
MEG. 

(I) 

In 1931 Sawyer and Lloyd reported an intraperitoneal 

protection test in mice in connection with their work on the 

virus of Yellow Fever. This test has for its basis the 

finding that if mice are given an intraperitoneal injection 

of a massive dose ot Yellow FeYer neurotropic virus and at the 

same time,an inert substance like starch in 2~ solution is 

injected intraeerebrally to cause a traumatic injury of the 

brain, ·a fatal specific encephalitis will ensue. If' however, 

the virus is mixed in vitro with mouse serum prior to 

inJection, the neutralized mixture is incapable of setting up 

the disease in the majority ot instances. 'rhis test has been 
(s., 3, "~ 

applied extensively to the study of immunity with considerable 

success, but in reading the reports of workers who have used 

(? it one cannot be other than impressed by certain limitations. 
7 

Every mouse which receives the same infecting dose. of virus 

intraperitoneal~ does not die and when the mortality is 100% 

the deaths are spread over a number of days (5 • 10). The 

varying susceptibility of individual mice to infection by the 

intraperitoneal route necessitates the use of comparatively 

large numbers for each serum or virus dilution in titration 

experiments, and it appears to be difficult to compare 

quantitatively the potency of different samples of anti-sera 

with any degree of accuracy. Furthermore, it appears that 

the interpretation of results,depending as it does upon the 

statistical survey o~ the percentage of mice which survive 

in,jection, and the percentage which die within a period of 

from 4 to 10 days, is sometimes open to question. 

In the case of Horsesickness the adaptation of the 
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method is quite unsuitable because the injection of even 

thousands of infective doses of virus intraperitoneally with 

or without simultaneous injury to the brain cannot be relied 

upon to set up infection in anything approaching a constant 

percentage in mice. Consequent~ it became essential to 

develop a technique based upon intracerebral injection. This 

has been done and the test has proved idaluable in the stud,y 

of many problems associated with immunity. 
(s-> 

~ile the work was in progress Max Theiler reported 

his "Yellow .rever protection test by intracerebral inJection". 

It was immediately apparent that the nature of the neurotropic 

virus of horsesicknesR permitted modifications capable of 

rendering the test more accurate and delicate. 
(6) 

It has been shown previously that the susceptibility of 

different mice of the strain in use at Onderstepoort is 

remarkably constant, that 100 % of mice which receive a certain 

infective dose of virus intracerebrally will die, and that 

with ease the titre of a stock virus suspension m~ be deter-

mined to two fold limits. In addition the titre of a 

suspension of infective bratn made up in 10% saline remains 

eonstant for a period of almost six months \\>ilen stored 

in the refrigerator at a temperature Just above freezing. 

Therefore the first essentials of an accurate test are ful• 

filled, namely a-

1. A test animal of constant susceptibility which is 

easily infected, and in which a clear cut reaction ensues, i.e. 

survival or death. 

2. A stable o.ntigen permitting eo1nparison between 
' 

results obtained in different experiments conducted at 

different times. 

3. An antigen permitting titration to fairly narrow 

lim1 ts w1.th constant accuracy. 
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For completion of the test it only remained to be 

shown that the sera of susceptible horses do not contain 

virus neutralising substances, that tbe development ot 

immunity is followed by the a;,pearanoe of detectable virucidal 

anti-bodies in the serum, and that the action of these anti­

bodies is specific. From the data given below it will be 

seen that these criteria have been fulfilled and that it 

was possible to elaborate a suitable technique for quantitative 

in vitro neutralization. 

I. !Q~ Intr~£ertbra~ytta!ilat~o~ Tee~. 

!~£hDJ..9.Y.L. 
extremis 

A. f~~aration of Ant~. Mice are sacrificed in I 

after intracranial injection of neurotropic ~ virus, the 

brains carefully removed with aseptic precautions, and placed 

in sterile 50 c.c. centrifuge tubes fitted with corks. J~ter 

the hrain substance has been macerated with a glass rod or -
scalpel the tubes are placed in the freezing chamber of a 

refrigerator overnight. Next morning an emulsion in l()';fJ 

serum saline is prepared in the usual manner. '!'he process 

of preliminary freezing and sudden thawing has been adopted 
h.t 

because undoubtedly it aids in cellular fragm~ation and 
~ 

facililiies thorough emulsification of the brains. The virus 

suspension is then centrifuged at 2,500 revolutions per 

minute for 15 minutes, the supernatant liquid carefully 

decanted into a second tube and again spun before being 

decanted into a sterile bottle fitted with a rubber cork 

and stored at 4°C. With the passage of time a tine 

precipitate settles out to the bottom of the bottle but 

this may be le~t quite undisturbed when removing samples 

as required and causes no detectable decrease in the virus 

titre. 

It is realised that it would be preferable to remove 
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all tissue~ debris and possible aggregations of virus particlBs 

by filtration but at the time the value of the Seitz filttr 

was not appreciated and Gradocol membranes were not available 

so very thorough emulsification and centrifugation was relied 

upon for the production o~ a homogeneous suspension. In 

passing it may ~ be mentioned that very thorough trituration 

of the brain material with sand and glass particles and pro­

longed shaking in a mechanical shaker with beads appear-~ to 

have no beneficial effect upon the ultimate product. 

All manipulations are carried out with strict 

aseptic precautions. lmtigens have been stored for six months 

at 4° without the addition of any preservative and at no time 

has any difficulty been experienced with bacterial contamina-

tion. The stock antigen has been prepared usua_ly to comprise 

an approximate 2% suspension of brain substance, but the actual 

concentration appears to be o£ no importance provided it is not 

so high that an extensive deposit subsequently foreas. The 

virus titre is then determined in two stages ,_ 

1. A preliminary rough titration by serial ten told 

dilution. 

2. A final accurate titration by two fold dilution 

under the conditions used for in vitro neutralization. 

This may be illustrated best by reference to the 

results obtained in an actual ex:c:.)eriment. J:t'our mouse brains 

representing passage generation 50 of one strain of virus 

were emulsified by the technique detailed above. A rough 

titration of the virus content of the antigen was run in mice 

by ... ten fold dilution with the following result &• 

'~!&Qd.l-1. : 

eath of mice 4.5 4.5 5.6 o.o o.o 
--------·~~---~--------~------~------~-------~-------
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No\tL In this and all future tables the numeral 
indicates the day after injection on which the 
mouse died, thus 4.5 • two mice inJected of 
which one died on the 4th and one on the 5th 
day after injection. 

0 means survival. 

X means death due to some cause other than 
horsesicknese, usually injury to brain at time 
o-r injection. 

Dose 0.05 c.c. intracerebral~. 

£rom the figures it is seen that the infective 

titre of the stock emulsion is possibly above a dilution of 

1:104 but below 1:105• 1herefore a suspension consisting of 

1 part of the stock antigen to 100 parts of diluent could be 

expected to contain in 0.05 c.c. et least lUO minimal infective 

doses of virus. For a neutralization test antigen and anti 

serum would be mixed in equal proportions eo that for the fine 

titration, the dilutions indicated below were mixed in equal 

quantities with saline be~ore injection. 

!!"Q!! II,_ 

-----------~·--------·------------------------------·----------

eath of 
Mice 

It is seen therefore that the stock emulsion 1 to 100 

produces an antigen which after mixture with an equal quantity 

of anti serum would contain in o.os c.c. approximately 

40 minimal infective doses since two out of three mice 

injected with the 1140 dilution died, and inJection of the 

ls 80 dilution resulted in no mortality. 

The death on the 13th day of one mouse which received 

the lJ 160 dilution was due to horsesickness as shown by 

subinoculation. Such deaths which appear to be quite out of 
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place do occur when material Jllat above or Just below the 
~ /tr~rM..­

ltmt t ot 1ntect1 vi ty 1a inJeet.ed. Inacouraoiee,., may M 

reapona1ble tor the apparent errors but a conaiderable 

experience has shown that when consideration is paid on~ 

to those mice which die within a perio·d ot three daya o"t the 

average resulting from the inJection o~ luo u.I.D. ot virua 

a clear cut picture is obtained. It is submitted that tbe 

inelu•ion or this time tactor in the interpretation ot reeulta 

baa a 4et1nite precedent in other neutralization work and is 

l'>ermiaaible. 

In recording deaths every Ir!ouae which auecumba 

during the critical period is aaaumed to have died of horee-

s1cknees. lbie may be a eourot ot eome slight error but it 

1a reduced to a min1mwa by uaing healthy mice which have been 

accustomed to being housed under the conditions ot tbe expert-

meat, 

Blood 1a drawn 

either into large test tubes or Erlenmeyer tlaske fitted with 

a aide arm, and the serum ia decanted the following d~ atter 

~o-nt,raction o~ the clot. sere have been stored in the 

refrigerator usually without preservative, but o.7J, tricresol­

ether hu been used without having any detrimental eftect upon 

t ts virt&c1dal property. aera were not filtered but wer·e 

thorough~ centrifuged betore uae. 

c. Ibt IIU\£!1&11\&IA.'tll prop~ After a 

considerable amount of preliminary wor~ on the moat suitable 

method of carrying out the test it was decided to use ~alling 

dilutions of the anti eerum UDder 1nveat1gation against a 

constant antigen. QP1te arb1trar1~ a dilution ot antigen 

was selected to contain in o.oo c.c. after mixture with an 

equa~yolume of normal serum or saline between 40 and 100 ~.I.~ 
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the exact titre being determined at the time of the test. 

Monax agglutination tubes (length 6.5 ems, bore 

0.75 em) have been used, the tubes being selected to have a 

uniform bore. Aseptic precautions have been adopted throughout 

i.e. all tubes are sterilized and are t1tted with cotton wool 

plugs and freshly boiled and cooled syringes are used for all 

measurements and dilutions. 

To each of a series of tubes placed in a row in a 

rack 1 c.c~saline is added. Two fold dilutions of the serum 

are then prepared by serial dilution in the usual manner. 

For this it has been found most convenient to use syringes 

to each of which a long fine needle (B.w. & co. No .• 205) 1s 

attached. The 1 c.c. of fluid then may be forcibly squirted 

into the diluent without producing any fo~ since the point 

of the needle may be placed just below the surface. only the 

point of the needle is allowed to touch the fluid before 

a fresh syringe is used for thorough mixing and transfer. 

The l c.c. of antigen is then forciblyaquirted into 

each tube containing serum dilution to ensure rapid and 

thorough mixing. 'the mixtures are ~ incubated for two hours 

at 37°C and stored overnight in the refrigerator. there is 

some evidence to show that the ~ between virus and anti-

body is somewhat loose at low temperatures,s~ before inJection 

next morning,all tubes are incubated at 37°C for a further 

period of one hour. 

It is preferable to use at l£ast three mice for the 

injection of each dilution. Unfortunate~ a serious shortage 

of mice has made it necessary to use only two mice in a 

number of experiments. 

It will be noticed that the serial dilutions o~ the 

anti sera are made in saline and not in serum-saline. 1bis 

procedure was adopted for the sake or simplicity after it has 
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been ascertained that 5Ji serum ealine had no detrimental 

effect upon the virus - 5% being the minimum concentration 

possible in a mixture of equal parts of saline and antigen. 

