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n . . \ .. \ LEXA:\ l l _E H , H .S. · .. \.g-li c . , IJ. \ '_S('. , I·:IIIJ>iro .\h r kdillg­
Hoanl H esc•;tn·lt 1·\•l loll', (Jnders1 PJIOUr!. 

'1'111·: Jli'Ogr e ~:; in• atl PIIUa tioll for horses 11hich at·<·o lll jl:lllit• -< II PIII'O­
tropic :Jd:lpt;il io1L of the ,·i ru ,; of hor:;e~i('l;n esc; i11 J11it·1 · <111 d guinea 
pig;; 11 · ;~ ,; recog ni :;ed fir :; t ll.1· the :111thor (l!JJ:I ). Til<· pos.-<ib llil .l of 
utiliz i ng- th:il :il len uation for t hP de,elopllll'll t of a .;ui tahi P m ethod 
of inJIJIUni:wti on 11·a ,; apprel'iatl-'ll imnH-•tliat Ply. ;~nd as 11·ill hP sPell 
ftuln JltPLimilJ;II '.\- report ,; uu t he ~ uL_j,.,. t tlH· met hod h;~ ,; found 
appli(':ltiou in t i1P fidd to -da:'>· 0 11 n pra('tical ;JIHl e< ·t JllOIILil' l:a-'i .-< 
C'dexa nder and clu 'l'oit. l!J:I4 l. Th e dt•l·e lop ln eld of imJ Jl lllli tY hn s 
bee n · desGribt•tl an1l cli ::;c nssPd in ;~ preYi ou,; pub]i,· riliml (. \l e:;; nliii Pr. 
] <) :~:J l hut SO JII P i niPre~ting fp a t ur Pii of t h P pnthogt'l JP .-<i:; of t'!t e neuro­
tropil' Yi ru s i11 Pquin es mPrit :Jite nlion. 1'nfodtmntPh su il ahlt> 
hm·sec; IH're JJ ot :JYaibb],. i n c; uf-Ji, ·iellt nun1h PJ' Ii to :l[I)II'OXi mate the ~ 
,]et:JilPd ~l llll_1 · d e1·oted to the :mnlag-otJ s probl Pill in Y Pll o11· 1-'r,·er. 
noLihh ll\- IJo1·rl and I'Pnn a ( UJ:l3 ) . Jl o11-eH'l'. 1u anY ohc;rn·<dion ~ 
ltaYe iJeP I.I Jlialj,. <ltnin g- thP t·ourc;e of t hr• <'-" l "'rim~JJtal ,y,n·k 011 
imllllltlill:dion, :llltl ~ei· Pr:d poi 1 d ~ han' hPPll l'OllDrlll erl ],_~ - th e nit ir·;Ji 
PX]Wl'itn rnb to he r1 esnihr d. 

l-' ro n1 timP to tin1<:' bloorl ha ,; bee n dra11-n Jli ' Oilli ."t· uot J.~h · f l-rJ JJJ 
lwl' .-< e ~ hdon• , during-, nnll aft,·r tlw r eat·tion p1·odur· pd h _y t he ~ ul J ­
l'lll:J IH'ous injp,·tion of nrurotnqJit · ,-inls. .\fi r 1· d t-•fi hrin:tt-inn th is 
blo<Jrl , m;na l l.1· dilut ed l: :2 i 11 s;i] i ne, h: 1 ~ 11<'•'11 i 11i<·•·t <'<1 i 111 1 :11·rbr:1lJ 1· 
into Jllic- P hut onl_1· on I'OlllJlnrai i,·e l.~ - l':ll'l' or·l"a .-'ions h:J\'P ;Jll_\· -< lll :­
''tllll iJP d to a SJI Pl'ifil' horsrsit·kJ JPss enl'ephaliti s . !·:,· pry nwu sP 11·!Ji(' h 
sm ·1·in-'ll 11·a s f< h011-n suiJ,;pquent·l:'>· to l1r fu l h s tJ SCP]l t i!JJ,.. It ll'f\;-; 
then dee idPtl to cli-•trtllline b1 .'i .\stem atil' inTP .~t i g·:Ji i on 11· !J pt hei t·iJ ·­
t· ulating Yll'llS t· otdll IJP d PtPctPrl l'eg-nlarl y in t lw l:l ood of n•at·t in g­
animal s . 

