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In 1931 Sawyer and Lloyd reported an intraperitoneal

protection test in mice in conneetion 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 of Yellow Fever neurotropic virus and at the
same time an inert substance like starch in 2% solution is
injected intracerebrally 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 of instances. This test has been
applied extensively to the study of immuniS;aggth considerable
success, but in reading the reports of workers who have used
it one cannot be other than impressed by certain limitations,
Every mouse which receives the same infecting dose of virus
intraperitoneally does not die and when the mortality is 100%
the deaths sre 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 eppears 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 ag it does upon the
statistical survey of the percentage of mice which survive
injection, 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 gquite 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 aporoaching a constant
percentage in mice. Consequently it became essential to
develop a technique based upon intracerebral injection. This
has been done and the test has proved irnfsluable in the atudy
of many problems associated with immunity.

#hile the work was in progress lax Theilegéreported
his "Yellow Fever protection test by intracerebral injection",
It was immediately apparant that the nature of the neurotropic
virus of horsesickness permitted modifications capable of
rendering the test more accurate and delicate.

It has been shown previouslémthat 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 may be deter-
mined to two fold limits. In addition the titre of a
suspension of infective brain made up in 10% saline remains
constant for a period of almost six months when stored
in the refrigerator at a temperature Jjust above freezing.
Therefore the first eassentials of an accurate test are ful-
filled, namely i~

1., A test animal of constant susceptibility which ie
eagily infected, and in which a clear cut reaction ensues, i.e.
survival or death.

2. A gtable antigen permitting couparison between
results obtained in different experiments conducted at
different times.

3. An antigen permitting titration to fairly narrow

limits with constant accuraey,
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For completion of the test it only remained to be
shown thaf the sera of susceptible ?orsee do not contain
virug neutralising substances, that the development of
immunity is followed by the anpearance of detectable virucidal
anti-bodies in the serum, and that the action of these anti-
bodies 1s specific. Ffrom 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. The Intracerebral Neutralization Test.

Iechnigue,
extremis
A, Preparation of Antigen. lilce are sacrificed in /

after intracranial injection of neurotropic f=<< virue, the
brains carefully removed with aseptic¢ precautions, and placed
in sterile 50 c.c, centrifuge tubes fitted with corks., After
the brain 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 10%
gerum saline is prepared in the usuel manner. The process

of preliminary freezing and sudden thawing has been adopted
because undoubtedly it aids in cellular fragmégtion and
faciliffes 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 gecond tube and again spun before being
decanted into a sterile bottle fitted with a rubber cork
and s tored at 4°C, With the passage of time a fine
precipitate settles out to the bottom of the bottle but

this may be left 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 particles
by filtration but at the time the value of the Seitz filtge
wag not appreciated and Gradocal membranes were not available
so very thorough emulsification and centrifugation was relied
upon for the production of a homogeneous suspenaion, In
passing it may =keo 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¢ds to
have no beneficial effect upon the ultimate product,

All manipulations are carried out with strict
aseptic precautions, Antigené have been stored for six months
at 4° without the addition of any preservative and at no time
hag 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 of no importance provided it is not
so high that an extensive deposit subsequently foress. The
virus titre is then determined in two stages i~

l. A preliminary rough titration by serial ten fold
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 experiment. {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 #»e ten fold dilution with the following result i~

lfable I : Fate of liice cted with the ten fold
dilutions of virug, of viru

) Virug dilutions.
130 [ 1:102 310 3 3100 [ 13100

itesin atis-

Death of mice 4.5 4,5 4.5 5.6 0.0 040
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Notes 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,

O means survival,

X means death due to some cause other than
horsesicknese, usually injury to brain at time
of injection,

Doge 0,05 ca.c, intracerebrally.

from the figures it is seen that the infective

titre of the stock emulsion is possibly above a dilution of
1110% but below 1:10%,  Therefore a suspension consisting of
1l part of the stock antigen to 100 parts of diluent could be
expected to contain in 0,05 c.¢. at least 100 minimal infective
doses of virus. For a neutralization test antigen and anti
serum would be mixed in equal proportions so that for the fine
titration, the dilutions indicated below were mixed in equal

quantities with saline before injection,

Dilutions
Antigen | 1710 1 1720 [ 1730 I7T60] 1780

Death of 4,5,5 5,5'6 4,5,6 5’&) 0,0'0 10‘3,0,0L O'O,g
Kice i

It is seen therefore that the stock emulsion 1 to 100
preduces an antigen which after mixture with an equal quantity
of anti gserum would contain in 0,06 c.c. approximately
40 minimal infective doses since two out of three mice
injected with the 1:40 dilution died, and injection of the
1: 80 dilution resulted in no mortality,

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

the 13 160 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 just above or jngv%;%:rktée
limit of infectivity 1is injected. Inaccuracies, may be
responeible for the apparent errors but a considerable
experience has shown that when consideration is paid only

to those mice which die within a period of three days of the
average resulting from the injection of lUU M,I.D. of virus

& clear cut picture is obtained. It is submitted thet the
inclusion of this time factor in the interpretation of results
has a definite precedent in other neutralization work and is
permissible,

In recording deaths every mouse which suecumbs
during the critical period is assumed to have died of horse-
sickness. This may be a source of some slight error but it
18 reduced to & minimum by using healthy mice which have been

accustomed to being housed under the conditions of the experi-

ment,

Be Collection of snti-sers, Blood is drawn
either into large test tubes or Erlenmeyer flagks fitted with

a gide arm, and the serum is decanted the following day after
coxntqraction of the clot, Sera have been stored in the
refrigerator usually without preservative, but 0,7% tricresol-
ether has been used without having any detrimental effect upon
i1ts viricidsl property. GSera were not filtered but were
thoroughly centrifuged before use.

C. Ihe peutralizatign $egl. proper, After a

considerable amount of preliminary work on the most suitable
method of carrying out the test it was declded to use falling
dilutions of the anti serum under investigation against a
constant antigen. Quite arbitrarily a dilution of antigen
was selected to contain in C.06 c.c, after mixture with an

equaly volume of normal serum or saline between 40 and 100 K.I.D

Digitised by the University of Pretoria, Library Services, 2013



7.

the exact titre being determined at the time of the test.,

Nonax agglutination tubes (length 6.5 cms, bore
0,75 cm) habe been used, the tubes being selected to have a
uniform bore, Asgeptic precautions have been adopted throughout
i.e. all tubes are sterilized and are fitted with cotten wool
plugs and freghly boiled and cooled syringes are used for all
measurements and dilutions,

To each of & serles of tubes placed in a row in a
rack 1 c.cj?;aline is added. 'Two fcld 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, 208) is
attached, The 1 c.c. of fluid then may be forecibly squirted
into the diluent without producing any fogm since the point
of the needle may be placed just below the surface., Only the
point of the needle 1s allowed to touch the fluid before

a fresh syringe is used for thorough mixing and transfer.,

The 1 c.c. of antigen is then forciblysquirted into
each tube containing serum dilution to ensure rapid and
thorough mixing. ‘The mixtures &are twken incubated for two hours
at 37°C and stored overnight in the refrigerator. ©lhere is
some evidence to show that the «+.cew between virus snd anti-
body is somewhat loose at low temperatures so before injection
next morning’all tubes are incubated at 37°C for a further
period of one hour,

It is preferable to use at least three mice for the
injection of each dilution. Unfortunately a serious shortage
of mice hag made it necessary to use only two mice in a
number of experiments.

