


IMMUNIZATION OF HORSES AND MULES AGAINST HORSESICKNESS.

(2) Strain 20449 obtained in 1932 from a fatal case . horse-
sickness that occured in an animal that had been hyperimmunized
some months previously against strain O by the transfusion of )
litres of virulent blood. It has been shown experimentally that this
strain breaks down the immunity set up by O virus, and conversely
horses immunized against 20449 strain always react to a subsequent
intravenous 1injection of O virus.

Behaviour of the Strains in Mice and Guinea-Pigs.—At this
stage it is unnecessary to describe a»d contrast the behaviour of
these strains in mice and guinea-pigs. - is sufficient to state that in
the case of O virus the course of the disease in mice has gradually
decreased from H-7 days to 4 days after 75 pass s, and that 0-05
c.c. of a 1-100,000 dilution of fresh brain represents approximately
1 lethal dose. In guinea-pigs death usually occurs in -8 days, and
the infective titre of the brain is about 1/10 that of mice.

Strain 20449 invariably kills 100 per cent. of injected mice on
the 4th day, and emulsions of fresh brains have frequently proved
infective in a dilution of 1:1,000,000. 1 guinea-pigs the course of
the disease is somewhat longer than that produced by O. virus, but
the infectivity appears to the approximately the same.

Prerararion or Virus EMTULSTON vor [XIJECTION.

Infected mice and guinea pigs are etherized in extremis the
brains removed with complete aseptic precautions, and n»lace in
sterile 50 c.c. centrifuge tubes fitted with sterile corks.  he brains
are then frozen overnight in the freezing chamber of an electric
refrigerator and next morning rapidly thawed in a water bath or
incubator at 37° (. to cause the disintegration of as much cellular
waterial as possible. The amount of fluid necessary to give the
desired concentration (usually 4 per cent.) is introduced, and the
brain material is macerated by rapidly drawing it into, and fer-ing
it out of, a syringe fitted with a fine ne==zle. The resulting em» 1on
is then centrifuged for 20 minutes at + 500 revolutions per minute,
and the turbid supernatant fluid free from gross particulate matter
1s used for injection. In the text this fluid is referred to as “ virulent
brain emulsion ’

For emulsification serum of a normmal susceptible horse diluted
1:10 with 0-8) per cent. saline was used, since it has been found
to have several decided advantages over saline alone.

In those experiments where various dilutions of infective brain
material were used, a stock emulsion vepresenting a dilution of 1
part of brain substance to 25 parts of 1:10 serum-saline was made,
and the requisite dilutions in serum-saline were prepared from this
stock.

Horses axn Mures UsEep.

The horses and mules used were obtained from various horse
dealers, who purchase their animals in districts where horsickness
normally does not occur. These dealers have supplied this Institu-
tion for many years, and experience has shown that only on rarve
occasions have immune animals been included in a batch. The per-
centage of such animals which were immune as a ve: of recovery
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IMMUNIZATION OFF HORSES AND MULES AGAINST HORSESICKNESS.

(6) As regards the immunity produced by one strain of virus
(20449) against a second (strain O) no definite conclusion can be

drawn, since horses which had survived the inje on of 20- ) neuro-
tropic virus received material represent ¢ differ~t generations of
strain O, i.e. at different levels of attenuation.  seems probable

therefore that if a cross-immunity does exist, it is at most only
partial.

The results obtained from the above experim were so encou-
raging that it was d-~ided to carry out a further experimer+t ~n five
horses to determine e degree of attenuation after several a  tional
passages through guinea-pigs and also to ascertain the emect of

injecting various dilutions of emulsion.

Three guinea-pigs, constituting generation 10, strain ),
were destroyed in extremis and a 5 per cent. emulsion of the d
brains was made ir 1/10 normal horse serum-saline. The r-

natant fluid obtaine after centrifugation was used as 3 wiguest
concentration of viruitent brain, and serial dilutions in serum-ealine
were made from this stock emulsion.  1e injections made an !
results obtained are tabulated below:—

Horse. Date. Dose. Dilution. Reaction.

