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Ihe prosressive attentustion which sccompanies

| neurotropic adantation of the virus of horsesickness in mice
‘anﬁ ruinca pigs wus recognleed firet by the suthor (1933)f)
The posaibility of utilizing that attenustion for the develop-
ment of a suitable method of lmmunirstion wes appreciated
immediately, and ss will be seen from preliminary reports on
the sﬁhject the wethod has found application in the field to=-
deay on & practical and economie baaisfo The development of
Spnunity hes been described and discuseed in a previcus publi-
catiaéysut sone interesting features of the pathogenesis of
the neurotropic virusg in equines merit sttention. unfortunate-
ly suitoeble horses were not aveileble in sufficient numbers

to a proximate the detailed study cevoted to the analegous
problem {n Yellow Fever, notably by Lloyd &nd ‘enna (1&333?)
However, many obgerwutions heve been sade during the course

of the ewperimental work on {mmunization, end several points

have bhoen confirmed by the critical experiments to be

dencribed.

Abcutenecus lniection of horseg,

From time to time blood hss been drawn promiscuously
from horses defore, during snd after the reaction produced
by the subcutaneous injection of neurotropic virus, after
defivrinstion this blood, usually diluted 1 i 3 in seline,
has bean injected intrecerebreally into mice but only on conm
psratively rare occasions have any auaaumbea te 8 acecifie
horsesickness encfphslitis, =zvery mouse which survived waa

shown submeguently to be fully susceptible. it wes then
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Aecided to determine by systematic investigation whether
cfrculating virus could be detected regularly in the blood
of rescting anisals,

Jeparate suspensiona in 1lus serum saline were pre-
paresd fron the braine of mice destroyed in extremie after
injection #ith each of four strains of virue known to have
atteined an adequate level of attenuatien, Jurficient of
each suspension wis then edded to a kxnown volume of dtluent to
produce a 1 1 1u00 dilution and of the mixture lu ¢.¢. was
injected subcutansously into two susceptible horses (2(915
and 2U81v), The febrile reaction produced is shown giophieally
in ¢harts I and 11, At nc time was there any c¢linical

devistion from normal health in either animal,

Comeneing from the third day after injection defebri-
nated blood Crom each horse was diluted aa with saline and
DD coe, was injected intracerebrélly into white mice., The

results asre given in Table I,

Iable L. Eate of kige injecfed yitn cefpineted Bloogd

[T Interval daya. “Horse 8WIB | “Torse 281V |
#4114 reactor More severe
- x.‘#.*‘m—-——*
3 Qg 0y G Qg0 G
4 7,840 Uy @
6 CyUy U 84740
8 GyU,y0 5,5’3
7 740, 0 44445
1] Q’U’ﬁ 5'5’7
h 3¥ U.U,Q 6’6'?
1 74090 54647
iz 0.‘;}") 3,0’0
13 090y 0 16406y C
14 G904y G Cp0p0
16 Gy Ty 090y G
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aotes The numer:zls indicate day after injection on which
mouge dieds O « survivel for lﬁngays. Thus
7,840 means three mice injected of which one died on
day 7, one died on dey 8 and one survived,

It fa seen thst in the one horse (20816) which
reacted comparativwely more mildly to the {msmunizing injection,
as indicated by the rise of the morning temperature to &
point abhove norwmel on only two days, liittle or ne virus coula
be denonstrated in the peripherul circulation. winly on the
fourth day 4id two of the three injected mice dle, while there
ie recorden the deaths of one out of three mice which received
hlood Arawn on the seventh cnd eleventh daye respectively.

The second horse (2(819) showed a more gevere febrile
reaction and circulating virus could be demonstrated from the
fifth to the twelith day.

In pr.vious work on the determination of the infective
titre of virus suspensions it was ghown thut the injection of
materisl on the borderline of infectivity results in a well
sarked prolengution of the incubstion period in mice, »o that,
within limits, the course of the discase may be téken as a
rouvh index of the concentration of the virus, If thie is
agcepted it becomes apparent thut in the first horse (8U81H)
shen virus was present in the bHloovd it was in low concentration
# nee the mice did not die until the seventh deyy in the
second horge (2(818) the concentration slowly incressed until
it reached & maximuzm on the seventh day, after which it

grodually decreased, virus being demonstrable no longer on the

14th day.
It zist he pointed out that the virus after its

undoubted smltiplicstion in the horse retiined its neurotrople
character since the digeasse produced in mice differed in no
respect clinically from that seen in passage experiments &nd