~ !' 11<1 rat P s u tij)P 11s 1 ons in 10 ]W r c·pnl. SPl'UJll s:Jlm P IH:' rc· ]J r ep:~ red 
from thP br:Jil l li of lllicr tle ,;ho:ye tl in e.rfrcmis aftp ,· in.iPdion 11·ith 
eal' IL of four strain,; of Yirn;; kno\Y ll to haYP attained an ndeqmd l-' 
leYol of attPJIUation. ~nfficient· of Paoli S\lspPn .'ion wa s ih en atldPd 
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STUDIES 0~ TilE NErHOTHOPTC VTRl.S OV ITOHSES TC I\NESS TV . 

to a know11 Yolum~ of diluent (o produc-e u 1: 10()() rlilution an<1 of 
the mixture 10 c.c. "·us injede<l snlw ntaueousl.\· into bYo susceJl• ihlP 
hor:,;es (20915 and :20919). 'l'h~ febrile reaction ]Jroduc<ed is sho1n1 
graphir~ally in <"harts l unrl 11. At' no timP \\"<ls there <lll\. other 
dinicul rleparture from normal healih in either animal. . 

Comme ll<"ing f1om the thin1 <lay after injection detihrin<li<'d 
bloorl from each h orse \l":ls <lilut~rl an \Yith .-mline alll1 ()·(Ji"J c·.<". \va;; 

inj ecte<l intracerehrnlly into 11·h itP mice. The re .•nlts are viYeu 111 
'l'ahl~ I. 

TABLE I.~Fflte· of J[/!'e inierted u·lth D eji l!l"inated Hfood. 

In terval days. 

;). .. . ..... . .... . . 
4 . . ... ... .... . .. . 
;) . . . . .... . ... . . . 
fi ..... . . . . ... . 
/. 

!) ...... . • .. .. . •. . 

JO .. .... . ..... .• . . . 
I J. ....•..... .. . 
1:2 ... .. .......• . .. . 
);j .... .. . . . ... . . 

l4 .. 
Hi. . 

H orsc 20!Jl 5 
J\IIild reaetor. 

0 ; 0 ; 0 
7;8;0 
0; 0 ; 0 
0 ; 0;0 
7 ; 0; 0 
0; 0; 0 
0 ; 0; 0 
7; 0; 0 
0 ; 0;0 
0; 0; 0 
() : 0 ; 0 
0 : 0; 0 

Horse 20919 
~fore sP vere rea(·tor. 

0; () ; () 
0; 0; 0 
6 ; 7 ; () 
5; 5 ; 6 
4; 4; i) 

5; f) ; 7 
6; (i ; 7 
.c:; ; 5 ; 7 
8; () ; () 

10 ; 0; 0 
(); 0; 0 
0 ; (); () 

~OTl, .-Thc numerals indi cate day after inj ect ion on which mouse died. O= survival 
for 10 days . Thus 7; 8; 0 m ean s t hree mice injected of which one clied on day 7. 
one clied on day 8 an d one surTi,·ed . 

lt i~ c;eeH that in the one horse (20!115) which re<ll tecl <·omparu­
tiYely more mildly to th~ immullizing injection, "' indic-ated by lh~ 
Tise of th ~ morning temperature to a point above normal 011 mlly 
two clays , li t il~ or no virus <:ould lJe clemonstrate <1 iu the peripheral 
cir<:nlat ion . Onl.,- mt the fourth day <lid L\YO ot the tln·ee injeded 
mic~ eli~, " ·hile there i s recor<lecl the cl eaths of o11e out of three mice 
11·hieh r ec ·ein-•cl blood clra\Yll 011 the seventh and eleventh cla.p; 
!'e.specti,·el_\·. 

T h e ,;ecoiHl hon;e (:!O!Jl9) s ho,ved a mm·e c;eYere febrile 1eadion 
aJl(l circulating YJnts <·cmlc1 h~ demonstrated hom t h e fifth to il1e 
h velfth rla.1·. 

