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QN _THE NE PIC VIRUS OF HORSESICKNESS,
RoeTRePIC. FiXATION .
: .4 9 He € + AL BQV.S@ Emf)i

arch Fellow, Onderstepcort.

The problem of the control of horsesickness is one

which has presented many peculiar difficulties to those who
been actively engaged in its solution. It is outside the sce,
of this article to enumerate those difficulties but not the leas
has been the lack of an easily procurable, highly susceptible
sméll laboratory animal, on which to carry out intensive research
work on a sufficiently comprehensive scale, 411 the work had to
be 8onducted on either horses and mules with the result that the

almost prohibitive cost effectively limited the scope and speed
of research, Consequently the progress made, and that was
considerable, must always remain a monument to the patience and
keen powers of observation and deduction of those, notably Theller,
who made the problem their own,

In 1910 Theilerl reported the susceptibility of the
dog to African Horgesickneas, hut this animal subsequently
proved of little value for experimental purposes. In 1932
Rieshulz2 reported the susceptibility of the white mouse to the
virus. In&epe%?&y and concurrently this was confirmed at Onderste~
poortg, and in addition the full susceptibility of the guinea pig
was recorded, These obaervations immediately opened up a wide
field for research into many problems cornected with the disease.
The results accumulated from this work form the basis of this
report,

For the sake of completeness but also to illustrate
the technigue and methods finally adopted it is essential to
detail the peculiar features of the neurotropic fixation of the
virus in mice, guinéa pigs and rats even though several publica-

#,9.
tiong on this subject have appeared in recent months, ’
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A. FEixation in Mige.

The credit for the selection of the white mouse as
a potential experimental animal must be given to Max Theiler,
who in 1930 published his”studies on the action of Yellow
Fever in mice”ggg. The important and far reaching results of
his work prompted the application of similar methods to the
study of horsesickness.

A ghort preliminary account has been published
previously (3) on the establishment of a strain of virus,
strain O, in mice. Since that initial fixation no less than
seven strains from different sources have been fixed with
comparative ease so that an account of the procedure now adopted
as a routine may be of interest.

Technigue, For all this work the most suitable
syringe appears to be the 1 ec.c. "Agla" tuberculin syringe
manufactured by lessrs. Burroughs WEllcome. rossessing no
metal parts whatever, it may be dropped into boiling water in
a sterilising dish without being dismantled with perfect safety.
Being hand made and calibdfated the graduations are exceedingly
accurate for dilution and titration work these syringes are
preferred to pipettes. The most suiteble needles are B.#. &
Co. No, 20, which are conveniently short and strong and are
sufficiently fine.

The use of young mice (approximately two months old)
is strongly advised, in preference to full grown adults, At
that age the skull is still cartilagenous and soft, so that for
injection, the needle may be inserted directly into one of the

cerebral hemispheres. vhen adult mice are used intraeerebral

injection can be carried out only by inserting the needle

toramen
through the dorsal portion of the fererum magnum, and some

mortality occurs proba ly as a result of injury to the nerve
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roots or vital centres of the brain stem.

A convenient and safe dose has been found to be 0,05
cece This volume is represented by a single division of the
graduations on the syringe so that it may be injected constantly
with great accuracy, and for this reason is preferred to the
0.03 c.c. advocated by smerican workers. ixperience with many
thousands of mice has shown that this injection is perfectly
safe and after & little practice thé mortality as a direct
result of injection should not be greater than .5%. It has
been found quite unneeessary to use a general anaesthetie,
in fact the use of a general anaesthetic would so delay the
operation as to make it a burdem., Mice stand the inJection
well, For a zew minutes they appear to be dazed but after
about 15 minutes the majority will be seen running about the
box or feeding,

Careful disinfection of the site of injection also
has been found quite unnecessary provided no more than 1C mice
are injected with each needle before sterilization. Lack of
local disinfection may be expected to favour the chance of
bacterial contamination but many thousands of mice have been
injected without a single loss from abscessation of the brain.

An an initisl source of virus preference is given
to defibrinated blood withdran from a horse at the height of
the febrile reaction to horsesickness. Infectiva blood to
which calcium citrate or calcium oxalate-phenol-glycerine has
been added as an anticoagulent or preservative may be used.
Juch material is not entirely satisfactory since these sub-
stences are decidedly toxic when injected intracranially. This
toxicity necessitates dilution of the blood to render injection
safe and this minimizes the chance of rapid establishment of the
virus. Nevertheless & strain of virus which had been stored

for 12 months in oxalate-carboleglycerine preservation has been
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'fixed' with no great difficulty.

For routine subinoculations the supgznatant fluia
obtained after centrifuging suspensions of brain material in
saline has been used. It is preferable to sacrifice mice when
in extremis to obtain infective material rather than to allow
them to die,since autolysisizgsfairly rapidly and such brains
are difficult to remove and to handle with complete asepsis.
To remove the brain &ZZQ the mouse onto a board, abdomen
downwards and pour a little 95% alcohol over the entire head
and body as a disginfectant. Reflect the skin cranially from
a point behind the withers and lay the entire skull bare,
Again disinfect with spirits. 411 instruments must be sterilised
by boiling. Ingert the point of a pair of fine straight
scissors into the foram magnum and snip the bones of the skull
to a point just behind and above the eye. wWwith the point of
the scissors 1ift up the roof of the skull, push the scissors
through the m#%dulla and under the brain which may then be
lifted out intact s nce the majority of the nerve roots will
have been severed. Place the brain in a gterile centrifuge
tube fitted with a cork or a eap’and macerate it with any
sterile instrument such as a glass rod. Add the requisite
amount of saline and make a fine emulsion by repeatedly drawing
the brain substance into and forcing it out of a syringe.
Centrifuge for a few minutes at about 1500 revolutions per
minute to deposite gross particles and the opalescent super-
natant fluid is ready for injection. It is undesirable to

use a brain emulsion more concentrated than 1 part to 10 parts

of saline, since in higher concentration the brain substance
is decidedly toxic,
Fixation of a strain, For the first generation in
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in mice not less than 10 individuals should be injected
intracerebrally since it may ha pen that not more than 20%
will show any symptoms and the actual mortality may be nil,

As soon as a mouse is noticed to be, 6 i1l1l, i.e, remains huddled
up in a corner by itself ar is notieed to have difficulty in
running about owing to a partsis of the hindquarters subin-
oculate the brain into .10 other mice. In the second generation
in mice rather more than 80% can be expected to show fairly
typical symptoms'and,of-this number few will recover. In the
third generation the mortality is usually 100% and from then
on the number of mice used to cadly on a strain is purely a
matter of individual choice. For each passage five mice have
been found to be a satisfactory number. This number may
seem excesdvély large but it must be borne in mind that in
later generations death occurs suddenly so that it is not
unusual to arrive in the morning to find three or four mice,
which a~peared perfectly well the previous afternoon dead and
partly decomposed,

In fixing a strain of virus the point to be stresscq
is that in the early generations large numbers of mice should
be injected, so as to be sure of infecting several individuals,
Then as the virus becomes adapted to neurotropic propagation
the number used for passage may be decreased, To {illustrate
the procedure full details of the injections carried out for
the neurotropic adeptation of one strain of virus is given.

4au»a$d»w1?
€6.2.33, 12 mice_injected intracerebrally with 0.05 c.c,.

deftbrifated blood from a reacting horge diluted
aa with 0,85% saline,

18,2,33 1 mouse found dead in box, the brain having been
eaten by the others,
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18.2,33. 2 mice a pearcd definitely sick. Brains pooled
and subinoculated into 5 mice of which 2 were
in extremis on 23.2.33 and were passaged, 1 died
on 23.2.33, and 2 subsequently a peared sick but

recoveresd,
Sowsrntin T,
24,2,33 1l mouse found dead in box and discarded.

28,2,33 2 mice definitely sick, showing posterior parésis,
Subinoculated into 5 mice of whieh 2 died on
63433, 2 were in extremis and passaged on 6.3.33,
and 1 remained in normal health for 4 weeks.

243433 1 mouse died and wes disearded:
6. 3,33 Remaining mice discharged.