on rfive occasions the mortslity was lul%, the course of the
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disease being no longer than thut which would have been
anticipated from the use of minimel quantities of mouse
adapted virus,

vA the tenth day ufter injection, &t a time when virus
wag shown to0 have been present in the periphersl cireulation
of the donor, 2,500 e.cs of blood waa ﬁransféééié into a
gsusceptible horse (2UB2U), The subse.uent temperature
record is shown in chart III, «fter &n interw:l of 24 houra
a well defined febrile reaction comsenced, of which the cause
fs unknown since virus c¢ould not he demonstreéted in the blood
by intracerebral subinoculstion into mice, snd no symptoms
could he established to support a clinical Adlsgnosis. Just
where 1t appeared thet the reaction would terminste by the
ueual lysis a8 second reaction commenced which lasted for
nearly three weeks. This resction is shown in the tespersaturp
chart for & particulsr purpose, but it is believed to have no
connection with horsesfckness, since a clinicsl dlagnosis of
broncho-pneumonia was made, #n enzootic of this affection
due to & virulent streptococcus had passed through the stables
during the previous month,

After an interval of 63 days the horee wagz given an
imrunity test of 5 ce.cy of O virus to which 1t proved to be
8olidly fmounes This virus was selected for the {mmunity test
because probably it ie the maet.viruleut strain available and
in the original 1muunizing {njection probably it wes present

in the loweet concentration,

gonclusions, From thia experiment gseversl interesting

points energe :e
1. Viruas may be demonstroted in the blood of animals

during the reaction produced by the subcuteneocus injection
of neurotropic virus, The amount of circulating virus is

roughly proportionate to the severity of the reaction being
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present in miniwal guantities during very mild resctions, and
abundant during ssvere reactions. Virus makes its APPOArENQe
&t the commencewent of the febrile reaction, during which it
mey be present, and disappears when the teuperature returns
to norumal,

2. ufter injeetion the neurotropic virus undoubtedly
waltiplies in the body of a susceptidle animal, At least
in the first generation the neurotropic charzeter iz retained
a2 peen {rom the resulte of subinsculstion inte rice.

de In the first generstion in horeses the attenuation
is retained aince trsnsfusion of as large & quantity ae 24800
CeCe Of Infective bloowd preduced & wmild reaction rfollowed
by the devslopment of & solid fzmuntty,

4, The immunizing reaction appesrs {5 lower the
resisténce of horses to other coenditions notebly affections
of the respiratory systems This 1g 1llustrated by the
incidence of catarrhal broncho pneumsnis in the case described
(EBgu) und is supported by clinicsl observeticns in batches
of anlmale which it would be superfluous to detail,

in this vonnection it nay be mentioned in pessing thot
an extensive outbreak of e zpacific bronchoepneumonia - jaag-
gsiekte « occurred &t niersteposrt this year anonget horaéa
imrunized by the neurotrovie virus, the serum virus und the
formalized spleer virus metheods., The problem is heing
inveatir-ated but preliminary work indicates thet 1t cannot

e amzociated with horsesickness or horsesiciness imsuniga-

tion,

Intpmearebral injeetion of horses,

From the peint of view of economic veccéne production

it hzoane of the utmost importance to determine whether the

metazorphosis to ngurotrcpiégi attendant upon serial passage
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through the bralne of mlce would produce in the virus an
affinity for the nervous tisggve of horasa. Juch an af. inity
night he followed by un leagsant sequelse in any scheme of
mass {mmunigation. To clear up tais point suaceptible horses
heve heen given intracersvral injccetions of mouse-virus at
different lavels of fixation,

I. On 27 april 1%33 a horse (26T78) received an intra=-
cevehral injzetion of 1 c.0, of & 28 suulsion of infective
mongs hrain renresenting generation 33, strain 20449, The
operetion was carried out under full chloral hydrete anassthe-
sin. After triphining the gﬁ%ﬁiﬁi hone eslishtly to one
gide of the sagitial line, the injection was mads at an
angle inte the z2ubstance of ¢cna hemiarhere using a long fine
reedle (B,%., 208), after grest core hadt bHbeen tilken to prevent
contset of virus with bBlood or muscular tiszsue by thorough
plupgging of the eurpgical wound, |