In pre,· ion s 11·ork o11 llte clelenuinutioll of the iufeet11·e litre of 
Yint:; s u sp~us ions it was shmvH tlwt the iujedion of mate1·i;d on t he 
bord~rline of 1nfeetn it.\' rec;ults in a \Yell-mm kecl pmlongn lion of t ht> 
iuc!lbat io n period in mic ·e, so that, 11·it hin limits, the c·muse of t he 
clise;1se ma.1· he iaken .a,; ;1 rough index of thP conceulr<ltion of tl1P 
virus . lf this i .s <l!'r:epte rl it heconwR ap]•:lrent !hat i n the fird horse 
(20915) wheH virus wa s present in the bloor1 it w;~s iu lcnv r·mH· ~n­
tration since th~ mice clic1 not diP until the se\enlh <by; i11 i.lH~ 
RPcond horse (20919) the conceuhatioll slo,dy iu<"reaserl until it 
reached a ma:\imum on the seYenth rb.r, after 11·h id1 ii gradually 
cle(·reaserl, Yinl~ being r1 Pn lon~trahl e no longer 011 t he 141 h cb_\·. 
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lt Jll1ht b e poin terl ou t t h<lt the Yinls <lfter it s uncloubtP(l mnlti­
p l ica t ion i n t he horsP re tuine<l it~ nenrotropic chnradPr si n ce the 
tlisease pro<l u ee<l in mice d iffere<1 in no r e~ped d inica ll.'· hom that 
sePn in passage experimen ts and on fiye occasiom; the mortal it.'· 11·us 
100 p er rent . , the cour,;e of t he rliseatie being no loJJger th a n that 
''" hil'h 11·o uld haYe UPP!l ant i<"ipaterl hom rhe usP of minimal lJll<llltitie~ 
of mo use adapted Yirus. 

On tlw tenth <lay afte r lll]Pd ion . .at :1 timP " ·h en ,·iru s "·ns 
shcnnt to han' been present in lhe p eripht'I·al circulation of tbP 
<lrJllor, ~/J()() c.c. of bloo <l ll"<hi trnnsfuse d into a Rusceptihle hon;e 
(:20920). T h e sul>s<-'q11 en t tPmperahne record is ~hmn1 in l'hart III. 
A ftpr <Ill in terYal of :24 h ours a w e 11-defined f ebrile H'Ll <"ti o 11 l'Olll­
mP nced , of "·hich t h P cause is uHknowll since Yirus could not be 
demoustratecl i n the blood by int ra ce rebral subinoculaliotl into mice, 
and no s5·mptoms coul rl he es tublish erl to support a clinical rliag-nosi s . 
. Just " ·hen it appearell t h at the nudion \\·ould terminate h_y the 
n ;; ual h ·sis ~~ secon d r ea ction com m e nced ,,·hich lnsted for nearl \. tluee 
,,-ePks. · 'l'his rea ction i,.; <i ho \\·ll in th e tenqwrature dwd f01 a J;artieu­
b r pm·pose, but. it is belieYerl to ha,·e uo 1·ouuection \Yith hor:-;e~:;i ek­
ness, since a c-li Hi r·a l lliag-n osis of broncho-pHeumo nia ,,-,t s ma rle. An 
Pllzootir· of th i ~ aftectio11 du P to a Yindent streptococc-us had pas;;e<l 
iln oug h the "table,; tlu r ing !he pre\·io us month. 

After an interYal of Wl claYs thP hn r,.;p \Ya ;; :.u,·e11 an immuuit_\. 
1Ps(· of ,-1 1·.c. of () Yirus to 1d~icl1 it proYeil to be .-;n l idl:--· immune. 
T hi :-; YirtH IYa.-; :it'leded for t he immunity tPst hecanse vrobnbl:--· it is 
t he mo"t Yi ntlen( strain :wail ahlP and in the originnl immunizing 
injection proh:l bly it ,,·ns JHPSent in the lo"·est co n<·enh-ati on. 

Conclusions . 