With each set ot neutralization tests a control ot 
~ 

the infective titre or the antigen~run by making serial di· 

lutions in 1 c.c. amounts and adding to each l c.c. ot saline 

to take the place of the anti serum dilution. 

Experimental. 

Since the antigen is the most important tactor in 

the neutralization tests about to be described the following 

results from a series of different experiments have been 

collected together to show that hy the requisite dilution 

or a stock suspension of virus a constant antigen can be 

prepared as required. l''urther it was of importance to show 

that incubation tor two hours at 37°C and storage overnight 

in the refrigerator followed by a further one hour at at' 

had no detrimental etfect upon the virus. 

An approximately 4% emulsion of four brains 

representing mouse passage generation 62 of strain 20449 

was roughly titrated in mice as follows J• 

T.~J?le ilL. 

Rough 11trat~9Q of Stoc~t&gen in ~· 

---------~------------------
1:4 1t4 xlO ...... ______ ,...,....._...._..,.!--__ 

eath of 4,4 
Mice. 

s,s e,o o,o o,o o,o 

--·--------------------~---------------·--------·----------~----
From this titration it would be expected that a 

1 1 40 dilution of the stock antigen would contain in o.o5 c.c. 

approximately 100 M.I.D. of virus. lbis dilution was made 

up from time to time and tested with the results shown in 

Table IV. Prior to inJection all dilutions were incubated 

under the exact conditions ot an in vitro neutralization test. 
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TABLE iVr~. 

f\ccurat_e Tl traS,ion Q! ___ cl!tigei• 

-- --1- Interim Virua JJilutiona. 
lDate 

day a A l.alO la20 la40 la80 1sl60 1:380 

15.9.33 8 4,4 5,5 5,5 5,5 4,5· 5,0 o,o 
26.9.33 19 • 4,5 5,6 5,6 s,o s,o o,o 
13.10.33 36 4,4 4,6 6,6 5,5 5,6 e,o o,o 
27.10.33 50 - s,o s,o 6,8 o,o o,o o,o 
4.11.33 58 .. 4,5 4,6 5,5 s,o ?,o o,o 

30.11.33 84 4,4 5,6 I 5,5 4,4 s,o o,o o,o 
14.12.33 5,5 5,5 98 4,5 I s,o s,o o,o o,o 
20.12.33 104 s,s s,a ~ s,e 5,6 s,o o,o o,o 

l 
I 

29.12.33 113 4,4 4,4 ! 4,4 s,o 4,4 s,o o,o 
17.1.34 132 4,5 4,5 ' s,x s,x 5,6 s,o e,o 
25.1.34 140 3,4 4,5 I 4,5 s,x 5,6 o,o o,o 
2.2.34 148 4,4 4,5 4,x 4,5 4,5 s,o o,o 

~.2.34 155 4,4 5,6 4,4 s,s s,a o,o o,o 
7.2.34 173 4,4 5,6 5,6 5,6 6,0 o,o o,o 

:14.3.34 188 4,6 ¥,6 
l 

6,6 s,o o,o J o,o o,o 

A consideration of the figures shows that from a stock 

suspension stored without preservative at t 4°C an antigen of 

remarkably constant infectivity may be made up. It is true that 

some slight variation occurs up to the 5th month but this 

variation is well within the limits of experimental error. One 

particular titration, that carried out on the 60th d$7, showed 

a marked deviation but obviously this must have been due to 

some gross technical error. Atter the 5th month there is a 

definite and decided tendency tor the titre to decrease. If 

incubation and overnight storage as indicated has ~ detrimental 

effect it is sufficiently constant to make it negligible for 

comparative purposes. 
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Concurrently with the experiment detailed an 

attempt was made to use desiccated powdered brain as the 

source of virus for the preparation of antigen. It would 

be superfluous to give the figures but it m~ be stated that 

the variations in titre were so great, probab~ due to 

inaccuracies in weighing, and imperfect mixing, powdering ar~d 

s~pling the drie~ brains that its use in preference to virus 

stored in fluid form could not be contemplated. 

~ram this experiment which has been confirmed re­

peatedly it is concluded that by the method described an· 

antigen of constant titre may be made up ae required. This 

antigen will keep unaltered tor a period of approximately 

five months after which there is a decided tendency to 

deteriorate. 

Having demonstrated the possibility of preparing a 

suitable antigen it on~ remained to he shown that immune 

serum is capable of neutralizing the virus and that any neutra-

lization in vitro is specific. That this is the case is 

clear~ shown by reference to the figures given in Table v. 

Table v. 

Serum 
--~.........,_.......--.-. 

Immune Horse o,o o,o 4,0. a,o 5,5 4,5 - .. 
Immune Horse o,o o,o o,o 6,0 o,o s,s 6,6 4,5 

Sheep 4,5 s,s 4,5 4,4 - .. - • 

suaceptible 
4,6 s,s 4,5 toti 4,4 - - .. .. 

a. 

.~usceptible 
: Horse (Aged) 5,5 i 4,5 4,5 4,6 - -

li2tf 1 The antigen used was that which was titrated for 
inf'ectivi ty on 4.11.33 in rable IV above. 

1 'l Lt '() - \ t) "\/ ·\A j\ 1 \ 
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It is seen that the serum or the immune horse possese 

es the property of neutralizing neurotropic horsesickness 

virus in vitro, the intracerebral inJection of mice being used 

as the index of loss of infectivity. ~erum or a sheep, a 

susceptible foal and an aged susceptible horse did not possess 

this property. It may be mentioned that &fter a considerable 

experience there is no reason to believe that the neutralizing 

action is not en tire ly spec !fie·. 

A consideration of the figures in Table V indicates 

further that a sharply defined£md ~oint exactly indicating 

the neutralizing titre of a particular serum chlmot be antici• 

pated. More accurate results are obtained from the use or 
larger numbers of mice but unfortunately the available supply 

was strictly limited. 

At one time it was thought that better results would 

be obtained from the addition ot complement in the form of 

fr,·sh guinea pig serum to eaeh dilution. this hae been tried 

on several occasions but it was apparent that the results 

did not Justify the additional complication as a routine 

measure. At all events the results reported below will 

indicate that tpe method described clearly demonstrates 

differences in neutralyzing power between samples pf sera, 

which enables a quantitative comparison to be drawn. 

!!.ming (~alit!el oC .. Anti:.~~ 
Frequently it is neither convenient nor possible 

to carry out neutralization tests with immune sera immediate­

ly after collection. Consequently it became necessary to 

ascertain whether storage in the refrigerator at 4°C with 

or without the addition of 0.7~ phenol ether as preservative 

has any detrimental effect upon the virilcidal antibodies. 

A sample of serum obtained on 14.12.33 from a horse{20545) 

that had been i~nunized by the inJection of neurotropic virus 

177 days previous~ was divided into two portions 1to one ot 
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which preservative (0.7$ phenol ether) was added. Neutra• 

lization tests were carried out with both these samples on 

20.12.33 and 22.8.34, i.e. six days and 251 days after 

bleeding respectively. The results are shown in tabular 

form below. 

Tuble VL. 

U~R~Di ).i.U§li tiet of sti-sera.. 

ls4 1:8 :16 1:32 

... .. c 0 t 6,0 o,o o,o 6,6 6,6 5,6 5,6 

- - o,o o,o o,o a,o 6,0 5,6 6,5 4,6 
rl 
'I .. - 3,0fi) 6,q:f.) cgpc <mx 4,5/+) 3,4 ,s ,o ~ 3, 4' 5 '0 4,4,4,5 

- - o,o o,o o,o .o,o 4,6 a,sj 4,0 4,5 

Yl.tUI ~t!t§tion of Antigen!.; 

A 
·-

::: •• -~te =t-
' eneration --- ,, -

2,Strain I 20.12.34a 15 

.__.............,..._._... .. 
1110 1:20 
!-- -

............. 
Vi :rue Dilutions. 
-!t40 l180 ltl60 11320 la~640 -

,5 5,6 5,6 5,6 s,o o,o o,o o,o 

.s 4,5 4,5 6,6 e,o o,o a,o o.o 
-~oo- ·-

0449 I ~~, 
eneration I 
~9 Strain 122.8.34 4 

It is seeL that Horsesiokness anti sera possesses 

remarkable keeping qualities since no apparent deterio*ation 

was detectable after 251 days storage at a temperature just 

above freezing. ·r.n1s is indeed fortunate because in the 

ensuing work it was necessary frequently to store samples ot 

anti sera for more than 200 days to permit or reliable 

quantitative experiments by neutralization tests against a 

single antigen preparation. In addition 0.7 % phenol ether as 

a preservative has no detrimental effect upon the viricidal 

antibodies. 
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II. tbe~APJ~lctt~on of the test 12_1he stuar ot 

1npnYJ!itYI The elaboration of a suitable technique for 

the quantitative determination of the antibody content of senD 

paved the way for an intensive study of the development of 

immunity in equines. When the work was commenced the 

interesting nature of the results to be obtained was not 

anticipated so that samples of sera were notcollected as 

frequently or as regularly as could have been wished. Furthe~ 

the slow production of antibodies and the enormous accumula­

tion of sB.ffiples of sera has effectively prevented corrobora­

tion of every result by duplicate series of experiments, b~t 

confirmatory tests have been included at sufficiently frequent 

intervals to indicate that the results detailed are not open 

to cri tic{sm on the grounds of' accuracy. 

A. The an}:igogy con~ent ot, the .s!rPJl! :(2J.!owing 

1mP1~iaa~~2n~ On 23.6.33 two horses (20545 and 20570) 

were given a subcutaneous inJection of 10 c.c. of a o.l% 

suspension of infective mouse brains representing passage 

generation 51 of strain 20449. 'fhe first horse 20545 

developed a mild febrile reaction trom the 19th to the 23rd 

day after inJection; the second horse (20570) showed no 

febrile disturbance. In neither animal did any clinical 

symptoms of Horsesickness develop. Prior to injection a 

sample of serum was Gollected from both horses but unfortu• 

nately at the time the value of the neutralization test was 

not appreciated so that bleedings at regular intervals were 

not commenced until about two and a half months later. 1bis 

was an unfortunate omission but it will be seen that the 

defect has been remedied in subsequent work. With the sera 

neutralization tests were carried out the results being 

given in tabular form in ·rables VII and VIII. The titrations 
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of intectivity of each antigen employed are given in 

Table IX, from which it will be seen that unit volume ot 

anti serum wac required to neutralize approximate~ 100 M.I.D. 

or virus (between 80 and 160). 