A febrile reaction f2llowed wiich s shown praphically
in Chart IVe  Suring ths resction tha hwores ahowed distinet
sigaa of nervous Jdsrangemant, it becare exceedingly
41fficult to hondle and elinical investigationz could be made
only with the greatest Aiffoeully. un the 7th Jay after
injection slliyht lncoordination of wmovement was noted, the
horse walking with & high etepping aation and swaylng geit,

In the loose bHox thmz; developed & tendency for alzleer walking
in a circle always to the left, the feet neling lifted un-
2toadily to an exaggérated height, Jcon impairment of vieion
was apparent, the anisal belinyg unsbie Lo drink from the trough
withou bumping ite muzxzle agsinst the side und ssevere alrrasions
of the mupnraorbitsl creet resulted rroz banging into the wall,
Thege aymutome gradually disspreared with the return of the
body tempsratura to normal By lysis and when s &ikkop (cedema

of the supraorbital fossa; corsenced to appear on the 18th
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daey & normal haditus had been regained, sxcept that there
persisted a slight defect in vision which eould not be
agoounted for by ¢linicsl examination of the eyes,

after en interval of 70 days it was shown that a
8011d {mmunity to the homologous strain of virus had developed

Il. n 15 January 1934 a horse (20871) was given an
intrecerebral injection of 1 c.ce of & 2% saline emulsion
of infective mouse bruin representing generation 1u¢ of the
saxe strain of virus (20449}, Control mice injected with
the sare suspension died on the 4th and 5th day, the techniga
for this injection was modified slightly, Instead of re-
moving & small plate of bone by trephining, & tiny hole was
drilled to perumit pussage of the syringe needle into the
brain for injection: The modification did not permit in-
sertion of the needle at an angle and was not succeasful
gince it is believed that the major portion of the fluid
escaped on withdrawing the needle.

n the 18th day after injeetion the teuperature rose
to 103%, From this time on {t wes quite impossible to taxe
the temperature asince the horse hecame uncontrollably wild
and was dangerous to handle. Apart from this persistent
"madnesz' no clinicsl symptoms were noticed.

After an intervul of 58 days 5 e¢.es Of homologous
viruz waz given as an immﬁnity test, Typical Dikkop Horsee
sicknesz deweloped which proved fstsl on the fourteenth day,
Un post mortem examination no masroscopic or microgeopie
brain lesion could be detected, Ihe course of the disease
was rether long but as this is a charscteristic of the strain

of virus used it is doubtful whether any fmuunity had developsd
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I1s Onm 10 August 1834 a third horse (20678) was
given an intracerebral injection of 1 cecs of 8 0,8 % saline
suspenaion of infective mouse drain representing passage
generation 158 of strain 20449, the original technique deing
used., A febrile reaction shown graphicully in Chart V
comrenced on the sixth day. 4t no tise did the horse appear
111, {he sppetite mizht have been decreased slightly and at
the height of the temperature curw there was a tendency to
o awaying galt with & high stepping setion but this was newver
pronounced. Three weeks after injection the habitus was
normal and no dikkop developed.

From the sixth to the fourteenth day acéz;autcd
blood was injeoted intracranially into mice esach day, The
presence of eirculating virus in the peripheral blood could
not be established,

ifter an intervel of 54 days the horse proved to

De fmmune to the homologous strain of virus,

gonclusiong, After 158 passages through the brains
of mice the neurotropic virus had not developed an affinity
for the central nervous systes of horses. There is no
evidence to show whether any multiplication of the virus took

place within the nervousa tisrue but an active immunity dovnlond

Piscussions Ihe results of these experizents are

of particular {mportance to the problemx of the immunization
. Simullfancous .

of equines, tor economic reasons the subrutunsous use of
high titre hyperimmune -erum to dlock out the reaction due to
the injection of neurotroniec atthuated virus cannct be
Juatified excent under special circumstaonces where exceedinge
ly veluable animals ore being treated., Thie statement will

be supported by date deing prepared for publiestion, wherein
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it {s shown that after attenustion by et least 10U passages
through mice no fatal reaction has occurred in over Jous
animals in)eeted subcutanecusly although some seven reactions
have been reported, It has been shown that during the fehrile
vhase particularly of severe reactions virus will circulate in
the peripheral bloocd of the hoat for a period of several days,
thus serving as a potential reservoirfor the insect vector of
horsesickness, Consequently promiscucus immunigation cannot
be advocated in {golated areas where, owing to absesnce of &
reservoir for the infection of the vector, the disease does