20360 7/3/33 {l0c.c.subcut.| 1,20 No reaction.

20354 . 1/100 . .

20371 v - 1/500 Reaction commenced 8th day. Died 16th
day. Dikkop.

20355 . ” 1/1,000 | Mild febrile reaction + Dikkop from
14-17th day.

20367 vy Y, 1/5,000 | Reaction commenced 7th day. Died 13th
day. Dikkop.

The 3 survivors were given an immunity test of 5 c.c. of virulent
blood of the same strain intravenously on 4/4/33. There were no
clinical or thermal reactions. A titration of the infectivity of the
emulsion for mice v-s carried out, 0-05 ¢.c. amounts of each serial
dilution in serum-s: ne being injected intracerebrally into 2 mice.

Dilution. Result.
120 i e e 6 : 6%
1/100. oo e 6:6
1/800. 0 e e 6:6
1/1,000.. . oo 7:8
1/8,000. . vt e 77
1/10,000.. oot 7:1
1/50,000.. . cnn i 0:0

* Nore.—The numerals indicates the number of days between injection and death of
each mouse. 0 means survival,
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IMMUNIZATION OF HORSES AND MULES AGAINST HORSESICKNESS.

Group 1I.-—Strain O Virus after 21 Passages in Guinea-pigs.

Horse. ’ Dilution. ‘ 0-05 c.c. in Mice ’ Reaction.
Intracerebrally.
]

20572 | 1/50 | 5:6 Reaction from 3rd day. Died 9th day.
20573 \ 1/50 — Reaction from 3rd day. Died 10th day.
20581 1/500 5: 7 i Reaction from 4th day. Died 9th day.
20582 ! 1/5,000 6:6 Reaction from ?-7 day. Died 9th day.
20583 i 1/5,000 — Reaction from 4  day. Died 10th day.

Grovr ITT.—Strain 20449 after 51 Passay

Horse. l Dilution. 0-05 c.c. in Mice Reaction.
Intracerebrally.

-
'y

20545 1/100 : Mild fever from 19-23rd day. Recovered.
20546 1/100 — No reaction.

20569 1/1000
20570 1/10,000 :
20571 1/104000 —

€

[
[

Grotr IV.—Strain 20449 after 23 Passages in Guinea-pigs.

Horse. Dilution. 0:05 c.c. in Mice Reaction.
Intracerebrally.

20585 1/50 5:6 !\ Too wild to tomperature. No  clinical
‘ reaction.

20586 1/50 — I No reaction.

20587 1/500 5:7 [ Moderate reaction from 8th to 11th day.
‘ Recovered.

20588 1/5,000 6:7 i No reaction.

20589 1/5,000 — | N
|

Rusuvrrs.

Four horses received various dilutions of O virus which had
been passaged for 40 generatious in mice ¢m4 five horses receiverl
O virus after 21 passages in guinea-pigs. /  died from horsesi -
ness as a direct result of the injection.

Five horses received various dilutions of virus, strain 20449
after 51 generations in mice, and five horses veceived strain 2(
after 23 generations in guinea-pigs. Of the 10 animals eight sho
no clinical or febrile reaction, one was *0o wild to temperature but
showed no clinical reaction, one reacte mildly, and one showed a
fairly severe reaction but made a rapid recovery.

At various times after recovery all the survivors were shown
to be solidly immune to the homologous strain of virus.