Table VII. 
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.No. l;ate ~~ -

1 lb/9/33 . 
2 2t;;/9/J3 

3 30/ll/33 

4 20/12/~13 

6 25/1/~4 

t) ~/2/34 
' 

7 9;'-~/::v.t 

8 ~-?;*·;·""4 ~ £,. .;:, 

9 20/4/34 

10 -~?/4/~4 

ll 8/t/24 

l2 8/o/34 

-

Note: -

Table IX. 
TitratioD of virus neutralize.tioa 

• 

Virus Dilu.t ions. 
-~ 

A 1:10 1::20 1:40 1:80 l:ltiO 1:320 l:b40 --
4,4 5,5 5,5 s,s 4,b 5.,0 o,o o,o 

- 4,5 5,6 b,b 5,0 btO o,o o,o 
4,4. t},a 5,5 4,4 o,o o,o o,o u,o 
5,5 s,o 6,6 6,\l 6,C e;,o o,o o,o 
,-. 4 
-.;}' 4,5 4,5 t..,x 6,6 J,o o,o o,o 
4,4 4,5 4 9x 4,:5 "'5 o,o o,c o,o 
4,4 s,o 4,4 b 5 

- ' 5,6 o,o o,o o,o 
4,.-i 5,t- 5,o s,~ o,o o,o () 0 

' u,o 

4,4 4,b 4,b 4,t t>,O o,o o,o o,o 
F; ~-v,o :.1,6 4,4 4,4,b 4,5,0 o,o o,o o,o 

""' B,t> ~,)( s,o s,o o,o o,o c,o 

- 4,4 4,5 4,4 o,o o,u o,o o.o 

Titration Nos 1 • 8 were aarrieo out with mouse pasaage ~ 6\rain 2044~ 
Nos 9 - l2 with mouse JAi..S$&ge 120 o:f the same atrain. 

Digitised by the University of Pretoria, Library Services, 2013Digitised by the University of Pretoria, Library Services, 2013



Agtlb~ content of aer\B Horse 20146. 
II 

·-· 
Date ot Date Serum Interval ~•rum Dilution&. 
reat taken atter 1m- ·~ ~ H J..:4 .J.UJ l.S1.6 ~:;32 1.&04 ~11.28 l.:26b ~;612 Itloal 

- mun1zation -
10. i.33 23. i.33 0 0&\)'8 4,6 4,4 4,o 6,6 - - - - - .... 

lb. i.33 l. 9.33 70 .. o,o 00 ' o,o 6 16 6,5 - - - .. -
2ti. 9.33 22. ~.aa Q2 tf o.,o o,o o,o,o,o itCW o,o,o,o t;,aueQ 5,5,6,0 4,6 4,& 4,4 

30.11.33 15.11.33 148 " - o,o o,o o,o o,o s,o ia.2 4,o - -
20.12.33 29.U.33 lOB t:t • .. o,o btO o,o ~.~ "•' &,o c,o b,b 

ao.la.aa 7.12.a3 170 " - • o,o o,c o,o t.»,o .2.tJi ·4,6 o,o o,~ 

20.12.~ 14.12.33 17"1 .. - - o,o o,o o,o ~ 6,& ::.,~ o,t~ 6,o 
.... 

26. l.a4 21.12.33 184 " - - o,o o,o o,o o,u o,o 4,4 4,4 -4,6 

~. 1.34 12. 1.34 200 It - - o,o o,o o,o 4,0 o,o batt &,o 4,6 

9. 2.34 1. a.34. 226 M • - u,o o,o o,o o,o 7,0 ~.o_ o,& 'f. to 

27. a.~ a. a.a4 239 .. - o,.o o,o o,o <J,o,o o,o,o t.I2V I '1 4,t>,O 4,t~,o -
! 14. 3.34 28. 2.34 268 .. - o,o 4~ ~')f\ C.OAO 4 1t.,o 4 1o,c 4,6 4,4 -"T......,..... 

I B?.' 4.a4 22, 3,34 274 • o,~ o,o o,o s,o &,a 6.6 &,6 4,6 .. ·• 

I a. 17. 4.34 aoo ct o,o o,o 6,0 o,o 4,0 -L.9. 4,4 4,5 - -I 6.34 
I 
I o,o o,o 4,0 o,o 4,0 . 4 14 ~,4 3,4 - -
I 8. o.a4 s. 6.34 321 " 
i _......._""'_ ··-··--··-··· .• . ..... _ ... 

~ 
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Table VIII. 

Antiboe!l co!tent of serura Horse 20070. 

Date of ~ Date Serwa Interval Serum llilutioae. 
Teat Taken after im-

1:2 1:4 1:8 1:16 ls32 1;64 1:128 1:256 1:512 1:1024 ~ munization i ·-
au. 'i1.33 23. ti.~3 9 aays 5,5 a,s Llt4 4.5 - - - - - -
26.9.33 22. 9.33 92 n o,o o,o o,o o,o o,o u 17 - - - -
30.11.33 16.11.32 148 fl - o,o o,o o,o o,o b,O ~.Q 5,5 - -
20.12.3:.; 29.11.~~ lo2 tt - - o,o o,o o,o o,o 6,6 tt,o 5,\.1 o,s 

20.12.33 14.12.33 177 14 - - o,o 6,0 o,o o,o t> 1b G,o b,G b 9o 
. 

2. 2.34 a1.12.;;a 184 f1 - - o,o o.o o,o o,o b,t! b,6 4,6 4,4 

2. 2.3~: 12. 1.;;~4 20b " - - x,o x,c o,o o,o I 0 o,' &,5 4,6 4,4 

i. ~.:¥1 1. ~.S4 225 n - - o,o o,o o,o 5,0 4,5 4,6 4,5 5,5 
I 

27. 2.J .. ci; lb. 2.:34 239 .. - 00 o,o o,o o,o,o o,o,o 4 1o,o 4,6 4,5 -t 

20. 4 .• .34 JB. 2.;;:4 252 •• - o,o o,o t.o,o,o 6,o,o,o 5,5,2.,& 4.&,o,o 4,s,t~,o 4 9·1,5,e -
27. 4.34 82. 3.34 274 tf o,o o,o o,o 6,0 w,o 4 4 ~ b,5 4,o - -
a. 6.J"* 17. 4.il4 300 ** o,o o,o o,o o,o o,o 5,§ b,S 5,o - -
a. o.34 s. 6.34 :$21 n o,x o,o o,o ~. ,•> 

-r..~tO ,,o 4,5 4,S 4,4 - -
.. .-_.,,.............._ ·- - ...... ""·~~.3. ........... ...._..-'<0!-._.__ ........................ ..__. ................................. ~ -
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15. 

A critieal survey of the results indicates t:trE:t:a 

e ',, t 1,- that a sharply defined tad ,'Point ~Pras seldom or never 

obtained in the titrations but the figures clearly indicate 
c,on rt,r. 

the rise in ant1body~and its tendency to tall subsequent~. 

An insufficient number of mice were used for the ingeotiaa 
sr~~e.t~ 

of each dilution to permit of a !taxiltte accurate conception 

being obtained of the viricidal potency of each sample of 

anti serum but it is believed that the figures underlined 

represent the highest concentration of serum just incapable 

of inactivating the test dose of antigen. It is seen that 

particularly with horse 20545 the rise in antibody content 
by 

was r&ther slow since/the 70th day a concentration of 1 :8 

was required completely to neutralize the antigen used. 

At no time did the antibody rise to a particularly high level 

but the peak was reached approximately six months after 

immunization. J~:fter the eighth month there was a decided 

tendency for the antibody content to fall. 

As soon as the somewhat slow development of 

immunity was appreciated it wa.s decided to confirm the finding 

by week~ tests on the sera of animals immunized by the serum• 

virus method. To overcome errors due to idiosyncra.qies of 

individual horses two groups o£ three were selected trom the 

survivors of a batch of animals b~ing ~ized, for the 

routine mass production of hyperimmune serum. Group A were 

hyperimmunized 69 days after immunization and consequent~ 

had to be discharged from the experimentf Group B was 

retained and it is proposed to continue tests of the pooled 

sera at intervals for at least the next two years. All the 

horses received the first immunizing injection ( 5 c.e. 

N. virus plus 400 c.c. serum) on 31.10.33, and the second 

(5 c.c. 0 virus plus 400 c.c. serum) on 3.11.33. The 
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16. 

reactions varied in severity from 'tvery mild" to ''severe"• 

The results are tabulated in ·rableo X and_!!., the antigen 

ti trations~ being g1 ven in the correcponding ·rables X. A and 

XI. A. In each group the sera from the three horses were 

mixed in equal quantities for the neutralization tests. 
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Table Xl. (Continued). 

ofl Dtate IE!erval Serwo er im-
taken 1aat1on 

-I" 
day a ... 

.6.34 1:.14 14.3.34 

.. 28.3.34 148 

- x,o,o,o I o,o,o,o I 7 ,o,o,o I o, 7 ,o,o I O,ti,7 ,o I u,o,o," 
serum 1Ji ected 

.. l0.4.a4 170 - - o,o o,o o,o o,o,o .,o,o ~.o,o 1 t~,o,o s,t=l,u, &,Q, 
~----- --------+-------~----~~ 

·rable xt. A. 

Virus T1 tration. 

··-·-· 

Date I 
Virus Dilutions 

A 
r 

.. ~IsiO 1~0 l.:40 l.:SO ~:l.UO ~;32(1 l:04tJ 

lti. 5.34 6,5 b,~ :>,5 s,c; o,? o,o o,o o,o 
23. 6.34 6-,i ~,6 t>,S s,o o,7 o,o o,o o,o 
30. 6.a4 b,o &.6 o.,o o,x s,o o,o o,o o,o 

o, 6.34 b,5 ~ 5,6 o,7 o,7 o,o 6,-0 o,o o,o 

12. o.a4 t>,i o,6 b,6 s,o o,o 8,9 o,o o,o 
I 

I -
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Date of 1 Date 
Teet Serum 

taken 

16. 3.34 l4.12.3a 

28. 3.34 20.~~.33 

28. 3.34 27.12.33 

~8.3.34 4.12.33 

28. 3,34 ll.l.2.33 

b. 4.34 I 1B.l2.33 

5. 4t24 I 27.12.23 

21. 3.3-i 2. 1.34 

21. 3.34 a. 1.34 

'!'able x. 
Titration of ant.ib!d>' content .ot' pooleo aer·a 
trca horsea Group A (20?491 20751 ano 2(flo7). 

--
Interval II . . __ 
after ~- ls2 I lt4 I lt 8 
mun1sat1on 

QAY8 .... ,..,..... .. 
14 7,o,o,o t?to.a7 1~ 1 4, ) 

20 o.o,o,o ~,o,o,o !·~·~~~ 
.... ,, 
.I 

2? O,o,o,O o,o,O,O ,!~_v_. Lt_~ 1\l.l7 ,x 

37 o,o,o,x o,o,o,o 2•vt '-'~ lul710 

41 s,o,o,o o,o,o,o 7, 

48 

57 

ti3 

tl9 

o,o 
o,o 

... 

?,o,o,o 1, 

o,o,o.x 5 

o,o o, 

- 0 

o,o,o 
o,o,o 
o,o,x 
0 

0 

--

~erum Dilutions. 
1:16 1:32 1:64 

.. 