It will be noticed that the serial dilutions of the

antl sera are made in saline and not in serumesaline. 'his

procedure was adopted for the sake of simplicity after it has
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been ascertained that 5% serum saline had no detrimental
effect upon the virus - 5% being the minimum concentration
pesgible in a mixture of equal parts of saline and antigen.

With each set of neutralization tests a control of
the infective titre of the antigeﬁffun by making serial di-
lutions in 1 ¢c.c. amounts and adding to each 1 c.c. of saline
to take the place of the anti serum dilution.

Experimental,

Since the antigen is the most important factor in
the neutralization tests about to be described the following
results from a series of different experiments have been
collected together to show that by the regquisite dilution
of a stock suspension of virus & constant antigen can be
prepared as required. Iurther it was of importance to show
that incubation for two hours at 37°C and storage overnight
in the refrigerator followed by a further one hour at 37°
had no detrimental effect 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 =

Table II.
Rough Titration of Stock Antigen in Mice.

- Virus Dg;ugions;
124 |14 %10 | 1:4x10° | %1:4;:10 114x10% [112x10P [Lsed

Death of 4’4. 4’5 5’5 6’0 0,0 0’0 O’O
Mice.

From this titration it would be expected that a
1 : 40 dilution of the stock antigen would contain in 0.06 c.cCe.
approximately 100 M,I.D. of virus. This dilution was made
up from time to time and tested with the results shown in
Table IV. Prior te injection all dilutions were incubated

under the exact conditions of an in vitro neutralization test,
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TARLE IV,
Accurate Titration of antigep.

Date I";g;‘:m A 1:10“!1'%%59%9%;80 11160 [1:320
16,9,33 8 4,4 | 5,5| By5| 5,6| 4,5| 6,0 | 0,0
26.9.33 19 - | 445 | 5,6| 5,6 | 65,0 6,0 | 0,0
13.10,33 36 4,4 | 446 | 6,6| 5,5| 5,6 | 6,0 0,0
27.10.33 50 - | 85,0 | B540| 6,8 | 0,0 0,0 | 0,0
4,11,33 58 - | 4,5 | 446| 5,6| 5,0 7,0 | 0,0
30,11.33 84 4,4 | 5486 | 5,6| 4,4 | 6,0 0,0 | 0,0
14.12.33 98 4,6 | 5,6 | 5,5| 6,0 | 5,0 0,0 | 0,0
20,12,33 104 5,5 | 5,6 : 5,6 | 5,6 | 5,0 0,0 | 040
29,12.33 113 4,4 | 4,4 | 4,4 | 5,0 | 4,4 | 5,0 | 0,0
17,1.34 132 4,6 | 4,5  6,x | Byx | 5,6 | 6,0 | 6,0
25.1.34 140 394 | 495 ' 445 | 6yx | 5,6 | 0,0 | 0,0
2.2.34 148 4,4 | 445 4yx | 445 | 4,5 | 6,0 0,0
9.2,34 155 4,4 | 846 444 | 5,5 | 5,6 | 0,0 0,0
2742.34 173 4,4 | 5,6 5,6 | 5,6 | 6,0 | 0,0 0,0
34.3.34 188 4,5 (585 | 6,6 | 6,0 | 0,0, 0,0 0,0

Note : A = _Antigen, 1.8, 1:4Q @ilution of stoeck suspen-

glon,

A congideration of the figures shows that from a stock
suspension stored without preservative at ¢ 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. O(ne
particular titration, that carried out on the 50th day, showed
a marked deviation but obviously this must have been due to
some gross technical error. After the Sth month there is a
definite and decided tendency for the titre to decrease. If
incubation and overnight storage as indicated has any 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 may be stated that
the variations in titre were so great, probably due to
inaccuracies in weighing, and imperfect mixing, powdering and
sampling the dried brains that its use in preference to virus
stored in fluid form could not be contemplated,

Frcm 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 as required. This
antigen will keep unaltered for 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 only remained to be shown that immune
serum ig capable of neutralizing the virus and that any neutra-
lization in vitro 1s specifiec, That this is the case is
clearly shown by reference to the figures given in Table V.

Table V.

In vitro neutralization of virus,

wserum Dilutions.

Serun 3 [ 14 | 138 1:16] 1:32] 1:64
1

Immune Horse O'O i 0,0 4'0 6,0 5,5 4,5

Immune Horge | 0,0 @ 0,0 | 0,0 6,0 | 0,0 | 5,56

'Sheep 4,5 | 545 | 445 | 4,4 - -
58uaceptible

( fog'l 4’4 4’5 5’5 4'5 - -
Susceptible :

- Horse (Aged)|| 545 | 445 | 4,5 4,6 - -
| L

Note: The antigen used was that which was titrated for
infectivity on 4,11.33 in Table IV above,

«‘iUﬁ = \QVNAI\Y\
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It is seen that the serum of the immune horse possess
es the property of neutralizing neurotrcopic horsesickness
virug in vitro, the intracerebral injection of mice being used
as the 1ndex of loss of infectivity. Jerum of a sheep, a
susceptible foal and an aged susceptible horse did not possess
this property. It may be mentioned that after a considerable
experience there is no reason to believe that the neutralizing
action is not entirely specific,

A congideration of the figures in Table V indicates
further tﬁat a sharply definedsmd point exactly indicating
the neutralizing titre of a particular gerum cannot be antici-
pated. liore accurate results are obtained from the use of
larger numbers of mice but unfortunately the available supply
was strictly iimited.

At one time it was thought that bétter results would
be obtained from the addition of complement in the form of
fr sh guinea pig serum to each dilution. <this has been tried
on several oecaSions 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 the method described clearly demonstrates
differences in neutralyzing power between samples pf sera,
which enables a quantitative comparison to be drawn.

Keeping ualitieg of Anti-sera.
Frequently it is neither convenient nor possiblé

to carry out neutralization tests with immune sera immediate-
ly after collection. Consequently it became necessary to
agscertain whether storage in the refrigerator at 4°C with

or without the addition of 0.,7% phencl ether as preservative
has any detrimental effect upon the viricidal antibodies,

A sample of serum obtained on 14,12.33 from a horse(20645)

that had been immunized by the injection of neurotropic virus

177 days previously was divided into two portions,to one of
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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 Z2.8.34, l.e. 8ix days and 251 days after

bleeding reespectively. The results are shown in tabular

form below.

fable VI,
ggeping gualitles of Apti-sera.
In- |Pre- : > pilutions
ate [ter-|ser-fl32]1s2 [ 1:8 116 1332 "%E;M‘E@”"%Ts 28]1:256 | 13812 [¥:1c2q
val |vetiw
’s'o/u’ 6| -| -| -|c0]| 6,0/00)0,0 | 6,6 | 6,6 | 5,6 5,6
0/12 6 ‘ - - 0,0 0’0 0,0 6,0 6’0 5’6 5,«. 4,6
j : !
B2/8 [251] = | =| = |304Q0 | 63G0| 0QQx | QOA® | 4,540 |344,5,0: 3,495,0] 4455
y 2/8 251 4 - - 0,0 0,0 0,0 ‘3,0 4’6 3,5 4’0 4’5
Virug Titration of sntigen,.
E — _ . Virus Dilutions.
jntigen -~ Date AT1:10 [ 1:30 | 1:40 | ¥ 1160
@eneration -
B2,Strain | 20,12.343 |5,5| 5,6 | 5,6 5,6 5,0 0,0
R0449
@eneration
R20, Strain |22.8.34 4,5| 4,6 | 445 646 | 640 | 0,0
RO449

It is seen that Horseslckness anti sera possesses
remarkable keeping qualitles since no apparent deteriodation
wag detectable after 251 days storage at a temperature Jjust
above freezing. This iz indeed fortunate because in the
enguing work it was necessary frequently to store samples of

anti sera for more than 200 days to permit of 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. The Appliecation of the test to the study of
immunity: The elaboratiion of a suitable technigue for
the quantitative determination of the antibody content of serum
paved the way for an intensive study of the development of
immunity in equines. When the work was commenced the
interesting nature of the resulits to be obtained was not
anticipated so that samples of sera were noCcollected as
frequently or as regularly as could have been wished. Further
the slow production of antibodies and the enormous accumula-
tion of sauples of sera has effectively prevented corrobora-
tion of every result by duplicate series of experiments, bat
confirmatory tests have been included at sufficiently frequent
intervals to indicate that the results detailed are not open

to criticism on the grounds of accuracy.

