. prepond-erance of leslons ln the rhlnencephalon and. ln the

tegrnentqn of the rnfd.-braln on the sitLe of the lntact tract' iras noteô.

A number of authors, lnelud.ing Broille a¡ra Elvldcê (19i4), Sobrútz

and. Gebhard,t (L91Ð, Lennette and- Eudson (fgll) and. Gortlon and lJeilßetto

(1919) bave shown that internrptlr¡n of the oLfactory pathwåy prevents

lnfeetlon fron the lntranaeal lnstlllatlon of poltomyelltls vlrus. They

look upon these findlngs as lndlcatlve of êxÖna1 sþreaô. Ilowever, âs

lluret (fgl6) h.rs pointed. out, thls assumptlon ls open to ths objectfon

tlr.rt the Operatlve proeeòures neeessary for the lnterruptlon of the

olfactory patlrway may have led. also to tho clcatrizatlon of the acconpa,ny-

ing perineural lynphatlcs.

Uslng the cathoôe ray osclllograph technir.lue, 0tL,eary, ÏIeinbeclcer

and. Btehop (1912) for¡iil 'bh+t the sonùuctlvlty of the nerve fibres of

monkeys sufferlng from poltomyetltts rema,lned. r¡naltered. untll ùhe stage

when leslons ln the related neurones wer€ clearly d.etectable, [heI

arggeal that lf the vlrus spread. along the ed.e e,rllnùers, lmp,alnnent of

coirductlvlty should. occur earller ln the dlsease, and suggested., therefore,
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that the vlrus nlght traveÌ between the nerve fibres, rsther ttran ln them.

In contestlng thelr a,r#.!nent, Hurst (1916) wrote, trlt le probabty lnposelble

flnally to prove or d.lsprove thls hypothesls, whlcb ln th18 case rests

uprcn the assnnptlon that the passage of vinrs alcng the axon ts aecessarlly

ùetrlnental to that structure. Thls by no means follows fron the evid'ence

avatlable. In several cllseases d"ue to neurotroplc viruses it ls posèlble

to d.etect nuelear lnclueions, lndlcattng d.erangetl nuclear metabolisn,

while the cytop!.asm ls stlLl norn4l....... It may be that the presence

of some vlruses ln the cytoplasm ls reLatlvely lnnocuolrs, and. ühat tt ls

by perverslon of nucÌear metabollsm thâ.t lnpaíred. fixrctfon of the celI ancl

cytoplasmlc cleçneratlon are ultlm¿tely brought about. 'lÍera thls so the

conðuctlvity of the a:on woulcl remaln r:¡raltereô d.urtrg tr¿nsmlsslon of the

vlrus. rt

Cowtlry (Lgrü found. cllffieulüy ln r:nclerstanding the mecha¡ism whereby

vtnrees sprerld. in the axls cylinùers, ancl polnted. out that' the proc€sÊes

rere lr ... tubes of capiLlary slze through whlcb no chemlcal substance

cou}d travel without being arrested by practically eomplete absorptlon on

the walls.rr He consld.erecl tt¡:¿t if the axon w€re composed of aqueous

naterlal of low vlgcosity, the passlve earrlage of vlruses mlght be

posslble. The nlero-allssectlons of d.e Renyl (L%2) showecl, howevet,

thst the a:rls,cyllnd.er is composed. of a gelatinous subst¿nce whtch sêtalns

lts shape even when cut lnto fragoents. I'or this reason Cowd.ry was of the

oplnlon that lf vlruses ô1ô spread tn the axoÊ, they must tlo so by a

prooess of actlve proliferatlon alonC tt.

That such a mechanlsm ls trpsstble ls sr:ggestect by the recent work



1L

of Nlcolau and. Kopclowska (f9]8), trb, after tbe lntra-neur&I lnJectton

of her¡les vi?us, were able to clemonstrate mlnute boûlee lylng tn tbe

axl s cyltnd.ers .

It ts also suggested. by the ex¡rerlments of Demme (1910), wb forurd.

tba,t after the tnoculatlon of pollomyelltls vlrus lntraneurally, the

lncubatlon perlod. varleô wlth tbe length of the nerve. Thus after the

lnJeetlon of the vlrus into the f¿sla1 nerve, th lncubatlon pertod. was

three d,ays, lnto the med.lan nerve, 4 - 6 days, and lnto tbe scletlo nerve,

5 days.

In concluslon, the avallebLe evlclence clearly establlshes the lmport-

ance of tbe axonle pathway In the propagation of the vlms lu the

central nervouÊ system. It ls to be ad-mltted, however, that at some

stage of the process, the perineural lymphatlce anil the oerebro-spfnal

flutò may play nlnor roles in the transport of the vin:'g.

Recently, Germ¿n ancl [rask (L9]8) reported. that varlous denervatlon

procedlures not only falled. to prevent tnfectlon, followlng lntreôermal

lnJectlon of pollonyelitls vlrus lnto the ùenervated. area, but, ln the

maJorlty of cases, resulted. in an lncreased. susceptlbillty. . Whether tbe

theory of a:onlo transmlssion must be mod,lfleti to brlng it lnto agreenent

with these results, renalns to be detenuineû.

c"

[he vast change !n the lnterpretatlon of the hlstopatbologlcal

ftnd.lnp;s ln pollomyelttts ôurlng the last thlrty yêars can be presented.

nost convonlently, by contrastÌng the vlews of the earller and of the

more recent lnvestlgators.
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Representatlve of the vLews of the earlfer workers ls the monograph

of Peabotly, Draper and. Dochez (L9tZ-), whose finôlngs werê besoô on the

exa,mlnatlon of eleven hu-m¿n cases, alL of whlch dleil ln the asute stage.

These authors conslôered, thåt the earllest clra,nge Eas an acuùe lnteretltisl

menlngltls, characterlsed. by hy¡reraenla ancl the collectlon of srnal-I

npnonuclear cells, probably lymphocytes, ln the perlvascula¡ spaces

of the veseels of the leptomenintês. " I¡&ter, tho splnal coril was l"nvoÌved'

by the spreaù of tbe infla¡nmatory process iûwerals along the sbeaths of the

veeEeIs. The perlvascular lnfittratlon Ied. to a certain amq'wlt of

obetruction of the lu-mlna of the vessels, but, In eùilltlon, there was

often some effect, elther torlc or mecha,nieal, on the lntlm¿ whtch resulteal

in haemorrhages ant oedema. Although the posslbility of a cllrect

toxic acüion of the vlrus on the nerve ce1ls could not be elinlnated.,

it was conslôered more probable that their degeneratlon wÍ¡,€ second.arT to

the dlrect pressure of the haemorrhnges, oed.ema and e:mda,te, alclecl- by the

an¿emla whlch followed- conpresslon of the veseels. Recovery of the

functlon of the nèrve eells was posslble ln caseÊ ln whidr tho pressure

¿nd anaemla lu¿d. nOt been prolongeô or excesslve. NeurOnopha,gla of the

neerotic nerve cells was brought about by polymorphonucl-ear Leucocytes.

[o a leseer degree tbe sene Ëequence of changes was found- ln the brain

and brain-etem and also ln the posterior root ganglia.

Ehe most generelLy êoeepted. lnterpreùatlon of the mlcropatbol-o45r of

tbe d.t6eaÊe nowadays ls that of Hr¡rst (1929). Hls concluslons we::e based-

on ühe e:çerlmental d.tsease in whlsh lt was possible to trace the preclse

d.evelopment of leslons from the lncubati.on perlod. onwarùs. I'or ühat
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reêÊon greatsr welght mrrst be attached' to hls oplnlon th¡n to that of the

former g¡.oup of tnvestlqators, whose ftncllnÉls were based. on tbe entl result

of the actlon of the vlrus on the nervous system, ln which the featr¡res

of the prlmary leslon and. seconûary reactlon are, of necessíty, so

intlnately lntermlngled. as to m¿ke thelr cllsentanglement ¿lmost inpossible

Hurstrs strrd.les showed. clearly thâ,t the nerve eells were affected

prlrnarlly, anil that the lnvolvement of the lnterstitltal tlssues wa,s a

sacontLary phenomenon. The astr¡al prtorlty of the leslons of the gangì-1on

ce1ls bas been loown sincr: Rlsslerrs tJm.e, 'but lIurst w¡¿s the flrst to

stress lts lrporta¡ce. Hurst found" that the changes ln the aeurones

varleô from mllct chromatolysls to cgmplete a¡rd. apparently sud.clen necrosis.

The affeeted, cells showed. progressively, varying d.egrees of tigfolysls,

swelllng of the nucleus a¡rd. cytoplasm, shrlnka,ge of the formef, ext:rrslon

of the nucleolus, va,cuolatlon of the c¡rtoplasm, d.isaplraranee of fibrlls

.Ðd., finally, granular d.egeneratton. Wtth nore viruLent strains the

gangllon cells were kllled. almost at once, anil then their orrtllne renatnecl

r¡r¿Itered., their nueleus faded., and. neuronophagia was tlelayed.. The

neuronophagta subsequent to the d.eath of gangllon cells les broughü about

nalnly by the mlcrogllal cells, though polymorphonuclear leueoeytes

tnltiated. the process,

Sollowing the prlmary lnjury to the nerve cells, Hurst found. that

there w&s a secondary reaetlon of the lnterstitlal tisslles which sas

charaeteriset[ by vascrrl,ar congestlon, perlvascular, ttgsue antl pfeL

lnfiltratlon, oeôema, anil, as has been montlonecl aþove, neuronophagla.

. Ehe perlvascular lnflltratlon affeeted. both nrteries and. vefns.
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It was predomlmntþ lynphocytic, thouefr ln adilttlon there was a variable

proportlon of ad.ventltial and endothelial cells, ancl. ln the early stages

a snell percentagg of polyrnorphonuclear leucocytcs.

[issue lnflltration n¿rnlfested. ltself ae a d.tffuse cellular lncrease

1n the gray mat,ter. Âlthough lt was most severe ln tbe gray matter of

the anterlor horns anô ln the gray conmlssure, often the posterlor horne

were lnvolved. also. In ad.d,ltlon, numerous focal aec.¿mulations of cells

occurred., whlch frequently corresponiled. in posltlon wlth ôa:naged. nerve

celIs. In the earller stages, especlally with vlrulenù stralns, the

tlssue lnfllt::ate contalned. a conslclerable nnmber of polynorphonucLear

leucocytes, but nost of these hra<L d.isappeared. within {B hours after the

flrst nêrvous slmptom. [he bulk of tbe ttseue lnflltrate was eomposed.

of mlcrogllal cells ¡vhlch h.rd. und-erSpne metamorphosis and prollferaùlon.

These celLs were lòentlcal wlth the rlpolyblastelr rrhlch were conslclereù

by Wickman to be d,erived fron the llmphocytes. In aôtlitlon to the

mlerogLla there wå,s a small proportlon of I¡nuphocytes. These tend.ed. to

lnerease ln nr¡nber with less vlrulent strains and. ln the l¿ter stages

of lnfectlon.

Hurst d.rew attentlon to the fact tbat there wa.s no tnre meningitis,

and polnteô out tlu¿t the plal lnfll.tration resultad. from the tllscharge of

surplus cells from the d.lstenrleù perlvascular sperces. It tberefore made

lts first appearance at the polnts of entry or exit of the blood veesels,

but d.td- not necessarily correspond., however, wlth the E¿reas of gray

natter whlch were affecterl" most severely. Cells of the lymphocytic

series formed. the bulk of the plal tnfllürate, but, ln additlon there
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were Éono endothelfal cells anù, ln tbe earller stages, a small nunber

of polyrnorphonúclear leucocyte s.

Iflth regard. to haemorrhages, Hr¡rst eoncLud.ed. that they played. no

part ln the pathologlcal process, a.nd. wêre merely tho result of post-

mortam trauma.

D

The flrst relnrt on the occurtrence of lntranuclear lncluslon bod.les

ln the nerve cells ln pollonyetttls was matle by Covell (1910). this

author examinoò the central nervous system of J3 nonkeys sacriflced at

various staçs of tha d.lsease, and. noted. the presence of lntranuclear

lncluslons, not only ln the ganglion cells of the sp1nal oord, but also

ln those of the brsln-etem. The boûles were most nr¡neroug fn a¿f¡nr¿ls

kt1il"ed- shortly after the onset of tlre paralysls. When one to ülrrce weeks

were allowed. to elapse after paralysig had. occurrecl, they were found. less

frequently. fhe lnoluslons were aclôophÍIlc, eharply ileflned. bodles,

neasurl.ng 0.2! u - J a 1n ôlameter, ancl surrounôeit by a ôistlnct h¿lo.

Usr:a11y one or two were present ln each cell. They were seen only in

cells und.ergoing ôegeneratlve clrenges. Íhey r"eacted negatlvely to tt¡e

Feulgen test for thyrnonuclelc acld., and were aot doubly refractlle to

Ilght. Covell thought that the lncluslons were comparable wlth those

for¡nd ln other dlseases caused by filterable viruses, but loft the

questlon of thelr speciflelty for pollomyelitis, an open oae.

In tha followlng ¡rear Hurst (1911) oonfÍrmed. thiE finding in 2! out

of 2u rhegus nonkeys sufferfng from the ex¡lerlmental d.lsease, anð also
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ln one hr¡man caÊe. Àunng line ?A, normal and pathological contrtls

exa,mlned. wlttr negatlve results were 2 monke¡rs with rabies, þ wtth

vacclnlal encephalltls, I with sepsls, ancl I with tubercr:losis of the

central nervoue system. Iu aôdlltion, there was onê case of post-vacclnal

encephalltie Ín man, a.nô several exa,mples of other human dlseasss.

Ift¡¡st conslôered. that these lnclustons were of the sa¡oe natuf,e as those

relnrted. ln Lærpetlc encepballtls, equlne encepha,Io-myelltls ¿wrd othar

vi¡1s dlseasee, and believeð tbet they mlght represent a nuslear reactlon

to the virus. Ee concLudeô that ühey wero apparently cl¡aracterist,tc of

the ôisease.

Incluslon boôles were reported. also by Stevenson (t912), wbo consldereò

that sone of them seemeð to be nothlng more than a clunplng of the

lntranuclear network.

llolf anù Orton (t9t¿), clained. ttr,at intranuclear lncluslon boèles,

elmllar to those d.escrlbeô by.Covell and" by llurst, wero demonetrable ln

the nerve cells of lnd.lvidr:a,1s who iraô d.leù fron èlseases other thaa

pollomyelltls. Fhey suggesteô that such botlles ryete merely non-speclflc

products of d.egeneration of the nucleopLasm.

In reply to these vlews Hurst (f91Ð contencLed that the tncluslons

oocurrlng ln normal cells were uBua.IIy smaller anè less acid'ophil-ict

thelr contou¡s were less ctlstlnet, anò they often showed L1tt1e proJectlons

Jolntng thern to the çneral, weakJ"y acld.ophilic, nuclear network, Moreover,

tliey never showed evlilenee of tnternal heterogenefty, whLch w¿¡,s of frequent

occurrence ln the bod.les d.escribed as nucÌear incluslons.

It may well be that a flnal d.eclelon on the questlon of the specificity

of ühese bod'les must a¡vait ttre d.evelopnent of new technleal nethod.s.
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TRANSMI.9SION O¡' POLIOI,trELITIS TO T}M EAST-ERN COTTON RAT A}ID TO IVHITE MTCE.

In 1959, Armstrong (fggg a) reported the suecessful transmlssLon of

a recentþ Lsolated straln of pollomyeütis vl¡us (I*.nsing strain) frorn

the rnonkey to the Eastern cotton rat (Stgraodon hlspidus hispldus). The

disease thus produced was characterized clinlcally by the occurrence

of flaccÍd peralysfs of the extremlties¡ whLle pathological examinatl-on

of the central aervous systen revealed leslons sl-mila¡ to those observed

in poliornyelltls both ln nan and ln rhesus nonkeys (f,ifffe and Armstrong

(fg¿O)). Subsequentþ, Arnstrong (taf9 b) was sueeessful ln transmitting

the dfsease from the cotton rat to whlte nice.

The work of ArmEtrong (fASO a) has been confi¡med þ Toomey anl

Takacs (1940). Attenpts to pnoduce the dlsease with stralns of vl¡us

other than the Lansing strain were, høvever, unsuceessfuL.

ResuJ.ts simlla¡ to those of l¡nstrong have been reporteC recentþ

by JungebLut and Sanders (fg¿O) usLng the SK New Haven strain of

pollonyelltfs vi¡us. The synptoms and lesions produced in mice were

conparable ln aIL respects wlth those of the disease ln man and 1n the

monkey. T[hile the nwlne vi¡us was highly pathogenlc for nice and cotton

rats¡ Ít possessed oDl-y ltnlted pathogeniclty for rhesw nonkeys and

none for alblno rats¡ guinea-plgs and rabblts. Monkeys inoeulated wlth

Iive nl¡ri-ne vi¡us pnoved in a certain degree reglstant to subsequent

infectlon wlth the honologous pollo4relitls monkey vlrus. lf the
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latter observation ean be eonfl¡ned, and extEnded to' the proiluctlon of

tninrrnùty,i.tp polloliryeüt,Igi Ln ¡i¡anr: e,dil.sóòVery:,w1tr1. bave: been, m,ade as,.fat'

-reachl.ùg Ln'lts consequencêF aE tt¡at,,of Pasteì¡r 1n conneetlon wlth rables.
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c I

Íhe followlng accor,¡nt ls baseô on a paper whlch has been pubLlshed

akead.y (Sçan (1919)).

Íhe cases were obtalned. ôurlng an eplòenlc of pollomyelttis occurrlng

fn South Australla ln the last part of LiJl and the eerly part of 19i8, 1.ê.,

ln the Eunmer anô autunn se&gons. In a total populatlon of !t1,000, from

lst November, L9J1, to J0th Juûe, L918, 341 eases were notlflecL çlth 2l

iLeatb.s. [he ease nortallty rate tras, therefore, approxlmately 6 p."..

The 141 eases were part of a eevere epidemlc whlch involvecl aleo Vlctorla

anô [asn6.nla. Íhe early oases lu Vlctorla were very acute anil often bultar

ln t¡re (nouertson (t940), Burneù (r94o)).

(r) CASD NOItsS 2

Caee 1.

N.P., rnale, aged. / yeêrs w¿s admltted. on tZltZll7. X'our ttays prevlously

he came home fmm school conplalnlng of Ìread.¿che antt peln in the neck. He

bad. fever the aext èay and. began vonlting. 0n the followlng day be stlll

rcmtted. freqrrently, anô d.eveloped. a nasa,l volce wlth eone regurgiüation of

fluiôs. Ëe could stllI ewallow. I¡ater he complalned. of rlpins ¿ind. neeôlesF

ln hl s should.ers.

l. Ihls work was carrleô out r¡ncler a grent from the Corrncll of Natlonal
Eea1th and. Med.lcal Bes€arch, Âustralla.

2, Sor the provlslon of the case notes I am lnrlebtetl. to the Soard of the
Metrolnlltan Infectfous Dlseases Hospltal ancl to tbs Meôlcal Superlntenûent,
Dr. AIa.n Singer.

THD PRESENT INVESIIGåIION
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Examlnatton. The terperatrrre was 101".4-S., the pnl"se raüe 112 and. the

resplreto ry tale ?6. The face ¡sas flushed" and. he helcl hlrnself somewhat

r161dly. Ixcept when ad.dre6sed, he was apathetic. Hls volce was nasal-.

fhere wes paresls of the left slde of the palate and. of the face. flhe splne

and neck were moderately stiff , and flexion of tlre neck caused lrplns anù

needl.estr tn the rlght f1ank. Kernigrs sign was negatlve, There was no

groÊs weskness of the llnbs but marked tremor was present. The cleep

reflexes were present. Breathlng, botli intercostal and. d.laphragmatic was

normal.

Courçe. On the next (tth) dey hls çneral condltion was mrch worse.

Both lower llmbs were çeak, speech unlntelllglble and he was unable to

swallow. For some hours before d.eath there was resplratory cttfÍ'iculty.

lle ôled at 1.10 a.m. on the 6tn aay of the lllness. Sefore deatTr hls

tenrperature sas tO2.6o¡'. anò his pulse rate 160.

.[utgp9f (performed 12 hours after d.eath) . There wâs enlargernent of the

spleen anô of the mesenteric gland-s. The braln was sllght1y congested..

Seetion of the braln-stem showed congesÈed. sma,Il vessels.

C¿se 2.

S.3., feruale, ageô B years, was admltted. on 261L2117 after bavlng been

111 for three days. After one d.ay of llstlessnees, sho oomplalned of frontal

headache, and, later, pains ln the back anð abdomen. 0n the following tlay

she was restless and. the palns were stl1L present. The nert morning (3rd'

ilsy) her rlght arm flâs weak, and. there v,'as marked trerrror anó hea¿L retractlon.

Exa,minatlon. [he temperature was gg,4Ò1., the pulse rate 100 and

resplratory rate J8. The patlent was a, well-nourlsheô chil-tl, rather appre-

henslve and wlth Obvlous d.yspnoea. [h6re was marked' trercr Of the extenôeð
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hancls, especlaLly the righü. Her head. was retracted and. the neck and.

splne were rlgC.ô. The cranlal nerves were normel. Apart from absence

of the hree Jerks, there wâ,s no abnormallty of the lower llmbs. 0f the

upper llmbs, the l-eft was norma,l- but the right was d.efinttely' voak. [he

d.laphragm w&s over active and there were pra,ctlcally no lntercosta-l

rcvonents.

gW., Thougb ehe was placed- ln a resplratsr, her general cond-Ítlon

deterlorated. rapld.ly and she d.led. sone hor¡rs later. Death was preceded.

by convulsive spasms anû cyanosie.

åutErsy (performed. wlthin I hours of ðeath.) fnere rvere no abnormel

ffndings on nacroscoplc exa¡nination of ttre brain and splnal corcl.

Case 1.

R.M., fen¿Ie, aged. 1{ years, was admitted on 7lLl|ð. At aoon, two days

prevlously head.acbe conmenced. and she vomlted. once. In the evenlng she was

better, but at 1 a.n. she awoke and formd" that one leg was weak. Next

mornlng both legs were weak, a,nd. a lltt1e later both arms beaane reak.

At 10 a,m. she could not speak. Resplratory d.tfficulty began at mið-d.ay

antL by the tlme she reached. hospttal (2 p.m.) she was r:n@nsclous, cyanosed.

a¡rd rcrlbr;nd.. lflthln'a few mLnutes of aônission she d.led. in convul-sions.

Íhe temperature and. pulse rate were not taken.