The third generation of mice all died between
the S5th and 8th day and from then onwards the wortality in
each generation was 100%

It will be seen that it is a comparatively
simple matter to establish & strain of horsesickness in mice
. by cerebral passage., It is necessary to exercise patience in
waiting for signs of illness in the first generation since
the peried of inculmtion may be prolonged up to 3 weeks or
more, Unce the strain is establisghed it may be maintained

indefinitely by brain to brain passage.

Routes of Infection,
In addition to the infection by intracerebral

injection,several attempts were made to ascertain whether
the disease could be transmitted by the subcutaneous, intra-
mugcular, intraperitenfal or intravenous routes,

1. Subcuteneoug, On 21.,3.33 10 mice were
given a subcutaneous injection of C.5 c.c. of a 4% saline
emuleion of infective brain representing generation 33,
strain 20449, The infectivity of the emulsion was controlled
by intracerebral injection of 5 mice with C.06 c.c. of a
ten fold dilution in saline of the same emulsionj all the

control mice were dead by the sixth day. The 10 mice
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were kept under observation for 28 days, without showing any
symptoms of ill health, 4g an ifmmunity test they were then
given an intracerebrai injection of Ce0b co.ce of @ 1% emulsion
(generation 38, strain 20448)3 3 died on the seventh day,
€ on the eighth dey and 3 on the ninth day after injection,
whereas of & control mice 2 dled on the sixth day and 3 on the
seventh day,
This experiment was repeated on two occasions uaing
a 10% brain emulaion of mouse generations40 and 59 of the
game strain for subcutaneous injection. Not one of the mice
were infected., The slightly lenghtened course of the disease
on immunity test as compared with the controls injected
intragerebrally was apparent in each experiment. This may
be taken to indicate that a slight degree of immunity was
conferred but that this was insufficient to ﬁﬁﬁﬁf'tne
development of the virus introduced directly into the brain,
2. Intramuscular, A total of 30 mice were injected
intramuscularly with 0.5 c.c. amounte of the same virus sus-
pensions ueed for the subcutzneous tests above, Three mice
died within five days of injection but in each case death was
due to some cause other than horsesickness because subinocula-
tion of the brains failed to reveal the presence of any virus,
On immunity test intracerebrally all the mice died
but again a slightly prolonged course of the diseuse seemed
to indicate that some immunity had been set up.
3, 1 ‘r ritontal, Since the infection of mice
by the intraperitoneal route together with the simultaneous
traumatic injury of the brain by the intracerebral injection
of a 2% sterch solution forms the basis of the intraperitoneal
protection test in Yellow Fever elaborated by Theiler,it was

consldered important to determine whether mice could be
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infected with neorotropic horsesickneses virus by this

me thod,

clear up this point a representative few are tabulated below.

Of a large number of experiments carried out to

e
Bxp. Virue Used |No, |Intraperitoneal |2i Starch | Deaths | Intracerebral
| Gene~ | Strain | of |Injection intra- ity Teat
o |tatdonl _______ |ikice gerebrally '
1 | 33 |20449 8 0.5 c.c. of 4% - 66
8 emulsion + X650475| 10,
2 | 85 |20449 6 |0.5 coc. of 4% -  |ni1 all aied| =
emulsion
, » _16 _ _ ,‘ 4: ] xLé L al__l c}igdr___:_‘
3 | 58 |20449 | 10 0.5 c.c. of 10% + ‘nil all died
" emulision ) N
4 50 | 20449 5 | 0.5 coc. of 20% - nil |
emulsion
5 ditto + 6,16 54647 | 495,5,
& 0.5 c.cy of 10% - 5,6 -
emulsion
5 ditto + 6 w
53 0.5 c.ce Of 5% - nil -
‘ emulsion
|
é 5 0.5.8.(2- of 2.5% — nil -
P emulsion
|
- ditto 4+ nil -
5| 62 120449 | 5 .5 c.c. of 10% - nil
S i emulsion
5 ditto + 6,6,7 [4,7 4,4
i 5 0.5 cace of 5% - nil -
emalsion.
‘ditto 4 nil -
Ll d = = = - — = 4= - A
6 | 142 20449 5 [0.5 c.c. of 5% emulpion —  [17.17 [4,4,5 8,4,4,
A R I R R aitte 4 114 [4,4,4,5 | 3,4,4,
?7 | 40 ¢ § 0.5 coce 0of 10%emulsion 4 nil -
5 ditto - nil | -
hore. ! - |

T e Ao '
Notes & The animeis indicate the day after injection on which
death of a mouse occurred.
survived after intracerebral injection.

death at time of injection or due to some ether cause
other than horgesickness.

O e
X =
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A consideration of the results indlcates that after
intraperitoneal injection of 0.5 c.c. of an infective emulsion
of high concentration (10%) an occasional mouse will become
infected and will die. When & lower concentration of virus is
used 1t is rare for a mouse to become infected since none of
those used in the experimenis diedst dhen the brain is injured
simultaneously by the injection of 2% starch soclution a greater
proportion of mice become infected, particulerly when heavy
concentrations of brain emuleion (10%) are used. Als0 an
occagional mouse becomes infected when concentrations lower
than 1C% are used. These observations hold good for a strain
of virus which has been neuroiropically 'fixed' by 142 passages
through mice.

Consequently the uncertainty of getting up the
digsease by this route with or without injury to the brain
makes it quite unsuitable for all practicaly purposes. From
an academic point of view it is interesting because it indi-
cates that injury to the brain sets,up a 'locus minoris
resiq&i&e which serves as & starting point for the ﬁultipli-
cation of the #irus presumably transported by the blood siream.

Of a limited number of mice subjected to immunity
test two survived and the majority succumbed after a lengthened
period of incubation, which agein indicates that some immunity
had develcoped.

4, Intravenousg, The results obtained with the
injections given intraperitoneally showed that infection was
most likely to be initiated when & large amount of virus was
circulating in the blood stream as a result of the rapid
abgsorption from the peritcneal cavity of a heavy concentration
of infective brain emulsion, If this is true/more regular

results should be obtained by the injection of large amounts

of virua directly into the blood atream., Unfortunately brain
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emulsion in & concentration higher than C.1% is highly toxie
when given intravenously in 0.3 c.c. doses. Of a large number
of mice injected intravenously, with and without the injection
of starch intracerebrally, infection was set up in only a few
instances, and the percentage of deaths as a direct result of
injection was excessively high,

5. Infection by direct or_ indirect contact, or per os;

In verious experiments it is common for healthy mice to be

housed in the same box with infected mice in various stages of
the disease, In addition the healthy mice frequently devourZke
dead wiee,the first portions eaten being the tongue &and brain,
At no time has there been any indication of the spread of the
disease so that it must be concluded that infection cannot

take place by direct or indirect centact or by the ingestion

of infective material,

conglugions, By the subcutaneous or intramuscular
injeetion of virus it has not been possible to infect mice,
The probable reason is that slow absorption results in a

concentration of virus in thg blocd insufficient to penetrate
the barrier between the vascular system and the cells of the
éﬁi:::“éystem in which multiplication occurs. Injected mice
develop a low grade immunity which is insufficient to protect
against the intracerebral injection of some hundreds of suwnimal
irmmanel infective doses of virus.

By intraperitoneal injection infection may be initiate
particularly when the aose is massive and the brain is injured
traumatically by the intracerebral injection of 2% starch
sclution. A greater concentration of virus probably can be
produced in the blood by intraperitoneal injection than by
injection directly into the blood stream since (.3 c.c. of a

Oel% emulsion of infective brain is often toxic intravenously
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yet C,5 cec. of 2 10 ¥ emulsion 18 readilyzﬁHQ44ZE£ in the
from

peritoneal cavity/which absorption is rapid.