1. ·v i rns may lw dem onstrate1l in the blood of animal:-; during­
(he reac:l ion ]ll·oflurPrl hY thP snbc u(aJJP011 ii injedion of neurotropic: 
YHUs. ' l' hP amount of cirr·uluting Yinl:-; is roughly proportionate 
t o the SP\·Prit:;· of the readio n be ing JHesent in minimal l[tlautiiies 
rlurino· Yer:\· lllild readion s, :mel ftb uudant 1l m·i ng- seYere reactions. 
l n tlt; expPrimeu( Yirus nwrlP its appearance .a(· the c-omme1 tcement 
of t h e fe ln· il t- reaction, a n rl rlisappearerl ,,-hell tb e (elll]Wr<ttul· <-' 
rt- ( tu·npr1 io nonnal. 

2 .• -\ ftt•r i njec·tion t h e n etuotropic yj rus lllldouldP<lly mult ipli es 
in ihe horl .\· of a s uscep!ihle anim:d. At l ea.-;t in the first genPratior> 
! he neuro tropic eharude1· is reiainerl ;~.-;sPell hom th e 1·esulh of 
s11hi noculni ion into mice . 

:~ . l 11 t ht> first g-Pn era t lOn lll hm·ses the aHPnuation IYa s 1·eiainerl 
Sl ll C"P tnmsfu sim1 of as largP a quantity as :2 ,:-J OO c-.c. of infectin• 
hloo<l prorl u<'ed H m ild reaction followed hy the tleYelopmen ( of <I 

;;oli tl imnu; n itY. 
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4. The immunizing reactwn appears to lower the 1·esistance of 
horses to other conditions notably affections of the respiratory system. 
This is illustrated by the inciclence of catalThal broncho pneum onia 
in the case describecl (20920) and if:i supvorted by clinical observation:; 
in seYeral batches of animals. 

In this connection it may be mentioned in passing that an 
extensiYe outbreak of a specific broncho-pneumonia-simulating 
.J aagsiekte-occuned at Onclerstepoort this year amongst horses 
immunized by the neurotropic virus, the serum virus and the 
formalized spleen virus methods. The problem is being investigated 
but preliminary work indicates that it cannot be assoriatecl with 
horsesickness or horsesiclmess immunization. 

INTRACEREllRAL IKJECTJON OF 1-loRsJ<::::>. 

From the point of view of economic vaccine production lt 

became of the utmost importance to determine 1rhether the 
metamorphosis to neurotropism attendant upon serial passage through 
the brains of miee \Yould produee in the virus an affinity for the 
nenous tissue of horses. Such .an affinity might be followed by 
unpleasant sequelae in auy scheme of mass immunization. To clear 
up this point susceptible horses have been giYen intracerebral injet:­
tions of mouse-virus at different levels of fixatiou. 

I. On 21 April 1933 a horse (2057G) received an intracerebn1l 
injection of 1 c.c. of a 2 per cent. emulsion of infectiYe mouse brain 
rPpresenting generation 38, ;;train 20449. The overation was carried 
out un<ler full chloral hydrate anaesthesia. After trephining the 
parietal boue slightly to one side of the sagittal line. the injectiou 
was made at an angle into the substance of one hemisphere u~iug a 
long fine needle (B.W. 205), after great care had been taken to 
prevent contact of virus with blood or muscular tissue by i horough 
plugging of the surgical wound. 

A febrile reaction followed which is shown graphieally in Chart 
IV. During the reaction the horse shmYecl distinct signs of nervous 
demngement. It became exceedingly difficult to handle and clinica l 
investigations could be made only with the greatest difficulty. On 
the 7th day after injection slight incoordination of movement was 
uoted, the horse "·alking with a high stepping action and swaying 
gait. In the loose box there developed a tendency for aimless \Yalk· 
ing in a circle always to the left, the feet being lifted unsteadily to 
an exaggerated height. Soon impairment of vision was apparent', the 
animal being unable to drink from the trough \Yithout bumping its 
muzzle .against the side and severe abrasions of the supraorbital crest 
reP,ulterl from banging into the wall. These symptoms gratlually 
disappeared with the return of the body temperatme to normal b~­
l.,·sis ;mel when a rlikkop (oedema of the supraorbital fo~sa) com­
menced to appear on the 18th day .a normal habitus had been regainer1, 
except that there persisted a slight defect in Yision \\·hich coulrl noi 
he accountetl for by clinical examination of the eyes. 