Autopsy (perforrned. withln 2 hours of d.e¿th.) There Ìr8,Ê no enJ.argement of

ttre nesenterlc gland-s. The brain ir. *rr*"sted., anô there was ê large amount

of post-mortem subarachnoid. bleed.lng, suggestlng to those wíth no }<nowletige of

tho case hlstory, spontaneous subaraehnold. ba,emomhege.
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Case 4.

!1.L., roa1e, agecl 20 yearg, was adrnltteô on 211L118. Slx clays

prev1ously he had paln ln the back and front of the chest. The next day

be hact a sore throat, and on the followlug day a very Êevere occlpltal

beadache, Thls lasted. r:¡tll the mornlng of aômlsslon.

Exalnlnatlon,. fhe tenperature ças IOOoX'., the pulse rate 110 antt

resplratory rate 2{. The patlent was a well-d.eveloped aborlglnal half-

easte lying apprehenslvely'ln bed., The neck and. spine were rlgld'.

The cranlal nervee were normal. He hed. wealcress of the left trfceps

muscle. Eis left lower llmb was flaccld.ly paretlc. There tvaÊ very litt1e

lnùercostal novement, but there was fr¡ll novement of the ðIaphragfu.

Course. 0n eecor:¡rt of lncreased. resplratory d.tfflculty he was

placed. 1n a resplrator shortly after aclmlsslon. The next d¿y hls general

cond.ltlon was worse. There was inaetivtty of both the tliapbragm antô

intercostal nuseles. All four llmbs w6re very weak a¡rd hÊ had. retention

of urlne. Later that day he was r:na'ble to swarrow ' Paroxfsmal tachycard'La

tlevelopeð wlÉricb respond.ed, to pressure on the carotld. blfurcaülon. Ëe ¿te¿

tha,t evenlng followlng a short period. of convulslve spasms. Eis temperature

reached. 105.4ôS., ancl. hls pulse rate I!6.

AutgpE¡r (perforneô 16 hours after (þath. ) [here were no abnor¡nal

flnrllngs on mêcroscoplc exarnination of ttre central nervous system.

Case ñ.

K.P., male, aC€ò 5 years, wes admltteô on ll|Ll18. Slx days prevlously

he w¿s restless at nlght. lfe was better on the next two days. Then he

conplalned- of palne ln tbe neck and was ôrowsy and feverÍsh. Anored.a wag
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narked and he '¡rs,É 
very constlpated. Ioss of power 1n the right slðe of

the face followeô two da,ys later.

Exa,nlaatlon. lhe tenperature was LOloi'., tbe prrlse rate I20, anô

resplratory rate J0. The neck and spíne were vêry stiff. There was

paresis of the rtght slde of tbe faoe, and. of the left trlceps musoLe.

Movenent of the lntercostal nuscles was very sltght.

C-ourse. The faclal paresls was muc nore tne,lkedl noxü d.ay. 0n the

followlng day the ternperature rrose to 102,4o¡., a,nô d.lffisutty ln swallow-

lng d.eveloped". Next tlay the temperature rose to t04'tr., a,nd. cona I'ed to

cLeath.

Autopsy (performad. ! hours after cleath). Unforturå,te1y only the

olfactory bulbs and the trigeminal gangl.la were avallable for examlnatlon.

Casa5.

H.R. male aged {6 years, was admitüeô on 312116. Two cla,ys prevlously

he woke 1n tbe morning wlüh sttffness of his should,ers and- neck. Ëead¿che

d.eveloped. and. becane more severe during the d.ay. The next da,y he notíeed.

stlffnese and wealcness of ühe rlglrt arm. Considerable retehlng ocaurreå

aod. his llmbs appeareù to twitch.

@ination. The temperaturè !¡yas 98.4"f ., the pulse rate J8, a.nd.

resplratory rate 2!. The pattent was a blg nld.üle-aged. farmer lying

eonfortably ln bect. The h:ngs Teere norma,l except for greater expanslon

of the left sld.e of the chest. There was Do nbvement of the d.laphragm,

yet there ÌÍere no slgns of resplratory ðistress. The cranial nerves lrere

normal. The neck and. spine were sl.lghtly stiff, and both arms vere weak.

Oou¡'se. Some hours later reaplratory d.lff ieulty became apparent,

anô he was placed. in a resplrator. [he noxt tlay dysphagla cleveloped, and.
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ühe patlent became rapld.Ly worse. Death followeô a short perlod. of

un@nscLousDess with eyanosls a.ndL convulslone.

.Àutoplry (performetl I hours after èeath) . In the s¡:inal cord" t]rere

was sllght menlngeal congestlon. Ehe upper corvlcal cord was much softer

than the lumbar coril, a¡d" showed congested- small- vessels on section.

Ihe brain-stem was slmllar. [he mesenterlc gLancls were en]-arged., anil

there were pleural ad.heslons on the rtgþt sld,e of tle tborax.

Case 7.

M.3., male, açd. Il nonths, was atunltüeô on L412118, afùer ha,ving

been 111 for three clays. lhe illuess coilmênced. wlth fevsrLshnece anil

vonittng. He appearecl, better ùbe next day, buü on the nornlng of

adrnisslon he soke upllllnp,rr anûllilld. not ¡¡ove hl¡oself much.lr Bls neck

seerned stlff .

ExaminatlQq. [he temperaturê Ías 10O.2oX'., the pulse rate 128 anù

::eçlratory rate JB. The patlent was a slek apathetlc baby. Thero was

no tremor, and the back and. sptne were rlgld'. The cranial nerves were

aplnrently normel. lhere was pêresls of the lntercostal museles, wltb

consêquent over-èstlon of the d.laphragmr but no resplratory d.lstress.

The llmbs, so far as soulü bo 'letermlned-, were norrnal. Ihs reflexss reore

present.

CouLsj. There were no marked- ch-nnges until two drrys later. In the

early mornlng of t6lZl38 respf.ratory dlstress d.eveloped, airtl. tbe patlent

was traneferreù to a rospirator. Death occurretl at 7.J5 p,m,, &nd- was

prececled. by lrres:ularity of the pulse rate. There was no ôeflnlte

evld.ence of paroÌ¡rsls of the Llnbs thror:ghout th.e course of the llLness.
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&p.g1 (I¡erformed 14 hours after ôeath). Ehere were no patholcglcal

changes to be founcl on nacroscoplc exa,¡nlnatlon of tbe brain anù splnal

corô.

9æ-9.
R.N., nale, aged. JB yeéùrs, wq.s a&nltted on Z7lZl18. [re clays

prevlously he notlced. achlng palns ln tbe back and thlghs. Ee euffereô

fron naueea but d.lò not vomlt. Next day he had. paln and. stlffneee ln the

neck. 0n the mornlng of acLnlsElon be noticeô wea.lctess of his rlght leg.

S:c¿min¿tlon. The temperature was !!.2ol ., pulse rate 104 antl

rcsplratory rate 20. [he patlent was a blg, well-bullt, sun-tanned nan¡

lytng quietly ln bei[, [here was a fine trencr of the ?nncls, ancl the

neck a¡rd. back were very stiff. Ehe cranial nervesvssre nomaL. All the

muscles of the rlght Lower l1mb were voey weak. [he uppor limbs and.

rosplratory muscles were nornal.

Course. 0n the followlng &ay paresls of the left leg was

apparenü. fhere was retentlon of urlne anct ænstlpatlon, assooLated

wlth abdomlnal ôlstenston. These perslsüed. r¡rtl} ileath. On 1111fi ne

had. lntermlttént dyspbagle, and. the upper lntercostol musolas ancl thp

trlceps nuscles became weak. Ëe beca,me very restlese anð was controlled.

i gr sedÂttves, Dysphagtrr and, respl.raüory d.lfflculty lncreased, antl be

tlled ln convr¡Islons, witb raplèly nountlng pyrexta on nlJl18.

.[utope{. There were no abnormal finôlngs on macroscoplc

e¡aminatton of the central nervous systom.
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0f 21 ptttents ôylng ln the epldenlc, 12 were nale and- 9 w,ere fen¡¡Ie.

lhe age iltstributlon of tþ l4f caees (lnoLudtng the 21 fatal) le shoçn

ln X'ig. 1, from çhlch lt w111 be seen übat 159 cases, Or 46.6 p.c., we¡¡o

I0 years of a,ç or over, whlle 45 caaes' or' 11.? p,c.' were 20 years.

of age.or over. [hese flgures are suggestlve of the tenúency of pollo-

myell.tts ln reeent years to affect rnore and ¡¡ore tiie hlgþer age groq)s

(ilpollomyetltlsrf Internallonat commlttee (L912), Burnet (r94O) ),

[he nr¡¡cber of fatal cases, 21, ls too srna1l to allow of dofinlte

concluslons. However, lJ of these, or @ p.c., were over 10 years of

age, whlle l, or 11p.c., wsre over 20 years of age, suggosüLng greater

mortallty as well as greater inclôence in ühe higher age groups.

Of the cèses conslôereô ln this thesls, slx were mal.e a,ntl tno

fern¿le. Slx of these elght cases h¿cl cllnlcal evlilence of bulbar

lnvolvement. X'lscher and Stlllerm¿ul (tgll) founcl that alL thelr fatal

cåses showed. evlcLence of bulbar lnvolvement drrrlng their 1l-lness, rvhile

Sllverma¡r (1911) found that there was a certaln parallelien between the

incldence of cases of bulbar a¡rtl bulbo-splnal paralysls anò the faüal1ty

rate.

Scott-Brown (I9lf ) for:nd in hls serles of 1! cases of pollornyelitls,

of nhlch five were bulbar tn ty¡le, thet tonsÍIlltis or pharfneÈtls was

|[ preaent ln every ease, On tt¡e other hând., ln thts serl.es ft occEþA

only ln Cases 1, 4 and 8.
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lltth the exceptlon of the olfaetory bulbs and trlgenlaaL ganglla,

which were fl:<ed wlth Zenker-acetlc fLulcl, tbe bratn, ffiô the portlons

of the splnal corù wblch were not preservecl ln glycerlne, were flxscl

wlth formol-saIlne. Afùer removal of the braln-stem, the brain was

divlôed. by saglttal sectlon lnto two halves, A serl'es of approd'mately

elght sLlces was mad.e ln the frontnl pla.ne through one half of the

braln. lhes€ sllces, together wlth appropriate sectlong acrogE tbê

braLn-stem and. such sectlons of the splnal cOrd a,s ïverê avallable,

wers embecld.ed. |n ce}lolôin. Seotlons ÌYere cuü at l$u and. stalned by

rouülne ht stological nethod.s.

The oLf¿ctory butbs and- trlgenlnal ganglla were embecl.ðecl' ln
.Jt

narfdpin. Tloth were cut ln serlal saction at !u, and stained. with lron-

alu¡o h¿enato:rylln and eos1n.

(2)

À. @31&'
[hls was available for éxamlnation In 6 of the I cages of this serles.

w(1) WI-N@.E.

Inflttratlon of the pla and. the arachnold was n1Ld. and. patchy, antl

for the most part rel,ated. to veesels. It ¡yas more appa,rent ln the d"epths

of the sulcl, tban on the surfaces of the gyri. The celLs of ùbe lnfllt-

rate were lymphocytes wlth occaglonal polyrorphonuclear leu-coc¡rtes.

In ¡nost of the cå,ses this nlId. seattered. meningeal lnflltratlon was

seen ln the central sulcus, and on the pre' and. postcentral gyri. It was

also presenü ln tbe hlppocampal flssure anò over the anterior perforated.
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subetarice. Qccaslonally lt oecurred ln the lateral ftssure. In Case {,

Lt was present also ln tt¡e cale¿rlne flssurs, and. ln CasE Ir on the

outer aspect of the tuber clnerer¡r¡ antl the lnfund.lbuh¡m. Cases 6 and.7

dLffered. from the otbers tn that menlngeal lnflItr¿tlon was for tbB nost

part absent, ancl nowhere a,mor:nted, to nore than a few scatüeretl cells.

In sorne reg:lons, such as the preeentral S¡rus, and tbe a'nterlor

perforated subst.mce, the menlngeal lnfiltration was related. to und.er-

lylng pathological changes ln the parenctr¡noa. Hurst (f929¡ m¿lntalns

that ln eush cases the plal lnflItratlon ls brought about by the

dlsoharge of srlrplus cells from tls overcharged. perlvassular spaces of

the grc,y antl whlte ¡ratter into the plal meshes.

Menlngltls ln the calc¿rlne fissure, hoqever, c¿nnot be e4plalnetl

ühus. Környey (L931 a) conslôers tbat nenlngeal lnfllüratLon without

unclerlylng parenohyrnal damace mey be ch¡e efther to a reactLon üo tbe vlrus

present in the menÍnges, or to a generaL re¿ctl.oa of lmmuntty of the

mesoðerm of the central nervous system. Höwever, as Horanyl-Hechst (1915)

lnints out, this does not e4¡1¿ln the lnsular form of the lnflltration.

Ee suggests that the conclitlons governlng the cirerrlatlon of tlp cerebro-

splnal fluld. nay play a part in this. The fact thrt the menlngeal

lnflltratlon ls nost apparent 1n the d.epths of the sulcl agrees to a

cêrtaln extent wlth thls stErtement. Posstbly there ls a slower veloclty of

fllow of the cerebro-splnal fluitl wlthln the depths of the srrlcl, and the

lnflammatory cells tend to lotlge in these nback-waters,rl

(2) .ooBEA.

lYlth one exceptlon the only area affected was the precentraL g¡¡rus,

alrmst excluslvely ln the area giganto-pyraml,dalls of Brodmann. In all



47.

of the ca,ses the vessels of thls area showed. mod.erate perlvascular

lnflltratlon ln all slx cortl.eel Lamtnae. lhe lnflltrate consfstetL of

l-yrnphocytas and other nononuclear cells, and. r¡hen traced. to the swface

beqa.me contluuous wlth that ln the neninçs. In eiltlltlon perlvascular

infiltratloa oouLd be seen ln the whlte r¡atter lmmetllately subjacent to

the affecteå cortex. fissue lnflltration was of moderate lntensity

and. was focal ln t¡pe. It waÊ present in all leminae end. eonslsted.

of swollen mlerogllal celLs and poly"oorphonuclear Ieucoc¡rtes. The

presence of the latter ls of considerabLe lnportance, for it ls

cha,raeterletic of a recent leslon. It ls probable that leslons of the

area glganto-pyratnlùalis are seeonðary to those of the rptor nuelei

of the spinal eorô anô braln-stem, ¡¡,nd. that the infectton passes upward.s

along the pyra.mld"el tracts. Pette (1910) and. Sttefler anù Scherù< (19fi)

also h¿ve observed. the presence of comparatively larç numbere of

polynorphonuelear leucocytes ln pollomyelltlc Iesions of the area

gLganto -pyramldalls.

0f the nerve cells, the gtant pyramidal cells of Setz were ahiefly

rrr*ro"¿!J) On1y oecasion.d cetls were affected, nany belng apparently

normal. Most of the affected. cells showecl nod.erate to rnnrketl chromatolysls,

sometlnes assoclated, wlth swelÌlng of the cell and. eccentricity of lts

nucleus. Occaslonally necrosis anô ner¡ronophagia occurred-. A few

small-er pyrarnldal- cells Lying ln the thlrd- lamina showed moderate

ehrrcmatolysis anô rarely were r:ndergolnE neuronophagla.

KrayenbühI (1928), Ilurst (L929), ¡narl-Thon¡¿s and Ï..,hernrttc (L929),

Pette (fglO) ana Splelmeyer (1191?-) were ths flrst to dr¿w attentlon Ùo

(1) = Photograph J.
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lsolated leslons of the motor *ítt"lc in both huna¡ and monkey polio-

nyelttts. Pette (1910) and llörnyer (G931 b) have shovm that not only

1s the area glganto-pyramlôalls the area of eLection for polloryelttlc

lesions of the cortex, but ühat ühere ls lâ,mlnel electlvíty ln tJ:1s

a,rêa, the thtrd anô flfth la¡rers belng nalnly affected'.

Eurst (f910) noted tha.t the Leeions of the motor cortex ln

monkey pollomyelltis were moet n¿rkecl ln the d,orsal thlrit (Leg centre).

More recently Horanyl-Eechst has forxrcl a sinllar state of affalrs ln

the naJorlty of hls cases of hrrman pollomyel-i,tls, and ln a propOrtlon

has correlated. the tllstributlon of Leslons ln the precentral 6rrus

with ttrose ln the braln-stem and splnal cord.. ltrus ln the majorlty

of cases ln whlch the 1eg eentre wå,s l¡ost severely affected", tbe

lunbar segments of the sptnel cord shorred the most marked. changes.

Of the slx cases of this serles, Cases l and. { showed. tbe most

severe changes ln the dorsal ttrird. (leg area), In Case 6 the upper

a¡rcl l-ower thlrd.s were equally lnvoLved., while in Case 7 the lower

half was m6re severely affeotecL. In the remalning two cases there

1râ,s no d.lfference ln the lntensity of the leslons of the various pa,rts

of tbe motor cortex. It was not posslbl-e to correlate ühe Lesions

of tLre brrlbo-splnal motor centres with those of the area glganto-pyramld'-

al1s. X'or the most part, however, the cllnlcal flnd.Ings were the only

Lnttlcation of locallsatlon of leslons ln the splnal eord, since approp-

rl.ate sectlons were avallable only in Cases 4 and- 6.

In severel of the c&ses an occasional vessal whlch showed. nlld.

perLvascrrlar lnflltration re&s seen ln the frontal cortex, while in
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Case { slmllar perlvascular cufflng wâB seen ln the cortex of the

clngulate sulcus; cell loss and. tfssu.e inflltratlon, bowever, were

absent.

Horanyl-Hechst agrees wlth K$rnyey the;t pollomyelltic focf ancl

chnnges !n the nerve cells of the cerebra,l corter In hurnan poliomyeLitis

are found. only ln the precentral regLon, partlcularly 1n the area

giganto-pyramidalls. fhe only dlssentient vlew he coultl find" tn ùhe

l-lterature ças that of Spielroeyer, who found- leslons ln the g6rnu

Annpnls of one case. In C¿lse 7 of ühls serles a snall focus of gllal

celle ancl one ¡nlyrnorphonrlclear leucoeyte wÍùs seen ln the ¡nsterior

part of the cornu Arutonls. It lay ln the stratum luclôun (Cajal)t

Just ertern¿I to the clouble layer of pyramidal celle. In lts nelghbour-

hood thero w€re a few ves6els with mlld. trnrlvascular tnflltration.

lherefore, while agreelng wiüh Kðrnyey and. Ëoranyi-Hechst so far as

the neopalllum is coneerned., I cannot accept thefr oplnion in regard

to the archlpallir:m.

(¡) BASÀL GANGTIA

(a) Corpus Striatun.

I. Cau_dg-tj nucleus: Leelons were absent ln every caÊe.

2. I¡ontlform nuclelæ: In two eÆ,ses there were a few vessels in the

puta,nen wlth mlld- perLvascular lnfiltration. In a<iditlon there wà,s a

s¡naII area of mlld d.lffuee infiltratlon 1n one of these cases. Irl both

the nerve cells were normal.

The globus pallldus ryas lnvolv'ed. ln for¡r ca,Bes, the lesions in each

tnnsl.stlng of nllcl perlvascular inflltraü1on of a few vessels, In none
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weïe the nerve cells affecteô. In Case 6 there was calcificatlon of

the rvall.s of tbe vessels. In those cä.ses ln whlch }eslons oecurretl

ln the E¡lobus palladus, the puta,men w,s,s u¡affected..

1. Internal capsule: An occasloaal vessel with mlld. perlvasoular

lnfll-tratlon çae seen tn three c&ses.

(b) clauslrlìg,.

Thls was never lnvo1ved.. Med.lal to lt, howevet, a few vessels Ìvlth

nlld. perlvascuLar lnflltratlon were Eeen Ln the external eapsu-le of one

case.

The changes found, ln the corpuc strlatu.E and claustn:n are slnllar

to thoee repoetecl by Stlefler and. Schenk, anô by l6rnyey (193] b).

EOranyl-Hechst for:nô ln a few of bts c6¿se8r besl.èes perlvaecular

lnflltratlon, lnllonyelltle focl both ln the globus palliôus anô ühe

putarnen, 0ecaslonelly there wa.s mllô perlvaseular inflltratlon ln the

claustrr:¡4.

(c) [halamus.

Leslons were founô !n the thalamus tn all- ca.ses. Usu¿lly they

conslsted of mlld perlvaseular cufflng. llhe nerve cells 'Jvere uever

affected..

Spectal attentlon was pa1ù to the slte of the Lestons wlthln the

thalamus. the anterlor nucleus váùs nevê1' affectetl. [he lower end.

of the med.lal nucleus anð the laüeraL nucleus ve):e each lnvoLved. ln

twq cases. The ventral nucleus Ías more Often lnvolved, leslons

occtlrrlng tn flve of the six cases. In the ventral nucleus the meôlal

prert was always nost lnvolved-. Apart frnm the mlld. perlvassLllar arrfflng,
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tllffuse tnfllüratlon of gllal ce1Is, together wlth an appfeciable

nr¡mber of trnlymorpbonuclear leueoeytes were geen ln tho veutral

of two eêse6.

[he ventral nucleus of the thalamus serves as a rclay statlon for

the medlal lemnlscus and. spinothalamic tracts. In add.ltlon lt receLves

ftbres from the brachium conjunctlvr¡n a.ad. reù nucleus. It may well be,

tberefore, that the leslons of the ventral nucleus &re secontla,4y to

leslons of the splnal cord, braln-sten and. cerebellun.

Horanyl-Heehet ad.mits that tln changes ln tbê dlencepha,lon are

generally later ln orlgln than those of the bra.ln-stem antl the 4inal

c'qril, He could. not flniL fn thå c|raoges in the tha,la,mus, however,

any topographlcal relatlonshlp elther to tbe lnternal capsul-e (spreatl'

of the vlnrs along the pyra.rold¿l tracts), nor to thE termlnatlon of

the Lomnlsc!. Both Stlef,Ler anò Schenk, and. Kbrnyey G951b) found. that

the naln changes ocsurrêd. ln the ventra.l nr¡cleus

(d) xypol¡hala¡nuE.

The h¡rothalanlc reglon was Involged. |n all slx cages, thou$

ôlfferent nuclel were affeotetl ln every ease. L,,eslone consisteô of

mod.erate perlvaseular lnflltratlon, assoclated somettmes wtth mllcl

to noderate tlssue tnflltration, which was uerra.l1y d.lffuse but occasion-

pl}y focal tn type. Deeth of nerve cells was never seen. In some

sectlons the lnflltrate, apart fron 911a1 ceLls and. lymphocytesl

contaln.ed. appreclable numters of polymorphonuclear leucocytes. The

supraoptic nueleus was involved. ln three ca.ses, the tuber clnerer:.m

ln two cases, a¡rd. ühe tegmental ff.eld. H of I'orel ln two cases.
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Íbe cl¡orso- and ventro-ned.lal htrryotbala,nic nuclei were each af,fected-

ln one c&se. [he subthêla¡nlc nucleus (f,r¡Vs) showed mlltt perl""rooi*t

lnflltratlon ln onIY one caÊe.