It must be concluded therefore that the only
satisfactory method of infecting mice is by direct intra-
cerebral injection, Thie finding together with the
observation that the disease is not trensmissible by direct
or indirect contact or per os, rendere the mouse particularly

suiteble as an exnerimental animal since the risk of

accidental infection is reduced to a minimum,

sugceptibility of Jiffgpgmy strains of mice,

A very real cbagtscle encountered in this work has been the

difficulty of obtaining e regular supply of miee since it has
been essential to work in large numbers to sccumulate
etatistical data, Practically all the @ige used were
obtained from our breeder, lir..Bucheanan of Fretoria lorth,
to whom I am indebted for his efforts to maintain a regular
supply of uniform age and size. The strain was originally
imported from Natal and has been in-bred on an extensive scale
from that time. At no time has any variation in susceptibi-
lity been observed., ?rreference has been given to the use
of young mice about two months old because of the easge of
handling, housing and injecting, but there does not acpear
to be any difference in susceptibility between young and
adult mice. Usually young mice die about 12 hours earlier
than adults but this does not represent any difference in
susceptibility to intracerebral injection.

o opportunity has presented itself of comparing the
relative susceptibility of the various recognised breeds or

strains of mice but brown, grey, black, pubald and the

ordinary wild mice have been used and all anpear to be

equally susceptible,
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Symptomg,  After the firat shock due to the
injection has paased off'the mice appeear perfectly normal.
Careful daily observation will show that the first sign of
illness is & diginclination to feed, the food being either
covered up with saw dust or scratched out of the receptacle
orito the hottom of the box. An affected mouse will then
ghow a roughened coat and will remain huddled up in a corner
away from its fellows. At firat it is able to walk and run
about quite normally when roused . but gradually it will be
noticed that the hind legs appear to be anable to -support
the body. This initial paresis rapidly becomes more
noticeable and spreads cranially so that the mouse
eventually cean only attempt to drag itself on its abdomen
with its hind lege stretched out behind. sventually it
is unable to move at all and remains stretched out in a
commatoge condition until death, which may occur some hours
or even a day later., This picture is exhibited by mice
which have received an injection of diluted material
repreasenting gay 10 to 20 imuunel infective doses. when
an infection representing severel hundreds of infective
doses 1is given the picture is usually somewhat different.
such mice at firat are disinclined to feed and appear nervous
and excited, They move about the box in a restless, aimless
fashion and at any moment may coamence & mad stampede, which
may last up to 15 seconds or more. Thié mad rushing round
the box may terminate in & convulsiwa fit which usually is
fatal, the mouse then dying with muscles rigidly ;ﬁiﬁ@ﬁ;
Usually, however, after the initial period of restlessness

a parksis gradually develops which appeare to progress

from behind forwards, so that progression is at first
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aifficult and later imposaible, after which coma and death
rapldly follows,

The duration of the digease varies considerably.
In the early passages individual mice may be 11l for several
dzyse. In the later passages it is not uncemmon for 10 mice
" in a box to appear perfectly normal in the late afternoon
yet next worning more then half will be found dead and the
remainder partisally paralysed or momatose., sfter a particular
virus has become 'fixed' neurctropically the duration of
symptoms is seldom longer than 8 hours, and every mouse
which receives a certain infective dose of viruz will die,

Ag serial passage progresses the virulence for mice
appeares to increase markedly;as Indicated by 2 gradual
decreage in the average time between injection and deaths
This 1e clearly illustirated by reference to the figures
given in Table II, in which is given the average interval
between injection and death for the first five generations
in mice, and then the average interval for each successive
five generations. The figures include daila obtained from
four different strains of virus beiny passaged with a view
to ultimate vaccine production. The origin of and difference

between these strains is discussed later.

Teble 11,

It will be noticed that the interval between injection
and death decreased reapidly for the first few generations
but sudbsequently the disease became very much more gradual.
After approximately 8C passages the course of the disease

had reached what is believed to be a constant mumcmun , and

during the next 60 passages there was little or no change.

Digitised by the University of Pretoria, Library Services, 2013



14,

The figures given show a slight fluctuation but this is well
within the bounds of experimentel error and partly may be
explained by the use of wmice of different averuge ages.

In the case of 3 of the strains investigated the majo-
rity of deaths occur on the third day e&fter injection, in
faet, 1t has been poasible te subinoculate rcgularly on the
third day. In the case of the fourtnh strain (Qyiéus}
neurcoiropic fixation appeared to have been more gradual and
death can always be anticip&ted 12 - 24 hours later, KXo
opinion can be expressed on the possibility of the course
of the disease ultimetely vecoming equal for all strains,

The ﬁgﬁgﬁﬁﬁ in tne course is accounted Jor both by
a decrease in the incubation period and the duration of
Getectable symptoms, In the early generations it was common
for mice to show symptoms of pargsis and paralysis for one
or more days and to be comatose for 12 hours hefore deathy
in the later generations deata usually occurs within 12
hours of the onset of visible syuptoms.

It must be pointed ocut that the figures glven above
were obtained from the records ¢f mice which were QFQP in-
jected with many hundreds and even thoudands of ;;;;;;fauﬁ
infective doses. The period of incutation following injection
with gay 10 infective doses is ususlly ebout 24 hours longer
but there is little difference in the interval bLetween onset
of gymptoms and death,

At thig stage it is of interest to note that the
increase in virulence for the mcuse (the 5&%22%%‘3f the
period of incubaticn being taken as the index) appears to
have run parallel with a;%&:ggg% in virulence for the horse,

Strain O, which was the most refractory to neurotropic
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fixation become attenuated for horses more slowly than the
other strains, It h&s not been possible to correlate period
of incubation in the mouse directly with safe attenuation

for the horse.

identification of the Jigease truanamitted to mnice.

At the ecuumencenent of thie work it was essential to
determine that the fatal condition veing transmitted to mice
actually was the result of infection with the virus of
horsesickuness, Jithout entering into detalls at this stage
this was proved without any doubt in the following manner.,

1. Jusceptible horses were injectcd subcutanecusly
and intravenously with infective wmouse brain eumulsion,
iypical clinical Horseaiékness wus produced which was not
alweys fatal. Blood taken durine this febrile reaction
reproduced the original condition on intracerebral injection
inte mice, Thoge horses which recovered were found sub-
seguently to have developadtholid immunity to the homologous
strain of virus.

2. 1Immune horses did not react to the injection of
infective mouse brein emulsion,

3. Serum of the immune horses was found to be capable
of gpecifically neutrelysing the virus contained in mouse
brain emulsian'in vitro,

Ppom these teets combined with repceated demonstrution
of bacterial aterility of the brains it was concluded that the
virus of horsesickness certainly had been trengmitted to

and propagated in mice.

£08t mortem AppDEArancefs .
e
Pogt mortem examination reveuals no lesioni
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Fairly consistently there appears to be a slight tumor
splenis but otherwise the internal organs appear to be
perfectly normal. Examination of the brain shows a
definite and often marked engorgement of the'vn4*°;“1?°“41‘
vessels, but there is no macrogcepic change in the brain

substance.

. logy .
Hiatorx of the Brain, The microscopic changes

in the brain, cord, and‘gkgsg:“;ystem have hot been worked
outs It is considered that a correct interpretation of
any lesions can only be dealt with by an experienced
neuropathologist so that this aspect of the disease in mice

will have to be dealt with by some other worker.,

Localization of the virus in mice, During the course

of serial passage of the varfious strains of virus
sbundant material was available for the determination of
the localization and concentration of the virus in the
orgons of mice.

Brain, It has been shown above that mice can be
infected with certainty only by direct intracerebral
injection. Congequently it occasioned no surprise to find
that the central nervous system was the site of the highest
concentration of virus. Emulsion of brain material obtained
from mice safgzéiéed when moribund have been found to be
infective in dilutions up to 1 in ten million (dose 0.05 c.cd)
This is an extreme’but constantly’strain 204€4 B is infective
in a dilution of 1 : 1,000,000 strain 20449 in a dilution
of 1: 600,000 and strain O in a dilutiom of 1 3 50,000.

This variation in the virus content of the brains of mice

infected with different strains is curious but has been

observed constantly and is of practical importance from the
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point of view of vaccine production.

Virus may be detected in the brains of mice two days
after injection, i.e. before the onset of uny elinical
symptoms but & marked and rapid iqggﬁazf occurs in the later
stages of the diseases The virus takea of partly autolysed
brains removed several hours after death does not appear to
decreage but there is no evidence of increase after 4 ath,

Spinal Cord, Tht.j distal 1/3 of the spinal cord
of groups of mice has been removed at various stages
in the course of the disease. Intracerebral injection of
/owafukuwdﬁbo into other mice has shown that as the disease
progresses 80 the concentration of virus increases centri-
fugally. At no time however has the concentration in the
cord been found to equal that in the brain.

