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15 1931 Sawyer and Lloyd reported an intraperitoneal protection test,
i mice 1 connection with their work on the virus of Yellow Fever.
This test has for it basis the finding that if mice are given an intra-
peritoneal injection of a massive dose of Yellow Fever neurotropic
virus and at the same time, an inert substance like starch in 2 per
cent. solution 1s 1njected intrarerebrally to cause a traumatic 1njury
of the brain, a fatal specific encephalitis will ensue. I, liowever,
the virus is mixed (n vitro with mouse serum prior to injection, ihe
neutralized mixture is incapable of setting up the disease in the
majority of instances. This test has been applied extensively to the
study of immumity with counsiderable success (Mahatty, Llovd and
Penna, 1933; Russel, 1932; Soper and de Andrade, 1933); but in
readding the reports of workers who have used it one caunot be other
than impressed by certain limitations. Iverv mouxe which receives
the same infecting dose of virus intraperitoneally does not die and
when the mortality is 100 per cent. the deaths ave spread over a
number of days (H-10). The wvarving 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 ditficult to compare quan-
titatively the poteney of different samples of anti-sera with any
degree of acenracy.  Furthermore, 1t appears that the interpretation
of resnlts, depending as it does upon the statistical surveyv of the
percentage of mice which survive injeetion, aud the percentage which
die within a period of from 4 to 10 days, Is sowetines open to
(uestion.

Tn the case of horsesickness the adaptation of the method is quite
unsuitable because the injection of even thousands of infective doses
ol virus intraperitoneally with or without simultaneous injury to the
brain cannot be relied upon to set up infection in anything approach-
ing a constant percentage in mice. (onsequeutly it becime essential
to develop a technique based upon iuntracerebral injection. Thix has
been done and the test has proved imvaluable in the study of many
problems associated with immunity,
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NSTUDIES ON THE NEUROTROPIC VIRUS OF HORSESICRNESS 1L

While the work was in progress Max Theiler (19330 reported his
Yellow Fever protection test by intracerebral injection 7. Tt was
tmmediately apparvent that the nature of the neurotropic virus of
horsesickness pmm tted modifications capable of rendering the tes
more accurate and delicate,

{ has been \hr»\\ n previotsly (Alexar v, 1939) that the suscepti-
Mlip\ <>f different niice of the strain in use at Onderstepoort i renark-
ably constant, 1[1;11 OO per cent. of mi<e which receive a cerinin
infective dose of virus intracerebrally will die, and that, by dilution.
the tire of a steek virus suspension may be determined to two-foli
hits. Lo addition the titre of w suspension of infective  ain made
up in L0 per cent. saline remains constant for a period of almost <ix
months when stored n the relvigerator at a temperature just above
freczing . Therefore the first essentials of an accurate test are iul-
filled. namely:

oA test animal of constant suxceptibility which 1s casihy
infected, and in o which o clear cwi reaction enstes, el survival or
death,

20\ swable antigen permitiing comparizon between resulis
obtaaned in different experinents conducted af different times,

An oantigen permitting titration 1o fairly narrow Timits with
constant accuracy,

For completion of the test it only remained to he shown that the
sera of susceptible horses do not conrain virus newrralising substances.
that the development of fmmunity ix followed by the appearance of
detectable viructdal anti-bodies 1n the serum, amd that the action of
these anti-bodies is specific.  From the data given below it will he
seen that these eriteria have been fulfilled and that 10 was poss e
to elaborate o switable technigue for quantitative @ eifro neutraliza-
tion.

TrcuNique.
Ao Preparalion of Autigen.