Stlefler and Schenk found. that the olranges were nost narked. ln the

nelghborrrbooô of tl¡e tt¡lrù ventrlcle arrcl d.eereaseô ln lntenslty laterally;

ln this r€spêct the present cases are all slmllar. Horanyf-Hechst found'

ebanges most frequently ln the nucleus pareventrlcuLarls, but even here

celI necrosls oceu¡recl but rêrely.

(") Mgtathalarmre.

lhe lateral çnlculate body wâ,8 never affected.. lhe ned.l.al geniculate

bo{y was affeoted- ln one câ,se, tbe Iesions conslsting of ni1d" perivascular

orfflng, and ¡rctlerate focaL lnflltratlon wlth glial cells and- polymor?bo-

nuclear leucocytes.

(f) Eptthgl$mus.

fhe plneal boôy showeè marked vascular congestlon ta one caÊe. The

nucleue of the posterlor commlssure (Darkschewltsch) was Êeen ln one

caser and. showetl perlvascular cufflng and. fooal lnfi]-tratlon' The

Nlssl granuleê rvere not clear cut, anò a few cells were ur¡d'ergolng

neuronophagla.

(4) EEIUSIT0EPEAISS.

In vlew of the wld.ely accepted. bel-tef that the olfactory ReÍves are

the nost probable portal of entry for the vlrus of polloryelltls'

speclal attentlon was pald. to the rhinencepbalon. Apart from ttose ln

the reglon of the anterlor perforateô subetafice, the leslons were
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suprl Êlngly lnsl g¡lfl cênt .

(") 0lfg.ctory þulbs.

These were avallabLe in for¡¡ sases. [hough they were cut ønplete1y

ln serlal sect'lons, no leelonÊ ilere ðetected..

(t) Anterlor perforated. substaJrce.

[he changes conslsted.ln npd.erate perlvascular cufflng and. tlssue

lnflltratlon usuêI1y focal ln t¡Ae. lhey occurred. ln for¡r co.ses. Ehe

¡uetilal a¡rô lateral strlate vessels pass through the anterlor perforated'

substance to supply the basal ganglla. The perivaecular lnflltratton,

tberefore, can be ex¡rLa1ned as òue to a¡r overflow of lnflan¡natory cells

from the leslons ln the basal ganglla lnto the spaces of Vlrchow-Robin.

It ls lrçrobable, therefore, th¿t leslons in the anterlor perforated.

substa,ne:e lnd.lcate the trnrtal of entry of the vlrue.

(o) lhe amvgd,alold rylegg was always free froro leglons.

(a) L,eslons occurred. ln tbp cornu Arnnonlg in only one caso, [hey heve

teen d.escrtbed. alrea{y ln t}¡e seetlon on the eerebral cortex.

(5) oa¡NIALNsRtmS.

In two cases there was ntld. d.lffuse mononucleer lnfiltratlon at thp

perlphery of the trlgenlnal ganglla. Ehe gàngflon cells were normal.

Ehe optlc nerves anô tracte yvere always rrnaffectecL.

(6) cHoRoID PLExûs.

Apart from calclflcatlon tn the vessels ln @se 6, no leslons

were seen.
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B 3B.*IN-S[BM ATTD @REBET,LU![

(r) À{8NIN@6.

Mentngeal tnflltretlon was slnlLar to that seen In tlre cerebn¡m.

It occr¡rred.ln the lnterpeðuncular fosså, anrd. over the ventral aspeot

of the pons and the ned.uIla, and. often in the cerebellopontine angle

and. between the cerebellar folla. Itg ocerrrrence on the vonüra} aqpeot

of the braln-stem cannot be reLa,teð to the und.erlying pyramtde,] tracts,

to the pontlne nuclei or to the tnferlor ollvary nucleus, because theee

rarely Ehowed. leslons. Eowever, the ventral. aspect is the region of

entrance antl ed.t of rcst of the blood vegsels, and lt is posslble that

tbe occr¡rrence of menlngltls hêre ts &1o to tbe overflow of lnflammatory

cells fron the d.lseased. tegmentum along the perlvagcular sheaths.

fhe presence of meulngltls ln tbe cerebellopontlne anglc could" be

e:çlalnetl on simllar lines, but ln both cå,ses ühe conclltlons govertrlng

the flow of cerebro-sptnal flutd. may play a part. [hus Ewst (19t2),

after tbe lnJection of Indlan lnk or trypan bLue lnto the cisterna

lnagn¡ù of monkeys, stated. that, llthe maxlmun colouratfon vras seen on the

tnferlor surface of tlre cerebellum, along the basllar artery ancl anterlor

cerebral arterles, and around, thÊ lnterpeèrrncular fossê, spread.ing thenee

by the Sylvian flssure and. atlJacent convo].utLons to the vertex and.

meôlal surfs,ce,ll The evld.eûce suggestsr therefore, that whatever the

orlgin of the cells lnfiltratlng the meninçs, thelr cllstrihltlon is

LnflLueuced b¡' ¡¡" flow of the cerebro-spinal fluid.
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(2 ) UIIEBATN

I¡eslons tn the mltlbraln were clmost entlrely confinecl to the tectun

a¡rô the tegnentumi the cerebral- peduncLee were usually Enred', but a

few vessels showeò perlvascular cufflng. ßhe infla.mmatory changgs

conslstea1 of vasculer congestlon, oedêuta,, nodetate to severe perlvascular

cufflng, occaslonal extra-aclventltlal tnfiLtratlon, antl tl6sue Infilürat-

lon, both cllffuge and. focal. The lnflltrate conststed of erclIea

mlcrogllal celle a^nô lynphocytes rlth a few plyrnorphonuclear

leucocyte s.

In th su¡rrlor colllcull there was markecl perlvascular inflltratton,

but tlssue lnfllüration was nllôer ancl more ôlffuee, In fbree caseg

the notor oells of the superlor colllcull showed. mlld c?¡¡omatolysis.

As a nrle, perlvascular and. tlseue lnflltratlon were weLl na,rked.

ln the retlcular formatlon anè ln the gray natter surrounôlng the

aqr:ed.uct of Sylvlus. Occaelonal ceIIE of the oculonotor nueleus sho¡vect

noðeratê chromatolysls, but tbere was no ôeath of cells.

0n1y the pervo-cellu1ar portion of ühe red nucleu.s tY&s examlnecl.

Apart fro¡n moôerate perivascular inftltratlon especlally towards ttF

periphery of the nucleus and. occaelonal aroee of nlld d'lffuee and.

foaal lnflltration, the leslons were not ma¡ked.. [he nen¡e cellÊ Trere

nor@I .

Tlre results so far are slmflar to those of Eoranyl-Eechsü.

In the substantia nigra of four cases there was noðerate to severe

perivaseular lnftltratlon. In one of these, tlssue lnfiltration was

absent, ln the others lt was mlltt antl diffuse. Ehe ce.L1s were norma.l.
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[he substantla nlgra ln the remalnlng two caees was marked-Iy affected.,

extremely severe tlssue and periv¿scular tnflLtration lnr¡olvlng alnost

tbe whole strueture wlth the exceptl.on of a small portlon superolaterally.

lhe plgnented. nerve cells were embetld.ed" ln masses of lnf]-a¡nmatory cells,

and rcst of them were rod.erately üo severèþ chronatolytic. NecrosLs

r¡lth neuronophagia occurred. ln sone. A few a,pparently normal ee118

uÊre seen an¡ong the naeses of lnflammatory cells.

[he ftrst four eases are slnl]ar to those êeecrlbed. by Sti,efler

and Schenk, Iloranyt-Hechst, anô Kbrnyrey (L911 b),' rvho consld.er ühaü

necrosis of eel1s ln the substantla nigra ls rare. lhe oüher two

resemble those of Guizett,t (tgll), who maintalns like ïûqrineseo,

lfanj.catlde and. State-Draganeseo (lg}g) anô Änilrá-Thonas and Lherrnitte

(t929) that necrosls of these cells ls @mmon.

IT) PÛNS A¡ID MEDUI,TJ\

In the pons a,nd. the neclulle, as ln the mldbraln, the eeat of the

pathoLoglcal processe6 was tbe teguentr¡m. Except for oceasional vessels

wÍth mlld. perlvascular cufflng lying 1n tbe pontlne nuclet, a,rcuate

nuclet, ollvary nusl.el, and. the pyreruldal tracüs, tlre ventral" regLon

was unäffectod¡ 't¡€r'Jr r{ùrely sroe,1l focl of glial cells were Been here.

Ihe nerve cells wsre never involvetl.

fhe pontlne regton was serre:r{y affeoted. ln flve ca.ses, ar¡d. moders,te-

ly ln one. lbe severlty of the lnfla,mrnatory procoss usua,lly ôtmlnishotl

sltght}y as It was traced. fron pons to medull¡¡.. The most inüense

cbanges wero seen ln tbe tlsgr:ps formlng the floor of the fourth

veafrlc}e, espêclaIly ln the mld.-ltne, lrut they were also well marked.



57.

in the lateral walIs. Íhey conslsteù of oedema, vasculêr congestlon,

occaslonal smaLl h¡remorrba,ges, pertvascular lnfiltratlon, ancl tlss're

lnflLtr.atlon both ôlffuee and focal. Asscclateô with these was tb€

dps.th of nerve celLs.

Hurst (Lg?,g), on aecorrnt of the lack of reaction ùo the effused bLood''

interprets the mlnute haemorrbages a,s ühe result of posÙ-nortem traum¿.

I^andon and. Smlth (L9Jù, on the other bå,nd.' maintaln that they a,re clue

to the actlon of a tod.n, presurnably virus ltsetf, on the enclothelh.:m

of the blooû veseels, which are damageil to such a dogroe tbat they perrolt

dl1ape¿esls of red. btood. corpusoles or even actuFrl haernorrhagg. fho

latter theory 1s lmprobable becauee the vlrus of pollomyelltís b¿s

never been shown to affect any but nen¡e cells. Sabln and plttsky (I9i6)

h¿ve founû that its speclflcity ls so omplete that, unlllre nost other

vlnrses, it has never been grown ln tlssue-sulture exeept of hunan

enbryonic br¿ln. Iloreover viruses tlo not produce toxlns, sO tha,t lf

a torin ls supposed. to d.amage the vascuLar endotheliurn, it mrrst be

produced. in d.egeneratlng nervous tlssue, Iennette and. Reannes (Lg37, 19JÜ)

have shoïvn that in experimente,I pollornyelltis there 1s a slf ght lncre.ese

ín the permeabtltt¡' o¡ the blootl-central nervous system barrler to socllun

nltrate, but not to prcteln arrd. globulln¡ lt soems r:nllkely tÞ¡t red' tlood

corlruscles cOulô pass through da.magecl walls inpermeab].e to protein.

Perl.vascul¿r cufflng of vessels was extrenely severs, and. ln adôltlon

there was often extra-aòventitlaL tnfllüration. Inflltraùlon wlth swollen

mlcroglla,l cells and- a few tympiroeytes, both cl,lffuse ancl focal, wå,s seen

throughout the tegrnentr:m. More rarely a few polymorphonucLear leucoeytes

were Eeen. The latonsity of the lnfla,mmatory reactlon in the pons was

often equal to that eeen in severely affeetecL segments of the splnal cord..



58.

Chromatolytlc chançs and. neclosis oosurreÔ rnore severely and. more

froErently ln the nervÊ cells of the motor nuclel, than ln those of the

sensory nuclel of the braln-eten.

In the m6tor nucleus of the lth nerve, Ùhere were A few necrOülc

cells ln one case, but ususlly the changes went no furtber tÌ:an those of

mod.erate chrornatolysls. fhe abôucent nucleus showed moderate celL Ioss

in One case. The faclal- nucleus showeô mfld. cell loss in one câ,se,

nod"erate in three caÊes, anfl severe ln one case. Tltere lvas a tenclency,

notlceil in the other motor nuc.Iel, for the nucleus on the one sl'le to be

much more affected. than fts felLow on the opposlte slde. In ühe l,lüeral

vestibular nucleus (Delterts), tn aLl of the cases at least hal-f of the

cells were undergotng neuronophagia, while there rvas ruoclerate to severe

chromatolysls of most of the renatnd.er. A few apparently normal cells

lïer€ seen among the closely packed. cells of the lnfiltrate. SÏ¡e nucleus

arnbiguus ancl tlre bypoglossal nucleus were equa,lly affected. In th¡ee

eå,ses there was nod.erate oe1l loss, while in two there w¿rs aIrrcst total

loss of the cells comprislng the nucleus. The nucleus supraspinatus

sho¡red. môerate cell Ioss fn three caseÊ. }¡fod"erate to severe chronatolysls

was often seen 1n the large rctor celLs of the reticular formation.

Qccasional cel-ls were nêcrotic and. r¡rtlerwent neuronophagia. In two eases

mild. ceII loss occurred. ln thê dÐrsa1 moto" rro"t"o. of the vagus.

The pigmented. pontlne nucloi of the Locus coerul-eus were affected.

fn flve casês. In two there wes moderate chromatclysls, while in the

others occasi:nal cells Ìvere neerotlc and were undergoln€i neurono;ohngia.

.An expremely lnteresting feature of the neuronophagla was the presence

of melanin granules lrlthin the cytoplasm of the pha,gocytes. [hls h+s
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teen reported prevlously both in the substantia nlgra ancl locus

coenrleus by irfarlnesco, trLanle¿,tlcte and" St,ate-Draga,nesco (1929).

Creutzfelðt (1925) reports a slmllar find.lng in the substantla nlgra

in von Econonor s d.lsease. Å11 these obse:¡ratlons give åefinlte

evid.ence for the occurrence of neuronophagia.

Horanyi-liechst says thet, he has never seen actu¡¿l phagocytosls,

that ts, the presence of fragments of csl,l borilies or tlgrold. or fibrll

fragnents wlthtn tbe phagocytos, Bnil prefers to call the process

nerrrocytolysls. It ls certaln that lnfls¡ons,tion severe enough üo eause

the d.eath of nerve cells would. be eufflclent to causê lysls of ühe

ttgrold. boôIes anô neurofibrils, roaklng it d"lfflcuLt to reeo,gnize by

thase crlterla that neuronophagia was oceurring. In thts connectlon

the work of Levad.ltl anô Ptggrot (1914) who observed d.eflnite evlclence

of neuronoph,rgla in the posterlor root ganglfa, may be mentíoned.

Iu the mesênceph&llc nueleus of the þth nerve nil-tt cell loss was

found. !n two så.ses. This is not rrnexpected. for the nucleus ha,s an

embryologleal orlgln slmllr¿r to tlurt ôf the posterior root gangLla,

in whlch leslons are founò ln both human and ex¡lerlnental pollomyel-itls

(Forssner anil Sjöv¿ll (1907) ). The prlncipal sensory nucleus of the 5th

nerve was mlld.Iy affected. in flve cases, a few cel-ls being necrotic.

The superior ollvary and ventral cochlear nuclet wore a,ffEcted. similarly

ln two cases. Though perlvascular lnftltration oftan occurred in the

hih::n of the inferlor oLivary nucLeus, its eell-s sere always normal.

lhe arcu¡¿te nucleus was also r¡naffected.. Focal infiltration w¿s

present in the ned.lal and. Lateral tegmental proceeses of tbe pontine nuclel

antl in the nucleus of the spinal traet of the fth nerve, but the nerve
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cells vrere un¿ffected.. îhere was occaslonal necrosls of ne?ive ceLlg

in the cwreate antl gracile nuclel, but it was not proportlonal to the

tlssue infiltratlon,

The localizatlon of the grthologå.cal process ln the brain-sten to lts

tegmenüa]- portlon b¿rs been a point of much lnterest since lí¿¡rbitz aad.

Schee1 (1907 a) first drew attention to lt. Selfrleô anò $.patz (1910)

belleve that the dorsal parts of the nedulla anô pons are especta.Lly

inr¡olvetl by the d.lsease because the vlrus s¡rread.s by way of the

cerebro-splnal f1ulô. Horanyi-Hechst says that he wo':ld. Líke to leLleve

this, but that the a,ssunption ls not ln accordance with ¿11 the hfstolog-

lcal facts. Nor can he eryl.ain the localiz¿tion of the procoss by the

sprearl of the vln¡s along the a.x¡ns.

The lntenslty of the pathologica,I process in the floor of the for.¡rth

ventrlcle, espeolally towaid.s the nldLine, pronpts consld.eratlon of a

tract to whlch no attentlrrn has hitherto teen pald. ln poltoniyelltis,

tlrat is, the medlal longltrrd.lnal bund.Ie, whlch extends through the whole

length of the breln-stem, aJril Iles close to the neo.len pl,rne antL üo lts

feLlow of the ppposlte s1'1e.

Ihe most lmportant element ln the ned.lal trongltuillnal brurùle conslste

of fiìree from the vestlbul¿r tc the oculomotor LEroup of nuelei of both

sld.es. It also contatns fibres wblch conirect wlth the fomatlo reticula,rls

of the metlulla anô pons, the sensory nucleus of tÌre lth nerve ancl probably

all other motor nuclel of the pons antì medulla, It extend.s as hfgh as the

nucleus of the posterlor longitutLinal bund.Ie (sltuated. ln the gre.y Eatter

ventro-Iateral to the thtrd- ventrlcle), and. below 1s contlnuous wtth. the

anterlor lntersegmental t¡act of the spinal cord. [hrougb ühe 1atter it is



6r.

tn Lntl¡¡ate relatlonshlp wlth the anterior horn cells, a factor of the

utmost importance.

It is possible, therefore, th"at virus goulô pass from the dlscased'

anterior horn cells into the anterior Intersegmental tra,ct, from ühere

to the ned.i¿l longltud.inat br¡ntlle, anò thence to tbe nucLel of the

tegnent¿,n of the nedulla anô pons, ancl to the thlrd. ventrlcLe. On the

other b.and. lf the lnltlal leslcns occurred- ln the ponå and. medrrLl-a, the

anterior horn cells coulô be secon(Larlly lnvolvetl through the sane paths.

passaqe of the vLrus along the a¡terfor lntersegmontal ùract mtgbù

erylain the step-Ilke charscter of the ascendlng tylto of pollornyelitls,

ühe lnfeetlon passlng frorn segnenü to segnent of the spinal cord-, ar¡<I

eventr¡.alIy reaching the braln-sten by neans of the medlan longltuê1n4,l

bunrlle. The reverse would. hold for the d.escentling type.

(4) c$FsrEl,trr'ir.

Io the molecular layer occaElonal vessels were seen wlth mtld.

lrrlvascu!.ar cuffing. [he nerve cells wor:e variably affecüecl. There

were no lesions of the Purklnje cells, but the cells of the ventro-ned"lal

prtlon of the d.entete nucleus were mllclly cbromatolytic. In thelr

nelghbourhood. there wá¿s moderate perlvascular and. focal lnfll"tratÍon.

¡nOrí-fhomas and Lherrnltte (1929), on the other hand, found- narkeô

changes ln the neurones of the tlentate nuc3.eus, brrt ¿ssoclateð nl"crogllal

reactlon was absent.

The roof nuclel were much rûore sev€rely affecte,l ln the two cases Ln

whlch they were exantned.(4) [hey were llteraIIy packecl- wj.th lnfla.rnmatory

ceIls. Nearly all of the norve celLs were und.ergoing neuronopha¿La.

(4). = photograph 
4.
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Severe perlvascular inflltr¿tlon aad oeea.slonal sro¿ll haemorrhages

occurred. ln the mld.ôle cerebellar peðwrcles, &acl vrere preÉenü Ln e mlltler

fom ln the superlor and lnferlor cerebellar peèr:ncles. In one oage

there was mlld perlvaseular anô d.lffuse laf1}trati.on ln the anterior

mo<Lr:llary veh¡m.

The severlty of the pathologlcal ptocess ln the nucleus fastÍglus

runs pari paÊsu wlth tha,t ln Delterrs nucleus. Posslbly the vlrus,

after manlfesting lts properties ln the latter and. thus becomlng

increased- in qr:a,ntity, passes to the nucleus fastlglus along tbe

fastfglo-tulbar tract which connects them.

c. Ës!-@9.
lúost of the splnal corcls were placerl- in glyceríne, ln o"d."r to obtein

vlnrs for e:rperlmental stuôy. Sectlons through cervlcaL, thoraclo antl

h:mbar segments wêre avallable ln Cases { and, 6, throu$r the thoraclc

and. lumbar ln Case 2, through cervical fn Cases Jr 7 anè 8, and. through

thoraclc ln Case 1.

lrÍenlngltls wêrs more marked. than in the cerebrr:m or the braln-sten,

but the same t¡ces of ceIls occr:¡red.. As a general fule the inflltration

of the pla was more apparent ln the lower than ln the upper segments,

an observation prevlously nade ty lflckman (1911). It wss @re lntense

ln the antero-inetlian fissure anô over the r¡ent¡al aspect oi:'thB eGrcl.

Cceaslonally there was dlÐarlty between the lntenslty of the

menlngitls antl the r¡rd.erlylng lnf1a.mmatlon of the parenchyma. Thus ln

e sectlon fmm the lumbar cord of Case 6, meningltis wr¿s severe, yet

withln the substance of the cord., tlssue lnfiltratlon was míld- ancl
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loeallzetl to the regl.on of the centrâL canal, while tha anterior horn

cel1s, apert from occaslonal vacuolatton, yvere normal.(t) ,r, the cervlcal

reglon of the same c&se, there were severe lnfll-tratlve cha"nges a.nd-

¿eaùh of nerro celIs, yet the menlnçal lnflltration a,mounted. to no lûore

thqn a few scattered. celIs.

Leslons ln the parenchyma, of ühe spinat- cord were severe i.n lumbar

and cervlcal reglons but only nxcd"erate ln the thoraclc regíon ln Case {.

In Cg,se 6 there were severe leslons In the cerr'lcal and thoracic rogfons,

but the lumbar reglon was onLy mlloly involved'.

In nost of ühe eight cases the sectlons showed severe v¿,scu-lar

congestlon anô oeôema. Perivascular lnfiltratlon ¡vas rna,rked. and. there

was often extra-aclventlt,ial lnfiltratlon. lhe former occurred. equa,lly

ln the grey and, rhlte matter. At tj.mes It was posslble to trace the

inflammatory cells along the perlvascular eheaths to tbe pia where they

becs¿me contlnuous wlt,h the infiltration there.