Nerves, In the later stages of the disease virus
may be demonstrated easily in the periphgral‘norves
notably the sciatic. The concentration was never found to
be high but this is probably due }o the difficulty
experienced in adequality tife somewhat fibrous
nervous tissue under strimetly aseptic conditions,

Liver, SQ;ggn;_ﬁggégxg. On numerous occasions these
organs haye.beer carefully removed, thorwughly ground up with
sand 1n'2;;;;§; quantities of saline and the supernatant
fluid'after centrifugingyinjected into mice. un occasional
mouse that received material from each of these organs has
died and subinoculation demonstrated that death was due to
horsesickness, but so many negative results were obtained
that it must be concluded that little or no virus is
present in the internal organs. #hen it is present it is

there anparently by accident and association with nervous

tissue cannot be excluded.
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Blood, The blood of mice at any stage after intrae
cerebral injection was never found to be infective. This
does not exclude the possibility of virus circulating in
the blood stream shortly after intrscerebtal injection.

4drgnalg, Theller, in his work on Yellow Fever
mentions a relatively high concentration of that virus in
the adrénals of mice. This finding could not be confirmed

in the cage of Horsesickness,

Digecusgion, The susceptibility of the mouse to the
virus of Horsesickness has been demonstrated and confirmed.
This susceptibility presents several peculiar features which
merit spegial attention.

Horsesickness Ain equines,is of the nature of a
septicaemia and is characterised by a concentration of
virus in the blood and thoge organs which are richly vascu=-
1arised'notab1y the gpleen and liver. No cata are avail-
able as to the concentration of virus in the brain but it
is generally accepted not to be high. Clinically there is
no record of the symptoms in horses being correlated in any
way with nervous derangement. In the mouse the disease
assumes neurotropic characters exclusively. The virus at
death is concentrated in the nervous system,in fact its
rare demonstration in any organ cammot be disassociated
from the nervous system and the only certain method of
infection is by direct intraceanial injection. In addition
the clinical picture exhibited by an affected mouse is |
congistent with that of an animal suffering from an acute
nervous affection, Consequently the metamorphwais from

exclusive viscerotropism in one susceptible animal to
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to nearotropism in another is a phenomenon for which no
adequate explanation can be advanced in the light of the
present state of our knowledge of biology.

A similar change hus been demonstrated to occur in the
cagse of the virus of Yellow Fever, a disease which has many
features in common with Horsesickness. It still remains
to be seen whether other viruses will exhibit the same

characteristic.

Be Neurotropic fixation in Guinea Pigs,
After the demonstration of the susceptibility of the

mouge, and after the possibility of utilising the neurotropic
virus ag the basis for a:-method of immunising horses had
been appreciated, a search was made for a larger experimental
animal to provide a more copious supply of virus. The guinea
plg was selected, and as previously reportegsits susceptibi-
l1ity was establighed immediately. This finding has been
coenfirmed by Kieschulzssy
Techniques The intracerebral injection of guinea
pigs is rather more difficult than the eimillar operation in
mice. After clipping the hair at the back of the head and
neck the -uinea pigs should be deeply anaeghetised with ether
by placing them in a bell jar containing a;ﬁ&uf?&fof cotton
wool soaked in ether. /hen anaesthesia 1is sufficiently
deep,instruct an assistant to hold thsﬁguinea pig in the
dorsal position with the abdomezutightly against the bench
as a means of firm control. Swab the site of injection
with spiritus as a disinfectant, gragp the head in the left
hand and sharply fl£x it on the neck. The upper border of

the foramen magnum can then be felt and the needle of the

syringe can be inserted through its dorsal portion directly
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into the brain. The point of the needle must not bhe directed
downwards as experience has shown that the injection of fluid
into the medulla or the brain stem is freguently folilowed
by gross incoordination of movements with subsequent
death, or alternately cudden death from shock.
Injection through the foramum has been practised
in preference to the method advocated by Nieschulz, of forcing
the needle through the skull at a point slightly behind the
ear, since the number of accid-nts was found to be consideranrly
less,
The dose of fluid injected may be made as large as
0«4 co.c. provided it is given slowly but 0,256 c.c. doses have
been given as a routine since thls amount is tolerated well.
for the reast the technigue 1s identical with that

uged for the infection and subinoculation of mice.

the Uigesse in “uineu Pigs,

For the original experiments on guinea pigs mouse
passage virus (generation 7, strain 20448) was used. It will
be seen from reference to table II above that at that time
the strain had been adapted to neurotropic multiplication only
partially, since injected mice on an average did not die until
the fifth day. No attempt has been made to fix a strain of
virus in guinea pigs, using infective blood from a horse as
the inital source of infection. According to Nieschulz that
virus produces no demonstrable reaction in guinea pigs, and
it was found far simpler to passage a given virus for a
few generations in mice and then to transfer it to guinea pigs.

SY@MD 3 The disease in the guinea pig is of
particular interest because it afforded an opportunity of

determining whether the development of the virus in the central

nervous system i1s accompanied by any general febrile reaction,
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Under the conditions of maintenance of small
animals for thiaafffﬁ’it wag found that i;g;;° at 8,30 in
the morning and Eaﬁg)at 4,30 in the afternoon could be regarded

the vpper fymils o

aspthe normal daily fluctuation in temperature of the average
healthy guinea pig. This range has been laid down after
careful recording 'of the temperature of a large number of
animals over a period exceeding 18 months. In addition it
was found that as a direct result of the shock of intracerebral
injection of either brain emulsion or an inert substance like
starch the body tempetature may rise or fall 2° or 3° but
within 24 hours it will have returned to normal, If the
brain is injured during the operation the témperature within
24 hoursg drops well below normal so that an early maintained
subnormal temperature is a bad prognostic sign requiring
rejection of the enimal from the experiment.

Jelected temperature charts of four guinea pilgs
representing different stages in the serial passage of strain
20449 are shown in Charts I - IV below to illustrate the

febrile reaction,
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It will be seen that the actual period of incubation
after intracranial injection is exceedingly short, In the early
passages hyperthe¥mia does not eommencé until the lapse of 48
hours but in the later passages the temperature is well<bléwa2236
within 24 hours, There is a distinct tendency for the curve to
be diphasic but this is by no means marked. lhe maximum rise
is not particul rly high when the gﬁ§t normal fluctuation is
taken into consideration but 106° or higher has been recorded
frequently. Termination is by crisis and this, in the early
passages, is interesting, as will be seen from Chart II, the
record of one .of the animals in the seventh passage. The
morning temperature suddenly drops to & point well below normal,
in fact, it may be so low that the’£2222225760es not reach the
first graduation of an ordinary clinical thermomé&tre (recorded
as NR =« no reading,-and, to the touch, the guinea pig feels
‘icy cold’', The whe afternoon temperature may rise to an
excessive height, This tremedous bmdaily fluctuation was a
constant feature during the progress of 'fixation' and might
continue for several days before death occurred. In the
later passages (chart IV) the sudden drop in temperature
preceded death by 12 to 24 hours and there was little or no
fluctuation in the subnormal temperature.

Ouring the initial portion of the febrile period
guinea pigs as a rule show no symptoms of i1ll health.

They feed well and remain normally active, Cradually
inappetehcevsupervenes &nd moements become sluggish. Then
the animal remains crouched in a corner of the cage and the head

is continually nodded or jerked in a peculiar gpasmodic

fashion, *hen roused progression is unsteady, the hind-

quarters swaying unsteadily from side to side. Later the

Digitised by the University of Pretoria, Library Services, 2013



23.

animal can attempt only to drag itself along on its belly
and frequently topples over on its side making halting move-
wents in the air with its feet., Jloma graduslly supervenes.
The guinea pig may lie in this state on its side for several
days, the respirations becoming progressively slower and more
shallow until the only sign of life is a faintly beating
heart, Natuﬁally enaciation 1s pronounced and there is umually
some 1achry$atian and salivation and a soiling of the anal
region with green fluid faeces.

The course of the disease 1s clearly illustrated by
the figures given in Table II1I, where date referring to two

different straing of virus are given.

