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Ix 1931 Sawyer and. Lloyd reported an intraperitoneal rn·otedion test. 
iu mice in connection with their work on the virus of Yellow Fever. 
This test has for its basis the fiwling that if mice . .are given an intra
veritoneal inj ection .of a ma;;sive tlose of Y ellow Fever neurotropic 
virus and at the rmme time, an inert substance like ::;tarc.h in 2 per 
cent. solution is injec.t.ed intrac.erebrally to cause a traumatic. injury 
of the brain, a fatal specific. enc.epha.litis will ensue . If, how eYer, 
the Yirus it> mixe<l i 11 'vitro with mouse sernm prior to injec.tiou, the 
neutralized mixture is incapable of set ting up the di~:;ease in the 
majority of inst.anees. 'l'his test has been applied extensively to the 
study of immunity with considerable Rueeess (:Mahafty, Lloyd and 
l'emi.a, 1933; Hussel, 183~; Soper and de Andrade, 19:3:3); l.mt in 
reading the report::; of \\·orkers who have used it one eannot be other 
than impressed by certain limitations. Every mouse " ·hich reeeives 
the same infeeting dose of virus intraperitoneally <loes not <lie awl 
w·hen the mortality is 100 per cent. t he deaths are spread over a 
numher of days (5-10). The varying susceptibility of individual 
mice to infection by the intraperitoneal route necessitates the uo;e 
of comparatively large numbers for each serum or virus dilution iu 
titration experiments, and it appears to he difficult to compare (lUan
titatively the poteney of different samples of anti-sera with au.'
degTee of accuracy. Furt.hermore, it appears that the interjJretation 
of results, depending as it cloeo upon t h e stati~tic.al survey of the 
llerc.eutage of mice whieh surviYe injec.t.ion, and the percentage whieh 
llie within a period of from 4 to 10 days, is sometimes open to 
question. 

In t.he ease of horsel'it lm ess the adaptation of the method is c1uit.t> 
nnsuitalJle heeause the injecti-on 0£ even thousan<ls of infectivt> doses 
of virus intraperitoneally with or \Yithout simultaTH'ons injury to the 
brain cannot be relied upon to set up infection in anything approach
ing a con stant percentage in micE'. Consequently it he<~ame essential 
to develop a tech nique based npon intracerebral injection. This has 
been done and the te;;t has proYed inv.aluahl e in th e study of many 
problems assoeiatef1 with immunit y .. 
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to eL:I,or: ll e;; suitahlt' letllu irl " " i11r <tltalll i ta til· l· i u ,·il m IIPllt l'a l iza 
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I. T HE INTRACEREBR AL NE UTRALIZATION TEST. 

'J.' 1·: C'l l .'\ I (ll . I· 

.l. l'n·;;u n t l uut uf ..lnl lljl ' !l . 

.Jlit:P an• Siii'J:ilwPd i}l t ' .l'i;·r'I II IS iiflt'l' illtl ·:tr ' l'il ll i ;t! ill j t· l'iiun 11 t 
lli'II!'Viro pi <· li:-;t•d Yiru.;. t l11• L r:t ill.; !'ill't'll!ll \ lt' lllill'l 'd 11ilh " ' '']' l ir· 
Jll'l'l'illllio ll .' , <tllll pi<ll'l'tl in .' l t' l'ile ,-Jil t'.t'. c·t•llt r i l:lg<· tu h<•,; fi ltt•d ll !l h 
' '"ik" .. \ i t PJ' ihl' hr<~ilt ' "IJ .; tall l't ' '"" lll'P II tri l ul':t 1e d 11ith " g·b -;~ r"d 
or ,, ,.,tlpel t.hf' inlH• .; III'P pla t· p,J i 11 t ht• fn•t• :t, i!l g· c· h a11il wr of" n•t'rig·pra l " l' 
O\' t'l'IIig·h t. Se.xt nwrllill g· :Ill l'll!Ubiun i u ] 1) Jll' l' 1'1'111. "l'J'IIlll sal i tiE: 
i ~ pn•JW!'f.' <l in tht• u.;nal !!W II!LPI ' . Tht• pro1·e ,.;s o f p r e li minary fn· Pzil t2 
<llltl ,.;uddl'll iha\l· iug ha~ h e<'ll i! dopiPrl hP!'illl SP 11 11d ouhtt·rll,1· it airb i ll 
n:lluLn hag llte nLdi<>u '""] L ll·ilitille.; tborou!2·h Plllttl sific·;tlillll "f i lll' 
bl'ain,.;. Tlte 1· in1~ ·'11~\)P II:>i oll i .' t h(•Jl t· t•uil'ifuge t! nt :2 ,;')()(1 J'l'\·ol ltt ioll ' 
}Jt' l' .lll i lltill' fr1!' 1.'1 Ill i lllllt'"· JlJp :'ll JlP l'll ;ttil lll ) i<JIIj,j I'<II 'P fiill,\ tl(•c ·Ull lt• d 
intiJ :t ~PI ' Ollll iuliP and a gai 11 .;pun l1ef ore l,e i 11g· dt>!'aniecl int11 a 
~tPI' i )l' b o t tle fit1P<l \l'itJt il l'llhiJ I'l' !'Ill' ]; <IIJtl ~ l ii !Pd Il l . jO ('. \\' i t h t\it' 
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pa,;,;;tg·e of timr• a fin e J>rer·ipiia!e ,;e1tl E·:; nni t o tbe lmttmn of i ltP 
l >t~1tle b u r thi , litH.' lw l e ft qu ite mtdi -.;turh c> cl ,,.h<'ll J'P llloYillg :< <llllp]c>,; 
<h re:1uirerl aut! cau ~e~ no tl e1PC't;thl.- <lP(' re a,.; c> in tltP Yi ru ,.; titre. 

It j,.; n•ali,;L·d thai· if " ·"n ld lw pt·deJ·al >iP to l't' IH"'·p a l l ti :'' ll\" 
tlebri" a11tl possible ugg'J'pg·:·tf ion . ..; nf 1· iru." p <t l'\ i ('l t•s i >y til11'at io tt hut 
;tt tilt• tinH: the! Y:tlnt• ol' t hr• :-:Pi1:r. tiltel' 11·:1." 1111t :t J>Jli'P< ·i;lt t' d <lt td 
lrl'ac!o1·1>l m ••tnlll'att<'" 11·en· no t <1YaiLthl1' ,;11 Y<'n· t llP I' tJ ug·h <'lll11L, iti c·:t
t ion <tnt! t'PIIIri.fng·atiotl 11a,; rPliPd IIJH>II for t iH• pl'ull lll ·tillll of a lwnto
.!..!.<'IIPIJII " ,;u ,;Jll' ll ." ill ll. 111 Jli l",;ill ,!_!' it 111<1 \. ] ,p lllt'll 1i<>llt'd tJt;,( \'1'1 '\ 
t hc>I'Illtg·lt lrilul'atil>ll of t h <' hrai11 Jll <l t;· r i<tl 11ilh ,;;tlld and gl.t:<:< 
Jlitl'ti l·],, ,.; a11d prolott gt •tl. .... lta l;illg in a tll l' ..! t<l t li l ·<~l ,;lt<ikt·t· 11 if ], l>P:td' 
:tppP:tr,; l o ]t;I\'P tto IH' II t> ti1 ·ial Pff1•d 11]>0 11 tlt\" 1di i 11t<tf<' prod ltl'i . 