Tlseue lnftltrati,on waÈ confined. to the grey natter and was of two

t¡rpes, d.lffuse and focal. It was most lntense ln tl¡e anterior horns and

in the grey matter surrounðing the central canal. Oecastonally the

pOsterlor hr¡rns were almost. as heavtly lnvolved, but usua.ll.y less sO;

rarely not at alL. Tlssue lnfiltratlon was always more lntense Lrnrneélate-

ly ad.jacent to the veseels.

The cells comprlslng the lnflltrate varled. at d.lfferent levels of the

splnal cord.. In segpents at e I¿ter stage of the patlologlcal process

the vast majorlty of cells neré swollen rnicroglla, together wlth a mall

nr¡mber of tynphocytee and. rare ¡nlymorphonucLear leucocytes. In éegrnents

more recently attacked. by the vlrus, there were a few microgLial celle

(1) - Photogranh 1.
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at the rod.-cell stage and. occaslonal lyrnphocytes, but pol¡nnorphonuolear

leucocytes predonlnated. ln the lnflltrate. Iü was thus lnsslble to

trace the sprearl of the d.iÉease ln tbe splnal cord and. to oorrelate lt

wlth the ellnlcal symptoms. i'or lnstanoe, in Case 6 where the lnltlal

pals¡'occurreô ln tbe upper llmb, the cervicaÌ cord. showed. a later staç

of the pathotoglcal process, the thoracie cord an lntermeûlate sta.ge

and the lumbar cgrô an early stage. In. the cervlcal regÍ-on there was

a totol loss of anterlor horn cells, whlle those In the lumbar regLon

showecl only oecaslonal vacuolatlon.

In general the pathologleal plcture wâs that of a primary tlegeneratton

of the neurons, 'secontlari.ly attacked. by polynnrphonuclear leucocytes.

Leüer these leueocyteG rere replaceò by wollen nlerogltal eells Ê^ncl

lymphoeytes, The phagocytosls of the necrotlc nerve cells was bror:€ht

ebout by the "r"*gfr"Í2) 
[he mlnute frdþorrhages whlch occastone'J.Iy

oc$:rred. ln the grey matter were not always relateô to the severlty of the

lnflammatory reactlon .

Loss of nerve cells. was almost entlreLy conflneô to the anterfor

horns, but sometlmes cells belonglng to Clarkels coh:mn o¡ nÞre rarely

übe lntercalateô neurons of the posterior horn wsre affect'ed.. [he Ieslons

of the anterlor horn cells varleò from mlld chromatolysls to set'ere

changes, eventrrrLly passlng on to necrosls anci later to ner:ronophagia.

When ga.ngllon cells of the anterlor horne were spared, they rere a.lways

tbose of emall or medlum slze¡ the Large ones were apparently lnore

susceptlble to the vlrus. flhen Clarkers column was affectecl lt was

often only on one slde of the splnal cord. Sometines vacuolatlon of the

ceLls occurretl. Tlssue lnflltratlon was often well n¿¡.rksd. ln the lateral

(2) = PhotograPh 2.
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horns rhtch contaln the connector cells of the s¡mpathetlc systen. In

rare casês som€ of these cells were severely chrornaüolyülc, but actua,l

lose of cells Í&s never detecteô.

lhe central canaL occa,slonalty contalned. sone hysLine enrd¿.te and.

a few mononuclear celle. In one case lt was obllterated. by proltferatlon

of the epentlyrnal celIs. L,anclon and. Smlth (f91Ð have notleetl. obllteratlon

of the eentral caneL ln over one-thlrd of their c¿seg. It nust be

lnlnted. out that thls often occurs ln nan w!!b, lncreaelng age, anÔ Ls

not necessarlly the result of èlsease'

A

(4)

The pred.llectlon of ttie vlrus for the rctor eells of the anterlor

horns of the splnal corù ha,s long been lcrrgw¡, but the reaÊon for It

remalns obscure. Recent workers bave maintalned. th¿t loss of ¡ervg

cells in tbe sptnal cord is a ma¡rlfest,ation of selectlve affinlty of the

vlnrs for the cells of the voLuatary rrctor system, and' ls lncl'epend'ent

of vascular factors. Ihe fact that 1n the present cases the lateral

horn cells gere usually r-maffected. when anterlor horn oeLls Tvere severely

involved., although both heve the sâme blood supply, Iead.s tO the sa¡ne

eoncLuslon. [hls was prevlously pofntecl out by Horanyl-Ilech.st.

gne of the maln objects of thls research was to deter¡nfne whether

nerve cells slmllar ln structural and. physlologieal propertles to the

antertor horn ceLls, but ly1ng elsewhere fn tbe central nervous systen
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tban the splnal corcl, shoTved. the same sltsceptiblllty to the vlnrE.

Maloao (191j) has descrlbed alread.y the cllstributton wlthln the central

nervous system of sueh cells, that ls, eells of the motor tt?e. Ee

recognlzes tl¡em by thelr large slze, by thetr sharpLy polygonal fotm,

and. by thelr reLattvely coarse, well-d,efined. Nlssl granules. Dlrectly

or lnd.lreetly th.ey lnnerat,e strlated- musrcle. they lnclud.e; the Betz

cellsi the cel1s of the globus palllår:sl the nucleus lntercaLatus

eorporie ma¡omtllarls, a¡rd the subs.tantla reülcu1aris L\ypoth¿La;al of the

Ïr¡¡gothalamus; the magno-ceLlu1ar portlon of the reð nucleus¡ the.nucleus

of the posterior commlssure (Darkeschewltsch); the pors reticul.arls of

the substantla nlgra, but not the pars compacta; the notor cells of the

superlor collteulus; the motor ceLls of the retleula¡ formatlon of the

brain-stem; the r¡otor nuclel of the cra,nial nerves; Dleterls nucleus; nnd

the roof and denta,le nuclei of the cerebeLlun.
L¿

I ftt the eerebral cortex sneci.{fty for t}És type of csll ls almost
t

absolute, for apart fr¡om the leslons of the Setz eells only a fow s¡naIler

pyramid.al cells of the thlrd. lamlna were affected. the granule cells

^ wêrg never lnvOlved..

In the cerebeLlum a stmllar speclficlty was shown slnce the bn¡nt of

the pathologlcal process was borne by the nucleus fastlglusi the PurklnJe

ceIls, on the other hand., were never affected-. It ls or:tlous, however,

that the d.entate nucleus was only mlld,ly affecteô, for lt contalns nootor

ce1ls simllar to those of the nueleus fastlglus.

F¡on hlstologleal lsrowled.ge one '¿ould. have pred.lcted. narked. Lesions

ín the globus pallldus. The resrrlts show ihat hsre the eell"s, contrary

to the flnd.lngs ln tbe ex¡lerinental dleeaÊe, were always free from lesions.
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Accorctlng to Malone the plgrnenteô portlon of the substantla nigra

(ttret ls, the pars compacta) does not contain cells of the ¡æüor t¡æe.

Tet ôeath of nerve cells waÊ conmon hereræi[ uncommon ín t]re non-plgmentefl

¡ars retlcularis containing notor cells. fhis was also tbo erperlenee of

Eoranyi-Hechst, wb suggests tbat the tnvolveroent of the pars compacta ls

ôr¡e to the presence of melanin. IIe polnts out that the plgmentetL cells of

the locus coeruleus whlch llkewlee contâin melanin, were also involved.

So far then as the gl-obus patLldus anô tbe substantia nigra ln huna¡

poltonyelltis are concerned, tb notor cells aro appâ,rently not very

susceptlble to the vlrus. Sinllar flnôlngs rere noted. fn ùhe bypothala,mus

of these caseE.

The nucleus of Darkeschewltsch was lnvolved in the one case In çhlcb lt

was exa¡nlned. Eoranyl-Èechst founcL thât this nucleus was lnJured' in half of

bLs cases, so that evid'entry lt is sur¡ceptlble to the vln:s'

lhe magno-cellular portlon of the red nucleus d.ld. not appear ln the

present sectlons. X'rom the flndtngs of others It appeors that this nucleus

may sonetlmes be lnvolved., but not often (Sttefter and Scher¡k, Horanyl

Hechst, Kbrn¡'ey (f gll t) ) .

In the cases reported. here the motor cells of tbe superlor coLltcult

were nllclly lnvolveô ln tbree of the six cases, the motor cel.ls of the

reticular forrnatlon and of the nuclel of the cranlal nerves showed. occaslon-

al and. varlable lnvolvement, while Delterrs nucleuÊ was regularLy aod-

eeverely lnr¡olved..

As a general n¡Ie the rctor nuclel of the braln-stem were rnore regularly

anù nore severely affected. than the sensory nuclei, except for th.e plgmented'

cells of the lo.cus coeruleus.
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Klno (1928), fron a stud.y of two cases, nalntalns tb¡rt there ls

selectlva affinlty of the vlrus for the rctor nuclel of the braln-süem.

Eoranyt-Eechst for¡nd thls in only three of hls 28 cases. Kötnyey, fron

an extenslve lnvestlgatlon of both hr¡man and monkey pollomyelltis, can

flnd. no cvlôence of selectlve afflnlty tn the braln-sten. In eryerlmental

potlomyelltis Warburg (19ll) a¡il tuhan (L9J7) reporteô simllar flndlngs.

Posslbly the d.tfference ln these results ls d.ependent on the straln

of the vlrus.

Andrá-fhomas anô Î¡hermltte (1929) malntaln from an e¡aanrina,tlon of one

I c*." that the vl11s has an electlve afflntty for notor cells th¡ougt¡out
t

ühe central nerv6us system. It ls clear, hqwever, tþt t!Þre ls nO

absolute speclficity of the vlrus for cells of ühe motor ty¡re in the

eranlal part of the nervous system, except perhaps in the oerebra,l cortex

and. the eerebellìrr. 3ut nelther ts it absol-ute ln the splnal eord., for

though the bnrnt of tb.e pathologlcal process ls borne by tbe ar¡terior horn

cells, occaslonal cells of Clarkers oolumn a¡rd. of tLæ posterfor,¡oot

ganglla are aleo affected.. At the eame tirp tt may be salil that cells of

the notor t¡le are r¡ore often anð rþre severely affected. than any otbers.

E. TËfr PORTAL OF ENÍRT OI' TH$ VIRUS

(1) rEA 9LFACTORJT HOUIE.

Slnce tle h¡æotheels wa,s propound.ed. orlginalLy by f'le:mer and. Lewis

(f.910), it has been wld.ely accepted. that the vlrus of pollomyel"ttls

reaches the central nervous system fronr the nasopharyngeal uucosa by

ì
', passage along tbe fltôments of the olfaetory nerves to the olfactory

lobes of the braln, anå thence to the meclulla and. the spinal cord.
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In th.e present c¿r6ss, apart frrm a small poltomyeLltlc foeus ln the

cor.gu Àmmonls of one, and. tte lnvolvcment of the anterlor perforated-

substance tn four, leslons ln the rhinencephalon were al¡sent. As was

polnted. out,, the inftltratlon of the ar¡terlor perforated- substance ca¡r

be explatned. on other grouncls.

In the four casee ln.whleh they wero elrånlned, the olfe,otory bulbs

were free from pathologlcal change. Tbls w+s the e:çerlence of Horanyl-

Eechst in 15 cases, of Earrnon (1917) ln nine cases, of Sebin (f9J9) fn

12 cases, an¿ of Harbltz anô Seheel (I9O7 b) anct Etl"llerman and X'lseher

(1918) each ln one case. Cl.1nlea11"y, the cases reported" by Stillerman

and llscher and. bi'Sabln were brrlbar ln t¡pe. Robertson (t940), ln hls

stud.y of the olfactory bulbs obiained. from eleven ca,ses ln the recent

Vtctorian epidemie, fouod- lnflammatory changes ln only one of then; even

here there was no lnd.lcation thet the rea'ctlon was certainly &¡e to

pollom¡r¡¡lftls. Landon and. Smlth (tglù for:nrl chi'r.racterlstíc lnflalnmatory

cha,nges ln less than a q**r.rter of i6 olfactory bulbs, obtainotl. from 40

caseê of the ôisease. They suggosteò three possi.ble eqllana,tlons; ftrstt

that the infl.ammatory chançs, unllke those eleswhere ln the nervous system,

mtght be extrarnely sLrort-I1ved.; gecofiô, that ühe vir.rs mtghü pass through

the oLfactory bulb wlthorrt 1e¿vlng tr+ces of ItÈ pzÊs&{Ee; thlrd-, th^^"t tbe

olfactory pathway in hun¿¡n beings 1c not necessarlly ns frequent a route

of entry of the vlrus as ls comnonly held.. 0f the three possibJ-o es¡rlan-

atlons they were ln favour of the thlrd, and. suggested that nerve roots

elsewhere are eqrri+lly lrepcrtant portals of entry.
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It !s well leown tbat the vlrus of poliomyelltls can Srass along

perlpheral nerveE wlthout glvlng rlse to lnflamtatory or degeneratl,ve

changes. Tfe mi.ght accept thls e:planatlon aleo for the olfactory bulbs

tf tt were not thât lt ls in öirect contraôietlon to the results obtalned.

ln the erperlmental anlmal. Sabln and 011tsky (L917) exa,mlned. the

olfactory bulbs of 18 ronkeys lnoeulateil" with the vlrus lntranasal-ly.

In aLl of thenr ühey found clr¿racterlstlc lnflltratlve cha.nges of ùhe

outer layers of tbe olfactory buIbs, assoclated. wlth necrosf.s a.nd-

ueuronophagta of the mltral celLs. In lJ further monkeys lnfectetl by

the lntracerebral, eubcutansoua, lntraocnrlar ancl lntr¿sciatlc routes

respeetlvely, with one doubtful exceptlon, no Leslon6 were d.etected. ln

the olfactory bulbs. It wtll be geen, therefo::e, th'rt ln the rnonkey

the olfactory bulbs act ¿¿s rellabLe lnclicators of the porüel of entry

of ühe vlrus.

ffhen one conslclers the close resembLance of the leslons ln r¡an and

the monkey elsewhere i.n the central nervous system, 1t seems unllke1y

that the vlrus cor:lù pass by way 9f the olfactory nerves 1n man without

proòucing changes ln the olfaetory bulbs and the rest of the rhlnencepha,lon

simllar to those founcl ln the monkey. Tet apart fmm the øt411 nr:mber of

positlve caseÊ d.eecrlbed. by f.,,andon and Snith, the resultB ar€ untformly

negatlve. One ls ôrlven to the conclusion either that infectíon by tbe

olfactory route in man is much less conrûon than was formerLy thoughù, or

tbat olfactory lnfoctlon ls not conmonly fatal, Surnetrs work (1956) on

louplng-llI ln the rat suggestetl to hln that the latter alternaülve

aocounted for lmmr¡nlsatlon of the avorâ€€ ehtlcl lnfected wlth pollonyelltls.
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tTslng vosLcular stom¡¿tltls vlrus, Sabln and Olltsty (f938) came to a

slmlL,ar concluslon.

The ln6ignlficanee of the leslcns of Èhe rni.neoc*ph¡¡.ton ln hun¿n

câ6es of polionyelltls prompts constderatlon of the evlôenee for and.

agalnst the olfactory route, and d.lscussl.on of alternatlve portals of

entry.

Tbe orthotlox oplnlÐn, recently reaffirmeô by Flenaer (fgl6), fs baseô

ul-timetely on the fact tlra.t ln rhesue nonkeys lntranasal inooulatlon ls the

on3"y roguLarly successful method. of attalnÍng infeatlon by llnormaill routes'

(Burnet, Jackson anô Robertson (f919)). As haE been mentlonecl aLrea-(Ly,

a nu¡nber of observers have nOteô tbat sr:rgtcal lnterruptl:n of the

olfact,ory pathway prlor to lntra.nasal inocuLation of the virus prevenüs

the d€velopment of the dtsease. À slmllar protectlve actíon follows the

appllcatlon of varl.ous protein coagulants to the nasal mucoËa (Armsùrong

and. Harrlson (1915) , scbultz and Gebh.¡rd.t (1917), etc. ) .

lhe elçerimentel flnd.tngs wlth regard. to the portal of eatry ln the

rl¡esus monkey are not necessarlty appllcable, howev€r, to the òlse¿se in

rnan. Klng (19J9) telleves that the relative lnportqnce of the naeal

route ln nonkey pollomyolitls may be purely an artlflclal cond.ltloa,

brought about by sone d.egree of chan,qe ln the vlrr"rs. He points out th€¡t

with fresh stralns subcutaneous and. lntrad.errnal lnoculations reacl-iLy

result ln lnfection, but on repeateô passaç the propert:y of cutaneot¡s

lnfectlvlty is soon lost, Fr:¡thermore, certain other vimses (loupíng ttl,

equlne encephalomyelltls, yellow fever and Japanese encephalltls 3) may

under altered condittons sbow a preclilectlon for the olfactoqy route,
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although r:nd.er n¿tura1 cond.ltlons they are highly lnfectlous by subeutaneous

inoculatlon.

(e) rm roxslt!0_-PE4Bn{.@Ar., -EpIJEE.

Ihe pqsslblllty of tbe tonsillo-pharyngoal. reglon ês a portal of

entry of the vlrus was orlglnally suggested. by 3$.low-flansen a¡d Ëa¡bltz (1899).

rJntlL recent yeârsr however, there has been lltt1e evld.ence to support

thelr vlew.

Slnce L928, over 60 cases of poLlomyelitls followlng tonsflLeetomy

and, lor adenoidectomy have been reported.. 0f these, a,t least 47 Wre

bulbar ln type. lhe eases reported lnclutte those of Ayer (1928), Aycock

anô I¡uther (fgZg), Silverman (19J1), Rlscher and. Stitlerma¡û (L937),

Stlllerna¡r and I'ischer (1918), Eley and.3'lake (1918), Anderson a,nd Dixon

(f9lU), Cuttey (1918), Seholes (Igj¡j), Koskoff, Anschel and L,ebeau (L%9)

and. Stebblns, 01l11ck and. Ingra.ham (1919)'

The comments of Sttllerman anô tr'lscher (191U) ln tlælr recent p¿per

are very much to the polnt. rrThe exttrpation of the tonsils anô ad.enoid.s

removes ê protectlve barrier, a.nd. nay provld.e sufflcient trar¡na to the

regÉ-ona1 nerves to permlt the passêge into the central neflrous system of

tÏ¡e virus, wHch mlght not otherwise have entered..rr fhese authors go on

to potnt orrt that the nerves from the tonsillar and" pharyngeal walls

have thelr nuclei ln the bulb. X'rom thts tbe occurrence of the br:-Lbar

type of pollonyelltis, when infectlon takes place by the tonsillo-pbaryn-

gaal route, is reatllly e4plalned..
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From the expertment.al aspect Sabln (19ltJ) tr¿s founal th¿t when the

vlrus of pollomyelltts ls lnJected lnto the tonslllo-pLaryn*,ffi{-

Maeaca rurrlatta, the d.lsease ls, ,slmost wltbOut exceptlon, bulbar Or

bulbo-splnal in t¡4pe, Srom these results, however, we have nO evlåence

that the vlrus ls capable of penetratlng the lntact mucous membrane

of the tonslllo-pharyn.geal reglon. Sabln, llke Brodle and.81v1ðge (t%Ð,

polnts out that the ôlseaee falts to d.evelop followlng nasal instlIl¡¿tlon

of the vlnrs ln Mac¿c¿¿ Muletta whose olfactory patbways have been lnterr-

upteô, d.esplte the fact th¿t nost of the vlrus runs down lnto the pharynx.

0n tbe other hånd., Surnet, rTackson and l.obertson (t!1!), uslng

Macacus c;rnomolgus (Tr,tacaca lrus), have Êucceecled' ln produclng lnfectlon

hy swabblng of the tonsillo-pharyngear reglon wlth vLrus' In a later

paper, Burnet (1940) states tbat so far efght monkeys have been

speclflcally lnfected. by tirls noute. In flve of these the fnltlaL

paralysls was bulbar ln type. [he cllnlcal signs ln two of t]pse casEs

wero conflrmed- htstologtcally. She other three monkeys had. lnltial

paraLysis of the hinti ll,nbs, anô lt was conclud.ed. that these animals

were probably infected through the lntestíne after swallowlng the vinrs.

Except for two câseB, a]l these anlrÞ,ls had. received prel-lminary spraylng

wlth zlne srrlptulte.

[he ellnleal evlclenee of Scott-3rown (19]f) anò from the recent

South Australlan and. Victoria.n epld.emlcs suggests th¿t the vlnrs in

man behaves as lt dOes in l(acaca irus, i.€., th.%t it 1s capable Of

penetrattng the lntect nucous membrane of the tonsfllo-pharyngeal reglon.
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(r) IHE GASIR0-INIESTINåI', A0L1TS

ghe lnltlal syrnptoms of gaatro-enterttts and the post+nortom flnd'lngs

wêf,e eongld.ere¿ by Bülow-H¡nsen and Harbltz (f 899) to be lnùlcatlve of the

entrance of the v1¡us of pollomyelltts through the gastro-lntestinal traet.

gplunents of this theory have polnted out, however, that eest:¡o-lntestlnal

s¡nuptoms are coltrmon features of any p¡rrexlal dlseaee of chll-dbooô. others

belleve that the lntestlnal leslons are not neeessarity tnd.iaàtlve of

lnfcction by thls route, anrd. th"at they mlght equally well be the result of

ewallowed. vtrus (Ílemer (1912), L{arlnesco, Manfeatltle and. State-Draganesco

(LgZg)), or be parü of a generaltsed. reactlon of the lymphtttie tisst¡Bs to

tbe lnfection (Abra,mson (1918)).