Mice are sacriticed [0 codremds after intracranial v clion of
neurvolropie fixed virus, the brains carefully removed win aseptice
precautions, and placed 1 sterile H0 ruv. centrifuge tubes fitted with
corks.  After the brain \’u]M«m( e has heen triturated with o olass le
or sealpel the tubes arve pmr o i the freezing chamber of o refrigeratos

u\mnlwhi. Next morning an emulsion in 10 per cent. serum saline
s prepared 1n the usual manuver. The process of preliminar h-wzmg

and sudden thawing has been wlopted because undoubtedly it aids i

cellular fragmentation and facilitates thorough emulsification of 1]&‘
Drains.  The virus suspension is then centrifuged at 2.500 revolutions
per minute for 15 minutes, the supernatant liquid carvetr v decanted
into a second tube and aculn xpun before being decanted into a
sterile hottle fitted with a vubber cork and stored at 4© (', 1th the
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passage of time a fine precipifafe settles oul to the bottom of the
bottle bur this may be left quite undisturbed when removing satmples
as required apd causes no detectuble decrease 1 the virus fitre.

It is realised that it would e preferable to remove all fissue
debris and possible ageregations of vivus particles by filteation hut
at the time the value of the Seitz filter was not appreciated and
Ciradocol membranes were not available <o very thorough emulsifica-
tion and centrifugation was relied upon tor the production of a homo-
weneous  suspension. oo passing it may be mentioned that vers
thorough Arituration of the brain material with sand and glass
particles and prolonged shaking in o mechanical shaker with beads
appears to have no beneficial effect upon {he alttmate product,

A manipulations are carvied out with aseptic precautions. Anti-
gens have been stored for six months at 42 without the addition of
any preservative amd at no time has any dificuliy heen experienced
with bacterial contamination. The stork antigen has been prepared
usually to comprise an approximate 2 per cent. suspension ol hrain
substance, but the actual concentration appears to be of no tmportance
provided 1t is mol so high that an extensive deposit subsequently
forms.  The virus titre 1s then delermined in two stages: -

1. A preliminary rough titration by serial ten-fo 1 dilution.

20 A tinal aceurate utravion by two-fold dilution under the condi-

tions used for 74 #ifro neutralization.

Thix may be illustrated best by reference 1o the results obfained
i an actual experiment.  Four mouse brains represenfing passage
ceneration A0 of one strain of virus were emulsified by the technique
detatled above. A rough titration of the virus content of the antigen
was run in mice by ten-fold dilution with the following result :-

TADBILIS T,

Fate of Mice Injected wille ilie Ten-fold — ilutions of Vieus.

Virus dilutions.

1100 1102 1108, 1104 1103, | b ton
i
o - | _ | _ |
Death of mice. ... 415 4.5 SE 6 0:0 00
Nowe Ao this and all futare tables the numeral indicates the day after injection on which

the monse died. thus & : 5 two mice injected of whieh one died on the th
and one on the Sth day after injection,

O means survival.

X means death due to some cause other than horsesickness, usually injury to hrain
at the time of injection, R

Dose 0405 e.c.intracerebradly.

l".rum the figures 1t is seen that the infective titre of the stock
etrulsion 1= possibly above o dilution of 110" but helow 1107, There-
fore @ suspension consisting of 1 part of the stock antigen to 100 parts
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STUDIES ON THE NEUROTROPIC VIRUS OF HORSESICKNESS I1T1.

A consideration of the figures in Table V indicates further that
a sharply defined end-point exactly indicating the neutralizing titre
of a particular serwm cannot be anticipated. . Hre accurate results
are obtained from the use of larger numbers of mice but unfortunately
the available supply was strictly liited.

At one time it was thought that better rest s would be obtained
from the addition of complement in the form of fresh guinea-
pig seruw to each dilution. This has been tried on several occasions
but it was apparent that the results did not justify the additional
conplication as a rountine measure. At all events the results reported
helow will indicate that the method described clearly demonstrates
differences in neutralizing power between samples of sera, which
enables a quantitative comparison to be drawn.

Krrrine QUALITIES OF ANTI-SERA.