,\llttl<lll i J>IiLdiott ,; an• canit•l l o ut 11·itl1 :t' Pj >tic· [>l'l'l': lldil llh. A ll li
!..!'c'tl ,; haY<' ],1'\"11 ,;tore rl for ~ i x JJ itlltlh s at 4:0 11·it. hont t lH! :Hl tli!i o n of 
~1 11_1· Jtl'E'"l't ·Yati,-e <tlld at· n" ti m1· h<t,; nn1· tli fti,·u l t~- !JePn PxperiPJti·Prl 
11·ith l>:lt'i PI'ial l'tlllt<llJtinali on. ThP _-;tnc·k <lll1ig·pn ha ~ ltPen Jll 't'Jl<ti'L'tl 
U:itJall1· 1<~ I'OlH)Iri~~· a11 ap p roxin tatP .:2 11er t:Pllt . -;ns peiJ ,,;ion ·of b rai n 
~n hsta II('!'. hut the actual coll l'<' ll t ndiun a JIJH'<1l' 'i to he of Ill> i m p orta 11 CP 
J:n·o,-itletl it is 110! so hig-h I bat nn ext f' lt'i" l' cli•po,;it ,;uh,.;equ en i'l~· 
f nrm' . ThP Yint ' 1i trP i~ t h t> ll cl e! l• l'nt ine1l i n t,,-~, -; ta g·p ,;: · 

J. ,\ [li 'Plintin<~r: · J·uug-h t it r<tt i tJu lt _,- ;;nial lPll-fol 1l 1lil11t ion . 

:!. . . A. fi11:tl <tc·cHrat P t it rat ion 1"- 111-o-fo lcl dilut ion l tllllPr the> l'tJ IHli 
tinn ,; IISt' ll for i u r ii J·O llPII ir n l iza t i'(,JI. 

'l'hi -; lll<l \ Itt' illn ,: lr:t1Pd Le.-; t lll n•h•n•t tt't' to till' n •,; u]h nhta i ll('tl 
in an ;t l'lu<tt' <' Xfi t' t·itlt<'lli. V o nr I;H,IJ ,;I' l11· :1ill ., J'I'J>I 't':it' ttlillg- l "l ""a g·p 
.~·l 'IJPr< lt ion ,-111 of <lit<' ,;ir:t i ll o f Y i n~,; 11-t'l'l ' 1'1 111Ji.-; if il·ll ],_~ - iltt• tP r· lt niqtJt ' 
1lel<lil,·ll ahoYP. A I ' OII~ . .dt li tr;tlitJn "!' t hP ,-inh l' t>ltl Pn 1 "f !Itt• :tJtli!.l·t •n 
" ·as l'llll in mice l1.v !e t; - fold di l11tiun 11·ith 1lt 1· l'o ll"" -i ng· n•,;ult : - . 

F o le ".f .lfi('l' f nicl'ied 1rlllt !h r T en -fulrl !Jil"ti"" " u.f i 'lnt.'. 

' 
lO. l : 1< 1'. ]O" . IU'. I : I o". : ] II ''. 

-;-

tlt·al h of mic·t'. -1 : ;) + : .) ( : ,) , ) : () () : () II : II 

\'q·n:. ln t h i ~ nnd all fttlti l'< ' li\.llli ·:-:. t ill' ll l lllH.' ral ind.ivai i ':O: t lH· d<l,\' n t' IC' I' inj('l'fion on\\ hit·h 
til<' lll O II ~t· cli t•d. . th u:-:. -~: .) l\\' cl lll il't ' i n jtTl t•l l of \\ l l iC'h tlllt' d ic t l 0 11 tlu· lth 
a.rHl on1 · o n t IH · .)1 h d;t \. <tftt· r i1 1 jt• t·t ion. 

< l Jll(•a n ;-.; ~·.;Ji n· i \ ·n.l. · . 

x n H·;u J.-: (l('n t h dw· ltJ :-:o ll lt' (' il tl~l' ot ht' r t h an ho r:-:.t·~it·knt·~~. u...:urdly injury to ln·ain 
af 11w titnl' of i ll jt·v1inll . 

l>o"'t" 0 · (I;) t ' . t· . in! nu·t· n ·ln·ally. 

F ront t lt P. tig'IIJ'(• ,.; it j_, ~ fW il t lwt tlt P i JtfPI'ti l'l-' ii tre cd' t lw S11td; 
PlllLLLion is po.-;,; ihly :tlll t\·e ;1 d il u tion 11f I: ]I I' l >tl\ ltelll\1' l : 10.-.. T ht'l'P. 
forP a ,;u ..; pe ll ~lOII t'ltll ." i-; 1i11 g· of 1 par t ol' th1• ,;til(']; ;tniig-P n to 1()1) p:trb 
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of llihwnt conlll he ex11eded to !'OBtain in 0 ·00 c .1·. at least lOU 
minimal infective doses of Yirn~. For a neutralization test antigPn 
and antisPrnm would Le mixecl in ec1ual proportious ~o that for thP 
:fine titratiou, the clilutions illllicated below were mixed in er1ual 
quantit.ies with salint> before injection. 

TABLE II. 

Fate. of M ·icc Injected u~ith Dil11tions of ,-lntz:,r;cn consisting of Oue 
Part of Stock Suspension to 100 pa.rts of Diluent then Mixed 
aa with Saline. 

l>ilut ionH. 

Antigen. l 10. I , :w. l -lO. 1/ 80. I WO. l / 3:?0. 

Death of mi ,·P -l ; ii ; ;) ;) : ;) ; () -l; ii ; () ii; (i ; 0 (J ; II ; 0 1:1; II ; 0 0; 0 ; 0 

It. is sPen tLPI'e:fore that the stol·k Pnndsion !lilntecl] t.o lOU results 
in antigen which after mixture with an equal quautity of anti-serum 
WOUlJ contain in (J' 0i'J C.C. approximately .:f(} minimal infectiVP dor;e,; 
since two out of three mice iiJjeded with the 1:40 dilution dit>d, aw l 
injecton of the I :.SO dilution re~ultPd in no mortality. 

The death on the 13th daY of one mouse \Yhil'h receiYed the 
1:160 dilution was due to horse.~ickness as shown hY subinoculation. 
Sueh deaths which appear to be quite out of pla!'·e clo oecur when 
material just above or just helo\Y the limit of infectivity is injected. 
Inaecuracies in teehn ique ma~· he respon,;ihle for the a ppareut errm,.; 
but a con,.;iclerable experience has shmvn that when consideration is 
paid only to those mice which llie within a period of three clays of 
the average resulting from the injection of 100 :M.I.]). of virus a dear 
cut picture i;; obtainPd. It is ,.;nlnnitte<l that the indusiou of thi~ 
time fador in thP iut.erpreiation of re~ult,.; has a definite preee1lt>nt i11 
other neutralization work and is permissible . 

In reeor1ling cleath::: eYery mon,.;p which succumbs during thP 
c;ritical period iR asRume!l to haYe !liell of horse.~irkness. This may be 
a ~ource of some slight PJT(ll' hut it ic; re!luceclio a minimum by using
healthy mice which haw heen a('eustonwrl to being· house!l mHler the 
conll it ions of the experiment. 

fl. Col lection of Anti-sera. 

Bloocl is dra wu either into large test. tubes or Erlenmeyer flask,; 
:fitterl with a ::;idP arm, and the serum is deeanted the follo~Yino· (laY 
nfte1· eontrartion of the dot . ~era havp been storP!l in the refrig;rato'r 
usuall~' wii hout presenatiYe, but 0 · 7 per rent. tricresol-ether ha,.; 
heen USPU without haYing any tlP-trim~ntal pffed upon its virucidal 
property. Sera WPre not filterPtl hut were t horoughlv centrifuged 
heforP use . · ,. 



C. Tl1e Ne'lltm.Zi::ation T est Fro per. 

After a considerable amount of ]_Jreliminary work on the mo,;t 
suitable met hod of carryin g out the test it was decided to use falling 
dilutions of the anti-serum ,mder investigation against a constant 
antigen. Quite arbitrarily a dilution of antigen was selected to 
contain in 0·05 c.c. after mixture \Yith an equal volume of n ormal 
serum or saline between 40 aiH1100 )f.I.D. the exact titre being deter
mined at the time of the test . 

:Monax agglutination tubes (length G · ;) ems., bore 0 · 7 5 em.) 
have been u sed, the tubes being selected to haw a uniform bore. 
A septic precautions have been adopted throughout , i.e . a ll tubes an; 
st erilized and are fitted with cotton wool plugs allll freshly boiled an (l 
cooled syringes are usecl for all measurements aJHl (lilutionR. 