A, Ihg antibody content of the serum following

immynjzation, On 23,6433 two horses (205456 and 20570)

were given a subcutaneous injection of 10 c.c. of a 0ul%
suspension of infective mouse brains representing passage
generation 51 of strain 20449, The first horse 20645
developed a mild febrile reaction from the 19th to the 23rd
day after injection; the second horse (20570) showed no
febrile disturbance. In neither animal did any clinical
symptoms of Horsesicknesas develop. Prior to injection a
sample of serum was dollected 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., This
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 Tables VII and VIII., The titrations
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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 epproximately 100 M,I.D.
of virus (between 80 and 160).
Table VII.
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Table IX.
Titration of virus content of Ant

e¢n used in neutralization

experiments Tebles

and Vil.

No.

iate

Virus Dilutions,

A 1510 1:20|  1:40 1380 1:160 1:320 11640
1 16/9/33 494 | 5,8 548 545 4,5 540 0,40 0,0
2 26/9/58 - 4,5 546 6,6 5,0 640 Gy0 04,0
3 8L/11/33 4y4 | 5,8 5,6 4,4 640 0,0 G40 U
4 20/18/33 5,56 | 5,0 546 546 5,0 Gy0 0y Uy0
6 25/1/54 G,4 | 4,8 445 0% 646 030 040 0,0
3 £/8/34 4,4 | 4,5 dyx 4,5 4,5 050 0,0 G40
7 QL) 4 444 | 5,6 444 5,8 5,6 040 0,0 0,0
8 L7/% /54 4,4 | 8,0 546 546 040 0,0 G,0 Gy G
9 20/4/ 54 4,4 | 4,5 445 4,8 5,0 Uy0 0,0 GeQ
1C £7/4/54 548 | 8,5 444 4,440 | 445,0 Uy0 C,0 Cy0
11 E/8/64 - 5,6 64X 5,0 546 GyO Gy0 Cy0
12 8/0/34 - 4,4 4,5 4,4 6450 04U 0,0 0,0
I

Rote

*
*

Titration Hos 1 - 8 were carried out with mouse passage oz strain 20449

Nos 9 - 12 with mouse passage 120 of the same strain.
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Horse 20645,

Antibody content of serum

Date of Date Serum Interval serusm Dilutiocns., ‘ "
Test tuken after im- I3 2 14 I8  EP I 1332 17188 Lz T It
sunization
15, 9,33 23. 6,33 O days 4,8 494 4,6 646 - - - -
b, 9,388 1, 9,33 7 ¢ 0,0 00 | 0,0 | 645 545 - - -
26, 9,33 22, 9,338 gz 0y0 00 | 090,0,0] 6,0 | 090,040 5y555,0 4,5 4,4
30.11,38 15,11.33 48 " - Gy0 | 0,0 | 0,0 0,0 448 - -
20e12,33 20,11,33 6e ¢ - - 00 | 6,40 0,0 V6 byo Beb
20.12,33 7.12,33 170 " - - Op0 | OyC 6,0 b6 690 040
200 12, 3 14,12,33 VA - - G0 | 090 0y0 545 00 548
£5, 1,34 ©1,18.33 184 " - - 0,0 | 040 0,0 0,0 dy4 448
£B. l.34 12, 1.34 206 - - 0Oy0 | 040 0y0 0,0 Hyu 495
9, 2,34 1, 2.34 22b - - Ug0 | 090 0,40 7+C 595 496
&7, 2,34 16, 2.94 239 " - UyC 00 0yC 00y 0 ©30,0 43540 -
14, .34 28, 2.34 ese - G0 | GOPR [0 | HORO 49098 494 -
27. 4.94 28, 3,54 274 " 0y0 U0 | 040 | 5,0 8,48 by6 - -
8.: 6,34 17, 4,34 300 ¢ 0,0 030 | 540 | 00 4,0 Gyd - -
8. 6,34 8., 5,34 |agl " 040 030 | 40 | 0,0 | 40 Snd } )
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Table VIII.
Antibody content of serum Horse 20670.

g:;: of T gzignaerum ;_?i:ivz;’ - Serum vilutiome, |
R munization || 1:2 1:4 | 1:8 | 1l:16 1s32 l:e4 1:128 1:256 1:512 | 1:1024

26. 2.32 | 23, 6.53 9 aays | 545 | 345 | 444 | 445 - - - - - -
26,9,23 g 224 9,33 9z " 0,0 | 0,0 | ©y0 | 0,0 G0 0y? - - - -
50.11.323 f 16411452 148 # - G0 | 040 | 040 0y 5,0 548 545 - -
20,12.35 , 29,11,53 le2 ¢ - - | 0,0 | ©p0 0y0 0,0 546 046 5,0 5,5
20,12, 33 ; 4.12.33 | 177 * - - | 0,0 | 640 040 040 656 596 556 | bew

2. 2,04 21.12.58 184 ® - - | 0,0 | Ce0 040 Uy0 546 545 4,6 | 4,4

2. 2,04 | 12, l.s4 206 " - - | %,0 | x,¢ 0,0 596 546 545 4,5 444

9, £.3¢ 1. 2.54 225 - - | 0,0 | 040 Cy0 5,0 445 4y 4,5 545
£7. 2,3« | 1b, 2.084 23y - a0 | 0,0 | 00 Cy0a0 | 04040 44940 446 445 - |
20, 4,34 | uB, 2.54 252 " - 030 | 040 | 54090,0| 6905050 | 5284640 | 448,650 4,5,5,8] 4,488 - |
27. 4.34 | 28. 3.94 274 ® 0,0 | 0,0 | 0,0 | 540 U0 4,4 | 5,8 446 - -