Frequently it is neither convenient nor possible to carry out
neutralization tests with immune sera immediately after collection.
Consequently it hecaine necessary to ascertain whether storage in the
refrigerator at 4° (. with or without the addition of 0-7 ner cent.
phenol ether as preservative has any detrimeutal effect upon e viru-
cidal anti-bodies. A sample of serum obtained on 14.12.33 from a
horse (20545) that had been immunized by the injection of neuro-
tropte virus 177 days previously was divided into two portions, to
one of which preservative (0-7 per cent. phenol ether) was added.
Neutralization tests were carried out with both these samples on
20.12.33 and 22.8.34, i.e. six days and 251 davs after bleeding
respectively, The results are shown in Table VI,

[t is seen that horsesickness anti-sera possesses remarkable keep-
ing qualities sinece no apparent deterioration was detectable after 251
days storage at a temperature just above freezing, This 1s indee
fortunate because in the ensuing work 1t was necessary irequently
to store samples of anti-sera for wore than 200 days (o permit of
reliable quantitative experiments by mneutralization tes(s against a
single antigen preparation. In addition 0-7 per cent. phenol ether
as a preservative has no delrimental effect upon the virucrdal anti-
bodies.

11, THE ¢

The elaboration of a suitable technique for the quantitative deter-
mination of the antibody content of serum paved the way for an
Intensive study of the development of immunity in equines, hen
the work was commenced the interesting nature of the results to be
obtained was not anticipated so that samples of sera were not «ollected
as frequently or as regularly as could have heen wished. artl -,
the slow production of antibodies and the enormous accumulation of.
samples of sera has effectively prevented corroboration of every result
by duplicate series of experiments, but confirmatory tests have been
included at sufficiently frequent intervals to indicate that the results
detailed are not open to criticism on the grownds of aceuracy.
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STUDIES ON THE NEUROITROPIC VIRTUS OF HORSESICKNESS III.

A. Tor Axrtinony CoNTENT oF THE SERUM FOLLOWING
TaneNgzacion.,

On 23.6.33 two horses (20545 and 20570) were given a subcu-
taneous injection of 10 ¢.c. of a 0-1 per cent. suspension of infective
mouse brains representing passage generation H1 of strain 20449,
The first horse 20645 developed a wmild febrile reaction from t(he 19th
to the 23rd day after injection; the second horse (20570) showed no
febrile disturbance. In neither animal did any clinical syn toms of
horsesickness develop.  Prior to injection a sample of sesum was
collected from both horses but unfortuuately at the time the value
of the neutralization test was not appreciated so that bleedings at
regular mtervals were not commenced until about two and a half
months later. This was an unfortuunate omission but it will be seen
that the defect has been remedied in subsequent work. With the sera
neutralization tests were carried ent the results heing given in tabular
form in Tables VII and VIIT. he titrations of infectivity of each
antigen employed are given.-in Table IX, from which it will be seen
that umit volume of anti-sernm was required lo neutralize approxi-

mately 100 M.L.D. of virus (between 80 and 160).

A critical suwrvev of the results indicates that a sharply defined
end point was seldom or never obtained in {he titrations but the
figures clearly indicale the rise in antibody content and its (endency
to fall subsequently. An insuflicient number of mice was used for
the injection of each dilution to permit of a sirictly accurate concep-
tion heing obtained of the virucidal potencey ot each sample of anti-
serum but it 1s believed that the figures in heavy black type represent
the highest concentration of serum just incapable of 1nactivating the
test dose of antigen., It is seen that particularly with horse 20545 the
rise in antibody conlent was rather slow since by the 70  day a
concentration of 1:8 was required completely to neutralize the antigen
used. At no time did the antibody rise to o particularly high level
but the peak was reached approximately six months after imimuniza-
tion. After the eighth month there was a decided tendency for the
antibody content to fall.