To each of a series of tubes placed in a row in a rack 1 c.c. of 
saline i :> adclerl. Two-fold dilutions of the serum are then prepared 
hv serial dilution in the usual manner. For this it has been found 
n~ost conven ient to use syringe;< to each of which a long fine needle 
(B.vV. & Co. No . 205) is attached . The 1 c.c. -of fluid then may be 
forcibl;y squirted into the diluent without producing any foam since 
the point of the needle may he placed just helo"· the surface. Onlv 
the point of the needle i s allowed to touch the fluid before a fresh 
syringe is used for thorough mixing and transfer . 

The 1 e .e . of antig-en is then forcibly squirted into each tube 
containing serum dilut ion to ensure rapi <l and t h orou gh mixing. The 
mixtures are incubated for two hours at !37° C. and stored o-.ernight 
in the 1·efrigerator. There is some evi<lence to show that the union 
between virus and anti-body is som ewh at. loose at low temperatures, 
so, before injection next morning, all tubes are incubated at !37° C. 
for a further }Jerioll of one hour . 

It is preferable to use at least thrPe mil·e for the injection of each 
dilut ion . Unfortunately a serious shortage of m ire has mane it 
necessar y to u se on ly two mice in a number of experiments. 

It will he noticed t hat the ser ial <lilutionR of the anti-sera are 
made in saline and not in serum -saline . This proeerlure was adopted 
for the sake of sim})licity after it has been ascertaine<l t hat 5 per cent. 
serum saline had no detrimental effect upon the virus--5 l)er cent. 
being i h e minimum eorH:eutrntion posRible in a mixture of equal parts 
of saline anu antigen. 

\.Vith each set of neut ralization tests a control of the infeetive 
t itre of the antigen is run by m aking serial <lilutions in 1 c.c . amounts 
and adding to each 1 c.e . of salin e to take t1ie place of t h e anti-serum 
dilution . 

ExrEn DIE NT _-\L 

Since the antigen is the most important factor in the neutraliza
tion tests about. to be described the following results hom a series of 
different experim ents have been l:olleded toget her to show that by the 
requisite <lilution of a stock suspension of virus a constant antigen 
can be prepared as requirell. F urther it was of im portanee to show 
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that incubation for two hours at :no('. ancl storage overnight in tlw 
refrigerator followed l >y a fnrthPr one hour nt :wo hacl no cletrimental 
effect upon the virus. 

An appHrs:imately 4 I>er rent . emubion of fonr hrnin,.; represent
ing mm1se passag-e generation ()2 of ;;train 204-t<J was roughly t itratecl 
in mice as follow,.;:-

lkath of micP 

TABLE I lL 

Hour;h 1'/tmtiun of Stock A11fi.r;en 111 Jl/1ee. 

Yirus Dilutions. 

1 : 4. 1:4 x lo.
1
! : 4 l02.\1:4 x lO'. I:4 10".11:-! 105 • l:4 X IO". 

4: 4 4; ;) ;) ; ;) ll; () 0:0 

_I_ 

0; I) 0:0 

From thi,.; titration it '"ould be t>xpected t hat a 1 :40 clilution of 
the stoc.k antigen would c:ontain in 0·05 c.e . approximately J()O 
)I.L.D. of virus. Thi s clilution was maclf' up hom time to time ancl 
testeJ with the results shown in T able I\- . l'rior to injection all 
clilution,.; wf'rf' innthatecl \UHler thP exact c·m1d it ion~ nf an i11 1·itro 
nf'ntrahzat.inn te~t. 

Date. 

J;j. 9. :J:l 
26.\1.3:1 

1a.1o.:J:J 
::!7 .10. :Ja 
4.1l.:Ja 

:m. 11 . :J:J 
J.!. 12. :J:l 
::!O.l2.:l:l 
::!!!.12.:!:! 

J7 .1.:!4 
::!:3 . l. :u 
2.2 . :1-! 
9.2.:J+ 

::!7.2.34 
J+.:J.:l4 

TABLE 1\'. 

A.ccttratr 1'itratinn of A.11 t i.IJI'n. 

Yirus Dilution,, 
Interim 

days. 

I I A. l : 10. 1 : 20. l : 40. 1 : RO. 

R 4; 4 ;) ; ;) !5; :) 1) ; t') 4 ;) 

Ul -1- ; .:!) i5; li ;) : 6 5 0 
:Jn 4;4 4; f) 6; li :) ; 5 .~ I) 

ij() !>;0 5; 0 f): 8 0 () 

;)8 4 ; 5 4; f) ;) ; ;; 5 () 

84 4;4 !} ; 5 5;!) 4; 4 6 0 
98 4· 5 f>; 5 5:f> fi; 0 5 () 

104 ;) ; !) [); 6 5; f) ;) ; 6 5 () 

113 4;4 4; 4 4;4 ;) ; 0 4 4 
132 4; .') 4;!) 5;x ;) :X !) li 
140 3; 4 -1- ; ;) 4; ;) H;x ~) f) 
148 4; 4 4· 5 4;x 4;5 4 r; 
15.5 4; 4 5; 6 4:4 ;) ; :) 5 f) 

17:l 4: 4 ;) : 6 5; ti ;} ; 6 6 () 

188 4; ;) :) ; [); 5 6;fl fj; n () 0 

NoTE.- A-A.ntigen, i.e. 1:40 dilution of stock suspension. 

1 : 160. l: 3~1.1 . 

D; 0 0;0 
6:0 0;0 
(); 0 0 ;0 
0; 0 0;0 
7; () 0;0 
0:0 0;0 
0;0 0; 0 
0;0 0;0 
i): () 0;0 
fi; () n ; o 
0 ; 0 II : 0 
ij; 0 ()· 0 
0· 0 0; 0 
0; 0 0; 0 
0· 0 0; () 

A cou;;i1lerat.ion uf the figures shmn thnt from a ~toek sn;;pt>lJSJOn 
str•red without preservative at ± 4° ( '. an a ntigen of reHtarlm lJiy 
eon~tant infeetivity may he macle up. lt is true that Rome slight 
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variation occ1us up to the 5th mouth hut. this variation is well within 
the limits of experimental error. One particular titration, that 
carried out on the 50th clay, showed a marked deviation but ohvionsly 
this must have been clue to Rome gross technical error. After the 
.jth month there is a definite and decided tendeney for the titre to 
clE'crease . If i.ncnhation awl owrnight storage as indicated h as any 
detrimental effect it is sufficientl v constant to make it neg·li!rihle for 
compar ative purposes. · ~ ,_ 

Coneurrently with the experiment detailed an ath:'mllt was made 
to use clessicatecl pow<lerecl hrain as the source of Yirus for the prepar~L
tion of antigen. It would he superfluous to give the figures but it 
may be statecl that the variations in titre were so g-reat, probably due 
to inaccuracies in weighing, and imperfect mixing, 1)owclering and 
sampling the dried brains that. it~ use in preference to virus stored 
in fluid form could not be contemplated. 

l<'rom t his experiment " ·hich has heen confirmed repeatedly it 
is concluded that by the method described au antigen of constant 
titre may be made up as required. Thi~ antigen will keep unaltered 
for a periocl of approximately fiye months nfter which there is ~~ 
Lleci<lerl tendeney to deteriorate . 

Having demonstrated the lHJssihility of preparing a suitable anti
gen it only remainecl to he shmYn that immune serum is capable of 
neutralizing the virtlH and that any neutralization in t•itro is specific . 
That this is the r-ase is clearly shown by referE'nr;e to the figures giYen 
in Table V. 

TABLE V. 

In Vitro N eutml1:::ation of 171:Tus. 

~:ertun Dilution~. 

SerunL 

l .. ) l : 4. l : s. l : 16. l : 3:?. l : 64. l: 1:28. l: :?.-)13. 

Immune horse .. .. .... 0; 0 0· 0 4: 0 f); 0 5; f5 4 ; 5 
Immune horse .. .. .... 0; 0 0; 0 0 · 0 6; 0 0; 0 6 : ;) ;) : 6 +: ;) 

Sheep .... ... . . .. .... 4; 5 5 ; 5 4 ; 5 4; 4 
Susceptible foal ....... 4; 4 4 ; 5 5; 5 4: .5 
Susceptible horse (a.gecl) i) ; t) 4: " 4· .5 4; (j 

i\fo•rE.-The antigen used was that. which was htratecl for infC'ct.ivity on 4.11. 33 in 'lahle 
IV above. 