8. 5,34 | 17. 4.54 800 0,0 | 0,0 | 0,0 | 6,0 0p0 5,6 645 546 - -

Be .34 | By 5,3 s21 Opx | 0,0 | G40 | 540 §40 445 4,5 4,4 - - l
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A critical survey of the results indicates th=t =
sxeeedy that a sharply definedemd point was seldom or never
obtained In the titra&ions but the figures clearly indicate
the rise in antibodgazézg'its tendency to fall subsgequently.
An insufficient number of mice were used for the infectiwm
of each dilution to permit of a ;é::égaty accurate conception
being obtained of the viricidal potency of each sample of
antl serum but it is belleved that the figures underlined
represent the highest concentration of serum just incapable
of inactivating the test dose of antigen. It ig seen that
particularly with horse 20545 the rise in antibody content
was rather slow ainezgthe 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, «fter the eighth month there was a decided

tendency for the antibedy content to fall,

Ag goon as the somewhat slow development of
immunity was appreciated it wes decided to confirm the finding
by weekly tests on the sera of animals immunized by the seruume
virus method. To overcome errors due to idlosyncrasies of
individual horses two groups of three were selected from the
survivors of a batch of animals being immunized, for the
routine mass production of hyperimmune serum. Group A were
hyperimmunized 69 days after immunization and consequently
had to be discharged from the experimenty Group B was
retained and it is proposed to continue tests of the pooled
sera at intervals for at leagt the next two years. All the
horseg received the first immunizing injection ( 5§ c.c,

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

(5 coco O virus plus 400 c.c., serum) on 3.11.33. The
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reactions varied in severity from "very wmild" to "severe'.
The results are tabulated in Tables X and VI, the antigen
titratione being given in the corresponding Tables X. A and
XI, A, In each group the sera from the three horsaes were

mixed in equal quantities for the neutralization tests.
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Table XI. {(Continued),
Date of | Dute Interval , Serum Dilutions. _ _
Test Serum |after im- 2] 14 I8 T:1I6 1132 b Y8 1128 132t 3 3 172048
i tzken munization
; days
13.6.34 | 14.3.34 | 134 = | = |X305040| 0304040 | 7505090 | 65790,0| 53647,0 | 6464646 6964648 548,056 =
" 28.3,34 | 148 serum injected '
" 10.4.34 170 - bt Q’O 0’0 G’Q {}'0,0 6’0,(} . at“zﬁ 5,6’0 5’6’6’ 5,0,6‘{
Table XL A,
Virus Titration. o
. * ' Py I‘
Date Virus Dilutionse
A 110 TT:20 1:40 1:80 1:1a0 1:320 1:
lo, 8,34 b6 645 45 5,6 5497 6490 00 0y0
23.; 5.34 5’6 @’6 3’5 5,6 9,? 0’0 6,0 O’G
30. 5.3‘4 b,ﬁ 53’5 @-,6 ﬁ,x 5*@ 6,0 Q'Q 0,0
6, 6¢34 5’5 “ 5,& 9’7 b,? G,O 9,0 0,0 0'0
15, 0.4 548 be5 546 540 0y 0 E,9 Us0 040

Digitised by the University of Pretoria, Library Services, 2013



fable X.
Titration of untibody content of pooled sera

from horses Group A (20749, 20751 and 20767).

Date of pate Interval ]l Serum Dilutions,
Test Serum  |after im- [1:2 1:4 1:8 1:16 | 1:32 | lio4 | 1:128 |1:166 r:bw 1:1024|1: 2038
taken munisation
days

16, 3.5¢ | 14.12,33 14 7505050 | 5402750 | 4569646 | 0909550 | 5905046 | 49550,8 | 545,  |5,6, - - -
28, 8.34 | 20,11.33 20 0509050 | 69035050 | 857,0,0 | 5565748 | 646,650 | 6464640 | 846 5,4 496 | 446 | -
28, 3.34 | 27.12,33 | 27 0505050 | 6505050 | 636579% | 696579 | 656,740 5,5,7,7,& 59656, |By5g006| = | =~ | -
£8,3,34 412,33 37 1 040509x | 5505050 | 5305750 | 6265757 | 697975% | 6469057 | 5964696|0969056| 296| = | =
28. 3,34 | 11.12,33 41 850,050 [ 04050,0 | 750,050 | 0362050 | 697,748 | 45647,0 | 556 646 - - -
5. 4.34 | 18.12.33 48 090 7505050 | 7504050 | 6505050 | 5363757 | 4565697 | 6564650498546 | 690 | = B
5. 4,54 | 27.12.23 57 0,0 030509k | 54050y | 5,0,0,0 | 5,5,7,% |656465% |55646,8| = - - -
21, 3.34 | 2. 1.34 63 - 0,0 0,0 640 740 6,7 646 0y 596 | = -
2l. 3.34 | 8. 1.34 69 - - 0,0 8,0 040 8,0 546 697 096 | 455 | 040
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Table X. A.

Virus Titration.

Date ‘“ N Virus Dilutions, o
W TTATTIRIO| 120 140 1380 [ 1:Ie0| 1:320] 164
16, 8,34 444 | 4,5 444 546 6,6 8,0 0,0 | 0,0
28, 3,34 495 | 44,6 | 5,5 5,6 | 547 740 0,0 |0,0
5, 4,34 -« 5,6 | 8,6 6,68 | 5,647| 6,00 0,0 |0,0
21, 3.34 ByBi| Byx | 6,6 | 6,6 | 747 | 6,7 0,0 |0,0
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taken

intervad
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anye

16,0454

b LB § k)
2C. 11,33

27.11,35

4
e
&7

| b L ed Dilutions,. w 7 MJ‘

1:2 114 1:8 1:16 1:52 164 1:188 | 1:856 | 13512  [Lado@s L: e
Gyl 7y 7| Gplyg0s?| Sebglyu @f&;@’ﬁ Ggiughpb| Bgiguy0 - - - - -
Uyl eyl Bl 7P Le6 Gy - - - - -
Ll Gpligligl| TglglgU| UglgUyl| Tads7gu| Upguel| Leligvy?| G9o - - -
Gl L0 240 L 90 2g% Ge7 S840 5y - - -

- - Lglight Gelighigh | TglhigUgl| gl gl | Dabglyt| Spbgbgl| DeDyligdy Oybyugv| «

- - gl 6,C Syl byt el Lgl b E) -

- - Xguplgu| Uplglgl | Gelpugii| Sptiplal| Dgugugil 3pdgul | Lgago gl Selybpe| =

- Pt Ogld Gyl 0ol wa? ES 540 §obs 598 -

- - Ugl Oplap0 | 5yplpls | GpigCyl| Babpilat| Lybgusl| D90g748| Syugog0| =

- * Vgl pigli | Upliplighi | Upligugu | UeBpigl | Lgbglgu | Dpugbyv| Gyuguy?| Dylgige| ~

- - ] CeligUeG| Colptigu | Ugliglall | Gglglyll | Cplelal| Belyglgli | Bguguyu Gougog? | ~

- - o Oyl 040 Gel X 4G 756 PPy vy? -

- - CpliaQyC | Qpiplyl | Brgugipily UgUply0 | Batalsl | Bywgwsl | uaTslall vadsvseq =

- - Cyld Ky Cgigllgl | GeTgiigl | GeTelUpti | Laualal | Gavpoel| Lougupu | Syd|

- - Gyl gl Tela0aC | Sauqiigi | Cetpugt | Ogbg0s? | LySgogl| O9b By

- - Uy0 Uyl Cpliglal | Teplyl | 790Gy | Sp0gugi | Latg0y?| Dytyuyu | Dyo
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17.

sroud fe It 18 seen thot 14 days after Injection
neutralizing entibodiee were prerent in demonstrable amount,
From the l4th day thare was a slow but ateedy increase in
titre until the 65th Zay when the horses were iischarged.