As soon as the somewhat slow development of 1mmunity was
appreciated it was decided to confirm the finding by weekly tests
the sera of animals immunized hy the serum-viras method. 3 over-
come errors due to idiosynerasies of individual horses two gromms of
three were selected from the survivors of a bateh of animals eing
immunized, for the routine mass production of hyperimmune serum.
Group A were hyperimmunized 69 days after immunization and conse-
quently had to be discharged from the experiment. CGroup B was
retained and 1t 1s proposed to continue tests of the pooled sera at
intervals for at least the next fwo vears. I the horses received the
first immunizing injection (5 c.c. N. virus phis 400 c.c. serum) on
31.10.33, and the second (5 ec.c. O virus plus 400 c.e. serum)
on 3.11.33. The reactions varied in severity from °° very mild >’ to
““severe . The results are tabulated in Tables X ard YT the anti-
gen titrations being given in the corresponding Tahles and [ A.
In each group the sera from the three horses were mixed 1n equal
quantities for the nenfralization tests.
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dsterococcus mycoides attenuated by continued subcultin 1on in
artificial media as reported by Bennett (1932). From his work Bennett
concluded that ** the longer a virus has been maintained in artificial
culture medium (at any rate in serum peptone broth) the longer it
takes to produce immunity when injecled subcutancously 7. ln
making an attemipt * to am»]v ap])lo\mmtelv absolute terms of
venerations and times to this peivciple " he showed that ** a second
generaiion subculture was dangerous but produced a solid immunity
in less than three weeks, a =eveuteenth generation subeulture was
safe and produced w very sound imwunity in three weeks amd =
absolutely solid 1mmunity in less than six weeks; o 115th oeumaiwn
subculture although showing sonme degree of plole(llvn power, ddid
not produce a serviceable immunity iu nine weeks.” hese resulls
indicate quite clearly that progressive atienuation of the virus of
pleuropneunionia is accompanied by delaved antigenic response in
the animal injected. TUnpfortunately under the conditions of field
experimentation Bennett had no method of determining accwrately
at any particular tiine the relative tmmunity 1n the various groups
of bovines. In the case of horsesickness the resulis detailed above
show that an attempt has been made to accomplish this. But, it must
be borne in mind that the virucidal conient of the serum canuot he
regarded as a true index of the degree of immunity of the serumn
donor since no consideration is paid to the possibility of wequired
cellular resistance 1u addition {o humoral immunity. This point is
clearly illustrated by the work of Stuart and Krikorian (1932) on
rables. These authors showed that the rabicidal auntibody content
of the serum of groups of rabbits immunized with etherized virus,
Iiving fixed virus and carbolized virus attained a maximum on the
60th day and at that tinie antibodies ave present in the groups in the
proportion 3:2:1. However, immunity tests of the serum douors by
subdural injection of fixed virus failed to establish a similar mathe-
matical relationship between the innmunity produced in the different
groups of rabbits, the percentage of survivors heing the ndex of
immunity, in fact, no significant differences could be observed. Con-
sequently it 13 reasonable to assume that the same princinle should
hold good for horsesickness. This 1s horne out by the 1 ding that
in spite of the abseuce of detectable antibodies in the serum of horses
21 days after injection with neurotropic virus the majority of anmimals
have developed at that time an immunity sufficient to proiect against
the 1ntravenous mjection of A c.c. of fully virulent viscerotropic
virus, although a severe febrile reaction with other clinical symptoms
of horsesickness has been produced after this interval. On the other
hand a fairly large number of lmmunity tests carried out afler a
Ionger interval has shown that when antibodies are demonstrable (o
a substantial tritre the immunity has alwavs been solid.