It is seen that the serum of the inmnute horse pv::>Set>::;es the 
property of neutralizing nem·otropic horsesickn ess Yirus in -rdro, the 
intracerebral iujection of mice being used a;.; thE' index of lo:>s of 
infectivity. Serum of a sheep, a susceptible foal and au aged suseE'l'
tible horse clid not possesg this property. It may he mentionecl that 
after a c·onsiderable experience there i~; no reaso11 to belieYe that t he 
11eutralizin g- action is not en tirely specific, and that the serum of 
~usceptihle hor~e,.; contains no anti-boclieii . 
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A consideration of the figures in Table V indicates further that 
a sharply defined encl-point e:s:actly indicating the neutralizing tit.re 
of a particular serum e<lnnot be anticipated. More accurate results 
are obtained from the use of larg·er number;; of mice but unfortunately 
the available supply waf: strictly limited. 

At one time it wa~ thoug·ht that better results would he obtained 
from the addition of comp-lement in the form of fresh guinea
pig serum to each dilution. This has been tried on several occasions 
but it was apparent that the results rlid not justify the additional 
complication as a routine measure. At all events the results reported 
below will indicate that the method tlescribed dearly cl emoust.rateil 
differences in neutrah1-ing power between samph~:-; c\f sera, " ·hieh 
enables a quantitative cOlllLJarison to he clrawu. 

Kn:PlNG Qr.\LI TIES oF ANTl-SEIU . 

Frequently it is ueit.he1· ·convenient nor possible to earry out 
neutralization tests with immune ~era immediately after eollectio11. 
Consequently it became necessar~· to aseerta in " ·hether storage in the 
refrigerator at 4° C. with or "·ithout the addition of 0·7 per cen1. 
lJheuol ether a,; pre;;enative ha .~ ally detrimental effect upon t.he viru
ci.clal ant.i-boClie:>. A. sample of serum obtained ·on 14.12.:33 from a 
hor~e (20545) that had been innnnnizerl by the injeetiou of neuro
tropic virus 177 days previously was divided into two 1Jortions, to 
one of which pre,.;eJTative (0·7 per cent. phenol ether) "~as added. 
N eutralizatiou te:;t:; were carried out with both these samvles on 
20.12.3:) allCl 22.8.34, i.P. f' i:s: clays and. 251 rlay;; after hlee<ling 
respectively. 'l'he results are t>hO\vn in Table YI. 

It is seen that horsesidmeH<' anti-sera possesses remarkable keep
ing' qualities since no .apparent cleterimation was cletectable after 261 
days storage at a temperature just. .above freezing . This is indeed 
fortunate becanse in the ensuing' work it wa:'l necessary frequently 
to iltore samples of ant.i-sera for more than 200 clays to ]1ermit. of 
relia hie quantitative e:s:1Jeriments by neutralization test~ against a 
single antig-en preparation. In ~ulclition 0·7 per cent . phenol ether 
as a preo3enative has no detrimental effed upon the viruc-idal anti
bodies . 

I I. THE APPLICATION OF THE TEST TO THE STUDY OF 
IMMUNITY. 

The elaboration of a suitable techllique for the quantitative deter
mination {)f the antibody <:ontent of serum paver! the way for an 
i nten,;i ve study of the cl evelop men t of immunit~c in equines. \¥hen 
th~ work was commenced the interesting nature of the results to be 
oht:1inerl wa8 not anticipated so that samples of ~er.a were not collected 
a~ frequently or as regularly a.s could have been wished. Further, 
the slow pro,luction of antiborlies and the enormous accumulation of 
i-'amplef> of sera. has effectively prevented corroboration of every result 
hy duplicate series of experiments, bnt confirmator~~ tests h ave beeJ.J 
indurle11 at sufficient ly frequent. int.enals to inclicate that t he results 
rletailerl are not open to criticism on the gTouwlt< of .act:uraey. 
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ST1'DIES ON THE :1\El"HOTJ!OPIC VIHL'S OF IIOUSESICK:11ESS III. 

A. THE Al'iTlllOD Y CoNTENT OI·' THE SElluM :FoLLO\YIKll 

lJ\Dl1TNIZATION. 

On 23.6.33 two horses (2054,) and 20570) were giYen a subcu
taneous injection of 10 c .e. of a 0 ·1 }Jer cent. suspension of infective 
mouse brains representing passage generation 61 of t;train 20449 . 
The first hor~e 20546 developed a mild febrile reaction from the 19t h 
to the 23rd day after injection; the second horse (20570) showed no 
febrile disturban ce. In neither animal did any elinical symptoms of 
horsesiclmess develop. Prior to inj ec.tion a sample of ::;e1·um was 
colleeted from both horses but unfortuuately at the time the value 
of the neutralization test was not appreciated so that bleedings at 
regular intervals were not commenced unti l about two and a half 
months later. This was an unfuduunate omission hut it " ·ill be seen 
that the defect has been remedied in suhsequen t \York. \Vith th e se~a 
neutr alizat.io11 tests were carried out the results being given in tabular 
form in Tables VII and VIII. The t.itrations of infectivity of each 
antigen employed are given in Table IX, from which it will be seen 
that. unit volume of anti-serum was required to neutralize approxi
mately 100 111.L.D. of virus (bet.ween 80 and 160). 

A criti cal survt>y of the result::; indicates that a sharply defined 
end ]JOint was seldom or never oLtaineLl in the titrations but the 
figure" clearlv imlicate t.he rise iu antihodv content and its tewlencv 
to fall <:<UlJseiiuently. An insnfficieJl t nmnb.er o£ mice was 11 .--f'd fo'r 
the injection of eac·h tlilution to permit of a strictly accurate concep
tion heing- obtained of the vinwidal potency of each ;;ample of anti
serum but it is believe!l that the figures in heavy black type represent 
the hig-hest concentration of semm just incapable of inactivating- tl1e 
test dose of antigen. It is ;;een that particular!~· "·ith h orse 2()!)4:3 the 
rise in antibody eontent was rather slmY siJwe by the 70th day a 
r~oncentration of 1 :8 was required completely to neutralize the antigell 
used. At no time flid the antibody rise to a particul arly high level 
but the peak was reaclu~d approximately six m onths after immuniza
tion. After the eighth m onth t h ere was a !lecicled tendenl'y for the 
antibody content to fall. 

As soon as the somewhat slow !levelopment of immunity was 
a ppreciated it was deeirled to confirm t he fin(ling· by '\.Yet>ldy tests on 
t he sera ·Of animals immunized by the seru m-virus metholl. 'l'o over
come errors due to idiosyncrasie~ of indi>iclual horses two groups of 
three were selected from the s un·ivors of a batch of animals being· 
immunized, for the routine mass procl ucti on of h yperi mm une st>ruu{: 
Group A were hyperimm u uized 69 clays after immunization and con se
quently ha!l to be d ischarged from the experiment. Group B was 
retained and it is proposed to continue tests of t he vooletl ser a at 
intervals for at least the next two years . All the horses received the 
first immunizing injection (5 e.e. X. virus plus 400 e.e. serum) on 
~11.10.33, anrl the seronrl (5 r.e. 0 viru;; plu~ 400 c.c . serum) 
on 3.11.:33. T he reactions varied in severity fr om " Yery mild " to 
"severe''. The results are tabulated in TaiJl es X a wl XI, t he anti
~en titrat.ions being given in t he corresponding Tahl e;; X A a.nd XI A. 
In each group the sera from the t hree horses were mixerl in equal 
quantities for the nt>nhal ization tests . 
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STUDI ES OK THE XEl"lWTHOI' IC V liU :S 01' l-IOl~ SESICl~KES~ .Lll. 

R esults. 

(h·oup .:-1.- It lS :;eeli that J± llay:; after inj ection uenn-.nlizing
anti hocli r:; IYPre pre~eut in dPmon~trablP amouut. From t hP 14th day 
thrre \1"1\.~ a slml' but steady innea,;e in litre nn ti.l t he WJth l1a ,· ,,·hen 
the horses \\Pt·e r1ischa rgr'll. . 