CoNcLUSTONS.
After 40 generations in mice and 21 generations in guinea-pigs
O wvirus had not reached a level of attenuation sufficient to permit
of recovery of any of the injected horses. me attenuation probably
had occurred, since the course of the disease was prolo: .d about
3 days. beyond the time that would have been expectea trom the
use of fully virulent virus.
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After a slightly greater number of generations in both mice and
guinea-pigs strain 20449 appeared to have become sufficiently attenu-
ated to render its injection into horses perfectly safe. This ceat
difference in the results obtained with the two strains of virus caumot
be aseribed solely to the slight difference in number of brain ta
brain passages in the small animals. Fither O virus is a strain whi
does not lend itself to rapid attenuation or after its 193 passages
horses it had become ¢ fixed”” for horses, with the result that
attenuation probabl~ will take place eventually but will take very
much longer. The tter is the more acceptable explanation, since
strain 20449 was orginally no less virulent for horses, but, as it
was 1solated in 1ts first generation in horses, it 1s capable of under-
going a metamorphosis from viscerotrc m to neurotropism move
apidly and more completely.

In this experiment no difference could be detected in the res s
obtained from the injection of the highlv concentrated or diluted
brain emulsion. No explanation for this screpancy can be offered.
From the point of view of ultimate economie production of a vaccine,
it has not been determined what concentration of brain material
will constitute the most efficient antigen, nor ow many doses can
be obtained from a single mouse or guinea-pig brain.

B. TH ML

The experiments carried out on horses indicate that a gradual
progressive attenuation results from the serial passage of the virus
through mice and guinea-pigs by the intracerebral route. After a
limited number of passages the injection of a partially fixed newro-
tropic virus, not unexpectedly, may produce severe reactions and even
some mortality in highly susceptible orses. Since mules ave con-
siderably more resistant than horses, it was decided at this stage 1o
attempt the immunization of a few mules 1n the hope that some
light might be thrown on the change which was taking place in the
virus.

The virus strains had been passaged for a greater nur er of
generations in mice than in guinea-pigs so that in a preliminary
K . ‘{b )’h : “
experiment on 10 mules the *° mouse ’’ virns was used.

The injections given and the results obtained are shown in
tabular form below. Tt will be noticed that the animals were divided
into two groups. Group I were given an initial injection of various
dilutions of brain material representing mouse gemneration .  strain
20449 ; after completion of the mmunity test against the nomolo-
gous strain of this virus they received various dilutions of material
representing mouse generation 35, strain O. In group Il the reverse
procedure was adopted. The primary injections comprised various
dilutions of mouse generation 29, strain 0, and after the homologous
immunity test mouse generation 49, strain 20449, was given,

The second table records the infectivity of the different virulent
brain emulsions, as indicated by titration in mice.
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R. A. ALEXANDER AND P. J. DU TOIT.

was a slight fever reaction in one animal (20599) which had been
injected with the 1/1,000 dilution. The remainder showed no clinical
or febrile reaction, and all were solidly immune 20 days later.

Group II.—Immunization of five mules was commenced with the
injection of various dilutions of virulent brain material comprising
generation 29, strain 0. The two animals which received the highest
concentration reacted severely; the one (20604) recovered and the
other (20602) died, the long incubation period, however, indicating
that an attenuation of the virus had taken place. The remaining
three mules did not react. On immunity test after an interval of
24 days, the four surviving mules proved to have developed a solid
imnmunity.

In the light of the experience with mule 20601 in groo I above,
the failure of mule 20608 to react to the immunizing injecuon, and
yet proving to be iinmune subsequently is of interest. According to
the titration of infectivity in mice the 110,000 dilution used
contained barely one mouse-infecting dose, since only one out of two
injected mice died. The 10 c.c. given to the mules, therefore, musr*
have contained only slightly more than 1 mule-infective dose an
consequently an active immunity developed. It is unfor 1 that
the animal was too vicious to temperature, because the previous
results have shown that often it is necessary to differentiate between
a clinical and merely a febrile reaction.

In addition, it is worthy of note that the animals which reacted
very severely both received the higest concentration wof brain
material containing a virus which had been subjected to a limited
number of passages—29. This result is precisely the opposite
that obtained from the use of guinea-pig brain emulsion in horses.
This observation is discussed later.