\)tOtbtC s,o,o,c. 4,tt,o,a 

a,o,7,8 Ot6t(;t0 s,o,ti,o 

~6t?tx t;;,o,7,o ti,6,7,7, 

u,.o,7 ,7 o,7,7,x o,o,o,7 
o 1o10 10 o,7,7,8 4,tiJ,?,o 

G,o,o,o 0161717 4,~.\i,? 

s,o,o,o o1c17 1x o,e,t>,.x 

btO ?j.O v,? 
a,o o,o a,o 

1:128 lsl:>o ltbl2 1 ~1024 1:20tB 

o,s, 6,o, - - -
6 1o o,4 ~~ti 4,6 -

I 

~,o,~,x 6,s,o,o - - -
s,o,ti,t) t.J·,~,u,o ti,6 -· -
s,c ~,6 - - -
•,o,o," 4,b.5,o o,~ - -
o,t.l,b,B - - - -
t.t,o a,? o7 ti .. -
&_...o 6,7 o,t:J 4,5 t»,6 
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Table x. A. 

Virus Titratioa. 

-- _,, 

Date V.1rue Dilutions. 
A l:lO 1:20 1&40 1S80 1:160 1:320 ltfK( 

16. 3.34 1i,4 4,5 4,4 5,6 6,6 a,o o,o o,o 
28. 3.34 4,S 4,o 5t'5 5,6 5i7 7,0 o,o o,o 
5. 4.34 .. 5,6 5 6 t 6,¥ s,o.7 6,0{) o,o o,o 

21. 3.34 5,~,;,; 5 1x 6,6 6,6 7,7 6,7 o,o o,o 
-
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i:!!!Af A:l, 
'_%'itrt51qa o£ JUlt1bo01 ,.;outfUlt R!t!l.~~ ~-- or Gl'!f!Szt B i~• ~01iea 2£ln.. · ). 

•• • . ••; n 11 •• ~- ~~·""· Y-.:;stW ,~ '• ?N• - ·• · 4&:t - •• · ~- e• 
1 •••1 I • • a 1 ttl p1'<' 1 •• t~ 1 • t 11 JJ• ••••~-;. ..- f • u- _. • ..,. •• 1 .., ..... •n r - ,.... ,_, .~~~......, .......,.1....., n 1 ..,., • 1 r • l 1zt 

.tate of 
rut 

1' .·.· 1·· · · · ~• . .:11~ Di~UO!!• 
_._.-•_t• aten...... . I .... l ·_~···. ., .. ---T ....... ~~~~ . . -~- ~._·.·-.... , .. -. - !-·-· ------r ·.·. ~.~--. ~•r• otter i.e- 1;2 1:4 1:8 l:lt.t 1:32 1.;04 l:US ll;ibv lsol2 l.:Ul24 l:aoiA 
tuen autdtliit 1oo . .,. 

lo.o.a41 1c~11.~ 1 14 I o.o,7•71 e,o~t71 tJ,u,tr••l ~,J:>•••~ ~~,6-,b 6,btbt0' - \ - I - I - 1-

l 
p 

I 20.11.33 I 20 ( o.o I ~.c 1 o1c c;;,o. o.o 6 •• - I - I - I - I• 

It I 2'7.U.6S I 2? I c,o \ .o,v.o,o 1 7,t,.r0,o o,o,o,o 1a1a7at..i ~.o,o•o ~ti),o,?l ~ •• I - I - 1-

• I .1ij.~.~s 1 a-4 I u,u I ':0 I ~::,o c,o gao 10,1 ti,o o,o - f- ·-• I 1l.l2.~ I 41 I - o.o,a o,o,o,c i),o.,o,o 5aba~ b 1a,e.o -4 ,b ,;, til 6,:.>..... o,bP,,o• ... 
1 18.~.a3 l .. ta I I 1 c),c O,o o,o o.Q -~ "' • • .. bt~ ~fU I • ~ 

~.e..~• I ~7.12.~ I i;;1 

' 
... I - ' .x,o,o,c v,u.c,o u,o.(,i,c :,,c,c,o t~ 1Qav1v bto.-f.iC b 9 ... ,o,ol o,tt.~,~· -

fit I a. 1.~ l ~ I - I .. I o,o o.o o,o 'fP.a? s •• 6,. t.S I .il·tfl I til> 

It I s. 1.~ .. I 09 I - I • I o,o o.G.o,o ~,o,c.o o,(;,c,o ~ ··· . .,.. . 

va~ala.~' ~t~JVJV t/~,7,81 ~,~,o.o 1 
-

it I 10. 1 • ..)4 I 7t, I - I ~ 1 o,o,o,c 1 o,.o,o," o.or;,t,;, o,o,;c~,tJ: i.l~a.i.a~/ Ot!vt••v ~.V.t.it7 Ll.~.~ ..... -
~,.. b ~ ' \.f •.• ~oiiit I~. 1.~4 I 83 

' 
a: I - .. 1 o,u,c,o o.c,u,.;;; o,o,c.o p 41" ,..,. 0 

·Ot~'tu• • ..:,c.,:;,o o,c,o,<; o-1u1~,._. o,w,o,71-

" I ~.l..J4 I ao \ - I .. I c,o 0 i"; o,o o,o x,o ?,v hZ v,.7 I • 'f"' 
. 

- I o.. 2 • .34 I fJ7 I I .. 1 c,,v,o,c 1 o,c:,~,o {f '•, ..... ·"'> o.c,o,o 6,v1o,o ~.~,v,o 1 ,.., """' ;;..,e, .... ,o

1
-- o,v,· .. }1~-~ .2&---~ 

liil•'-'.,3.-. I 12. 2.34 I.LOl I - I - I ~-· ~·, 1 x.u o,o,o,iJ o,?,<;,c t;.,?.o,o Qna7a.~ b.~,....-.,s t1 1v,v,., :.,111 vwV 

• I 19. 2.34 I lll I - I - 1 u.c· ~.~t:c ?,c,c,o t; 121Stli.-x ~,o,o,o a,o,o•7 ~,-u,~," a,b btb 

• • 2c. :t.s4 I U& I .. I - I o,o v,~ o.t) 1o,o 7,u,o,o 7t{JtCtO baoa\olat.., o,g,o,?l ~,::l•Q•vl t.,-
Con r. ()VLT~ 
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UIIY.tt!t 

it~R.l:&. It te aten that 141 dey• after inJtction 

n.eutnl.lains antlb01.11tt were P:rttent in d.em.on.ot~able •ount. 

From tn• 14th day thtre wae a tl~w but steltd1 irlcr-e.a•• 1n 

t1 tre until tha 69tb ·.1q wber• the horaet wer~ :.11teh~rged. 

~ AL 1D th1a £roup ant1b0d1eo wert no\ 

demonatrable on tnt 14tb d.a;y bu\ Wt-41 p.tteacnt 1n &lft>recl&ble 

amount on the 20t.b day. FI'Nl tbls potnt on there waa • grt .. \dual 

but •t•adJ' rtee UDtil a ptak was attained about tbe i31'd t·o 

the i7tb d.aJ• i"rom tbe lwtb dq there waa a dlstf.act teftdenoT 

tor the t.1t.ro to decrtue out. tt wu maintained at a ttatrly 

t~tlh level up to the 17•)\h 4q the 1-~t•t reco~led tit~~tton. 

lJ.iaauliat& A&'~1n 1 t ta ••aaiaed t.b{l)t the r••tal te 

r'lcordod allould not be ecrut.1nlzt4 tt.1th au. •¥• t.o ~W~th,emattcal 

accuracy. Rather &I.e eonalder•tton •hould be paid to tb• 

tttrtteulty ot titrating a af.nut• 11v1nt~~ ea\1\Y (1t eYidenot 

I.e rlvea to the generAl~ or opinion in reg•~tt to 

vlrt.~••• to-t"!fAT) i\Dd te tbo uo• u en l!ldlcator or a aotr4wbat 

r~PM• b1olop,ical teat whlcb cannot be other than approximate 

Ulllesa cual_v•c~ em a atat.ie\Scal bae1e. ~!owever, the rtae 

und the t.endenc7 ot th• aatlbfl47 oon\.eot to t.Ul ie weU 

det'1n.4 •o that v1ewe4 1D tb1a lls.ht the reaulte ar• ot 

•lng\llar .tnureat. ttwy 1adlcate •· 

1. the r1et 1n ant.1\lod7 content of the ••rwa ot 

horae• ~\er 1~ualaat1oa la alow. 

I. At\er f.l161U1lla&\10D by tb• 1nJeet.iltA Of t.iJl 

att.•ttuated Murotropio vlrua S\ tllk•• about two mont.lu 

tor tbt tltN te rtaeb 8 elsntticant. rl&"Ure an~ the Pt•k 1• 

t10t attained until t.be a,_.ot.h d.ay. 

3e Att.•r 1UU~J11at10ft by the serum VlJ'Ue Mt.h04 
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which 11 baaed UJ)Oft th• cCt.Dtrol ln vivo b7 b¥t•r1~ ltl'd 

e.t a t'ull7 virulent vtectro\.roplc v1rua the inltl&l rise 

in 1..mttbod¥ eontertt ta oons1derab]¥ :no.rt rapid l$nd the t>tak le 

rtaohed. artor iibou\ too days. 
4. A\ DO t11M 4oea the tt trc or tb• anti. sera 

obtataed. at\or t•runltatJ.oa 'b7 •lUMr method attain a high 

level • uatt voluJH ot a 1a&Ut 411u\1on ot ••rum belD.! 

required t.o neut.raltae i: lOO a~.t.D., and t.bia tltrart Is 

apprexlsataly tbe .._ tor both metho4a ef l\'a!1iUDlaat1on. 

&. Atttr tl\e p•ak of antct bo4.Y ronnatton bu been 

reached there 1• a 4ttcl4e4 ttndeMy tor l t to tall bUt a 

cona14erabla \l\" 1• .melnt.a:iMd tor 3ili~ ~7• .. M 17~l day• 

nepeetlvtly (\be 11alta of tb• reepectlw t.e•t•>• 
G. A8 yet, thtre 1& DO m..\l~ to lt~ticatft tor how 

ltlrlg th• antS bo~ oont•at will be laint..ained. ttt1a aspeet 

is belq 1twlied bot reaul\8 w111 DO\ btt av~il&blA for at. 

leaat. two yeare. 