(.;ro·u;J B .- In tlli;-; group an tilJOdie:; 11ere not (lpnwn~trable on 
the 14th <lay hut \I'Pl'P present in nppreciahle .amount ou ihe 20ih clay. 
F1·om thi~ point on ihPr e " ·as a gT<Hlual hut ,;leacl~- ri~P until a peak 
\H1s ullaillPl1 about the 8:)1'(1 to ihr Uith daY. From the lOOth daY 
llwre \\'a:; a llistinct irwle n C'~- f01· the tih~ to deneche hui it w<:{s 
maintai11 ecl at a fai1-l,1· high leYe] up to the J 70th <1uy , ihe last 
re!'orded titration. 

Di.<CI/SSLU/1. 

Agaiu it is Plllplw;-;izPll lhn t t he results reronle l1 Rbo nld not 1>f:
snutini.zec1 IYith au e1·p to tnailtematic·n l areurar·Y. JLttlter due C'Oll
silleration ::;hould lw ,;aid to 1 hP d ifiieulty of tihating a minute liYing 
enhiy (if <·I·ellPn('P is giYe n to the gPneml conspnsus of opinion itt 
reg-ard i.o Yiruse;; to-l1 ay) and to the u~~e a:; an indicator of a some11·!tnt 
gross biolog-ical test 11·bich (·:tnnot be otltPl' t h an approximatP unle,;~ 
mw.lyserl on a sbtisli!'a l bnsi,;. ITo11·eYP.l'. the ri~e an<l lhe lendeJJc.\ 
of the antiboch cou tPnt to hll is 11·el1 clefinPr1 so that Yie" ·e<l in this 
light i.h e results are of si ng ula r iulere~t. 'rlwy inrlic·ate : -

1. 'rhe rise ill ani ilHHlY content of i·he ;;e nt m of horses ahr1· 
i m m uniza tio n is sl m1· . . 

2. After immuni<~ahou b.' tlw injection of an attenuatPd necno
lropi!' Yirus it take~ ahont (wo m ouths fm the titre to reach n 
:;ig-ni:fi('anl fig-ure awl thP peak i;-; not ~dtainecl nntil ihe '200th <la.1·. 

:]. . \ fter immuniz:di011 ll\· ihe -.;er um ,-i ,·us m ei h o<l whiclt is 
hased upmt. the !'O nlrol i11 ci?:o h~- hyperimmunl' serum of a h tll_,. 
virulent Yiscerotropie Yints the iu it ial ri:;e in antiboc1 ,,- cotttPnt is 
co nsiderably mm·e rapi(l anll lhe penk is r eueherl a fter abo ut 100 lhys . 

4. At no time doPs th e iihe of tlte auti-sermu obtail! Prl after 
immu nization h)· ei! her methorl ai iai11 :1 high le,·el--nn it Yolume ot 
a 1 :012 dilution of serum hc>iug- reqni1ecl to ne ulnthzP ± 100 }LL.D .. 
and t his figure is apJn·oximntPl_y thr same fm bolh lll eth or1s of innnun i
zation. 

;j . .r'dtPr t h e peak of anti-bod:,- formation h.a;; heett r e:tched then' 
is a <lecicled tP Jll1encY for it to fall but a consi<len<hle tit r e is maiJl
lainerl for :100 claY~ a nrl J 70 <lays respectiwl_,. (th e li mits of tlt r 
l'PSpedii'P tP::>tSJ. 

G. As yrt t h er e i.~ uo rlab to inrlic:ttP for how lo ng thP unti-hod.~
(·onten t wi ll be maintained. This .a,;pect is being stuc1ie(1 hnl 1·esnlts 
wi.ll no( lw antilahle fo r at lrast two ~·ears . 

'l'hi s conception of slo''" immtut i iy llt'l'elopment has a" fa1· as t he 
authOl' i s mYare a sing-le prP('eclent in the literature, Yiz . the <l elayed 
immunologica l l'<'~poJtse in lwYi Jt e:> to the inj ection of C'ltltnres of 
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Asteron>ccus 1nycoirles attenuatecl by continued subeultivation in 
artificial mec1ia as reported by lJennett ( Hla2). :From h i.s work Beunett 
concluded that. '' the longer a virus has been maintained in artificial 
culture medium (at any rnte in serum peptone broth) the long·er it 
takes to prDdm:e iumnmity when injecte(l ;;ubcutaneuu sly ''. In 
making an attempt "to apply avproximately ah~olute term~ of 
generations and times to this priueiple " he showed that. '' a second 
generation subculture "·as daug-Piou:; but produced a solid immunity 
iu leRs than three weeks, a ,oe>entet>nth generation subculture wa,; 
safe and prodneerJ a ver.'' RomHl immunity in three weeks and an 
absolutely soli rl inmnmity in le;,;;,; i han six weeks ; a lJ 5th generation 
subeulture although showing some r1egree of ]Hotective power, did 
not pro<luce a ~erviceabl e immnu ity iu nine weeks. " These results 
in~1ieate quite dearly that progressive attenuation of the virus of 
pleuropneumonia is aecom1ntnied by delayed antigenic response in 
the animal injected. UvfortunRtely under the eonrlitions of field 
experimentation Bennett had no method of 1let.erminiug accurately 
at an:v IJartieula.r time the relative immunity in the various groups 
of bovines . In the case of horsesiclmess the Tesults tletailed above 
show that an attempt has been made to accomplish this. But, it must 
be borne in miur1 that the viruci•lal content of the sermn eannot he 
regarded as a true index of the degree of immunity of the serum 
donor sinee no consideration i;; paid to the possibility of acquire<l 
cellular resistance in addition to humoral immunit~, . 'l'his point is 
clearl~T illustrated by the work of Stuart and Krikorian (1932) on 
rabies. These authors showed that the rabieidal antiborlv C{)ntfmt 
of t,he serum of groups of rabbits immunized with etheri~ed virus, 
living fixec1 virus and e.arbolized virus attained a maximum on +.he 
GOth 1lay and at that time antibodies are present in the groups iu the 
proportion 3:2: 1. However, immunity tests of the serum donors by 
subc1ural injection of fixed virus failed to establish a similar mat h e
matical relationship between the immunity JH'O<luced in the different 
groups of rahbitR. the pereeutag~ of survivors lJeing the index of 
immunity, in fad, no significant differenees coulcl be observed. Con
sequently it is reasonable to a~smne that the same 1niueiple should 
hold good for horsesickness. 'l'his is horne out by the finding that. 
in spite of the ahseuee of detectable antibodies in the serum of horses 
21 days after injeetion with neurotropic \inu; the majority of animals 
have (1e.veJoned ~r that time nn inummity suffieient to proteet .against 
the intravenous injection of ;j e.c. of fully virulent viRrerolropic 
virus, aH.hough a severe felHile reaetion with ·Other clinical symptoms 
of hon•Psiekne,:;s has heen proflncecl after this interval. On the other 
hand a fa.irl:v large number of immunity tests carried out after .a 
lonQ'er interval ha;; >lhown that when antibodies are <1emonstrable to 
a substantial hitre the immunity has always been solid. 

If the virnciclal content of the SE'l'Ull! is not an absolute incle:x 
of tot.al immunity there appeal'S to exist between the two a relation
ship which is J)Ossible on theoretical grounds and ,,·hieh has been 
established tentatively hy the only ni tiea l experiments possible at 
present ,, namely direct in vico immunity tests. It sti ll remains to 
be shown whether this relationship is a constant and probably this 
will only be ac-complished after a statistical survey of the resultR 
obtained from the immuni>mriou of larg-e numbers of animals in the 
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fielrl. Immunity tests in the laboratory al'e unsatisfactory. Either 
the animal is solidly l'esistant to infer·tion with a virus of the h omo
logous strain or a· fatal reaction results but in neither case is it 
possible to hazard any opinin as to the Tel.ative degree of resistance 
or susce11tihility. In those comparatively rare ins lauces where an 
immunitY test results in a Hon-fatal react1ou or a reaction of variable 
severity after a lengthened veriod of int:11 h.a.tion a dear interpretation 
of the reslllt i~ obscured bv a realization of the marked rlifterences in 
Rn:-4eeptibility of different individuals to horsesid.:ness. 'l'his unsatis
fac:tory " hit or misH '' sy;;tem of determining immunity, although 
it must be regarded as the ultimate criterion, has been a serious 
handicap particularly in the study of the efficacy of cliffereiLt methods 
nf immunization. The in vitro neutralization test described appears 
to remedy this defeet and in addition " ·ill be of immense value , i n 
effecting economies in the use of horses, and freqnently may elarify 
the ref;n]ts obtained since initial suHceptihility can always he deter
mined. 'l'he delay in appearance of immune horlies must he borne 
in mind and this has reduced the speed of research work to a eonsider
able extent. since it is apparent that an animal must be kept under 
ohservation for at least three months before any significance can be 
attached to the lJreseuee or absence of eirculating virueidal anti
hncl ie~. 