After an interval of 20 days the four mules received various
dilutions of brain emulsion comprising generatiom 49, strain 20449.
There were no reactions and 15 days later a soli immunity to the
homologous strain of virus had developed.

Tt is difficult to put forward a convineing comparison of e
results obtained in group T and group 11, since adequate data have
not been collected in regard to the degree of cross- 1mmunltv existing
between the two strains of virus used before neurotro . fixation.
But, it is interesting to note that immunization against one strain
produced an undoubted 1mmunity against the other, since the first
series of immunizing injections produred reactions which were con-
siderably miore severe than those resr ing from the second virus.
This difference cannot be ascribed entirely to the viruses used being
at different levels of attenuation by passage. Further work is in
progress on the antigenic structure of the different strains of virus
isolated so that a full discussion on cross-immunity will have to be
reserved for a later publication.

(loNCLUSTONS.

The results obtained with mules were approximately those antici-
pated from a consideration of the previous results obtained with
horses. It is shown to be possible to immunize mules by the injection
of a modified virus which has been attenuated by serial passage
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IMMUNIZATION O ITORSES AND MULLES AGAINST HORSESICKNIESS.

Attenuation by passage  through the guimea-pig occurs al a
greater rate than by passage {hrough the niouse, but no opinion
can he expressed us to the ultimate level which will be attained after
repeated subinoculation over a number of vears. Whether the degree
of attenuation in either animal will eventually reach su a point
that Injection 1vto horses will be perfecily safe in every case, has
vel to he determiuned. This point will only bhe e¢leared up by the
collection of data from a large number of animals since the suscep-
Gbility of individual horses is known to vary within wide hmits, At
the present moment it ix hoped that altenuation will veach a level
which 1s consistently safe and that 7t will not be necessary to resort
to the preliminary injection of a virus artificially attenuated by
chemical or physical means, or to modify the reaction by the
simultaneous injection of hyperimmune seruni.

A constderation of the results obtained from the experiments
recorded indicates that when once the unti-body producing me  mism
of the animal body has been stimulated, 1t 15 comparatively easy to
reinforce the mitial immunity.  This point was demonstrated by the
mildness of the reactions produced by neurotropic virus O in animals
previously immunized against strain 20449, whereas the same material
produced severe reactions and even wmortality in fully suscepti
animals.  Consequently, it has still to be decided whether the ultimate
procedure will consist of a series of injections of different virus strains
or a single 1njection of a polvvalent mixture. The possibility of {he
latter procedure has been demonstrated by the successtul immuniza-
tion of mules against (wo viruses by a single subcutaneous injection.

This conception of the production of a polvvalent vaceine con-
stitules o consuderable advance over previous methods. Both the
Liyperimmmune serum-virus simmultaneous method and the formalized
spleen virus method have as their basis the use of a stingle strain
(strain ) which, experience has shown, is capable of immunizing
againsl a greater number of different strains than any other virus
isolated.  Yet the immuunity produced by these methods is not
complete as evidenced by periodical breakdowns in the field; practi-
cal difficulties and cost prevented any attempt at producing either a
polyvalent serum or formalized vaceine. With the neutrotropic virus
method an attempt certainly can be made to immunize against all
strains that are 1solated, since a technique of /n ritro neutralization®
has been developed which permits of an evaluation of the antigenice
structure of the different natural strains of virus which have been
encountered.

In conclusion 1t must be pointed out that up to the present
1t has merely been shown that Imwmunization by means of an attenu-
ated neurotropic virus 1s possible. The work on mass production
of such a vaceine 15 sUll in its inttial stage, since a very large number
of important points have vet to be subjected 1o a thorough investiga-
tion.  For example, the relative efficacy of the mouse und guinea-
pie adapted viruses have not been eovaluated. The ease of serial
transfer and the short course of the sease produced In mice gives
preference to this animal for rapid passage and maintenance of a
virus. On the other hand, the guinea-pig possesses a brain whi  is
approximately 5 times the size of that of the mouse, though the

* This forms the basis of a report to be published later.
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