If the virucidal content of the sernm is not an absolute index
of total immiunity there appeuars to exist hetween the two a relation-
ship which is possible on theorctical grounds and which has been
established tentatively by the only critical experiments possible at
present, namely direct 2n viro immunity tests. [t still remains to
be shown whether this relationship 15 a constanl and probably this
will only be accomplished after a statistical survey of the resulis
obtained from the immunization of large numbers of animals in e
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field. Tmmunity tests in the laboratory are unsatisfactory. Hither
the animal is solidly resistant to infection with a virus of the homo-
logous strain or a fatal reaction results but in neither case 1s it
possible to hazard any opiniu as to the relative degree of resistance
or susceptibility. In those comparatively rare instances where an
immunity test results in a non-fatal reaction or a reaction of variable
severity after a lengthened period of incubation a clear interpretation
of the result is obscured by a realization of the marked differences in
susceptibility of different individuals to horsesickness. This unsatis-
factory *“ hit or miss 7 svstem of determining immunity, although
it must be regarded as the ultimate ecriterion, has been a serious
handiecap particularly in the study of the efficacy of different methods
nf immunization. The n vitro neutralization test described appears
to remedy this defect and in addition will be of immense value iu
effecting economies in the use of horses, and frequently may clarfy
the resnlts obtained since initial susceptibility can always be deter-
mined. The delay in appearance of immuune bodies must be borne
m mind and this has reduced the speed of research work to a consider-
able extent since it is apparent that an animal must be kept under
observation for at least three months before any significance can be

attached to the presence or absence of cireculating virucidal anti-
hodies.

In spite of its many lmitations the i» vitro neutralization test
is proving the most valuable method available to-day of studying the
problem of immunity production in this digsease. From the point of
view of technique the necessity of being forced to make use of a
biological test to determine inactivation of the virus is a big handicap.
Apart entirely from the necessity of having to use large numbers of
mice for injection there is a delay of at least seven days before results
are available and this delay is increased by the time taken up in
repeating experiments when obvious errors have occwrred and in carry-
ing out confirmatory work. A vast amount of work must be recorded
simply by saying that no @ vitro reaction has been found to replace
the biological test. Numerous attempts have been made to apply the
variola-vaccinia flocculation test of Craigie and Tulloch (1931) with-
out any success. The flocculation reaction reported by Havens and
Mayfield (1932) in connection with their work on rabies was followed
but in the case of horsesickness flocculation when it did oceur was
indistinet, could not always be counsidered entirvely specific and did
not seent to hold out any hope for quantitative application. Similarly
the possibility of preparing an ‘ agglutinable >’ or ‘“ agglutinating ”’
antigen, following the principles deseribed by Kahn (1925) for the
serum diagnosis of syphilis, was investigated with negative results.
Consequently at the present time only the results of intracerebral
injection of mice with suitable mixtures of virus and anti-serum can
be considered but the urgent necessity of having a test tube test is
appreciated only too fully in research work of this description.

B. TrE Prunariry or VIRUS STRAINS.

During the course of this work frequent reference has been made
to the use of particular strains of virus. Details of the origin of these
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strains have been omitted purposely until this stage so as to enable
a comparison of their antigenie differeunces to be made at the same
time,

The strains ave distinctively labelled from the I oratory number
(abbreviaied) of the horse from which they were origina - obtained
with the exception of ©* O 7" virus in which case the letter ** O 7" by
common usage has been retained to mean ° ordinary virus 7. No
attempt has heen made to allocate symbols as 1n the case of the A, .
(3, etc., strains of foot and mouth virus because sneh syvinbols, 1n the
light of our present knowledge of the antigenie structures, cannot be
other than equally meaningless.  Until such time as symbols are
necessary to serve as a basis for comparison between strains of virus
from different institutions or countries 1t is proposed to retain the
present nomenclatwre pending a rational scheme of elassification.

The strains which have been investigated in these studies are:

1. Strain () commonly termed O virus. This Is the original strain
extensively used by Theiler, by whom 1t was isolated in the first
mstance from his own riding horse which contracted the dizease in
the Pretoria district. 1t appears to be the strain most commonly
encountered at Onderstepoort and formed the basis of the original
serum virus method of immunization. It is exceedingly virulent and
has been maintained for wmore than 30 years by periodical sub-
moculation into horses in which 1t 1s now in its 23Ist passage.
Generation 193 is the one which has been fixed and maintained ip
mice.