Wickn¿n (fgff) contendeô ttret prtmelry lower llnb palsy rrcrs the result

of lnfection vla the 6çastro-lntestlnal tract. Rbrner (1911) anô I'airbroüher

a¡rcl Hurst (l9l9) polnted. orlt, however, that a slml.lar lnltlal locallsatlon

of the paralysls occurred. ln a higlr percentage of monkeys lnoculated' wlth

vinrs lntraeerebrally. Tïils flnd.lng ls contrary to tho experlence of

3u¡net,Jacksona¡rdRobertson(19j9)iüheseauthorsthereforesuplnrt

Wlejrma.nrs contentlon. In thts connectton lt may be mentloneê ths,t

lnfectlon by the gastro-intestinal route does not neeessarill¡ lead to

prlrnary lower Ilmb palsy. Kttng, Levail-iti and Eornus (1914) anô Burnet,

Jackson and. Robertson (f-o19) each fountl ln one cÐse that after the lnject-

ton of pollonyelltls vlrus lnto a loop of lntestine that the lnltta.l

nalsy oscurretl ln the upper limbs.
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The reEults of attempts to protluce lnfectlon by the gastro-lntestinal

route ln monkeys have been extremely varl.able. IÍhi1e lelner a^nd rnn

Wlesner (fgrO), Klfng, Levaclltl and. Láplne (t9e-9, 19J1, L911), Deuue (fglO)'

Pette, Demme and Körrnyey (r9f ), Sad.tlington (ry3e-), Îooney (r9J1' IiJ{ a,

l9l4 b), Kllng, Levarlltl and llornus (1914) a¡¡d Burnet, Jackson and- Robertson

Ãg1¡g) h.¡ve obtatned. posltlve results, others, lncluô1ng Lanclstelner a¡rô

Levaôltt (1909, 1910, Lg?.z), Lealce (1918), .Amoss (1928), Schrrltz (L929),

Thompson (1910), Clark, Schindler and Ro'berts (19i0), CÌark, Roberts and.

preston (1932), plotz (L914) and. trle:rner (IjJb) luave met wfth no $tcceBg

ln attempts to produce lnfection by this routê.

A number of the posltlve re¡ults must be consldered. with resorve.

Soth Clafk, Roberts and Preston (!;gl2), æô fl-emer (19]6) hove d.rawn

attentlon to the fact that atternpts to produce pollonyelltls by feeôlng

rnlght result i.n lnfectlon by the nasal or tonsillo-pharyngeal routes,

espeelally tf regurgltatlon of vlnrs occurs. The sa¡oe appl-les to the

use of the stonach tube, since the same regtons mny be ænta¡nin¿ted"

ôuring lts withtlrawal. It nust be polnted out, howêver, thaù sr:ccessful

reeulüs bave been obtained. by the lnJeetion of the virus into a loop

of lntestine, by which the ehances of such conta¡nination bave been

lørge1y ellmtnatetl.

It ls note¡vorthy th,rt most of the successful results bave foÏLowecl

the use of Macaqa lnrs (cynomolgus). Even wlth tÌte use of tÌ:Jr¡ specles

of nonkey, however, the results have bee.n lnconsta.nt. Surnet, Jackson

and. Robertson (1919) belleve that thiÊ nay be d.ependent on ühe straia

of vlnrs. It rnay well be, also, thêt the property of gastro-intestinal
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infectlvlty, tike th-+t of cutaneous lnfectivlty, is cl'iminlshed- or l-ost

on repeated Passage of the vlrus.

Care should. be taken not to tlismlss the possibillty of lnfeoülon by

tlp gastro-lntestlna.l route in rp,n too llgJrtly, for pollom;relttls virus

is certalnly more trlghly lnfeetlous for susceptible hunan belngsthaJr lt

le for Macaca lrus. Ìrïhile tlpre ls as yet no fuL1"y conclusl've evtdence

of infectlon by thls route i¿ man, it Is of lnterest to note that a

number of epld-emlcs have been ôescribed. ln which the transmlssion of tho

ûl.seaee h¿¡s been attrlbuted- to mll-k

It appears probable that lnfeetion with the vlrr,rs of poliomyelitls

ts posslble by all three rcutes ln nonkeye. In na,n lnfection througi'r

the olfactory nerves may oecur, but ls elther less comnon than was

formerly thought or the virus ls locallzed hero and lmmunlsatlon results.

C^eses with lnltlal bulb¿r palsy are probably ðue to infectlon by the

tonsll1o-pharynçel route. I¡ would. be posslble for cases wlth lnltlal

palsy ln the lower limbs to be òue to lnfectlon through the gastro-intest-

inal ¡pute, but the evld.ence ls conflletíng and' ls b¿sed. ma1nly on

experlmental work whtch h¿s no corrnterpart ln huma¡r infectlon. Stlllerman

and. SLscher (fgl$) tr¡ave referrecl to tÌe work of I',eake (L915), who h¿,s

found. th.at, in paralysls d,eveloplng after the lnocul¿tion of trnlíomyelltis

vtrus, the levet of the splnal cord flrst affecteô correslnnil's to übê

extrenlty lnoculateù, eo that lf gastro-intestinal lnfectlon occurred. the

legs wou1ô be affected, flrst. At the moment, however, there ls no fully

e¡ncLustve evl.dence of lnfecüion by this rþute.
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lhe three ¡nrtals of entry mentloned" alrea$r, are probebly not the

only ones. In as yet r:npubltshed. results I ha,ve succeetled. ln lnfectlng

a Macaea Mulatta monkey through the lntact conjunctlva or the cornea'

after prellminary calrterlzatfon of the laorlmal prrnctae, and., to make

dor¡bly snre, spraylng of the nose wlth saturateô pleric aclô. A second

e:rperlment falled. to conftrm thls result. lhe posltlve resu-lt, however,

is lnterestlng ln vlew of the reports of conJr:nctlvltls in some epidemlcs.

L,r¡msden (191E) belleves that the cllsease may be d.erlved- f¡nm an

animal reservclr wlth some blting .l,nsest as vector. lhls theory must be

kept in mlnd., in vlew of recent reports whish show that freshly lsolatecl

etratns of pollornyelitls vlrus are hlghl-y Lnfectlve by Inürad-orrnsl

lnoarrlatlon ([rask a.nd. Pau]. (tgi6), Stlupert ancl Kessel (1940)).

The portals of entry of thc vlrus 1n the cû,ses cleseribecL ln ülrls

thesis ca.nnot be d.eterrnined. d.efinitely. Cases I and. þ with initi"aL

bulber palsy resulted probably frora lnfectfon by the virus by tbe

tons!.1lo-pharyageal route. One woulct conclude that Cases {, 5,6 and. /

were lnfected by ottrer than the olfactory r¡oute, bec&use of tÌ¡e abeence

of leelons ln the olfactory bu1bs. It wouJ.d. be unwlee to offer a"ny

suggestions ln regard. to the remalnðer of the cases ln vlew of the

confllctlng experlmental evlòence at our d.lsposal.

There â,re nrany aspects of the pathol-ory of pollomyelltls whlch for

the tlme belng nust remaln uncertain, desplte the vast armunt of

researeh work whlch has been performed. durlng the last hund.reô yearê.
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A stage ls belng attalned, however, when the word.s of Jaeger conoerniag

cerebro-splna} menlngltis, w111. be applled. approprlately to poliomyelltls.

Hc wrote,rrTÌ¡e d.lffuslon of thie scourge appears to us now like a

rrcuntaln råJrge free from mi st; only peaks wlthout foundation &re

vlslble! yet !Í€ are percelvlng now mre anð Íþre the great bases upon

whLeh the peaks arise.rr

(5) Stn[l'.{¿,EÏ lNg q9NOIJUSIoNS.

An account h¿s been glven of the hlstory of the patholory of

pollomyelltls and, of the recent adva¡rces.

Exanlnation of the central nervous strfstem of eight cases of

pollomyelttis by routlne neurc-histologlcal nethod's led- to the

follorvln¿r conclusions ;

The cl.letribution of the menlngeal inflltratlon ts nod.lfied. by the

flow of the cerebro'splnal f1u.lù.

. Necrosls of nerve cells ln the cerebral cortex Is ænfin.ed to the

area glganto-pyramidalis, ancl almost entirely to tb Setz cells of that

area.

The rhlnencephe.Ion (lrrclucllng the olfactory bulbs) yras surprisingly

lttt1e lnvolved-, leslons occurring only ln the anterlor perforatetl

substanee and. ln one lnstance In the cornu ånmonls.

. Evld.enee for the procoss of neuronopl:.agocytosls was seen in tho

e¿¿se of the ptg.nrenteô cells of the locus coeruleus.

Selectlve afflnlty of the vlrus for celLs of the motor type ls not

absolute except perlnDs ln the cerebrar cortex and the cerebeil.um.
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l{evertheless motor cells êre more often arrd more severely involved-

than sensory eel1s.

It 1s sugçstecl th¿t the nectlal longttuilinal bund"Ie is en lntrnrtcutt

patbway for the erpread of the pathologlcal process.

Infectlon by the vlrus of pollomyeIttle by the olfaotory route 1s

elther less comrnon ttran was formerly thought, or ls not commonly' fatal,

1.€.r the vlrrts 1s locallzed in the oJ-factory bulbs, and- lrnm¡nisatlon

takes place.

Cases wlth lnitial bulbar palsy probably resu-It from lnfectfon by

the tonslllo-pharyngeal route,

[here ts no fully conclustve evldence for lnfectlon by the vlrus

by the gastro-tntestina.l route ln nan.
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Splnal Corô¡ Vacuolatlon of anterlor horn cells.

Spln¿t _Cord.å .edvanced, stage of, neuronophagocytoste. Íhe nlcrogltal

cclls atr€ êrrênged. ln the shape of t!¡e prevlously present

anterlor horn cells'

Cerebral,0ortex¡- Socal lnflltratlon of Setz cells lylng ln tbo ltb.

layer of thE erea glganto-pyramld.alls of Broûnan.

Cerel¡eLh¡nt Severe leslons lnvolvlng the roof nuclel, wlth marked.

destructlon of ne?vê colle.
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3y Cbarles Sxan (f)

(Í¡rcn übp Inetltute of ltEtllca} aað VetErtaory Scl'enco, ¡fuI¿f alll)

In hls o.ggectcil basls f,or elasslflcatton of vln¡ccc atfeotlng thc

nêri¡yous rystom, Er¡rst (fg¡6) statett that the ¡Èrlctar aeurotropeet

lnc¡¡d.lng ühs vtrus of ¡nllonyelltlo, then l¡ocul*rteù lnto a òenervatctl

a,rea tllð not lead, to t'nfcctl,on.

Ssglnnta€ tþlr lavosttgatlons rlth ühts orsr:øptlon, (þrnan anil

EÞsk (1918) forrnð, contra,ry to s4¡eotatlon, tbat tho lntrgiÙcro¿I

laJectlon of ¡p1tonyelttl¡ vtnrs lato d¡nervatctl arcas lot olly fal'lcô

to prevent tnfccttos, ht, ln üho mJorlty of oaees, regnltcô L¡ an

lnarE¿¡ett suseo¡rttblflty to the v1ru8.

Ebe ¡neeent papcr dleals ttûh a ¡crl¡a of c4rerloeuta tloalgnctl to

aonflm tbp rork of (þman a¡lô Ere5k, and. to th¡ov ught on tba mthoil

of, trancnlcslos of tbs vtrus f¡on ilsnervatcù e¡eas to tho ocatrel

nonßrus ¡fstcn.

(I) Íorld.ag rlth tbo atù of e gra$ fron the [attou¿t Ecalth eûf, lÍoôtcaI
RcEêarch Cor:noll,, lustrâ114.



2.

Bhe ttnrs rag rlcrtrloô f¡on tro loeal ¡tratns lsolatcdl ilurtng tbâ

naJor cplôanlc 1o Âustrêlla of L917. It ¡as Breparetl by oorablalag

apBrod.oatcly oqrral Partt of ¡D!.¡ol. aorô obt¿lneil f,¡o¡a tba tblrdt

flfth a¡rdL gt¡th l¡Èsssggl of, a Ylctorlan ¡traln anù thc flret Pstãege

of s Eaæa¡lan ¡tr¿Ln. Ihe nl¡turg thrs prolt¡ùastl raa n¡lmttteù to tro

pâcß€tgct tbrougb túaeaca lrr¡s (14. olmo4glá¡s). In the ftrst orpertnent

tbe e¡rlnal oorcl of ùbs ¡cconð Passôg9 sered' at a' solltoe of vtrr¡g' In

thc rcn¡lnttcr of tbc o4lerlneote, cxoø¡lt rh¡re otbcrçlse ctatctl' a

repreacatatlvs nlrür¡¡c of latcr paasaggs of ùho vlnts, obtaJ.acdl la tho

o[tulEg of tbl¡ a¡tt ot]sr lmo¡ttgatloas leô useil'

!h¡ cplrå,l cortlg rore Pnaserved, tn frfi glycerLno ln norm¿l sâ,Ilac

¡oluttoa buffe¡eô by pborphatcs to a, ¡iE of J.0. Eboy rere kept ln ühâ

rcfrlçrator at e tenl¡eratr¡¡e of -IOoC.

0n tb il¿y of usc thay terc prelnredl fre¡hly as lOS suspcnslone by

grlnittlg rtth stcrlle çasbett sa¡rtl and' nornal ¡allne aolutlos. In

D4rertnent 1., tbE nornat ¡a.tlne go1utlOn res replaccô by cqual ¡nrtc

uorel æokcy 6eñs a¡tl aoraal sallnc soluüIon, In orôer üo provent

lntr¿vaEsular alottlng. In E4rerlneat 1., the sucpenslon of splna,l

oorù raÉ ccnürlfhgeð at 1500 8,.F.M.¡ f,or ffi7e mlnuüco. Iatcr, boncYgr'

a sta,Bdtarô of J0O0 B.FJú., for Lþ nhutec to. adlopteù.

qf Q'2 oc' 
(a) uouo$-.

A üotal o1 23 aBparently beelthy oakcyr, of whleb 2L lere lh,cace

nr¡.latta (tû. rbs¡us) retghtng fnon J.5 to 4.5 kEB., &ô 2lere Uæeg&trql

forr¡tl
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lclgþlag approda{ùtcly I kgn., f,48 uso(I.

Dafly rcctal tcnpcratrrroa tere reoorclcô for r4r üo fou¡ leekg

foll,orln€ l¡oeu.latlon.

Ât posü-Drtcm, ¡ectlons of the ecrvlcal' aaÔ lr¡nbar regloac of

ühe splnal egrô, togetber rlth tbc olfaetory bu1be, tcre savcdl for

htstologlcal on¡nlastlon. In ocrtala lnsüaacc¡ th¡ bretn a¡û breln

-gtcn tere reta,!.neò abo. Ebo rc¡¡alndpr of tb¡ cpl¡a1 @rô tB¡ prercrvetl

es e Bouroc of, T1ru8.

(t) '

Ia alt cases ths ¡[tc choccn for o¡nratloa ra¡ on tbe lcf,t slds.

Etbor anaosthccl*, afüer lnðuctloa rlth À,C.8. ml¡tr¡re, ra8 usetl as

a routlog.

(a) ÊrsN-_MEg,.

In thp fornatlon of !¡olateô dß14 grafüs, ttrc ùrc-¡tagB ncühoù

ôcsorlbEdt a¡d, lIlu¡tratcdl by Oerroan anil lre¡k tar a,tloptcê. Iü alnetl

at prodtuclng alroeler tlencrv¡tcil arca¡ of akln approd.natcly 10 øn.,

ln illa,reücr.

ln lnetslon ta¡ ns(þ [n the forn Of ¡ ¡ernlelrolo, ancl a tlcp

eotrI¡oscdl of slrln aud. supcrflelal facelE ra¡ rel.æil frpn übo unilcrlylng

mrgslo for a d¡.cta,noe of abouË 6 on. Aftcr pl¿elng a bl¿ek gtlk threait

narker at tb ape¡ of tbe anglc bctrocn tbs fl¡p ancl ltc orlglnal beil,

tbe flaB t*a replassdl. a¡d' tbs lnclElon sl¡tureô rtth ¡lIts.

Âbout 10 daye later a seoað taclslon ça¡ ûadl. Sl'¡ ça¡ ¡lnlla¡

to tbc flr¡t but c*tcnilcdt ln the opposltc ôlreetlos. It conncoÈcal rlËb

tbe cnilc of thc ortglnal l¡ol¡lon anù thr¡s corplctcd' a, elrclc. Â ffap
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ras clcvatcdL aå bcfore rrnttl tbe Ettc of atùaobnent of the Bcôtolc

of ths first flap tae r¡nilsrsr¡t aorplêüe1y. [bls ras f,ecllttateil Þy

tbe prerencc of, the bl,aolc sltk tbr,sail. Ehå seooaù flep lar theo

replaeetl ln lts orlglnal beil anô übo laol¡ton taa $ltureù a's ln tbc

flrct eùagg.

thc f,ollortag dcnervetlon Pæoeèulct rore baeeè oa thÞ uork of

Eramr anil 8ottd, (1914), Potts (1911Ð, loolla,rô andl Phtlllpc (r9]e)'

a¡ô UaIEáJac a.aô E¡lævtcl (f9r6). Aeeorôlûg to thoEe authorr hlgþ

scetloE of tbo naln ae¡ve tnmke rÞrrld. Ice,ô to coryloÙc Ûegencratloa

of boüh aon¿tle anô autoaonlc fibre¡ of tho ôtst¿I lnrtlons of tbE

fore anô hl,nil llnÞs. Iü ¡boulè bc ¡nlnùcô out, boreYcr' ùhÊt rbLlo

¡rbsortblng to thle vlot so faf ag ths !oEat!,e ÊellltcÊ are conc€raeôr

Braucekcr (1929) anô lfcDowelf (fgr8), betleve tbat a 8Bå,1I asbcr of

tyq¡athstla flbrce nay otllt pcrsLst.

(b) DNEBVAIIOS of tbê DBÉ¡UU of the E¡'SD'

lfhis tao ¡nr.formdl. tb$ougþ an lael¡ioa ocntrcrjl. ovEr the olevtolc

anô ¡nsslng atong the ncùlal bortilsr of the tlce¡ls mrscle anô tbs

¡nstertor bortter of tbe stetÍo-nastotd. nrrselc. BV tllssecttoa lt ças

lnsslble to êlsplEy tbe brachlal PIo¡¡¡E througþut lte oor¡¡eE' [bê

plenrs, f,ron tlre co@eNloeæat of lte tru¡ks to thÊ dltvlslon of the

corils tnto the ncr4rot of suppty to tbE utrvper: ltabr weß r¡æovedl' In

atldl,tton the supraclavl sular a¡il latcroo ¡to -braohl'al nerve s rere

dlvldJsô, ô lþrùloa of oaoh nsrvo bclng removlô Ln ordlsr to en$¡ao

ailcqnate sepsratlon of ths Pþú'nal a¡ù ð1st41 encls'
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(c) '

fhroqth en antErlor vcrtlcal lnelclon ln tlre nlù-lngulna,l planet

ths fenoral ncrvc ras €qþscd a¡d. tllvtcl¡il at tüa ¡nlnt of emergÞnec

fron beb!.nrl the tagutaa^l llga,uent. [o atteø¡rt waE nad.c to ôivtôc tbe

obtr¡¡ator neff6 clnee 1ü pl*ye no part ln the l¡nelratlon of thc foot.

posterlorly a vortlcel lnclslon ras na.cls at ths nldf-lnlnt Þctreen üll

iscbl.al tubs¡oslty anô ths greaüer trochanter. åftar elLvl¡lon of the

glutcur nad.nrrs mussle the eclatLc nerrp was ôlsp1ayed' anô e ¡nrtloo

of lt rès romo?6d[.

the t¡ttlal e4rerltnent l¿g d.cvleect not only to conpere the

laürattcr'pa,l lnf,ccttvtüy of thc vlnrg ln ôenervatett a¡d. ¡oroa1 efeaB'

but al¡o to dotcrnlnE vhpther thc tloe l¡terrye}l claprlng bctrcen ths

coupl,cülot of the operattne proccdhrrc¡ antl ¡¡e rnooulaülon ;eg of

clgnlflcancc.

In tbree nonkeys tbp vtnra ras tnoealatcô lnùo Ôanervatetl skln

fl.aps, rhloh at tbe ülnc of !¡oculatloa hacl beea corplEtecl' fot 6J,

2! anð 1{, ilaya, rcs¡rcetlvcly. For¡r nornal antnal¡ servcê 4s onütol6.

gne of t¡¡psc was lnJcetcô l¡traeerÐbrally, anrl tbe renalnclcr Ln 4r€ec

of gkln slnllar ln slze anô situatlon to tbc flaps.

Ehe plan aail rEsults of übo e4lcrtnsot are proseatcè ln Þblc I.
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a

a

Dl¡trlbetlon
of parralysls
(ln ordlor of
appEaraneo)
a,nrl scvcrlty.

Bfgbt a,rn ]+]
rlght log t..

f,o¡e

Soth a¡ns cnô
exteasor museïl
of acck ç+r.

Soac

Hone

üoqc

ern anil
?,?.

rtt = Severe paralysLs.
r+ r Mode¡ate [.
+ = MlIê rl

n I¡eft bPolsPhcror
tntraeerebral.

I cG. 5.

$ H L.J ec.

ll 2 cc.i

Contrpl 2 ce.lrca of noroal
st<ln ¡lntlar la
sltr¡atlon aaô
slz4 ùd fLeP'
lntratlcrmal.

14. I 2 cg. 1I.

29. t 2 ee.

63 Denervatetl s}ßtn
flap on ouüer
aspeeü of left
thtgÞ, !.ntra-
d.crnal..

2 cc. 6.

Perlorl (tn aa,ys)
betçecn coupLct-
lon of f,lap anù
lnoanlatlon

Stte anil ty¡rc
of lnosulatloa.

Ilosage of
I.0$ ntnrs

Day of oascù
of paral.ysls
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[he above reeults sbow t]¡â,t followlng lntratle¡n¿l 1¡osnl¡tlon of

vlnrs lnto a¡eas of skln tleprlveil of nerr¡e sulæly, ÉGveaa ¡n1ion¡¡elltts

occureð ln nonkcys 6 1O and. Ë 16, tn rhtcb thc skln flaps ba,tL been

corploteè tor 63 anè 16 daye resBectlvely, but aot tn õ 11 (e9 dsys)t

rtrereas the a,nlnale actlng ae ænürolo, rltb the orccBtlon of S 26

whlch badl bccn lnosrrlatedl lntreocrcbrelly, fatlcd. to öevelop thå dllseåÊe.

It shoulð be notecl, borcver, tbat ono of ths eoutrols, S 20, reeelvetl

1.3 ec. of vlnrs lnsteaaL of the usua,l tbse of 2 ea. ì

In õ 10, d,espltc tho fact tbat an lnteryal. of 61 û¡¡ye hacl e!.apacû

stnoe tbe o¡rratlvc procctlurcs, tbc eaÌn¡cerl ausccptlÞlllty stlll
persLstedL.

Ehe lnlttal parelysls ln ænkeys S 10 a¡rû S 16 oosurrecl. ln ths

rlght a¡rn a,atL the a¡ms anil extcnsor museles of the neek, res¡roctlvely.

Sucþ a locallsetlon of tbe paralyaie ls eonürary to thaü rhleh nlgbt

have been crpecüetl lf ùbe lln¡s hatl travelletl fro¡¡ tbe ¡lte of, I¡octrlatlol

to tbo splna1 oorô along aænle petbneys.