not occury gince there is at least 2 theoretical danger of
intreducing the virus, in the other hand it has been

shown thut for at least one gener&tiom in equines the
neurotropic virus reteins its attenuation and does not revert
to virulent vigceratropisn, w«hether attenuvation is permanent
can be decided only when the investigutio: is carried to its
logical conclusion after the mode of transciseion of horse-
sichnsss under nutural conditions has been worked out. However
from an enalogy with Yellow Fever, in shich disecase this aaspect

has been investiguted thoroughly by Jawyer,iitchen and Llayﬁaj

end Lloyd and Pennagoit may be anticipated that it will not
be poszible to bring about & change in the virus back to vig-
cerotropisin elther by passage through the vertebrate or
invertebrate host, If this should prove to be the case in
horsesickness then the animal rescting to {mmunigzetion cannot
be & potentiasl danger to the susceptible eguine po-ulation end
fmmunization throughout the country should be carried out in
an stteupl graduslly to replace in nature the virulent virus
by an attenuated form, or slternitely to e¢liminste the virua
reservoir, should this prove to be confined to equin-s. it
first sight the latter suggestion may appear to be over

ambitious dut ~hen it is realised thaet according to the
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agricultursl edbus of 1930 the number of horses in the Union
wag only 867,814 the production and maintenance for sone
years of a completely immune populstion is definitely practi-
cable,

In ell work on mass immunization of horses experisnce
has shown that the unpleasent sequelse to the efforts to Pro-
duce & solid immunity are to be feared nearly as much sg the
disesse itself. Jome of these sequelae e.g. the inclusion
of the virus of {nfectious anaemia in the hyperimsune serum
used in the serum-virue suceflaneous method can be avoided
but up to the present the relation between equine staggers
and fmounization has not been determined. In extrewe cases
staggers has been respongible for a mortulity of 45% in
bétehens of immunized animals, Hy the neurotropic virus method
the ultimate development of & polyvilent vaccine appesrs o be
so simple that orie suboonsciouasly is on the look out for pit
falls., Up to the present no cases of staggers have been
reported amongst horases immunized by this method but there
has always existed the unplesasunt feeling that the virus might
become neurotropic for horees as well as for mice, rets and
guinea pige. The experiments cited in which horses were given
direct intruscerebrul injectlone of virus up to the 18638th
generation in mice indicsete that by thet time the virus had
not acquired a tropisin for the csntrel nervous system of
horses. If 8 specific fatal inciphalitis does not occur
a8 & result of direct intracerebrsal injection it is unreasone
able to expect that it will result frozm subocutinecus injection,
and conseguently it would appe&r to be perfectly safe to
fncorporste in a vaccine virus stienusted by this number
of passages, This finding {s someshat remsrable in view of the

)
snelogous work with Yellow Fever since iloyd and ienna have
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shown that {noculaticn of Berkefeld K, filtrates containing
the nouss«braine-adapted yellow fever viruz in ¥ rhesus wes
followed by an incephalitis ~-w~-« accompunised by & wide
spread distridbution of the virus {n the peripheral nervous
system at the time of death., Conaeguently if future experience
does dring to light some distreseing seguel to {mmunization,
it seems unlirely that guch & sequel will bear sny relstion
to a neurological disturhance,

attention hag bHeen directed to a predisposition to
pulmonery affections after immunization. It is not known
whether this i{s dependent u on a genersl decrease to natural
resistence againet infections through the upirer respiratory
tract or whether & locus minoris reaiatgggﬁ'ia produced 1in
the lungs by the specific sction of the virus, At all events
the prediaposition a:pears to he transitory and good hygiene

should prove effective us a prophylesctic measure,.

l, Virus may be detected in the peripheral dlood
of horses during the fehrile reaction following the inJeetion
of mouse neurotropic virus,

2¢ The more severe the reaction the more licely is
free virug to bde encountered,

3. This circuleting virus retainas its neurotropic
eheracter and &fter at least one genersation in equines

roetaing ita attenuation,

4, Intracerebr&l injection of horses with muuse
brefin edapted virus after 168 passapes (oes not produce &
apecific incephalitis but does produce a normsl mild reaction
followed by the develcpment of & solid fwmrunity,

5. The febrile reaction produced by injection of
attenuated virus appears to result in & temporary predisposition

to pulmonary infections.
6. The significance of these findings is discusaed,
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