Srouz Ba  In this group antibadies were not
demonstrable on the 14th Zay dbut were present (n ayprecichle
amount on the 2uth daye. From this point on there was & grodual
but steady rise until s pesk was sttaxined about the 53rd to
the ¥7th day. #rom the liuth dey there wee & distinct tendency
for the titre to decreese but It was maintained at & felirly
nigh level up to the 17.th day the lust recorded titrstion,

Lipousslons Agein it 18 ewphasized thst the results
recorded should not be serutinized with au eye to swthematical
accuraey, Rather due conaideration should be pseid to the
Alfticulty of titrating o minutle living entity (if evidence
is wiven to the genertl corceucwo of spinien in regsrd to
viruses to-day) snd to the use as an indicstor of a scoavhat
sroes blolowical test which cannot be other thun spproxisete
unless aalysed on & etatistical bagis., ‘owever, the rise
and the tendency of the antibody content to I@ll is well
defined 80 that viewed in this light the reaults &re of
singular intercet. Thay ilndicate i

1. The rise in antibody content of the serum of
horaes after lmaunization is aslow,

2, after luwaunization dy the injectisn of on
attenuated nesurotropic virus it takes adout two months
for the titre to reach a significant Cigure and the peak is
not attained until the 2.0th aay.

Je After {mzunigation by the seruxm virus method
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which is hased upon the contrel in vive by hyperimsune serum
of & fully virulent vieceroirople virus the Iinitisl risze

in sntibody content {e considerably more rapld snd the pesk is
resched after shout 100 deys,

4. At no time does the titre of the ant{ serum
obteined after imsunizoation by elither nethod sttein a high
leve)l =« unit volume of a 11618 &ilution of esrum being
required to neutralize 4 190 Melulley BRG this fipure is
ayproximately the ssme for hoth methods of {mrunization,

be After the peak of sntl body formstion has Been
resched there i & decided tendenty for ft to fsll but a
consideranle titre iz saintained for 300 deays end 170 days
regpectively (the limits of the respective tests),

6e As yot there is no dets to inuicate for how
long the anti body content will be maintained. This aspect
{5 being studied but results will not be aveilable for et
least two yesra,

T™ie conception of plow fmmunity development has
ee fer as the author & avare & single precedent in the
iiif@iziéfyag. the delayuﬁlzsgzgslngteﬁx rvaponae in bovines
to the injection of cultures of An{}ueaeeu& mycobdaes
sttsnuated hy continued subcultivation i urtificial wmedia
as reaported by aannatgékl§3ﬁ}. from his work Hennett
concluded that "the longer & virus hss been naintained in
artifieial culture wedium (at any rate in serum peptons
broth) the longer it takes to produce fmsunity shen injected
suboutaneously ", In making an attempt 'Lo apply epprom-
{mately abaolute terms of generatione and times to thig
principle’ he showed that 'a second genersation subculture
was Jdaugersus Wt produced s solld ilzmunity in lesa than
thres weeks, a seventeenth generatisn subculture was safe and

produced a3 very sound {mmunity in three weeks ind an
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absolutely #0118 Imcunity in lesa than eix wecke; & 1186th
ganeration subcultupre althouph showing some degree of
protective power, Aid not produce & servicadle imcunity in
nine weeks,' Theee results {ndicate guite clearly that
progresaive attenuvetion of the virus of nneunonis ig
accompanied by delayed antigenic response in the animel injeetd
Unfortunately under the conditions of field experimentation
Bennett had no method of Aetermining accurately at any
particular time the relative imuunity in the various groups
of hovines., In the case of horsesickness the resgults
detailed ahove show thit an attempt hee been sade Lo BQQOme
plish this, But, {t zust be Lorne in sind thét the viricidal
content of the serum ¢ nnot ba regarded &n a trus index of the
degree of imsunity of the zrum donor since no ¢onsiderstion
ix paid to the pousibildty of acqguired cellulsr resiptance
in addition to humoral lmsunity. Thiz point s ¢lesrly
f1liustrsted by the work of Jtuart and Krﬂﬁariuénam rabies.
these authors showed that the vebicidsl antidbody centent of
the serum of groups of rabbits izzunized with stherised
virug, livinr Cixed virus &nt carbolized virus attained &
meximum on the 6. th day tnd at thst time antidodiss ars present
in the groups in the proportion 3J:121l. However, {mumity tests
of the serus donors y anbd%;l injection of fixed virus failed
to establish a siluiler mathematical relationship dbetween the
imomnity produced in the Aifforent groups of rabbits, the
percentags of zurvivorz being ia fect the index of iﬂnuﬂt&y,wQ
kﬁf;c aignificant differences could be odeerved. Lonseguently
it 19 resaonable to asauzme that the sane orinciple should
hold good for horsesickness. This is borne out by the finding
that in spite of the sbaence of detectahle antibodies in the
serum of horses 21 Jdays after injection with neurotropic
virus the majority of animals have developed &t that time

an fmzunity suffieient te protect against the intravenous
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injection of 3 c.e. of fully virulent viscerotroplc virus,
although @ severe Peurile reaction with elinicsl symptoms of

horsagicknese hae been produced after this Intervel, <o the
other hend & falrldy large number of imaunity teste carried
out after a longsr intervel hasg shown that «hen antidodies
are demongirsble to & substantisal titre the fmmunity hes
elways besn solid,

iIf the virfeidal content of the serus is not an
abaolute index of total immunity there aspears to exist
Detween the two a relationship which is ~ossible on theoretiocal
grounds and shich has been egtadlished tentatively hy the only
eritical experiwents nossible &t present nemsly direct in vive
Lnsunity teatse It atill remains t¢ be shown shether thip
relationahip {2 a congtant and probebly this will ealy bde
accamglished after & otatistical survey of the results obtuained
from the {maunization of large nunbers of animale in the fleld.
lmzunity teats in the laborsétlory are unesatisfagtorye. sither
the enimel is polidly resistant to the infection of virus
or & fatal resction resultz but in neither case iz it possnible
to hazard any opinion se to the relative degree of resistingce
or suseeptibility. In those comparatively rare instanoes whers
an lmmunity test results im a non fatsl resction or a reastion
of voriechle severity sfter a lengthened pericd of incubation
& clear interpretation of the result {2 sbeerved Ly a realizae
tion of the marked differences in susceptibility of different
individuals to horsesicknese, This unsatisfeetory ‘hit or aise
system of Jetermining fmamity, sithough it sust be regarded
&8 the ultimste criterion, hez bheen & sarious handiocap
particularly in the gtudy of the efficacy of different methods
of fasunization, 1The in vitro neutrsaliz.tion test demcribed
sppears Lo retedy this defect énd {n addition will be of

furense velue in effecting econcmies in the use of horaes, and
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frequently may clarify the resulta obtained since initial
susceptibliity can slways be deleramined. Ihe deluy in
anpesrange of imune bOdies wust 08 Lorne in =ind and tula
has reduced the spoed of reevarch work to & conslideradle
extent since it is apperent that on animsl must be kept under
observution for at least thyee zonths before any significance
cén he atitached to the sresence or adaence of ¢ireulsting
viricidal antibodies,

in spite of {ts rany limitetions the in vitro
neutralization test e proving the nost valusble method
available toeday of studying the problem of immunity production
in this disesse, Firom the point of view of technique the
necessity of being fereed to meke use of e hiological test to
determine inactivwtion of the virus is a big handicep. Apart
entirely from the necessity of heving to use large numbere
of mice for injection there iv & delay of at least seven days
hefore vesults are aveilable ond this delay is incressed by
the time tnﬁan up In repsatiag experizents when obvious
ervors have docurred «nd in esrrying out confirmetery work.
4 vast smount of work mast be recorded simply by ssying that
no in vitre resetion has been found to repluce the biologlcal -
teste Jumerous attespts hawe been aase to anply the
variolee-veccinia flocculation test of Craigie and Tulleak?”
without any succes?;b The Flocoulation reactiion reported by
Havens and “dayfield in connection with their work on rables
was followed but in the csse of Lursesiciness floculation
when it 41d ocour was indlatinet ecould not alwaye be
considered entirely specific and did not seen to hold out any
hope for quantitative spplication, Iiailarly the possidility
of preparing an "spxlutineble” or “agglutinsting" antigen,
followinr the principles descridbed hy aahémfﬁr the serum

diagnesis o syphilis, wae invesatigated with negetive resulta.
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Conpequnetly at the present time only the results of
intraceredrel injection of mice with suiteble mixtures of
virug snd onti serun can be considered but the urgent
necersity of having & test ture 14 apprecisted enly tuo
fully i{n regearch work of this deacription.