2. Stracn 20449 (449).—This strain was obtaimed at Onderste-
poort in 1932 from a spontaneous case of the disease that oceurred
in an aniwmal which had been hyperimmunized some months pre-
viously against strain ). In comparison with the rvesult of infection
with (O virus, the course of the disease it produces is zomewhat
lengthened but the mortality also 1s 100 per cent. S appears to be
the strain commonly encountered after uatural mfection on the
Institute’s favm *° Kaalplaas ™

3. Strain 20464 (464). —On 23rd January, 1933, a susceptible
horse was injected with a mixture of six strains of virus obtained
from spontaneous cases of horsesickness which had occurred several
vears previously either in the stables or on varions farms in the
vicinity. The horse died on the eighth day after infection and the
virus contained in the blood just prior to death was subinoculated
into mice by the intracerebral route. 1from this fivation two strains
emerged which are characterized by a slightly d event period of
incubation and course. These strains have been labellad respectively
464 A and 464 B. Tor reasons to be noted later o1 r the results
obtained with 464 B are detailed.

Identification. —Groups of three horses were immiunized against
each strain by the subeutaneous injection of 10 c.c. of aeurolropic
virus in the form of a 0-1 per ceut. saline suspension of e brains of
mice sacrificed in ertremis during routine passage. All ot the Lorses
were given only a single injection and the normal miil reactions

anticipated from the use of attenuated virus were produc ails
of the injectious are given in tabular form below. (See Tlabl LI
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TABLIL X

Production of Type Anti-sera tn Horses.

|

| : . |

Horse Strain and generation Date of |
e ‘ of virus, Injection.

Reaction.

20836%7 Mouse seneration 73, ! {1 No elinical or febrile reaction.
20837 M SCTHIOR TN 7 9 34 Slight fever from 6th to 13th day.
20838 mrain O Moderate fever from 5th to Tth day.

20545 7 Vous T (| Mild fever from 19th to 23rd day.
2054% & House generation 31,

Strain 20449

i 23.6.33< | No reaction.
20570 i N0 reaction.
20831 ‘ VMouse sencration 71 [l No clinical or febrile reaction.
20832 i S04t m” T 23.1.34< | No clinical or febrile reaction.
20833 ' - | Moderate fever from 21st fo 33rd day.

Noryn.—* Horses 20836 and 20346 were urgently required in other experiments and their
sera has not been uscd.
T Strain O in addition to 73 passages through mice had been passed through six
generations in guineca pigs.

Prior to mjection samples of sera were obtained fromn each
horse. At various times in different experiments these sera were
nseid as noral controls: never could the presence of any virucidal
antibodies he deiected.

Subsequent to injection the horses were continually stabled
except for a perviod ot about five hours each day when they were
allowed to run in o small paddock.  The chance of exposure to
natural fection therefore wuas reduced to a minimum. reover
no natural cases of horsesickness oceurred amongst a number of
suxceptible horses which always accompauied them.

Tor an eitro neutralization tests serum was collected on the
dates specified.  This serum was stored separately without preserva-
tive In a refrigerator ai+4¢ (. TImmediately prior to use a pool for
cach group was made by nuxture of equal quantities of serum from
each horse.

Neutralization tests for each wgroup against each neurvotropie

virus were carried out with the results indicated in tabular form

below. (See Tables XIIT, XTIV und XV.)
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Belore the significanee of the findings is discussed 11 13 essential
to detail the results obtained in a preliminary esperiment on oue
horse designed to throw some light upon the antigenie structure of
one vitus strain— 449, Comwencing on 16.11.33 a horse (20659) was
given repeated injections of fairly massive doses of infective brain
suspensions prepared for rontine subinoculation,  No definite pro-
cedure was adopted, Injecltions heing made after the lerminaiion of
the original iebrile reaction at times when an adeyuate supply of
neurotropic virus was available.  The injections given are shown
in tabular form below,

TABI X L

Repeated tnijections of sicurolvopic vivus {(449).