4 o+ 7hu44kb4253w “Todle T
b he et bar 4

A consideration of the data glven shows that after

Table III.

a limitec number of generations in mice gulnea pigs may be
infected easily with the partially adapted neurotropic virus,
and that a mortglity of practically 100% may be anticipated.
Jith straein 20448 not a gingle guinea pig survived an intra-
cerebral injection of virus which had previously been passed
through seven generations in mice, Strain O was passed
through nine generations in mice before being transferred to
guinea pigsj in the first five generations, of 22 guinea pigs
injected there were six survivers (27.3%) subsequently the
mortality was 100%. It is interesting to record that each
gurvivor subsequently proved immune to the intracerebral
injection of many hundreds of infective doses of 'fixed' virus.
Ag the virus becomes adapted to propagution in the
central nervous gsystem, there is a progressive decrease in the

period between injection and the average day on which death

occurs. Loreover, as subinoculation proceeds there is
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congiderably wore uniformity in the course of the disease ,
all injected animals dying within a short period of time,
rassage was only carried on for approximately 40 generations,
In that time it a;ppeared that the course could not he reduced

very much below seven days.

Apparently once estgb;i§ ed it is possible to carry
cn a strain of virus 1222§2§§3§ﬁ§§ in guinea pigs. Adaeptation

to the guinea pig does not appear to alter the infectivity for
mice, but it has been shown that it is accompanied by a rather
rapid attenuation for the horsefZ)
| During the course of other work}it was necessary to
transfer to guinea pigs,strains of virus which had been
passaged for 71 and 84 generations in mice regpnectively. It
was proved that by this time the virus had become so adapted
to neurotropic propagation that the first generation in
guinea pigs was characterised by 100% mortality and the course
of the disease was as short and as regular as that seen after
injection of & guinea pig fixed virus. It is apparent thetefore
that passage through the mouse increases the infectivity for
guinea pigs.

rogt mortem,

Ko pathqgunm'nic legion has been detected macroscopi-
cally, 7ihere appears to be a slight but regular tumor splenis

and rgnal hyperammia and in the majority of cases there is

a variable catarrhal entritis. In addition thefh444~;v~juu%49

Vvessels are markedly engorged.

Routes of infection,
After the susceptibility of the guinea pig to the

neurotropic virus had been established an attempt was made to
determine the possibility of transmitting the disease by a

method of injection other than directly into the central
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nervous system, Yhe regultis are shown in Table IV below.ﬁ
% 1 M@%L Table IV,
X4 |

In the first series of experiments it is shown that
using a virus representing the second generation in guinea
pigs (strain 20449), of two gulnea pigs which received
0.25 coce of a 4% brain enmulsion directly into the blood
stream via the heart,tgzéame infected and died on the 15th
day, one showed a febrile reaction, recovered and was then
immune to an intracerebral injection. Of three guinea pigs
which received 1 c.c., of & 4% brain emulsion intraperitoneally
none died but an immunity test two which survived the
injection were found to have developed a solid resistance,
Of three guinea pigs which in addition to the intraperiteneal
injection had the brain injured by the intraceanial injection
of 0,25 e¢.,c. starch none died. On immunity test one proved
to be immune, one died on the 1l0th day after injection and
one died as a direct result of mechanical injury to the*brain.

This experiment indicated that a fatal infection can
be set up only when a comparatively high concentration of
virus in the blocd is produced. 43 brain substance is
markedly toxic wnen given intravenously the only means of
inereasing the amount of circulating virus was to make use
of the rapid absorption of a massive dose of virus from the
peritoneal cavity., Since traumatic injury to the brain
did not appear to assist in locallsing infection the intra-
cerebral injection of starch was omitted., Therefore, in the
second experiment 10 guinea pigs were given 1 c.c. of a 10%
brain emulsion intraperitoneally, Of these six died after a

long period of incubation and a progcnged course of the
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disease, and four siiowed no deviation from norinal health
during a period of 45 days. The immunity test was
unsatigfactory since two of the survivors died as a direct
result of injection;g but one was found to be immune and
one normally susceptible,

The experiment shows that the only certuain method

of gsetting up the disease is by direct intracerebfal injection.

But, the rather high pepeentage of_guinea pigs which became
A ouﬂﬁ&?ld«j%guzbc.fﬁém'&-
infected, is interesting. In comparison with mice it indlcates

that the barrier between the vascular system and the nervous
aystem is more pregnable a&nd that when a sufficlient amount of
virus is circulating the central nervous system will be
invaded and multiplication will gradually proceed. In other
words, in the guinea pig the disease is essentially neurotropic
but its character is not so sharply defined as in mice. This

conception is borne out by a consideration of the localization

of the virus in the body.

Localization of the virus,
Brain. 48 in the case of mice, the greatest concentra-

tion of virues in guinea pigs is to be found in the brain,
Titration of the virua content of this orgen at various stages
in the course of the disease has shown that before the onset
of clinical symptoms, the presence of virus may be detected
by the intracerebral injection of mice but its concentration
is not high, since 0,06 c.c. Of @ 1t 1000 dilution frequently
may prove non infective. Juring the later stages of the
disesse however the concentration increases markedly and
rapidly so that by the time coma supervenes it has reached its
maximum, At no time does the infectivity appvoximate that of

the brains of mice, since it is rare for a dilution greater

than 1 : 50,000 to be capable of setting up the diseage and
for both strain 20449 and strain O a dilution of 1: 25,000
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appears to be the average upper limit of infectivity. «hen
it is realised that the brain of a guinea pig is only
approximately é;;; times the weight of a mouse brain, it

will be seen that the total virus content of a mouse brain is
equal to, if not greater than that of the larger guinea pig.
as a source of virus therefore preference must be given to the

mouse, owing to the greater ease of handling und injecting,

spart entirely from economic considerations,

Spinal Cord,. Before the onset of clinical
symptoms it is rare for virus to he demonstrated in the
spinal cord, After the onset of paralysis the cord is
uaually inrfective bhut the concentration of virus was never

found to he particularly high and never equalled that of the

brain.,

rerivheral Nerves. The peripheral nerves only
contain virus in the later stages of the discase «nd then
only in small amounts. On several cccasions an emulsion
of sciatic nerve made in a minimum quantity of saline
was‘zgzé’infective f'or mice even though complete posterior
paralysis was evident at the time the guinea plg was sacrificed.

Liver, S en, Xidneys and Adrinal. At post mortem

these organs were frequently extirpated and emulsions in
small amounts of saiine were injected intracerebrally into
mice. With emulsions of each organ infection was set up on
various occasions, but the presence of virus was inconstant
and irregular in amount. Again association with the nervous
system could not be excluded and high concentration in the
adrfnal could not be demonstrated.

Blood, On numerous occasions blood has been
withdrawn by cardiac puncture from guinea pigs at various

fatages of the disease following intracerebral injection of

Digitised by the University of Pretoria, Library Services, 2013



30.

of pasrage virus. Calcium citrate was used as anticoagulant
and the blood wag diluted 1:3 in saline before injeection into
mice. <The presence of virus was demonstrated in rather less
than 20% of cases. It wag always present in small amounts
since the period of incubation in mice was lengthented and
on no occasion did all of the mice injected with a particular
sample of blood die. No constant concentration could be
demonstrated at any particular stage of the disecase, i.e,

at the beginning, at the height.:: at the end of the febrile
reaction or after death, Consequently it must be concluded
that virus may be found in the blood but the blood plays
little ot no role in the pathogenesis of the disease. This
opinion appears to be contrary to that expressed by Nieshulé
but is supported by the finding of uax Theilé?yin the case

of Yellow Fever.

Discusgion, The course of Horsesickness in ihe
guinea pig is similar to that in mice. a«fter intracerebral
injection the virus multiplies in the brain and spreads
centrifugally but this spread is slow. Virus is more
frequently found in the abdominal organg and the blood,
but it is always in low concentration. Similarly)
direct intracpanial injection is the only certain method of
initieting infection but intraperitoneal injection is more
frequently successful with or without simultzneous mechanical
injury to the brain than in mice. It is believed that
this does represent merely a partial neurotropism in guinea
pigs. The disease is neurotropic and nervous tissue 1is
egsential for multiplication of the virus but the barrier

between the nervous system and the rest of the body is more

easily penetrated from either side.

Digitised by the University of Pretoria, Library Services, 2013



3l.