B, ine M ' 1_&& ",,9,{,_23:’% g oty ﬁiiﬁ. 4

During the course of thie work frecuent refersnce
hae been waie to Lhe use of particular atruing of virug,
Pgteils of the origin of these straine have been omitted
purposely until thie stige 80 e8 to eneble a comparison of
thair antigenic differences to be rade st the sace time.

The straing are distinctively le-elled from the
laboretory nunber of the horse Iroaw wilch they were origloslly
ohtained with the exception of “i® wvirus in which cese the
letter "OF by comeuon usage has Deen reteined Lo mesn
‘ordinary virus's Mo attempt has been nede to allocate
symbols as in the case of the Ay By C etc, struina of Foot and
Louth virus begauss euch aynbols, in the light of our present
knowledge of the antigenic structures, cannct bhe other than
equally mseninglesa. ntil such time ap symbols are necessary
to serve &8 2 baslis for conparisen belween strains of virus
from different institutions or countries it is proposed to
retain the pfeacnt nomanclature pending a retionul scheme

of clagszification,.
The straing which have been investizsted in these

studies are i»

1. Strain O commonly terwed 2 virus, JThis ie the
orizinal strain extensively usesd by Thellsr, by whom 1t was
isolated in the first ingztunce. The origin of this strain is
somewhat obaoure but 4t armesrs to be the one most conmonly

sncountered st Understepoort and formed ithe basis of the
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original serum virua method of fmmunizetion. It le& exceedinge
1y virulent :nd has bean maintatmd for nore than 20 yesrs by
paricdieal sudbineculstion inte horses in which it L3 now

in 1ts 2318t panzage. Usneration 183 1s the onc¢ which hug
besn fixed and maintsined in zice,

2e  trein 20440, ™hie strain wes ohtained st
“nderstepoort in 1232 frow a spontaneous cage of the dlseuse
that ooccurred in an snimal which had besn hyperisouniszed
sone months previously against ebrain O In comparison
with the result of infeetfon with . virus, the course of
the disexge Lt produces is sonewhsat lengthened but the
mortality also ¢ 1:0%. It appears to be the strein comwonly
encountered after natural {nfeetion on the Institutes farm
"ﬁaalﬁlaﬁho"

3. stralp 20464, @ 28] January 1933 @
suseeptidle horse was Injected with & mixture of eix struine
of virus obtaimed from spontenecus eases of horsesiciness
which had occurred geversl years previcualy either in the
stablez or on various farme {n the vicinity. The horse died
on the eichth day af'ter infection and the virue contained in
the blood Just orior to death wag sudbinoculated into mice by
the intrscerehral route. irom this fixation two gtraing
emerged which sre charecterized Yy s slightly differsnt
period of i{ncubstion and course. Jhese stiruaing have been
lahelled respsctively 2464 A &nd £.464 B, /or ressons to
be noted later only the results obteéined with 80464 B, are
detailed,

Idectifications Groups of three horsea seeh
were {msunized ageinet esach atrain by the subcutaneous
injection of 10 e.ce of neurotropic virus {n the form of
& 1% zaline ruspenmajon of the Brains of mice sacrificed in
extrexia during routine passage. All of the horses were
given only & aingle injection and the normal mild resstions
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anticipated from the use of attenuated virus were produced,
Jetalls of the injections se given in tadular form Delow,

iorse Jtrain and genera- [Jate of Reaction.
tion of viruse, Injeotion
a»ueaa“* )| Eouse memttfg_ Bo elinical or fe-
)| 78, 3trein O '8} | 7.2,3¢ [trile resction.
20837 ) Jlight fever froo
) 6th « 13th “ay.
B3 ) Yoderate fever from
5th « 11th tay.
548 )| #ouse generation 238,33 |k114 fever from
¢ )) 81, itrain 20449 16th « 23,3 day.
B46'd ; ¥o reaction,
{gﬂi’?u ) %o reaction,
2u831 ) |-iiouse generstion 25¢1.34 |No elinicsl or febrilk
} 71, Jtrain 2464 resction,
24832 ) ®o eliniosl or febrid
i ) reagtion,
E%ax ) soderate fewer from
! 21st to 33rd day.
| ———-

dotes (1) iiorses 2.638 and DUB46 were urgently reguired
' @) iin other experiments and their sera has not
becn uaseds

(2) Strain O in addition to 73 passages through
nice had bDeen passed through six penerations
in guinea plgs.

Meior to injection samples of sera were obtained frog
each horse, &t werious times in Aifferent experizsuts these
sera were used as normal controlsj never ¢ould the presense
of any viricidal aatibodics be detected,

Jubseguent te injection the horses were continusily
stabled escept for a period of about five hours sash day
when they were allowed to run in & saall peddock, The
chance of exposure to nsturcl infeetion therefore vas reduced
to & minfeus, Loreover no natursl cuges of horsesickness
ogcurred amongat a number of susceptible horses which sluays

accomponied them.

Digitised by the University of Pretoria, Library Se

rvices, 2013



28,

For in vitrs neutralisation testa serum whs
collected on the dates specified. ihis serus was stored
separately without preservativg in a refrigerator at ¢ 4%,
irzmediately prior to use & pool for ewch groud was made
by mizturs of equal quantities of smerum from sagh horse,

Meutralization testa for each group ageinet each
neurotropic virus were oirrled ocut with the resulte indicated
in tabuler form helow,
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Table XIIIX.
Reutralization of Virus O by type sera,

For neutraligzation virus mouse passage generation 138 was used ae antigen,

?22: of ___LRRUM ‘ serum Dilutions,
Type Late Interval after . . vl .- Yy . sy . s 1US
{msunizat ion 1:2 | 1:4 | 158 | 1:16 | 1:32 | 1:64 | 1:128 | 1:200 | 1:512 |1:1uz4
4, 7.34 o 25, 5,34 107 days - G0 | Ogx | Upx 040 646 546 5,6 Dy -
16, 8.34 31, 7.4 174 - - | B30 | 0,0 | C40 | 0,0 | 0y0 0,0 | 6,5 D48
4, 7.34 204949 “2, 9,33 92 days 046 090 -39 -] &,5 5’@ 5,5 3’5 045 - -
16, 8,34 14,122,383 177 ¢ q Dy | 546 | Ded | 04b 545 5,45 D40 Hed - -
4, 9.34 (20464 B[ 11l. 5.34 108 days 595 | 545 | D45 | 8645 095 | Byb 546 545 - -
15; 3.34 20o 7¢34 178 ’ n 5;5 5}’0 i:}’b 5’{3 6,5 4’5 §,5 :3’\‘3 - : -

Titration or Virus antigen.{(5 c.c. in 60 c.c. of stock used)

) ' Vifus Dilutions. ' _ ,
Late A 1:10 1:20 1:40 1:B0 11160 1: 380 1:%40
4,7,34 5,5 545 546 640 647 040 0,0 040
15.8.34 S46 096 097 546 540 00 040 0,0

Result. Virus strain ¢ is neutralized by the homologous anti serum but is not neutralized by
strain 20449 W anti serum. oy 204LuB enti-sevem
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X1V.