1'b te eonceptioo of' a low !lltlUn:l \7 dew lor-tnt bee 

•• tar u t.b• author ta &\faN: • a1tijt1• ll.-.c-ttde~t 1.n the 
~ ~ 
\lt.N\iu vi•• \he delayed lliRM'ologSoal r.aporu~e 1ft bOVlae• 

. ~ . 
to t.be 1nJeeti.on ot cultilrel of' Aet."rocoocaa f17Coedea 

at\eJNated b7 continued •ubc:ultivatlrm u art.1t1cial Mtl1a 
('l) 

aa reportod b7 Bann•tt (li31). I'T'Om hie -.r~e a.nu~·t 

conelu4e4 t.h•t 4 the longer a vlruo baa twea uintained 1n 

art1t'letal culture med!\8 (at an7 Nlte in teft'tm. peptom~ 

broth} the longer it t.atee t.o pflOduc• iiWIWlit;r when iaJtoted 

tm•t•l¥ abttolt.tte tt·rtq ot ,enerat1one &nd tlmea tc tbi.l 

principle • ht· a hewed tba.t •a .utcon4 paer*-.tion subculture 

~Mae dan.proua wt produced a soltd llaunity fA lea• than 

th1"le weeka, a ••wn\Hntb .reneratS"D •utKtul\ure ,.. aate an4 

prOf:lta~Jed • very •ouftd 1~~.tAUn1 ty In tbs-ee we ka "nd an 
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abaolut•l¥ eol.ld l.ai&r:un1 ty 1A leo a Uum etx \Nett• 1 • 116\la 

ltl»r'Ctlott 8\lboultutto &l\h0Ut1tt ~thowlng 80tr~ defJ'f't Of 

l'JIOteetl• powe~, 414 no\ prodUce a eePVtoable la~lty 111 

nine we•k••' Th••! .~eeulta indicate ~lte clear~ \ba\ 

progreadw attenu.tlon or the vtMla ot -=neU~nWJia le 

aeeompanl•d by d•lqed ant.trenlo reeponae !n the antmel tnJ"w1 
UatGP\t.tnateq unde.,. tht condttlona or. .tleld. experbltntatta 

S.nn•tt bad no mtttbot1 of tt•termlnlAB accurilteq at 8ft)' 

par\t.cular t.tme the relative t-.1t.lft1t7 in tne Yf~:rtoue ~rwP• 

or bovine•• ·In tbe oue ot horae1lctr~a.t the reaulta 

d•ta1le4 abov• ·-• that an at\1U1pt hila 1:>6*'1 n:a4• to aoa.om­

pltatt t~tts. tiut1 it rtUtt ba bone in mind t.h~t the ri.:rtcld•l 

content ot the sei'UII c, nnot be Mtiflrdfid a~ a true la4ex or ~ 
degree ot 111MU1'11V ot the snua donor a.tnce no conal;!teratlon 

11 pcl4 to the po•a1b111ty of acqutred cellulr~r rcu•t•tano• 

tn a<t~11 t1an to hl.llottel 1l11T'4mlty. '!hie point 1m cletu"ly 
(9) 

llluetratod. by 'tbt· wo.rk ot ~ .. j\uart an<~ .~rlt\arle on rab1ea. 

·rneae author~ abwed that the !Wbleldal anttb~ coa.tent ot 

the etr\18 ot groupe ot rabhlta t~auaml•ed with ttbert•d. 

v1ru•• llv1nr rtxed vtrua en!1 oarbollae4 viru atta1ae4 a 

maxliiWI on the e;_."tJ) 4•7 f;Jld at that \1M ADt.1bod1e• an p.-.eta\ 

S.n t.IW grou~ ln \be preJ*"\toa 11211. How.ver9 ~1'¥ t.eaY .,., 
ot t.be aerwu dtmora b7 8\lbdual 1DJtct.lOA ot t1xe4 vtrua ta11Ald 

~ 

to ••tabllab • aiallar rMA\b..atioal "lat.touehltt bltw"a U.. 

~" prodeced 1n the 4lttorea\ 1roupa ot raobt\1, \he 

percent&£• ot •ttrV1vora belnl i:a f.eo:t the loo.ex ot t~~t.Wnlt.r,~ 

~no dgnltlc:ant 4U'ttrenou could M ob•l"'ft4• ~oaaequent.lJ 
i\ t1 r•aaonable to aaawu tbat the •am• pr1nolpl• eboul4 

hold SOOt! fOP 'h01"11t8lOk:no•s• Tbl,a 11 bOnwt OUt b7 tbe fiftdl--

tbat in •Pt te ot the ab&enc• ot de-tee tab» antthodte• tn the 

eerua or horae• 21 4&7• at'ter ln.J•ot1oo with neurotropic 

Yirwt the aaJority ot anlaal• have 4ewlov,_d at thlit tiae 

., l...,lty .. ~tlelea\ te proteo\ ap1net th• lntravenou. 
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1nJ•et1oa or ! c.c. ot tally virulent 'riacerot.roptc vtNa, 

al tho\lt}tl • atw.-e te'lri lt re&et. ton wt th cltnlc"l a.rmpt.oma or 
r.oraettckntao hae 'been prot1ueed atter t'h1e tnt-.1""'181. en t~ 
otber bt-DCl • ta1r]¥ la..rge number or l&lnunl tt t.eettt eurrled 

out atter a l.ongtr lnt.e~l hu ehOWA t.hc.t 1t~t.n etlbo<!les 

•~• 4emonatrabl• \o a su~\an\Sal tttre the tmmunt~ bas 

always be•ll aolttl. 

If tJle Yir1ot4al .. oontent ot the ••rw~ It rw\ an 

ab•ol\ilte la~tex ot to\a.l t~U'n\011 ty tJMre _,~atwtl to exl'ft 

0.\wea the two a relattonahf.p wht.oh it •"\osatbl• oa tbeore\loal 

gr0Uft48 and wbloh bact tto•n ••tabllab•4 tentatlvell' by tbe onq 

c~1t.1ca1 experlmentJI t}oaelble at preaant namely dtreot ta YSYO 

iraaan1ty \tata. I\ at111 remaliUJ t.o be anown -..u..r \Ale 

r•lat.loaahtp Ia • oonataa\ aDd pro.,_bJ¥ Ulia w1U on]¥ btl 

acaompllebed at\~~&r a a\tat18t.1cal turvey or the .reat.~lta obta1ne4 

fpoa the twm.mtaatlon ot large numbore ot anl•cle ln t.bt tiel4. 

1Jlmu.mltr uate ln th• 18b~tor7 are Ubat1ataotol')'• Altber 

the ~lUl 1• &011417 Jtesiataftt t.o tbe lnftCtlOil or virUI 

or a tatal ~•ot.1on reeult.G bu.t 1a net tber cut ts 1 t poaaible 

tt huard Aft1 optolon •• \o t.he "latlve t;!tsrt• ot nelst•.aoe 

or auae•-pt.lblll\1'• In tboe• oacparattvel)" f'artr lnatanott where 

an 1~umun1ty \es\ results 1ft. a non fatal Maction or a 'NAOt!.an. 

ot var1&blt atve~1" after a leQithened vertod ot tacubatlon 
~~ 

a el•ar interpretation ot tht- ••eult te •~taeY'J.t! ·.i. by a r-ealisa-

tion ot the marked ditrereacee ia au•oepttb11l\7 ot 41tf•~n\ 

1nd1vl4ua11 to hoNe810kMea. lbt• l&Uatie:raotory 'hit or ales• 

syatam or ·O.ters1n1DB lw~nmlty, al\bout':h 1t GUet be regarded 

•• tbe ult!IYt.e erlte:rtor1, baa been • ••rloua beadicap 

partlcalarq 1n \bt at.ud7 ot t.h• etttcaey ot ditteren\ •thot18 

or lmmun1aat1en. tbt In vtt..PO nwU.lla .... t,to te1t 4tiCP1W 

ap)Mara to relti•d.Y th1• ct•teet ~ond ln adt11t..10Jl wlll l>t ot 

s-.na• value in effecting eeODot~l•• tn the use ot bon••• and 
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trequentq .. Y elarllf the r•aulu ob\ained aloe• ialt.lal 

•••cept.lbllit..r cc& el--..ve be o•ter•1rwd. rhe del.q l.n 

·~··--• ot imuune b041•• ·~t o. bon• in z1n\1 Nld tll1a 

bae nduoed the epeed or r••••rola work to • cona1de:r6ble 

extent •t.Doe 1\ l• apparent. that filA Animal :w~t bt kept und•• 

obee'f'Vli t 1cm tor- at leu t ·ttu-.• :.onU.a be tore &J\7 alpitleance 

can b• a\taob•4 to tbe vN•••'lO• or ~~baeace or c1rcula\1~~g 
vtrietdal anttbod.l••. 

ln apit• ot tta m88J lla1tatlone th• t.n vttro 

neut.rall•atlon t.eet i.e provlag tb• ~1oe\ vnlueble •t.hOd 

avatlablA to-<t.v •t •ttld;rtag tb• problAII ot l~~ttQnlty pndue\S.c 

tn tht• 41••••· !'rOll the polnt ot vtew •. t teoltnlqoe uae 
aee•••t t7 ot belftl toreed to aake use or a biolegioal wet \o 

det•Pmtne 1aactl'f8t1oa ot tbe vt.ru l• • bl< haadlcap. ;.,per\ 

onti.J'ely t'r'O'm tb• aee•••l\y •-r baYll\1 to uet 1arre Dumb4t.• 

of.' mtce tor lnJeetton there le • del., 01;. at least aewn <lOFa 

baton JWC:tulta &f'e available and thi.a 4elq is f.acreue4 b7 

the time taken up 1n ~peat.l.ai axptrimente wben obv1oWt 

error• have oocurr~ and in orr_ring out contir~~&t.OrJ' work. 

;.. vu\ a.ount ot work muet be recof."th4 e1mp~ b)t' aqlng \.bat 

no l.D vi tre reeettcm haa bHn toYAd to r•epl.ce the blologloal · 

teat. Jumerout4 att.empte haw b•en t¥J~&~e to &lJPl¥ the 

varlole•vecet.nta tlooculatton telt ot ~raipe and Tullook..(CJ) 

without any euccus. n•ut ·tlooo.ulatlon reaction r•por\lld b¥ 
(.co) 

Ravena aad ~ttold in conMot 1411 w1 \h tl\G ir \'ION Oll rabies 

••• tolltu•d tNt in the oaee ot nc.raea1ok&Wu1a tlooula\lon 

••·a 1\ 41d occur WN indlattnet. eould not alwaye be 

CODitd.ef'H ent,trel7 8pttOt~lO ancl d14 not eeea to hold out. 8D¥ 

hope tor quaa,ltat.lve appltcat.loa. JlallarJ¥ the poaalblllt¥ 

ot preparlq u 11ta~~lu\l.aableit or "agglutla&·tlng*' an\1Pftt 
(II) 

following tbe priaolpl•• 4eaor1bed 0, ("abft tor the ••rum 

dlapoa1e or qpll1111t w• 1DYdt.1pted wlth a.eraL1Ye r•aulu. 

Digitised by the University of Pretoria, Library Services, 2013Digitised by the University of Pretoria, Library Services, 2013



COtUltqunet~ at t1:1e Jl:re••nt tiN only the resulti ot 

lntrttcerebral 1n,Jf.ott.on or •1~ with ''"''it,able mtxtur•• ot 

vfrue aM Mtl ••~.1m <:an be eoneidtrii4 but th• ur&t,~t 
~ 

n•etctl t.y ot havtna a teet t.u~"' 1a appr•·et~~te~1. only too 

tully tn Ptteorcb work ot thfa dtacrtpt10t.l. 

D. I!!.• Ull£1li\t q.( Xltij£! Jt£&~Iil.L 

Du-r1n.g the oourwe ot tble work frequent retC&rtnce 

bu been ~• to the u•• ot J)Vttct~l.ar atr~l.na or virus. 