Ia ths secoud cx¡rerlnent IJ nonkoys re€ro userl. [ìro of ühese (S ]I
a¡rtL S 15) ¡a¿ beon nrhtttcrl to operative prooerhrrcs d¡vtsed to prottnoa

d¡cne¡satlon of tho dorsr¡n of thc fooü andl harè, reopeottvely. Íollonlng

operaüion a ¡nrtod. of e¡produetcly I0O il¡ys ba.d. been elloweô to elapee,

Þy rht.eb tlm lt rag ænelilcroô that ooupleto ùegcneratLoa of the

sonatlc 86rÍo flbroc entl of thc va¡t neJorlty, Lf not all, of thc

eutononLc flbres mr¡jld. bave oeotrrrecl.

Fro anluals ($ ,0 antl I 32) ot rhic,h !l itqyo prcvlonsly, dcnenreteit

slcla flaps hail been preparsdl on thc tbf€b a¡dl arm rcspectlwly, wero
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luclud,eû for ühc puqposes of con¡nrleon ¿ndl algo to (þter¡rlnc

¡vhethår enhnnoeil. 5usaq,tlÈtt tty lhtch h¿dl been sborrr to tbc Brescnù at

63 ¿g¡ya ¡t1ll peratsteð. ftth ¡tl. of thc ibnervatcil ænkcys a fir¡thsr

anlnal ¡ac nßcû a¡ a oontrol'

Ílnelty, l¡ a¡r atteupt to rcôucc tbâ lltrclthoodt of transport of, vlnrs

along nervo tlbrcs ;hlch ntgbù harru regOncrstcdl ôurlng tbc tatcrval

ta¡yoæ opcration anil tnoer¡Iatlon, lt ras ôootdodl üo tcst tbe cffeot of

Dorr¡ê ¡cctlo¡ Just prlor to lnosr¡'latlon ln an a.nlnal (S ¡Z) on rhicb a

donerva,ted skf4 flap baù bcen eonpletcal 66 aays prevlously. In thLs

antnal and. ln a control ronkcy (S 46) tbe fenoral anô sclatle aErrres

rsre ôty1ôcô by operaùlve pnoccdlurcs slnllar üo thosc (þserlbsal for

tþner¡retloD of tbo rlorsun of the foot. Ia ¡ddltloa e long borse-shoe

shaBeô lnotslon tas toa,tle rhlcb paoscô atong tbe ll¡'e of thÞ lagulaal

Itganent, üben along the lltac crost, anô flnalty dlorarar-tls anô ou$lard.s

*roug the lorer boriler of ths gf'utcus nad'uus nuEcre ' lho ¡kin antl

tbo nrbstrteneous tlssü.es lytng bclor thp level of thc laclclon çerc thca

elcvatcô f¡ron tb rniterl.ylng structurcs for E dllstanco of approdnately

one Lnch. [htlc tbosc opcratlve pæcoôurcs ao doubt lcil to tbs lntcrrtqr-

tlon , of all eonatic ocuat onncctlons to tho flap rblch n¿y bave regcn-

crateûr. ao gußh olatn aæ Dc nai!ô for nervê flbres bclonglng to tb8

autoao¡¡lc ryetem. ücvcrtbelcss, Lt nulô ¡ces that tholr nræber rculdl.

be greatly reôupedL

0n accoqnt of thc ¡nsølblllty of hae'natogpnous trane¡ort of thc vt¡rrq

It wae itcslôed, to teet tbe Þlooct of nonkeys subnlttcal to dsnervatlon

pæceôureo, l.e. S.JQ, I Jl, S 12, S ,5, anil S JJ, for rlnrs at lnterrale

of t, 2 and 2{ bours aftcr l¡oanlaülo¡. By neans of earôlac puncturc

g ca., of blooè rerc rlthûrawn lato s glsss ryrlnge contalnln6 I oc. of
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2/ soelun oltrate ln ¡orn¿L ¡dlac. Àfter tborou6h nùl,ng ths blooil

Enolaena obtalnetl aù tbô ülncs rpcolf,lctl rere pooled.. lhe thrce

çcolmens of ¡nolcô bloodl re¡e aaoh ùceteô for the prescncc of vlnrs

by æane of onblneô lntraocrcbral anil Inüra.uuscr¡.Lar lnosuletlone.

þeclnen 2 vac lacou¡rlctc ê8f ûes¡lltc aêveral attcmpts, ao blooô coulit bO

obta!.neil fron S 37 ¡yo hor¡¡s efücr lnoeulatlon.

tsbc p1a¡r anè rcsu.lts of Erperlneal 2.c a¡a enboûlcd ln Tablcs 2.r

. and. J, ¡

'È

Dletrtbutloa of
paralyda (la
or€gr of ap¡nar-
anco) a,nd.
scverlty.

None

Bfgbt leg rr+,
lcft log r++-'
erEs +.

iloae, übougb
tcupcraturE rosG
to 1O4e!. on
10th day,

to

Nono, tboì¡€b
DOEC

BlgÞt lcg + ,
Paralyrla qutchly
tllrappcercil.

Dorsun of loft
foot

Dorsrn of footDcncrnaùlon of
ibrsuu of left
f,oot, I0!.

.û¡ee of sH.n olullar
ln slze a¡ô ¡ltu¿ülon
üo. flap on 5 JP

Oo¡ümI

Ská.n flapSkla flap, tlc1t-
otil. rcglon of
left ern, tJ

-

Il¡ra of ¡kLn ¡lnll¡r
1¡ rlzo a¡d. ¡lt-
natloa ütj flap on
I JiO.

Ooatrrl

f,rln flap.Skln fl,ap¡ ontor
ae¡nat of loft
thtgþ, 9J.

81tc of latraitcr:o¿l
lnoculatlo¡ of 2 es.,
of LOfr Ylrus.

0pcratlon, EÐil
numbcr of ilays
clapslng bctseen
Its oonpletlon
and. lrootrlatlon.

IÞy of onset
of ¡aralysle

Oontrol L2



"i 0ontrcl.tcnoral
anel gclatl.o ¡sme:
etc. dllvlûcd.
Just prlor to
1ùoctüs,tlon.
(See ùext)

Area of ekln
slmllar ln
slze antl eltu-
atlon to filap
oa S JJ.

SkC.n fl¿p, outer
as¡rct of loft
thlgb, 66.scoor-
af ù¿ eciatlc
¡eryeg ctc.,
ôlrrlded. Just
prlor to ln-
oglrlatlon.
(Sce tcxt).

ll.Skln flIap.

0ontrul.
L2.

Dorsr¡n of lcft
ha'dL

Dcnervatlon of
tlorsn¡¡ of lcft
band, IOA,

7Dorsr¡n of h¡el.

I0.
. (Oonttauoa)

c¡oo of ¡nllonyelltl¡ vtnrg ln thp blooit of ænkeys lnoonlatcdl lntra.cLemally.

Ame anð cxtenÐr'
uusoles of neck
iù+, Loft lcg t+9
rigbü Lcg +r.

Blgbt leg ++'
lcft Lcg +.

Ioge +++.

Fornil rlead. on Jth
dley. ånlnal
Ehswed. ¡eltbpr
rlse In ten¡>ere-
ùure nor
p,aralysie.

Dlstrlþutlon of,
¡nralyals (ln
ord.cr of appcar-
ancc) and.
scverlty.

Noac

I¡cft slcþ of,
face +++, llnbs I

[one, thor¡€b
tooperpturg rosc
to 106ï., on 6th
ala¡r.

I cc., lnürracerebr*lly
Left bcnlephere; lf) ec.,
lat raouEeularly, thlgþs

24 bou¡s

90,j ee., lntraocrobraLly
lofü henlspherc; lO cc.,
lntramuscü.larly. ùbl gbs.

2 bsr¡rs

0.! co., lntraccrebrally
left he¡qlspbprc; I0 cc.,
lntreuuseularlyr tblgbs.

å ¡o,o

I¡tema^l bctreen
l¡oetrlatlon of
5 10, s t\, sF,
S 35 anè S 17,
and. colLcctLoa
of bloodl ranplcs

Day of, oasct
of
paralysls

Dosagg of lnolcdl
bl.oodl antl elüce of
lnosulåtIon.
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It rlII bo geen f¡on [abl-e 2., thêt onl.y two of ühc flve nonkcyr

(S t5 a¡rtl S Jl) rhfch baô bceu submlùted. üo dcncrvatlon proccflr5es

bcea,nc lnfcetett, lhllo ln cont¡aoü to tho ftret c4lerlncnt üh¡ec of

ùhc five oontrol antaels (S 40.- S 47 a,aô õ F) contreoücil ühc ôls€ss'o.

0n cou¡nrtng thc tntcnslty of Èb ôllcasc, borevor, lt 1111 be notetl

th¿t rhllc tb ôoncrv¡tctt renkeys ôavclopedl ¡overê ¡nralysts, otllV

oae of übe ao¡tro1 an!.nals (S 47) nanlfcstcè parelyels of the ¡ame

dcgree.

In eoatrast to the flrgü erpcrloent the pa¡alysLe la tbc anlnsls

nrbJcetctl to ôcnervatloa proeeûu¡rs oceurrcd' t¡ltlally ln the llnb

rhleh baè bsen laosr¡.latcè. Ebtr ttlô not occt¡l, bgroYcr, la thc oontrol

nonkcys wlth |nùact aer¡ral @nnsctloue. S 40 anô S 47 lhtc,h re¡e

lnJcctc¿ l¿ thc left loçer Ilnb tlevelo¡nrl tholr loltla1 Inralysls in

tbe o¡4ns1tc blnit llnb, rhile Ê !2 rhlch ras hoaìrl^â,ùeÔ In the tlor$8

of ths tcfû hantt beoane ¡nrelysed, flrst ln the rtgbt loner linb.

[hs vlrrre ras prêsæ,t ln tbe ¡no1eil Erealmene of blooô obt¿lnetl.

2 hor:rs a,fter laosul¿tlon. Ehougb the re¡r¡lt lc lnaoncluelve, lt ls

losslb1e üh¿t vlrus tac proeent also 24 bor¡r¡ after l¡oculs,tlonr aÊ

the onkEy ln rhtch thc blood. res tegted. drevelopeal a tmp€ratura of
-ò106"8., on ths 6th d¿y, a¡dl ras $¡bEsqusntly rsststanü ùo lntraserebral

!.noorrlaülon.

0¡s rcnth eftcr thc flrst laoerrlatlon thp o¡rvlvors of tba eeconô

exporlmnû tero relnoerrl¿tcô. Vlnrs of ühe s€N¡s Iraõssge ss ras usetl

ta Dryerlnouù l.¡ ras adnlnl¡tereô la tbe hoBe thaü lt nlght pnrve

rcre effestlva by the lntreùernal routc tban tbs later paEsagpc. lïouc

of the anlnalr. hovsvcr, ôevclopetl elthsr a rLse ln tcnperaturo or

paralyata. DlualLV, they rere te¡teô for lmunlty by tntranaaaL
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aiùntntstratloa of ùhe vinrs on thrce succegslvc days. Onc a¡rlp¿l (S le)

beca¡p ¡nralyseô on the 7th dqy, rhllc ùl¡c oübrs rcnatneô hcaltl¡y.

It ls of lntorest to note th¿ù ln S f ühe paralysls ras exüremely

s€vere , anril vas allghtly pro narkcô la thc am on rhlob the riùensrf,toð

dcla f,lep ras sltr¡¿tcê.

The thlrit exper"!.ment ras pf"o^"¿ ln orôer to clsternlae rhEther the

prssencs of, a dþnermteù rklu flap ror¡lit sttll rcorlt la a¡ cuTranoeô

suroc¡ltlblltty antl thsther ths taltlsl ¡nralyrla bore en¡r rclatlonsblB

ùo ühe areo of tleaorvatlon lf tbe vlrus rEre admlnlstered. by anotþr

rontc. [.no nonkeÍs, S 43 arrrù S &, rere laogulatcdl Lntravenously çlü]t

5 æ., of t0$ vlrue o¡ three $toeesslve ùlys. lhe fomer enl.mal bad.

had, a akln flap prqlaretl on thc outer acpeaù of tbo lcft tblgb 56 ib.yr

prevlouely. Bhp þtlcr rcnkcy cctðô as e eonürtol. Soth anl¡¡aL¡

bEoans pa¡alysedl. o¡ tba flfth dey. In S {J thp tnltl*I parelysl¡

ocgnrred. ,.a tbs lcft a,rm¡ le,ter the Lcft lcg enð the rlghü leg rere

lntolved. In tho ooat¡ol antnal, S 42, tho legr;ere af,fcetcô flrst3

letsr thc a,rns rere rcrl¡eratcly lavolveù.

Ebe tntenslty of the ¡ur*lyols ;ac elfeÞt1y rcrc na¡keù tn I {J,

tut thå illfference ÍÊs not ¡ufftelcnù to rq4nrü a olaln of lacrea¡eô

srseoptlblltüy.

In õ {J there rar Do relatloaehtp betreen tho ¡ttc of tbs tl¡enervotcô

skln flap andl. the loe*ltsåtton of thã lnltlal ¡nra1yslc.



In tbe naJorlty of caeee the cllatcal flntLlngs reere conflmecl by

nlcroscoplaal esmlnatlon of the splna,l eortl. In ad,dtülon ln nonkeys,

s 16, 815, S 37, 3 42, S 45, anil S {], ths olfactory bulbs ter6 e:ca.nLned.

wlth negattve results.

Elstologtca.I exanlnatlon of thc sptnal cord ancl" braln-sten of

nonkey S 66, ln whloh the ¡nolcð speclnens of blood. obtalned, two hours

after lnogulatlon w€rc testecl, revcaled. leslons t¡r¡¡loal of crperlnenüal

pollonyelttls.

[be resr¡ItE ae a rshoLe ** ,*, tha lntradernal admlnlstratlon of

pollomye1ttle vlnrs to elght nonkeys subJeotad. to clenervatlon pmcechr¡eE

leò !n fOr¡¡ tO paralysls, rhlcb tn aII lnsüaTlces tas ssvefe |n t56re.

Ehree of a slmllar nr¡mber of æntrol anlna.ls developetl the d.isease wh9n

lnocr¡latscl. ln the sa¡ne sl.ta, but ln orrty one of them nas ùhe cltseàðe

of elnllar lntensity.

It ls d,tfftoult to explaln the dlfference ln ühe res''¡lts of ühe

first and seconil ex¡rerlnonts. Ia the former, two of the ôenervatgù

antnals becamo paralysetl, rhlle the oontrols re¡¡alnod heelthy. In üb'e

Iatter, whlle a stüll.q,r nr¡rnbor of antna^ls subjectecl to d.enervatlon

proceclr:res clerreloped. the ôlsease, tbrEe of tbe e,ontrol anlnaLE rere

affecteô a}so. Ehe ôtfferênce ruay be ôr¡e to soxoe char¡ge ln tiro vln¡E

brought about by f''rrüher passages by varlous routes. One woulil' have

erpected-, however, that fr¡rther passagp woulô have ùlmlnisheò rather

tb¿n'lncreased. the cut¿nsous Lnfectlvlty of tbe virug.
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gornaa anil Era¡k, in lO out of 11 ln¡tanocg of lntradprnel lnocr-

latlon lnto danervatcrl ar€as, for¡¡d, thêt tb llnb flrst affcoteil tas on

tbs slttc of tha laoorrlatlon. I¡ tbs prcrenÈ cqrerl.nents, tbl.le ln thp

tlenervatcô nonkcya tbore rêr a ilcflnltc relatlonahlB betrcea tbe slts

of lnoetrLatlon e,nil. tbc localtsatlon of the !.nl,tta"l ¡nrelyrle la t¡o ow

gf for:r lartances, lt ree srrqlrlalag to notc tbst Ia the oontpl ¡nlmalc

rtth lataot rer¡¡el onaeotloas eo euch relatlonshlp las ap¡nrent,

!Íonkcy I F ls ê o&so ln polnt. l[bl.s anlnal tbor¡€b lnoeulatcdl ln ths

dorgt¡m of tho lcfü ba¡û mnlfs¡tcô !.üs tnltlal patalysls la tb r1gþt

Isver llnb.

8bs ¡neslbLc Dutcr by rhleb vtnrs nay rcaoh tbc ocutral nereìous

systen fæu a d.enervetcd, aree aret

(f) bV sy¡r¡ntbülc nerve f,lbre¡ left r¡ncectlonqè.

(2) by regeneroüc{L aerc flbro¡.

(l) ¡y übe blsotl ¡ürEan¡

(a) ty abcorptton by the oautral caôs of tbs ¡cetlosodl nosyoe.

(b) by c¡oretlon on to tho nesel Euoosè a¡ò thence bV thô olfaotory

pothrrl¡r.

(c) Olreetly ühror¡eþ ühe bloott ve¡seI¡ of the E¡iaal corcl or of thc

¡nstcrlor mot gaoglla.

l[bEec altcrn¿tlvss rlll bc oonclôorotl ta ønJuotlon rltå tho re$rlta

of the lnvestlgaütos.

If tbe vln¡g h¿ô ¡pread, to tbp ocatra.l nêrvons rystcn by nsanc of

autoaonlo flbre¡ loft tnEestlonoù by opcratl.ve proceèurcs, there Ehonltl

be e rel¡tlon¡hlp betreen ths ¡lte of lnoeuletlon a¡rtl tho tocaLl¡etton

of tho laltlal garalyele. S 10 anrL s 16 thtob rcre tnoeulatcä. tn ùho

lcfü thlgb ¡¿nlfc¡tcdl ühclr flr¡t para,lysls, bnever, tn ühe qpper llnbE.
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!Íoreover, o¡c of ùhs oent¡ol antnal¡, 8 9, ln rbLah tbs eyu¡nüheùlc

a.ntt gonatle nsrye flbres rere lntaot, after luoeulaülon ln the tlorsun

of the lcft ha¡rll beoane ¡nrllyrÒil fir¡t tn ühe rlgbt Lcg.

It 1¡ ¡rrobeblc ti¡at trangnloslon of thc vl¡rus Þy regenoraücê nort¡t

flbre¡ oan Þo ellnlaetcdl ln S 16 tcaaucc of the relattvely short lntcnral

(14 6ays) bct¡een ths oorplctlon of the drla flap anô laogqlatl.o¡. It

cen bo ellnlnateil ilEftattoly ln S JJ beceuse the n€rv€ flbrcE rere

iltvltlcdt Just prtor to lnoauletlon. lhe a,rguncaù uo€¡L ln ¡ef,crence to

tra¡snLEston by tha s¡ pethstlo flbrer aan aI¡o be apBlled. hcrc.

It le ooncelvable thet thc blooê ¡tream nlght play an lntcrnediaüe

rrolc ln carrytng tho vlrr¡g to tbe pcrlpheral Eorvos. If thto theory

rcrre oorreot tü nl&t be egnctcd. th¿t the vl¡¡ra roulil travel nalnly,

lf not cnttncly, along tþ central cadl¡ of üho ccotlooeô perlphoral

D,6rres, for trrrEt (f9r0) Þat shown that the vlnrs döcg not travel

reaôlly follorlng lntranerrnal Lnosîúetto¡ rmlcas the norve flbrce ar€

anbJcctetl to trauna. .lgslact oarr'lago of, tbø v|'rras by èhte nea¡rs thþ

a,rgumont u.sodl ln ref,crencs to prop€aütoa ri.a the autoaonle flbros can

aget¡ be qrplletl. fr¡rtþmor€, ootrelatlon of the lnltlal pelsy rlth
th. slte of lnoculatlon wag absEnt la rcnkc! S 45, cleeBlte ths fact tbat

tbe vI¡t¡.s ras Intro&rcedl d,lreetly lnto tba bloocl strean anô thrs hÊd.

anBle op¡nrtnnlty for eonlng lnto ontact rlth tbs ccntral æilg of, üho

geotlonedl ¡re¡¡F€ú!

Irenactüc a¡rd tr¡dlson (f9r5) bellcve tbat, follorlag Lntraveaorrs

lnooul¿tton, tbe vlrus rseahe¡ tbo oentral nervÞus systen by cleretton

oa to tho n¿¡al mlcosa anð strbeequent oatrl¡ aloag tJrc olfactory patlrey.

Sebln a,nit Olltalcy (tgll) bave ¡bom tbat the oÌfectory Þu1bE e¡"e

rollable lodlloetors of lafccùlon by thc n¿¡el loutc. In ths presenü



16.

lavestlgatlon Ennlnatlon of tbe olfactory bulbg shoreù tbat they rcre

free frrn lcslone, ao tbat thls erþtånstto! oan bo reJeetccl a*lso.

By e pr.oe,csE of eLlntnatlon lt rvoultl eoem probablc that tþ vL¡¡rs

reaebes the oent¡al ûcffous sysüen olüber übrou,gb ühs blooil ve¡ecl¡ of,

tbe epln{.Ì oril or of t}re ¡netcrlor rooù ganglla. Is favor¡¡ of ths

Iette¡ alùernatlvE ls the obse¡ratlon of lle¡oer a¡ril. .å¡ooss (1914) thaü

¡nllonyelltls rlrus a,&nlnl¡tcrcrl lntrravcnouely ls iþtcatabl.c la ths

Xnsterlor root gangLla bcfolo lt ls dlor¡onstrablc la the aentral, norvouE

gysta. ülorcovcr, ln tbe hrrm4n ell,geagc Eêasor1r dlstl¡rbaneeE antl

hg4nracsthecla ¿re connoa t¡rltlal o5rnpüoma. It rouldl be poeslble for

tbe operatlve proccðr¡re¡ to rEsult ln ¿ brea.Hora of the bloocLcaatrsl

nsroÐrr'r systcn b¿nl,er. It 1g to bc e4rectcô, bwcver, thet guch a

br¿alcdorn muliL be loaallsedl rathor tha¡l generallacô. So far as a

Ioaallscd, brea!<tlom l,¡ conoEsrcô, lt oan bE ellnln^atctl bEoar¡sê of ths

Iaok of rolatlonshlp bctrcen ùhe stte of l¡osulalton aeð the looatlaattoa

of tbs tatttal paloy, fi¡¡thsr lavestlgatlon on the pathogeaesle of

lnfeetlon by the tnt¡r¿vaesTûar ror¡te ls nsoo¡san¡r, bwevar, before Lt

1111 te posEiblc to ôeeltlc thlr qucstl,on.