3ince the concentration of the virus in the brains of
mice is usually 10 to 100 times that in the brains of guinea
pigs preference must be glven to the former animal as the
most convenient source of a large supply of neurotropic virus.
It is possible however that for the study of immunity the

guinea pig may prove ultimately to be of greater value,

Cs Beupotropic Fixstion in Ratg,

gince 1t has been reported by Nieshulz that the rat
is unsuceptible to the virus of horaesickness it is necussary|¢
io give in detall the skfps which were taken to establigh
and to maintain a strain of virus in rats by serial intra-
cerebral passace.

Technigue, The technique emploved was identical
with that described for the infection of guinea pigs. The
injection itself is somewhat more difficult and deep nacrosis
is essential, because the extensor muscles of the head and
neck of the rat are so powerful that the reflex extension of
the head stimulated by entry of the needle into the brain
frequently results in fatal Jaceratione Conseguently in
addition to deep anaesthesia the head must be held particular-
ly firmly.

The dose injected has varied from Q.1 =~ Q.25 c.c, of a
4% emulsion in saline. The larger dose in large rats is
perfectly safe.

Strain of Rat Used, The first successful transg-
misgion to rats was obtained with four wild brown rats
captured in the stables at Onderstepoort. These were identified
as Rattus ;;::2;2t;:f Subsequently two distinct strains of

albino rate were used.
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l. An ;ﬁfzzgzzzzzazzr&in of white rat which has

been bred prommscuously at this institute for RANY years.,
The origin is obscure.

2+ A gtrain of white rat imported from the iistar
Institute for use in ineeitutionad investigations. ‘his is
the only strain heing maintained to=day but it has not been
possible to.detect any appreciable difference in susceptinility
between the two strains,

Strain of virus, No attempt wes made to establish
& strain of ecuine blood virus in‘méee, Mouge nassage virus
was ueed, the strain selected being that knowvm ag 20449 which
was originelly obtained from a case of horsesickness c.ntracted

naturally (e/f infa).

gxperimeptal. OUn 28/2/33 three half grown wild
rats (Rattus.z:gzgzﬁﬁggothat hed been caught a few nights
previously were given an intracerebral injection of 0.2 c¢.c.
of a 1% saline emulsion of two mouse brains (generation 26,
strain 20449). On the following day they &ppeered normal and
had they not been distinctively marked could not have been
distinguished from one control, included to exclude the
possibility of any adverse effect of close confinement,
Thie control remained in perfect health for three months. On
the sixth day after injection it was noticed that the
three injected rats appeared dull and listless with ruffled
coats and a tendency to remain crouched in a corner of the
cage. (n the following morning one was fcund deadj the
other two were moving about aimlessly in a disinterested fasb
Their inattention to any disturbance suggested marked
imparfiment of vision and hearing, but ;%,clase examination

w@A*qm»aZ}w
no sign of parksis could be detected. Lathoegquation yag
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profuse, the fur on the face being flattened by a profuse watery
discharge. Later in the day thay.ceaggd moving about and
remained twitching and shivering in a crouched attitugde, ob-
viously experiencing difficulty in maintaining a balance on
their feet. The following morning (9th day) both were found
comatosg,lying on their sides making feeblz trotting movements
with their legs. They were sacrificed for transmission and

an approximate 4% emulsion was injected intracerebrally inte
six mice and three albino ratz (Onderstepocort Strain)., All the
mice died on the sixth day ‘after showing a clinical picture
similar to that seen during the passage of mouse and guinea-pig
strains. The rats appeared perfectly normal until the seventh
day when two appeared dull and listless, Two days later the
third became i1l and a train of symptoms developed which was
similar to that exhibited by the wild rats. One became comatose
and was destroyed on the 21lst day after injectionj the other
two were moribund and were destroyed on the 23rd daye.

At this stage pressure of other work prevented the
maintenance of the strain in rats so that the work was suspended
until a later date, Subsequently the éame strain of virus was
established\%p the following manner -

24,4,53. 6 rata (Wistar strain) injected intracergbrally with
0.2 cecs emulsion mouse brains generation 37, strain
20449,
1 died 2.,5.,33, 1 was destroyed in extremis for passage
on 345433, and 1 died on 11,5.,33. The two survivors
were immune to the intracerebral injection of passage
virua 30 days later, .

brornie o

3.5.33 8 rats injected with emulsion of,rat destroyed in
generation I.
2 died on 2nd day from injury to brain. 1 died on
12,5+33, 1 destroyed in extremis for passage on
12 5033, 1l died on 13.5. 33’ 1l on 23.5.33. The two
survivors were digcarded,
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13,5433 é”;ats and 3 mice injected with emulsion of
rat destroyed in generation 2, _
The 3 mice died on the 5th and 6th day. 1 rat
died on 9th day, 3 destroyed in extremis for
passage on 10th day. 2 died on 1llth day and
1l on l4th day. The 2 survivors were discarded.

In the fourth generation all of 7 injected rats died,
but in generetion 5§, one of 6 injected recovered and on
immunity test 28 deys later was found to have developed a
g0lid resistance. From the sixth generation on, the
mortality was 100%. The strain wes only passaged 16 times
but there is no reason to believe that it could uot nave
been maintained in rats indefinitely.

The oaaaogof the disecase in rats is given in detail
in Teble V, which shows the days on which rats died after
intracerebral injection. In addition date obtained from
the injection of mice with rat virus at various stages in

the serial subinoculation are given,

e o T e x Table V.
5 _cvatifed 'fﬂﬁd/
N
It 1s seen that after fixation in the rat the

disease runs a fairly uniform ceurse and that the very
great majority of rats will die between the 7th and 8th day.
All mice that receive a sure infecting dose of rat virus
die but in the majority of cases the course of the discase
is somewhat prolonged., It is believed that this is due

not to a decrease of virulence for the mouse but to the

presence of virus in very low concentration in rat brain.

gongentration of virys in rat braing, On six

different occasions rats have bheen sacrificed in extremis

the entire brain removed, and after thorough eu«kéa%%ahz$U%o

in 10% normal horse-serum-saline, ten fold dilution have
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been injected intrecerebrally into mice, The low virus
i%%ifnt came as & very greatl surpfise. Once the infective
tetal reached 1 in 10,000, but in the other instances
dilutions higher than 1.3 1,000 were non infective. Neo
explanation can be @fféred and until this fact was realised
some difficulty was experienced in determining that the

virus being passaged actually was that of horsesickness.

Identification of the virus, In the first

instance constant bacterial sterility of infective brain
suspensions was demonstrated. It is true that occasional
growth on agér and in broth was obtained but obviously this
was the diréct result of bacterial infection during manipu-
1étionb

On 196,33 a horse (20822) was given a sub~
cutaneous injection of 10 c.c. of & 1/500 saline emulsion
of two rat brains, generation 6, There was no reaction..
After an interval of 16 days the horse received intravenousa.,
5 c.é. of the homologous virus X A severe reaction commenced.
on the 4th day and the horse died from typical horsesickness
on the 9th day. Subaseguent experience has shown that the
failure of this experiment was due to either or both of
ihe following causes :-

1. A subinfective dose of rat virus was given owing ¢
the low infectivity of rat brains.

2, The interval between injection and immunity test
wag to short to permit of the development of a solid
resistance, This is probably the correct explanation for
the death of the horse.

On 24,11.33 a second horse (20660) received

subcutaneously 3C e.c. of a 4% emulsion of two rat brains

X In the t%ﬁt virus is the term used for infective horse

bloode. r
deoianate other“?nriet¥v§?§ %gg : Yirus etc. is used to
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representing generstion.3 4 mild febrile reaction commenced
on the 26th day after injection and lasted for 5 days. On
31.1,34 serum wss tapped for in vitro neutrlization teste
and on 5.2.24 § c.c. of the homologous strain of virus
was flven as an immunity test. The horge did not react.

In vitro neutralization tests showed that the
serum drawn after the febrile reaction in a dilution of
1l: 128 was capable of neu itralizing approximately 80 Zzéﬁalbhi““
1nfective doses of mouse virus, whereas serum from the horse
before the.rat virus infection possessed no neutralising pro-
perties at all, It should be noted that the virus used for
in vitro neutralization was the mouse passage sirain which
had been passed though an additional 27 generations in mice
after transfer to the rats before being used.