Details of tht orlgtn ot tbeae atr•tna hav• been 011ttted 

pw-poaely until th1• etuge •• aa to enable a comperleon ot 

tht 1r antig·onic dtttereaca•• to b• r..ade at the salle t1tae. 

Tho etraios aro 41at1Aot..tvel_y la\'elled from the 

ltabox-atory n~U.r of t.he horae trOiA wl•1Qll tt•11 were or1g1.rutlll' 

obtotned with the exception ot •0• virua 1ft •n1ch cas• tbe 

lett1r "0'* by ~o•aon uaase bas be:ert Nt4ll.!ied to ael1n 

• ord tnary vtrua •. llo at tt~pt has been taade to allocu•t• 

1yabole aa 1n th• oaee or the At 1 1 C ttc. atrL1na ot Foo\ an4 

).i;.o\lt.h virus beeau&• aueh a,mb0h 1 in tbe lli.~t ot our preMD\ 

knowledge fd tht~ ant1g:enic etruotur••• cannot be other the 

equally au<ta.ntngleaa. dntll auoh t.lu AI a.)'mbola are n.eea18J7 

to eerrve u a bo4&1a (C~r cou.tparlaon bet.weu au•ains ot vir"• 

trotn d1fttrent 1nat1 tutiona or cowatr1es 1\ ia p:r.po•ed to 

rwtain t.he preaent, aomanclat~re pen41ag a rat1oD~Jl ach•• 

or claes1t1cat1on. 

tho et.rfl:ine wbiob nave \Men 1Dveat1gate4 1a th••• 
etuttiee are I• 

1. ~'r•!A ~ c~nl¥ u~ed v vlr-r.u~:. ·:b.la te ttl• 

original etM~1n ~x·t•n•lvely used b¥ fbeilA'r 1 b.y whoa lt waa 

1eolated in the .tir.t inatance. The o~lgin or this etralft le 

eo • ._t otmoere but t\ •wear• to be the: one moet c011taoal7 

encot.antered at Onderat.epool"t an(! torst.td the bu1• or th• 
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orl.giftal ••rum. vl~a ruthod or lmm~mtzetlon. It te a.xceedi!ll­

l¥ Vtrulent -lin~ ~41 b4G1'l :t&f.nt~,, f~r .!'10~ t?tatl 30 3f;~6.rl b,. 

pox-icdtoal :tub~.noculatton into h~rats 1n _,.lich it ia now 

In 1ta :!Sut PIUJSflt~•· aenerat.ton 193 Se the on~ ~1cb hb8 

been tixoc! 8Dd tt~&1nte1n(!d 111 mlc•• 

2. l\!s!n a;·'i•t.. Tb1tt •tref.n wan Obt.a1ned at 

'·>R<"~l~t•poort 1n 1931 fJ-()11 a •pontaneoua cue of th.e d.l.tt .. • 

that oocurrPd tn an anlmal wnlch b.a been byp.rtmmunla~ 

·~ montlla pnvtwsly a,ralaat etrain 0. In comr~IU'ltloft 

•1 U\ tbe reeult o-r 1Dteo\lon w1 th J vlru1, the eourae ot 

tht dtae~•• tt pNdtJo•• ia IOMwhat leftgt.b.-.d bUt tbe 

lfi.Or\altty &l•o 1• 1.;\J~. It appe_.. to be the atretn coatmODII' 

eneounteNtl atter JU.ltUPt'1 tntc;t\lQB on tile lnttitll\ea tan~ 

" " !·aalplu•• 

a. lik•ia 2%64. ()) aar<I Jam~.,.,. 1933 a 

ausotptlble horae waa lnJ•ct•d wt\h & crJ.xt.u.rt ot elJt etr~l.ne 

ot VS.rua obte.1ned rrom •pont.aneou. eaaee of' boreeelckne•s 

wblell 'had. oecuPf'e:d eeverel year., p~Yioualy either 1a tb• 

atahloa or on vartoue ranaa ln t.b,• vlolnl t.Y• The horae dle4 

em tht •S•th day atter tDtootlon an~ the v1r-,.1s contained 1a 

the blooa Juat 'fJI'lor to <1••Ut ••• ~t~bl.noculated into m1ot t:q 

the intracerebral route. ~~om tb1a tlxatton two atrai1ts 

emerg~d whf.eh are chtu•ecterlaed t,- a allgbtl7 d.ittareat 

periOd or tnllubatlon and court•• ·''h••• atrttina navt beef.\ 

lal'lelled N•pecttnlJ 2~4M A and. l<l4M s. i;)J- rtuone to 

tHP noted late..- onlJ the result• atatned ·wl tb a~)4M ••• ,.. 

detalltt4. 

lsl&&t\li:Ssat'an• rtr-oup• or three horr.~ea ,...... 

"" tm~wnt.se« agel-not each atratft bf· th• aubeutaneoua 

1nJeot!on o'f lC e.c. or MU'POt.:ropte viNe tn the tom ot 

a n.lJ sal!'fte ~u•pcnsSon or tbt bratna ot m!ce saerltlced SD 

extnm1a dUrtne routine peaaage. All or the horae• W~~J-e 

•iv.o on}¥ a eiDgle iAJ~otlon 8Dd the normal atlct re•\S.ana 
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an\Sclpat.•d t'Pora the uae o~ at.temaat.t4 Yir\18 were ~ed. 

Dekib ot the f.BJeetlou are give ta tabular r ... bel ... 

•tatak Xllt. 

,i!EirlPtS&ID..IC :lnl ~PaS& _.. iR JltDJ•a. 

JtralD. and geD•N- r:>ate ot 
tloo ot vtru. 111Jvo\1oa 

10 ol1Dloal or te• 
?.a.:M brUe reaot.loa. 

allaf:t\ tewr from 
6U\ • 13\b f~~ •• 

11-0deS'flte tew.r traa 
8tb • 11 tb >'18J'. 

~114 fever t?Gitl 
19\b - ~3J'-;j day. 
Bo r•aots.oa. 

lo N60t1on. 

ao eltalcal or tehr~ 
NIIO\loa. 
ao ellaloal or• ~ebrflt 
reaottoa. 
liodeftte tewr troa 
a~t to 33rd de,. 

iSUi&e. (1) awaea SJ838 aD4 auMI •re w-pnl~ recaulftd 
ln other e:tperi.MAU aDd tbelr eera bM not 

beell ~··d· 
(I) Strala o tn a(k;lltion to 18 pu.apa tbrougb 

a1" h.t lN'ee pueed tbrougta alK pnerat.1onl 
1ll plaea plp. 

Pl"ior to lnJeetiOD. aaaple• or ""' were obtaln•d rr. 
eacb bone. A\ _,.loue trlaee la dttre:real experlMDta tbeae 

a era •~'• ua•d •• norraal eont.rola 1 uw:r oould Ule preaeaoe 

ot any· vlrie14al &l'lt.lb04lea be &ttec\e4. 

Jubc•quent to inJecti-on. the bora•• wre conttDU&lly 

•tabled eaoept. tor • perlo4 or abOut rlw boura •ao'b -&q 

wh-.n tbey wre allowed to ruD Sa • aull paddock. Tbe 

ehanoe ot er~aure to natuNl lnteet1en t.heHtON .,.. ntlUMd 

to • mblt-. :toreover no nat\U"61 •••• td boree•lo~•• 

oocurred ~·t a aU&l\ber tit au.eeptlbl• boraoa wbiob al111878 

ace OlllpGD l•d t.b ... 

Digitised by the University of Pretoria, Library Services, 2013Digitised by the University of Pretoria, Library Services, 2013



ltor ta vtwe aeutrallaa\loa. teats .,,._ ,.,.. 

eollee\e4 on tbe da\ea apeclti•d• lbt• .. ~ .-. e\ope4 

aepaP&telJ without preaervat.1•6 ln a ntrtpnt.or at. i 4•c. 
l....Slatel¥ prlor to uae a pool tw e-=h poup ... NCS• 

b7 mixture ot eqtaal qgatl tl•• et eel"\8 tPOa eaota bone. 

Jletatftlll•at.loa uau ter each P'OU'P aplna\ eaob 

Murotrol)lo Ylrua were ..-r1e4 out wt\h ttt• reaul\e lad.tcat..d 

ta tabular tors tHlow. 
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Table XIII. 

Jieutral1zat ion ot Vi,ru.s. 0 Dl type __ sera. 

!!,r neutralizat ioa vir~ . .!..o~e p~_!.~j{e gene~~t ~on 
1 
138 was usec:i. 8:8 antljea, 

Date ot .':>QUI Serum Diluti~G&. 
Test ·rype Late Interval after 

immunization 1:2 1:4 1:8 l.:l6 1~32 1;04 1:128 1:2so 1:512 l~lV~ 
.. 

4. 7.34 0 26. 5.34 107 days - o,o o,x o,.x o,o o,6 &,o o,t; ti,o -
16. 8.34 31. 7.34 174 u - - s,o o,o o,o o,o o,o o,o 50 ~.b ~ 

4. 7.34 20449 4;2. 9.33 g2 days o,o ~.9 o,o e,-& s,& o,s b,b ~,o - -
16. 8.34 14.~.33 17? n a,o o,o t>,o t>,c b,b b 15 ~,o b,6 - -
4. 9.34 20404 B ll. &.34 lCB days b,6 6.b b,s 5,5 o,o 6,5 :>,t> o,o - -.. 

15. 8.34 20. 7.34 178 " s,s b;ti o,o a,o b,O 4,6 6,5 b,b - -
_.........__...........__~·· 

Titratiof! of~ Virus Antlaen.(S c.c. in 60 c.c. of stock useo) 

Reau.lt. 

Date I A 

4.7.34 I S::r-::.5 s,e u,o o,? I o,o o,o 
15.8.34 b,7 ti,t;; s,o o,o o,o I s,u o,o 

VirU& strain 0 is neutralized b7 the homologous anti serum but ia not neutre:Llised b) 
strain 20449 \\anti serum. oY l.•4t,4"B o.'t\r,-~tYuT\1 

o,o 
o,o 

Digitised by the University of Pretoria, Library Services, 2013Digitised by the University of Pretoria, Library Services, 2013



[Date of 
!rest 

28.6.34 

22.8.34 

~8.6.34 

~~2 ,8.'34 

28.6.34 

~2.8.34 

~--- -

Result~-

TABLE XIV_. 

1levtra.l.i.zat1on of Viru.e. ~9 by t1e• aera. 
for neutralization viru mouse l>a&&!i~ 1eneratioo .1!2 w&t> used as ant!&eo.. 

~~ . ...,. 

Serua Serum Dilutions. 
Type Date inte~al ~r 11nun zat on 

1:2 1:4 1:8 lslti 1:32 1:64 1:128 11:2bij 1~612\!:.1004 

0 25. 6.;34 l(J7 days s,o 4,5 4,4 4,4 4,4 4.4 4,4 4.4 -
31. 7.34 174 q 4,6 4,5 f>,O 6,5 4,5 4,£> b.b 

1

4,4 -
. 