After an interval of 70 clays it was shown that a solid immunity 
to the hornologous strain of virus had developed. 
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II. On 15th January, 1934, a horse (20671) was given an intra· 
cerebral injection of 1 c.c. of a 2 per cent. saline emulsion of infective 
:nouse brain representing generation 100 of the same strain of virus 
(20449). Control mice injected with the same suspent.ion died on the 
4th and 5th day. The technique for this injection was modified 
slightly. Instead of removing a small plate of bone by trephining , 
a tiny hole was drilled to permit passage of the syringe needle into 
the brain for injection. The modification did not permit insertion 
of the needle at an angle and was not successful since it is believed 
that the major portion of the fluid escaped on withdrawing the 
needle. 

On the 18th day after injection the temperature l'Ose to 1m3° . 
From this time on it was quite impossible to take the temperature 
since the horse became uncontrollably wild and \Yas dangerous to 
handle. Apart from_ this persistent " madness " no clinical symptoms 
were noticed. 

After an interval of 58 days 5 c.c. of homologous virus wa~ 
given as an immunity test. Typical Dikkop Horsesickness developed 
IYhich proved fatal on the fourteenth day. On post-mortem examina­
tion no macroscopic or microscopic brain lesion could be detected . 
The course of the disease was rather long but as this is a characteristic 
of the strain of virus used it is doubtful "·hether any immunity 'ha<l 
developed. The failure to produce immunity \Yas probably due io 
the faulty technique of intracerebral injection. 

UI. On 10 August, 1934, a third horse (20578) was given an 
mtracerebral injection of 1 c.c. of a 0, 5 per cent. saline suspension 
of infectiYe mouse brain representing passage generation 15tl ut 
~train 20449, the original technique being used. A febrile reaction 
shown graphically in Chart V commenced on the sixth day. At n•, 
time did the horse appear ill. The appetite might have been 
rlecreased slightly and at the height of the temperature curve there 
was a tendency to a swaying gait with a high stepping action but 
this was never pronounced. 'l'hree weeks after injection the habitus 
was normal and no dikkop developed. 

From the sixth to the fourteenth day defibrinated blood wa s 
mjected intracranially into mice each day. The presence of c,ireula­
ting virus in the peripheral blood could not be established. 

After an interval of 54 days the horse proved to be immune to 
the homologous strain of virus. 

Conclusions. 

After 158 passages through the brains of mice the neu roho]Jic 
nrus had not developed an affinity for the central nervous system of 
horses. 'l'here is no evidence to show whether any multiplication of 
the virus took place within the nervous tissue hut an actiYe immunity 
tleveloped. 

Discussion. 

The resultr; of these experiments are of particular importance 
to the problem of the immunization of equi.nes. For economic 
reasons the simultaneous use of high titre hyperimmune serum t o 
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1lo:'l;: out the reaction due to the injection of neurohopiu attenu a ted 
viru::; cannot be justified except under special c·in.: mustances ".here 
exceedingly valuable animals are being treated. This statement " ·ill 
be :mpported by data being prepared fo1· publication, wherein it is 
shmYH that after attenuation by at least 100 passages through mic-e 
no fatal 1·eaction has oc.;eu!Tetl in o1·er 3,00U animals injected su h­
c.;uta neously altho1~gh some seYere 1·eacti ons lH• Ye been reportt>cL U 
has been shown that during the febrile phase particularly of SHere 
reactions virus IYill circulate in the peripheral blood of the host for 
a period of sever.al days, thus se1·ving as a potential reserYoir for the 
insect vector of horsesickness. Consequently promiscuous immuni­
zation eannot he adYocated in isolated areas " ·here, mYiug to absenc.;e 
of a reservoir for the infection of the vector, the disease does not 
'JCCut, siune there is at least a them·etical danger of introducing the 
virus. On the other han<l it h.as been shown that fm at least one 
generation in equines the neurotropic virus retained its attenuation 
and did not revert to Yirulent viscerotl'Opism. Whethe1· attenuation 
is permanent can be decided only when the investigation is carrierl 
to itt> logical condusion after the mode of hansmi:ssiou of hon;e­
sic kness under natural rondi tions h.as been worked out. However. 
from an analogy ''"ith Yellow Fever, in " ·hi<.:h cli~ease thiR aspect 
has been inYestigatefl thoroughly by Sawyer, Kitchen ancl Lloyd 
(19~~2) and Lloyd and Penna (1933), it may he anticipated that i.t 
\Yill not he possible to bring about a change i.n the Yiru:-; back to vis­
c.;erotrop ism either lJ~~ pa~sage through the Yertebrate m invertebrate 
host. If this should proYe to he the ca;;e in horsesickness then the 
animal re.acting to immnnization cannot he a poteutial danger in a 
suseeptihle equine populahon. 