In spite of its many limitation~ the in ritru neutralization test 
is proving the most valuable method available to-day of sturlying the 
problem of immunity production in this disease. From the point of 
vie"· of technil1ue the 11er·essity of being foreed to make use of a 
hiological test to determine inactivation ()f the viru s is a big handicap . 
Apart entirely from the n ecessity of having to use large numbers of 
mi('e for injection there is .a. delay of at least seven rlays before results 
are available and this delay is increased by the time taken up in 
repeati11g experiments when iJbvious errors have OC('Urred and in carry
ing out confirmatory work. A vast amount. of work must be recorded 
simply by sa:ving that no £n ·vitro reaction has heen found to replace 
the biolog·ical test. Numerous attempts have been made to appl,v the 
Yariola-vaecinia flocculation test of Craigie and 'l'ulloch (1931) with
out any s11ecess. The fior:culation reaction rel)Orted by Havens and 
~Ia.Yfield (19:32) in connection with their work on rabies was followed 
bnt in the c.ase of horsesiekness fioceulatiou when it clirl oecur was 
indistinct., could not always he considel'ed entirely specific and did 
not seem t-o hold out any hope for quantitative application. Similarly 
the possibility of preparing an " agglntinable " or " agglutinating" 
antigen, following the principles described by Kahn (1925) for the 
serum diagnosis of syphilis, was investigated with negative results . 
Consequently at the ]Jresent time only t h e results of intracerebral 
injection of mice with suitable mixtures of virus and anti-serum can 
he consirlered hut the urgent neces~ity of having a te;;t tube test is 
appreciated only too fully in research work of this description. 

B. THE PLUlULI'I'Y OJ<' Vunrs STlL-I.lNS . 

During the course of this work frequent reference has been made 
to the use of particular strains of virus. Details of the origin of these 
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strains have been omitted pmposely until this stage so as to enable 
a comparison of their antig-enic differences to be made at the same 
time. 

'I'he :;trains are clistinetively lahelle,l frmu th e laboratory number 
(abbreviated) o-f the horse frou~ \1-11 ich they "-ere Ol'igiua.lly.obtniued 
with the exception of " 0 " virus iu which ease the letter " 0 '' by 
eommou usage has he en retained to mean '· onlinary virus ''. No 
attempt has bet>u made to allocate symbols a.K in the r~a ~e of the A, H, 
C, etc., strains of foot and mouth viru~ because s11eh ,:;~·mhols, in the 
light. of our present knowleclg-e of the aJlt.igeuic strudure~, cannot be 
other than equall~- meaningless . Until such time a" symbols are 
n ecessar :v to sen·e as a basis for comparison between strains of vuus 
hom different institutions or eo untries it i,.; 1n·oposecl to retain the 
present nomenc·lature pending a rational scheme o£ classificat ion. 

The strains \\·hich have been investigateLl in these stuLlies are: 

1. Strain 0 commonly termed 0 virus. 'l'his is the original strain 
extensively used by Theiler, Ly '"hom it. 1v.as isolated in the first 
inshmee hom his own rilling- hmse which contractell the disea;;e in 
the l>retoria clistrict. It appears to be the strain most eommonl~' 
encountered at Ouders!epoort and formed the basis of the original 
serum virus method of immunization. It is Pxcee<lingly virulent cnul 
has been maintained for more than :30 years by periodical sub
inoculation into horses in whieh it is now in it~ z:nst passage. 
G~ner.ation 19:', ii; the one which has heen fixed ancl maintainerl i}l 
1n1ce. 

2. Strain 20-!4[) (44!:! ).-This strain \ras obtained at Onderste
poort in 1832 from a svontaneous case of the di:;ease that occunecl 
in an animal which had been hyperinununizecl some months pre
viously against ~train 0. In I'Olllparison ,vith the 1esult of infection 
with 0 virus, the course of the disease it produces is somewhat 
lengthened hut the mortality also is 100 ve1· cent. It aypears to be 
the iltrain commonly encounterecl after natural infedion on th e 
Institute's farm " Kaalplaas ". 

3. Strain 20464 (464).-0n 21rc1 .T.anuary, 19:1:3, a suscept ible 
horse was injeeted with a mixt ure of six stra ins of viru s obtained 
from spont·aneous cases of lwrsesiclme~:>s '"hich hacl occurred sevend 
years previously either in the stables or on vurion:; farms in the 
vicinity. The horse died on the eighth day after infeetion and the 
Yirus eontained in the blood just prior to de.ath was subinoculaterl 
into mir·e by the intracerebra 1 route. From t his fixa tion two strains 
emerged which are characterized by a slightly differ ent perio<l of 
incubation and course. These strains h ave been labelled resper.tive l;-~· 
464 A an<l 4G4 B. For reasons to be noted later only the results 
obtained with 4G4 B are det ailed. 

lrle11tifiratinn.-Groups of three horses >vere immnnize<l against 
each strain hy the suheutaneou;; injection of 10 c.e. of n eu rotropic 
virus in the form of a 0·1 per cent. saline suspension of the brains of 
mice sacrificed in e':rt:remt'•s during routine passage . All of the hor i'PS 
\Yere ginn only a single injection and the normal mild reactions 
anticipated from the u se of attenuated Yirns were pro!luced. D etails 
of the injections are giwn in tabula r form helow. (See Table XII. ) 
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TABLE XII. 

l'rodltction of 1'.1Jpe ,:l n ti- se rn in l!orses . 

'l

1 

Strain >md generation \ Date of I 
Horsf'. of virus. · I njection. Reaction. 

I --- - ~ -

208
;
17 

}louse gcnemtion lil. ' :WS::I6*} ' 

<!OS:iS i'ltra in 0 t 

20,J4ii 1 
20;)46* ~ 
20ii70 j 

208:ll II 
2(.>8:_!2 ( 
:?OS3:i J 

}louse g(-'nera.tion .)1 , 
Stmin 204-Hl 

J.l o u;c generation 71 , 
Strain :Z0464n 

·- ----- - · - - --

II 
7 .2.::14l . 

rl 
:.n 6 :n ·' .. '" t 

( 
28 .1 .:H ~ 

l 

C\o dinieal or· fe brile reaction. 
Slight ft·,·or from 6th to l::lth Jay. 
:VIoucratr. fC'I'er from i'ith to llth day . 

"ilild fever from 19th to 2::1n.l day . 
X o reaction . 
Xo r e>tetion . 

:\o dinical or febrile- rpaction. 
:\o dinica.l or febril e r eaction. 
;vroclcratC' feycr from :Z Lit to :l3nl <.la~- . 

c-; oTJ·:.- -* H orses 208:{6 >tn u 20.)46 wen : urgently Tequired in other experiments a.n u thPir 
sera has not been used. 

t Strain 0 in addition to 7il passages through miC(' h atl !Jepn passed thro ugh six 
generations in guinea. pigs . 

l'rior to inj e(otion samples of ~eJ·a were olJta ine(1 hom each 
b ur:;e . .At vario11S 1 iUJ e~ i u dittenmt. experiment .~ th!-lse sera were 
us!'d a :; normal cmltrols; rH'Ye t· cou l(l 1 ll e pres8n<·e of all Y Yin.tcidal 
antibodi es he deiecte<1. 