Ehe rE$rtts of ühe prercnt e4nrlneats do not accesEaally thror

atoubt on thc tbesry of apnle proPagÐtloa of ths vlrus, for thls

hy¡ntherlg ls ba¡ctt la,rge1y oa e4lerlncutal rork ln rhloh strala¡ of

vlnrs rhleh haô nnclcrgooc reptr¿ücdl anlnal passage rerc useal. KLag

(1919) ¡nlnte out tbat reoently lsoletcal etretng nay bebave quLto

tllfßerenùIy anô be hteþly lnfootlve by ühc $rbeutancoua andL lnto¡ttael

mutes (8r¿ek ¿nô Eer¡t (L916, r9l8)). In l¡feetloa by tho ¡¿cal routc

ths vlnrs alno¡t eertal.nly travelE by annlc pathrays. Elag con¡lilcr¡
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that tho reletlvt lr¡nrùaocc of tbl¡ r:outo la rcnhoy ¡nllonyclltt's

ls pu¡cly eB Èrtlflcl¿l oontlLtlon a¡rdl not accc¡sertly rolsùoil to tbe

u¿tr:rsl ôl.sca¡E. Ee it¡rers attontlon to thc fact tbat otber vln¡eec

gqoh ac louplng-tl!, yellor fcver anù J4nneee enccpÞalltls 3., rhlch

u¡rlcr notu¡Àl conûltloni arrE hfgÐy lnfeotlve os eubauta,neous lnoeulatloa

nÐy uncþrCp noôlflaatlon oB pesoegg aniL shor a prcêLleetlo¡ for the

na¡al toutQ. Iü nay lcII be that tht tran¡ulssloa of ¡nllomyelltlr

vlnrs f¡¡n tbe perlpborT to ths ncr¡¡ra"l arl¡ oan oosl¡¡' botb by tbe

blood, stæa¡ antl by norv€ flbre a. lllhc rcEults of the proseat

Lovcstlgatton $¡ggest that reeently tgolatcù gtralns prcfer ühe foruer

Inthway. guec tbo oantrel ÞeryouB rystæ ls roaebtl, horevcr, tbare la

no rcason to ruI¡¡losc tbat tbe vlrtrr travels by otbcr tba¡¡ thc eloolc

route.

Intra(þmal laoeúatton of, *rro*"rltlg vtnrs lnto ôcaervateô a¡eac

noü only falled. to pravent lnfcetlon, hü regr¡Iteè la an laere¿cctl

enaccptlbtllty to tbs vùlur. [hls lnoree¡E ln $reeqrtlbtllty ¡nrslstctl

f,or ¿t lca¡t one bflntlreð d,ayr efüer tbe O¡nratlve proocôurê3. ì

In a¡rlnals subJecteô to clcncrvatlo¡ tbs vln¡s çaa (þtootable ln

tbs blooil. tro hou¡¡ eftcr l¡tradp¡o¡l lnoslrletloa.

In ha,lf of, the ðcnervatcô anlnals aatl aLl of the æat¡ul rcakeye

ûherc ras lå,dß of, relattonabl,p bctrocn tbe slüc of lnocnrletlon a¿ù

ths Locallsetlon of übe Lnltlal par:alyclsr

Eb ¡nselble ronüos by thlab vinrs oay rceob üho neuraL a:d's

frpm e ilonsrl,vaücil area are èlsousscð.
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It t¡ conolud.ecl thet übs ürensl.¡slon of ¡nllonyelltls vlnrs fron

the perlphery to tbe EentraL ucn¡ouo systa lc ¡naelblc both by ùtrc

blood. stroe¡o anû by ad.s-cyùtndlcrl, but tbat reocntly l¡oletctl otruLn¡

prefer tbe forner patha,y.
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By Gherles Smn (1)

(fron the lastltuùc of MeôlcaL and. Teterlnary Sc!.ence, ÄËclatdo)

One of thp mst lnterestlng problens In conr¡ectùon rlth the

study of ¡nllonyc$üts ls tbe nsel¡anls by wbleh übe naJorlty of übs

hum¿n ¡npulatlon drevelop Imr¡ntty to the ôlseaee. 3n¡r¡et (f956) anA

Sabln anit Qlltsky (fg¡8) fnon tbelr lnvestlgatloas on the pathogenesls

of the vlnrses of lorplag-U1 anð vesler¡.Iar stonaül.tle, respeotl.vely,

sr:ggcstetl, by analory, that the vlrus of poliorye1ltle *fter lts entry

by the fll¡¡neote of the olfaetory û€rvGE night be haltetl at thp

olfactory bults anil lcatl ùo e loca].leeô Inf,cctlon reeultlng ln lmunlty.

ßecent1y, Eowe anÖ Eat(e (19JT-J8) re¡nrteô tbat aftcr lntranasal

ad¡lnteüratlon of ¡nIlonyollt!.e vlnrs a febrl|c reectlo¡ ocon¡reeL at

thß sane tlue es ln sontrol anLnala, ln rcnkeys eubJecteil to preltrutnary

bllateral seetlon of the olfaotory tracta, provldcil thêù tho olfaetory

bulbs üar€ loft ln ¡ltu. In the ooat¡ol anlnale, buù not ln tlp
nonlreys ;hloh bad. r¡ndergone o¡nraùl"ol, tho rlse In tæpcrature w&g

followetl by ¡nrtlyols. EtetologLEal su-rol¡¿tlon of thc olfaotory bulÞs

(1) Workfng rlth th€ std. of a grant fro¡¡ the Natlonal Eealtb a¡rd.
Meritcal Research @u¡aolL, Âusürella.
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of the letter antnals ¡hored. traccE of perlvaseulsr lnflltraülon anð

&estnrctXou of nltral calle. Howe a,nd. Eclce ooncludeai thet thc olfactory

brrlbg rere the scat of anr lnfla.metory reeotlon rhich ôt4rlicatoô

the tnttlal otaçs of ellnlcaL ¡nl1orye1t,tl.s. lboy ol'ggcsteaL tbat

ühe loca,Ilseô lnfeetlo¿ nt6ht result ln lnnnmlty.

lfbe presmt lnvesüIgaülon rao r¡ailcrta,Ìon nltb tåe obJeat of

oonflrnlag the mrk of Eowe antl. Ecke and. of, d¡atemlning rhetber übe

c4lerlnental prooeôures 1e6. to l.munlüy.

.qllgg$..
I nirÈr¡re of tm local stralns of, vlnrs lsolateal ôurlng the naJor

eplileutc ln .lngtralla of, L93Túe scrveð as a ü'u:rcc of vtrus.

Sp{aal ærôc rer6 preserved. tn fr{ gLycerlne ln aornal ¡allne

solutlon, bufferetl by pboe¡rhates to ncutrallty¡ aûù ;crc kcpt ln tb
refrfgcraüor at a tæpcratr¡¡e of -IO 0.

rês prcpa,retl, by grtntllag rlth sterllc ria¡h,eè renil anð ¡orna.L saltno

golutlou. åfter tbe gross partlctcs hail been allowetl to scttle, tho

supcrnatant flutd. ras adnlnlgtcred. la e dose of 1.5 co. pcr nosùrll

on three ¡r¡coesslvo da¡rs.

In the prnepa,ratlon of vln¡s f,or latrc.cereb¡Ðt adnlnl¡traùlon and.

for ¡erun-vlnrs nlrtures, Lfi ú Zf, strspenelong, respectlvely were

ocntrlfugedl. at Jr000 R,P.M.¡ ñr Iþ nlnutes.
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apfna| oord. substancc ras aðalodl to 0.! co, of thc approprlaüe s€¡:un.

Bbs resulta¡rü nlxtusc tôs kept at e tenperaüurE of O" O. for tbree

hor¡rs prf.or to lùs lnoculatlon lato tbs left osrcbral hcrnisphore.

a

I total of cloven apparenùly healthy ænkays, dl of whfch rere

l¡beaca nuJatta (M. rhesug) rclghfng approxlnately J.5 kgn., Ba,s used,.

Þlly rectal tcntrnraturês vero reaorded for up to four çeeks

fol.lowlng eaeh laoeulatlon.

At autopsy, sectlons of thc cervlcal antl. lunbt¡ reglbns of tb{

splnal @rd., togethar rttb the olfaotor¡r brrlbs, f,ero sarrêô for

htstologleaL exa.ulruülon. Ehp renaånder of the 4tlna.l cord. was

Brcserved. êg E rourec of vl,rug.

@.
Stlatcral seetion of üb olfaetory traata ras perfornedl rrurlar

eühcr ana,esthcsla after l¡ductloa çlth A,CJ. nlrtu¡c. lÍl¡e ùura-

n¡ter overlylng the frontal lobes of tbs eerebn¡u wac e:$þsedl. by thø

elcvetlon of a scalp flap mtt ühe rerooval of übe un<lerlylng bone

wltb tbc alcl of, nlbbllng foroeps. [he clura nater nas lnalsed. ancl

üb sr4rerlor longltu¿lnal siaus ças ô1v1(þô betuecn llgaùures.

Dlvleloa of thc fal.x cerebrl enô clcvatlon of tbe frontal ¡nIos

ôlsoloseô ühe olfactory bulbs and, traote lylag on the floor of tho

anùerlor erentaL fossa. Eb olfaatory tracta rerc sectloaeil, cåre
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betng ta^hcn noü to itlslodlgc ühe btrlbs fæn tbo orlbrtforn platee,

thrs preservlng their v&scuJ.a,r, lyrpbatlc a¡tl re¡sslnLag neural

connectloa¡. gho soalp flap uas then rcplaoctl anil antr¡rcd rttb slIk.

Seven rcnkcys tere !.ûooulaüctt' tntran¿*rr, rltb ¡n}torye[lüts

vlnrs on three aneocsslvc dta¡rs. $or¡r of tbcsc anl¡eals (S 2J' S 22,

S 2f a,ait S 27) baù been rubJecte<L to bllatcral seotlon of tbe olfactory

traote approrá,efcly 47 ilays prevtously¡ they ôcveloBedl neltber pyrorl,e

nor ¡urelyrls. [he rcna,laLrg ühree rcnkcys (S 28, õ JJ anil S l¿)

rh!.ch actctt as oontrols, beome ¡nralyacil.

Oae rcntb efücr tbe comeaocnent of ths flrst cglerlnæt'. S 2J,

S 22r.ç 25 snô 6 2J togcthcr rlth a aontrol antnel, Ê 19t mre testedl

for lnnu¡¡lty by the lntreecrebra,I adnlalsùratloa of I oo. of Lfi

¡nlloayalltls vln¡e lnto tbe lcf,t bmlsphere. he of the anlnalet

S 23, renal.nedl beaftby¡ tba renalnôer dcvelo¡nd. ¡nralyale .

SEra obtel¡s¿ ono rcnth ef,tor tbo start of tb lnlttal cglcrtmeut

rere tcsüeè f,or the pIrêeencc of anttbodlJ.cs. ltor tl¡ls pÌ¡rposG cqual

parts of ths ser¿ of S 22, S 2! and S 2J wre ooniblacdl, tl¡flc tbe

sc¡rum of S 2J ras testeô scparatcly. Serr¡n obtal¡pd. f¡on a nornel

ænkey uss t¡sodl as a conttþl. Âe can bc soea fpa fêbLc 1., Ltl

vhLcb the resrrlt¡ of the lnve¡tlgaülon are cmbotll'eil, antlbodLce

rere not prescnt ln any of the ¡era ln ôotectablc amr¡nü¡.



lúonkoys Recnlt of lntra¡a,så.l
l¡osulatloq.

B.rutt of nrb-
scqucnt lntra-
cerebral lnocu-
latton

Rssult of serî¡.u
neut¡altzetton
tcEt.

s25 ilelühor pyred.a ær
Baratr yrlr

ilclther ¡ryred,a
nor ¡nralyrle

Negatlve.

I 22, ll Paralysls on
Uth alay

)
)

)
)

8?5 ll Paralyclr on
Itb ilay Negatlve

s¿T ll Farelysla on
7th Aaü

Cont¡o1s S 2E, Ê,r. anè 6 J{
para.lyæù on 8th,
l0th, an¡t 8tl ûaya,
rcspeatlvely.

S Jt ¡nratyreil
on l0th ôay.

Ia tb rcnhcys arbJcotcô to Uffetcra.f setlo¡ of thB olfactory

fractg btstologtc¿l s¡a¡oln¿tlon of ühe olfaetory ùr¡lbe provedl uegattvc.

In ontralt, tho Þr¡lb¡ of ths contml anleal¡ rhtah hatl bce¡ l¡ocrrlated.

lntran¿sally sbowedl cbaracterlstlc laf,lanrotor¡r obnggr.
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Ehe lnvestlgatlon falletl to "ooff* ùhe work of Eose a'nð Ecke,

tn tb¡rü ühe lntra¡aeel Lnooutatlon of four nonkeys after prellnlnary

btlatcral soctlon of the olfactory traets t[ld. not resulù ln pyrcrá'a,

nor lu Infiltratlve clranges In the olfactory bulbe. [bc leaeon for

thle illsparlty ln results ls by ao nêanÊ clear, but lt may poselbly

bc ôepentlent on the stratn of the vlruE.

Qnly oae of the four anlnals provccl reelstanü to subsequcnü

lntraecrebral lnocr:lat1on, though ln ar¡other the lncutatlon perloÔ

was pml_ongeô. As ls well-knovnc, rcnkeys oceaslons,lly prove

refraotory to the lnüracerebral lnoculatlon of pouonyelltis vlt:|.rs,

eo thÐ,t the above finil.ings.a¡e not ûeceÊsarlIy lnctlcatlve of the

d.evclopment of tnrunlty.

[rhe regatlve result of th.e sErtm neutralizatlon tests le nO

criterlon of lack of lnmr¡nlty of the norvoug syeten to ühe vlnrs

(Broòle, DlsohBr a¡tL Sül1lonna,n (Lg17), Surnet a¡rô Jackson (1919) .

ConsltiJsred. ln conJr¡nction rlth the ¡esults of the lntraccrebral test't

bow6vcr, lt would app€ar that no appreclable.lnnuulty resuJ.ted' fron the

c x¡lerLmental proceôure s .

The resulüs are ühus slmll.ar to those of Gortlon and. Lennette (1919).

In thelr erperlnents, however, sectlon of the tracts wa,s follOwed' by

cauterlzation of the bulbs, thus ellnlnating ühe possibillty of the

occurrence of a locallsed. lnfectlon of the latter followlng subsequent

lnt ra¡¡a,sa1 lr¡o oulatlon .



Iatranaga.l lnosrel¿ùlou of rcnkcyr Éth ¡nIloryEUtIB vlnrs aftcr

prel!,nlanry blla,tcral foottoa of the olfactory traoù¡ rcsuLtcå nelther

la ¡lyred,e, lnfllür¿tlvc oh¡q¡¡gc. la tbs olfaotory bu1bo, ¡or L¿ ¿

tloüootablc lnm¡aol.og!,oal respoo,Be.

t

Brodlc, tl.r Slrcbsr, lJ. Bi[ Stlllc¡nan, t. (I9J7)¡ ¡. elta. Iavctt.,

L6, p. !!1.
Burret, f¡. (f9r6)¡ rf. Path. & 3set., &, p. ?Lt

Bunrcü, DJ[. anô Jaokon, ¡.1, (1919)¡ .ôuct. f. c{pr Blol. & ncô. Scl.,

lJ, p. 261.

0ordlon, tr.B. and. Lcnrctte, E,E, (19r9)t ¡. lnf. Dl¡., 64, D. 97,

Eorc, E.¡,. anô 8che, B.Ë. (f917-18)r Prþe. Sos. c4l. Elol. &Mcd..,

17, P' Ê5

Sabla, 1.3. anil 011tdry, P.E, (19J8)l .I. c:gl. Hetl. 67, p.229.



(t)

3y 0harlc¡ Sr¡n (1)

(Íron ülre InsùttuÈc of üertteel anô Tetcrlnarly Sctcuce, lôel¡föc)

lron tlm to ülme, trauua b¿s bcen nrggerteil aâ an aoülologtcal

feotor tn tho tlevelopneat of cllseases of tba nervour rystcn. Prltab¿rô

(1914) reportcil a eaio ln rhlù èurlag tbe lnar¡battoa pcrlod. of

¡nltonyclltl¡ a portlorlar uuselc of ths qppsr llnb ras fatlgusrl.

croocslvely. llhe rub¡cqueat ¡nrelyslr nanlfcgtcd. ttself mot eeverely

h tbs fattgueô musclc rhloh later becanc oorylctcly aürophlo; the

renalaèer of, tho affcctc(l m¡sclEs ¡l¡ored. aoqplctc or alo¡t eouplctc

toooyery. In an cplilenlo of ¡ntlonpltül¡ at a boardlng robool, d¡ Bud.der

andl Petcroen (1918) founil ln e ppportlon of catc¡ that ¡trenri¡our

physloal cærtloa rB3 e fa,ctor ln l,ncreaslag eiloecptlblttty to thc

ôlgcasg.

¡ltbot¡gb tbo obove re¡nrta nrggesteô the preoent lnvestlgatloo, 1ü

strst Þc strc¡¡eô at the ouücet tbåt tbc c4nrlncnta.l pmccilr¡sc¡

adopüctl. ln ¡o mV Ic¿dl to the slnrrlatlon of aormal uusct¡la,r faütgue.

$or tbe lnttr¡atlon of $¿ch fatlgrrs lt routil he acoersary to sülrulatc

(f) Worklng rlth übe etû of e grant f¡un ùbs Haülon¿l Eealth ¿nd.

Medllaal Beseareh Oounell, Âustralla.
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ths anterlor bn¡ cellg synapttcally, thaù Ie, by ncfrl! of e refflcr,

Eo tbose rttb eqlerlenoe ta thc ba^nillfag of mukcys, übe ilLfftcuLtle¡

of sr¡ch a pnoosah¡ro, crpeelally rhen üho u¡e of an an*cstbctlc 1¡

preoluded, are obvtou¡.

In tbc prescnt pÐpcr an acoount ls glvcn of an attcrpt to dctcrtlac

rbthsr fcradlo ¡ttm¡.l¿tlon-of tbe rr¡sclcg of e pattlsulêr LlBD ôurtng

tbs lasnbatl,on perloù of ¡nllonyelltt¡ nf+t be a factor th tncreaslag

tb arusceptlblllüy of fbe antcrf'or hom oells to the vlrug a¡ô ln tbe

Ioaelleåtlon of übc laltlal ¡nralyelr.

.E&gg.

Eho vlnrstrês I ntxtr¡¡e of tro local ltreloa, both of tblcb bad.

besn tsolatcô dlr¡rlng tbe naJor cpltlcnlo of .lustrallE of L917-J8.

Ebs epln¡.l eorð¡ rhleh ge¡veô ê¡ 4 3ource of vlms rors Bre¡c¡reil

ta fr* glyeerlnc ln norn¿l ¡slluc rolutton, br¡ffercê by pbo¡pbeùes to

aEr¡trellty, and, rerc kept lu ùhe refrlgcrator at a tenl¡eraür¡rc of -I0o C.

$or lntra¡¡a¡cl lnosrrlatloa ¿ I.Ofi rus¡rcnslon of plnal cortl Írþçtancs

üas prepèreô W grlndtng rlüh gtcrlle rashsè ¡antl anil ¡o¡nal ¡sLtnc

olutloa. Aftc¡ the grrss ¡nrtlelcs bail bccn allorcdl to sctÈlc, tbc

n4lernatant flufô rag adnlalsùercð ln a dose of 2 ce. ¡nr æsùrll on

thrce guEocsolve rla¡rs,

- 81gþù ænkcyr, all of rblch r"r" *"** nuLetta (M. rhosnrg),

ælghf,ng about J.5 k,go., r!êre uscd..

Ecotal tøpcraùurês rere taken ib,lly untll lnralysls ensusal,
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ÂPPAIÂIÍJS USßD for flalDl0 SEIMIJI4II0N

Bhe a¡4nretus couprlseal 4n lnùrctlou oo11 aacl a tbree volü

dry-ccll bettcry oonneeteil togctber ln ¡erlcs. In add'ltloa ¡

buzzcr treE oonnecteil ln grrallel rltb übo lnôuctton coll.

[b th¡ scooadrry alrcnlt of thc laituctlo¡ aolI trc slectroôes

lorc connccücô. Onc of thosc, ühc lnd.lfforent clcctrvd¡, eonslstcð

of a platc of ¡bset glnc ncasnrlng $ tnchos ty 2å lnohcs, and.

covereô rlth cllbt thleknosees of coütoa gause. lh¡ oùbcr, th

stlnulatlug clecürod.e, rae oostr¡oeedl of a glaas rod., I lnchcs long,

aror¡nrl the lorer half of wblch, oopper rlrc bail been rou¡tl splrally.

$uperlr¡nsc¿l over thc oopper wlrc anô tbe ¡nrtlon of thc gl.asø rodl

', .'-aror¡nd. rhlch lt bal bcen wounô rcre elght layers of cottoa g$ra€,

Eb¡ atrsngth of thc gülqulus useô çes doteraluedl, tn thc ftrst placc

eaplrlaa.lly. When ücsüe(l on our foreeruo the sülnulus eauaeô

uarhcô tcùenlzetlon of tb ¡qusclc¡ antl e uoôcretc rlcgrcc of peln.

Aatual moasuren€nü gboreè tbat tb frcqucaoy of tb stlunlus

nês approrlnatcly 60 por gcconð. 8bs rcltagp gutput o¡ opcn slrsutt

ras êppnod'etely !O volte B.M.S.¡ ârô 1100 yolts p€alc,

@.
In a1l, flvc m¡koy3 te¡rl gtlm¡l¿ùEè rbtlc tbs roaa.lnlag tb.rce

ectedl ag @ntrolr.

Xereôlc stlmrletlon ras bcgrra on cLther ths flrst or recondl, da¡r

efter tln luttlal lntraneesl tnoculatloa, antl rqr appllcd, for a perl.odl
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of half an hor¡r per dby rrnüll tbo onsct of ¡nralyrll, thcn lt rae

dll. econttnr¡ßd,.

Ia aII oasos the lcft r4vper llnb wa¡ eelccteê as tbp slto for

etlnt¡J¿tloa.

luaesthpsla ras lnðuocdl rtth 
^.0.8. 

mlrtr¡re a¡rcl nalntalneil rltb

cther, As son aB an aûoquatc d,epth of a,nacstbesl¿ betl been rcached.,

tb ar¡lue1 ras pla,ccdl on lùa back on a larç ¡ubbcr nat, and. tteô ln

¡nsltloa by neans of ropcs attached. to bth anklcs ancl the rlght naleü.