Neutralization of Virus 20449 by type &era.

For neutralization virus mouse passage generation 112 was used as antigen,
ate of Serum Serum Dilutions,
Test Type Date n al T | 1:2 34 18 j 132 < 1128 (13256 H : 04 |
¥p nteryal gfe 1 1 1:l6 livd | 1:12 41 6 [1:512 11:1¢24
28.6034 0 25" 5034 107 d&ys #ﬁ 5’6 4,6 4,4 4,4 4’4 4’4 ‘@,4 4’4 el -
£2,8,34 31, 7.34| 174 ¢ 446 4,5 5,0 545 445 445 545 444 - -
£8.6.,54 | 20449 | 22, 9.33 92 cays - G40 0y09050| 0304040 0909040| 590400 490y 040050,8 £ 445,80| 444
|
2,854 14.12,33( 177 * | - - G90y0,0] 6905000 Oy0y0x | OgUyGyx| 49E 3 [52455 0] 394958 4ydyhH
£8.6.34 |20404 B| 11. 5.34| 1 cays 546 548 595 444 444 444 4,4 444 - -
£2,8.34 20, 7.84 78 4,500 G050 | GOPE | 696,00 | 538450 | 49546,0| 49¢ 44 - -
. . L
Titration of Virus Antigen (0.9 :100 of stock antigen)
Date Virus Dilutions
A 1:10 1:20 1:40 180 1:160 1:320 1:640
28,.6.34 Ggq | 445 4,6 545 5,6 00 040 Uy0
£2.8.34 446 | 445 4,5 696 6,0 Cy0 640 0,0
Result, Virus strain 20449 %8 neutralized by the homologous anti serum. It 1& not neutralized by Stirain O

anti serum but is neutralized by strain 20404 B anti serum though only tc & uecidedly lower titre,
Moreover, in horses immunized against strain 20464 B viricical antibodies capable of neutralizing
strain 20449 do not make their appearance until after a lapse of 1(B daye and smew after 178 days
do not attain a high titre.

&VEn

Digitised by the University of Pretoria, Library Services, 2013



Table XY,
Neutralization of Virus 205v4 B by type sera,
cJor neulralization vir.s mouse passege gene siion AUU was. used a: antigen,

%ﬁ ég of ___berus TSIV ST SIS , “erus Dilulionk. ~
RN R tmeenisation ” | 132 | 2:6 |1:8 | 1:de | 1:58| liod | 1:126 | liZbe |1:ods | lilceA.
O Teiid ¥ 2O,0.9% 1c7 ﬁ&y’ﬁ & ,‘} "%*‘@ 4 s - ’i“ﬁ 4 ’4} & ,4 % "@ "i"% - -
’3‘ &0#&'4 éx.ga»é‘i 17% " &,G fﬁg{} ) 3 8 b ’5 & ’{? 4,& % ,& 7 ,4 - -
3;8.3‘% 14.1%«.;5:5 1?? » - - “:}‘ﬁ ‘:?'Q CY,Q {?’{} Q’{} %:,C? ‘&gﬁi “i’ﬁ
£ 7Y ?‘:‘3“% 2@%‘% B 1*’&,3‘5 liﬂ éﬁyﬁ ?’{;} 3 ‘? & L o '4 ‘;,5 ‘%"& 4"5 :&,4 - -
Doba 4 £0y 7ot 17s Gyt | 090|090 | 890 | 8a0 gal | gk dy0 - -
Tigratien of virws -ntigen (1:100 dilution of stogk antigen)

B Virus Uilutions,

vate A |1:10 1:20 | 140 1380 | lidec | 1:seC | LieAo

0.?,34 6’4 &3'3 4’4 5,%*3’, é,ﬁ Q’ﬁ Q’b} Q;{}

2.8.54 Ge8 | 440 54C 5e® 440 g Gy0 Gy

iesult, “train € anti serum is oot cupable oi neutralizing virus 20<e4 B 107 cays arter the
imcunizing injection but & virdclowd in a iow titre after 174 dsys, after fmuunizeation
i t SN e bogoloLous yiricldal antibodies cevelop wore slowly anc Go not
%&;&3&?; f?!:\xgﬁ‘*g“ e Lpieg Fontthte in type 20443 anti &%rw. v
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Before the significance of the findings is Jlscussed
it is essential to dstall the results obtained in a prelinie-
nery sxperiment on oue horse designed to throw some light
upon the antigenic structure of one virus sirain - 2.449,
Conmeneing on 16,111,333 & horee (200858) waa plven repeated
injectiona of fairly massive doses of infective brain guspene
sicns prepared for routine subinocculation. Ho definite
procedure woe adopted, injectione bDeing maede after the
ternination of the originel fedbrile reaction at times
vhen an adequate supply of neurotropic virus was available,
The injections given are ghown in tebulsr form below.

;ﬁm il interval aince | ' . |
*iut injection | Tose Concentratlon | . oetion.

L, 1133 - 10 getae ) ¥ e seveare fever
fron 6th «17th
day.

Be13433 22 days 1 CeCe 1856 ko remction

1441233 & daye 10 CeCe 1126 Ro resction.

12.1.54 20 days 1 oo ) §Y.14 Jlisht fever frae

e e 16th - 26th dey.

SBeBe 4 47 days 10 cete 118 [Hlo reagtion.

deyus: was collected at appromimstely weekly intervals
bot up to the present it has been poasible to run nsufralizatia
teate sguinet the three virug struing with only two semples
which were sslected haphazardly nanely serum of 22/85/04, 1.0,
187 days after first injecticn and 83 duys after leat injection
and of €,6,34 L1.0. cOllscted 156 days late:r.

The sntigene used in the neutralisation teate were
those used in the tests tabulated above, if.e. unit volume of
the anti{ serum was reguired to nsutrslize approximately 1u0
SeleDe Of such nsurotropic virus. The conrlete results are
ahown in tabular form in Table XVIii,
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Neutralization test uiing enti cerum fTom & norcs vhichwes given
Iepestec ingeglion. @i

Vilus SLTGLH ou 434

Late of

ﬁtraia of

antigen | Sollectec || 5o [3:8 | 1516 | 1:0@ | liok | A:des | 1:286 | 1:612 | 1:1024 | 1:2048| 1
15.8,54 |Gtrain © | £8.6,04 - - o | x50 [000 |0g0 | 09 | wo | 800 | g 650
4.7.54 o Vebaisd UgO | 00 | G0 | 0p0 [ CpC [ Og6 | Bak | oy - - -
2’-’;20 PS4 043 iﬁ,&.ﬁé - - - - ;j’ﬁ {;‘,f} a},i} i},@} ﬁ’{} i;;ﬁ b= ¥ < w )
2BLusas 4o B Garid Qﬁ;ﬁ ﬁg‘ﬁ‘ @,é Qg{:‘ ﬂg@ @"@ 53;@ m - - -
Qoﬁt :34 3&3@% ﬁ 23#&1% - - iﬁ,ﬁ} Qtﬁ s}*ﬁ ﬁ,i %gé} ‘;’?} f}’{; 3 ,‘4 . -
Go Gule o @’f} i}j‘:? @,Q ﬁ;ﬁ ﬁa"i} 4;0 ‘“3*}} 3”3 - - -

Gesglle

From the above resuits it is ceen that after Tive repeated injections of & single siruin
of neurctropice virus there appearec in the serum of & horee sntibocles which were cepuble
of asutralizing not oply tie homologous &trsaim LUl wisc two heterciogow &(ralu to & high

titre.

what

A It is =orthy of note that serus collected 88U cays efter the last lpjedtica wes
virlcldsl to & gousicerabiy bigher titre than that ocllected 1L uays later,
- known when the peak ol antibocy procuction is reached normh the titre might De.