Suhseq ueut 1o injedion th e hot·s<•.-; W!'re < onti nually stublud 
exl·ept for a period of about fin' hou r s each day 'dwtt tl1ey ''er e 
a ilm1·erl to nm in u c;mall paddock. The chance of <·xposun, to 
natural iufeetiou t b ere fore was t·educed t o a minimum. ~IoreoYtel' 
110 n<J tu rnl ('a,.;es of bo.r.-;8sickne.-;s ocf'uned a nwng-sr a n u mher of 
stt"<·eptible horse,.; 11·hic h a hntys au-om pauied them . 

For -in citro uentnrlizat ion tests s!'rUlll was ('Olleetcd ou th e 
dates sp ecified. This ,.;erunt " ·as o;t ored separa tely \Yi1 h ont preser-nt
t.i 1·e .i.n a r efrigerator .a i. ± 4° C. lm.m edia tely prior to u se a pool fo r 
l•aeh group wa:; JUa(le by m ixture of eq ua l quani itif's of . ..;erum from 
each h orse . ·· 

K eutraliz<ttion tesi::; fOl' each g-roup aga in st each n eurotropic 
Yint,.; " ·ere <'arriecl out \Yith thf' n~sult~ i])(licatet1 iu tabular form 
helow. (SPP Table;; XIII , XIY an d XY.J 
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S'lTUIES ON THE NEF){OTltOPIC Vlltl"S Ol' HORSESTCKISESS III. 

Before i.he ~ignificunce of the findiJ1gs is disr·us~ed it i~:~ essen(ial 
to (lctail the results obtained in a preliminar.v experime ut on oue 
hor;;e designerl to thro"· ,yome light upon the antigenic strudure of 
one Yirus strai n- 449. Commencing on 16.11.3;3 a hor,;e (206[)9) was 
given repeated injedious of fairly massive clo~es of infed i Ye brain 
su,.;pensiom; prepared for routine subinoculation. ~o definite pro
f'ed nre IYas adopteu, injections being made after ihe (ermi nation of 
the original febrile reaetion at timeR "·hen an atlequate snpply of 
tlf)urotropic virus was available. 'l'he injeetiou;; g·iyen are sho\\·n 
in tabulnr forlll below. 

Date. 

16.Jl.33 
8.12.3::! 

14.12.33 
12.1.34 
28.2.34 

TABLE XVI. 

RepPafed iuiections of neu totropiu vt1·us ( 449). 

~=====--========-~====~--- --· 
Inten-al 

since 
l.ast 

injection . 

Da.p. 

22 
6 

2!) 
47 

c.c. 
10 
10 
10 
10 
10 

Virus. 

I 
Concentra

tJOn. 

Reaction. 

~-----------------

1 : 100 
1 : 25 
1 : 25 
l: 50 
1: iiO 

Severe fever from 6th to 17th day. 
No reaction. 
Ko reaction. 
Slight fever from 16th to :!5th da.y. 
~o reaction. 

Serum was collected at approximately weeldy intervals hut. up 
(o the present it ha ~ been po;;sible to run neutrali;mtion tes( s against 
the three strains with onLy hYo samples which were selected hav
hazardly namely serum of 22.5.34. i.e. 187 da:v~ after frr;,t injedion 
and 88 rlays aftP-r last injection; aud of G.(U~4. i.e. collected 1:) day;; 
later. 

The antig-ens used in the neuhahzation tests were those used in 
the tests taLulateLI above, i.e. unit volume of the anti-serum lr<ls 
required to neutra.li:.~e approximately 100 ::\LL.D. of t>ach neurotropic 
\' irnil. The <'omplete l'esultH arc shmYn in tabular form iu Ta1,1e 
~~VJI. 

Conclusion. 

Of the three strains of vi rus inYestigaled Strain U and strain 
449 are distinct antigenically s ince the type anti-sera collec,tetl 
before and at the peak of anti-body prodnction rlo not r·ross Jleuiralize. 
'J'hi s finding is directly in keeping with the orig-in of the strains and 
the resul(~-; o.f 1:11. rit"'J cros8 immuni ty tests . 

~(rain () rlifren; from ~train 4G4 B, siuce 464 B typ!< anti-serum 
does not neutralize 0 antig-en, but 0 anti-serum doP-s neutralize 
464 B Ulliigcn. TheHe Yirueidal substances aTe pro<lnce!l e:xreediugly 

372 
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STFDIES 0:'\ TIIJ;. S.~<;t"llOTltol'IC vmn.; 1)1' ROllSESTCl\.~ESS llT. 

;;lowly an<l <lo 1101 attai11 a high titre sincP. a conee11tration of 1:4 is 
re<1uirerl to neutralil';e±.lOO .M.l.lL ln v1>vo cro~~ lllllJlUllit.\· tests 
cotd<l not he l:Uiorietl out to <·on firm this result because of t lw ob~cUH' 
origin of ~t rai·n 4fi·1. 

Tielln'CII 41i4 -B and 44!) then• is a 11dl mm·];ed n's<)llllJlance. 
Thr lypt• ,.:pra ueutrali~~;e P:wh Yirn~ to aln10st the irlenticul titr<?, ihe 
rlifren,n r·<?-; ohtai11ed being- 1nll 11iihin tl1e limits of PX]JeTinleJJlal 
error alld it is 1nn·tln· of note i hat 4li4 H anti-serum neHhalize.-; Ill<'. 
Lomnlog'Jllb st1·:1iu to'a lmYer titre tha11 the heh,rolog·ous slrai.1J. B11t 
then' u thi:; slight diiiernnct:--11-h<:r<:ns U Rllti-scnnn :'IH>II·,; 110 
1H'11halizing· ac·tion 11·lwtevcr ngaim;t_ s trnin 44~) it dcfini!Pl.1· <loes 
uPuhalize 4()4 H nntig-e11 ilwugl1 tu a low t itre. This last rPsult ha:-; 
hPPU <:01tfin11E'Cl h~- nentrali:~:at.ion iPsh n:>ing- :1s a11tig·en .a ~hniu 
of -Hi4 R ,·irm: at a l'Onsirlerahh- <lifrrrPnt lt>l'el of npm·olrooi(' tixn-
tion. (UPneration Sl.) . . 

Dis c?tssion . 

A plul'ality of ~train~ of horseRickness vnu~ E demonstrated con
dusiYcly hy tlHl work detail<~rl. 'fl1is supporl.s the obsen-ation that 
has been matle (a) in thP fielrl, that fill animal 11·hieh is solidly 
1·r~ist.aut to natural infedion in one particular an'a mn ,v c<uccumiJ to 
hor~csir:kues:: wh()n exposed to nnlmal infection in some oth1~r distriet; 
(h• hy TheilPr (UJOS) ll'ho show()<l experim<'ntally " Tha.t n·be11 a 
ho1·s•~ or mule is inoculated "·ith a cPrtnin strain of Yirns, !.he animal, 
a . .: a rule, i~< immune against that particular strain, hut "·hen the 
auitual i . .:: tP,.;terl or hypPrinununized at a Inter <late "ith Yirus oi a 
difl'ert:>nt strain. 1·eaction~ unrl cleaih:> are uolPrl, thus proving that 
thP imtllllllit_,. aff<mle<l b.~,- the first inoculation is in no W<IY comple(p ". 