Ebc laôtffcrcnü alcct¡odo, prevtouoly rclsteneô ln ¡ellne, ras üben

lnsertod. botteen ühs poeterlor espect of þ:,Ieft am a¡il. thc nrbber

naü, the relgþt of the llnb cnEurlng aiþquatc æataot. Ehs lncluctloa

oll ras srltchscl on, autl tha stlmulatlng elcctrrodLe, whlch baô bcen

soaklng ln salûne, ras ag¡lleti ln tura üo thc notor potat¡ of ühe

nusclcs beLonglng to the varlous gñrrr¡)s of the a,rt, forea¡n and. bancL

uatlt faülguc occunêd.. 3y the ülne tbc nore ilLsteL groups of nusclcs

hacl bcen fatlgusil, ùbe prodmel gnoupr, rhlch bgd been tctanlzod,

carllcr, ùorcô æna tlrgrce of rcaver¡r and rcs¡uadtcè to fi¡¡tb¡r

cùlmulåtloa. In thc rqlf bour ¡nrtoô lt ras Dosslblc to repeet thla

cyclc abut for¡¡ tlues.

fihc ¡csults of the eg¡crfuncnt a¡c ¡honn ln the follovlng t¿ble.
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Sffec

$o. of
mnkcy

850

ilo, of tla¡rs
¡tlnuletcè.

I

Pa,ralysts, illetrlbuülon (ln or(þr of
eppca;rancc) anð scverlty.

I¡Eft a¡n +++, rtgbt arß + anê logs +.

s5r I Lrcgs +++, Icft a,rn ffr, rtgþt a¡cn r.t.

s6g t7 Btgbt IÊg +, lcf,t arm +.

s70 9 I¡cft am ++r and rfgbt 4 n ++, lcgs ++.

sÊ 9 Ircgs +r+, Lcft a¡r ++, rlgbt eru +.

s48
(øntror)

0 Bfght lcg r'rr aaô left 169 ++, left a,m +.

s49
(Contrc1)

0 Llcgs +t+ anil rlgbt å,rn r?r, lefü am +.

871
(Controt)

0 LCgs ++, etus +++.

++i = Severe g*ralysls
++ ¡ lÁodlcrate n

r = ¡lllaf rr

It wtII be roen f¡on tb abovc tablc I that of the flve ænkcys

subJeotcdl. to gülnt¡latlon, ouly two, S 5O antL S JO, nenlfcstcdl thalr

lntütal ¡nralyslc ln tha llnb rhlch bad, boca sülnulated. 8bc lnttlal
palsy 1ü thc lattcr anln¿l ras eesoclateô wltb lnvolvcnEat of tbp

opposltc arm. In tbs rqnalndlpr of thp nonkcye, E 51, S 69, an<[ S 70,

the peúalysls bcgan f,lrst ln tbp loçer llnbE. Ûater, bovever, rhcn
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the u$¡cr llnbe bcca.æ a,ffcctecl, ùb ¡nralysls uas alna,ys trore s@verc

ln tbe am rhloh baô bcea ¡tlmnlatcdl.

In tþ oont¡ul anlnals, S 48, S 49 anô S 71, th¡ Io;er llsbs r,e¡e

ahaye tbp flrst to bccoæ paralyscô, tnrt ln I 49 ühe lalülal pa,lay

ocourrcd. lD thÊ rtgbt aÍß ês reI1. .å, oom¡nrlson of thc lntcnelüy of

thc ¡nralyals of, thc rryper llnÞs, sbons that ln one caso thp arns

rcrc lnvolvod, cqr¡elly, whllc 1¡ tþ remlalag tuo, ühc lcft a,¡aL übe

rfght arns Íerc caeh lnvolvctl norc scvercly on on€ oce,ôsloa.

In gmer:al thc ¡nralyaLs tas ¡ot úrc Eoverc ln thc a¡lnals

suÞJcotoô to ¡tlnnlstloa. Indleeô, S Ø, rbleh bact boca stlnr¡Latcrl

oa ¡eventccn rtrccegelvc tLa¡ra, ras the least affcotetl,

Eþ ¡tlnr:J¡tcct l.lnb ras thÊ "rr. 
o, ühe lnltlal patay ln only

üro ouù of flrlu Dnkeys, .å,s a slnllar locall¡aüloa of tbe t¡tülal
paralysle occaetoDÀl1y ooøurcd. l¡ otbcr eryerlneatc ln thlch

rcnkeye were lafeetcê by the lntra¡raral rrutc, lt cannot be oonch¡Acil l

that tltc sltc of tbc lnLùlalnalsy ls lnfh¡psecô by clectrlcaL sütnnrlatlon

Ncverthclcsa thp Inratyslg la thc uppcr llnbs taa a.lrayc Drc

narledL la the arn strbJeotc(l to rtlnulatlon, suggpsttûg that f,a¡artlo

Élnulotloa l¡orcasc¡ tbe urseø¡rtlbtllty of e¡rtcrlor horn oolls

üo the yl.¡ug. [hl¡ lacroa¡c ln susccptlblltty nay be thc resutt of

lnpulrcs pasalng aotlèronlca^lly along tho arca¡ to tho @tor cc1ls.



¡h,r*dl1o ¡ttnuLettoa of ¡ ¡nrülem,I¿r ll¡Þ al¡r¡{ng tþ laeub¡tloa

ported, of ¡ntloryrllül¡ illrt ¡ot Lnflucaeo üh¡ locsLl¡¡tloa of th¡

taltl¿I ¡nrotyrlr. fb ¡t1¡ul,ato6' llub, horcvcr,-¡ttt aheyr

pe¡r,lyro6. Ëor. tovcroly than lù¡ follor sn the oPPo¡Ito ¡td.c.

¡

Prttehn,ral., 3. (1954) ¡ [aoeot, 2, D. 945.

BuÄdrr, B. d, aotl lotcrira, g.A. (19t8) ¡ nfi. loh¡oh¡. Bcrl. lJ
' D, 689, (.mrt., iF. .lmr.

aod,. l¡¡. lLl. p. 289



by Charles Sran. (1)

In str¡tlf,es on the concentratlon of the vlrus of lnfectlous

nyrrnatosle of rabblte ln varlous orgpns at clifferent perloôs aftor

lntratesüicular lnocr¡Iatlon, Eurst (L917 c) noteè thêt' elühor tho

vlrus appeared flrst ln the h¡nl¿r reglon of the Ðlna.l cortl, or was

present et thle lovel ln blgher concentratlon than elEerhcre ln tbe

neural arús.

Theee results, whlch sugçst trensnlsslon of tbe vlrus by neuúal

pathways, were so¡nerhat rrnerpceted., as Eurst (1937 b) had' Ehown eerller

thet thls vlrrrs trÞsscgses only sllght' nenrotroplc afflnltles.

Accorcl!.ngLy, the prescnt lnvestlgeülon vas unôertaken.

.âJ.,S AllD !{EÎEoDS.

(r) vrnus"

InfectE¿ tosües anð spleens obtalnett fnon rabblts lrtllcd' flve da.ys

efter lntratestlouLar lnoculatlon se"veð as a sou¡:co of vlnrs' $rese

organs Teïe preserved. In Ndp glycerine !n nOrnal sallne æIutlon,

buffered'þphosphatesticneutralltJf,Ðôwerekeptlntherefrlgerator

at a tenrperatr¡¡e of -lOoC.

lhls rork nas co.ffied. out rlth tbe alcl of a gtanl from ühe

Natlonal Eealth ar¡ô Meôlcal Besearch cor¡rc!}, Ausüra,lla.
(r) .
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flor lntratlcmal lnoculatlon e, l$ suspenslon of lnfectecl tlesuß nas

prepared by grlnillng rltb süerilc washeè sand. anfl no¡mal eallae

solutlon. After gto6s partlcles ba<l boen allorei! to settLe, tb

supematant flutô ses Lnosulated' ln a dlogc of 0.2 co.

tlor lntravenous ad¡nlnl¡tratlon a 10fi nrspenslon of lnfectcð tlssrre

was prepai"ed slnllarly, but tb'e sallne ¡olutlon was replaeeô by nornal

rabblt serwn ln order üo pr.event lntravascular clottlng. fhe

sus¡nnslon was centrlfugcô. for flve Dlnutes at J,OOO R.P.U. EbÞ

mrpernatant ftulè Bas lnJected ln a dose of 1 ec.

(e) RAEBrIS.

Itrparently normal rabblts, teighlng abou.t 11500 gra¡û6' wêre us6ô.

( l) oPEH¡rIYs-lBoEgLRsg.

Â11 operatlve proceih¡¡eE were perforned. uod.er ethcr enaeetheela.

DcnervatLoa of the ilorsuu of the foot wag effected. by ôtvtglon of the

fe¡ooral a¡rd. scl.atlc nerves at the level of ühe lngulnal llgA'nent and

tho greeter Eclatlc foranen, rcspectlvely.

( ¿) Pos J{on[uúg .

Ilnd¡er cüber anaestheela tho anterlor wall of ths thorax waÊ elevated'

andl' a spe.oLnen of brootl ras rlthttrana fron the rleht vEntrtcle' 'A'fter

ôcftbrlnatlon ühe spcclnen t&E s6t aslôå for eramlnatlon later. Ehe

vaccular systen çae tlren rashed. out wlth th¡ee lltres of nor¡na} saÌlne,

acoordlng to the tcchnlque of Eurst (19t6).



,.
Repr€Êentatlve gectlone of tbs nerrrous systen çere ühen renoved..

[hey lno]ud.eêt

(l) th6 olfactory bulbs a.ndl ad.Jacent por.tlone of ühe frontal lobes;

(2) the nld.dle cerebrun ( frontal scctlon paaslng Just beblnfl the

optlc chlasne) ¡

(l) tUe posterlor cerebrr¡o (ooolpltal lobes) ¡

(4) tUe braln-sten (Level of fourtb vcntrtele);

(5) ühB splna1 cora¡ (a) ccrvlcal reglon,

(t) aorsel rcglon,

(c) fr.rntar reglon¡ anô

(6) t¡e posterlor root gangtta (r''6presentatlve ganglla fron ühe

cervteal, dorsal and. lr¡¡¡bar leve1a).

(In subseqrrent tables the above sectlons are represcnted' by tbe

letters, 0.3., M.C., P.0., 3.S., C.C., D.C.f I',.C., a¡d' P'B'G'¡

respectlvely).

X,ron each of ühe above speclmens of nerrous tlssue a ]:Ofi (10-1)

sus¡rens!.on Í&s prepared. by grlnôIng wltb Eterlle washed. sanel and' nortal

gallne solutlon. [hese nrspenelons ¡Þre oenürlfr:ged' at J'000 R.P.M',

for flve nl.nutcs. The concentrEtlon of vI¡¡rs ras then ôcternlnctl

by lnüraclorual tnoculatlon of serlal 10 folô òllutlons ln the tacks of

fresh rabblts.

Ebe speclnen of tlefltrln¿ted. b].ood. was also tested' for thc presence

of vlnrs, but no atternpt was macle to ùeternlne lts tltre.
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(1) INSRÀX8BM4I¡ -IU9CIJ.E¡¡JIoN 08-['HÐ ÏIAUS.

å serles of eleven rabblts wae lnoeulatecl wltb the vlrue ln the

dorsuû of the left foot, aDô the anlnals were kl'lLecl at lntervals

rangtng fron three to flve ôaye. Tt¡e results are presenteð ln ùbo

follorlng table.

.ry-I,.
Dlst¡lþut-&e of the vtlue of tnfectlor¡q ny¡ona.t_osls g! rabblts ln

aelgggs system fouoylne tntraôermal lnoculaüIon lato left Éqg-t.

No. of tlays 0.3. M.C, P.C. 3.S. C.0. D.C. L.C. P.R.ê. 3Iootl.
after lnoc-

t 0. 0. 0. 0 0 0 0 N.g. +

3 0. 0, 0 0. 0 0 0. N .tI. +

1. 1O-1 o. o o. 1o-1 o 0. 0 +

4, t¡-l 1o-1 1o-2 o. Lo-? 1o-1 Lo-z N.[. +

4. Lo¿ o. o. to-l to-r Lo¿ o. ñ.[. +

4. Lo'l o. þ-1 o. 0 0. 0 N.l!. +

4 ¡-t ro-1 Lo-? o. ro-2 o. o. LD-, +

4. rc-I IO-I IO-1 ro-2 ro¿ .2
0 0. 10 +

5. rc_5 ro-t rc-F: 1o-4 1o-5 10-4 1o-4 N.:n. +

5. to-J to-z rc-I IO-1 lo-1 o. o. $.[. +

,. ro-3 1o-4 1o-2 1o-4 1o-2 1o-2 ß'7 ¡o-1 t
:-j:===

{ = vLrue present, but concentratlon nas noü tletermíned..

0 - no vlrue (þtecteû.
N.1!.= no tesü nad'e.
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Ehe resulùs Ehow ühat the vlnrs raE present ln the blood. fmn at

leest tbe thlrd. day onward.s. In the nervous system, on the other hênd.'

yiru,s was ôotcctable ln only one of th¡ee ca.sec at the snô of J2 hourst

and. ttron only ln nlnlmaL a¡nounts antl ln wldely seperateal areas.

Fron ühe fourth day onrarôs vinr¡s was alwa,ys present ln tbe uerrÞug

systen. For ühe oost part the vlrtre èppeared. to be cllstrlbutetl at

ranóon, but the olfactorly bulbs rlsre lnvo1ved. more constantly than

other reglons.

Ehc Level of th€ splnal corô correspondlng to ühe site of l¡ocrrletlon

rae not affccteô prlor to other LeveLs of the neural ald's. Indced''

In bs,lf of thp caseE thc Ir¡nbar corô rsnalned free fron vlrug. [l¡ere

ras tbgrÊfore no evlôeacc of aprcaô of the vl,rr¡s vla aer¡ral ¡nthwre,yo,

Eo conf,lrn thls observÐtlon the geoontl er¡lorlnont was rrDtlert*ken.

(2) .

Nlneteen rabblts Ísre lnJectett rlth vlnrs ln tbô dor¡r¡u of the

Left foot. I¡ nl.ne of these anlmals ôenervøtlon of tbe foot had

been effecteô ùhree reeks bcfore. In the re¡¡aln<Ier three nonths

bad. clapseil. The rosults are enboclleô ln Eables 2. and. J.

It Í¡III be seen that the lnJeotlon of vlrus lnto ôenerr¡atocl skln

proctuceô no slgnlftcant slteratton elther !n the tlne elapslug

between lnocuJ.aülon and the lnvolvenenü of tire nervûus system, or ln

ùhe d.lEtrlbutloa of the vlrue. SprqeiL of thÊ virua fron tha periphery

to tbe nerrral ard.e by mefùIIE of ad.s-cyllncters wou1d. appear to have

been ellnlnateil.
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r¡3r4 g.

Ll¡trtþutton gE @. vlrus g! lnfeallous nv:onatosþ g[ raÞbltE tE !åg

ne¡rlous ¡vsten follOwlns lnüra(þrmal lnoculatlon lato lsfù foo.t

three çeeks after (þnenratlon þg! been perforoeð.

No, of dLaJrg o.E. M.0. P.c. B'S. O.C. D.0. IJ,C. P.B.e. 3lOOi[
after laoc-
ula.tlon

1. 0 0. 0. 0. 0. 0. 0. 0. +

, :,þ-2 o. rc-2 o. 0. o. ro-2 lo-J +

, 0. 0. 0 0. 0. 0. 0. 0. +

4. to-e o. o 0. 0. 0. N.l[. +0.

4 t'-a IO-2 tO-2 o, O. lg-a þ-4 IO-l +

4 p-I ro-1 ro-1 m-l ro-1 ro-l Lo-t 1o-4 +

--..
,. ro-4 1o-4 10-l 1o-l æ-, 1o-4 ro-4 N.lE. +

0. o. o. 10€ o. o. to-? Lo-l +5.

,. ,-a tg-l þ-2 rc€ N .E . Lo-t Lo-t N .8. +

+ = vl,nrE iles progsnt, but concentratlon was not ilpüormlnecl.

0 - no vlrtrs ilstectedl.

1I.8. = no test nêdo.
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E¡3ra 1.

Dletrlbutton g[ tUc vlrus g¡! Infecttous- nværetoslg g¡[ rabblüe & tb€

æro. gvËteg folLowlne Lnüraùernal tnocr:.latlog lnto left foot

tl¡¡Ea Eg.otbE efter tþnerv¿tloa Ìud. been perforued'.

No. of daYs 0.1.
efter lnoc-
r¡latloo.

M.C. P.C. 3'S. C.C. D.0' L'C' P'R'(l' 3loot['

1

3

1

0,

o. o. 0. 0. 0 +

+

I00

0

0

0

0. 0.

0.0.

0.

0

0.

0.

0. 0.

o. 0. 0.

0.

0

N.ts. +
4

0

rO-2 rO€ p-I O

4.

4

ro-1 o, o. 0 0 0. 0 . N.[.

N.[.

+

+

+

+

to-, ro-1 p-3 o. ro-1 o' o. I

4. ro-4 ro-l lo-t P-4 ro-4 :.r.-l 1o-4 N 'E '

,. I0¿ 1g-2 O. rc-I 0. o. 1o-1 N.l[ .

,. ro-l to-l 1o-l Lo-l ro-2 ro-4 vp-l N '['

to-4 to-5 to'5 ¡p-5 ¡¡-4 1¡-5 1o-4 N'[' +

+ = vlrl¡s ças preBent, but lts concentratlon wae not tletermlneô'

0 = no vlnrs cletectad..

N.î. = ao test n¿r¡le.
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(¡) r\tra.[TENguå rNoculltroN 0F ['Iß vrntts.

flre obJoot of the thlrê experlnent ças to deternine tbs cllstributlon

of tbe vlnrs ln the nervous system follorvlng lnüravEnous ad¡¡lnlstraülon.

¡, total of nlne rabbltg was lnoculatecl ln the nargtnal veln of tbe

Ieft ear, andl the anlnals were sacrlflceô on elther the sacond., tbtrcl

or for¡¡th tlay after lnJectlon.

[bs resu].ts aro eummarlsetl tn Íab1e 4.

EÁBI''E 4".

Èe!-E$l¡Ëgg g[ æ. vtrn¡s g[ lnfecttous mvxonatosls g! rabblts ln @.

netvqus evgten followlg lntravenoue Inoculatlon'

-Æ

No. of ciaya 0.3. M.c. P.C. B.S. C.0. D.c. IJ.c. P.8.G. S1OOû

, aftcr tnoc-
rrlet

rc-l ro-2 ro-1 to-a ro-a rc-l O. N.t!. +2

2 0. 0 +0 0. 0 0. 0 0.

2 ro-2 to-z ro-l to-I o. ro¿ þ-2 Lo-, +

, ro-1 o. 1o-l ro-l o. 1o-1 ro-l t

, ro-2 þ-J rc-z Lg-l !¡-l ro-J ro-2 ro_5 +

t, þ-J ro-t to-l Lo-l vo-l ro '4 to-, þ-i +

4 to-l rc-, ro-l 1o-1 o. 1o-2 1o-1 1o-1 +

4 tþ-3 ro-l lo-l to-l 1o-1 rc-, ro-J 10-, +

Lo-l ro-4 ro¿ 1o-2 Ð2. 10¿ rc-e IO-4 +4

+ = vtrtrs re,s pr€ÉEnt, but lts ooncenüration ras not cletorrûlnetl.

0. s tro vlnrs dotEctecl,.

S.E. - no teet Eadc.
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FolLowlng lntrawnous lnoculetlon vlrus ¡as detectable ln two out

of three anlnals at alnoet alt levels of üho nervous system at the

en¿ of {8 Uure. Ehe raadon clLstributlon of the vlnrs whlch occurred'

after lntradprmnl- ad¡nlnlstr¿tlon stlIl perslsteil, but, r:nLlke the fonner

experlnent,s, norê Levels of the ner¡¡al ads were involveô a.t ons and' the

sa¡ne t1ne, and. the olfactorl¡ tulbs wera not affected' nore often or rcre

eeverely üban èIßevhere ln thp nervous systen.

.ô. feature of lnterest was the hlgh concentr¿tton of tbe vln¡s in

the ¡neterlor root ganglla. With one ereepülon, the tltre of the vlnrs

here was eqnal to, ancl s¿notlmes groaüer tban, the tltre in the reet

of the neural ad.c.

In tho present lnvestlgatlon, atl of ttre evltlpnce (the eppearênse

of tbe vlnrs In the blooû streamû before lt tas cleüactable ln the nerrcus

system, the randon ôlstrlbutlon of the virus ln the latter, tbe fect

tha,t the lewl of ühe epla¿I corô eorresponðlng to the area of

lnocutatlon Ía.s not the lnlttal slte of lnvaslon of the vlrus, and, the

obseretlon tba.t the vlrus travelled. roectlly from a ôenervateô area)

leacls to tho ooneluston tba.t the vln¡s, when inoqrlated ln a perlphoral

slte, travels to the nervous systen vla the bloocl sürean antl aot by

neu¡al pathnaya.

lhe nechanlsn whoroby tbe vl¡rrs roaehes tbo central nervous sysüen

fron the bLood. strea,n must now bc conslilerecl' In stuttlee on ühe

pathogonesle of the vlrue of aqulne enoephalon¡¡eltt1s, Br¡¡st (1916)

.uL
sWçstntbat tbo vlnrs ls d.eposltcè by the blooil on to üho nasal
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mucoEa, vhencE lt üravele vl¿ the porlnenral lyuphatlcE of tbe

olfaetoty nêtveg to ühs subalural spece. [ble by¡¡otheets çoulê serve

to erçlaln only a pnoportlon of the present oases.

Áltern¿üfvely, Er:rst (1916) suggastett that the proceÊs nlghü be

a slow rr growth thror:gþrr the b¿enato-encephallc barrler, a theory whish

has found. stror¡€ support fn ühe recent work of Klng (I$JB, L939) '

Klng has eho¡cn that when the vlru-s of equlne encephalomyelltls I's lnoculateô

perlpheral.ly, 1g 6¡!er:s ühe blooð strearn and proôuces lts lnitlal effeot

on the waLls of the blood. vessels. Ehe aervous systen ls lnvolveô'

secondarll-y.

In vlew of tbe fact that the vlms of lnfectious nyroE¿toslE of

rabbits pr"odrrcee renarkable prollferatlve anð degenerative chançs

ln tbe waLls of the vascular systen (Hurst (l]17 e)) ft is reaÊonable

t,o as@ne, taklng lntO accou¡rt the evld.ence of the present stud¡r'

that thls vlnrs behaves slnllar1y to that of equlne encepha,lornyelltls.

In other worôs, the vlnrs of lnfectloue nyrnatosls of rabblts, when

inJected. perlpherally, entern the bLooô strea,n a,nd. prþduces lesions

ln lts wallg which allor tbe vlnrs to be eolsn lndiscrlnLnately throughouü

tbe nervous systen.
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