It is not
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conglusion, Cf the three straine of virus investi-
gated Strain O and etrein 2449 are distinet antigenically
since the typs anti sera colle¢ted before and at the peak of
anti body production 40 not crose neutralise. This finding i
directly in kesping with the origin of the straing and the
results of in viwvo cross {imaunity tests,.

Strein U differs frow sirsin 20464 3y olnce 20484 B
type anti serum Jdoes not neutralize & antipen, but ¢ anti serum
does neutralize 2464 B antipen. These viricidal substances
are produced exceedingly slowly and do not attain a high titre
sinte a concentration of 1l is reguired to neutralize
#1100 KeloDe  In vivo cross immunity tests could not be
carricd out to confirm this result because of the cbeoure
origin of str&in 20464,

Between ZAG4 B and RBA4C there 18 o well marked
resexzhlance. IThe type sera neutralize each virus to akmost
the fdentical titre, the differences obtained belng well
within the limits of experimental error and it is worthy of
note that 20464 3 anti serum neutralizes the homoloygous
strain to & lower titre than the hetlerologous strain. sut
there is this slight difference ~ whereas O anti serum shows
50 neutralizing action vhatever against etrain 2,449 it
definitely does neutralise 2464 B antigen though to & low
titre, This last result hag Deen confirmed by neutralization
teats using a8 antigen a styrain of 2464 3 virus at a con~
eiideredly Aiffersnt level of neurotropic fixations (generation
81).

iiotes Identical investigations to those detsilsd
above were carrisd out with strain 2464 iy The results have
been omitted purposely because & disorepanicy ocourred which
requires repeated confirmation before publication., 4 batch
of three horses wore imuwunised by suboutansous injection of
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e L vimn,gm&& resoted wildly snd two showed no resotion.
Jerum oollected up to 176 deys after fnjection has failed to
show sny virictidal effect on either the homologouz or the
heterclogous virds =lthough the watigem used woe readily
neutrelized to high titre by the serum obtained fros horse
£.0689 which recsived the repgated Injeetions of strein 2440,
The work hea been carefully checkeds Ihe Dorses were injected
with pascege virus generstion 77 on & day when no other
tnjevtions were made a0 that the Lype sorus zuet e correct,
Heutralization teste have beon carried out using ss antigen
generations 381, 52 and 1{1 of the homolopous strain Dut always
no neutralisation of the homoliggous etreln wes obtalinsd. It
is adsitted that there exiaste & poseibility of sixing up

twe stroins during routine pessage but as such care has been
taken Lo avoid this error and ss no varistion hes ocourred in
the other atreins the camiosion of sueh & slstexe is not
conceded readilys If the results obiained are correct, they
indicate the existence of a non wntigenlc strein, a fiading
ghich would occesion no greet surprise when viewsd ln the
1ight of the results obtalned with strain 2.464 B adove,
Howaver, the entire experizent must be repested ind as this
necesaitstes & delay of st leset RB.C deys the remsinder of
the work ia detailed in view of 1ts poscibly interest, 4
further report will Le subsitted in due course.

Zhsguselalls, » plurelity of struing of Horses
siakness virugs is demonsirsted conclusively by the work
detalled, Ihile supports the obessrvetion thoet hes been
nade Iin the field thet en animal which is solidly resletant
to naturul (nfection {n one particuler area ma; sucousdh to
Horasesickness soon &fter trunseler to eome other dlatriet,
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From the npelimlnary experizent reported the giffercnce
in antigenic structure hetwsen these strains aﬁmcark to be quan~
titative rather than qualitative since the response to repeated
injections of our virus strein wes the production of viricidal
bodies oupable of neutralizing all the other strains thet had
been fixed neurotropically. In other worde it &ppears thut each
of' the virus strélns investiguted posaess the sase antigenic
Com. onents which are present in vastly different proportions.
he result is that & single lmwmmizing injection produccs
feunity apeinat thaet component which predominates but that re-
Peatcd injections eventually produces imounity apguinet all the
Qo oRente,

Fypor: the point of viewv of mese imcunization in the
fiels these findings are of great importance. #rom a practical
ond economic aspect it ie salmost essential to 1limit the jrocess
ef tmcunization to a single injection, cConsequently there sust
ba incorporated in the vaccine svery attenuated virus which
Posseeses o different antigenic structure no natter how alight
in oprder that un adequate f{muaunity may be produced agninst the
unknown number of naturally occcurring sirsing of different
canstitution, This conceptiun clarifies the whole probles of
imunization and presupposes the ultinste develorment of & come
pletely polyvelent vaecine which should be effficacioue in sll
arvase

ne other result mwrits discussion and thet {s the
production of high titre serum by repeated injootions of étrn&.
This is in direct contrast to the finding of Lloyd smnd Maharry
who in thidr work on Yellow Fover showed that "no significant
alteration was found to take plece in the protecting antibody
titre of the sera of fiw Lacecus rhesus ronkeye, lumune to
Yellow Fever after repeated subcutaneous injections urtnnuro-
tronic yellow fever virus at monthly intervels”®, In the case
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of horsesickness a significant (B fold) increase did occur and
1t f» not known whether the serum used representel the moat
potent produst,

in conclusion it must de adzitted thet this aspect
of the study of {maunity to horsesickness has only Jjuat besn
touched upen but the results a pear to be sulficiently important
to merit ¢arly report in the hope that confirmatory and additional
work may be launched by other investigetors, Loreover; in view
of the feet that antibodies are produced 20 slowly a coupres-
hennive report camot be anticipated for cany years so that the
publication of progress reporis is excusadle,

SURCATY .
1. The technique of the intracerebral protection test

i dsacribed in detail, particuler stiention being paisd to the
prcparafian of a conatant antipgen &nd its keeping gualities to
perizit of guentitative couzpurieon of the results of different
tecte,

2¢ The slow production of viricidal untidodies in
funised animals 18 fllustrated, and it is shown that this rate
i{e consideradbly slower after the injection of attenuuted virus,

3e The relation detween antibody content of the serum
and total fmmunity is discussed.

4. Ihe plursbility of siraine of horeseiciness virus is]f
demcngtrated. '

8. The prodable antigenic structure of Aifferent
streins ig descusseds

Se fhe production of high titre fmxzune sermun ie
indicated. .
7. Failure to ;2:;;;6 on in vigro test to replace the
biclogical test at present essential for the coumpletion of nsutiee

lization expericentsy is recorded,
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