In all " ·or k on mass imm uui lila ti on of horses ex.-pe1·ience bas 
shO\Yn . that the unpleasant sequelae to the eftortR to produce a solicl 
immunih· are to be feared neady as much as the disease itself. Some 
of these. sequelae, e.g., the i~dusion of the viru:-; of infectious 
anaemia in the hype1·immu11e serum used in the serum-virui\ 
f>nc·ceclaneous methocl can he aYoiclecl but up to the pn'seut the relatior, 
hehYeen Ac ute LiYer Atrophy (equine dn~ger;;:) (Theiler, 191S) anrl 
immunizntion has not been determined. In exhe nt e cn,.;e,; Rhtgger .~ * 
has been responsible for a mortality of 45 per c.;ent. in hatches of 
i.mmunizerl animal,;. By the neurotropic viruR method the ultimate 
development of a pol;Falent vaccine appears to be so simple that 
one :-;ubronsciou;;ly i:-; on the lookout for pitfall~. Up to the present 
no ea;;es of staggers ha,·e been reported among-st horses immunizerl 
hy this method hut there has alway,; exiRtecl the unpleasant feeling 
that the Yinu; might become neurotropic for horses at> well as for 
mice, rats and guinea pigs. 'l'he experiments t·ited in which hmse8 
"·m·e given clired intrac erehral i.njel'tions of virus up to the 158th 
generation in miee indicate that by that time the virus had not 
acquired n tropism for the central nervous system of horfie::>. If a 
specific fatal encephalitis does ilot occur as a result of clirect intra­
cerebral injec·tion it is unreasoJJ,ahle LJ expect that it will result 
from suhc~utaneous injection, .and consequently it would appear to 
be perfectly :;afe to incorporate in a Yaecine Yirus attenuated b.'~ this 

"A detniled description of " staggers " " ·ill be found in t he article cited . 
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number o£ pa ssages. 'l'hi s finding- is some"·hat. remarkable in Yiew 
of t he analogous work with Yello\Y FeYer since Llo.\ll and Penua 
have shown that inoculation o£ Derkefeld ~- filtrates c;ontaining the 
mout>e-brain-aclapted yellow £eYer viru,; in Jl. ,.hesu.; ''"a" follmYerl 
by an encephalitis . . . accompanied by a widet>prea<l cli~tnbuti o11 
of the Yinls in the peripheral nervous system at the tiw(O of rleath. 

Attention has been rlirecteJ to a preui:-;po,;ition to pu lmom1 ry 
aftectiows after immunization. It is not known ,,·hether this i,; 
dependent upon a general decrease to natural 1·e:s i:stance against 
infeetions t h rough the upper respiratory tract or whether a lor-u ~ 
minoris resistentiae is produced in the lungs by the specific action 
of t h e virus. 

Su:-.t~uRY. 

I. Yirus may be detecter1 in the peripheral blood of hor ses du ring 
the febrile rea ction following th e injection of mouse ne1notro1Jie 
YUUS. 

2. The more seYere the r eaetion the more likely is hre ,·irus to 
be en <·ouuterecl. 

3. 'l'his cireulating Yirus retains its nemotropic chantder all<l 
after at least one generation in equines ret aim; its attenuation. 

4. Intracerebral injection of horses \Yith mouse brni11 ar1apted 
Yi.rus after 158 passages did. not produ ce a specific encephalitis hut 
clirl produ r e .a normal in il<l reac tion follmYed by the deYelopmeni 0£ 
a solid immunity. 

:). The significance of these fil1.(1ings is cliseussed . 
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