Interval Virus.
Date. Hll‘m‘t —_— - Reaction.
azt s
L (‘oncentra-
mjecting. Dose, ‘ Gon
|
: |
Praya. . :
16.11.33 . 10 12 100 Severe fever from 6th to 17th day.
5.12.33 - 22 10 1:25 No reaction.
14.12.33 t 10 1:25 | No reaction.
12.1.34 24 14} 1: 50 Blight fever from 16ch to 25th day.
28.2.34 47 110 11 a0 No reaction.

Serum was collerled at approximatrely weekly intervals but up
{o the present it has been possible to run neurralization tests against
the three stralns with only two samples which were selected hop-
Lazardly namely serum of 22.5.34, 1e. 187 days after first imjection
]and 83 days after last injection; and of 6.6.34, 1.e. callected 15 davs
ater.

The antigens used in the neutralization tesis were those used in
the tests tabuluted above, i.e. unit volume of the anti-zerum was
required to neutralize approximately 100 |1, of each neurotropic
virus., The complete results are shown in iapular form in Table

NVIE.
Conelusion.

(f the three straing of virug investigaled Strain O and strain
449 are distimet antigenically since the iype anti-sera collecte
betore and at the peak of anti-body produclion do not cross  :utralize,
This finding Is divectly in keeping with the origin of the strains and
the resulls of o riee cross Immunity tests,

Strain O dflers from strain 464 I3, sinee 464 B tvpe anti-serum
does nol nentralize (3 antigen, but O anti-serum does neutralize
464 13 antigen. These virneidal substances arve prodnced cxceedingly
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STTDIES ON THE NEUROTROPIC VIRUS OF HORSESTOEANESS 1171,

slowly ad de not attain a Lhigh iitre sinee o concendration of L1 i
requirved to neuntralize + 100 M.L1Y [o creo eross immunity lests
cowld not ke carried oot to confirw this resoll Lecause of the obsceure
origin ot strain 31,

Belween 46d -3 and 449 there 1z a well mavked resemhlunce.
The tvpe sere newtralize each virus to almost the Tdenvical titre, ihe
differences obtained heing well within the Hmits of expertimentul
errvor alul 7t 1= worthy of note ihat 464 B anti-serwm neutralizes 1)ie
Lomologons sirain (o a lower (lre than the heternlogous stran. But
there 1 this sheht Guierence —whereas O anti-serum shows wo
peutralizing action whalever against strain 449 1t definilely dees
ueutralize 464 B oantigen ihough (0w low titre. This Iast resalt Dhas
heew contirmed by neutralizazion tests using as antigen a strain
of 454 B virus at o considerably ditferent level of nenrotrople fixa-
tion.  (Ueneration 31,3

Disenssion.

A pluwrality of straing of horsesickvess virus 15 demonstrated con-
clugively by the work detailed.  This supports the obgervation thal
hag besn made {¢) in the field, thal an antmal which 15 0y
yeststaul lo natural infection in vne porticular area maxy suceuwb to
horsesickness when exposed to natural infeetion n some orher district;
(he By Theiler (1908; who showed experimentally " That when a
horse or male is inoculated with a cortain gtrain of virns, (he an. 2,
as o rule) isoimune against that particular strain, hut when 1he
animual s tested or ]1‘\-pmT_mnmnm( wloai o later date with virus of g
different steain, reactions and deadhs are noted, thus proving that
the immnmmiey afforded by the first inoculation 1= 10 no way complete .

From the single experiment reported here the iilerences n
anfigenie siructure between these <iralns appears to be guantitutive
rather than qualitutive sinee the response to repeated injections of