This experiment even though conducled on a single
animal justifies the conclusion that the disease excitant
serially transferred  through successvie generations in rats

actually was the virus of horsesickness,

Discugsgsion. The susceptibility of the rat to
the neurotropic virus of horsesickness has been demonstrated.
However, the suitability of this species of animal for
research purposes is open to doubt mainly on account of the
low virus content of the infective brainss For this reason
it was considered that the rat would not be of immediate
practical importance in the study of the disease, and no
effort was made to determine either the virus content of
organs other than the brain, or the possibility of constant

infection by a route other than the intracerebral,

Dy Susceptibility of other animals,
(a) Rabbite On four different oeccasions rabbits
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have been injected intracerebrally with mouse and guinea
pig neurotropic virus. In no gsingle instance was there
any febrile reaction or any deviation from normal health.
It must be concluded therefore that the rabbit is unsuscepti
ble to the virus of horsesickness.

(b) Megtomys couchas, (The multimamnate mouse
Several multimammate mice were captured at Onderstepoort.
On cerebral injection they were found to be fully susceptibl
to mouse neurotrepic virus., Insufficient individuals were
obtained to permit of prolonged pessage, but eéery mouse
injected died,the course of the disease being approximately
l - 2 dsys longer than that observed in the common white
mouse .

. (¢) Tatera_  obengula, Through the kindness
of Mr, Chiwys, Rodent Officer, Union Department of Her®

a number of young Gerbilles identified as Tatera lobe

were obtalined in December 1833. They were left under
observation tor about & mcnth to accustolr them to close
confinement and on 29.,1,34 four were injected intracerd,
brally by the usual technique with 0,2 c.c. of a 1% infective
brain suspension representing mouse generation 106, strain
20449, From the 5th day all four commenced to show symptoms
identical with those described iIn rats, two were sacrifieed
on 8th day for subinoculation,the remaining two died on the
9th day.

Two tatera were injected intracerebrally in the
second generation. Both were sacrificed in extremisz on the
7th day. The infectivity of the suspencion from the péolé
braing was titrated in mice, and it was found that 0,05 c.c,
of a 1/256,0..0 dilution contained approximutely 1 infective
dose, the mice dying on the 4th and 5th day after injection,

At the same time a susceptible horse (20840) was given
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20 c.cs Of a 4% emulsion of the brain subcutaneously.
An exceedingly mild febrile reactio£“:;;ompanied by any
clinical gymptoms commenced on the 7th day and lasted for
6 dayg. After an interval of 48 days the horse was immune
to 10 c.c. of homologous blood virus given intravencusly.
coneclugion, Tatera lobengula is susceptible
to the intracerebral injection of mouse virus, the c¢linical
course of the disease being similar to that observed in rats.
Death occurs between the 7th and 9th day and after two
generations the infectivity of the virus for mice did not
appear to have been altered, The virus content of the
brain is not high (1 : 25,000) and this virus is attenuated

for horses, since a single animal developed a solid

immunity after showing only a slight febrile reaction.

Discussion, The susceptibiiity of the mouse to
the virus of horsesickness has opened up a wide field of
research into many properties of the virus which previously
had to be taken on trust Lo a large extent. Naturally
there is no reason to assume that the chenge from viscero-
tropism to neurotropism has not been accompanied by other
definite alterations but at least the study will narrow the
field to be explored and in time the application of the
knowledge of the mouse virus to investigations on the
horse will round off the whole subject,

For this study the mouse is particularly
guited., The susceptibility appears to be constant, they
lend themselves to cheap and easy wmaintznance on a large
scale, they &re easily infected yet the chance of
accidental infection is negligible, they are easily
handled and the high concentration of virus in the brain

provides a voluminous source of the infective agent
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associated with a relatively small amount of foreign matter.

spart entirely from the value of the neurotropic
virus as a basls for the rational immunization of horases,
the mouse has proved a valuable means of studying many

peculiar features of immunity production in horses, as will

be seen from the work detailed bedew. cw XQJ&fﬁﬁLLAJszZZhoO

after the virus had been adapted to neurotropic
propagation in the mouse the susceptibility of the rat,
the guinea pig, and a species of gerbille ﬁgﬁg demongtrated,
The place of these animals in the scheme of investigation
has yet to be determined. Their value will not lie in
their utilization as a basis of vaccine production but may

be associated with the intensive study of immunity production,

SUBMATY,

1, The technique for the fixation of a strain
of horsesickness virus in mice is described in detail.

2+ Method of infection. Direct intracranial
injection {8 the only certain means of setting up the
disease. The subcutaneous, intramuscular, intravenous and
intraperitoneal routes are uncertain and unsatisfactory,
The disease 1s not transmitted per os or by direct or
indirect contact.

3¢ The symptoms and course of the disease is
described in detail,

4, The virus is concentrated in the brain,
It spreads centrifugally and appears to be exclusively
neurotropic,

8+ In guinea pigs the features of the disease

are similar essentlially to those in mice, and its febrile

nature is deseribed.
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6., The disease apreads more glowly through
the guinea pig, but it is characterised by neurotropism,

7. Symptoms, course, localization of virus
and methods of infection are described.

8. The susgeptibility of the rat and the
couree 0f the diseage is decscribed and aiscussed.

9, Attention is directed to the suaceptibiliiy
of 'Tatera lobengula, kastomys emd coucha, &nd to the -
unsusceptibility of the rabbit,
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TABLZ 11,
cource of sorsesickness in Mice curing verial rassage,

- S— o

otrain 20464 A
V.

f:?:;n o Th q wtrain 204c4 B, strain 20449 e wtrain ¢

8. Jé ctan westh Bays J 25& aeuth 2‘;;3 . f:éti_ o Leath ﬁl;s §§ ;tgz veath L’Z;s
1 7 3/12,1/18,2/22,1/C 16,3 7 2/12,1/13,1/18,1/21 V% 1e.8 9 1/11,1/13,1/19,144%21 17.8 10 L7,)0/8,1/9,2/10y2/ 00y 1.2
* 10 wi4yd/841/0 4ed 5 3/q, 2/7. 0d 12 347},,4/7, v8 0.6 2o ifﬁg:uu,bn,b/s,wa, 8.0
3 1 /4, Wb 4,1 5 8/4, /b, L6 4.8 15  2/8, 10/%, 3/7 0.1 15 gé?ﬁ/u,a/'l,sxs.-zw 7o
4 8 Vb, V7 5,2 8 4/8, Vo 5.2 16 3/4,3/6,0/6, 4/7 b.7 19 3/6,7/ 040/ 7y 1/8,&/1C 0.7
5 8 o4,y /8 4.3 W4,8/0,1/0,1/7 5.4 12 4/6,0/0,4/7 6.8 lo  2/5,1l/0,8/7 vel
6=1¢ 2l 3/3,15/443/0 4.0 2l 5/4,15/8,%/0 4.9 78 B/8y18/4,34/0,12/0, L.V 08  L/4,7/H 400l 0,58/ T, T/ B vel
11-16 24 u/3,19/4 3.8 86  15/4,8/6,%/0 4.5 43 %Zs,mm,w&,axu, 4.1 72 13/4,27/5417/ 0,9/ 7 V.2
lo=20 28  8/3,19/4,l/6 3.7 g6 3/8, Lus4, WO 4.2 0l %.{733,34/*,13/5 4.l ol  lo/d,e8/0y10r0y0/7 8.2
21=ib 30 15/3,1z/443/8 R 38 2/8,27/4,3/6 4.2 Bl  7/3,32/4,10/6,2/0 4.1 o7 T 4,21/6,28/ ©,11/7 6.7
2o=50 oC  14/3,25/4,11/6 3.9 25  L/3,8/4,15/6,1/6 4.0 ol 2/3,18/4,1V6 4.3 o8 3/4,25/0,53/0y1/7 bew
31e38 45 ©/3,02/4,16/6 4,3 286  7/4,18/6 5.7 45  33/4, 12/6 4,8 45 2/4,10/6,25/ 0,/ 7 5.0
B0=40 25  B/3,)4/4,0/8 4,0 26 9,/4,10/8,1/0 4,7 oG 1/3,32/4,27/5 4.4 36 3/4,64/540/ 092/ 7 6.2
4145 26  5/3,12/4,8/5 4.1 26 2/8,13/4,1W/6 4.5 77T B/3,05/4,17/6 4,2 55  £/4,52/5,3V 0 Be5
40=00 2b  2/3,y lord,7/6 4,2 26  G/3,1wh,3/6 3.9 BS  6/3,3b/4,410/6,3/6 4,8 87  W4,3u/byl4rol/ 7 5.2
81=56 26 2/3,Lk/4,1/5 4,3 26 /3, 194 G.o 47 3/3, 2B/4,lo/b 4.3 7¢  14/4,31/5,26/0 5.8
Bo=6¢ 20 9/3,12/4,4/5 3,8 25  l/3, 15/4 S.0 86 12/8,5W/4,18/6 4.0 50 1o/ 4y27/647/ 0 4.8
ol=us 26  13/3,10/ 4,8/ .0 26  1l/5,14/4 Geo AT U/ By82/448/0 4.0 5O  E7/4,51/6,1/0 4.4
00=70 26  Lw/3,14/4,1/5 3.0 26  16/3,8/4,1/6 3.4 4B 7/3,uL/4,8/b 4,0 60  1/3,84/4,28/9,1/ 0 4,4
71/ 76 26 10/3,14/4,1/6 3.6 86 1/3,9/4 5.4  BC  2(/3,25/4,5/6 3.7 50 19/3,21/4,1W6 3.9
To=-80 26 12/8,12/4,1/6 3.0 26  14/3,11/4 3.4  BU  20/8,33/4,8/5 4.0 o0 19/ 3,54/4,7/5 3.8
Bl-8b &6 12/3, 13/4 3.8 26  14/3, 11/4 3.4 60 38/3,17/4,1/6 Sed 5O 13/3,00/4,7/6 3.9
8o=9C 86  12/3,12/4,1/6 3.6 26 14/3,11/4 v 80 31/3,19/4 3.4 50 1 3,e7/4,44/0 3.7
P5-100 &b  l6/3, W4 3.4 26  lo/3, 9/4 .4 B0 32/3, 18/4 3.4 86 8&/3, lo/4,1/5 3.7
101106 26  lo/3,3/4 3.4 6 18/3, 4 3.3 80 35/3,1b/4 3.8 26 913;14/4,2/5 3.7
106=-110 26 17/3,8/4 5.3 25  19/3,0/4% 3.8 ¥b 15/3,1/4 3.4 86  8/3,15/4,8/5 3.7
111-116 26 1o/3,9/4 3.4 26 W/3,17/4,2/6 3.8
1162120 25  15/8,10/4 G4 2b  8/3,14/4,3/b 3.8
1e6-100 2 1usleva ia % Whaaaws 5.8
18o-140 b lu/3,9/4 5.4