20449 22. 9.33 92 days • o,o o,o,o,o o,o,o,o o,o,o,o o,o,o,o 4,o,o~o1oO .~~ 4,o,4CJ 

14.12.43 177 ft - - 3,u,o,o o,o,o,o o,o,o,x o,u,c,x 4,6{'4; s_.4_.6~ ~,4,6,: 

204f.A B ll. 6.34 100 days o,o o,s s,n 4,4 4,4 4,4 4,4 14,4 -
20. 7.24 178 .. 4,f¥ljJ 4,QOP 0,~ t.,o,op 0161~ 4,5,6,0 "*t4 :4,4 -

- I 

Titration of Virus Anti&•~ (0.9 :lOO of stock antigen) 

Date Virus Dillltions 
A 1:10 1:20 1:40 1:80 1:100 1:320 ltti40 

28.6.34 4,4 4,5 4,6 6,6 s,tt o,o o,o o,o 
22.8.34 4,.6 4,5 4,5 \),6 o,o o,o o,o o,o ! 

J ..._, -..-..~.......-.·· -

Virus strain 20449 ta neutralized by the homologous artti serum. It is not neutr·alizec bl' Strain 0 
anti serum but ia neutralizec by strain 204\l4 B anti serum though onl.Y to a oecidedly lower titre. 
Moreover, in horses immunized against strain 20464 B viricidal antib<Kiies capable of neutralizing 
strain 20449 do not make their appearance unt 1~ after a lapae of lCS days and s:=:oa after 178 oa1s 
do not attain a bigh titre. . ~ut~ 

--

-
-
4,4 

~ 
-
-

'----------" 
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fable xv. 
••~trallaatiuo ot v!!.~-~~"'!Otl a o.: tme .~era. 

-··~·o_r_·_n_e_u_t_r_«_l_1.,.za"'_ .. _t_1_o_n vil';..;$ mouse naL-tt;.\aie }l!eaeratioa. 1o.o wa.r.. ~eel a.c a.atige!:= 
·•• Ml?t .... ~ii.A T h 1 ~-. •. M T s-. 1 M -

,..,.. 1 ..., •••·--. 4.<4,... •• Jt ~~--·-..:~~ .............. ·~•• ........ 

f:ate of Ser\.8 '"'-'er\11 D1lwtio~. 
fta~t I f7Pll Late ,+- llDtefvai •rter 

1airtiun1zation lt2 1:4 1;8 , ........ r , 1 ·l=l.i 1 i:·~~:e1 l:u4li:l,l2i r· 1~·2b6 ., ~;t;ii 1l:l~4. ~ 
• 1 • t 1 a 1-: ; ' • . .,.......,._.'"' , • a -i11 ' , ~"' .,.,.... '-" ... •d•l • u .....,_..,~-... • t I u :lc • I n • • I I m s l• • • tl 

o. 7.t~4. 0 

~.& .. :...~ 

0 j 34 l9'~ .. tA~~ . . -""~ 

~.e.M 

~.~1.34 120~ B 

i.&.~ 

2&.o.M 

~l.J.a4. 

22.w.~ 

14.12.33 

11.6.34 

~0.7.34 

107 caya 

174 ft' 

92 O&J8 

177 -

lUI da7a 

l?B t'f 

~,4 I ~ ... 4,4 

o,o 1 Q,o b,S 

o,u 1 o,o I::: - I -
?,o 1 t~.7 4,o 
o,o 1 o,o o,o 

. "•' 4 .•• ~ .. 4,4 "•" -
6,6 t..,o 4,b 4.,6 4,4 -
o,v o,o c,o o,o 2.tS.. -
o,o o,o o,o c,o o,o 

··~ 
~,4 4,1) 4,~ 4,4 ~.4 .. 
ti,o 9.&9 ~,t.i 4,4 4,. .. 

!1•ratiga o.f ~1r• •. "'*nt,1jflD. (1:100 dilution of Lttcok antigen) 

Vir we l.~iJ.,'-'t iooa. 
Date -

A 1:10 l.a&O 4;40 1:60 lal.9v l:a2C lJ040 
-~.__._."'. 

o. 7.34 ~,4 .w,3 4,4 e,, •••• 6,0 o,o o,c o,o 

ii.&.M 4,4 4,-D b.(~ .btO 4,0 o,o o,o c,o 
..___ -- _____ ........__, -· --- - _....._ ---~-~- ---- - -~---'------ _, ____ ·- ~_._.,___._____ -~- ---~ --~~-L ... -~--- -~--~~-- -- -- ---~· .-._ .• _-....-.... ____ .........,_~-"--·~----~~· -~ 

~~··¥1'=· .,train o anti ae_rua 1& not capable o:f neutra,l1a1aa virwa 204tt4 B 107 <la.ya after tbe 
1mwWlisin.g injection b~t 1s v1r1c1o-.J. in a i.-O• titre after 174 cia;.ys. Atter 1rltiit.tDiza.tioo 
•t\\\it.t$~'~rtltl4•a~Y,~toue "'"ic~&}l WJtib~iet~ ~•vel.Qp acre iilowll ar.o ao not 
o.rta.\-n so h7;'t: C\ ~ i ... conta laeG .. n t-Jtp4t 2t.rl~ &nti et.eruu. 

--
-

4t6 

-
-
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•• 
Bet61'e tbt etptftcaaee ot the rtn41np t• <1lac:GHe4 

tt 1• eaeecttal to de\atl the n•ulta obtained ta a prelltd• 

rtaf7 expertatnt OD oae horae 4eaS.gB&4 to throw eome llgbt 

tiPID U. aa\tpato eti'\Mtuft ot one vtru etrala • l\~4f.i. 

CCM:aenolar on 1G.U.33 a borae (lr.l189) wae glvea. repeate,4 

llljeot.tona crt ta1rl;r IIU11W ttoaea ot 1Dtect1w brain auapen­

elou prepared tot- PMtlne aubiaooulatlon. .lo 4otlnlte 

procedtaN •• etlopte41 lftJee\tcma being macSe att•r tbe 

term1netla ot u. orlalftal. tebrt.le reaot.ton at t1••• 

flben ac. adequate ••wl¥ ot aeurotropSo vtrua vas •vaUabl4t. 

The lftJecttona ;lftl'l are ehows 1D tabular tor. below. 

·tuJ.a m... 
iiiRtatiA &AJII\iM at MYDtrtalt !W {UJ5itJ•· 

~,....,..- ... ~..............,..,., ... '*"~.-.. l l .... cr •• IIIII I 

Date Int.et•val a1Me VlPUA fteaotton. 
lut lnJ.ttetiOJl 5oae ~ancentl'a,10ft 

16.11.13 • 10 a.e • 1&.1~0 .iewr. rever 

•• 

from 6\b •l?tb d..,. 
1.12.31 22 -· 1() o.o. lea& 50 react ton 

14.12.33 e d.,. 10 c.c. 1t26 JIO reacttoa. 

·-

12.1.~ ae ~ 10 o.c. 1180 Jlls,t.tt tever tNa 
16Ul- a6tb dq. 

28.3.31 41 -· 10 e.o. la6v ~0 rctaotlon. 

ae...- wu oolleoteu at. epprod•t.•l¥ week~ 1Aterva1e 

but. op t.o \U prea.a\ 1 t hu be•n poaalble to rua uua.al1Hti• 

teate _,.tut U.. three vlrue at.ntna •1\b otlzy two eerAPloa 

wkieb WIN ••~ote4 hapllaaardly Dameq aerua ot 21/&/'d4, I.e. 

181 ~· .n.er tint S.ftJeo\lon and 8:1 dq~t .tter lut SnJeotloa: 

and ot e.e.a. t.e. oollea\ed 16 dal'• la"t"• 

Tb• atlpu ue4 la tbe ueu\PaUHtloa t.eete were 

tbotae wted tn tbe te•t• tabula"4 abov•, '••• Ul11t volUIII ot 

the aot,l aewa wu reqwlred to MatreUn approxtaatel.¥ 100 

ll'.l.o. ot •••It aeurotrople YlrtM. Tbe oocaplett N8Ul\a aN 

abown ln tabular form 1n T•blA XVI I. 
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T4cle _I.VIli. 

···!&,') ~~- · q·q· ·- ·1. I. ·.t ... -• 1G~- .. J"UI. t I ...... ,,.........._ .... ~ ___ ....... :....,_,..._.._ 

Ser-WI Dilutioa.e. l~ate ot latra.1a ot 
Teat virua 

Aat1i,~D 

a.s.~• 1 atrau o 
... 7 • .34 I do 

;:.erua 
co.ll.eoteo 

2a.o.~ 

1;2 

-
II 

I 1:4 11;a1 i.10 r1;~ 1 :;o4 li="l28.1 i:w r 1J~l2 1 1~1~=p=:-
I - I .. I x.o I o,o v·,o o,o v,o o,v £1'5:. ~.c .... ~ o.c I o ,~ ,u 0,0 o.,o o,c o,o 6a§ Ot6 IJ> -

~2.i.34 I 2044W .22.6.34. - i - - • u.o o,o c,o .c'i·. 0 Vf o,o o,o 
~B ..... ~4 I co .... 34 o,o 1 o,o 1 o,o 1 o,o 1 o,o I o,o 1 o,o 1'~. '• "''v - - I 

e.s.~~ 120464 s 
<10 

22 ••• 34 

o.o.34 
- I 

o:o; ::: : ::;l:~~-1 ;; 1 .. _;;; j_:~:_ ~-.~=0_:_ ~~: o,o 1 

r~etH.;t,lt* .J'r(8 tne abov. +: reaulta 1t 1& ee•n that at.·4<·ter fi¥'! r.ep~at~ inJect. 1o.fti.; of a •iogle etr~ia 
•• . & 1 1 l-. or a•urotrop.c ¥ r~ tbere. appearec itt t.he ~•rue of & borett &nt1boe e• which were c:ap.atb....., 

ot'· neutrall~iftti ·GOt ool.J the b<aol.otiOllS etraia bat ~ two beteroloso~ ~traA.~ to a bi&1l 
titre. It. u ~ortbj ot not• that aerua ccl~•etac aJ c~1• att.er t~• ldt i~ti4t1{;)o ~ 
v1ric1Ga.l to a ceoaitoe:r-&bl.J t~ilf:bef t1tr• than tbat cclleat~ 1.5 U&~fi lAter. It ta not 
ano.a •h• tbAtt pea& of· ant1bol::.J prot.uat1oa 1~ reach«l D:Gr-" th~_titre mi61lt be. 

•bat 

-
{),C 

-
-.• 

1:40.16 

-
-

w 
I -
I -
I -
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rl. 