F'r·om thr si rt1.de cxprrimeut TI'JIOI'Ie<l uel'P thP d iirPt'Blli'<'S in 
antigenic· ~trHclm·e hetll'een these Kt rain~ appears to l><' rJlWni.itatiYe 
rat her than qunliht.tin' ,.;ill<Cfl tlw rcsvouse to rejwated illjc;ctions of 

"\'oTE.- l<l<'lltir-al iun:~tigntions to those detailP<l :dH>Ye " 'Cl·e carried out 
11· illt strain -±GI .-\. 'l'lw results have heen omitted pnrposely bcrausP n dis
erepnncy occurred whic·h r cf]tli n! :; repealed confil'lnat.ion iJpforl· pul:ili!\at ion. 
A hnt.clr of tllr<' P ltor·ses were itnmllnixNl by Sllhr lrtnnc>oll'- inju·tion of mouse 
,· irus: one rended rnilclly :tnd two s ho11·ecl no rpaction. St•nnn <·olle<-t.<·<l up to 
1/.S Lla~·s nfter injl'clion li:1 s failed t<> ~liow :111~' 1 iru<·idal efl'"d on either t.he 
homologou~ o1· the heterologou~ 1·irn~ alth<nrgl' t.he nntigPn u~~ u \I'M; rPadily 
m'u l rn li 7.ed t<> hi g h t.itn: hy tlw senun ohtained from hon;e 20Gu9 "hirh rerPil'ed 
tlw n~pl'nted in.iPctions of strain 449. The 1n>rk has been cnn'fllll,,- checked. 
'l'h~ hor·,os wN·~ injeetetl witll pnssagP virus genPration 77 on a <l:>\' wlren no 
ot.hrr 111jt?dion' II'"'"" mad<~ so i.-h at. the typf> scru111 must lJe <'Ot'l'ecl. Nelltr:dil'la
tion tesL,, lta1·., h<>en carri<>d out. u~ing as antigen generat ions 81, 92 aml 101 
r.r """' hmnnlogotl' strai n hut always no nPnt rali7.at.ion of tlw homologous s•rain 
w:~s obtai tlP<l. H is ::~dmihcJ lhat there exis ts a pos~ibility of mixing up two 
strains during muLinc ]J:IRS'l;:?;C hut; as ~11ch c:-tre h :1s bPPn Laken to nvoid this 
e rror anll as no v:~rial10n ha.~ oecnr1·Pd in th<' olher strains tl1c commission of 
su ch a 11Ji~tnke is not cmH:e decl rpnclily. Tf the results obtained an• corrPet, 
they inclicatP th1• existence of a non-antig<'nic strain , a finding which w<JuJd 
occasion n,; great. Sllt'prise wl1P11 Yiewed in the light of the> resull~ ohtained with 
stra in 4G-I- n ahovP, Ilo"·e,.-er , the entire experiment mw;t be r<'pcatcd and as 
this nPce~s iLatc>s a <h>la,,· of ut least 200 clays t il<' relllainder of the wurk is 
detailed in ,·ipw of it> pus~ tbl(! interest. A fnrther report will lJ'.' subm itted 
in dne eourse 



H. A .. U.EXA~DE1:. 

one vi ru~ strain "·as the appearance of virneiclal hod ies in the sennn 
eapahle of neutralizing all the other strain~ that had been fixed 
uenrotropieally. In other words it appears that each of the virus 
strains investigated possess tlw same au tigenic com pouenl s which are 
present in vastly different proportions. 'l'he resnlt is that a single 
immunizing injedim1 proclm~es solid immunity against that com
ponent "·hich pre(lomiuates but that repea terl i uj ec.tions eventually 
prodnces innllnnity against all the cmnponents. 

~Cheiler ()DOH) ex_prPssed_ thP sa1ne opini_ou as a 1·e~ult of .in1Inuniza
tion \\ith '' inadequate and ~ulequale sernm <Jll(l vints ". lie fcnnHl 
that the simultaneous injection ot hyperimmune serum (0) alHl the 
homolog·ous virus (0) produced an immunity ag;~inst that vints (0) 
hut not against heterologons siTains of vints (Tz and H); further thai 
those anim:Jls "·hich survivPd the simultaneous injection of hyper
immmH! :oermn (U) and an heterologous ,;train of virus (Tz) rlirl not 
develop complete immunity against either that strain ('l'z), m tbe 
strain nsecl for tlw vrocluction of the hyverimmune serum (0), or a 
third strain (B). He exploined this finding by postulating that virus 
Tz is of a complex nature eontainiug certain conslituenb of 0 virus 
which are deviated hy the large dose of 0 serum alUl accon1i11gly 
during the inununillation leaves no impression on the system of the 
animal. A s11bsequeut inoeulation of the same ,qtrain \vould then not 
med the eor-res]JOJulin g an tihocl i es an cl a rea ci ion wonl1l rt>sul t." 

From the point of view of mass immunillahon in the fieU these 
filHlings are of great importanee. FTom a practical mHl economic 
aspect it is almost essential to limit the process of iJlmmui;.mtion to a 
single injection. Consequently there must be im·o1·pm-ated in the 
vaecinc every attenuated virus which possesses a different antigenic 
structure in order that an adetluate immunity may he produc(~cl 
against the unknown number of naturally occ~urring strain~ of clifl'erent 
constition. This conception clarifies the whole problem of imimmiza
tiou and presupposes the ultimate development of a eompletely poly
valent vacci11e which shoultl he ellicaeious in all :u·ea:'. 

'l'heiler (1!J08) had the same object in view when he caniecl out 
his work on the immunization of mules 'vith volyvalent ,;enun antl 
virus. From thi,'i \York he c·oncluded that .imunwization against a 
polyvalent virus "~ith an adequate c;ennn produces imnnmit.Y which 
protects ngainst any of it~ constituents. 

At this stage it is necessary to point out that, at i he present 
1nomen t, no opinion can he expressed as to the poss ihle n u m he1· of 
rlifferent viru~ strains that oeeur in the fiel(l. l)reviously the g-eneral 
conception was that their number is legion hut in vie"· of tlw relation
ship shown above it may be neces,,,ary to mo(lif_,. that I'OJiception. It 
is not claimec1 that a eombiuation of the strains studied will e1rver 
the entire range of variation of type, but at least a technique is 
available for the study of antigenic structure on \\ hich to base a 
classification. C sed in eonjunetion \vith the extensiYe c·ampaign of 
innmmization being- canied ont this season it shoulcl resnlt in con
siderable arlditioual information being g-airwcl em the tJhuality of 
vi nts strains. 
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STUDIES ON THE NEUROTROPIC VIRUS OF HORSES I CKNESS III. 

As the work has progressed it has been gratifying to fin d that 
many of t he conclusions drawn by Theiler from extensive trials on 
horses and mules have been confirmed by critical experiments u sing 
the in vit·ro neutrali zation technique in conjunction with the neuro
tropic virus of mice, and that aclequate explanations can be given for 
these results in the light of the quantitative study of immunity pro
duction. 

One other result merits discussion anrl t h at is the production 
of high titre serum by repeated injections of virus. This is in direct 
contrast to the finding of Lloyd and Mahaffy (1934) who in their . 
work on Yellow Fever showed that " no sign ificant alteration was . 
found to take place in t he protecting antibody titre of the sera of 
five 1lfacac1t s Thes1tS monkeys, immune to yellow fever after repeated 
subcutaneous injections of neurotropic yellow fever virus at monthly 
intervals ", In the case of horsesickness a significant (8-fold) increase 
did OCCUr in horses and it is not JmOWh whether the serum used repre- . 
Rented the most potent product. 

This conception of high-titre serum production is borne ou t by 
Theiler (1933), who states emphatically, that the serum of horses, 
mules and asses that have recovered from horsesickness has no pro· 
tective qualities when injected even in large quantities before, with 
or after the injection of virus whereas the serum of hyperimmunized 
animals affords considerable protection. It may be of interest to note , 
howP.ver, that he found h yperimmune horse serum more potent than 
mule serum and m11le serum more potent than ass serum. 

S uMM:ARY . 

1. 'rhe technique of the intracerebral protection test in mice is 
described in detail, particular attention being paid to t he prepa ration 
and maintenance of an antigen of constant titre to permit of quanti
tative comparison of the r esults of cl ifferen t tests. 

2. The specificity of neutralization in m:t1·o is illustrated , 

3. The delayed .appearance of virucidal antibodies in t he serum 
of horses following immunizat ion is established. 

4. The difference in rate of production of demonstrable anti
hollies following immunization by th e neurotropic virus method and 
the ser1lm-virus method is inclicaterL 

5. The r elation between anti.-bocly content of the serum and tot al 
immunity is discussed . 

G. 'rhe plurality of strains of horses1ckness virus is demonstrated. 

7. The result of an experiment to indicate the possible antigenic 
structure of the virus is discus~:;ecl . 

8. The possibility of the production of high titre hyperimmune 
serum is inclieated , 

9. 'rhe results obtained are clisc'nssed in the light of previou" 
work on t h e viscerotropic virus of horses and mules. 
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