Nore.  Tdentical investigations to those defalled above srerve cuarried out
with straim 461 AL Pl vesults have heen omitted purposely bocause 7 Hs-
crepuney  occtrred  whiclh requires repeated confirmution hefore poblic on.
A bhatels of throe hweses were Inunnulred ln subentaneons injeetion of wouse
virns o one reacted mildly and owo showed wo reaction. Serun collected ap to
175 daxs after injection has failed to show auy virecidal effcec on either Lhe
hamalogous o the heterologous vivag althoueh (he antigen ysod was rendils
neutralized to igh titre by the sernm abtaived Trom lorse Y0638 w hich received
the repeated injectionz of strain 449, The work has heen cavefnlly checked.
The jrurses wove injected with passage virus generation 77 on a dayv when no
other tnjecbions were aude so thal the type serum mmust be correct. Neutvaliza-
tion tests have heen carvied onl using as antigen generstions 81, 92 and (01
ef vhe lomologous g2train hue always no ueutl‘]l]?dﬁnn of the hr:]‘no]om;u» SLruin
was obtaied. 1t is admiited that there exists o pn\ﬂ]ﬂllt\ of mixing up lwo
strains during routine passage bul as such care has been laken to avoid this
crreor and as no varviation bas oceurred in the other strains the commission of
sl a mistake s uot conceded readily. Tf the resnlts obtained arve correct,
they Indieate the existence of a non-antigenic strain, a finding which would
cecasian no great siarprise when viewed in the lizht of the resuli obtained with
strain 154 B ahave, ITowever. the entive experiment must he repeated and as
this neeessitates a delay ol ot least 200 days the rewainder ol the work is
detailed in view of it 11”5”1’1" interest. A further repore will he subi  ted
in due course




k. A. ALEXANDER.

one virus strain was the appearance of virucidal bodies in the serum
capable of neutralizing all the other strains that had been fixed
neurotropically. In other words it appears that each of the virus
strains investigated possess the same antigenic components which are
present in vastly different proportions. The result is fhat a single
immunizing injection produces solid immunity against that com-
ponent which predominates but that repeated injections eventually
produces 1mmunity against all the components,

Theiler (1908) expressed the same opinion as a vesult of immuniza-
tion with *‘ inadequate and adequaie serum aund virus 7. Ile found
that the simultaneous injection ot hyperimmune serum (O) and the
homologous virus (0) produced an immunily against that virus (0)
but not against heterologous strains of virus (1z and B); further that
those animals which survived the simultaneous injection of hyper-
immune serum () and an heterologous strain of virus (Tz) did not
develop complete immunity against either that strain (Tz), or the
strain used for the production of the hyperimmune serumn (0), or a
third strain (13). e explained this finding by postulating that virus
Tz is of a complex nature containing certain constituents of O virus
which are deviated by the large dose of O serum and accordingly
during the immunization leaves no impression on the syvstem of the
animal. A subsequent inoculation of the same sirain would then not
meef the corvesponding antibodies and a veaction would vesult.”

From the point of view of mass immunization in the field these
findings are of great importance. From a practical and economic
aspect it is almost essential to limit the process of immunization to a
single injection. Cousequently there must be incorporated in the
vaccine every attenuated virus which possesses a different antigenic
structure in order that an adequate immunity may be produeed
against the unknown number of naturally occurring strains of different
constition. This conception clarifies the whole problem of limmuniza-
tion and presupposes the ultimate development of a completely poly-
valent vaccine which should be efficacious in all areas.

Theiler (1908) had the same object in view when he carvied out
his work on the immunization of mules with polyvalent serum and
virus.  Frem this work he concluded that tmmunization against a
polyvalent virus with an adequate seruin produces immunity which
protects against any of 1ts constituents.

At tlas stage 1t 1s necessary to point out that, at the present
mowent, no opinjoun can be expressed as to the possible number of
different virus strains that occur in the field. Previously the general
conception was that their number is legion but in view of ihe relation-
ship shown above 1t may be necessary to modify that conception. Tt
is not elaimed that a combination of the strains studied will cover
the entire range of variation of fype, but at least a technique 1s
available for the study of antigenic structure on which to base a
classification. TUsed In conjunction with the extensive campaign of
immunization being carried out this season it should result in con-
siderable additional information being gained on the plurality of
virus strains.
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10. Tajlure to devise an in vitro test to replace the hiological test
at present essential for the completion of neutralization experiments
s recorded.
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