~GDU\\IICJ.IM. Cit the tbree 1t.ra1Da ot vlrwa lDvee\1• 

p\ed Strata o and •tram I'-A69 _.. dlatlactt c\lpaloall.Y 

alnee the type antl •~ra ooll•ote.S betore and at tiM pea ot 

Mtl bod¥ pi'Odt.10tloa do not oro•• neutral1H. tbl• t'lndlftl 1• 

dlree\ly lD t·•eptoa wl\b the orl;lD or \he •t.ratne Gild \be 

reeulu ot 1ll viw oro .. SWiliDlt¥ w•t•• 
$\rem c dltfera t'l'f* •lrt.ln a~AM a, aiaoe 8(*'4 a 

t~ an\1 sorua ~oea not DeYtralla• o enttgea, but. ~ et.l ••rua 

ttoea aeu·tr•Lt•• a:J404 a aD\1~ "l1l•" vlrloldal •tm•taneea 

eN produa.d ueeedingq •lowlJ' and 4o aot att.am a btp \ltre 

alRee a eoaeeavatlou or 11& t• required \e aeutrallae 

~~ 100 1.1.n. In vlvo cr._ 1.-ml\;r teate eould not btt 

can-led out to o~lr11 tbla reeult. bttoauH or the obaOW'1t 

orl,S.a ot •tNtln lr.Ae&. 

8el11Mn 80Ml4 • and •·~ t.Mre 1• a well a.-e4 

reeemblefto•. The \7JMt eer-a .. v.uae aeab YiNa to alaoet. 

the l4efttloal ttt.e, tbe dltterencee obkl11414 belnJ wll 

wlthtft the llmlta ot expert•Dt.al error and lt 1• worth)t o~ 

note tbat !'0464 D antS ••rvm aeutrall••• tbe hcaolosoua 

atr-ala to a lowr tltN Uum t.he bet.enloiOUI atN1n. dut 

there t_• tht• 111gb\ 4lttennoe • wb:ftNM 0 aat,l nrua •bolftl 

i/.0 neu\nllalna eetton wbatttwr aplut etl"filD 8J641 l\ 

det1n1t•l3 <t04t• neutral.lM 8--*'4 a antlgea t.hOU«b to a low 

titre. Tbte ~t reeult. baa beeta oonttPMd b7 r.eutr.Uaa\loa 

toau uttnc aa antls•• a etrala ot ~~ a v1rue at a ccm­

•l~rttl>17 41tter•nt level ot uurotropto nxa\laa. {gcuwratloa 

81). 

IQ..\I.a. lden\lcal lnwettga·tloas to tnoae det.allltd 

above --~ carried out with etrata a.VIlM ;... tbtt rea~lt.a have 

be•n cattted J)UPP08ely lMcauae a dleOftp.oq ooourred WhiG!& 

Nqulree repeat~d con£lrmat1oa before pabllcatloa. A batob 

ot three horaea •r• li".Afttfllae4 b7 .ubout..,.oue 1nJeet1.on ot 
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IS. 

a-nt. 
m~UH VIN81 mld.. ft60ted allall' ~ tiiO ltb·OW4 DO Meo\toa. 

J•rw:a oollec\ed up t,o 116 dap at\er lAJ~c\ioa uaa fiiile4 t.o 

ehow ·fl/fi¥ wlrlcldal etteo\ on e1U.~ \be borD01080\Ul or tu 
h•wro1og0\UJ YlrtM~ ~1\beqb. t.bo ~tt~n u.a .,.. readllJ 

aeut.JtellMd to ltllb tl u. by the nrua obtained tHe bern 

ll~'GIO wh1ob J'Helw4 the npea\•d lDJee\lone et etnla a;J~Mt. 

The work haa been ~tull-7 oh9etre4. lbe liON•• "'" lnJ•ot.e4 

wl tb puuage Ylrua paePat len Tl on a - .hea no other 

SaJeotlontt w•re raade eo Utttil the t.JP~ •·•roa rataa\ be eorrwct. 

l.a.trallwatlon te•to bave "*•a carrled OY\ utns u antli8D 

pmer•ttone 81, 92 an4 101 ot tbe 1\omol.o;~oua etra1B bt.lt alwaya 

no t.teutrallaat.lon or t.he 1\orAOl$1(1\le ·et..-IA •• etetae4. It. 

te fl4.~ltt.•tS that theN exleta a puelblll\f' ot etxlag up 

t.wo •trolra.s tturtog rt\tttae PM8AP tNt u .ueb care has beeD 

tabu to avt>td tbl• error en4 u no vartaticm baa oetftrNd In 

the ethel" etralnt tbe •~I~.J.eton ot auoJl a lll .• ~ko ta not 

c~dod roattlll'• lt tbe naUl\8 Obtatm4 .-.. cOt~rec\, t.Nty 

t.adlcate \be· eaiateMe ot a non .at1i.."'rdC •tram, a fln·tl.ia; 

wt.loh would ocreaalon ao ~at ·~••• , ... ,.. Yl.-,~t 1a \fte 

lt~t ot 'be Neul\1 obtAlaed wl·Ut et,._ta avtet a above. 

Hewe.ver, the enttt-0 exptrl•nt IIWit M rep•ated GD4 u tbia 

MUfJalt&tA-o a ~•la.v ot· a.t leaa\ Jt:.,$0 da7• the re-.s.na.r fit 

tlle work ie ~talltd iD v1·tw of l\8 poaolblo tatere•t• A 

turtber M'POR will ~:e au'btlt tt.ed ln dUe eou.rwe. 

~'IAmll•itD1 • plurall\J' at atf'biM ot ~or ... 
1lekao•• vlrul 11 demonttra.\ed crone1ual•l¥ 1Jy tbe wor~ 

utatlad. lb·1e aupporta thfl obMrva\tOA tbot baa U.ttn 

Nde in the ttel4 tllir\ • untu1 wbloh 1• eoll417 realetut 

t,o naturt.Jl tnteotton tn or• paptlcular area •. t IUCO'Ut:litt ~o 

Iione•lcknes®£ eoan att•r tftdltlter \o •ome •U.•r d.l•trlet. 
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;~paa the t,ftllmlfltlry ••t.>erl=tnt repcwtea. tn• d1t'tennc• 

ln. antlpnlo ltruetttMt bet.weea tbe•• etrettu~ &:.iveare to be qua:n­

\l\attv• rather tban •1ufllltative •lnce tbe rear)QNI• to repeated 

lDJ~Kttiono ot our v1rua e\rela wae the protluct.1on or ri.rlc1tta1 

bodlee o~peble ot neutrallsln.g all the othe·,. e\ra1Da th~t bad 

be-a fix•d neurotroptcal]¥. ·la oUter wol'ds tt eppeara tJlat. each 

ot· the virum at .... tne il\Vt'et.1p\ed PM•••• tn• ••• ant.ic•nlo 

c-.. oo.mtA which are ~aent in vaatq d.ltt•r•·rat proportlona. 

The Nault la \1\6\ a elng» l~lst.ns laJeo\loa produces 

l•untty asatnat thet coaponent wnlch pre4om1Dates b\lt that re• 

P8at~d lnJectlont crventuelq produce• hDWllty a~ln$\ ell \he 

•ron.:~ th• polnt ot vlew ot mue ~ntzatlon 1n the 

fleltt tbe•e ttnrJ1np are ot ~·•t, laport.ano•• i?o~ • practloal 

end economto aapeot S.t la allloat oaeent1fll to 11w1t the rtrooeaa 

ot t~:Unltation to a eS.ng~ laJ•otlcm. Connquently there muet 

be lncorpon.t•tl ln t.be vaooS.ne every ettenuat•4 vlrue \tlhlcb 

POe•••••• a 4ltte,...nt anttnenlo •truotUN no rt4tter bow aUifl\ 

tn order t,b.&t. &Jl ede<;;uate lllf-UDlty ..,. be produced esalnet the 

\)IJk.nown nUIIb4tr ;;t natUPaU;r oo~urria€ 1~1ns or 41tterera\ 

oonatltatlon. rble ooncep\laa clarlt1ee the wbole problem ot 

ia:4lftl•atloa an~ pr•evwo••• tb• ultl&~&t.e development ot a com­

pletely polyvalent. ftOfJine whleb •bould be etfioactou• 1D all 

art? Me 

~~• other rteul\ merit. 4i8otaaalon ood that te the 

produetloa ot ·tttgb tlU. ••rum b7 repeattHl laJeottcme or vtrua. 

"rhts ta ln dl:rect oon\raet to tl\e till(tiD£ ot LlO,..S aa<1 llahatt)*(•l) 
. 

~rmo ln tbttr .ort on Yellow .f"ever ebowd that ttno •1Fl1ttcaat. 

alteration .., toua~ to take plaa. lD the J')NWOt1nt tAnt1bod¥ 

t1\N ot tbt ••r• et ttw A.iaeaoua l'be•ue moak•.re• 1~ to 

.,ellow •'ever after repeatt4 8\lbeUtawoue S.nJ•otlona ~ neuro-

tropic )'ellN t•wr v1rwa at montbl;r 1nter¥bla"• ln the eue 
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or bor•••tcme.•• a elpttloan\ (I tol4i tncreue ct14 occur an4 

It 1• no\ \tnown wbether th« aeMlll \lee~ NJ)N·eeated the moat. 

pot.ent product. 

In oonclualOG 1t uwat be ~1tt•d that \hie Mpect 

ot the etudr ot l~unlt7 \o boraoaickftee• ba• only Ju•\ be4a 

touched Upt)D but. the Naul\8 at.,pear to be Rf"ttcl•n\J¥ lmpor\aft\ 

to •rl\ early Hport ln th• hope that cumt11WltOJ7 aDd a441t1oaal. 

dl'k .., be launebec! by other laveatlratora. lioreover, la vt• 

or \be .taot tbet. ant.lbod1ea are produced ao alowly a compN• 

be.nelw report cannot tHJ ar.t1c1J)ated tor &M1\Y 1€+ertl eo U\4lit the 

publleatlon ot pro,nett Ntporte I.e ••u.able • 

•• wu. 
1. The teohlllque o·t tbe Intracerebral proteet.S.Oft teat 

le 4aacrtlte4 lr.t detallt pc-ttoul&r ett•Dttoa belns paid to. the 

preparation ot a conetaat aa\1pA a.D<! 1ta keeping qualltlea to 

peru.tt of quantltativ• cotApt;tPleon ot tb• reaul\e of dttt•r-er•t. 

teat•• 

a. tbe alow produCtion ot v1rlelda1 antlbodl•• tn 

lDauntsed f.ctllmala la i11uatr•t.e<lt and 1\ 1a anoWft, tt"At tb1a ~'tit• 

t• eoulderably elower atwr the laJ•otton of at.tem.tll\e4 vlru•• 

3. The relat.lon betweeD anUbOdF content or tba ••rua 

and total lJIIIIUtll\7 la 4leeuaeed. 

4. rh• plurabiU\Y of" 1tralDa ot hortJe•lok:Ree~ vt:rua 1-1~ 

deu«X\1 tra ted. 

&. "lbe probeble antlpnto 8truotuN ot 41tteNn\ 

•trDlna te deecuea•d• 

'· :the prOduot.ion ot blp tl\re Saauae aeNm te 

ln41oated. . 
a t.'U\$l 

?. l'a1~ to .U·•' .. em la Yittro te•t \o Nplaee tb• 

blologtoal teet at pre .. nt. euen\lal ttor the completleo ot neutra• 

ll•atlcm eaperi,.nta 11 reoordo4. 
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