Mumerals 8/12, 27/¢, mean & mice cled on 12th dayy, 7 mice on oth ¢ey «fter injection, etc.
O e« survival for 3¢ uays.
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TABL® III,

Seurse ol Horsesickness in Guinea }ige curing serial passaye,

ctrain £0449 commencing with mouse generation 7, sanc strain U with mouve generation 3.

deneration Nowine 5tra1nu32::9 e NoThs - strain U prrom
Je;tg@ | age Jecteg beath axe,
1 6+ 0 2/8y 2/12y 2/10 12,0 340 1/10, 1/18,M0 15,0
2. S+l /8, 2/10, 2/11 10,0 ¢ 1 1/64 3/10y /16, 1/0 10,0
3o 5+1 8, /9y &/11 9,0 T Y /ey 8/10, W13, 2/0 9.8
4, 5+ 1 /8, /9, 1710, £/12 10,2 4 ¢ ¢ 1/0y 2/1C, 1/0 8.7
b. 8 41 49y 2/10, 1/12, 1/13 1041 3 #1 1/8, /3, /¢ 8.0
© = 1C 21 ¢+ 4 2/7y 3/8y 5/9y4/10453/11, 10,0 87 + 7 14,y 3/, 276y 7, 8/8, 49 7.2
| 2/12, 2/14 |
-1 Z 1/644/6,1/7410/8,6/9,1/11 8.4 24 ¢ 4 $/4, 4/6y LU/T, 2/8, 3/9, V10, V17 7.3
/12, V18

lo - €0 17 + o 4/64 Moy B/7y 8/8, &/ 7.2 8.+ 2 L/4y 8/6, &/62 /7 Ve
g1 ~ 26 17 + 3 1/4, 2/By 8/6y 8/7y W/By&/9 6.7 15 # 6 3/6, 8/6y 5/7, /8 ©ed
26 - 3¢ 17 4+ 3 V6, 2/b, 11/7, 2/8, /9 7.0 20 + 3 V4, L/6y /6, 11/7, 4/8 6. 8
a1 - 36 17 ¢ 8 B/5y A/Gy 4/Ty 2/8, &/9 Ge b 12 ¢ 2 1/5y 4/0y /7y W3 07
3o - 40 17 + 3 2/5, T/6y /7y 1/8 .4

41 - 43 1W0+0 1/6, 3/6y 4/7, /8 0?7

Hote, 60y 17 + & mesns of ¢ Juinea pige injected none cied u8 a Girect result oi injection; of 17 injectec

5 cdied us a result of injection etc.
1/6y /8 meuns 1 diec on oth cay, 3 on Bth day after injaction.

1/ meuns 1 survived,
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TaBLe IV,

. Virus dethod of , : : Immunity Test
Late Jource Joncentmgon  Lose injection Ruzber hesult interval nesult
EXp. "
1. 20, 12,58 Suinea pig 1 ¢led cay 16 - -
generation2 4% U206 c. 0, intracardiac
strain 20443 e febrile resction 20 days cied duy 7
gurvived,
20, 12,58 déitto 4% 1.0 c.c. intraperitonea 3 noe reaction 20 cays vlec at injection
no re&action 20 cays no reaction
no reastion €0 Gays febrile reaction
regoverec
20,18, 32 ditte 4% 1.0 c.c. intraperitonesl & slight febrile 20 cuyse uiec¢ at injecticn
plus
beb of 2i starch slight febrile 20 days no reuction
intracerebral _ »
& severe febrile 20 cays ciea cay i0.
1z, 30.1.33 guinea plyg 10z 1.0 ¢.Co intraperitoneal 1 dled day Z1 - -
gLeneration 7 o _
strain 20449 2 cleg duy 28 -
3 aled vay 26 - -
4 dled vay <8 - -
5 dlea Gay &9 - -
o ¢led vay 31 - -
? survived 45 cays oled ut ipjection
8 survived 46 cays uiea cay 3. Operative
) survived 46 cays gurvived
v curvived 46 duys cleo cuy 8.

Hote,

Immunity test consistea of intracerebral injection of .2 S.Ce

of 15 puinea pig brain emulsion.
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fABLE _V

Seares of Mereesiokness in iats (strain 20648)y

Yy
L

wts #ice
Gene- Ko. B - aver- MNo. Aver-
ra;:oaé:;t’é Lesth age gz;ta& Leath age
1. 6 4 © 1/8,1/9,1/17,8/ 0. - - -
g, © ¢ B, 2/9,1/10,1/20,2/0. - - -
3. B # O 1/9,8/10,8/11,8/14,8/0, = 3 /6,86 5.7
4, 7 & 0. 478, 379 B.4 8 £/6, /6 5.3
b, B &1 /7, 2/8, 1/9y Vo - - -
ve 4 ¥ 1. &/8, VI B.3 3 24, L/6 4,3
7. &+ 0 8/8, L/s. 8,3 - -
8. 8 ¢ €. /7y d/8, 7.7 - -
9. 3 ¢ 0. &7, V8 T3 3 2/4y 16, 4.3
6. B+ € R/7 Tat - -
i1 3 ¢ 0. V7, VE, /9 8.0 4 3/9y W7 6.3
12, 3 +0 a8, Vi 8.3 b Ve, 48 4.8
}B2e 340 L7, 28 77 -
4, 3 0 &/B, VI 8,3 -
5. 4 % . /B, B/9, /1O PV -
lo. 4 #0 W/7, 2/8B, /9 8,0 -
hotre, 5 ¢ O means & ravy ingeoted, uoae Gled as )a result of

: ion -
én%agt m:ms 8 rate injected of whicn & cleC &¢ &
result of injeciion owing te traumstic injury to braln.
1/8, £/8 mesns 1 rat vled on Eth day, 2 rats cled on
gth cay after injection
gf‘g mggm 2 ragg wr'u;w for more than 40 cays,
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